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Introduction

GENERAL BACKGROUND

Industrialised countries are confronted with a éangcidence of coronary heart disease, stroke,
hypertension, diabetes and cancers, which are ¢ common causes of death. While the main
factors age, sex and genetic susceptibility ardhamgeable, many of the risks associated with
these factors can be changed. It is now well estad that inadequate dietary habits and
physical inactivity are the major preventable rigks the occurrence of chronic diseases.
Nutrition is coming to the front as a major modilia determinant of chronic disease, with
scientific evidence increasingly supporting thewignat alterations in diet have strong effects,
both positive and negative, on health throughdet(iVorld Health Organization, 2003).

Despite attempts to provide education about healtating patterns, there are several barriers
such as a lack of interest towards changing oniets dr concerns about having to compromise
on taste or enjoyment (Kearney & McElhone, 19989)his view, enhancing the composition of
popular food products is applied worldwide anccidstribution to a healthier society is accepted.
Hereby, increasing the content of health-promotirg) polyunsaturated fatty acids (PUFA) and
lowering the nitrite content of meat products aweo taspects that are discussed in this
dissertation, with focus on the sensory qualityhelse enhanced meat products.

The concept meat quality is multi-factorial and e®/many attributes. The criteria consumers
associate with the quality of meat are: nutritiomalue, wholesomeness, freshness, leanness,
juiciness, taste and tenderness (Grunert, 1997higy PhD research the attributes colour,
oxidative stability, texture and taste are congdein general, the oxidation-reduction process is
defined as a chemical reaction in which one or nebeetrons are transferred from one atom or
molecule to another. Lipid oxidation and pigmenidation are recognised as the most important
causes of quality deterioration of both fresh amdcessed meat during storage and are

extensively studied (see reviews e.g. Gray etl@P6; Pegg & Shahidi, 1997; Morrissey et al.,
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1998; Mancini & Hunt, 2005). Only recently, the iortance of protein oxidation on the quality

of muscle food has been acknowledged (reviewedumyllet al., 2011; Zhang et al., 2012).

1. Nitrite

Nitrite and health

Ingested nitrite can form nitric oxide within tharhan body. Nitric oxide is identified as one of
the most important cellular signalling mechanistsignals arteries to relax and expand, immune
cells to kill bacteria, and brain cells to commuatéwith each other (Parthasarathy & Bryan, 2012)
The lack of nitric oxide production can lead to &gtension, atherosclerosis, heart failure, and
thrombosis leading to heart attack and stroke. Reabdy, all of these conditions have been
shown to be positively affected by dietary nitrieerventions (Lundberg et al., 2008). On the
other hand, potentially carcinogenic N-nitroso comnpds can be formed from nitrite in the
presence of low molecular weight secondary amimbs. International Agency for Research on
Cancer (2008) concluded that “ingested nitrate iriten under conditions that result in
endogenous nitrosation is probably carcinogenibumans” (Ferlay et al., 2008). The World
Cancer Research Fund (2011) recommended to avoadssed meat based on a meta-analysis
of cohort studies showing increased risk of coltalecancer with increased intake of processed
meats (Demeyer et al., 2008). Although it is neaclto what extent the nitrite used in curing salt
is related to this issue, public concern raises amsthift in consumers preferences towards the
consumption of natural foods is observed (SebrafaeRacus, 2007). As a result, the meat

producers and meat scientists are challenged tots&a reliable alternatives for nitrite.
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Nitrite and meat

Preservation of meat with nitrite has become imgodrin controlling meat again€tlostridium
botulinumand in producing safe and palatable meat produitksgeod keeping properties even
at ambient temperature (Skibsted, 2011). When attdadneat system, nitrite has different fates.
It is partially oxidized to nitrate by sequesteriogygen or reduced to nitric oxide that
subsequently binds to different substances, sucmysglobin and other proteins (Honikel,
2008). One of the most noteworthy properties daitaiis its ability to produce the characteristic
pink colour of cooked cured meat products. Actuyatlis the nitric oxide that reacts with the raw
meat pigment to produce red nitric oxide myoglobimhich converts to pink
nitrosylmyochromogen upon cooking (Pegg & ShaHi@B7). The antioxidant effect of nitrite is
likely due to the same mechanisms responsible foed colour development, involving
reactions with heme proteins and metal ions, cioeladf free radicals by nitric oxide, and the
formation of nitroso- and nitrosyl-compounds haviagtioxidant properties (Honikel, 2008).
Cured meat flavour continues to be one of the laaderstood aspects of nitrite curing. Nitrite
chemistry and associated reactions likely play la o the formation of the unique flavour,
however, the specific compounds involved, are sttlyet known (Sindelar & Milkowski, 2011).
The antimicrobial action of nitrite again€iostridium botulinuminvolves activity against the
iron-containing enzymes ferredoxin and pyruvateloseductase. Various other bacteria are also
inhibited by nitrite, although specific modes ofian are unclear (Simpson & Sofos, 2009).

The ingoing and residual nitrite content of curedamproducts is restricted by government
regulations, because of the possible formationasfiful N-nitroso compounds. An all-round

alternative for nitrite, including all four featwef nitrite has not yet been found.
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2. n-3 Polyunsaturated fatty acids

n-3 PUFA and health

Fatty acids can be considered the defining compsnahlipids. Their structure, biochemistry
and functions have been extensively studied antbwexd (AOCS Lipid Library, 2014). Two
principal families of PUFA, n-6 and n-3, are dedJaiosynthetically from respectively linoleic
acid (LA, C18:2n-6) and-linolenic acid (ALA, C18:3n-3). LA is the precursof the bioactive
arachidonic acid (AA, C20:4n-6), while ALA is thegaursor of the bioactive eicosapentaenoic
acid (EPA, C20:5n-3) and docosahexaenoic acid (DKR2:6n-3). Both precursors are
converted to their long chain metabolites by aesedf desaturation and elongation steps and
share common enzymes for these metabolic transtannsa(Williams, 2000). LA and ALA are
strictly essential fatty acids, as they can nosyethesizedle novoand must be obtained from
the diet. In addition, as the conversion of ALA tods EPA and especially DHA is low in
humans (Hussein et al., 2005), it is advised tosaore foods rich in EPA and DHA, such as
fatty fish (Aranceta & Pérez-Rodrigo, 2012). Howewvime intake of fish is low in Western
countries and the consumption of n-3 PUFA frome&mal animal products (e.g. meat, eggs)
may be important (Howe et al., 2006).

Besides their contribution to energy supply andirtregructural function as part of the
phospholipid bilayer in cell membranes, EPA and Didfe used to produce hormone-like
substances, eicosanoids, which regulate a wideerafdpiological functions. These functions
extend from developmental roles, especially in tie@vous system, during infancy to the
attainment and maintenance of optimal mental angipal health status throughout adult life.
Moreover, these fatty acids have a protective erftte on several chronic diseases due to their
beneficial cardiovascular, anti-thrombotic, anflammatory and immune-suppressive

properties (reviewed by Ruxton et al., 2004; Nanagha al., 2006; Simopoulos, 1999). It is
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believed that ALA has limited biological functioasd its principal role is being a substrate for
synthesis of EPA and DHA (Burdge, 2004). As thdatieintake of EPA and DHA is low and
the daily recommendations are often not fulfilldédiantzioris et al. (2000) proposed that n-3
PUFA enriched foods would provide a solution iniaeimg the desired biochemical effects of n-
3 PUFA without the intake of supplements, or changdietary habits.

However, one must be cautious when consuming higiouats of PUFA, given their
susceptibility to oxidation. Lipid hydroperoxidesdatheir decomposition products may cause
damage to proteins, membranes and biological coementhus affecting vital cell functions
(Frankel, 1984). It should therefore not be ignatteat the beneficial effects of n-3 PUFA may

be affected by these oxidative changes.

n-3 PUFA and meat

Although meat only partly contributes to the tdetl intake of the diet, optimizing its fatty acid
profile deserves attention due to the high meatkmtin industrialized countries (Howe et al.,
2006). Meat fatty acid content and compositionfiscied by several genetic (e.g. species, breed
and fatness) and environmental factors, amongstihwthe dietary supply of fatty acids is
generally considered to be the most important (Rees., 2004). Fat deposition in the pig’s
carcass is determined lole novofatty acid synthesis and the uptake of exogenéatins acids
(De Smet et al.,, 2004). The fatty acids synthesibgdthe pig are mostly saturated and
monounsaturated fatty acids, while the depositioRldFA occurs if they are included in the diet.
The incorporation of n-3 PUFA rich products likeags, rapeseed, algae, linseed and fish oil in
livestock feeds, resulting in accumulation of thés¢y acids in animal products, received a lot
of interest (Wood et al., 2008; Raes et al., 2084) conversion of ALA to EPA and DHA in

animals is low, fish oil and algae in the feed banused to directly increase the EPA and DHA
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content of the meat products. Next to introduciFg) RUFA in animal feed, these fatty acids can
also be added as an ingredient during processialgi¥¢ia et al., 2006).

Including n-3 PUFA in meat might also have advesffects, as these fatty acids are prone to
oxidation. Oxidation processes in meat result guoed nutritional value and the generation of
oxidation products (e.g. malondialdehyde and vielatompounds), leading to off-taste and off-

flavour (reviewed by Morrissey et al.,, 1998). A sijpé challenge when increasing the tissue
concentration of n-3 PUFA, is thus to counteracs thcreased oxidative susceptibility of the

meat products. For instance, including antioxidamtnimal feed or during processing increases

the oxidative stability of meat products (reviewsde.g.; Decker, 1998; Pokorny et al., 2001).
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RESEARCH OBJECTIVES AND THESIS OUTLINE

The aim of this PhD research was to produce healtimeat products that meet consum
expectations. The overall objective was to chahgecbmposition of fresh and processed r
without compromising theesisory quality
This was done by

[1] lowering the ingoing itrite level by relacing it with other compoun

[2] increasing the 13 PUFA content through animal feed

Consumers’ preferences &
health concerns

Effect on

oxidative

stability and
sensory

quality

Healthier meat?

To meet these objectives, several experiments wenelucted.Part | describes the work
performed on lowering the ingoing nitrite in varsocooked cured meat products Chapter 1,
frankfurters were produced containidog roseextracts as a natural antioxidant and no soc
nitrite or sodium ascorbate. Quality parame such as colour, tenderness, lipid and prc
oxidation were assesse@hapter 2 deals with the effectiveness of partly replacinglism
nitrite by sodium ascorbate for antioxidant activit liver paté, while irChapter 3 the use of a
pre-converted exaict as alternative source for nitrite in liver p&tés investigated. In bo

chapters the effect of the lower nitrite contentamtour, lipid and protein oxidative proces:
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was assessed. The role of sodium nitrite on prateidation has been investigated from a more
mechanistic point of view ihapter 4 using two meat model systentaurthermore, a marker
for protein nitration, 3-nitrotyrosine, was intrazid in meat.

In Part Il, research concerning the increase of n-3 PUFA intmpeaducts and its effect on
oxidative stability and nutritional quality is gineFor this study, different n-3 PUFA sources
(linseed oll, fish oil and dried microalgae) wedklad to pig feed and the effect on the fatty acid
profile (Chapter 5) and sensory qualityChapter 6) of fresh loin, dry fermented sausage and
long ripened dry cured ham was investigatedClapter 7, the effect of supplementing supra-
nutritional levels ofa-tocopherol in n-3 PUFA enriched pig feed was dbesd. It was
investigated if these higirtocopherol doses affected theocopherol content in fresh loin and
dry fermented sausages and whether the oxida@bdist of these meat products was improved.
To explore the effect of n-3 PUFA enriched meattbe health status, cooked n-3 PUFA
enriched loin was administered to rabbits and thHeod lipids, oxidative status and
atherosclerosis were assess&hgpter 8). To conclude, a general discussion and future

prospects are given @hapter 9.

Part I Lowering the ingoing nitrite dose Part Il Increasing the n-3 PUFA content
CH1 With a dog rose extract CH5 Role of n-3 PUFA source
CH2 With sodium ascorbate CH6  Effect on sensory quality
CH3 With a pre-converted extract CH7 Role ofa-tocopherol in feed
CH4 Nitrite and protein oxidation? CH8  Effect on health
CH9 General discussion and future prospects
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The specific null hypotheses that were formulatadtifie own research and their relation to the

chapters are presented the Table 1.

Table 1. Specific null hypotheses of the own research aat thlation to the chapters

Hypothesis Chapter

H1 Lowering the ingoing nitrite doses in meat praducompromises colourl,2,3
formation

H2 Lowering the ingoing nitrite doses in meat praducompromises colourl,2,3
stability

H3 Lowering the ingoing nitrite doses in meat pradudecreases lipid oxidativel,2,3
stability

H4  Lowering the ingoing nitrite doses in meat pragdudecreases protein oxidativé,2,3
stability

H5 The antioxidant role of nitrite in meat products be compensated by the udg2,3
of other food additives
H6  Sodium nitrite can be used as an antioxidannhaggrotein oxidation 4

H7  3-nitrotyrosine is a good marker for proteirratiion in meat products 4

H8 The efficacy to increase the n-3 PUFA conceiatnabf meat products dependSs
on the n-3 PUFA source in the feed

H9 Supplementation of microalgae in pig feed is utable and sustainables,6
alternative to fish oil for the production of pgpkoducts enriched in EPA and
DHA

H10 Increasing the n-3 PUFA content of meat productagromises its oxidative6
stability

H11 Dietary o-tocopherol supplementation at high levels reducesdation 7
processes in n-3 PUFA enriched dry fermented sagsag

H12 Increasing EPA and DHA concentrations in plasma @thér tissues depend$
on the type of n-3 PUFA in the n-3 PUFA enrichedatme

H13 Consumption of n-3 PUFA enriched meat improvedigadth status 8

11
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LOWER ING THE INGOING NITRITE LEVEL
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People are advised to reduce their intake of aifdt health reasons.

Can a dog rose extract replace sodium nitriteankfurters?

Part I Lowering the ingoing nitrite dose

CH1 With a dog rose extract

15







CHAPTER 1
DOG ROSE (ROSA CANINA L.) AS A FUNCTIONAL INGREDIENT IN
PORCINE FRANKFURTERS WITHOUT ADDED SODIUM ASCORBATE

AND SODIUM NITRITE

Redrafted after
Vossen, E., Utrera, M., De Smet, S., MorcuendeEBtévez, M. (2012). Dog rosBdsa canina
L.) as a functional ingredient in porcine frank&rg without added sodium ascorbate and sodium

nitrite. Meat Science 92, 451-457.
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ABSTRACT

The effect of dog rosdRpsa canind..; RC), rich in polyphenols and ascorbic acid,liprd and
protein oxidation, colour stability and texture fodnkfurters is investigated. Four treatments
were prepared: with 5 or 30 g/kg RC extract andhanit sodium ascorbate and sodium nitrite
(5RC and 30RC, respectively), a positive contratiweodium ascorbate and sodium nitrite; PC)
and a negative control (without sodium ascorbatdjusn nitrite or RC extract; NC). Hexanal
values were much higher throughout storage in N@paved to RC and PC frankfurters
(P<0.001). The RC extracts protected against prodgidation, but not as efficiently as PC
(P<0.05). In the RC treated frankfurters, lowervatues were measured compared to PC due to
the lack of sodium nitrite. In conclusion, dog r@se act as a natural antioxidant in frankfurters,

but not as full replacer for sodium nitrite.
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INTRODUCTION

Lipid and myoglobin oxidation is a well-known phenenon in meat products, which results in
discolouration, off-odours and off-flavours duristprage (Morrissey et al., 1998). Recently,
also protein oxidation has been linked with impameeat quality, such as loss in juiciness and
increased toughness of meat (Lund et al., 2011)da@ign leading to degradation of lipids,
proteins and pigments is one of the primary medmsiof meat deterioration and can be
prevented by including antioxidants in meat produt¢towever, the increased public concern
over the safety and toxicity of synthetic additiveballenges the meat industry to find natural
alternatives.

Natural alternatives can be antioxidant-contair@rggacts from herbs and spices (Yanishlieva et
al., 2006). The main components contributing to dméioxidant effect of these extracts are
phenolic compounds, due to their hydrogen-donatiagacity and metal-chelating potential
(Rice-evans et al., 1995). The rose hips of dog B®sa canind.., RC) are rich in phenolic
compounds and ascorbic acid (Demir & izcan, 200it) @re therefore believed to be a potential
natural antioxidant. According to Ganhéo et al1(2§), the main phenolic compounds present in
the RC extracts are procyanidins and catechinadin RC extracts have shown high antioxidant
activitiesin vitro, with water extracts having greater antioxidanivéees against the DPPH and
ABTS radicals compared to methanolic or ethandlitaets (Ganhéo et al., 2010a). The use of
30 gRosa caninan an extract that was added to porcine burgdrgsahas resulted in positive
effects on improving colour stability, texture pesppes and on delaying lipid and protein
oxidation (Ganhéao et al., 2010b). However, thetinadzefficiency of phenolic-rich extracts when
applied in different food matrices can not be presti even for very well-characterised extracts
(Nissen et al., 2004). Therefore, although RC temsva some promising beneficial effects on
burger patties, the use of RC in different meatdpobs and different doses needs to be further

investigated.
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Among other synthetic additives, also the use dlitsn nitrite should be revised according to
the consumers’ opinion. However, this ingredienvesy important for the meat industry as it
plays a key role in colour development, fat oxidatiflavour and microbiological safety. It is
particularly important for cooked meat products;hsas frankfurters, as their characteristic pink
colour originates from nitrosylhemochromogen, actiea product of nitrite and denatured
myoglobin (Pegg & Shahidi, 1997). However, the ptt health risks related to the residual
nitrite levels and the formation of harmful N-ngamines in meat and meat products demand for
a significant decrease in the use of sodium nifttenikel, 2008). As RC contains considerable
amounts of nitrates (Cakilcioglu & Khatun, 2011¢plkacing sodium nitrite by nitrate could
result in lower residual nitrite concentrationgjueing also the risk of N-nitrosamine formation
during ingestion. In addition, as RC also contdilgh amounts of ascorbic acid, its use could
result in less sodium ascorbate to be added dumsnrgufacturing.

The objective of this research is to investigate plotential of RC as functional ingredient in
porcine frankfurters without added sodium ascorlaai@ sodium nitrite in terms of texture and

colour, lipid and protein oxidative stability.

MATERIALS AND METHODS

1. Extraction of dog rose

Fruits of dog roseRosa canind.., RC) were collected at full ripeness in Jungha Céaceres
region (Spain) and immediately frozen at -80 °Cr. the extraction, whole fruits were ground
and 5 or 30 g were weighted for low and high cotreéed frankfurters, respectively. The
ground fruits were homogenized 1:4 (w/v) in distillwater using an Ultra-Turrax. Subsequently,
the homogenates were centrifuged (1400 g, 7 mitC)}and the supernatant was filtered and

collected. The residue was re-extracted once mdie distilled water (1:2 w/v) following the
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procedure previously described and the filteredesugtant was combined with the first
supernatant. Finally, distilled water was addedh residue, shaken by hand, filtered and an
amount of that filtrate was added to the combinedesnatant until 180 ml of extract was
obtained. The total phenolic content and antioxidapacity using the 1,1— diphenyl-2-picryl
hydrazyl radical assay (see below) were determametithe extracts were stored in refrigeration

until the manufacturing of the frankfurters (lelsant 24 hours).

2. Manufacture of frankfurters

The experimental frankfurters were manufactured pilot plant and the same formulation was
used for all frankfurters. For each treatment lokdrankfurters was prepared. The basic recipe
was as follows (g/kg raw batter): 700 g porcine in@80 g backfat, 180 g distilled water or
extract, 20 g sodium chloride and 5 g sodium dd &Rphosphates (all from ANVISA, Madrid,
Spain). Four different types of frankfurters weomsidered: a negative control (NC) consisting
of a basic recipe, without sodium nitrite nor sadiascorbate; a positive control (PC) consisting
of a basic recipe with 0. 1 g/kg sodium nitrite &8 g/kg sodium ascorbate and 2 experimental
frankfurters (5RC and 30RC) manufactured with aidascipe, without sodium nitrite nor
sodium ascorbate and, and to which 180 ¢ro$a canina.. extract (from 5 g or 30 g whole
fruits, respectively, see extraction procedure) wdded instead of 180 g distilled water. The
meat was chopped into small cubes (f)camd mixed with the sodium chloride (and for P&bal
sodium nitrite and sodium ascorbate). Then, thetiwea minced in a cutter (Stephan UMC 5
Electronic) for 2 min at 2000 g, together with wabe extract. After that, the fat was added and
minced for 4 min until a homogeneous raw batter al#sined. Finally, the mixture was stuffed
into 18 mm diameter cellulose casings, hand-linkédl5 cm intervals and given a thermal
treatment for 30 min in a hot water bath (70 °CiteAcooling in an ice bath, the frankfurters
were wrapped with an oxygen permeable polyvinylgt film, dispensed in polypropylene

trays and subsequently stored for 60 days at 2 %8e dark. At each sampling day (days 1, 20,
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40 and 60), four frankfurters per treatment wetemaout of the refrigerator. A portion of the
frankfurters was used for colour and texture mesments and the remainders were frozen at -80

°C until analysis.

3. Total phenolics content and antioxidant activity ofthe extracts

The Folin Ciocalteau reagent was used for the dfuzation of total phenolics present in the RC
extracts, as described by Turkmen et al. (2006h witnor modifications as follows: 0.2 ml
extract was mixed with 1 ml of Folin Ciocalteaugeat (10% in distilled water). After 5 min,
0.8 ml of sodium carbonate (7.5% in distilled watgas added and the samples were allowed to
stand for 2 h at room temperature in the darkn€bs. absorbance was measured at 740 nm
using a spectrophotometer. A standard curve willicgecid was used for quantification. Results
were expressed as mg of gallic acid equivalentsE)3#er ml extract and analysed in duplicate.
The antioxidant activity of the RC extracts wasleated by using the 1,1— diphenyl-2-picryl
hydrazyl radical (DPPH) assay (K&hkdnen & Heinorn2003). Briefly, aliquots of 0.033 ml
were mixed with 2.0 ml DPPH solution (6x1M in methanol). The reaction mixture was stirred
and kept in the dark for 6 min at room temperatufée absorbance was measured
spectrophotometrically at 517 nm using methana bRnk. The antioxidant activity against the
DPPH radical is expressed as percentage of radicalenged after 6 min reaction time (%) and

analysed in duplicate.

4. Proximate composition of the frankfurters

Moisture and crude protein content of the franldigtwere determined (AOAC, 2000) and the
method of Folch et al. (1957) was used for isotatihe fat. Analyses were carried out in

duplicate and results are expressed as g/100gftndek
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5. Volatile compounds

Lipid oxidation was assessed by determining théddgerived volatiles hexanal, heptanal,
octanal and nonanal according to Estévez et aD3R@Mne gram of homogenized frankfurter
was placed in a 25 ml vial and the SPME fibre i(divbenzene—carboxen—
polydimethylxilosane, 50/30 um) was exposed tohbadspace while the sample equilibrated
during 30 min immersed in water at 37 °C. Analysese performed on a HP5890GC series |l
gas chromatograph (Hewlett-Packard) coupled to asrsalective detector (Agilent model
5973). Volatiles were separated using a 5% phebye-dimethyl polysiloxane column (30 m,
0.25 mm id., 1.0 um film thickness; Restek). Comusu were positively identified by
comparing their mass spectra with those from stahdampounds run on the same conditions.
The area of each peak was integrated using CheimStdftware and the total peak area was
used as an indicator of lipid-derived volatile gerted from the samples. Samples were analysed

in quadruplicate and results are provided in aabjtarea units (AAU x 19.

6. Analysis ofa-aminoadipic andy-glutamic semialdehydes

The protein oxidation productsa-aminoadipic semialdehyde (AAS) ang-glutamic
semialdehyde (GGS) were analysed according to &jtfélorcuende, Rodriguez-Carpena, &
Estévez (2011). Briefly, the frankfurters were neid@nd subsequently homogenized 1:10 (w/v)
in 10 mM phosphate buffer containing 0.6 M NaCligabts of 0.2 ml were taken and proteins
were precipitated twice using trichloroacetic afl@%). Then, protein carbonyl groups were
derivatized using: 250 mM 2-(N-morpholino)ethanésic acid (MES) buffer (pH 6.0)
containing 1% sodium dodecyl sulfate and 1 mM dilethetriaminepentaacetic acid, 250 mM
MES buffer containing 50 mM p-amino benzoic acidBfy and 250 mM MES buffer
containing 100 mM NaCNB# The mixture was incubated at 37°C for 90 min dredproteins
were subsequently precipitated and simultaneousighed. Afterwards, the precipitates were
hydrolysed with 6 N HCI at 110 °C for 18 h and thalrolysates were drieid vacuoat 40 °C
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using a Savant speed-vac concentrator. Hydrolysatge finally reconstituted with 0.2 ml
Milli-Q water and analysed using HPLC (15 cm x g x 5 um COSMOSIL 5C18-AR-II RP-
HPLC column) with fluorescence detection (excitatamd emission wavelength of 283 and 350
nm respectively). The mobile phase was a mixturg0omM sodium acetate buffer (pH 5.4) and
acetonitrile, varying gradually the acetonitrilencentration from 0% to 8% at a flow rate of 1.0
ml/min. Identification of both derivatized semialgeles in the FLD chromatograms was carried
out by comparing their retention times with thosenf standard AAS and GGS (synthesiged
vitro according to Akagawa et al. (2006)). Samples vesr@ysed in quadruplicate and results

are expressed as nmol carbonyls/mg protein asifjgdnising an ABA standard curve.

7. Colour measurements

Colour measurements were performed in fivefold loa surface of the frankfurters using a
Minolta Chromameter CR-300 (Minolta Camera Corpetdi Division, Ramsey, NJ), which
consists of a measuring head (CR-300), with an 8 dmmeter measuring area and a data
processor (DP-301). Colour measurements were nmaa®ia temperature with illuminantgp
and a 0° angle observer at days 1, 20, 40 and @bilkéd storage. The L*, a* and b* values
(CIE L*a*b* colour system) were assessed as a mieasurespectively lightness, redness and

yellowness.

8. Texture measurements

Texture profile analysis was carried out at roomgerature with a Texture Analyser TA-XT2i

(Stable Micro Systems, Surrey, UK). Nine samplesgit 2.0 cm) of each treatment were taken
and subjected to a two-cycle compression test. SEmeples were compressed to 40% of their
original height with a cylindrical probe of 5 cmadieter and a cross-head speed of 5 mm/s.

Following parameters were determined accordingesrdptions by Bourne (1982): Hardness (Qg)
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is the maximum force required to compress the sanaglhesiveness (gxs) is the work necessary
to pull the compressing plunger away from the samphewiness (g) is the work needed to
masticate the sample for swallowing; springinessédsionless) is the ability of the sample to
recover its original shape after the deforming éoix removed; cohesiveness (dimensionless) is
the extent to which the sample could be deforméat po rupture; resilience (dimensionless) is

how well the product regains its original heighgasured on the first withdrawal of the cylinder.

9. Statistical analysis

The data were analysed using the general lineaeh&dOVA procedure considering ‘storage
day and ‘treatment’ as independent variables. Mddferences between groups were tested
using Tukey’'s post hoc test operating at a 5% levaignificance. All the statistical analyses

were carried out by SPSS for Windows (15.0).

RESULTS

The total phenolic content of the extracts was B0&ad 554+2 mg GAE/100 ml extract for 5RC
and 30RC respectively. The antioxidant activity ingithe DPPH radical was 42.8+6.0 and
76.0%£4.3 % for the 5RC and 30RC extracts respdygtive

The moisture, fat and protein content of the franiers was 70.0+0.7 g/100g, 9.9+0.6 g/100g
and 18.6+0.9 g/100g frankfurter, respectively. Ngnsicant differences between treatments
were found.

The results regarding lipid oxidation in frankfugeduring chilled storage are summarised in
Table 1.1. A clear antioxidant effect of RC was esfged since up to tenfold lower hexanal
values were found in frankfurters treated with Rithpared to NC counterparts (P<0.001). Also
the heptanal and octanal values were lower in tlefinkfurters compared to NC across

storage days (P<0.001), whereas the nonanal comtentot affected by RC addition (P>0.05).
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No dose response of RC on hexanal was observed! kasdhe absence of a significant
difference between the 5RC and 30RC treatmentsxpsutedly, at days 1 and 20 of chilled
storage heptanal and octanal were detected inGRE 3amples, while these volatiles were not
found in the 5RC samples.

For all treatments, hexanal values increased witk df chilled storage (P<0.01). However, this
increase was more intense in the NC-treated santipégsin the 5RC-, 30RC and PC-treated
samples. Heptanal increased with time (P<0.001henNC samples and was not detected in the
frankfurters containing 5 g/kg RC at day 1 and BOr the 30RC and PC samples, heptanal
values were higher (P<0.05) at day 40 comparetidamther days of storage. Octanal increased
in NC, 5RC and PC with time (all P<0.01), whiletire 30RC-samples octanal did not change
with time of storage (P>0.05). Nonanal increased0(85) in the NC samples, while for the

other treatments no changes were observed (alDB)0.
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Table 1.1. Lipid oxidation (AAU x 10) during chilled storage of frankfurters with addgol
rose extract

NC 5RC 30RC PC SEM? P

Hexanal day1l 1.35” 0.70%  1.50" 0.30Y 0.15 0.004
20  16.38" 1.6  1.3¢" 0.60™ 1.75 <0.001
40 2318  2.38" 2.50"Y 0.48"» 2.43 <0.001
60  27.52” 7.08" 4.46Y*  0.53* 2.76 <0.001
SEM? 2.68 0.66 0.38 0.04
P <0.001 <0.001 <0.001  0.011

Heptanal day1l 0.20 n.d. 0.18 0.10 0.02 0.149
20 0.5~ n.d. 0.39Y 0.1¢" 0.06 <0.001
40 0.63 0.32 0.98" 0.30" 0.08 <0.001
60  0.86 0.45 0.3  0.17* 0.07 <0.001
SEM? 0.07 0.05 0.09 0.02

P <0.001 0.216 <0.001 <0.001

Octanal Dayl 0.3¢°* n.d. 0.2¢ 0.1 0.03 0.019
20  0.60" n.d. 0.20 0.4G°*®  0.06 0.006
40  0.70*%* 0.22Y 0.40Y 0.74* 0.07 0.005
60  1.10* 0.78™  0.50 0.78% 0.08 0.045
SEM?2  0.09 0.08 0.05 0.08
P 0.004 <0.001  0.092 <0.001

Nonanal dayl 1.60° 0.90 1.90 1.15 0.16 0.107
20 2.95¢ 1.70 1.80 1.40 0.24 0.083
40  3.08" 1.84 2.16 2.58 0.23 0.270
60 5.02 2.48 2.05 2.75 0.44 0.051
SEM?2 0.41 0.24 0.22 0.27
P 0.010 0.138 0.951 0.054

5RC: 5 g/kgRosa canind..;30RC: 30 g/kdRrosa canind..; PC: Positive control, NC: Negative
control,

& Effect of storage: values with a different letteithin a column of the same treatment are
different (P < 0.05);

*? Effect of treatment: values with a different letteithin a row of the same storage day are
different (P < 0.05);

!Standard error of the mean within the same stodagegn=16);

“Standard error of the mean within the same treatmer16).
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Similarly to lipid oxidation, protein oxidation ogrred scarcely in the PC frankfurters, while the
highest amounts of protein oxidation products wirmend in the NC samples (Table 1.2).

Intermediate values for the RC treatments and grufggant differences (all P>0.05) between the
two RC doses were observed for both AAS and GGS$.prrbtein oxidation products increased
for all treatments during the chilled storage per{all P<0.001). Overall, higher amounts of
AAS were formed during the experiment compared e amounts of GGS. Both protein

carbonyls, AAS and GGS, increased more intensideigng 60 days of storage in the NC-
frankfurters, followed by the 5RC, 30RC and findlg PC-samples. It is worth noting that GGS
was only formed after 20 days of chilled storageept for the NC frankfurters, while AAS was

present from day 1 on.

Table 1.2 Protein oxidation (nmol carbonyls/mg protein) dgrichilled storage of frankfurters
with added dog rose extract

NC 5RC 30RC PC SEM?! P
AAS dayl 0.72* 0.35" 0.36" 0.14* 0.06 <0.001
20 1.03”* 0.76°% 0.58Y2 0.18°* 0.09 <0.001
40 1.26* 1.06"°” 1.00** 0.27° 0.10 <0.001
60 2.02” 1.53% 1.12% 0.38" 0.17 <0.001
SEM? 0.14 0.13 0.08 0.03

P <0.001 <0.001 <0.001 <0.001

GGS dayl 0.18 n.d. n.d. n.d. 0.02 -
20 0.47 n.d. n.d. n.d. 0.06 -
40 0.60* 0.20"Y 0.14 0.22 0.05 <0.001
60  0.9G" 0.4 0.37 0.18 0.07 <0.001
SEM? 0.07 0.05 0.04 0.03
= <0.001 0.021 <0.001 0.111

5RC: 5 g/kgRosa canind..; 30RC: 30 g/kgRosa canind..; PC: Positive control, NC: Negative
control;,AAS:a-amino adipic semialdehyde, GG&glutamic semialdehyde;

& Effect of storage: values with a different letteithin a column of the same treatment are
different (P < 0.05);

*2 Effect of treatment: values with a different letteithin a row of the same storage day are
different (P < 0.05);

Standard error of the mean within the same stodagen=16):

“Standard error of the mean within the same treatmeri6).
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Addition of RC extracts had a significant effect thre colour parameters of the frankfurters

(Table 1.3). Dose-dependent responses of RC (PxM@t observed as lower L* values and

higher a* and b* values were found on the 30RC Kiarters compared to those containing 5

g/kg RC. Throughout the whole storage period, theatues of the RC frankfurters were higher

(P<0.05) compared to the NC samples and the a*esabi the PC frankfurters were higher

(P<0.05) compared to the other groups.

During the storage period, L* values of the 5RCRB0and PC samples decreased slightly (all
P<0.05), in contrast to the NC frankfurters whiad dot change (P>0.05) during the storage
period. The a* values of the 5RC and NC frankfwrtdid not change during storage (both

P>0.05), while an increase was observed for theC3aRd PC samples (both P<0.01), however
the difference was less than 1 and 2 units respdgtiThe b* values of the 5RC, 30RC and NC

frankfurters increased during storage (all P<0.86yyever all these differences were also small.
No clear pattern could be found for the b* valuethe PC frankfurters. Also the internal surface

of the frankfurters was measured (data not shownyeneral the lightness of the frankfurters

was similar compared to the external surface, wiéeredness was lower and the yellowness
higher on the outside of the frankfurters compadcetihe internal surfaces. Similar to the external
surface, higher a* values and b* values were fomnithe RC frankfurters compared to NC, but

the highest a* values were found in the PC frarikfst
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Table 1.5 Colour parameters of the external surfaces of fratders with added dog rose extract
during chilled storage

NC 5RC 30RC PC SEm? P
L* Day 1 75.40'°  75.88"  74.03* 76.37" 0.24 <0.001
20 75.83%  74.78>"  73.79*  73.82* 0.23 <0.001
40 76.10"  74.68” 72.5FY  74.23* 0.31 <0.001
60 76.168"  74.18~ 72.20Y  73.13% 0.36 <0.001
SEM? 0.22 0.19 0.23 0.29
P 0.642 0.006 <0.001  <0.001
ax Day 1 3.8 4.2V 5.08 7.99" 0.38 <0.001
20 3.6T 4.09 5.20"Y 9.09" 0.50 <0.001
40 3.89 4.40 5.8G"" 9.5 0.47 <0.001
60 3.70 4.26 5.18" 9.83" 0.51 <0.001
SEM? 0.05 0.05 0.09 0.16
P 0.151 0.107 0.008 <0.001
b* Dayl  11.0fY 1220* 1550" 10.58" 0.45 <0.001
20 11.17Y 12.16*  15.64"  8.67* 0.58 <0.001
40 13.06"  12.78*  1544"  9.2¢ 0.48 <0.001
60 12.46>  12.86”  17.53"  10.3® 0.57 <0.001
SEM? 0.21 0.10 0.23 0.19
P <0.001 0.027 <0.001  <0.001

5RC: 5 g/kgRosa canind..; 30RC: 30 g/kgRosa canind..; PC: Positive control, NC: Negative
control;

&= Effect of storage: values with a different letteithin a column of the same treatment are
different (P < 0.05);

"2 Effect of treatment: values with a different letteithin a row of the same storage day are
different (P < 0.05);

! Standard error of the mean within the same stotiaggn=20);

2 Standard error of the mean within the same tresitifme=20).
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The addition of RC extracts resulted in severahifitant changes on the texture parameters of
the frankfurters (Table 1.4). However, some diffexes were very small and no obvious trends
could be found. Therefore, data concerning spregsn cohesiveness and resilience are not
shown. In general, but with some exceptions, tHe@@reatment led to frankfurters with higher
hardness and related chewiness values, comparétk tother treatments. No differences in
hardness and chewiness were found between the BR@@ samples (P>0.05), except for day
40 with higher values in the former (P<0.05). Tlikesiveness was higher in the NC samples
compared to the 30RC samples (P<0.05) at more2balays of storage.

Throughout the storage period changes were obselwedhe texture parameters. When
comparing the results at the end of the experimaitt the start of the experiment, the texture
parameters were affected the most in the NC fraté«fsr the hardness and chewiness decreased
(P<0.05) and the adhesiveness increased (P<0.05)th® other hand no changes (P>0.05)
between day 1 and day 60 were found in the 5SRCcandnercial frankfurters (PC) for hardness,
chewiness and adhesiveness For the 30RC treatreerdgaged adhesiveness values were found
(P<0.05) along the storage period, while hardnesschewiness were not affected during the

storage period (both P>0.05).
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Table 1.4. Texture parameters measured during chilled stoohdeankfurters with added dog
rose extract

NC 5RC 30RC PC SEM?! P
Hardness dayl 3.63” 3.16™ 3.44Y  3.26"" 0.06 0.045
(10°xq) 20 2.85"Y 3.068" 3.50f 2.87Y 0.06 <0.001
40 2.89 3.86" 3.88 317 0.10 <0.001
60 2.82Y 2.958Y 3.7 3.38% 0.11 0.007
SEM? 0.09 0.08 0.06 0.07

P 0.003 <0.001 0.056 0.047

Chewiness day 1 2.04 1.92 2.07 1.96 0.03 0.329
(10°xq) 20 1.73% 1.82Y 2.10 1.74 0.03 <0.001
40 1.68Y 2.28" 2.30° 1.87 0.06 <0.001
60 1.57Y 1.68Y 2.18 1.97Y 0.07 0.003
SEM?  0.05 0.05 0.04 0.04
= 0.009 <0.001 0.098 0.085
Adhesiveness day1 -28.93 -27.80* -16.49  -19.02 1.96 0.050
(gxs) 20 -12.76* -31.12Y -32.3%9Y 2231 2.16 <0.001
40  -13.89” -17.93¥ -28.36"Y -17.8%Y 1.97 0.045
60 -16.82" -1560" -32.94Y -18.7¢" 2.11 0.011
SEM? 2.05 1.91 2.16 1.83
P 0.023 0.004 0.012 0.841

5RC: 5 g/kgRosa canind..; 30RC: 30 g/kgRosa canind..; PC: Positive control, NC: Negative
control;

&b Effect of storage: values with a different letteithin a column of the same treatment are
different (P < 0.05);

*Y Effect of treatment: values with a different letteithin a row of the same storage day are
different (P < 0.05);

! Standard error of the mean within the same stotiaggn=36);

2 Standard error of the mean within the same tresitifne=36).
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DISCUSSION

According to the literature, the ascorbic acid eontof dog rose ranges between 23.7-27.5 g/kg
fresh matter (Demir & izcan, 2001; Egea et al., ®0Assuming that the major part of ascorbic
acid can be extracted from the fresh matter, aldol®5 and 0.750 g ascorbic acid per kg
frankfurter could be present in the 5RC or 30RQ@Kfarters, respectively. These amounts are
comparable to what is usually added in commercebkfurters as sodium ascorbate. For the
total phenolic content of the frankfurters, appmately 200 and 1000 mg GAE/kg for 5RC and
30RC respectively could be expected, taking intiant the measured total phenolic content of
the RC extracts. Although these values are onlicatide and not supported by analyses on the
material used in the present study, they provideght on the antioxidant potential of RC in the
experimental frankfurters. According to the resuttse incorporation of RC in frankfurters
inhibited both lipid and protein oxidation. In preus studies, specific phenolic components of
dog rose such as cyanidins and catechins were fioupel efficient inhibitors of lipid and protein
oxidation in emulsions and suspensions of meateprot(Estévez et al.,, 2008; Estévez &
Heinonen, 2010). The present study confirms theieffcy of dog rose phenolics as antioxidants
in a more complex food system. The previously noer@d authors attributed the antioxidant
effects on proteins to the ability of dog rose pies to act as radical scavengers and metal
chelators. These mechanisms are also applicalthetpresent study as protein carbonylation is
usually initiated by reactive oxygen species (R@8J involves metal-catalyzed oxidation of
particular amino acid residues (Estévez, 2011)s Thitcome compares well with the effects
previously reported in cooked burger patties (Ganétdal., 2010c; Ganh&o et al., 2010c). It is
worth noting that the RC extracts are as efficiastthe combination of sodium nitrite and
sodium ascorbate (PC samples) for lipid oxidatiwwhile the latter was more effective against
protein oxidation. Likewise, previous studies thmatestigated the effect of various antioxidants

on the oxidative stability of meat products reportwer efficacy of such antioxidant
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compounds against protein oxidation than agaipgd Ibxidation (Mercier et al., 2004; Estévez
et al., 2008; Haak et al., 2009). Estévez et &l082 also found that phenolic compounds were
more effective against lipid oxidation than in pgating protein oxidatiom vitro. These authors
suggested that the phenolic compounds could belyndoated in the inner layer of the
interphase, exposed to the lipid phase where lgpidiation occurs. In addition, the likely
covalent binding between phenolic compounds andep® was suggested to decrease the
ability of the former to act as a radical scavengdéis implies that the direct antioxidant effect
of phenolic compounds on protein oxidation may &tber limited. However, protein oxidation
could be indirectly inhibited by phenolic compounulg decreasing the formation of primary
lipid oxidation products that are known to initigietein oxidation (Estévez, 2011). In addition,
ascorbic acid and nitrite have been known for @ ltime to exhibit antioxidant activity against
lipid oxidation (Honikel, 2008; Ranken, 1981), whithis has been less clear for protein
oxidation. Different authors reported both pro- amiioxidant activity of ascorbic acid against
carbonyl formation (Estévez, 2011) and accordingdesen et al. (2012a), no effect of nitrite on
carbonyl formation was found in liver paté. In theesent study, the combination of those
additives shows efficient protection against themfation of specific protein carbonyls in
frankfurters.

Irrespective of the treatment or storage day, higim@ounts of AAS were formed during
oxidation compared to GGS. Moreover, at the onk#tetrial, AAS was present in all samples,
while GGS lacked in some cases. AAS is derived flysime, while GGS is the main oxidation
product originating from arginine and proline (Rega et al., 2001). Apparently, in this study
lysine was more easily oxidized compared to prolne arginine, which was also found by
Utrera et al. (2011). Nevertheless, opposite resuéire published by Armenteros et al. (2009)
and Ganhéao et al. (2010c), in which higher amoohtSGS and lower amounts of AAS were

found in different meat products. Protein carbotigia has been linked to loss of protein
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functionality and deterioration of various sensangd technological properties of muscle foods,
including its water holding capacity (Estévez et 2011; Lund et al., 2011). The inhibition of
protein carbonylation by dog rose extracts couldvjgle a substantial benefit to the quality
characteristics of the present frankfurters. Initamitl oxidative modifications of proteins can
lead to the loss of essential amino acids and aedsed digestibility affecting ultimately the
nutritional quality of muscle foods (Lund et alQ1). The oxidation of proteins may cause an
altered susceptibility of protein substrates tot@otytic enzymes, as the formation of protein
aggregates and the oxidative degradation of speeafino acid side chains could alter
recognition sites both chemically and physicallgdi|mg to a decreased proteolytic susceptibility
(Estévez 2011). This implies that even small amowhtoxidative modifications could have an
effect on the nutritional value.

Regarding the lipid oxidation products, hexanal wase abundantly present compared to the
other volatiles. Furthermore, during storage of ftinenkfurters, hexanal increased more
intensively compared to the other volatiles. Irerkiture, hexanal is reported to be the most
sensitive indicator for lipid oxidation (Ahn et ,al998). However, other lipid-derived volatiles
such as heptanal, octanal, and nonanal shouldelsaken into account due to their low flavour
threshold values (Specht & Baltes, 1994). Hexandl lzeptanal are degradation products from
long chain polyunsaturated n-6 fatty acids, malmigleic acid, while nonanal, octanal as well as
heptanal arise from oxidation of monounsaturat&ifatty acids, e.g. from oleic acid (Meynier
et al., 1998). Long chain polyunsaturated fattydecare known to be less stable towards
oxidation compared to monounsaturated fatty acidsch in the present study resulted in high
hexanal values.

In general, no dose response of RC on lipid antepraxidation was observed. Moreover, in
some cases higher amounts of lipid derived voktileere measured in the 30RC samples,

implying that the addition of natural antioxidantghould be applied with care. As
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aforementioned, the antioxidant activity of phea@ompounds is attributed to their free radical
scavenging and metal chelating activities, in whiglkdroxyl groups attached to phenolic rings
play an important role (Bravo, 1998). However, dgriauto-oxidation of these antioxidants,
hydroxyl forms can convert to their correspondimg-pxidant quinone structures. The overall
pro- or antioxidant effect displayed by plant phessomight therefore be the result of the
balance between both forms (Estévez & HeinonenQROWUoreover, the effect of a certain
potential antioxidant might vary considerably degiag on a complex interaction between
various factors, involving the type and concentraf active compound(s) and the nature of the
food system (Madsen & Bertelsen, 1995). In addjtialso ascorbic acid may act as a pro-
oxidant in specific conditions, most likely due ttte strong reducing power and weak metal-
chelating ability (Yen et al., 2002). Various otlstudies have reported pro-oxidant effects of
phenolic compounds or ascorbic acid, both for lipidprotein oxidation in pork (Haak et al.,
2009), frankfurters (Estévez et al., 2007b) andldn (Tang et al, 2000). However, although in
some cases 5RC was more effective against lipidoanietin oxidation compared to 30RC, both
RC treatments showed clear antioxidant activitiempgared to the negative control without
antioxidants.

For the colour, only the PC treated frankfurtersvetd the common pink colour found in
commercial frankfurters. Sensory analysis shoulccdneied out to investigate the consumer’s
acceptability towards these experimental frankfsrtBloteworthy are the higher a* values in the
RC frankfurters compared to the NC samples: perisapse nitrosopigments were formed, as
RC contains approximately 1 g nitrate per kg fresditer (Cakilcioglu & Khatun, 2011). Taking
into account this amount, about 5 and 30 mg nifpatekg frankfurter could roughly be present
in the 5RC and 30RC frankfurters respectively. Hasve nitrate is only effective after being
reduced to nitrite, which can be accomplished bgroarganisms found in the natural flora of

meat (Sindelar et al., 2007b). Although this redurcis only possible in raw batters and not in
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cooked meat products, no more than 4 to 6 mg efitgt frankfurters is necessary for cured
colour development in frankfurters (Fox Jr (1984,cited in Heaton et al. (2000)). These small
amounts could possibly have been formed duringrtheufacturing of the frankfurters. It would
thus be of interest to study the potential of RCcatour formation in more detail. Another
possible explanation could be that the extractschwivere slightly coloured, contributed to the
higher a* values. The a*values of NC and 5RC remtistable during storage, but what is
unusual about the results of the PC and 30RC tezasnis that the a* values increased during
storage, while a loss in redness was expected. imbisase is difficult to explain as various
endogenous factors can change the conditions omikat, such as pH, reducing conditions,
degree of denaturation, and reactivity of endogenmeat compounds, which can affect the
chemical state, structure, and reactivity of thgnmnts. Some of these factors may result in
pinking of cooked meat (Holownia et al., 2011). Tievalue of the RC frankfurters were higher
compared to the other treatments and a dose respsas observed. As the extracts were
yellowish, this result could be expected.

Texture is a major parameter of cooked sausagesamsLimer acceptance of food products
strongly depends on textural characteristics. Tlehanical characteristics hardness, chewiness
and adhesiveness can be explained in terms closyed to actual consumer perception:
hardness is the force required to compress a suesteetween the molar teeth, chewiness is the
length of time required to masticate a sample airestant rate of force application, to reduce it
to a consistency suitable for swallowing and adle®ss is the force required to remove
material that adheres to the mouth during the nbmma#ing process (Bourne, 1982). When
changing the composition of a well known meat paduch as frankfurters, one should verify
that the desired textural characteristics are ramiad. In this study, the effect of omitting
sodium nitrite as well as the effect of RC additiarthe frankfurters should be explored. In a

work carried out by Dong et al. (2007), altering Bodium nitrite concentrations from 0 to 150
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mg/kg, resulted in changed texture attributes dmal nitrite concentration was negatively
correlated with hardness and adhesiveness. Insta@y, no differences in texture parameters
was found between the nitrite containing (PC) ardterfree (NC) frankfurters, which is in
contrast with the results found by Dong et al. @0®n the other hand, adding different doses
of RC did affect the texture parameters dose-degrhd On average, frankfurters containing
30RC were harder and showed an increased chewdoegsared to 5RC, NC and PC. Ganhéo et
al. (2010b) found an increased hardness in cookekl jpatties containing 30 g/kg RC fruits
compared to a control without added fruit extraetBile no significant effects on other texture
parameters such as adhesiveness and chewiness fawgrd. In previous studies, the
deterioration of particular texture traits suchhasdness during storage of meat products was
closely linked to the oxidative deterioration ofah@roteins (frankfurters, Estévez et al., 2005a
and Estévez et al., 2011; cooked patties, Ganhab, &010b). On the same line, the impact of
phenolic-rich extracts on the texture propertiesswascribed to the ability of these
phytochemicals to inhibit protein oxidation and benthe derived texture deterioration. The
connection between protein oxidation changes axtdre deterioration during chilled storage of
frankfurters was not observed in the present study.

In addition to the important function of nitritegarding colour and oxidative stability of the
meat product, nitrite plays a key role in cured tresaa bacteriostatic and bacteriocidal agent.
Nitrite is a strong inhibitor of anaerobic bactemaost importantlyClostridium botulinumand
contributes to control of other micro-organismshs@as Listeria monocytogeneSebranek &
Bacus, 2007). Therefore, caution should be exeatcishen meat products without or low
amounts of nitrite are produced. Although not inigeged in this research, it should be explored
if RC can be used against harmful micro-organiskrem literature it appears that RC has
antibacterial activities (Kumarasamy et al., 20@8)d other polyphenolic-rich fruits were

reported to be effective against human pathogects asClostridium(Heinonen, 2007)
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CONCLUSIONS

Addition of Rosa caninal. revealed clear protection against lipid andtgiro oxidation in
frankfurters during 60 days of chilled storage, letthe textural properties of the frankfurters
only changed slightly. Data also suggest fRasa canind.. extracts may have the potential to
contribute to pink colour formation. Further stuglishould include an assessment of
microbiological risk and sensory research on theepiability of these frankfurters to verify the
efficacy of Rosa caninal. to extend the shelf life of sodium nitrite-fré@ankfurters without

compromising the safety of the meat product.
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The antioxidant role of nitrite is partly repladeg a plant extract containing ascorbic acid
(CH1).

Can sodium ascorbate replace the antioxidant fadedium nitrite in liver pate?

Part I Lowering the ingoing nitrite dose

CH2 W.ith sodium ascorbate
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CHAPTER 2
EFFECT OF SODIUM ASCORBATE DOSE ON THE SHELF LIFE

STABILITY OF REDUCED NITRITE LIVER PATES
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ABSTRACT

The effect of sodium ascorbate (SA; 500, 750, 19@¢kg) and sodium nitrite (SN; 40, 80, 120
mg/kg) dose on the shelf-life stability of livertpa was investigated in a full factorial design.
Clear dose-dependent responses of the added SN aref found for the concentrations of
nitrite, ascorbic acid and dehydroascorbic acithenraw batters and in the cooked patés before
and after 48h of chilled display. Decreasing thedaNe to 80 mg/kg had no negative impact on
the colour stability (a* value) and lipid oxidatighBARS), and no additional antioxidant effect
of SA was noticed. Lowering SN to 40 mg/kg resulteg@roper colour formation, but the colour
stability was inferior and lipid oxidation increaseéYet, increasing the amount of SA, at this low
SN dose, resulted in lower TBARS values. DecreatiiegSN dose to 80 or 40 mg/kg had no

distinct effect on protein oxidation, which was remer only measured by carbonyl content.
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INTRODUCTION

Liver paté, a traditionally cooked and widely com&d meat product in many countries, consists
of a comminuted mixture of liver and fat to whictdéives are added. Due to its chemical
composition and manufacturing process, liver pété&ansidered as being a product highly
susceptible to oxidation (Estévez et al., 2007ajerLpaté is rich in fat and non-haem iron, with
the latter being considered as the most importanybgidant in meat systems (Kanner, 1994). In
addition, mincing and cooking makes meat produatsensusceptible to oxidation compared to
fresh meat, due to the facilitated interaction lestwfree fatty acids and oxygen in the presence
of catalysts such as heat and metalloproteins (skmy et al., 1998). Oxidation leads to several
changes in fat components and meat pigments, thesslucing the quality of the product in
terms of taste, colour and shelf-life. In the p#s¢ main focus on oxidation in meat and meat
products was on colour and lipid oxidation, but adays also protein oxidation seems to
influence specific meat quality traits (Lund et aD11).

Two important ingredients influencing the oxidatstability of liver paté are nitrite and ascorbic
acid (AA). Nitrite plays an important role duringeat processing, colour development, lipid
oxidation, flavour formation and microbiologicafety (Honikel, 2008). After adding nitrite to a
batter of meat, the nitrite has different fatesisifpartially oxidized to nitrate by sequestering
oxygen, bound to myoglobin and bound to proteinstber substances (Honikel, 2008). The rate
of nitrite depletion is dependent on different &astsuch as pH, initial nitrite concentration,
processing technique and storage temperatures,-toreatter ratio and the presence of
antioxidants (Kilic et al., 2002). According to Hkel (2008) residual nitrite levels in meat
products vary between 5 and 20% of the ingoing arnolhe antioxidant AA works as a potent
radical-scavenging component, improving the oxidastability and colour formation of meat
and meat products (Perlo et al.,, 1995; Sahoo & Weyalu, 1997). Also, AA can act

synergistically with tocopherols by regeneratingl aestoring their antioxidant properties (Niki
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et al., 1995) and interacts with nitrite (Izumiatt, 1989). When nitrite is added to a batter, an
equilibrium reaction occurs between nitrite andaus acid. From the nitrous acid, nitric oxide
can be formed by the action of endogenous meatneez\yor reducing agents (Ranken, 1981).
For the colour formation, nitric oxide reacts alinasstantly with metmyoglobin forming
nitrosylmetmyoglobin. The nitrosylmetmyoglobin isibsequently reduced to the red cured
colour nitrosylmyoglobin. As AA is a strongly redng agent, it plays an important role in the
colour formation of cured meat products since tederates the reducing steps (Ranken, 1981).
The American Institute for Cancer Research (20@)gssts that dietary nitrites are to be
considered as human carcinogens, because they enaprverted to carcinogenic N-nitroso
compounds (Demeyer et al., 2008). Consumers areecoed about the possible harmful effects
of nitrite and the meat industry is challengededuce the concentrations of nitrite in their meat
products. Regarding the formation of N-nitroso comnpds, knowledge about the residual nitrite
concentration could be just as important as fogueimthe initially added nitrite concentration.
Because of the significant role of AA in the colal@velopment and oxidative stability of meat
products and the concerns about residual nitrifggraal replacement of nitrite with AA in meat
processing could be valuable. Generally, an amoid0 mg/kg ingoing nitrite is considered to
be sufficient for colour-fixing purposes and to ietle the expected cured meat appearance
(USDA, 1995). The colour stability and oxidativealsitity at this low dose is however less
documented, especially in liver paté. Therefore, abjective of this study is to investigate the
effect of increased sodium ascorbate supplementadio the residual nitrite levels, colour
stability, lipid and protein oxidation as well astiaxidant concentrations of reduced nitrite liver

patés.
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MATERIALS AND METHODS

1. Experimental set-up and sampling

The experiment consisted of a 3 x 3 full factodakign with three levels of sodium nitrite (SN,
E250) (Kerry Ingredients and Flavours, Bornem, Betg (40, 80 and 120 mg/kg) combined
with three levels of sodium ascorbate (SA, E301¢r(i Ingredients and Flavours, Bornem,
Belgium) (500, 750 and 1000 mg/kg) added to thé&ebmtin commercial conditions, 120 mg/kg
SN and 500 mg/kg SA are generally used (accordintpe information given by the supplier).
The basic composition of each batch was basedammanercial recipe (g/kg): 290 g pork liver,
380 g pork subcutaneous fat, 290 g broth (thermpivater in which the fat was cooked), 18.0 g
sodium chloride, 5.0 g dextrose, 10.0 g sodiuminasge and spices (2.0 g white pepper, 0.5 g
nutmeg, 0.5 g ginger, 0.2 g cardamom, 0.5 g onmnder). All spices were purchased from
RAPS (Beringen, Belgium) and the other additivesenieom Kerry Ingredients and Flavours
(Bornem, Belgium).

The preparation of the batters and cooking of thitégpwas performed on three subsequent days,
with the preparations for all levels of SA and B&t dose done on one dd&eforehand, separate
mixtures of raw livers and subcutaneous fat froness commercial slaughter pigs (Impens NV,
Melle, Belgium) were made. These mixtures weredgdiin three batches to be used for the
three processing days, frozen until -21 °C andestolor maximum three days. For the
preparation of the batter, first the cold livertpaas minced for 8 minutes at 3000 rpm (Stephan
vertical cutter-mixer, model UM12-F/3, consistingteo blades aligned at 180 degrees to each
other), curing salts (sodium nitrite and sodiunodile) were added and the cutting process was
continued under vacuum for 2 minutes at 1500 rphe Gured liver was kept refrigerated (1-
7 °C) during the preparation of the fat. The faswgaalded for 20 minutes in boiling water until
it reached a temperature of 40 °C. The fat was tihémced and homogenised with sodium

caseinate and broth for 5 minutes at 51 °C in tie@l&n vertical cutter-mixer. Subsequently the
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cured liver and the other additives were addedhi®warm emulsion in the cutter. The mixture
was further homogenised for 3 minutes until a hoemegus raw batter of 40 °C was obtained.
Finally, the ready batters were manually distridutgo metal cans until completely full (250 g,
can height: 6 cm) and these were then hermeticldlsed using a can sealing machine (Indosa,
type M160).

Three cans per treatment were immediately frozeh {€) for further analysis, and are referred
to as the batter samples. The other cans (six rpatment) were cooked in saturated steam
conditions at 75 °C for 90 minutes. The cans wapgdty cooled in an ice bath and were stored
in the dark at 4 °C. After 7 days, the cans wereneg and two slices of 2 cm thickness were
sampled after removing 1 cm of the top and bottayel. Six slices per treatment were
immediately vacuum packed and stored at -21 °Cfdather analysis. Six other slices per
treatment were wrapped in an oxygen permeable fioleme film (purchased from a local
supermarket (Delhaize), thickness 0.010 mm), aadeaal in an illuminated chilled cabinet (1000
lux, 4 °C). Permeability characteristics of thanfiwere not available from the supplier, but
according to Massey (2002), this kind of low dengiblyethylene film has an oxygen gas
permeability in the range of 255-470 tm mm x m?® x 24h' x atmi’ and a water vapour
transmission rate in the range of 1.25-1.85 g x mim? x 24H*. After 48 h of chilled display,
the polyethylene film was removed and the sampleewacuum packed and stored at -21 °C

until further analysis. All analyses were performeduplicate.

2. Composition analyses

Dry matter, crude protein and crude fat contentewamalysed on three pooled paté samples
according to the I1ISO 1442-1973, ISO 937-1978 ar@ 1844-1973 methods, respectively. The

pH was measured on minced samples using a glassguttode.
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The AA and dehydroascorbic acid (DHAA) content wlasermined according to the method of
Zapata & Dufour (1992) and Dodson et al. (1992)sEssay is based on the reaction of DHAA
with orthophenylenediamine (OPD). Briefly, AA and HBA were extracted using
methanol/water (5/95; v/v) containing 0.1 M citacid and 0.2 mM EDTA. DHAA is able to
react with OPD, but AA first needs to be converietb DHAA, using active carbon. By
measuring total DHAA (i.e. the present DHAA and DAlAormed from converted AA), and
DHAA present in the samples, the AA concentratiaswalculated. Samples were analysed by
reversed phase HPLC (Agilent, Waldbronn, Germamsiyyg a Pursuit XRS C18 column (15 cm
x 4.6 mm x 5 um; Varian, Sint-Katelijne-Waver, Balg) with fluorimetric detection at an
excitation and emission wavelength of 350 and 4@0respectively. The mobile phase was a
mixture of methanol/water (5/95; v/v), containingn® cetrimide and 50 mM K§PO, (pH 4.6).
The elution was performed at a flow rate of 1.0nmm. Quantification was done by comparison
of peak areas with those obtained from a standahgtien of converted (L)-ascorbic acid.
Results were expressed as mg AA or DHAA/kg battgréabé.

The residual nitrite was determined by the ISO 29985 reference method. After a reaction
with sulfanilamide and naftylethylenediamine, nérwas measured spectrophotometrically at
538 nm. The nitrite concentration was calculatesedaon a standard curve obtained with SN
and expressed as mg/kg batter or paté.

The a-tocopherol content was determined according tontle¢hod of Desai (1984) with some
improvements. After saponification and n-hexanerastion, all samples were analysed by
reversed phase HPLC (GE Healthcare, Diegem, Belgiuging a Supelcosil LC18 column (25
cm x 4.6 mm x 5 um; Sigma-Aldrich, Bornem, Belgiumihe mobile phase was a mixture of
methanol/water (97/3; v/v) and the elution was @ened at a flow rate of 2.0 ml/min. UV-

detection was accomplished at a wavelength of 282Timea-tocopherol content of the samples
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was determined by comparison of peak areas witketloiotained from a standard curveoef

tocopherol. The results were expressed astogopherol/kg batter or pate.

3. Oxidative stability measurements

Lipid oxidation was assessed by measuring the dbd#rbituric acid-reactive substances
(TBARS), with the extraction method using perchdacid (0.64 M) as described by Ventanas et
al. (2006). In this method, malondialdehyde (MDA)secondary oxidation product, forms a
coloured complex with 2-thiobarbituric acid (TBA)This complex was determined
spectrophotometrically at 532 nm. Results were esged as mg MDA/kg batter or paté.

Protein oxidation was assessed by determining d@higoayl content of the samples. The protein
were extracted from the meat matrix with of phosetmuffer (20 mM, pH 6.5 containing 0.6M
NaCl) and four aliquots of the homogenate weretéceavith TCA (10% wi/v) to precipitate the
proteins. The measurement of protein carbonylsowoig their covalent reaction with 2,4-
dinitrophenylhydrazine (DNPH) was done according@anhéo et al. (2010b). This reaction
leads to the formation of a stable 2.4-dinitrophdmnydrazone product. Total carbonyl content
was quantified spectrophotometrically at 370 nmingisa molar absorption coefficient of
21.0/(mM-cm) and expressed as nmol DNPH incorpdhaitg protein. Since the patés were
manufactured from the same homogeneous mixturebverfs and fat, the variation in the
composition of the liver patés was minimal. Therefao calculate the carbonyl content, the
average protein content obtained from the crudeepranalysis (8.56 g/100g paté) was used.
Colour coordinates (CIE L*a*b* colour system 197@kre measured with a HunterLab
Miniscan Minolta XE plus spectrocolorimeter (lighturce of D65, standard observer of 10°,
45°/0° geometry, 1 inch. light surface, white stn). Samples were measured in six fold, every

10 minutes for the first 3 h, every hour from 3rtilu8 h and at 24 h and 48 h of display in the
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chilled cabinetThe colour fading, measured as a decline in a*egwas fitted to a nc-linear,
two-phase exponential decay curve (GraphPad Prism5pP@hd usingthe equation
Y = plateau + A x ex(—Kfast x X) + B x exp(Kslow x X)

with A = (YO-plateau) x %Fast x 0.

B = (YO-plateau) x (10-%Fast) x 0.01

Kfast and Kslow (expressed in mint™) = the two rate constan

YO = initial a* value (intercep

Plateau = the ultimate a* value after 48 h of ay

%Fast = the fraction of the span (from YO to plajeaccounted for by the faster of

two components.

Yo_ ................................................. -
g \Kfast
T>° K slow Span
* —
m©
Platea [ T P e PP PP PP RP P
Time

Figure 2.1lllustration of a tw-phase exponential decay cu

Six replicate paté samples per treatment were medsund fitted separately, d values for YO,
plateau, %Fast, Kfast and Kslow were further usedsfatistical analyses. The goodness ¢

was checked by the’Ralue, which was at least 0.9

4. Statistical analysis

Data were analysedlsing the general linear model ANOVA procedure witafixed effects of

SN dose (n=3 levels) and SA dose (n=3 levels).2-way interaction term was only included

51



Chapter 2

the model when significant (P<0.05). The data eflihtter and the paté samples before and after
display were analysed separately. Treatment means gompared using Tukey’s post hoc test
operating at a 5 % level of significance. All thatsstical analyses were carried out by SAS

Enterprise guide 4.

RESULTS

The average dry matter, fat and protein content 466+0.2, 35.0+0.3 and 8.56+0.08 g/100g
paté respectively. The mean pH value of the battaxs 6.35+0.04 and increased to 6.56+0.04
after heating (mean value of all patés before died display).

Results concerning the batters are shown in Taldle The initially added SN and SA doses
affected significantly the nitrite and AA levels tfe batters. Increasing SN and SA doses
resulted in increasing nitrite and AA levels in thatters respectively. Also increasing DHAA
levels were found with increasing SA doses. Onatier hand, the 120 mg/kg SN dose resulted
in a significantly lower AA level and higher DHAZeVel compared to the lower SN doses.
Similarly, the nitrite concentration was signifitnlower for the 1000 mg/kg SA dose
compared to the 500 mg/kg SA dose. Overall, 53a%® 75 % of the initially added SA was
measured as AA+DHAA in the batters containing 5C80) and 1000 mg/kg SA respectively. A
significant SNxSA interaction was found for tie¢ocopherol levels, indicating that the effect of
SA ona-tocopherol differed depending on the amount ofigihally added. However, no clear
pattern was apparent. Also the effect of SA ondlipkidation was affected by the SN dose:
among the batters with 40 mg/kg SN, significantiwér TBARS values were found in samples
with 750 mg/kg SA compared with batters contairb®® mg/kg SA, while for the batters with
80 mg/kg SN, a dose of 1000 mg/kg SA resulted gniBcantly higher TBARS values
compared to 500 mg/kg SA. No effect of SA was foamdlipid oxidation among the batters
with 120 mg/kg SN. For the carbonyl content of biaters, higher SA doses resulted in higher

carbonyl contents and no effect of the SN doseseas.
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Table 2.1 Effect of sodium ascorbate (SA) and sodium nit(8®&) doses (mg/kg batter) on the
content of nitrite, ascorbic acid (AA), dehydroasxo acid (DHAA) andu-tocopherol, and on lipid
oxidation (TBARS) and protein oxidation (carbongtmtent), in raw batters

Carbonyls
Nitrite AA  DHAA TOCO‘;herol (r:;hﬁgzk (nmol
(mg/kg) (mg/kg) (mg/kg) (ma/kg) 9) DNPH/mg
protein)
Main effects
SN
40" 11.8 393 130 7.97 0.9¢ 3.94
80" 31.3 389 128 8.54 1.03 3.77
120 66.8 304 199 8.53 1.35 4.02
SA
500 39.4 140 127 8.32 1.10 3.7
750 36.%" 370° 15 7.70 1.05 3.08
100G 34.4 576 179 8.96 1.14 4.08
Interaction
SN SA
40 500 13.7 148 116 7.87 1.09° 3.76
750 11.3 417 111 7.96 0.7¢ 4.06
1000 10.5 613 163 7.91 0.85* 4.01
80 500 35.9 170 112 9.74 0.93* 3.42
750 30.4 392 126 6.93 0.99 3.82
1000 27.7 605 146 9.45 1.18° 4.06
120 500 68.6 103 152 7.85 1.28* 3.95
750 67.0 301 218 8.21 1.38 3.96
1000 64.9 509 227 9.54 1.38 4.16
RMSE?® 2.60 25.7 23.0 0.25 0.06 0.22
P SN <0.001 <0.001 <0.001 0.003 <0.001 0.173
SA 0.016 <0.001  0.006 <0.001 0.091 0.041
SNxSA - - - <0.001 0.002 -

#®Means within a column and within SN or SA (or wittBNxSA in case the interaction term is
significant) with no common superscript are sigrafitly different at p<0.05;

! Means within SN dose across SA doses;

2 Means within SA dose across SN doses;

% Root mean square error;

‘- refers to non significant (P>0.05) 2-way inteti@n, removed from the statistical model.
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Results concerning the patés before display aresho Table 2.2. Again clear dose-dependent
responses were seen: lower SN doses resulted ar loitvite levels in the patés and higher SA
doses resulted in higher AA and higher DHAA levéler the AA levels, a significant SAXSN
interaction was observed and the dose-dependemnss was clearly present within the three
SN doses. Unlike the batters, nitrite was not adfiédy the SA dose. DHAA was affected by the
SN dose with the DHAA level being significantly higy on the 120 mg/kg SN dose compared to
the 80 mg/kg dose. Similar to the batters, sigaiftcSNxSA interactions were found for tire
tocopherol levels and TBARS values of the patés.ddmr patterns were seen for the
tocopherol levels. The TBARS values of the patéh wd mg/kg SN, were significantly lower in
samples with 750 and 1000 mg/kg SA compared witseglcontaining 500 mg/kg SA, while no
effect of SA was found for lipid oxidation amongetipatés with 80 and 120 mg/kg SN. No

significant effects on the carbonyl content wenenid for the different SN and SA doses.
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Table 2.2 Effect of sodium ascorbate (SA) and sodium nitf8&l) doses (mg/kg batter) on the
content of nitrite, ascorbic acid (AA), dehydroatto acid (DHAA) anda-tocopherol, and on
lipid oxidation (TBARS) and protein oxidation (caryl content), in liver paté before chilled
display

Carbonyls
Nitite ~ AA  DHAA * TBARS (nmol
(mglkg) (mg/kg) (mgrkg) CSPPPerO! oMDAKg)  DNPHImg
(mg/kg) .
protein)
Main effects
SN
40" 18.0 347 12G* 7.39 0.88 4.03
80" 36.° 387 112 7.73 0.86 3.94
120" 67.5 390 128 7.82 1.11% 3.76
SA
5007 41.4 168 95.0 7.5G" 0.94 3.80
750° 41.8 37% 1258 7.27 0.92 3.94
1006  38.4 573 147F 8.09 0.93 3.99
Interaction
SN SA
40 500 20.1 139 92.3 6.88° 1.03* 3.93
750 19.3 375 129 7.96" 0.78 3.92
1000  14.7 520 139 7.46" 0.85" 4.23
80 500  40.5 199 89.3 8.54 0.7F 3.66
750 36.0 368 119 6.37 0.76 4.18
1000  31.7 585" 129 8.2% 0.87 3.98
120 500 63.7 186 103 7.38™ 1.03* 3.81
750 69.9 374 127 7.58" 1.27F 3.71
1000  69.0 615 154 8.58 1.08" 3.76
RMSE? 6.86 17.5 7.85 0.38 0.06 0.28
P SN  <0.001 0.002 0.016 0.182 <0.001 0.290
SA 0.661 <0.001 <0.001 0.016 0.839 0.517
SNxSA - 0.030 - 0.002 0.005 -

#dMeans within a column and within SN or SA (or wittBNxSA in case the interaction term is
significant) with no common superscript are sigrfitly different at p<0.05;

‘-* refers to non significant (P>0.05) 2-way irgetion, removed from the statistical model;

! Means within SN dose across SA doses;

2 Means within SA dose across SN doses;

% Root mean square error.
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Results concerning the pates after chilled displ@yshown in Table 2.3. Again significant dose-
dependent responses were found for SN and SA ditlbed display on respectively the nitrite
and AA levels. Similar to the results found in thatters, higher SA doses resulted in lower
nitrite levels and lower SN doses resulted in high& levels. There was also a dose-dependent
response of the DHAA levels to both the SN and S¥sed, but the significant SNxSA
interaction indicated that these responses varighinvthe different SN and SA doses. A
significant SNxSA interaction was also found fquidi oxidation. Lipid oxidation was more
intense at a SN dose of 40 mg/kg combined withrB@kg SA compared to the other treatments,
while a combination of 80 mg/kg SN and 500 mg/kg r@8ulted in the lowest TBARS values.
No significant effects were found for both thg¢ocopherol levels and the carbonyls content of

the patés after chilled display.
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Table 2.3.Effect of sodium ascorbate (SA) and sodium nitf8&l) doses (mg/kg batter) on the
content of nitrite, ascorbic acid (AA), dehydroatso acid (DHAA) anda-tocopherol, and on

lipid oxidation (TBARS) and protein oxidation (cariyl content), in liver paté after chilled
display

Carbonyls
Nitite  AA  DHAA * TBARS (nmol
(malkg) (mg/kg) (mgrkg) OCOPeOloMDAKg)  DNPH/mg
(mg/kg) .
protein)
Main effects
SN SA
40 13.° 217 549 7.31 1.42 3.70
80" 29.3 229 66.3 7.43 1.26 3.61
120 58.17° 210 127 7.35 1.49 3.46
500 378 76.0 57.0 7.12 1.41 3.56
750 32.1 206° 79.9 7.13 1.3% 3.44
100¢  30.8 374 105 7.85 1.3¢ 3.77
Interaction
SN SA
40 500 15.0 77.1 4057 7.18 1.68 3.54
750 14.6 207 55.% 7.56 1.28° 3.47
1000  9.76 367 68.4 7.20 1.3f° 4.08
80 500 335 93.2 468 7.85 1.08 3.60
750 27.0 211 61.% 6.30 1.16 3.60
1000  27.3 384 90.7 8.15 1.4% 3.63
120 500 64.2 57.8 83% 6.34 1.48" 3.55
750 54.9 201 129 7.53 1.5% 3.23
1000  55.2 372 156 8.19 1.4% 3.60
RMSE?® 2.36 9.06 2.72 0.94 0.06 0.27
P SN  <0.001 0.009 <0.001 0.975 <0.001 0.333
SA 0.001 <0.001 <0.001 0.339 0.036 0.133
SNxSA - - <0.001 - <0.001 -

#"Means within a column and within SN or SA (or wittBNxSA in case the interaction term is
significant) with no common superscript are sigrafitly different at p<0.05;

! Means within SN dose across SA doses;

2 Means within SA dose across SN doses;

¥Root mean square error;

‘- refers to non significant (P>0.05) 2-way inteti@n, removed from the statistical model.
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During 48 h chilled display, the a* value of allt¢é decreased in time, rapidly during the first 4
h followed by a slower decrease later onwards. r€kalts obtainede from the fitted a* values to
the bi-exponential model are shown in Table 2.4e @dded amount of SA did not affect any
model parameter. The rate constants Kfast and Kalere affected by the SN dose. For Kfast
significant higher values for samples containing@fkg SN were found, compared with 80 and
120 mg/kg SN, while for Kslow the samples with 4@/kg SN had only significant higher

values compared to those containing 120 mg/kg SbhoAgh significant SNxSA interactions

were found for YO and the plateau, it can be gdizex that samples with 120 mg/kg SN

showed lower YO values compared to the 40 or 8&kkgn§N dose. A 80 mg/g SN dose resulted
in higher plateau values compared to the 40 orrh@fkg SN dose. No significant differences

between all treatments were found for %Fast.
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Table 2.4Effect of sodium ascorbate (SA) and sodium niif88l) doses (mg/kg batter) in liver paté

during chilled display on model parameters derifreth fitting a* values to a two-phase exponential
decay curve

Colour Y0* %Fast®  Kfast® (x10%) Kslow® (x10%)  Platead’
Main effects
SN SA
40" 10.4 38.2 3.52 0.262 467
80t 10.4 40.9 2.28 0.216" 4.89
120 10.7° 39.7 2.18 0.177F 4.37F
500 10.4 40.1 2.92 0.219 4.58
750 10.3 40.3 2.56 0.221 4.67
1000 10.3 38.4 2.47 0.209 4.62
Interaction
SN SA
40 500 10.2 37.6 4.38 0.279 4.38
750 10.5* 41.3 2.99 0.240 4.70
1000 10.5* 35.7 3.19 0.268 4.7%
80 500 10.6 41.1 2.23 0.210 4.88
750 10.5* 40.3 2.45 0.247 5.66
1000 10.2 41.3 2.01 0.192 4.72
120 500 10.3 41.7 2.13 0.167 4.48
750 9.91° 39.4 2.25 0.176 4.34
1000 10.1°° 38.1 2.21 0.168 4.89
RMSE?® 0.19 12.5 0.00 0.098 0.16
P SN <0.001 0.813 0.031 0.022 <0.001
SA 0.314 0.877 0.700 0.926 0.251
SNxSA <0.001 - - - <0.001

#dMeans within a column and within SN or SA (or witfBNxSA in case the interaction term is
significant) with no common superscript are sigrafitly different at p<0.05;

! Means within SN dose across SA doses;

> Means within SA dose across SN doses;

®Root mean square error;

* Initial a* value (intercept);

®Fraction of the span (from YO to plateau) accouritedby the faster of the two components.

®Rate constants, expressed in inverse minutes;

"Ultimate a* value after 48 h chilled display;

‘-‘ refers to non significant (P>0.05) 2-way intet@n, removed from the statistical model.
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Figure 2.2. Twgahase exponential decay curve fitted to the mebuca* values for 40, 80 ar

120 mg/kg sodium nitrite (SN) across the sodiunodsate dose

The data for the batters and the cooked liver pdeésre and after display were not statistic
compared, however, some trends were appaThe manufacturing process of the liver pi
including the heating procesdid not affect the AA and DHAA levels of the patgompared t
the batters. However, after 48 h of chilled disptaysiderable lower vels of these ingredien
were found. On the contrary, tta-tocopherolcontent decreased during the manufactu
process, while no decrease during chilled displag found. Unexpectedly, the nitrite lev
were lower in the batters compared with theé samples before chilled display and the TB/
values were higher in the batters compared withpduweés. However, after chilled display
nitrite levels were lower and TBARS values werehligcompared with the values of the pi
before display. The chonyl content did not change during the manufaatuof the patés, bt

decreased slightly during chilled displ
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DISCUSSION

Nitrite is a highly reactive chemical. When addedat meat system, it reacts with different
components and a small amount of residual nitetaains. In the present study, also during
chilled display the residual nitrite levels congaudecreasing. Sebranek et al. (1973) found that
the residual nitrite decreased with time duringpldig until a fairly constant low level was
reached. In the batters, after manufacturing ofgags and after chilled display, the initially
added amounts were reflected in the residual eit@ncentrations of the samples. However, the
European Food Safety Authority (2003) concludedeldaon several studies in which 0 to 300
mg/kg product SN was added, that there is no siraptk direct relationship between the in-
going and residual nitrite level. Fujimaki et d@l9¢5) found in a meat-curing model system that
all nitrogen in nitrite, after curing and heating,recovered as residual nitrite, nitrate, nitrosyl
groups of denatured nitrosomyoglobin and gaseotrsgen compounds. The distribution of
these components however, depended on the cornteméraf the remaining myoglobin, AA
and nitrite in the model after heating. When Afadded to a cured meat product it accelerates
all the reducing steps. Consequently, the formatibmitric oxide from nitrite is accelerated
which can result in diminished residual nitritedésvin the product. Indeed, higher levels of SA
in our study resulted in an increased nitrite dighe similar to what Brown et al. (1974) found
in cured hams. Unexpectedly, higher levels of ngiditrite were found after heating compared
to the levels in the batters, while other studiasehfound a decrease of residual nitrite after
heating (Gibson et al., 1984; Izumi et al., 1988ayama et al., 1991). Regrettably, as no other
studies were found that report on increased nitdacentrations after cooking, it was not
possible to unravel a mechanism behind this obtendt is known that proteins in cured meats
serve as a reservoir for NO and nitrosating agdms may be released during storage and
cooking (Skibsted, 2011). One might therefore higpsize that nitrite bound to proteins is

similarly released during cooking.
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In the batters, only 57 to 85 % of the added SA wa&evered as AA and DHAA, taking into
account that 11% of the weight of SA is sodium.fdot, independent of the initially added
amount of AA, a similar absolute amount (about $532 mg/kg) was not determined as AA or
DHAA. Most probably, the electrophile AA and DHAAatecules reacted with ingredients like
proteins and other nucleophile compounds, resultingeaction products from which AA and
DHAA as such could not be recovered. For the detextion of AA and DHAA an extraction
buffer consisting of 5 % methanol was used. Howeaecording to Dodson et al. (1992) food
products that contain very low levels of AA and DAlAand are high in starch and/or fat should
be extracted with 95 % ethanol in order to elimensample matrix interferences. Although AA
and DHAA are not naturally present in the patésomajgredients, but were derived from SA
added during manufacturing, some reaction proddcisn AA and DHAA with other
compounds, were probably not extracted due to the fat content of the patés. Oxidation
during chilled display may have further contributed a decrease in AA. Importantly, the
concentrations AA and DHAA were also affected by thitially added SN dose. This implies
that SA not only influences the residual nitritencentrations, but that alsdce versa SN
influences the AA and DHAA levels. These reactibngever, were not always dose-dependent.
Although noa-tocopherol ora-tocopherol acetate was added during manufacturelgtively
high amounts ofi-tocopherol were measured compared to other mealupts (Bunnell et al.,
1965), most likely due to the hightocopherol content of liver and pork fat (Gebérale, 2006).
After cooking, a significantly lowew-tocopherol content was observed in the patés. Btao et

al. (2006) found significantly lowen-tocopherol concentrations in cooked chicken meat
compared to raw meat. They suggested that cookdlaged lipid oxidation could be the main
factor responsible for the loss @tocopherol. Considering its antioxidant actividytocopherol
itself is subject to destruction by oxygen, giviige to a number of products including quinones,

dimers, trimers and epoxides (Bramley et al., 2000)
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The dose of SA had an effect on th&ocopherol content in the batters and patés befoitked
display, but this effect depended on the amoun§Nfinitially added. In the case of batters
containing 120 mg/kg SN, higher levels of SA resdiltn highera-tocopherol concentrations,
which was expected as AA reduces the semistablepb@roxyl radical, resulting in the
regeneration ofi-tocopherol (Kitts, 1997). However, different rdsulvere found in samples
with 40 or 80 mg/kg SN, which emphasizes the compdactions and interactions taking place
between nitrite, AA and-tocopherol. These interactions are yet not fulbcielated.

Igene et al. (1985) showed that during heatingtaittecreases the release of non-heme iron and
hypothesized that this effect decreases the ca&abydipid oxidation. This could explain the
lower TBARS values and lower AA levels of some pdiéfore display compared to their batters.
After chilled display, the lipid oxidation intengitdepended both on the SN and SA dose.
Morrissey & Tichivangana (1985) found higher TBARSIues after 48 h of chilled display
when lower nitrite concentrations (from 0 to 200/kggSN) were added in cooked minced
muscles of beef, pork and chicken. Dineen et @012 found significantly higher TBARS
values in low nitrite hams (25 mg/kg SN) comparecontrol hams (100 mg/kg SN) after 10
days of chilled display, while Sammet et al. (208&) not find any effect of nitrite on TBARS
during 8 weeks of chilled display in low-nitritelami-type sausages containing 100, 50, 25 or 0
mg/kg SN and stored under protective atmospheravéseely, in the present study, higher
TBARS values were found in the samples with 120kgddN compared to 80 mg/kg. The
variety of meat product composition in these stsididl differently susceptible to lipid oxidation,
could maybe explain these contrasting results. Ma@dant effect of SA was seen in patés
containing 120 or 80 mg/kg SN after chilled displMoreover, a pro-oxidant effect of SA was
found in 80 mg/kg SN patés at the SA dose of 100tkghcompared to the doses 750 or 500
mg/kg SA. Likewise, Sahoo & Anjaneyulu (1997) fouhdyher TBARS values in ground

buffalo meat when 600 mg/kg SA was added comparesD0 mg/kg. On the contrary, when
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lowering the added SN dose to 40 mg/kg, an additiantioxidant effect of SA was found after
chilled display in patés containing 750 and 1000kgd@A compared with patés containing the
conventionally used dose of 500 mg/kg SA.

Carbonyl compounds are formed as a result of thdative degradation of side chains from
lysine, proline and arginine residues (Stadtman &vihe, 2003). In this study, the carbonyl
values of the patés were similar to those repdrieHstévez et al. (2005b), Estévez et al. (2006b)
and Armenteros et al. (2009) for liver paté. Theoayl content was not affected during heating,
while it was expected that due to the increasegégature the formation of reactive oxygen or
nitrogen species was enhanced and oxidation wougltiro Ganhéo et al. (2010b) found
increased carbonyl compounds in cooked porcinedsysgtties after heating raw patties for 18
minutes in an oven of 170 °C. Maybe, the appliechperature in the present study, in
combination with a relatively short exposure tim&s too low to induce protein oxidation in
liver paté. Gatellier et al. (2010) observed arrease in carbonyl content in fresh meat after
heating up to 207 °C, but no increase was fourer &ieating at 65 °C or 96 °C. An increase of
protein carbonyls was also expected during chileghlay, analogous to what was observed in
other studies (Lund et al., 2007; Ganhao et allpBp0Ganhé&o et al., 2010c), but on the contrary,
a small decrease in carbonyl groups was found.ilflessasons could be the shorter chilled
display period and the difference in meat produassthe above mentioned studies investigated
cooked porcine burger patties and raw beef patdigsng 12 and 6 days chilled display
respectively. As reviewed by Estévez (2011), caybaompounds are reactive and may
disappear as a result of their participation ireotteactions. A decrease in carbonyl content was
seen in muscles homogenates aitevitro induced oxidation, using different metal-catalyzed
oxidation systems (Martinaud et al., 1997; Batifeuét al., 2002; Mercier et al., 2004). Induced

oxidation is more intense compared to 48 h of edillisplay conditions, but because of the high
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concentrations of iron in liver paté, it could bgbthesized that more intense oxidation and the
same kind of reactions occurred in the presentystud

From our results, SN did not affect the carbonyiteat of the patés and as far as we know, this
study is the first to investigate the effect of 8N protein oxidation in meat products. As nitrite
chelates iron (Skibsted, 2011) and transition rsetak essential to the formation of major
protein carbonyls from lysine, arginine and prol{&stévez, 2011), it could be hypothesized that
SN has an effect on carbonyl formation during protxidation. On the other hand, SN also acts
as an antioxidant by sequestering oxygen (Honi@98), but the formation of protein carbonyls
does not require molecular oxygen (Estévez, 20REgrettably, no other protein oxidation
markers were analysed in the present study to figeds this further. An interesting marker
would be 3-nitrotyrosine, a protein oxidation protariginating from tyrosine residues (Means
& Feeney, 1998). According to Woolford et al. (197the major nonheme muscle protein,
myosin, has the ability to bind appreciable amownftsitrite with resulting modifications of the
protein, mainly in 3-nitrotyrosine. For SA, highearbonyl contents were found in batters
containing 1000 mg/kg SA compared with batters aimitig 500 mg/kg. It is well known that
AA can act as a pro-oxidant by reducing”F® Fé" and Cd* to CU, thereby increasing the
pro-oxidant activity of these metals (Morrisseyakt 1998). Lund et al. (2007) also found a pro-
oxidant effect of ascorbate:citrate (1:1) duringilled storage of minced beef patties in
combination with modified atmosphere packaging.yragsigned this observation to the fact that
protein carbonyl compounds are primarily formeddtigh metal catalysed oxidation, and that
the presence of ascorbate enhances the convefssmme amino acids to carbonyl derivatives
due to ascorbate-driven redox cycling of metal ismsh as Fé& and CU (Amici et al., 1989).

The results revealed that SA and SN had overadifi@et against lipid oxidation, but not against
protein oxidation. According to Lund et &R007), the efficiency of an antioxidant is depernden

on the rate of reaction between the antioxidanttaedadical intermediates in the autocatalytic
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process relative to other possible reactions ofrtdical intermediates with other oxidation
substrates present in the product. Hence, therstbstdicals formed during oxidation have to
be relatively long-lived in order to be quenchedanyioxidants. Although the exact mechanism
of antioxidants towards protein oxidation is not géucidated (Lund et al., 2011), one might
hypothesize that the conditions prevailing in tl&ép of the present study gave rise to the
formation of protein radicals that were more reacthan lipid radicals, allowing SA and SN to
exert antioxidant protection only against lipid @aiion but not against protein carbonyl
formation. However, this remains to be further stigated.

Since meat purchasing decisions are influenceddbyuc more than any other quality factor
(Mancini & Hunt, 2005), good colour formation ispartant. In addition, as liver pate is highly
susceptible to oxidation, the colour shelf lifeligér paté is very short. The 48 h of display used
in the present study simulates the use of liveé p§tconsumers: after opening the package, the
liver paté is exposed to light and air and is gaiyeconsumed within a few days. From previous
results (unpublished data), it was found that amediate drop in redness of the patés takes
place during the first hours of chilled display.eféfore, in the present study, the a* values were
measured every 10 minutes for the first 3 h. Thsslof redness displayed a non-linear two-
phase exponential decay pattern (Figure 2.1). Hewdittle is known about the biochemical
mechanisms related to this two-phase colour fadDiher studies investigating the colour of
pork liver paté did not look at the a* values irtalleduring the first hours of chilled display
(Perlo et al., 1995; Estévez et al., 2005b; Estétet., 2006b; Kaack et al., 2006). In the present
study no differences in the initial a* values wéoeind between the different SA treatments,
pointing out that increasing the conventional 50§/kg SA dose to 750 or 1000 mg/kg gives no
additional colour gain. Importantly, the initial aalues of samples containing 120 mg/kg SN
were lower than those with 40 and 80 mg/kg, whike dpposite was expected. Apparently, using

40 mg/kg SN is sufficient to have proper coloumfation. However, this dose was less effective
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in retaining the redness of the samples durindechilisplay compared to the 80 and 120 mg/kg
SN doses. No benefit of increasing the dose of&iéstng 750 or 1000 mg/kg on the stability of

the cooked cured colour was found either.

CONCLUSIONS

Lowering the use of nitrite in liver paté to 80eren 40 mg/kg SN should be possible without
facing major problems concerning the oxidative iitglof the liver patés. Additional research
should be done to verify if these lower doses $idl/e a sufficient protective effect against
microbiological risks. Also, sensory research oa #tceptability of low-nitrite liver patés is
warranted. Due to the multifunctional roles of itéfy an approach where several additives are

used to replace nitrite will be necessary. Sodisooebate is one of these potential additives.
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The ingoing sodium nitrite level can be lowered4t mg/kg in liver paté, without major
problems concerning the oxidative stability (CH2).
What happens when the ingoing nitrite contentugel@d to 20 mg/kg using nitrite from a

pre-converted plant extract?

Part I Lowering the ingoing nitrite dose

CH3 With a pre-converted extract
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CHAPTER 3
SHELF LIFE STABILITY OF REDUCED NITRITE LIVER PATES  USING

A PRE-CONVERTED PLANT EXTRACT AS SOURCE OF NITRITE

71



Chapter 3

ABSTRACT

The effect of reduced nitrite liver patés usingre-gonverted plant extract as source of nitrite
was investigated on colour stability (a* valuesphtpin oxidation (carbonyls) and lipid oxidation
(TBARS and hexanal). Five treatments were prepded45 and 90 mg/kg nitrite from a pre-
converted extract, a negative control without tetrand a positive control with 120 mg/kg
sodium nitrite. Samples were subjected to illumedathilled display for nine days. Decreasing
the ingoing nitrite dose resulted in lower residodtite levels, but did not affect the colour
formation and colour stability. Inconsistent resufor the treatment effects on the protein
carbonyls content of the liver patés were foundn@ared to the positive control, lipid oxidation
was lower in the treatments with 45 and 90 mg/lgping nitrite at the end of display, which
illustrates that the antioxidant effect of sodiuitrite was partly replaced by other compounds

present in the extract.
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INTRODUCTION

Worldwide, nitrite is used in meat products for mailtifunctional properties. It is a highly
reactive molecule responsible for cured meat coloured flavour, lipid oxidative stability and
bacterial inhibition (Honikel, 2008). However, thisactivity is also a concern, as it is related to
the potential formation of carcinogenic nitrosansime cured meat or during digestion (Sindelar
& Milkowski, 2011). Although it is not clear to whaxtent the nitrite used in curing salt is
related to this issue, public concern on conveiligrproduced foods raises, and there is a shift
in consumers preferences towards the consumptioratoral foods (Sebranek & Bacus, 2007).
As a result, meat scientists and meat producerstaienged to search for reliable alternatives
for conventional cured meat products.

In this context, meat products are processed withmiuse of synthetic sodium nitrite, but to
which nitrite is added through natural sourcessThiirite is mostly formed from the conversion
of nitrate, present in vegetables and fruits, byrate-reducing micro-organisms during
manufacturing. Cherry powder in emulsified cookedsages (Terns et al., 2011), celery with
carrot concentrate in cured cooked sausage (Magehwl., 2012), celery juice in ham (Sindelar
et al., 2007a) and celery juice in emulsified cabkausages (Sindelar et al., 2007b) have been
tested as indirect curing agents. With the addigba nitrate reducing bacterial starter culture,
all of them have been found effective alternatiteesraditional curing processes. The drawback
of this approach is the lack of knowledge aboutdbses of nitrite actually added during meat
processing and because of the high reactivity titej it is impossible to deduce the ingoing
amount from the residual nitrite after productiéior this reason, pre-converted powders and
extracts have become commercially available foptioeluction of naturally cured meat products
(Krause et al., 2011). These pre-converted powednts extracts are produced by combining
nitrate-reducing organisms with vegetable produgth a sufficient amount of nitrate, resulting

in a product with a known amount of nitrite. Bystway, a more controlled addition of nitrite
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from a natural source is possible. However, thesatmroducts still contain residual nitrite, so
lowering the ingoing nitrite levels remains of irgst.

Studies investigating natural curing are generadligducted in cooked sausages and ham, while
liver paté is hardly investigated. Liver paté isdely consumed in many countries and the
increasing demand of natural meat products thexedtso concerns liver paté. In addition, as the
main ingredient is liver instead of muscle tissoilee might expect a different effect of natural
curing processes on the oxidative stability of §hieduct compared to other cooked and cured
meat products. Liver pateé is very prone to oxidatioe to its chemical composition, e.g. high in
fat and iron content, and manufacturing proces$ @cmincing and cooking (Estévez et al.,
2007a). These oxidation processes can lead to rcd&garioration (Mancini & Hunt, 2005), lipid
oxidation with the occurrence of lipid oxidationogucts such as malondialdehyde and hexanal
(Morrissey et al., 1998) and protein oxidation, hwihe formation of e.g. protein carbonyl
compounds (Lund et al., 2011). Liver paté is thenefan interesting product when studying the
effect of natural curing on oxidation processes.

The objective of this study is to investigate thwoar stability, lipid oxidation and protein
oxidation processes in reduced nitrite liver paiésg a pre-converted vegetable extract as

source of nitrite.

MATERIALS AND METHODS

1. Manufacturing of the liver patés, experimental degin and sampling procedure

A pre-converted extract (PE, Herba Pure) was segplly RAPS (Beringen, Belgium) and
consists of a liquid kombucha tea extract contgifiavouring spices. The nitrite content of PE

was analysed and found to be 1.25 g/kg. Three do$ethe extract were added to the
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experimental patés: 17.5, 35 and 70 g PE/kg péatéesponding to approximately 20, 45 and 90
mg nitrite/kg paté (PE20, PE45 and PE90 treatmesgpectively). Additionally, a negative
control (NEGO) without added NaN®@r PE, and a positive control (POS120) consistih@20

mg NaNQ mg/kg liver paté was included in the trial. Focledreatement 2 kg of batter was
made. The composition of the paté batters was g9 g liver, 400 g of back-fat, 300 g water
(in the case of the addition of PE, the amount afewadded was 300 g minus the amount of PE
added), 18 g sodium chloride, 0.5 g sodium ascerlddl g sodium caseinate, 5 g dextrose. The
ingredients were purchased from Kerry Ingredients Elavours (Bornem, Belgium).

The patés were manufactured as described by Vatssn(2012a) with minimal modifications.
Two different batches were prepared on two subse#qdays. Each day all treatments were
prepared from the same homogenized common ingradi®efore manufacturing the patés,
separate mixtures of liver and subcutaneous fah fseveral commercial slaughter pigs were
made. Each mixture was divided in five parts toubed for the different treatments. First, the
liver mixture was minced for 8 minutes at 3000 rg&tephan vertical cutter-mixer, model
UM12-F/3). Sodium chloride and, in the case of PEIK120 mg/kg NaN@were added and the
cutting process was continued under vacuum for r2utes at 1200 rpm. The fat mixture was
scalded for 20 minutes in boiling water. The fasvlaen minced and homogenized with sodium
caseinate and broth (i.e. liquid where the fat pealiiously been boiled in) for 5 minutes at
51 °C in the Stephan vertical cutter mixer. Thaexathe liver with the curing salts was added
and the whole mixture was homogenized for 3 minutgd the raw batter reached 40 °C. The
finished batters were manually distributed into ahetins of 250 g of capacity, until completely
full. Cans were hermetically closed with a can isgaimachine (Indosa, type M160). The cans
were cooked in saturated steam conditions at 78r@0 minutes. Subsequently, the cans were
rapidly cooled in an ice bath and stored in th&k @4 °C. After 7 weeks, six cans per treatment

were opened and two slices of 2 cm thickness wamgpked from each can after removing the

75



Chapter 3

top and the bottom layer. Three slices per treatraad per batch were immediately vacuum
packed and stored at -80 °C (Day 0). Six otheesljer treatment and per batch were wrapped
in an oxygen permeable polyethylene film and plaoeah illuminated chilled cabinet (1000 lux,

4 °C). After 5 and 9 days of display, the polyeémg film was removed and the samples were

vacuum packed and stored at -80 °C until furtheifyams.

2. Composition analysis

Dry matter, crude protein and crude fat contentewanalyzed in duplicate on unexposed
samples according to the ISO 1442-1973, ISO 93B18id 1SO 1444-1973 methods,
respectively for each treatment and each batch)(fi& results are expressed as g/100g of paté.
Nitrite content was determined on the Herba Purteaek and unexposed liver paté samples
according to Zuo et al. (2006) with some modifica as described by Doolaege et al. (2012)
using a HPLC (Agilent 1200 series) with DAD detecfbhe column employed was ZORBAX
Eclipse XDB-C18; 4.6x150 mm, @n (Agilent) and the elution was performed at a fiate of

0.4 ml/min following a gradient. Detection was ddneUV absorption measurement at 225 nm.
The peak area of NO(retention time 25 min) was read and the quatifoccn was done by
comparison with the peak areas obtained from adatansolution of sodium nitrite. Analyses

were carried out in duplicate and results were &sg®d as mg NaN@®g paté.

3. Colour stability

Colour coordinates (CIE L*a*b*colour system 1976 measured with a HunterLab Miniscan
Minolta XE plus spectrocolorimeter (light source D65, standard observer of 10°, 45°/0°
geometry, 1 inch. light surface, white standard)rek slices per treatment and per batch were

measured (n=6 per treatment), every 10 minuteshfoffirst 3 h, every hour from 3 h until 7 h
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and after 1, 2, 5 and 9 days of illuminated disprathe chilled cabinet. The colour fading from
day O until day 2, measured as a decline in a*aslwas fitted to a non-linear, two-phase
exponential decay curve (GraphPad Prism6, Demo)a@sifg the equation:
Y = plateau + Axexp( — Kfast x ¥) B x exp (—Kslow x X)
with A = (YO—plateau) x %Fast x 0.01

B = (YO—plateau) x (100-%Fast) x 0.01

YO = initial a* value (intercept)

Plateau = the ultimate a* value after 48 h of digpl

Kfast and Kslow (expressed in inverse minutes)e=tévo rate constants

%Fast = the fraction of the span (from YO to plaje@ccounted for by the faster of the

two components.

The measurements were fitted separately per répliand the fitted parameters for YO,
plateau, %Fast, Kfast and Kslow were further usedsfatistical analyses. The goodness of fit
was checked by the®Rvalue, which was at least 0.99. NEGO was notditie a two-phase

exponential decay curve as a linear decrease \easfeethese samples.

4. Lipid oxidation

Lipid oxidation was assessed by the measurementmafondialdehyde and hexanal.
Malondialdehyde, a secondary oxidation product, determined following a TBARS method
using extraction with perchloric acid (Ventanaslet 2006). Malondialdehyde forms a coloured
complex with 2-thiobarbituric acid (TBA) which waketermined spectrophotometrically at 532
nm. The analysis was carried out in duplicate smhetreatment and each batch (n=4) and results

are expressed ag malonaldehyde/g paté sample.
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Hexanal was assessed by SPME-GC/MS (Solid Phaserofidraction - Gas
Chromatography/Mass Spectroscopy), based on Ventdral. (2006) and Fernando et al. (2003)
with some modifications. Hexanal was extracted frdme headspace using a carboxen-
polydimethylsiloxane (CAR/PDMS) fiber (85 um thidss) (Supelco, Bellefonte, Pennsylvania,
USA). One g of homogenised paté with 3 ml deioniaeder was put in a 10 ml vial and after
gently swirling hexanal was extracted in a heatigck for 60 min at 37°C. Hexanal was
analyzed using a gas chromatograph (Agilent mo8@0R) coupled to a mass-selective detector
(Agilent model 5973, Agilent Technologies, DiegeBelgium). Compounds were resolved on a
HP-5 column (30 m x 250 um x 1 um, 5% phenyl mesilxane, Agilent Technologies,
Diegem, Belgium), at an inlet temperature of 280Rydrogen flow was 1.1 ml/min and the
temperature program was as follows: 40°C for 10, mmicrease at 5°C/min to 190°C, increase at
30°C/min to 250°C and hold for 5 min. N-alkanes eveun under the same conditions to
calculate the Kovats index (KI). Hexanal was idigedi by comparing its mass spectra with those
contained in the NIST05 mass spectral library apaddmparison of Kl with those reported in
literature. Area of peaks was measured by integradf the total ion current of the spectra or by
calculation of the total area based on integratbra single ion. Samples were analyzed in
guadruplicate per treatment and per batch (n=8)rasdlts are provided in arbitrary area units

(AAUx10°).

5. Protein oxidation

Total protein carbonyl content was quantified usiiigitrophenylhydrazine (DNPH) according
to Ganhéo et al. (2010b). A covalent reaction betwgrotein carbonyls and DNPH leads to the
formation of 2,4-dinitrophenyl hydrazones. Total rbmnyl content was quantified
spectrophotometrically at 370 nm, using a molaogti®on coefficient of 21.0 (mM-cnf)and

expressed as nmol DNPH incorporated/mg protein. prb&ein concentration used to calculate
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the carbonyl content was the one obtained fromctinede protein analysis. The analysis was

carried out in duplicate for each treatment andhdxadch (n=4).

6. Statistical analysis

Data obtained from the colour measurements wergsathusing one-way ANOVA considering
‘treatment’ as fixed effect. Lipid and protein oattbn measurements were analysed using the
general linear model ANOVA procedure with the fixgifects of treatment, storage day and the
interaction term. The interaction term was excludemn the model when not significant
(P>0.05). When the interaction term was found s$icgmt, a new factor called “experimental
unit” was computed combining treatment and stordgg and one-way ANOVA considering
“experimental unit” as fixed effect was conduct&ignificant differences were tested using
Tukey’'s post hoc test and significance was detezthiat p<0.05. All the statistical analyses

were carried out by SPSS Statistics 22.0.

RESULTS

1. Composition analysis

The crude composition did not differ among treattad>0.05). The mean values * standard
deviations across treatments were 39.83+0.41, 26.33 and 11.85+0.11 g/100 g paté for dry
matter, fat and protein content respectively.

The residual nitrite concentration was 0.45+0.643%3.8, 16.1+0.4, 47.8+9.6 and 53.3+3.38
mg/kg paté for respectively NEGO, PE20, PE45, PBAO POS120. Higher residual nitrite

concentrations were found in POS120 and PE9O sanguepared to the other treatments

(P<0.05).
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2. Oxidative stability

Colour stability results are shown in Table 3.1.t¢ start of the trial (day 0), the highest a*
values were found for the POS120 and PE45 treathaetd intermediate a* values for the PE20
and PE90 treatments, while the a* values of NEGOpdas were the lowest and significantly
different from all other treatments (P<0.05). Dgriluminated chill display, the a* value of all
paté’s decreased in time. The a* values decreagasdly in the POS120 and the experimental
paté’s, while a slow decrease was seen for NEG0DJtieg in higher a* values for NEGO at day
2 and 9 (P<0.05) compared to the other samples.

In all samples, except for NEGO samples, this fadvas fast during the first 4 hours and slowed
down further onwards. Therefore, data until daye2enfitted to a two-phase exponential model.
The a* values at day 0 and the YO values, and*thalaes at day 2 and the plateau values were
comparable respectively, indicating that the madietd well to the data. Kfast and Kslow
reflect the rate of colour change during displafad varied between 1.37 and 2.69%Afin,
meaning that the a* value decreased between 0.8lahdunits per hour. No significant
differences between POS120 and the experimenté p@ére found for Kfast (P>0.05), while
for Kslow a significantly lower (P<0.05) value wimsind for PE90O samples, meaning that at the
end of two days of display the a* value of PE9O glas decreased slower compared to the
others. No significant differences between treatsarere found for %Fast (P>0.05).

At the start of the trial, L* and b* values did ndiffer (P>0.05) between the PE treated and
POS120 samples (data not shown), indicating nouca@tiect, except for the redness, of the pre-

converted extract on the experimental patés.
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Table 3.1. Effect of nitrite originating from a pre-convertedtract in liver paté during illuminated
chill display on measured a* values and resultsaiobd from fitting a* values to a two-phase

exponential decay curve

NEGO PE20 PE45 PESO POS120  u&tment

a* atday 0 8.80+0.67  10.3x0.2 12.1+0.6 10.9+0.3°  11.6+0.3" <0.001
a* at day 2 7.36+0.6f 5.38+0.19  6.23+x0.68  6.30+0.08  6.35+0.27 <0.001
a* atday 9 4.30+0.26" 2.88+0.13 3.88+0.4% 4.63+0.16 4.07+0.26 <0.001

yo! ) 10.2+0.2 12.0+0.6 10.7+0.7F 11.5+0.4  <0.001
%Fast? ] 44.2+20.9  39.68.8 62.5¢7.5  37.6+16.3  0.089
Kfast (x10%)3 - 2.22+1.33 2.69+1.35 1.37+0.20 2.17+0.79  0.343
Kslow (x10%)3 - 0.346+0.252 0.338+0.063 0.062+0.048 0.366+0.129 0.028
Plateau’ ) 5.29+0.37  6.41+0.58 5.66x0.64" 6.41+0.24 <0.001

NEGO: negative control without nitrite; PE20, PEattd PE9O: experimental patés with respectively
20, 45 or 90 mg/kg ingoing nitite originating fraampre-converted extract. POS120: positive control
with 120 mg/kg ingoing sodium nitrite;

&d pifferent letters indicate significant differendestween treatment means at p<0.05;

Ynitial a* value (intercept);

%Fraction of the span (from YO to plateau) accouriedby the faster of the two components;

3Rate constants, expressed in inverse minutes;

*Ultimate a* value after 48 h illuminated chill diag.
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The lipid stability of the liver pate’s during itinated chill display was measured by TBARS
and hexanal content (Table 3.2). During the ningsdd illuminated chill display, lipid oxidation
progressed as TBARS values of all treatments, éxoeE90, increased significantly (P<0.05).
Within day 5 and day 9, higher TBARS values (P<Pwére found in NEGO and PE20 samples,
compared to the other treatments.

Higher hexanal values were measured at day 9 caupar day 0 (P<0.05), except for liver
patés from the NEGO treatment which had considgraigh hexanal values at all time points.
The treatment x display time interaction was sigaiit, meaning that the increase in lipid
oxidation products with time depended on the treatmAfter 9 days of illuminated chill display,
two and three fold lower hexanal values were foiméE45 and PE9O samples respectively,
compared to POS120 (P<0.05). A dose effect of tBeaBainst lipid oxidation was seen, as

higher PE doses resulted in lower TBARS and hexaelaks in the experimental patés.

Protein oxidation was measured by protein carboagipounds and is summarized in Table 3.2.
During the illuminated chill display, across treatms, higher carbonyl compounds were
observed at day 5 and day 9 compared to day O @BxO0At the three time points, lower
carbonyl compounds were found in the POS120 sangoegared to all other treatments, but
this difference was only significant between thed@kE&nd POS120 treatments across days of
display (P<0.05). There was no interaction betw&eatment and days of chilled display

(P>0.05).
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Table 3.2. TBARS values (mg/kg paté), hexanal formation (AAULE ) and protein carbonyl content
(nmol carbonyl compounds/mg protein) in liver paiéh added nitrite from a pre-converted extractimoigir
illuminated chill display
Day NEGO PE20 PE45 PE90 POS120 Mean
TBARS! 0 0.435+0.06 0.416+0.03% 0.337+0.054 0.263+0.076 0.262+0.028% 0.34
5  2.67+0.64* 2.19+0.34* 1.03+0.09" 0.675x0.11% 0.606x0.150* 1.35
9  4.07+0.19" 3.11+0.35” 1.53+0.14* 0.840+0.055 1.16+0.15% 2.14

Mean 2.39 1.85 0.97 0.59 0.68
Hexanaf 0 164+5%  6.55+2.37Y 5.86+2.17Y 5.00+0.00°  5.00+0.06® 37.3
5 163+48'  78.4+18.9* 48.3+14.F°  20.1+4.4" 6.28+1.597 61.5
9 152+18 155+17*  57.1+18.6°  32.3+7.%~ 102+16" 100
Mean 160 80.3 37.1 19.1 37.6
Carbonyls® 1.76+0.51 1.68+0.47  1.87+0.24 1.94+0.64 1.47+0.61 1.74

0

5 2.81+0.14  2.83+0.31 2.60+0.41 2.85+0.42 2.26+0.53 2.65

9 2.93+0.36  2.76+0.21 2.90+0.28 2.90+0.20 2.44+0.28 2.79
Mean  2.50" 2.34" 2.46" 2.56' 2.06
NEGO: negative control without nitrite; PE20, PEstl PE9O: experimental patés with respectively420,
or 90 mg/kg ingoing nitite originating from a prerverted extract. POS120: positive control with 120
mg/kg ingoing sodium nitrite;
&€ Effect of display: values with a different lettgithin a column are different (P<0.05);
"2 Effect of treatment: values with a different lettdthin a row are different (P<0.05);
l|:)treatmen‘t<0-001; Iaisplay<0-001; I?reatment><displa§o-001;
2I:)treatmen‘t<0-oo:|-; Risplay <0.001; Reatmentxdisplay0.001;
3|:)treatmerﬂ_'o-019; Risplay <0.001; Reatmentxdisplay NOt significant.
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DISCUSSION

Using nitrite from a pre-converted extract and lang the ingoing nitrite amount to even 20
mg/kg paté did not affect colour formation of theet patés. Vossen et al. (2012a) and Doolaege
et al. (2012) also found proper colour formationliirer paté with 80 and 40 mg/kg sodium
nitrite. However, these studies found inferior eolstability of patés with 40 mg/kg sodium
nitrite, which is not the case in the present stu@gnerally, an amount of 40 mg/kg ingoing
nitrite is considered to be sufficient for colouxifig purposes and to achieve the expected cured
meat appearance (USDA, 1995), but the presenttseshbw that for liver paté even lower
concentrations are applicable. The patés with loaveounts of nitrite from the pre-converted
extract showed similar colour stability as the cohpéatés with even higher concentrations of
ingoing sodium nitrite. It is hypothesized that iidthal colour stability was achieved from the
added spices in the pre-converted extract. Onelgh@member that 33% of the weight of
sodium nitrite belongs to sodium, which impliesttttae actual amount of added nitrite in the
positive control samples would be 80 mg/kg NOhis could explain the similar residual nitrite
levels in the positive control samples and the P&gferimental samples. However, PE20 and
PE45 péatés had similar colour stability and sigaifitly lower residual nitrite concentrations
compared to the sodium nitrite treated samples.

The initial values found in the present study fARS, hexanal and carbonyl compounds
compare well with those found by Doolaege et &1@), Vossen et al. (2012a) and Pateiro et al.
(2014) in liver paté. From the results a clear aatiant effect of the pre-converted extract
against lipid oxidation was found. Moreover, betntioxidant properties in patés with 90 mg/kg
nitrite from pre-converted extract and a similasideal nitrite content were found compared to
patés treated with 120 mg/kg sodium nitrite. Asallded amount of sodium ascorbate was equal
for all treatments, this finding implies that thgices present in the pre-converted extract also

have antioxidant properties against lipid oxidatiBegrettably, little is known about the spices
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in the commercial pre-converted extract based ankkeha. Kombucha is composed of two
portions: a floating cellulose pellicle layer arn tsour liquid broth. It is also frequently called
“tea fungus”, which is the most usual name for mlsiptic growth of bacteria and various yeast
strains cultured in sugared tea. Bacteria and fsingesent in kombucha form a powerful
symbiosis able to inhibit the growth of potentiantaminating bacteria (Mo et al., 2008).
Although scarce scientific information is availallencerning the composition and the effects of
kombucha, it is considered a healthy drink and apeuatic agent in diseases (Dufresne &
Farnworth, 2000) and also free-radical scavenguityity has been reported (Jayabalan et al.,
2008). It could be speculated that the extract ainatphenolic compounds with antioxidant
properties against lipid oxidation, but this was canfirmed by the supplier.

On the other hand, on average higher carbonyl cang®were found in patés containing the
pre-converted extract at the highest dose compardte control with 120 mg/kg sodium nitrite,
which suggests that those compounds present irpris€onverted extract do not exhibit an
antioxidant effect against protein oxidation. It svaypothesized that the extract contains
phenolic compounds. The antioxidant activity of pblee compounds is attributed to their free
radical scavenging and metal chelating activitiesyhich hydroxyl groups attached to phenolic
rings play an important role. However, during oxida of these antioxidants, hydroxyl forms
can convert to their corresponding pro-oxidant qoa structures. The quinone derivatives of
phenolic compounds, formed in the presence of ittansmetals, are able to react with the
amino group of alkaline amino acids (lysine, anggiand/or proline), catalyze the oxidative
deamination of the original amino acid and yieldemually, in the corresponding carbonyl
compound. The overall pro- or antioxidant effectpiiayed by plant phenolics against protein
oxidation might therefore be the result of the hatabetween both forms (Estévez & Heinonen,

2010). Other studies also reported an effectiveoxriatant activity of extracts against lipid
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oxidation, while no or less activity against pratexidation was found (Estévez, 2006a; Haak et
al., 2009; Rodriguez-Carpena et al., 2011; Vossah,2012b; Cando et al., 2014).

The increase in carbonyl content between day Odayd9 of display was comparable for all
treatments, suggesting that the residual nitritetertt after processing had no protective effect
against protein oxidation. On the other hand, thébanyl content was at all time points
numerically lower in the POS120 samples comparedllt@ther treatments, suggesting some
protective effect of nitrite curing against prot@ridation in liver paté. From chapter 2 it was
found that lowering the ingoing nitrite dose hasedfiiect on protein carbonyls content in liver
paté during chilled display, which is in accordamgth Villaverde et al. (2014). These authors
reported that nitrite has a negligible effect ontein carbonyl formation in myofibrillar protein
isolates. On the other hand, Van Hecke et al. (R@ddnd less carbonyl formation duririg
vitro digestion of nitrite-cured meat products compdcedncured meat products. Regarding the
liver paté’'s treated with the pre-converted exirabe combination of nitrite with other
compounds from the extract resulted in similar @robxidation as the negative control. It seems
that the assumed antioxidant effect of nitrite wampensated by the pro-oxidant properties of
the extract compounds. To our knowledge, excepViltaverde et al. (2014), no other in-depth
studies have been performed investigating the tefeaitrite against protein oxidation in meat

proteins and more research in this respect is keede

CONCLUSIONS

This study showed that the ingoing nitrite contiemtliver paté can be lowered without major
changes in colour parameters in terms of coloum&bion and colour stability. Less lipid
oxidation occurred in the patés prepared with pmeverted extracts, which seemed to result
from other compounds present in the extract. THe ob nitrite in the formation of protein

carbonyls was unclear and needs more research.
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No consensus on the role of nitrite was found fatgin oxidative stability during storage
(CH3)

Is nitrite a pro- or antioxidant against proteindation?

Part I Lowering the ingoing nitrite dose

CH4 Nitrite and protein oxidation?
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CHAPTER 4

PROTEIN OXIDATION AND PROTEIN NITRATION INFLUENCED BY

SODIUM NITRITE IN TWO MEAT MODEL SYSTEMS

Redrafted from
Vossen, E., Gevaert, K., De Smet, S. Protein oxidaand protein nitration influenced by

sodium nitrite in two meat model systems. In prapan.
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ABSTRACT

This study focuses on the effect of NaNOn induced protein oxidation in isolated pig
myofibrillar proteins suspensions (20 mg/ml) andwwo batches of raw porcine patties produced
from thelongissimuanuscle of two different pigs. In addition, the pitde use of 3-nitrotyrosine
as a specific marker for reactive nitrogen speniesliated nitration in processed muscle foods
was investigated. In the myofibrillar protein is@ahigher protein carbonyl concentrations were
found in the NaN@ treated samples (100 and 1000 mg/kg myofibrillatgns) immediately
after addition of oxidants and NaMGuggesting an initial pro-oxidative effect of NaN Thiol
compounds decreased rapidly but no clear effetdaddO, was observed\No effect of NaNQ@
was observed at later time points of induced oladaat 37°C. Conversely, NaN@xhibited
antioxidant activity against protein carbonyl fotioa in raw porcine patties at a dose of 200
mg/kg muscle, but not at 20 mg/kg muscle. Howetlas, antioxidant effect was only seen in
patties from one animal, while no effect was seenthe patties of the other animal. 3-
Nitrotyrosine, a good marker for oxidative str@svivo, was present in all samples, which was
assessed by Western blot and spectrophotometrigsasabut no clear effect of NaN@ddition

or oxidation time was observed on this protein riicaliion.
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INTRODUCTION

Nowadays, protein oxidation in meat products reeeiincreasing research interest. Protein
oxidation is defined as the covalent modificatioin aoprotein induced either by the direct
reactions with reactive oxygen and nitrogen spedesindirect reactions with secondary
oxidation products. As many other macromoleculegofiarillar proteins are susceptible to
oxidative reactions with myosin being the most gems (Lund et al.,, 2011). Oxidative
modifications of proteins can change their physara chemical properties, which has impact
on fresh meat quality and the properties for preiogs(Zhang et al., 2012). Consequently, there
IS growing interest on antioxidants to inhibit ot oxidation. Mainly phenolic compounds are
investigated for this purpose, but also other amdients such as carotenoids and tocopherols
have shown an antioxidant effect against proteidaiion (Ventanas et al., 2006; Vossen et al.,
2012b; Jongberg et al., 2013). Strangely, nitréas scarcely been investigated for its antioxidant
capacity against protein oxidation, although itcsenmonly used when curing meat and it has
several properties affecting proteins (Vossen.eRall2a; Villaverde et al., 2014). Four different
mechanisms have been proposed for the antioxidiat ef nitrite in meat (Arendt et al., 1997):

it forms a stable complex by coordination to thenircenter of haem proteins and thereby
prevents catalytic breakdown of hydroperoxides Hmy haem proteins; it chelates trace metals
which might be possible pro-oxidants; it reactshwiheat constituents forming nitroso and
nitrosyl compounds, which possess antioxidant agti&nd it stabilizes the lipid fraction by
reaction with the carbon-carbon double bonds, asathount of reacted nitrite increases with the
number of double bonds in lipid model systems.

Several biomarkers, such as the formation of pmoteirbonyls, loss of thiol groups, protein
fragmentation and aggregation, are commonly usepiamtify or characterize protein oxidation
processes in muscle foods (Lund et al., 2011) h&gyeneration of carbonyl derivatives is orders

of magnitude greater than other kinds of proteirdatxon, the carbonyl content of proteins has
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become the most generally used method for estimafigprotein oxidation (Stadtman & Levine,
2000). However, for this study, utilization of a racspecific marker that evaluates the role of
NaNG; in the oxidative stability of food products wassilable. In this respect, 3-nitrotyrosine
could be an interesting marker. After exposurestictive nitrogen species, like peroxynitrite, 3-
nitrotyrosine is formed and it has extensively based as marker for nitroxidative strésivo
(Souza et al., 2008). Altered 3-nitrotyrosine cariaions were previously found in oxidatively
modified chicken muscles (Stagsted et al.,, 2004) @molated myofibrillar porcine muscles
treated with sodium nitrite (Villaverde et al., ZQ;1but its usefulness as a marker in cured and
uncured processed meats during shelf life remaikaawn.

The isolation of myofibrillar protein is a widelypplied technique to investigate meat protems
vitro without the interference of other meat compoundskfet al., 2006; Estévez & Heinonen,
2010). However, for oxidation processes the impmeaof the matrix can not be ignored. In
addition to the examination of isolated myofibril[@oteins, a more complex meat model system
should be considered.

The objective of this study was to investigate effect of NaNQ on induced protein oxidation
in isolated pig myofibrillar proteins and in rawrpme patties during illuminated chilled display.
In addition, the potential use of 3-nitrotyrosing @ specific marker for protein oxidation in

combination with NaN@will be explored.

MATERIALS AND METHODS

1. Experimental set-up

Myofibrillar protein isolate (MPI)
Three porcindongissimusmuscles were purchased from a local slaughterh@@iskayspost

morten). The muscles were trimmed from visible fat andireective tissue and subsequently
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diced into approximately 5 g pieces. The musclediof all three animals were mixed well by
hand and subsequently vacuum packed and stor80°& until use.

Myofibrils were isolated according to Park et @&0Q6). Thawed and minced muscle was
homogenised by blending 30 s in an ultraturrax vigthr volumes (w/v) of a cold isolation
buffer (10 mM sodium phosphate buffer, 0.1 M NaZimM MgChk and 1 mM EGTA, pH 7.0).
The muscle homogenate was centrifuged at 2000 gl%omin, and the supernatant was
discarded. The pellet was washed two more timds foitr volumes of the same isolation buffer
using the same blending and centrifugation condftias indicated above. The myofibril pellet
was then washed three more times with four voluai€s1 M NaCl under the same conditions
as above except that in the last wash, the mybBhspension was filtered through a strainer to
remove connective tissue, and its pH was adjusté&d® with 0.1 N HCI prior to centrifugation.
The MPI was stored in a tightly capped bottle, keptice, and used within 24 h. The protein
concentration of the myofibril pellet was measubgdthe Biuret method (Gornall et al., 1949)
using bovine serum albumin as standard.

The MPI was oxidized under meat processing conwstiaccording to Estévez et al. (2009).
Briefly, MPI was suspended in 15 mM piperazine-Ngid(2-ethane sulfonic acid) (PIPES)
buffer (pH 6.0) containing 0.6 M NacCl (total volum80 ml; 20 mg protein/ml). The MPI
suspensions were oxidized with 0.01 mM FeOI1 mM ascorbic acid and 1 mM®,. Three
doses of NaN©@ (0, 100 or 1000 mg NaN#kg protein) were added and the samples were
incubated at 37°C for seven days while constarifyirgy. After 30 min (without incubation at
37°C), and 4 and 7 days, suspensions were dividediquots of 1.2 ml and stored at -80 °C
until analysis. MPI suspended in PIPES buffer withoxidants or NaN@was used as non-

oxidized control.
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Raw porcine patties

Two lean porcindongissimusmuscles from different animals were purchased firfocal
slaughterhouse (2 days post mortem). Two sepakatithes from the two muscles were made
and are referred to as “patties A” and “patties Hiree treatments were considered: 0, 20 or 200
mg NaNQ per kg patty. In the basic formulation, the ingeatls per batch were as follows: 500
g of meat, 35 g of distilled water, 8.5 g of sodighioride and 0, 0.01 or 0.1 g NabO'his
resulted respectively in patties with 0, 20 or 200/kg NaNQ or respectively 0, 100 and 1000
mg/kg protein taking into account that the musclassists of approximately 20% proteins. The
muscles were trimmed from visible fat and connecttissue and subsequently diced into
approximately 5 g pieces. The meat was groundgnraler (Omega T-12) equipped with a 10
mm plate. NaCl and NaNQwere dissolved in the distilled water and immesliabdded to the
meat. After mixing the batter by hand, the mixtwas grounded once more with a 3.5 mm plate.
Nine patties of 40 g were made per treatment amcbpieh. Three patties were immediately
vacuum packed and stored at -80°C (day 0) andixheemaining patties were wrapped in an
oxygen permeable film and subjected to illuminatkidled display (4°C, 1000 lux). After 4 and
7 days of display, three patties per treatment waaium packed and stored at -80°C until

analysis.

2. Chemical analyses

Thiol concentration of the MPI suspensions

The thiol concentration was determined in the M&nples after derivatisation by Ellman’s
reagent, 5,5-Dithiobis(2-nitrobenzoic acid) (DTNBJopted from Jongberg et al. (2013) An
aliquot of 1.2 ml MPI suspension was defrosted eedtrifuged for 20 min at 2000 g. The
supernatant was carefully discarded and 1.0 ml.dfN tris(hydroxymethyl)-aminomethane

(TRIS) buffer (pH 8) was added to the pellet, veei and centrifuged at 2000 g for 20 min.
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After discarding the supernatant, 1.0 ml of TRISfduwas added to the pellet and everything
was transferred to a test tube. The microtube waed twice with 1 ml TRIS buffer, which was

also transferred to the test tube. Three ml of 20.6odium dodecyl sulphate (SDS) in 0.1 M
TRIS buffer (pH 8.0) was added and the proteinseveissolved by one hour of incubation in a
water bath heated to 80°C. After cooling, sampleseveentrifuged at 1400 g for 10 minutes and
the thiol concentration in the supernatant wasyareal. Two ml of 0.1M TRIS buffer (pH 8) and

0.5 ml of 10 mM DTNB dissolved in 0.10 M TRIS buffépH 8.0) was added to 0.5 ml

supernatant. For each sample a blank was incluolg@iaing 0.5 ml supernatant and 2.5 ml 0.10
M TRIS buffer (pH 8.0). A solution containing 0.9 810 % SDS in TRIS buffer (pH 8.0), 0.5

ml 10 mM DTNB and 2.0 ml 0.1 M TRIS buffer (pH 8p#/used as reagent blank. All mixtures
were protected against light and allowed to reacteikactly 30 minutes. The absorbance was
measured spectrophotometrically at 412 nm andhiloé ¢oncentration was calculated using the
formula of Lambert-Beereg1, = 14000 M! cm®) and expressed in nmol thiol/mg protein. The
protein concentrations of the extracts were cadtedt from the sample blanks, which were

determined spectrophotometrically at 280 nm usiB$A standard curve.

Protein carbonyl content

The protein carbonyl content of the MPI samples patlies was determined by derivatization
with DNPH (2,4-dinitrophenyl hydrazine) as descdbby Levine, Williams, Stadtman, &
Shacter (1994) with some modifications. An aligabl.2 ml MPI suspension was defrosted and
centrifuged for 20 min at 2000 g. The pellet waanthe-suspended in 1 ml phosphate buffer (20
mM, pH 6.5) and four aliquots of 0.2 ml were takEor the raw patties, 3 g of meat with 30 ml

of phosphate buffer (20 mM, pH 6.5 containing 0.8BICI) was homogenized and four aliquots
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of 0.2 ml were treated with 1 ml icecold TCA (10%) precipitate the proteins. The samples
were left for 15 min in an ice bath and after ciéungation at 2000 g for 30 min, the supernatant
was discarded. Another milliliter of icecold TCAO%) was added and the above mentioned
procedure was repeated. For both the MPI suspensiod the patty pellets, two aliquots were
treated with 0.5 ml 10 mM DNPH dissolved in 2.0 MIHand two aliquots were treated with 0.5
ml 2.0 M HCI (blank). The samples were placed moex (350 rpm) for 1h covered from light
to derivatise. Subsequently, 0.5 ml icecold 20% TWas added, vortexed and placed on ice for
15 minutes before centrifugation at 2000 g for 28 after which the supernatant was discarded.
Excess DNPH was removed by washing three timesIitim| of ethanol:ethylacetate (1:1 v/v),
vortexing and centrifuging at 2000 g for 20 minutégter every wash the supernatant was
discarded. Following the final wash excess solvess$ removed by leaving the samples for 15
min under the hood. The pellets were dissolved.thml 6.0 M guanidine hydrochloride in 20
mM phosphate buffer (pH 6.5) and placed on a vof®0 rpm) for 30 min covered from light.
The final solution was centrifuged at 9500 g forrilhutes to remove insoluble material. The
carbonyl concentration (nmol/mg protein) was calted from the absorbance at 280 nm and

370 nm of the samples using the equation belowifleest al., 1994).

Chydrazone _ A370 x 106

Cprotein €nydrazone,370 X (A280_ A370 X 0-43)

Where enydrazone,374S 22000 M cm™ and the carbonyl concentrations obtained frombilaeks

were subtracted from the contribution obtained ftbmcorresponding treated sample.
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3-Nitrotyrosine

3-Nitrotyrosine and actin were qualitatively deesttby western immunoblotting in MPI
suspensions (n=1) using respectively a mouse monalcknti-nitrotyrosine antibody (Abcam,
UK, 1:500 dilution) and rabbit anti-actin antibo@§igma-Aldrich, Belgium, 1:2000 dilution) as
primary antibody and IRDye 800 goat anti-mouse [gGCOR, USA, 1:5000 dilution) and
IRDye 680 Goat anti-Rabbit IgG (Li-COR, USA, 1:508ution) as secondary antibodies. Gels
were scanned and band intensities were measurdd amit Odyssey infrared fluorescence

detection system.

In addition, 3-nitrotyrosine was quantified speptrotometrically after alkalinisation in both the
MPI suspensions and patties according to Fontaah €012) with some modifications.

Aliquots of 1.2 ml MPI suspensions were defrosted &vo aliquots of 0.5 ml were taken. After
centrifugation at 2000 g for 30 min, the superntteas carefully discarded. For the raw patties,
3 g of meat with 30 ml of phosphate buffer (20 mpH 6.5 containing 0.6M NaCl) was
homogenized and two aliquots of 0.2 ml were treatéth 1 ml icecold TCA (10%). The
samples were left for 15 min in an ice bath andratentrifugation at 2000 g for 30 min, the
supernatant was discarded. Another milliliter addald TCA (10%) was added and the above
mentioned procedure was repeated. To both the MidP patty pellets 1 ml guanidine-HCI (6M)
was added. After one hour on a vortex, 0.6 ml wassferred into a microtube, an equal amount
of bicarbonate buffer (0.2 M, pH 10.5) was added @@ samples were centrifuged at 9500 g for
10 min. The 3-nitrotyrosine content was quantifsgeéctrophotometrically at 430 nm, using 3-
nitro-L-tyrosine as standard. The total proteintean of the pellet was quantified at 280 nm
using BSA as standard. According to Yang et al1l@tyrosine and nitrotyrosine both exhibit

an absorption peak at 280 nm, and nitrotyrosine drasdditional peak at 430 nm in basic

solutions (pH=9.5). Results were expressed as nmol 3-nitrotyedsig protein.
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Statistical analysis

Statistical analysis was performed using SPSS ReBults were analysed by ANOVA with
oxidation time and NaN©concentration as fixed effects. The interactiomtéime x NaNQ

was excluded from the model when not significarkQ(B5). When the interaction term was
found significant, a new factor called “experiméniait” was computed combining oxidation
time and NaN@concentration and one-way ANOVA considering “expental unit” as fixed
effect was conducted. Mean differences were tastety Tukey’s post-hoc test operating at a 5%

level of significance.

RESULTS

MPI

Results concerning the oxidized MPI samples aravehim Table 4.1. From the moment the
oxidants were added, the thiol concentrations @se 5-fold compared to the untreated MPI.
During the following 7 days a further decreaselobltgroups was noticed (P<0.05), however
this decrease was not as pronounced compared tinitla¢ decrease. The addition of sodium
nitrite did not affect the thiol content (P>0.05).

Induced in vitro oxidation of MPI resulted in up to ten fold higheontent of carbonyl
compounds when compared to the untreated MPI. Dutte following 7 days, an overall
increase of protein carbonyl compounds (P<0.05) elzserved. Also, the addition of sodium
nitrite affected the formation of carbonyl composnés on average higher carbonyl
concentrations were found in the oxidized MPI sasptreated with 1000 mg/kg NakO
compared to the average carbonyls content of timeples without NaN@ (P<0.05), with
intermediate values for the samples treated withrh@/kg. This effect resulted mainly from the
two fold higher carbonyl concentrations after 3Ghraf induced oxidation in the nitrite treated

samples, while at day 4 and day 7 similar valuesi@ind among treatments.
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Table 4.1. Effect of nitrite dose on protein thiol, carbonyida3-nitrotyrosine content (nmol/mg
protein) in myofibrillar protein isolates (MPI) aftinduced oxidation for 7 days

. NaNO, (mg/kg)
Time 0 100 1000 Mean
Thiol groups® MPI* 51.044.2
30 min  20.0+18.3 12.9+4.9 12.045.4 14.9
4 days  12.2+1.7 5.74+4.70 6.91+5.61 7.4
7 days  9.84+1.02 11.8+0.49 7.87+0.78 ¥6
Mean 15.1 9.4 8.8
Carbonyl compounds MPI* 1.4240.46
30 min  3.91+1.38 7.38+1.33 8.57+2.62 8.5
4 days  11.3%3.1 11.0+0.6 11.3+1.86 1%.2
7 days  13.2#1.2 13.8+0.9 14.3+2.6 13.8
Mean 9.0/ 10.7Y 11.2
3-Nitrotyrosine® MPI* 3.3110.48
30 min  3.28x0.7% 1.51+0.56" 1.31+0.17Y 2.1
4 days  3.11+0.69 3.26+0.66 3.55+1.16 3.3
7days  3.23+0.08 3.02+0.5% 3.33+0.60 3.2
Mean 3.2 2.5 2.8

*MPI: the non-oxidized myofibrillar proteins isokd, suspended in a PIPES buffer without pro-
oxidants and NaN§& was not included in the statistical model,
Dnitite =0.174; Rme = 0.044; Riitextime= NOt significant;

“Dhitite =0.037; Rme< 0.001; Riritextime= NOt Significant;

3pnitrite: 0.105; Rme<0.001; Rititextime= 0.015;
&¢ Effect of oxidation time: values with a differdstter within a column are different (P<0.05);
"2 Effect of NaNQ: values with a different letter within a row aréferent (P<0.05).
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Immunoblotting using an antibody agains-nitrotyrosine was performed to investigate

occurrence of 3trotyrosine in the oxidizecMPI. Figure 1 confirms the presence 3-
nitrotyrosine in all sample®A specrophotometric method was used to quanti-nitrotyrosine.
The 3nitrotyrosine concentrations (Table 4.1) remainaadstant during the experiment, except
two fold lower 3nitrotyrosine concentrations in samples treateth W10 and 1000 mg/kg after .
min of induced oxidation. Interestingly, althoughlyo measured in one sample, also two
lower 3-itrotyrosine/actin band intensity ratios were aled after 30 min of induced oxidati

on the Western Blot in samples treated with 100E3@0 mg/mg sdium nitrite (data not showi

0 300 4d 7d 307 4d 7d 30°4d 7d BSA

0

-
H=

NPT { 100 1000 mg kg NaNO,

Figure 1. Representative Western blot 3-nitrotyrosine during induceth vitro oxidation of
myofibrillar protein isolates with different Nal, levels. MPI: nomexidized myofibrillar
proteins isolate, suspended anPIPES buffer without p-oxidants andNaNC,. BSA: bovine

serum albumin, negative control.
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Patties

The results of patties A and patties B are shovparsgely (Table 4.2) as a significant effect of
animal was observed on 3-nitrotyrosine (P<0.05}), fmt on carbonyl content (P>0.05). In
addition, the effect of NaNfOand days of display on the carbonyl and 3-nitmgyre content
differed between the two animals.

The carbonyl concentrations in patties A were ffil@cted by the added sodium nitrite (P>0.05),
nor by the display period (P>0.05). Higher 3-njrosine concentrations were found across days
of display in patties treated with 20 mg/kg NaN&é@mpared to the 200 mg/kg treatment
(P<0.05), with intermediate values for untreatetligs No significant changes occurred during
illuminated chill display (P>0.05).

For patties B, lower carbonyl concentrations wenentl across days of display in patties treated
with 200 mg/kg sodium nitrite compared to 0 and 2@/kg (P<0.05). The carbonyl
concentrations of the patties did not change samtly during the whole period of illuminated
chilled display (P>0.05). The 3-nitrotyrosine caritevas up to 1.5 fold lower compared to the
concentrations in the patties A, but was not affédty the added sodium nitrite content (P>0.05),

nor by the display period (P>0.05).
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Table 4.Z. Effect of nitrite dose on protein carbonyl and &atyrosine content (nmol/mg protein) in
raw patties A and B (n=3) after illuminated chilledplay for 7 days

. NaNO, (mg/kg)
Time 0 20 200 Mean

Carbonyl compounds

Patties A' Odays 2.72+1.03 4.04+0.83 3.32+0.84 3.30
4 days  3.64+0.32 3.96+1.60 3.15+0.78 3.54
7 days  3.99+1.37 4.32+2.16 2.31+0.17 3.66
Mean 3.43 411 3.03

Patties B Odays 4.72+0.99 4.50+1.77 1.99+0.35 3.94
4 days  4.52+0.84 3.51+1.54 2.74+0.43 3.58
7days  3.78+0.81 2.58+0.61 2.61+0.54 3.06
Mean 4.37 3.69 2.44

3-Nitrotyrosine

Patties A’ Odays  7.54+0.95 8.59+1.00 6.57+0.55 7.57
4 days  7.11+0.47 8.75+1.52 6.30+0.44 7.39
7 days  6.99+0.47 7.41+1.53 6.42+0.76 6.93
Mean 7.21¢ 8.25 6.43

Patties B’ Odays  5.58+1.19 5.62+1.80 6.26+1.51 5.80
4 days 5.10+0.24 5.69+1.16 5.13+0.68 5.38
7 days  4.55+0.32 5.54+1.72 5.20+0.52 5.15
Mean 5.12 5.63 5.50

onitite = 0.115; pme= 0.892; Rirritextime = NOt significant;

2pmtme 0.003; pme= 0.209; Ritritextime = NOt significant;

3pn.tme 0.001; pme= 0.331; Rirritextime = NOt significant;

pn.mte— 0.468; pme= 0.341; Rinitextime = NOt significant;
&¢ Effect of oxidation time: values with a differdetter within a column are different (P<0.05);
"2 Effect of NaNQ: values with a different letter within a row aréferent (P<0.05).
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DISCUSSION

This study investigates the effect of sodium ratrdn protein oxidation and nitration in two
different meat model systems.

NaNQ, has antioxidant activity against lipid oxidatiamhich is mostly explained by its ability to
break the radical chain processes after its coiorer® NOe< and by chelating iron, a known
oxidation promoter (Skibsted, 2011). As the meckanibehind the oxidation of proteins is
believed to proceed via a free radical chain reacsimilar to that of lipid oxidation (Lund et al.,
2011), it was expected that Nabl®ould have an antioxidant effect against protediaation. Yet,
this positive effect was only found in the raw pettfrom one animal at a dose of 200 mg/kg
muscle.

On the other hand, NaN@ould also act as pro-oxidant. After its reductiomMNOe, peroxynitrite
(ONOQ) can be formed by reacting with, O Peroxynitrite can induce lipid oxidation in food
systems (Brannan et al., 2001), protein oxidatiorvivo (Tiago et al., 2008) and can cause
discolouration of muscle food by oxidizing oxymyolgin (Connolly & Decker, 2004).
According to Rubbo et al. (1994), the pro-oxidaatsus antioxidant outcome critically depends
on the relative concentrations of individual reaetspecies such as$Q H,O, and OHe. These
reactive species are abundantly presenh imitro oxidation systems, which could explain the
pro-oxidative effect of sodium nitrite in the MPdraples, half an hour after the addition of the
oxidants. Maybe the intensity of the induced oxmatmasked this effect at later time points.
Also, sodium nitrite and the pro-oxidants were abisienultaneously, which could have affected
the reaction pathways of the nitrite. In the poegoatties sodium nitrite can firstly react with the
meat components before oxidation during shelfdiéeurs, possibly explaining why a different
effect of nitrite was found in the myofibrillar ites compared to the patties. For example,
nitrite reacts with myoglobin resulting in nitrosyoglobin (Sullivan & Sebranek, 2012), which

appears to be active as an antioxidant both thrdiggociation of nitric oxide and through direct
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reaction with activated oxygen species (Skibst€d,12. Likewise, nitric oxide reacts with the
free radical intermediates of lipid oxidation argbgse compounds can function both as nitric
oxide donors and antioxidants (Nicolescu et alQ40We did not include measurements after
30 min of oxidation for the patties as the oxidatjgrocesses during chilled display were less
intense compared to induced oxidation with pro-arsl and no effect at that time point was
expected. Villaverde et al. (2014) reported a myHigle effect of sodium nitrite om-aminoadepic
semialdehyde (a specific protein carbonyl compouadthr 4 days of induced oxidation in a
similarin vitro MPI system, which is in accordance with the presesults.

The oxidation of thiol groups leads to a seriesahplex reactions resulting in the formation of
various oxidized products such as sulfenic acitfinsti acid and disulfide cross links (Lund et al.,
2011). In addition, Sullivan & Sebranek (2012) fdudecreasing thiol groups with increasing
ingoing sodium nitrite, and dedicated this to tbherfation of S-nitrosothiol groups. A lower thiol
content was therefore expected in the sodium aitiiéated samples, but it is likely that the
intensity of the induced oxidation, which resultedan overall large loss of thiol groups, masked
this effect. The values obtained for the loss imltilgroups and progress of protein carbonyl
formation in inducedn vitro oxidation of MPI compare well with the observasaof respectively
Liu & Xiong (2000) and Estévez & Heinonen (2010heTeffects are greater compared to those
usually found in real meat products, as the comagahs of oxidants applied in a model system
are designed to stimulate oxidation.

It is not clear whether the addition of sodium itetraffected the 3-nitrotyrosine contepost
mortemand additional investigations are necessary tdoexphe occurrence of 3-nitrotyrosine in
muscle foods and its potential influence on theliguan increase in 3-nitrotyrosine content in
the sodium nitrite treated samples was somehowaotegebut on the contrary, even a decrease
was seen after 30 min of induced oxidation in myaifar protein isolates. From this observation

we would conclude that 3-nitrotyrosine is probahiyt a good marker for protein oxidation in
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cured meat products, but conversely, Villaverdale{2014) did find increased concentrations in
myofibrillar protein isolates treated with sodiurtrite. However they added 19 and 38 fold higher
amounts of sodium nitrite compared to our studye @em to be further explored is the variation
between animals and between muscles of the basitityosine content. The occurrence of 3-
nitrotyrsosine in muscle proteins is a result oflakve stressn vivo (Tiago et al., 2008), so basal
levels of 3-nitrotyrosine in the porcine pattiesveal as in the myofibrillar protein isolates were
expected. To my knowledge this is the first timattB-nitrotyrosine was quantified per milligram
of meat protein, although Stagsted et al. (200d)foid 3-nitrotyrosine in chicken meat using
Western Blot. Stagsted et al. (2004) found sigaifity higher basal concentrations of 3-
nitrotyrosine in meat of chickens fed a low antdaqt diet compared to chickens fed a low
antioxidant diet in combination with corn. These¢haus suggested that the nitration of actin could
have possible implications on the texture and wdwelding capacity of fresh meat. As 3-
nitrotyrosine can affect a protein's structure &mtttion (Kuo et al., 2000), it was hypothesized
that 3-nitrotyrosing could be a marker for protexidation in cured meat products affecting the
quality of muscle foods. From the present resultsan be concluded that nitrite-curing has no
effect on 3-nitrotyrosingpost mortemimplying that it is not a good marker for thisrpase, but
this has to be confirmed in further research. Otwmnpounds originating from the reaction of
nitrite with proteins, such as nitrosotryptophand &anitrosocysteine, are reported, but it should be
investigated whether these compounds are relevankars for the effect of reactive nitrogen

species on the quality of meat products.

CONCLUSIONS

The present study demonstrates the importance dividual animal and matrix effects when
investigating protein oxidation in meat systemsdiSm nitriteshowed pro-oxidative activities in

isolated myofibrillar proteins, but antioxidant iadies in raw porcine patties. It would therefore
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be interesting to investigate the effect of nitiitecooked pork patties as nitrite is abundantlgdus
in cooked meat products. 3-Nitrotyrosine is abutigigmresent in untreated myofibrillar proteins,
but whether other compounds, such as antioxidaatsjnfluence its occurreng®st mortermand

whether this is a good marker for protein oxidaiilmprocessed meatemains to be elucidated.
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CHAPTER 5

FATTY ACID COMPOSITION OF FRESH MEAT, SUBCUTANEOUS FAT,
DRY FERMENTED SAUSAGE AND DRY CURED HAM INFLUENCED
BY LINSEED OIL, FISH OIL OR MICROALGAE INCLUDED IN THE

PIG FEED

Partly redrafted after Vossen E., Van Mullem D.eR&., De Smet S. (2009). Fatty acid profile
of meat and fermented sausages influenced by imgudchseed, fish oil or microalgae in pig
feed. Proceedings 55th IComst, Copenhagen, Denmh@+R1/08/2009 short paper PE9.30

and Vossen E., Van Mullem D., Raes K., De Sme2@&1Q). Fatty acid composition and sensory
acceptability of dry cured ham influenced by lirded, fish oil or microalgae included in the

pig feed. Proceedings 56th IComst, Jeju, Korea2/88/2010, short paper BO17.
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ABSTRACT

It is now well established that n-3 polyunsaturataitly acids have a protective influence on
several chronic diseases. The objective of theeptestudy was to investigate the fatty acid
profile of fresh meat, subcutaneous fat, dry ferreérsausages and dry cured ham of pigs fed
different n-3 polyunsaturated fatty acid sourcemsSbred pigs were given an experimental diet
supplemented with 0.6g/100g linseed oil (LIN), §/200g fish oil (FISH) or dried microalgae
(ALG) at 0.3, 0.6 or 1.2 g/100 g (ALG LOW, ALG MEDM and ALG HIGH respectively). In
the control group soybean oil was added to the die¢ fatty acid composition of the samples
was analyzed by gas chromatography. Similar resuése found for the different products
investigated: significantly higher C18:3n-3 (ALA)gportions in the LIN group and higher
proportions of C20:5n-3 (EPA) in the FISH group &ésund compared to all other groups. The
C22:6n-3 (DHA) proportions in the FISH group and Glgroups were significantly higher
compared to the SOY and LIN group. The DHA and EfPéportions increased with increasing
amounts of microalgae in the feed, which was unetggefor EPA, as no EPA was originally
present in the ALG diets. Lower proportions of theg chain n-3 and n-6 were found in the
subcutaneous fat compared to the fresh meat. Metowiiag processes such as fermentation and
long term dry curing did not drastically affect tfadty acid profile of the meat products. The
daily recommended intake of EPA and DHA (%RNI) ¢enincreased considerably with these
n-3 polyunsaturated fatty acids enriched produetgn up to 34% by consuming 50g of dry

fermented sausage of the ALG HIGH group.
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INTRODUCTION

It is generally accepted that the n-3 polyunsasardiatty acids (PUFA)-linolenic acid (ALA;
C18:3n-3) and especially its metabolites eicosamrtdic acid (EPA; C20:5n-3) and
docosahexaenoic acid (DHA; C22:6n-3) have a proeafluence on several chronic diseases
(Ruxton et al., 2004; Narayan et al., 2006; Simép®ul1999). Also n-6 FA and in particular
linoleic acid (LA, C18:2n-6) and arachidonic acllA, C20:4n-6) have important metabolic
functions (Johnson & Fritsche, 2012), however, thets of Western countries do provide
sufficient amounts of these n-6 FA. On the contrérg daily intake of n-3 PUFA does not fulfil
the recommendations in most countries. Belgianesteints and women consume on average
0.07-0.1% EPA+DHA and 0.57-0.64% ALA of their totiily energy intake (%E), while the
Superior Health Council of Belgium (2006) recommenlat at least 0.3%E should originate
from EPA+DHA and 1%E should originate from ALA (8ioet al., 2006 and Sioen et al., 2007).
Despite attempts to provide education about healtating patterns, there are several barriers
such as a lack of interest towards changing oniets dr concerns about having to compromise
on taste or enjoyment (Kearney & McElhone, 1999)sukcessful strategy to improve the n-3
PUFA content of the overall diet would be to pravitiese fatty acids in food products that are
already popular. Although meat only partly conttdsito the total fat intake of the diet,
optimizing its fatty acid profile still deservestaition due to the high meat intake in
industrialized countries (Howe et al., 2006). Etleough people nowadays consume less meat, it
is still one of the principal food components of alets, so | believe that when several meat
products are enriched with n-3 PUFA it can be asiids solution to increase the daily n-3
PUFA intake. According to the human consumptioradase of Belgium (Devriese et al., 2006),
75% of the Belgian population consumes 5-7 timegeak meat. Of course, the enrichment of
meat should be only one aspect of a larger strategyenriching other widely consumed

foodstuffs with n-3 PUFA. Besides adding n-3 PURAIrges during the processing of foods or
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administering supplemental oils and capsules, pawation of n-3 PUFA rich products like
grass, rapeseed, linseed and fish oil in livesfeekls, resulting in accumulation of these fatty
acids in animal products, received a lot of inte(&®¢ood et al., 2008; Raes et al., 2004). This
approach is of particular interest, since fattydagdrovided through this route are thought to be
more stable to the effects of processing than ate &nd oils added to foods during
manufacturing (Williams, 2000). In addition, Dedkalm et al. (2008) stated that habitual
consumption of n-3 PUFA may be more beneficial thlaort-term consumption.

As the conversion of ALA to EPA is low (<10%) angther conversion to DHA is even worse
(Hussein et al., 2005), the direct supply of EPA &HA in animal feeds instead of ALA-rich
sources such as linseed and rapeseed is considebedmore efficient for increasing the long-
chain n-3 PUFA content of animal products. Gengrdish oil or fish meal is used as a direct
source of EPA and DHA in feeds, but caution is eeeals many species have been fished almost
to extinction and we are on course to eliminate wweld’s supply. Brunner et al. (2009)
concluded that urgent national and internationdloacis necessary to address the tensions
arising from increasing human demand for fish aedf®od, and rapidly declining marine
ecosystem health. Given that microalgae are tlggnai source of EPA and DHA in the marine
food chain, dried marine algae have also been declun animal feeds (Nieto & Ros, 2012).
However, studies including marine algae focus nyaom poultry (Rymer et al., 2010), while
experiments conducted on pig and its meat prodargsrather limited (Marriott et al., 2002;
Sardi et al., 2006; Sarraga et al., 2007; Meadas ,62009) and our present knowledge of animal
response to dietary microalgae is relatively scanty

This research was performed to evaluate the incatipon of n-3 PUFA in meat and
subcutaneous fat through different n-3 PUFA souitcgsg feed. As only a small part of pork is
consumed as fresh meat cuts, investigating the faetoming of meat products enriched in n-3

PUFA through pig feed is of interest. Dry fermensalisages and long term dry cured hams
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were produced to assess the effect of manufactgongitions on the fatty acid profile of these
products. Special attention was paid to the usmiofoalgae as a sustainable source for long

chain n-3 PUFA.

MATERIALS AND METHODS

1. Experimental set-up and sampling

Six groups of ten female crossbred pigs each watternfed under commercial conditions on
different diets from 75 kg until 110 kg live weigWater and feed was offered libitum The

six experimental diets consisted of different searof n-3 PUFA: 0.8 g/100 g feed linseed oill
(LIN group, rich in ALA), 1.3 g/100 g feed fish diFISH group, rich in EPA and DHA) or dried
microalgae (ALG group, rich in DHA). Three ALG giqmaiwere considered: ALG LOW, ALG
MEDIUM and ALG HIGH with respectively 0.3, 0.6 add? g dried microalgae per 100 g feed.
In the control group (SOY group) soybean oil wasluded in the feed as n-6 PUFA source.
Linseed oil was added to the ALG diets to obtainad@mounts of n-3 PUFA in the LIN, FISH
and ALG diets. As the n-6 PUFA content was alsot kemstant, equal ratios of n-6/n-3 were
provided through those diets. All diets were basedbarley, wheat and soybean meal and
manufactured by Lambers-Seghers (Baasrode, Belgitim total PUFA content was kept
constant and the total fat content was similaralbigroups (between 4.3 and 4.8 %, as fed) by
the addition of rendered animal fat or coconut Adk.diets were formulated to an equal energy
supply (2230 kcal/kg, as fed) and supplemented W& mg/kga-tocopheryl acetate and 0.4
mg/kg organic selenium (Selplex, Alltech, Deinze]dgsum). The fish oil was supplied by INVE
Technologies NV (Dendermonde, Belgium), the fregded Schizochytriummicroalgae from

Martek Biosciences Corp. (Martek DHA gold®, ColombiMD, USA), linseed and other
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ingredients were purchased on the local market. ddmposition of the experimental diets is
presented in Table 5.1. Feed samples were colléotddtty acid analysis.

All pigs (ten per treatment) were slaughtered apraximately 110 kg live weight in a
commercial slaughterhouse after electrical stunifiugstviees, Westrozebeke, Belgium). After
slaughtering and cooling for 24h, fresh meat samplere obtained from Mongissimus dorsi
(slices of 2.5 cm)and subcutaneous fat was taken from the back-fat. Sssnplere stored
vacuum packed at -20°C until analysis. From thremals also left shoulder meat and additional
subcutaneous fat was sampled for the producti@myofermented sausages (a mixed sample was
made per group) and the left hams of six animatggpeup were sampled for the production of

dry cured hams.
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Table 5.1 Composition of the experiment diets (g/100g feasdeal)

ALG ALG ALG
SOY LIN FISH
low medium high

Corn 10.0 7.0 9.0 9.0 9.0 9.0
Wheat gluten 8.0 7.0 7.8 10.0 10.0 10.0
Barley 15.0 16.5 15.0 15.0 15.0 15.0
Wheat 169 17.0 16.0 15.0 15.0 15.0
Wheat shorts 10.0 9.1 11.0 10.0 10.0 10.0
Sorghum 10.0 10.0 10.0 10.0 10.0 10.0
Soybean meal 47% CP 8.8 8.9 8.0 6.8 6.7 6.6
Maniok 6.0 7.0 6.0 5.0 5.0 5.0
Peas 3.0 4.0 3.5 3.0 3.0 3.0
Rapeseed scrap 3.0 4.0 4.0 6.0 6.0 6.0
Palm kernel shell 3.6 4.0 4.0 3.9 3.7 3.4
Rendered Animal Fat 2.0 1.7 1.45 - - -
Coconut oil - - - 2.40 2.44 2.48
L-Threonine 0.08 0.07 0.08 0.07 0.07 0.07
DL-Methionine 0.02 0.01 0.02 0.01 0.01 0.01
L-Lysine 1.05 0.91 0.99 1.03 1.03 1.04
Ca carbonate 38% 1.1 1.0 11 1.0 1.0 0.93
Vitamin-mineral premix * 1.0 1.0 1.0 1.0 1.0 1.0
a-tocopheryl acetaté 0.20 0.20 0.20 0.20 0.20 0.20
Soybean oll 0.38 - - - - -
Linseed oil - 0.55 - 0.31 0.21 -
Fish oil - - 0.83 - - -
Dried microalgae - - - 0.30 0.60 1.22
Energy (kcal/kg, as fed) 2250 2237 2233 2225 2225 2225

Vitamin-mineral premix contained 5 g/kgtocopheryl acetate and 0.04 g/kg organic selenium
(Selplex, Alltech, Dienze, Belgium));
“o-tocopheryl acetate concentrate contained 50 gflagopheryl acetate.
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2. Carcass measurements

Warm carcass weight and carcass lean meat pereentsmyassessed at the slaughterhouse for all
pigs (n=60). At 24hpost mortempH (Knick portamess 654, Knick Elektronische Mgséte
GmbH, Berlin, Germany) with Schott NS800A electrd&ehott Instruments, Mainz, Germany)
and conductivity (Pork Quality Meter, Kombi, InteéknbH, Aichach, Germany) were measured

in the ham (M. emimembranosysnd in the loin (Mlongissimus dor3i

3. Production of dry fermented sausage and dry cured &m
Dry fermented sausage

Dry fermented sausages were produced at Ter Gr@emete (Brugge, Belgium) using a
standard commercial recipe. For each treatmenitéhlwas made that consisted of 2.1 kg lean
shoulder meat, 0.9 kg subcutaneous fat, 84 g Na@|,KNGO; 30 g spices (Raps, Beringen,
Belgium) and 1.5 g starter culture (Biosprint frétaps, Beringen Belgium). All sausages were
prepared on the same day. Frozen shoulder meattfraga different animals was minced in a
bowl chopper, together with all additives, exce@ON Subsequently, the frozen subcutaneous
fat was added and mincing was continued until adgenous batter was reached. Then, NaCl
was included and the batter was further choppeil anemperature of -2°C was reached. The
mixture was stuffed into 60 mm diameter casingsdHanked at 30 cm and the sausages were
left for six hours at ambient temperature (day Affer that, the sausages were placed in a
fermentation chamber and the following conditiofigemnperature and relative humidity (RH)
were applied: 24°C and 95% RH (day 2), 23°C and $%(day 3), 21°C and 90% RH and
smoking for one hour (day 4), 20°C and 88% RH (Bamtil day 7) and from day 8 until day 23

the temperature was kept at 17°C with 76% RH. Binghe dry fermented sausages were
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vacuum packed and stored at 4°C for colour measmtand sensory analysis (See Chapter 6)

and at -20°C for chemical analyses.

Dry cured hams

The dry cured hams, containing essentially 3 meg@e semimembranosub). biceps femoris,
and M. semitendinosys were manufactured at Grega (Buggenhout, Belgiusmg a standard
commercial protocol under controlled conditiongerhperature and relative humidity. The fresh
hams were embedded in sea salt and left in a cooh for 1 week. Then, the salt was removed
and the hams were salted again with sea salt. @twnd salting period lasted two weeks. After
that, the salt was removed and the hams were alldweest for 56 to 70 days under cooled
conditions. Subsequently, the hams were washedwathkr and the surface was covered with a
thin layer of fat with spices. Finally, the hamsrevehung in a drying room for drying and
maturation. After 19 months of ripening, the hameevdeboned and shipped to the laboratory.
The subcutaneous and intramuscular fat was remawedhe dry cured hams were subsequently
vacuum-packed and stored at 4°C for colour measemtsrand sensory analysis (see Chapter 6)

and at -20°C for chemical analyses (slices of fSaere stored separately).

4. Proximate composition

Dry matter, crude protein and crude fat contentheffresh meat (n=3), dry fermented sausage
(n=2) and dry cured ham (n=6) were determined atagrto the ISO 1442-1973, ISO 937-1978
and ISO 1444-1973 methods, respectively. Samples vaden at random from three animals.
Analysis was carried out in single and expressegl B30 g fresh matter. The pH of the dry cured
hams (n=6, M.semimembranosysand dry fermented sausages (n=3) were measured pe

treatment.
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5. Fatty acid analysis

The lipids were extracted from the samples usirigroform/methanol (2/1; v/v) (modified after
Folch et al., 1957). Fatty acids were methylatezbading to Raes et al. (2001) and analysed by
gas chromatography (HP6890, Brussels, Belgium) @P&5il88 column for FAME (100 m x
0.25 mm x 0.25 um; Chrompack, The Netherlands)k$aeere identified based on their
retention times, corresponding with standards (NekClerep., IL, USA; Sigma, Bornem,
Belgium). Nonadecanoic acid (C19:0) was used aatamal standard to quantify the individual
and total fatty acids. A number of samples werenakt random per treatment, i.e. n=5 for fresh
meat, n=6 for subcutaneous fat, n=3 for dry fermeérsausage and n=6 for dry cured ham. The
fatty acid profiles are expressed in g/100 g o&lt&tAME (fatty acid methyl esters) and the
EPA+DHA and total fatty acid content is expressed &A/100 g fresh matter.

The EPA+DHA content expressed per 100 kcal wasutakd using the mean fat and protein
content and the Atwater nutrient conversion factasid 4 kcal/g of fat and protein respectively.
The recommended daily intake of EPA+DHA in Belgiis0.3%E (Superior Health Council of
Belgium, 2006) which corresponds to 667 mg EPA+Dd#y/ taking into account an average
daily total energy intake of 2000 kcal. The peragetof the daily recommended nutrient intake
for the experimental meat products (%RNI) was dated assuming a daily intake portion of 50
g product and a recommended daily intake of 667 ERfA+DHA per day. Finally, it was
investigated whether the n-3 PUFA enriched prodaotdd be claimed being ‘a source of’ or
‘high in’ n-3 PUFA.

‘A claim that a food is &ourceof n-3 PUFA, and any claim likely to have the sameaning for
the consumer, may only be made where the produntbics at least 0.3 g ALA per 100 g and
per 100 kcal, or at least 40 mg of EPA+DHA per §08nd per 100 kcal. A claim that a food is

highin n-3 PUFA, and any claim likely to have the sameaning for the consumer, may only be
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made where the product contains at least 0.6 g p&A100 g and per 100 kcal, or at least 80 mg

of EPA+DHA per 100 g and per 100 kcal' (Europeam@uossion, 2010).

6. Statistical analysis

The data were submitted to analysis of variancé diét as main effect (SPSS Statistics 22.0).
Mean differences between groups were tested ubmg tikey post hoc test operating at a 5%

level of significance.

RESULTS

1. Carcass characteristics

The mean (x standard deviation) warm carcass wdid® + 6 kg) and carcass lean meat
percentage (62.6 = 2.7%) did not differ betweemlifeg groups (P>0.05). Likewise, conductivity

in the 10in(4.80 £ 1.24) and the ham (6.07 £ 2.07) were nidaémced by the diet (P>0.05), nor

was the pH value of the ham (5.57 £ 0.11). The pHhe loin was not different among the

feeding groups (overall average 5.60 + 0.13), eixtmpa lower pH value for DHA MEDIUM

group (5.54 + 0.10) compared to the LIN group (5:1@13; P<0.05).

2. Proximate composition
For the fresh meat, no effect of diet was foundtf@ mean (+ standard deviation) dry matter
(29.2 £ 0.9 g/100 g meat), fat (1.18 + 0.63 g/10@ent) and protein (25.1 = 0.6 g/100 g meat)
content (all P>0.05).
The mean dry matter content of the dry fermentegages was 64.3 £ 1.3 g/100 g sausage and

no effect of treatment was found (P>0.05). Howeta@r the fat and protein content significant

123



Chapter 5

differences among treatments were found (both B¥0The mean fat content of the dry cured
sausages was 33.4 + 1.7 g/100 g sausage, withighesh fat content in the ALG HIGH group
(36.1 £ 1.6 g/100 g sausage) and the lowest in.lNegroup (31.6 + 1.2 g/100 g sausage). The
mean protein content was 22.7 + 1.6 g/100 g sausaigje the highest content in the ALG
MEDIUM group (25.5 + 0.7 g/100 g sausage) and theekt content in ALG HIGH group (21.2

+ 0.58 g/100 g sausage).

For dry cured ham no effect of feeding group wamtbfor the dry matter (46.4 £ 1.18 g/100 g
ham), fat (3.46 + 0.78 g/100 g ham) and protein{280.96 g/100 g ham) content (all P>0.05).
The mean pH of the dry fermented sausages was50006 and 5.66 + 0.07 for the dry cured
hams. Differences between feeding groups were féondoth the sausages and hams (P<0.05),

however, these differences were limited in magmitadd are not further discussed.

3. Fatty acid composition

Table 5.2 shows the PUFA composition of the feacagreement with the trial design, the total
PUFA content was similar for all diets, with the imalifference between SOY and the other
groups being the amount of n-3 PUFA. ALA was thgan®UFA in the LIN diet. The FISH
diet provided the long chain n-3 PUFA EPA and Diereas the ALG diets provided DHA in

different doses.
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Table £.2. Fatty acid composition of the experimental diet&£g100g total FA)

SOY LIN FISH ALG AL.G A!'G
low medium high

C18:3n-3 3.51 6.70 2.73 3.45 3.40 2.63
C20:5n-3 <0.10 <0.10 2.19 0.12 0.13 0.25
C22:5n-3 <0.10 <0.10 0.30 <0.10 <0.10 <0.10
C22:6n-3 <0.10 0.19 1.87 1.80 3.62 7.12
C18:2n-6 325 24.6 24.4 29.9 28.8 26.7
C20:4n-6 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
PUFA 36.3 31.9 32.2 35.4 36.1 37.0
SFA 29.3 33.8 33.3 43.6 44.4 42.9
MUFA 32.2 32.1 30.9 19.0 16.3 15.2
Total FA

4.34 4. 4. : : :
(a/100 g feed) 3 39 59 3.60 3.68 4.02

SOY=soybean oil fed control group; LIN=linseed fgup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofisnicroalgae (low, medium, high);

SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C201022:0;

MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1;

PUFA = C18:2n-6 + C18:3n-6 + C20:2n-6 + C20:3n-€20:4n-6 + C22:4n-6 + C22:5n-6 +
C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 +C22:5n322:6n-3.
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The fatty acid composition of the fresh meat is swarized in Table 5.3. The fatty acid
composition of the experimental diets is clearffeed in the fresh meat samples. The LIN diet
resulted in a higher ALA proportion compared to @tther groups (P<0.05). As expected, the
EPA proportion was the highest in the FISH groupthwa seven fold higher proportion
compared to the SOY group (P<0.05). Relatively ldighcentrations of EPA were found in the
ALG groups, although only low amounts of EPA weresent in the ALG experimental feeds.
The EPA proportions of the three ALG groups incegawith increasing amounts of microalgae
in the experimental feeds and moreover, the EPA@tmn of ALG HIGH was comparable to
the proportion found in the FISH group. The EPAgandion of the LIN group was three fold
lower compared to the FISH group and did not diffem the ALG LOW and ALG MEDIUM
groups (P>0.05). Still, the EPA proportion of théNLgroup was almost three fold higher
compared to the SOY group (P<0.05), which indicaesodest but significant conversion of
ALA to EPA. As expected, the DHA proportions in thRéSH group and ALG groups were
higher compared to the SOY and LIN group (P<0.086g highest DHA proportion was found in
the meat of the ALG HIGH group, which was ten fdldher compared to the SOY group
(P<0.05). The DHA content in the meat of the AL@grs increased with increasing amounts of
microalgae in the experimental feeds and the DHAportion of the FISH group was
intermediate between ALG LOW and ALG MEDIUM. DPA svéound in the meat samples of
all experimental groups, although it was not pregethe diets. The DPA proportion in the fresh
meat was two to three fold higher in the LIN an&HIgroups compared to the other groups
(P<0.05).

The LA proportion was the highest in fresh meathaf LIN group, which was not expected as
higher amounts of LA were present in the other sdiespecially the SOY diet. The LA
proportion of the fresh meat from the LIN group vitas fold higher compared to the ALG LOW

group (P<0.05) which had the lowest proportion &f. lAA, the metabolite of LA, was not
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affected by the diets, but was considerably higlerwbomparing with the long chain n-3 fatty

acids.

Table 5.3Fatty acid composition of fresh meat (Mngissimus dorsig FA/100 g total FA; n=5)

ALG ALG ALG

SOY LIN FISH ow  medium  high SEM  Piet
C18:3n-3 0538 1.3 0.622 0.60P 0508 0.524 0.060 <0.001
C20:5n-3 0.168 0.488 130 0.312° 0.704° 1.06° 0.084 <0.001
C22:5n-3 0.557 0.918 0.988 0.398 0422 0.493 0.049 <0.001
C22:6n-3 0.198" 0.452° 1.02° 0.784° 1.69" 2.37  0.148 <0.001
C18:2n-6 11.9° 154 11.9¢ 969 12.¢¢ 12.¢ 0.500 0.024
C20:4n-6 296 357 255 239 3.52 3.95  0.180.066
PUFA 17.7¢ 238 195 153 204" 23.0° 0.875 0.030
SFA 330 337 339 368 35.0 34.8  0.440.179
MUFA 45.0 39.7 429 445 403" 36.7 0.798 <0.001
Total FA 144 118 142  1.49 1.28 1.07  0.050.197

(g/100 g meat)

SOY= soybean oil fed control group; LIN=linseed fgaup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofisnicroalgae (low, medium, high);

SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C201022:0;

MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1;

PUFA = C18:2n-6 + C18:3n-6 + C20:2n-6 + C20:3n-€20:4n-6 + C22:4n-6 + C22:5n-6 +
C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 +C22:5n(322:6n-3;

SEM= standard error of the mean calculated frongrallips (n=30);

&/alues with different letters in the same row irdecsignificant differences (P<0.05).
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The fatty acid composition of the subcutaneoussdabulated in Table 5.4. As for the fresh
meat samples, higher (both P<0.05) proportions &fA Aand EPA were found in the
subcutaneous fat of the LIN and FISH groups respaygt compared to all other groups. The
EPA proportion of the ALG HIGH group was again upegtedly high, however still 2 fold
lower than for the FISH group. In contrast to tmesh meat, the EPA proportions in the
subcutaneous fat of the LIN and ALG MEDIUM groups dot differ from the SOY group
(P>0.05). Again, DHA proportions in the FISH groampd ALG groups were higher compared to
the SOY and LIN group (P<0.05). In addition for #heG groups, increasing DHA proportions
with increasing amounts of microalgae in the feestenfound. The DHA proportions in the
subcutaneous fat of the SOY and LIN groups werpegts/ely 30 and 13 fold lower compared
to the ALG HIGH group. Results concerning DPA weai analogous with the fresh meat:
while in the meat samples the FISH and LIN groupwsd the highest and comparable
proportions of DPA, in the subcutaneous fat thenésj DPA proportion was found in the
subcutaneous fat of the FISH group, which was tholeehigher than the proportion of the LIN
group (P<0.05). The LA proportion was again theéhbgj in the LIN group and the lowest in the
ALG LOW group, while the AA proportion did not déf among groups except for almost a two
fold higher proportion in the ALG HIGH group compdrto all other groups. It should also be
noted that the subcutaneous fat of all groups awedalower proportions of long chain n-3 and
n-6 PUFA compared to the fresh meat, while arownad fold higher proportions of ALA and
similar proportions of LA were found in the subawgaus fat compared to the corresponding

fresh meat samples.
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Table 5.4.Fatty acid composition of subcutaneous fat (g FB/@Qotal FA; n=6)
ALG ALG ALG

SOY LIN FISH ow medium  high SEM  paiet
C18:3n-3 1.40 297 128 1.37 1.22 1.24  0.108 <0.001
C20:5n-3 0.022 0.039 0350 0.04F 0.065 0.144 0.020 <0.001
C22:5n-3 0.146' 0.209° 0.63Ff 0.176° 0.215  0.372 0.029 <0.001
C22:6n-3 0.034 0.100' 0567 0.40¢ 0.879 1.87 0.106 <0.001
C18:2n-6 14.9¢ 16.0¢ 13.7° 11.F  13.1° 14.7¢  0.354 <0.001
C20:4n-6 0.294° 0.274° 0.240 0.222° 0.294 0.41F 0.012 <0.001
PUFA 18.0% 20.8 17.0" 14.6° 17.0° 19.8° 0.458 <0.001
SFA 33.2° 329° 346° 393 37.7° 38.4 0.508 <0.001
MUFA 45.4° 4247 445 435  42.4° 38.9°  0.457 <0.001
Total FA (0100 9 ¢>1 599 639 650 633 62.1  0.960.760

fat)

SOY= soybean oil fed control group; LIN=linseed fgup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofsnicroalgae (low, medium, high);

SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C201022:0;

MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1;

PUFA = C18:2n-6 + C18:3n-6 + C20:2n-6 + C20:3n-&€20:4n-6 + C22:4n-6 + C22:5n-6 +
C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 +C22:5nG22:6Nn-3;

SEM= standard error of the mean calculated frongrailips (n=36);

&d/alues with different letters in the same row irdéesignificant differences (P<0.05).
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Table 5.5 shows the fatty acid composition of the fdrmented sausages. Again, the LIN diet
resulted in higher ALA proportions in the dry fenmbed sausages compared to all other groups
and higher EPA proportions were found in the FISbug (both P<0.05). Also the effect of EPA
and DHA was still present in the dry fermented ages: higher concentrations of microalgae in
the experimental diets resulted in higher propogiof EPA and DHA in the dry fermented
sausages. However, the DHA proportion of the saasémgm the ALG LOW group was lower
than for the FISH group (P<0.05), whereas the gpssaf the ALG HIGH group contained an
almost 3 fold higher DHA proportion compared to EHH&H group. It is clear that the fatty acid
profile of the dry fermented sausages is a redulhe fatty acid composition of the fresh meat

and the subcutaneous fat.
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Table 5.5. Fatty acid composition of dry fermented sausagdsA(d00 g total FA; n=3)

ALG ALG ALG

SOY LIN FISH ow medium  high SEM Pt

C18:3n-3 1.36° 273 131 152 1.40 1.1F  0.124 <0.001
C20:5n-3 0.044 0.072 0.353 0.067 0.18F 0.13% 0.028 <0.001
C22:5n-3 0.194 0.36F 0.687 0.24G 0.32¢8 0.349 0.043 <0.001
C22:6n-3 0.047 0.106 0579 0.412 0.91Ff 1.385 0.123 <0.001
C18:2n-6 14.8 14.2* 139 115 14.4 12.9  0.272 <0.001
C20:4n-6 0.444 0.40P 0.355 0.39% 0472 0473 0.012 <0.001
PUFA 18.7 19.7 178 153 18.9 17.8  0.295 <0.001
SFA 35.9 344 357 396 38.9 39.0 0.533 <0.001
MUFA 43.0 41.6% 42.8 406 38.4 39.9° 0.473 <0.001
Total FA 264 244 272 271 25.7 200  0.498.123

(g/100g sausage)

SOY= soybean oil fed control group; LIN=linseed fgup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofgnicroalgae (low, medium, high);

SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C201022:0;

MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1;

PUFA = C18:2n-6 + C18:3n-6 + C20:2n-6 + C20:3n-&€20:4n-6 + C22:4n-6 + C22:5n-6 +
C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 +C22:5nG22:6Nn-3;

SEM= standard error of the mean calculated frongrailips (n=18);

#4/alues with different letters in the same row irdesignificant differences (P<0.05).
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Table 5.6 shows the fatty acid composition of thealired hams. The fatty acid composition of
the diets was again clearly reflected in the drgeduhams and similar results as for the fresh
meat were found. The LIN diet resulted in a highkA proportion compared to all other groups
(P<0.05). The EPA proportion was the highest indhyecured hams of the FISH group (P<0.05),
with a seven fold higher proportion compared to $@@Y group. Also in the dry cured hams a
relatively high proportion of EPA in the ALG HIGHa@up was found. The EPA proportion of
the LIN group was three fold lower compared to Bi8H group (P<0.05), but 2.5 fold higher
compared to the SOY group (P<0.05) and did noediifom ALG LOW and ALG MEDIUM.
The highest DHA proportion was found in the ALG HH@roup, which was 17 fold higher
compared to the SOY group. The DHA proportionshef FISH and ALG MEDIUM group were
similar and significantly higher than the SOY an#ilgroup. The DHA content in the dry cured
hams increased with increasing amounts of micreaigahe feeds. For the ALG LOW group,
the DHA proportion was three fold lower comparedthe ALG HIGH group, but two fold
higher compared to the LIN group. The DPA proparsian the dry cured hams was in the order
of FISH>LIN>all ALG=SOY. For the n-6 FA, the highest proportions of LA & were found

in the LIN group. It should be noted that for albgps the proportions of ALA were higher in
the dry cured hams compared to the fresh meatewamilthe contrary all long chain n-3 PUFA

and AA were lower in the dry cured hams.
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Table 5.6. Fatty acid composition of trimmed dry cured ham&£g100 g total FA; n=6)

ALG ALG ALG

SOY LIN FISH ow medium  high SEM Pt
C18:3n-3 091 192 100 1.0 0868 0776 0.068 <0.001
C20:5n-3 0.1258 0.32f 0.907 0.202° 0.288° 0.508 0.047 <0.001
C22:5n-3 0.378 056% 0.858 0.326 0.32f 0.407 0.034 <0.001
C22:6n-3 0.108 0.274 0.83¢ 0.614 1.02 1.7¢  0.090 <0.001
C18:2n-6 13.3% 157 135 11.0 119 12.8  0.353 <0.001
C20:4n-6 235t 288 201 192 214 257 0.090 0.010
PUFA 184 233 203 163 17.9 19.9¢  0.526 <0,001
SFA 322 308 3168 356 35T 34.5  0.348 <0,001
MUFA 42F 382 409" 419 4068 389 0.462 0.039
Total FA 403 305 350 379  3.62 3.12  0.126.161

(g/100 g ham)

SOY= soybean oil fed control group; LIN=linseed fgabup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofisnicroalgae (low, medium, high);

SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C201022:0;
MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1;

PUFA = C18:2n-6 + C18:3n-6 + C20:2n-6 + C20:3n-&€20:4n-6 + C22:4n-6 + C22:5n-6 +
C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 +C22:5n322:6n-3;
SEM= standard error of the mean calculated frongrallips (n=36);
ad/alues with different letters in the same row irdéesignificant differences (P<0.05).
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To verify the potential nutritional benefit of tiemriched meat and meat products, the amount of
EPA+DHA per 100 g meat was calculated. The amotiERA+DHA per 100 kcal and %RNI
was derived from those results (Table 5.7). Forftegh meat, a two to three fold higher intake
of EPA+DHA was found for the LIN and ALG LOW grougompared to the SOY group. For
ALG HIGH and the FISH group even a six fold increa$ EPA+DHA was achieved in the fresh
meat cuts. Taking into account a recommended d#dke of 667 mg EPA+DHA and an intake
portion of 50 g of meat, this results in a %RNI[202% for the fresh meat from the ALG HIGH
group instead of 0.3% from the SOY group. Howewerclaim for an n-3 PUFA enriched meat
product could be made.

For the dry fermented sausages all diets resuiteal significantly higher EPA+DHA content
compared to the SOY group, varying from a two fioickrease for the LIN group to even an 18
fold increase for the ALG HIGH group. The lattervgarise to a %RNI of 34%, which is one
third of the daily recommended intake. The dry fented sausages from the FISH, ALG LOW
and ALG MEDIUM groups could be claimed as “sourt@-® PUFA” and from the ALG HIGH
group as “food product high in n-3 PUFA”.

The dry cured hams originating from pigs fed th8HFland ALG diets, had three to seven fold
higher concentrations of EPA+DHA compared to theySied group, resulting in the same
increase for %RNI. Still, only the dry cured hamani the FISH and ALG HIGH groups could
be claimed “source of n-3 PUFA”.

Considering the ALA content of all samples, onlg tiiry fermented sausages contained more
than 0.3 g ALA/100 g sausage (data not shown). Kewehey did not contain more than 0.3 g

mg ALA per 100 kcal, so no claim based on the Aloatent could be made.
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Table 5.7. Nutritional value of the n-3 PUFA enriched meat ameht products

SOY LIN FISH ALG AL.G A!'G
low medium high

Fresh meat
EPA+DHA (mg/100 g product) 4.46 8.76 26.7 13.1 23.6 29.0
EPA+DHA (mg/100 kcal) 4.02 7.89 24.0 11.8 21.2 26.2
Claim? - - - - - -
%RNP 0.3 0.7 2.0 1.0 1.8 2.2
Dry fermented sausage
EPA+DHA (mg/100 g product) 24.8 45.7 263 135 291 8 45
EPA+DHA (mg/100 kcal) 6.34 11.7 67.3 34.7 74.6 117
Claim - - source  source source high
%RNI 1.9 3.4 20 10 22 34

Dry cured ham
EPA+DHA (mg/100 g product) 993 19.8 64.7 32.9 650. 72.8

EPA+DHA (mg/100 kcal) 6.80 13.6 44 4 22.6 34.7 49.9
Claim - - source - - source
%RNI 0.7 15 49 25 3.8 55

Calculated using mean fat and protein content psried in the result section and the Atwater
nutrient conversion factors 9 and 4 kcal/g fordiatl protein respectively;

Source of n-3 LC PUFA: > 40 mg EPA+DHA per 100 gdarct and per 100 keal;

High in n-3 LC PUFA: > 80 mg EPA+DHA per 100 g puatl and per 100 kcal,

%9%6RNI was calculated with a daily recommended natrietake of 667 mg EPA+DHA (=0.3%
of the total daily energy intake) and assumingify dgiatake portion of 50 g product.
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DISCUSSION

The addition of different n-3 PUFA sources to thetslof pigs alters correspondingly the fatty
acid composition of the pig muscle and subcutanéatuand consequently also the composition
of the meat products. A higher presence of n-3 Pluffkesh pork or processed pork products,
after supplying n-3 PUFA through the feed was &emd by others: in dry cured sausages and
subcutaneous fat after supplying linseed (Warnantal., 1998), inlongissimusmuscle and
subcutaneous fat after supplying algae (Marriottalet 2002), in dry cured shoulder after
supplying algae (Séarraga et al., 2007)langissimusmuscle aftesupplying linseed or fish oil
(Haak et al., 2008), and in dry cured ham aftepbupg linseed oil or extruded linseed (Musella
et al., 2009). However, it is difficult to quantiteely compare the incorporation of the FA in the
tissues with those found in the present study #erdnt n-3 PUFA concentrations, feeding
conditions and pig breeds were used in the studies.

As substantial DHA proportions were incorporatedammal tissues from the microalgae fed
groups, it can be concluded that dried microalggag feed can be used as DHA source. A clear
dose dependent effect was observed, which wasfalsal in other studies in which marine
algae were added to pig feed: Marriott et al. (300different raw muscles, Sardi et al. (2006)
in longissimusmuscle and subcutaneous fat and Meadus et al. Y20(gacon. In the present
study, relatively high proportions of EPA were fduim the ALG groups. As these proportions
are too high to originate solely from the small wfitees present in the feed or from conversion
of ALA to EPA (considering the results of the SONXdaLIN groups), it is likely that part of the
EPA originated from DHA by retroconversion. Retrogersion is a minor metabolic pathway,
involving one cycle off-oxidation (Sprecher et al., 1995). Feeding highcemtrations of DHA
increased the EPA concentration in rat liver (Kaal., 2010) and after high DHA intake, EPA

concentrations rose in human plasma phospholipida Schacky & Weber, 1985), implying
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that retroconversion took place. We assume thaadlion of 1.8 to 7.1 g/100 g FA DHA in
the present study induced some retroconversion.

Regarding DHA, it is worth mentioning that the DH#oportions in the tissues and meat
products of the LIN group did not statisticallyfdif from the SOY group, implying that it is not
sufficient supplying only ALA, when the objective o increase also long chain PUFA in ones
diet. On the other hand, compared to the SOY grawgignificant increase of EPA and DPA was
seen in the LIN group, which compares well withesthtudies supplying a linseed source in pig
feed (Santos et al., 2008; Musella et al., 200%kHzat al., 2009). According to Brenna (2002)
only 25% of administrated ALA is available for tipeoduction of very long chain PUFA in
humans, whereas the largest part is used for ené@igy low conversion of ALA to DHA is
mostly explained by the rate-limiting enzymé-desaturase. As described by Blank et al.
(2002), the synthesis of EPA and DPA from ALA reqgionly one pass of th-desaturase,
while the synthesis of DHA from DPA requires a setgass at tha6-desaturase after it is
elongated to C24:5n-3. Thus C24:5n-3 would be iaadicompetition with 18 carbon fatty acids
for access to tha6-desaturase, which may explain the complex kiedigtween dietary ALA

and tissue DHA.

Compared to the fresh meat lower proportions ofglamhain PUFA were found in the
subcutaneous fat. This is probably due to relativdagh amounts of phospholipids in the
intramuscular fat of the fresh meat, while subcetars fat consists almost exclusively of
triacylglycerols. Phospholipids are characterised @ high PUFA content, as they are
constituents of cell membranes, mainly represebyddng chain fatty acids (Wood et al., 2008).
On a tissue weight basis, however, the contendtaf and individual PUFA is of course higher
for the subcutaneous fat than for the fresh meat eesult of the much higher total fatty acid

content. This resulted in higher EPA and DHA cotterthe dry fermented sausages and for the
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FISH and ALG groups it is possible to claim thedarats “source of” or “high in” n-3 PUFA.
The fatty acid profiles of the fresh meat and stdnoeious fat are different, but these differences
are not reflected in the fatty acid profile of ttey fermented sausage. For the dry fermented
sausages lean shoulder meat was used insteachpfMioich could explain these differences. In
addition, the drying process can also alter thiy fatid profile of the dry fermented sausages as
the loss of water mainly affects the fatty acid teo of the meat fraction and to a lesser extend
that of the subcutaneous fat. As the dietary treatmvas still reflected in the dry fermented
sausages, it can be concluded that the proceskereim to the production of dry fermented
sausages, such as microbiological activity, lipglynd oxidation (Warnants et al., 1998), did
not greatly alter the fatty acid profile of the sages. Also dry cured hams are subjected to
lipolysis during processing, which can promotedipixidation, especially in PUFA (Coutron-
Gambotti & Gandemer, 1999). Maybe the long chaityfacids were more oxidized during
ripening compared to the less unsaturated ALA, arpig the higher proportions of ALA and
the lower proportions of the long chain unsaturdt@din dry cured ham, compared to fresh
meat. However, as different muscles are comparesl kaution is needed with this hypothesis.
Nevertheless, also after a long ripening periodetifiect of dietary treatment was still present.

In the present study, relatively low concentratiohs-3 PUFA were added to the feed for costs
arguments, however still a significant increas€eePA and DHA content was achieved in the
meat products compared to the control treatment.ekample, when 50 g of fresh meat, dry
fermented sausages or dry cured ham originating ttee ALG HIGH group is consumed, the
intake of EPA+DHA is respectively 14.5, 229 and43@\g of EPA+DHA. This is respectively 2,
34, and 5% of the recommended daily intake of ERA BAHA (Table 5.7), which is resp. 6.5,
18 and 7.3 fold higher compared to the meat pradoginating from pigs fed the control diet.

It should be mentioned that the recommended daibke of EPA+DHA varies among countries

and ranges between 140 to 667 mg/day dependindneradthority guidelines (Aranceta &
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Pérez-Rodrigo, 2012), which consequently altersctdeulated %RNI. As in Belgium a daily
intake of 667 mg EPA+DHA (0.3% of our daily eneiigiake) is recommended by the Superior
Health Council of Belgium (2006), the reported %R/glue is lower than when for example 300
mg EPA+DHA would have been used as recommendey idédke.

According to Sioen et al. (2006), the consumptibtotal meat, poultry and eggs contribute for
10.1% to the daily intake of total n-3 PUFA and 502% and 11.8% to the daily intake of EPA
and DHA respectively for Belgian women. Likewisepwt et al. (2006) emphasized the
importance of meat in the daily intake of long chat3 PUFA in Australia. They estimated that
43% of the consumed long chain n-3 PUFA origindteth meat, poultry and game, because of
the much larger consumption of meat and meat ptedumnpared with that of fish and seafood.
Giving the fact that pork is the major meat source most industrialized countries,
supplementing pig feeds with microalgae could adersibly contribute to the achievement of

the recommended daily intake of EPA and DHA, withixe need of fish oil.

CONCLUSIONS

This study aimed at increasing the long chain nJ&AR of pig meat by including linseed oil,
fish oil or microalgae in the pig feed. From theu#s it is clear that the fatty acid composition
of the experimental diets was reflected in the npeatiucts. Moreover, microalgae were found
to be an excellent source to considerably increaseDHA content of these products. This
outcome is of interest in terms of improving therinal value of pork, without the use of fish
oil. Furthermore, different processing conditionstsas fermentation and a long ripening period
did not drastically change the fatty acid profifedoy fermented sausages and dry cured hams.
Still, PUFA are more prone to oxidation, which abwlter the taste and shelf life of these

products and additional research is necessarysndbpect.
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The EPA and DHA content of loin, dry fermented smes and dry cured ham is
substantially increased when adding microalgabeqigs feed (CH5).

But how does this affect the sensory quality oseéhproducts?

Part Il Increasing the n-3 PUFA content

CH6  Effect on sensory quality
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CHAPTER 6
MICROALGAE INCLUDED IN THE PIG FEED: EFFECT ON
OXIDATIVE STABILITY AND SENSORY QUALITY OF N-3 PUFA
ENRICHED FRESH MEAT, DRY FERMENTED SAUSAGE AND DRY

CURED HAM
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ABSTRACT

This experiment was set up to investigate the sgripaality in terms of lipid oxidation, colour,
texture and consumers acceptability of n-3 fattida@nriched fresh meat cut®r{gissimus
dorsi), dry fermented sausages and dry cured hams. [@saspigs were given an experimental
diet supplemented with 0.6 g/100g linseed oil (LIN)8 g/100g fish oil (FISH) or dried
microalgae (ALG). Three ALG groups were consider®dG LOW, ALG MEDIUM and ALG
HIGH with respectively 0.3, 0.6 and 1.2 g dried roagae per 100 g feed. In the control group
soybean oil was added to the diet. The colour gnd $tability of the fresh meat cuts were not
affected by the added n-3 fatty acids. In the at8/facids enriched dry fermented sausages 1.2
to 1.5 fold higher TBARS values compared to thetmdnwere found and colour and texture
parameters (measured by hardness and chewiness)altered. Problems of fishy and rancid
off-flavours in the ALG HIGH and FISH groups werepported in the dry fermented sausages
from the taste panel survey. The dry cured hanm fath ALG treatments had 1.2 fold higher
TBARS values and inferior texture scores, howebhesse¢ differences were not noticed by the
consumer panelists. There were no colour differetetween the control dry cured ham and the
n-3 fatty acids enriched hams. The volatile compb{)-2-penten-1-ol, typical from long chain
n-3 fatty acid oxidation was 2.7 fold higher in deyred ham from the ALG HIGH group

compared to the control.
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INTRODUCTION

The long chain n-3 polyunsaturated fatty acids (RA3FA), eicosapentaenoic acid (EPA,
C20:5n-3) and docosahexaenoic acid (DHA, C22:6re8¢rt positive effects on human health
(reviewed by Narayan et al., 2006). However, intakehese fatty acids is low in Western
societies and direct enrichment of meat with tHesg chain n-3 PUFA by dietary means could
help bridging the gap between the recommended andhlaintake. In a previous experiment
(chapter 5), we succeeded to considerably incrisesEPA and DHA content of fresh meat, dry
fermented sausage and dry cured ham by supplergentaroalgae in the pig feed, which makes
microalgae a sustainable alternative for the widedgd fish oil. Unfortunately, the increased
degree of unsaturation of these fatty acids makesheed meat products more susceptible to
oxidative damage which can negatively affect theatmguality (Wood et al., 2008), so
assessment of the sensory quality traits of n-3eRAched meat products is needed. Dry cured
hams are particularly susceptible to oxidation ttweheir long ripening time. While a small
amount of oxidation products is required to gettiipecal aroma of dry cured ham, an excessive
oxidation leads to off-flavours (Coutron-Gambotti @andemer, 1999). As microalgae are
supplemented in this study, the off-flavours frorRAand DHA deserve special attention.
Although not as long as dry cured hams, also dmypéated sausages are exposed to a ripening
period. Moreover, the fermentation process, min@ngd high fat content could also influence
the oxidation processes of this product. Pork Hatks traditionally used in the formulation of
dry fermented sausages, due to its relevant cantitoib to the properties of the final product,
including its appearance and consistency (Valertial., 2006). Yet, changing the fatty acid
composition of the muscular and subcutaneous fanhgds the lipid melting point and fat
firmness (Wood et al., 2008), which subsequentlyla¢influence texture and palatability of the

meat products.
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The aim of present trial was to further investigdie effect of microalgae, added to the diet of
pigs, on the oxidative stability and sensory gyadit n-3 FA enrichedongissimusmuscle, dry
fermented sausage and dry cured ham. Meat produgisating from linseed and fish oil fed

pigs were included in the experiment for comparison

MATERIALS AND METHODS

This study was conducted using the samples obtdinatda previous trial (chapter 5). Therefore,
for the experimental set-up, sampling, carcass uneagents and manufacturing of the meat
products please consult chapter 5. Briefly, cra=ss$hpigs were given an experimental diet
supplemented with 0.6 g/100g linseed oil (LIN), §/200g fish oil (FISH) or dried microalgae
(ALG). Three ALG groups were considered: ALG LOW,@ MEDIUM and ALG HIGH with
respectively 0.3, 0.6 and 1.2 g dried microalgaelio® g feed. In the control group soybean oll

was added to the diet (SOY).

1. Colour measurements

Colour coordinates (CIE L*a*b* colour system, 197@kre measured with a HunterLab
Miniscan Minolta XE plus spectrocolorimeter (lighdurce of D65, standard observer of 10°,
45°/0° geometry, 1 inch. light surface). The L*, afd b* values are a measure of lightness,
redness and yellowness respectively. Measuremaritsedoin (M.longissimus dorsin=10) and
subcutaneous fat (n=10) were conducted approxignd@h after slaughter. The loin cuts (slices
of 2.5 cm) were subsequently exposed to illuminatatled display (1000 lux, 4°C) and colour
parameters were measured after five days. Measuatsma the dry fermented sausages (n=4)
and the dry cured hams (n=k&mimembranosususcle) were conducted at room temperature

immediately after slicing.
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2. Lipid oxidation

Malondialdehyde (MDA), a secondary lipid oxidatiproduct, forms a coloured complex with
2-thiobarbituric acid (TBA) which was determinedesprophotometrically at 532 nm. The
longissimus dors(n=5) and trimmed dry cured hams (n=6) were asdessmg a distillation
method based on Tarladgis et al. (1960). lAmgissimus dorssamples were firstly exposed to
illuminated chilled display (1000 lux, 4°C) for 8vdays. As the dry fermented sausages (n=3)
contain nitrate and nitrite, an extraction methathywerchloric acid was applied (Ventanas et al.,
2006). Results are expressed as mg MDA/ kg meat.

The peroxidisability index (PI) of the feed wasatdhted from the fatty acid composition of the
feed (reported in Chapter 5) according to Kangl.e2805). Pl = (%amonoenoic acid*0-025) +
(%dienoic acid*1l) + (%trienoic acid * 2) + (%tetramc acid*4) + (%pentaenoic acid*6)+
(%hexaenoic acid*8), with 0.025, 1, 2, 4, 6 andethp the relative oxidation rates of fatty acids

containing 1, 2, 3, 4, 5 or 6 double bonds respelsti

3. Volatile compounds

Volatile compounds of the dry cured hams were agskby SPME-GC/MS (Solid Phase Micro-
Extraction — Gas Chromatography/Mass Spectroscdaged on Ventanas et al. (2006) with
some modifications. The volatile compounds wereraeted from the headspace using a
carboxen-polydimethylsiloxane (CAR/PDMS) fiber (86n thickness) (Supelco, Bellefonte,
Pennsylvania, USA). One gram of homogenised triminach was put in a 10 ml vial and
volatile compounds were extracted in a heating kbkoc 60 min at 37°C. Extracted volatiles
were analyzed using a gas chromatograph (Agilerdain6890N) coupled to a mass-selective
detector (Agilent model 5973, Agilent Technologi&iggem, Belgium). Compounds were
resolved on a HP-5 column (30 m x 250 um x 1 um, @%nyl methyl siloxane, Agilent
Technologies, Diegem, Belgium), at an inlet tempegea of 280°C. Hydrogen flow was 1.1
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ml/min and the temperature program was as follod@C for 10 min, increase at 3°C/min to

170°C, increase at 30°C/min to 250°C and hold fonib. N-alkanes were run under the same
conditions to calculate the Kovats index (KI). idizs were identified first by comparing its

mass spectra with those available in the Wiley Mggsctral Database and then by comparison
of the KI with those reported in literature. Theearof each peak was integrated using
ChemsStation software and the total peak area wed as an indicator of volatile generated from
the samples. Samples were analyzed in triplicatefgeeling group and results are provided in

arbitrary area units (AAUx T

4. Sensory analysis

For the dry fermented sausages, a consumer testavesd out at the laboratory of animal
nutrition and animal product quality (Melle, Belgil Eight slices (1 mm thickness) of dry
fermented sausage from SOY, ALG LOW and ALG HIGHsrev randomly presented to an
untrained panel of 56 consumers aged between 158@ngkars. Simultaneously, two other
treatments (T1 and T2) from another experiment vieckided in the sensory analysis. It was
not possible to exclude them from the trial as tiveye offered simultaneously to the panellists.
Therefore, statistical analysis was conducted dholy these two treatments, but they will not be
further discussed. The slices were taken from #fegerator and distributed on plates 30
minutes before the start of each session so thatslices were at room temperature when
consumed. The consumer panellists were asked te sl overall taste of the product on a 5-
point scale (1 = very bad; 5 = very good). Panemimers were also asked to mention off-
flavours. Each consumer had two times four slidesample sausage that were placed on white
plastic dishes, identified by random three-digitminers and served to the consumer panel at
room temperature. On each plate one treatment Waed twice. In total each treatment was

tasted 92, 85, 91, 87, 89 times for respectivelyy SO1, T2, ALG LOW and ALG HIGH.
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Consumers were isolated in individual booths, aistilléd water and unsalted crackers were

provided to cleanse their palates between tadtiegamples.

For the dry cured ham, the assessments were cawieth a sensory laboratory (VG Sensory,
Deinze, Belgium) equipped according to ISO 858@ddads. Forty two male and forty eight
female adults who regularly eat dry cured ham weuited to participate. Each panellist
received 4 whole slices (0.5 mm thickness). Theesliwere taken from the refrigerator and
distributed on plates 30 minutes before the stadach session so that the slices were at room
temperature when consumed. The slices were randoodgd using a three-digit number. A
semi-monadic method was used according to Assoni&iancaise de Normalisation (2000): the
slices were assessed one after another, remowvengrévious slice before the following one was
served. The judgments were expressed on a 9-padbriic scale ranging from disliked
extremely (score 1) to excellent (score 9). Theluatad traits were: taste, visual perception,
colour of the fat border, odour, mouth feel andrall@cceptance of perception. In the beginning
of the product assessment, after tasting but beafegedetailed questions, panellists were also

asked to write down spontaneous likes and dislikes.

5. Texture measurements

Texture profile analysis was carried out at roomperature with &'A 500 Texture Analyser
(Lloyd Instruments Ltd, Bognor Regis, United Kingalp The head of the texture analyser was
equipped with a massive cylinder of 1.2 cm diamatet was programmed to move vertically at
a speed of 100 mm/min. The test consisted of tvogessive compression ramps to a value of
50% of the unloaded specimen height. Slices oftththeight were subjected to this two-cycle
compression test (n=18 for dry cured ham and nx4lifp fermented sausages). The parameters

hardness (N) and chewiness (Nxmm) were determinddepresent respectively the maximum
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force required to compress the sample and the wedded to masticate the sample for

swallowing (Bourne, 1982).

6. Statistical analysis

Results were submitted to one-way ANOVA with dietatment as fixed effect (SPSS 22.0).
Mean differences between groups were tested usmJwkey’s post hoc test operating at a 5%
level of significance. For the dry fermented saesaglifferences in overall taste and frequency
of detecting off-flavours were investigated usingeavay ANOVA considering treatment as
fixed effect. For the sensory analysis of the drsed hams, a balanced, incomplete block design

(BIBD) was used. Differences were considered sigaift when p<0.05.

RESULTS

1. Colour

Colour L*a*b* values of théongissimusmuscle andgubcutaneous fat 30h after slaughter did not
differ among feeding groups (p>0.05; data not showikewise, no differences on the colour
parameters were noticed in tlmmgissimusnuscle after five days of illuminated chilled sigea
(Table 6.1). On the other hand, dietary treatmeinds significantly affect the colour of dry
fermented sausages and dry cured ham (p<0.05, Babjle

For the L* values of the dry fermented sausagdsAbG and FISH groups did not differ
(P>0.05) from the control SOY group, whereas thB igroup was darker (P<0.05). The a*
values varied from a maximum of 15.1 in the LIN @gwoto a minimum of 13.1 in the ALG
MEDIUM group, but none of the n-3 FA enriched dgrrhented sausages differed from the

control dry fermented sausage (P>0.05). The b*esahf the LIN, FISH and ALG HIGH groups
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were 1.1 fold higher (P<0.05), while similar values0.05) were found for the ALG LOW and
ALG MEDIUM groups in comparison to the SOY group.

For the dry cured hams, no differences among trewtisrwere noticed for the L* values. There
was a significant effect of diet on the a* and latues, but differences between treatments were

not consistent. Both lower and higher values f& th3 feeding groups compared to the SOY

group were found.

Table 6.1. Colour parameters dbngissimus dors(n=10) dry fermented sausage (n=4) and dry
cured ham (n=6)

SOY LIN FISH ALG ALG ALG SEM  Pgiet

low medium high

Longissimus dorsi*

L* 55.2 54.0 539 546 559 544 0.210.498
ax 9.68 9.55 10.2 101  9.39  10.3 0.101518
b* 16.4 16.3 16.8 16.8 16.7 17.0 0.063320
Dry fermented sausages
L* 47.6% 439 45.8° 48.F 48.7F 49.3 0.417 <0.001
ax 13.6* 15 145" 14.P* 131 13.6° 0.160 <0.001
b* 9.6 10.6 104 9.86° 9.65 10.6 0.102 <0.001
Dry cured ham
L* 38.4 384 385 390 364  37.2 0.290.079
ax 15.0 13.8 154 134 152 141 0.2110.018
b* 11.3 98¢ 128 1023 11.4* 105 0.230 0.001

SOY=soybean oil fed control group; LIN=linseed fgobup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofsnicroalgae (low, medium, high);

SEM = standard error of the mean calculated frdrgralups;

"Measurements were carried out after 5 days of itiated chilled display (1000 lux, 4°C);
Although p<0.05 according to the ANOVA analysis, diferences were reported by the Tukey
Post Hoc test.

#%/alues with different letters in the same row irdesignificant differences (P<0.05).
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2. Lipid oxidation

The TBARS values of théongissimusmuscle, after five days of illuminated chilled desp
were relatively low and did not differ (P>0.05) Wween treatments (Table 6.2). The higher
peroxidisability index of the feed is reflectedarower oxidative stability of the resulting meat
products: 1.2 to 1.5 fold higher TBARS values ie th3 FA enriched dry fermented sausages
and dry cured hams compared to the control weredodowever, no significant differences for
the LIN and FISH groups compared to the SOY graugpath the dry cured hams and dry
fermented sausages were noticed and also the anef¢ed sausages of the ALG LOW group
did not differ from the SOY group (P>0.05). ALG HiGand ALG MEDIUM showed the

highest TBARS values in both dry fermented sausagedry cured ham.

Table 6.2. Peroxidisability index of the feed and mean TBARSues of thdongissimus dorsi
(n=10) dry fermented sausages (n=3) and dry cured hantg,(expressed as mg MDA/kg meat

SOY LIN FISH ALG ALG ALG SEM  pgiet
low medium high

Peroxidisability index

Feed 412 417 630 555 721 103 - -
TBARS

Longissimus dorsi 0.138 0.132 0.149 0.165 0.147 0.169 0.068 0.725
Dry fermented sausage  0.87Ff 1.02 1.04 1.03® 14F 154 0.068 <0.001
Dry cured ham 0.32F 0.376° 0.439" 0.468 0.495 0.478 0.015 0.002

SOY=soybean oil fed control group; LIN=linseed fgaup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofisnicroalgae (low, medium, high);

SEM = standard error of the mean calculated frdrgralups;

Pl =peroxidisability index of the feed calculatedrh the fatty acid composition of Chapter 5 =
(%omonoenoic acidx0-025) + (%dienoic acidx1)+ (%inie acidx2) + (Y%tetraenoic acidx4) +
(% pentaenoic acidx6)+ (Y%hexaenoic acidx8); Karg).€2005);

Measurements were carried out after five dayslariinated chilled display (1000 lux, 4°C).
abyalues with different letters in the same row irdésignificant differences (P<0.05).
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Expressed in arbitrary area units, no differenées0(05) for hexanal, heptanal and nonanal, n-
aldehydes frequently used as lipid oxidation markevere found in the dry cured hams
originating from pigs fed different experimentakt, nor for (Z2)-1-octen-3-ol and acetic acid
(p>0.05). On the other hand, the amount of (E){2¢®1-ol was the lowest in the SOY and
ALG LOW groups, being significant lower than thdsend in ALG HIGH samples (P<0.05).
Intermediate values were measured for LIN, FISH abwds MEDIUM samples. The main
volatiles, ethanol, 1-pentanol, 1-hexanol, 2-prapem 2-pentanone, 2-heptanone, ethyl
butanoate and 2,2,4,6,6-pentamethylheptane didsihotv any significant differences among
treatments (P>0.05, data not shown). The remainihgtiles were not quantified nor analysed,
as focus in the present study was on oxidationymisdoriginating from PUFA.

Similar results were found when expressing theltesis percentage of area relative to the total

peak area.
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Table 6.3.Volatile compounds of the dry cured hams (n=3) egped as arbitrary area units
(AAUx10°% and as percentage of area relative to the tetH prea (%)

SOY LIN FISH ALG ALG ALG SEM Pyt
low medium high

AAUx10°
Hexanal 764 494 506 483 845 923 689 0.224
Heptanal 85.5  90.4 109 88.9 97.5 105  6.15 0.892
Nonanal 7.92 137 819  8.33 8.73 16.2  1.44 0.456
Acetic acid 30.0 324 326 322 28.5 32.6 7.2 0.998
(E)-2-penten-1-ol 28.8 52.6° 429" 349 38.6" 784 49  0.017
(Z2)-1-octen-3-ol  20.7  24.2 16.1  17.2 18.3 29.7 165 0.124
%
Hexanal 8.18  4.74 3.92  5.07 7.67 8.96 074 0.242
Heptanal 0.857 0.867 0.825 0.936 0.888 1.02 0.06 0.968
Nonanal 0.106 0.131 0.080 0.086 0.080 0.160 0.012 0.356
Acetic acid 245  3.34 5.62  3.28 2.56 311 054 0.634
(E)-2-penten-1-ol 0.28F 0.523" 0.334 0.354 0354 0757 0.047 0.008
(Z)-1-octen-3-ol  0.202 0.246 0.126 0.173 0.162 0.287 0.018 0.059

SOY=soybean oil fed control group; LIN=linseed fgobup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofsnicroalgae (low, medium, high);

SEM = standard error of the mean calculated frdrgraups (n=18).

abyalues with different letters in the same row irdésignificant differences (P<0.05).
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3. Sensory Analysis

Significant differences (P<0.05) for overall tasfethe dry fermented sausages were found by
the consumer panellists. Mean consumer scores R&®+0.81, 3.24+0.94, 2.81+0.99 for
respectively SOY, ALG LOW and ALG HIGH. According the panellists, the taste of the ALG
HIGH sausages was unacceptable and different fra@ BOW and ALG SOY (P<0.05), while
the taste of the SOY and ALG LOW groups was acddptand did not differ among each other.
A rancid and fishy taste was found in all groupswaver, big differences in frequency were
found: in 3.3, 6.8 and 24.4% of the consumed sasmplancid or fishy taste was noticed by the
consumers in respectively SOY, ALG LOW and ALG HIlGidated dry fermented sausages.
According to VG Sensory, a frequency higher tha#iolfdicates a remarkable off-taste of the

product.

No significant differences between the treatmeatstie sensory acceptability of the dry cured
hams were found (P>0.05). Average values for “dvexreceptance of perception”, “aspect”,

“colour fat border”, “odour”, “mouth feel” and “téss’ were respectively 6.56+0.23, 6.56+0.14,
6.26+0.16, 6.27+0.13, 6.57+0.20, 6.48+0.20. TheralV@acceptance of perception was strongly
correlated with mouth feel and taste (r2>0.90).fi8by odour and flavour were detected in any

sample by the consumer panel.
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4. Texture

The hardness and chewiness of the dry fermenteshgas and dry cured hams were affected
(P<0.05) by the dietary treatments (Table 6.4). Gamed to the SOY group, the dry fermented
sausages from the FISH and LIN group were cleatftes (P<0.05), while the sausages from the
ALG groups did not differ (P>0.05). The chewine$she ALG LOW group was comparable to
the SOY group (P>0.05), while all other groups lader values (P<0.05).

Both the hardness and chewiness of the dry curet lwgere clearly affected by the long chain
n-3 fatty acids, as all ALG groups and the FISHugrehowed lower values compared to the
SOY group (P<0.05). On the contrary, the hardnesschewiness of the LIN group were not

affected (P>0.05) when comparing to the SOY group.

Table 6.4.Texture parameters, hardness (N) and chewiness ifNxof dry fermented sausages
(n=4) and dry cured hams (n=18)

ALG ALG ALG
SOY LIN FISH low medium high SEM  Piet

Dry fermented sausage

Hardness 56% 45.1° 445 57.7 47.8° 47.7° 1.31 <0.001
Chewiness 275 151 1423 202 159 15  7.02 <0.001
Dry cured ham

Hardness 52% 49.5° 355 339 359° 37.3° 1.54 <0.001
Chewiness 105 94.9¢ 56.3 43.§ 58.7° 64.4° 4.16 <0.001

SOY=soybean oil fed control group; LIN=linseed fgbup; FISH=fish oil fed group; ALG=
microalgae fed group with different concentratiofsnicroalgae (low, medium, high);

SEM = standard error of the mean calculated frdrgralips.

#%/alues with different letters in the same row irdesignificant differences (P<0.05).
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DISCUSSION

The aim of this research was to investigate thelaiie stability and sensory quality of n-3 FA
enriched fresh meat, dry fermented sausage andcuirgd ham, produced from pigs fed
microalgae, rich in DHA.

The limited degree of oxidation in the fresh meatisq<0.2 mg MDA/kg muscle) is probably
due to the low intermuscular fat content of the arigapprox. 1.2g/100g meat). According to
Wood et al. (2008) TBARS values above 0.5 mg MDAfMgscle are considered critical for
fresh meat since they indicate a level of lipiddation products which produce a rancid odour
and taste which can be detected by consumers.diticag the colour and colour stability was
not affected by the added algae suggesting thit ossible to increase the EPA and DHA
content of fresh meat using microalgae in the piedf without major sensory consequences.
Likewise, Sarraga et al. (2007) did not find anffedences in TBARS values in raw ham
containing 2.1 g/100 g FA EPA+DHA (which is similax the ALG MEDIUM group of the
present study) compared to pigs fed a conventidiel Also, no fishy or rancid odour was
found in their DHA enriched cooked ham. Also Mattriet al. (2002) did not find differences in
off-flavour, juiciness, and overall flavour of tsemimembranosususcle containing 0.55 g/100
g FA EPA+DHA originating from microalgae in the piged. Lipid oxidation and myoglobin
oxidation in meat are coupled and both reactionseap capable of influencing each other
(Faustman et al., 2010). During oxidation of oxymipdin, both superoxide anion and hydrogen
peroxide are produced and further react with immprtoduce hydroxyl radicals. The hydroxyl
radical has the ability to penetrate into the hptiabic lipid region and hence facilitates lipid
oxidation. On the other hand, lipid oxidation reésuth a wide range of aldehyde products, which
are reported to induce the oxidation of oxymyoghobn addition, metmyoglobin formation is
generally greater in the presence of unsaturatgehgties than their saturated counterparts of

equivalent carbon chain length (Chaijan et al..808s in the present study the PUFA profile of
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the meat products differed considerably betweeatrtrents, it was expected that also different
amounts of lipid oxidation products among groupsenv®rmed, which consequently would
influence the colour stability of the meat produdiswever, in the present study it was found
that the colour parameters were not or only ldffected by the PUFA content of the meat.

Many volatiles compounds were retrieved from thg dared hams, being mainly alcohols,
ketones, esters and (branched) alkanes, whichdglteave been characterized in dry cured hams
(Garcia-Esteban et al., 2004; Ruiz et al., 199id@&tion of unsaturated fatty acids in fish is
related to the formation of (E)-2-pentenal, (E)e«bnal, (Z)-4-heptenal, (E,E)-2,4-heptadienal
and 2,4,7-decatrienal and other volatiles formethduoxidation of fish lipids are 1-penten-3-ol,
1-octen-3-ol, 1,5-octadien-3-one, hexanal, heptamal 2,6-nonadienal (Iglesias & Medina,
2008). In additioninduced oxidatiorof fish oil particularly rich in EPA and DHA, resad in

the formation (assessed by SPME) of acetic acid3{dcten-1-ol, (E)-2-penten-1-ol, (E,E)-2,4-
heptadienal, (E,Z)-2,6-nonadienal, 4-octene, (BB}onadien-1-ol, and (Z,Z)- 2,5-pentadien-
1-ol, propanoic acid, (Z,Z,Z2)-4,6,9-nonadecatriezv@ndecanone, ethyl decanoate, (E)-2-octene,
ethyl dodecanoate, (Z)-9-octadecenal, (Z,2)-2,5qutien-1-ol, (E)-2-pentenal, 1-penten-3-ol, 2-
(1-pentenyl) furan (Lee et al., 2003). Thereforspezially these volatile compounds were
searched for in the present study. Yet, from atvabmentioned volatile compounds, only
hexanal, heptanal, acetic acid, (E)-2-penten-3ral &)-1-octen-3-ol were detected. Other
studies investigating the effect of EPA and/or DEAviched feed on the volatile profile of meat,
however, did find quite a lot of these abovemerdgrolatiles in poultry (Rymer et al., 2010),
beef (Elmore et al., 1999) and lamb (Elmore et2005). Maybe the long time curing process
affected the occurrence of these volatiles in tlyecdred hams of the present study. To the best
of our knowledge, this is the first time that th@atiles of dry cured hams enriched with EPA
and DHA originating from algae was investigated.e#c acid is a product of carbohydrate

fermentation (Soto et al., 2008), while hexanafptheal and (Z)-1-octen-3-ol originate from the
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oxidation of n-6 fatty acids (Meynier et al., 1998he lack of differences between treatments
compare well with the fatty acid profile (See Clah), as the n-6 PUFA content of the dry
cured hams was similar between treatments. Onthiez band, (E)-2-penten-3-ol is formed from
oxidation of EPA and DHA (Lee et al., 2003), whiekplains the higher occurrence of (E)-2-
penten-3-ol in the ALG HIGH group. Similarly, Elneoet al. (2005) found much more (E)-2-
penten-3-ol in the headspace of grilléddngissimus muscle from lambs fed on diets
supplemented with algae and fish compared to loh$éee lambs.

The consumer panel did not perceive any differemetween the dry cured hams, which is in
agreement with the overall low TBARS values andfthe differences in volatile compounds.
On the other hand, the present results are in &sintvith other studies where adverse affects of
n-3 fatty acids in dry cured hams were noticed bgssry panellists (following feeding of
rapeseed, Pastorelli et al., 2003; pure DHA extaétom fish oil, Sarraga et al., 2007; linseed
oil, Santos et al., 2008; extruded linseed, Musgtlal., 2009). The n-3 fatty acid percentages of
the dry cured hams in the present study were simiaeven higher compared to the above
mentioned studies (except for Santos et al., 20@8¥t likely, the difference in total n-3 fatty
acid content per 100 g of dry cured ham, due tiedihces in fat content, explain the differences
between the present results and the cited studidhd consumers’ acceptability. The fat content
of the dry cured hams may greatly differ accordtngslaughter weight, pig genotype and
ripening period of the dry cured hams. Musellale{(2009) suggested that dietary addition of
antioxidants can preserve the long chain fattysamdoroducts with a long shelf life such as dry
cured ham. Possibly the high supplementation-tificopheryl acetate in the present study (150
mg/kg) delayed the oxidation processes and cons#gumfluenced positively the sensory
characteristics of the dry cured hams. Santos €2@08) reported no adverse effects on sensory
traits of dry cured hams originating from pigs fieaseed oil with 220 mg/kgi-tocopheryl

acetate, while dry cured hams with 20 mgéktpcopheryl acetate were not accepted by trained
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experts. Also, the expertise of the sensory patelltrained versus naive persons) could have
affected the results of the sensory analysis.

The mechanical characteristics hardness and chssvoan be explained in terms closely related
to actual consumer perception: hardness is the fiirquired to compress a substance between
the molar teeth and chewiness is the length of tiea@ired to masticate a sample at a constant
rate of force application, to reduce it to a comsisy suitable for swallowing (Bourne, 1982).
The n-3 enriched dry cured hams originating frogaalfed pigs showed inferior hardness and
chewiness compared to the control group, due tio tingh EPA and DHA content which affects
the fat firmness (Wood et al., 2008). In additiomre lipid oxidation was found in those dry
cured hams. So even though not noticed by the comspanel, the increased n-3 FA did to
some extent influence the quality parameters ofrf8eenriched dry cured hams. For the dry
fermented sasuges, the lowest values for hardness wmexpectedly found in the LIN and FISH
groups, which can not be explained by their fattid gorofile or by their crude composition.
Other factors must have affected the texture paenn®f these sausages, which however can
not be determined using the present data

Regarding the n-3 FA enriched dry fermented sawss#igeugh high concentrations of dietary
algae, distinct fishy and rancid flavour was obedripy a great part of the consumer panellists.
Apparently, the supplementation of 150 mgéktpcopheryl acetate was not sufficient to protect
against lipid oxidation in these dry fermented ghfat - sausages. As the algae fed groups did
not contain any fish oil, no fishy off-flavour waspected in these meat products. Although no
other study producing dry fermented sausages frig® fed microalgae was found to confirm
this, it appears that oxidation of EPA and DHA cinite to these fishy off-flavours,
independently which source was used. Likewise, Msa al. (2009) reported problems of off-
odours and off-flavours in cured bacon from pig$ @6 g/100 g microalgae, however they did

not mention a fishy taste. It should be furtherlesgd whether it is possible to circumvent the
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negative effects in these highly n-3 FA enrichedaimgroducts by either dietary means or
processing practices. On the other hand, the igaet quality traits of the dry fermented
sausages originating from pigs fed 0.3 g/100g naigae, did not differ from the control group.
This dry fermented sausage contains 135 mg EPA+DRBA/g product (see chapter 5) and
eating 50 g of this dry fermented sausage wouldriturte five times more to the recommended

daily intake of EPA and DHA compared to a convemdiadry fermented sausage.

CONCLUSIONS

Results demonstrate that it is possible to prodiesh meat cuts and long ripened dry cured ham
from pigs fed the up to 1.2 g/100 microalgae witiproved nutritional properties and minor
negative effects on the sensory properties. Dmnéerted sausages produced from pigs fed the
lowest dose of microalgae (0.3 g/kg) had a simijaality to the conventional dry fermented
sausages, but with still a five fold higher concatnon of EPA and DHA. Feeding pigs 0.6 and

1.2 g/100 g microalgae resulted in unacceptabldatrgented sausages.
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Dry fermented sausages enriched with n-3 PUFA lvaegior sensory quality compared to

conventional sausages (CH6).

Does supplementation of supra-nutritionatocopherol doses in the feed improve the

oxidative stability?

Part Il Increasing the n-3 PUFA content

CH7  Role ofa-tocopherol in feed
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CHAPTER 7

OXIDATIVE STABILITY OF PORK, SUBCUTANEOUS FAT AND D RY
FERMENTED SAUSAGE FROM PIGS FED DIETS SUPPLEMENTED

WITH FISH OIL AND DIFFERENT LEVELS OF ALPHA-TOCOPHE RYL
ACETATE
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ABSTRACT

The effect of feeding supra-nutritional levelsoefocopheryl acetate on lipid oxidation, colour
and colour stability of loin (Mlongissimus dorsiand dry fermented sausages enriched with
very long chain n-3 polyunsaturated fatty acids staslied. Pigs were fed a diet supplemented
with 1.75 g/100 g fish oil and three levels wtocopherol: 95, 175 and 400 mg/kg. Loin and
subcutaneousu-tocopherol levels were elevated as a result of dmtary a-tocopherol
supplementation (P<0.05). About two fold highetocopherol concentrations were present in
the subcutaneous fat as compared to the corresgphaln samples. During 8 days of chilled
display thea-tocopherol concentrations of the loins decreasetsiderably. Lipid oxidation, as
measured by thiobarbituric acid reactive substgnoehe loin and dry fermented sausages was
not improved (P>0.05). However, in the subcutandatigeduced lipid oxidation was found
when comparing 95 mg/kg versus 175 and 400 mg/kacopherol (P<0.05) supplementation
after induced oxidation (seven days at 30°C). dhitiolour L*, a*, b* values of the loin and
subcutaneous fat were not affected (P>0.05), wadulae modest differences (P<0.05) in the dry
fermented sausages indicate a slight positive efethe a-tocopherol supplementation. Colour
stability of defrosted loins and dry fermented s@es was not affected by the investigated

dietarya-tocopherol levels (P>0.05).
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INTRODUCTION

The nutritional recommendation for optimum animalfprmance under normal management
and environmental conditions in fattening pigs wdapes the use of 15-40 mg all-rac-
tocopheryl acetate/kg feed. However, numerous etutiave shown that the use of supra-
nutritional levels ofa-tocopherol is an efficient approach to improve thality and storage
stability of pork (reviewed by Jensen et al., 1998pha-tocopherol is considered as the primary
lipid soluble antioxidant in biological systems, ialh acts by disrupting the chain of lipid
oxidation in cell membranes, thus preventing threnfdion of lipid hydroperoxides (Bramley et
al., 2000). The presence @ftocopherol in membranes, where lipid oxidatiomisiated, allows

it to function very efficiently compared to othemtimxidants (Lauridsen et al., 1997). Dietary
supplementation results in the incorporatiorngbcopherol within membranes, making this a
more effective approach than addingtocopherol post-mortemto meat. Thepost-mortem
exogenous addition probably results in extensiveasa contact with muscle, but this contact is
only superficial and not intramembranal; only prajed dietary supplementation allows for
incorporation ofa-tocopherol into subcellular compartments (Liu bt 4995). The effect of
dietarya-tocopherol on lipid and colour stability in frepbrk has been extensively studied and
has been shown to be effective (Jensen et al.,; 1838I@s & Koukolova, 2011; Trefan et al.,
2011).

The increasing awareness of the need to augmerdaiheintake of n-3 polyunsaturated fatty
acids (n-3 PUFA) and especially the very long chainosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) for health reasons (Boulms, 1999), has prompted research into
means of manipulating the fatty acid compositiomefat. As these n-3 PUFA are more prone to
oxidation (Wood et al., 2008), it can be hypothedizhat increasing n-3 fatty acid levels
requires increased levels of dietary antioxidasieh asu-tocopherol, to avoid negative effects

on meat quality. Positive effects of supra-nutntib supplementation ai-tocopherol on the
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oxidative stability of n-3 PUFA enriched fresh pdrtve been reported (Onibi et al., 2000; Rey
et al., 2001; Juarez et al., 2011; Botsoglou et28112; Sobotka et al., 2012; Botsoglou et al.,
2014), but its effect on the oxidative stabilityref3 PUFA enriched meat products is less well
documented (Hoz et al., 2004). As the antioxiddfdce of endogenous-tocopherol in meat
products may depend on their fat content, it shdaddinvestigated if supplementation of
tocopherol also enhances the oxidative stability-8fPUFA enriched meat products high in fat.
The objective of this study was to investigate tdodour and lipid oxidative stability of dry

fermented sausages produced from pigs fed fisanoilhigh levels od-tocopherol.

MATERIALS AND METHODS

This experiment was conducted simultaneously witle txperiment of chapter 5. The
experimental set-up, sampling, carcass measureraadtsnanufacturing of the meat products
and chemical analyses are therefore generally dheesHowever, the material and methods

section is still included because of some expenaletifferences.

1. Experimental set-up and sampling

Three groups of ten female crossbred pigs each fatiened under commercial conditions on
different diets from 75 kg until 110 kg live weigWater and feed was offered libitum The
feed was based on barley, wheat and soybean mdamanufactured by Lambers-Seghers
(Baasrode, Belgium). The three experimental dietssisted of different levels ef-tocopheryl
acetate (50, 150, 300 mg/kg feed) and 1.75 % fisfgL00 g feed) to increase the very long
chain n-3 PUFA content of the pork products. Aktdiwere formulated to an equal fat content
(5.1%, as fed) and energy supply (2270 kcal/kgfeay and supplemented with 0.4 mg/kg
organic selenium (Selplex, Alltech, Deinze, Belg)unihe fish oil was supplied by INVE

Technologies NV (Dendermonde, Belgium) and othgradients were purchased on the local

168



Chapter 7

market. The composition of the experimental distpresented in Table 7.1. Feed samples were
collected for fatty acid analysis ametocopherol content. As thetocopherol analysis revealed
that higher amounts ef-tocopheryl acetate were supplemented insteadeoptbposed 50, 150
and 300 mg/kg, treatments are referred to as T9%5 Bnd T400 with respectively 95, 175 and
400 mg/kga-tocopherol in the feed.

All pigs (ten per treatment) were slaughtered apraxmately 110 kg live weight in a
commercial slaughterhouse after electrical stunifiigstviees, Westrozebeke, Belgium). After
slaughtering and cooling for 24h, loin samples wabéained from M.longissimus dorsand
subcutaneous fat was taken from the back-fat. Enepkes were transported to the laboratory
and part of them were used for colour measurem@apisroximately 30h after slaughter). The
other samples were stored vacuum packed at -206Canalysis. From three animals per dietary
group also left shoulder meat and additional subeedus fat was sampled and pooled for the

production of dry fermented sausages.

169



Chapter 7

Table 7.1. Composition of the feed (g/100g feed, % as fed)

T95 T175 T400
Corn 15.0 15.0 15.0
Wheat gluten 14.7 14.5 14.2
Barley 15.0 15.0 15.0
Wheat 15.0 15.0 15.0
Wheat shorts 12.0 12.0 12.0
Sorghum 11.0 11.0 11.0
Soybean scrap 47% CP 8.7 8.7 8.7
Peas 3.0 3.0 3.0
Rendered Animal Fat 0.28 0.28 0.28
L-Threonine 0.09 0.09 0.09
DL-Methionine 0.02 0.02 0.02
L-Lysine 1.0 1.0 1.0
Ca carbonate 38% 1.15 1.15 1.15
Vitamin-mineral premix * 1.00 1.00 1.00
a-tocopheryl acetate 5% 0.00 0.20 0.50
Soy oll 0.27 0.27 0.27
Fish oll 1.75 1.75 1.75
Energy (kcal, as fed) 2270 2270 2270

T95, T175, T400: experimental feed supplementech viish oil and
respectively 50, 150 and 3@&tocopheryl acetate (mg/kg feed).
lvitamin-mineral premix (“kern” Lambers-Segehrs ofitheco) contained
5 g/kga-tocopheryl acetate and 0.04 g/kg organic selerfibetiplex).
%o-tocopheryl acetate concentrate contained 50 gfiagopheryl acetate.
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2. Carcass measurements

Warm carcass weight and carcass lean meat pereaentsmjassessed at the slaughterhouse for all
pigs (n=30). At 24hpost mortempH (Knick portamess 654, Knick Elektronische Mgsste
GmbH, Berlin, Germany) with Schott N5800A electrd&ehott Instruments, Mainz, Germany)
and conductivity (Pork Quality Meter, Kombi, Int&ékmbH, Aichach, Germany) were measured

in the loin (M.longissimus dor$i

3. Production of dry fermented sausage

Dry fermented sausages were produced at Ter Gr@emste (Brugge, Belgium) using a
standard commercial recipe. For each treatmenatéhlwas made that consisted of 2.1 kg lean
shoulder meat, 0.9 kg subcutaneous fat, 84 g Na@,KNO; 30 g spices (Raps, Beringen,
Belgium) and 1.5 g starter culture (Biosprint frétaps, Beringen Belgium). All sausages were
prepared on the same day. Frozen shoulder meattfraa different animals was minced in a
bowl chopper, together with all additives, exceatON Subsequently, the frozen subcutaneous
fat was added and mincing was continued until adgenous batter was obtained. Then, NacCl
was included and the batter was further choppeil anemperature of -2°C was reached. The
mixture was stuffed into 6 cm diameter casingsdHarked at 30 cm and the sausages were left
for six hours at ambient temperature (day 1). Afteat, the sausages were placed in a
fermentation chamber and the following conditiofigemnperature and relative humidity (RH)
were applied: 24°C and 95% RH (day 2), 23°C and $#%o(day 3), 21°C and 90% RH and
smoking for one hour (day 4), 20°C and 88% RH (Slamtil day 7) and from day 8 until day 23
the temperature was kept at 17°C with 76% RH. Bindhe dry fermented sausages were

vacuum packed and stored at 4°C for colour measmenand at -20°C for chemical analyses.
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4. Proximate composition

Dry matter, crude protein and crude fat contenthef fresh meat and dry fermented sausage
(n=2) were determined according to the ISO 144231930 937-1978 and ISO 1444-1973
methods, respectively. Fresh meat samples weren takerandom from three animals and
analyses were carried out in single (n=3), while dny fermented sausage, chosen at random,
was analysed in duplicate (n=2). Results were agack as g/100 g fresh matter. For the fatty
acid analysis, lipids were extracted from the sasplsing chloroform/methanol (2/1; v/v)
(modified after Folch et al., 1957). Fatty acidsrevenethylated according to Raes et al. (2001)
and analysed by gas chromatography (HP6890, Bgyd8elgium) on a CP-Sil88 column (100
m x 0.25 mm x 0.25 um; Chrompack, The Netherlandsaks were identified based on their
retention times, corresponding with standards (NekClerep., IL, USA; Sigma, Bornem,
Belgium). Nonadecanoic acid (C19:0) was used aatamal standard to quantify the individual
and total fatty acids. A number of samples werenakt random per treatment, i.e. n=5 for fresh
meat and n=3 for dry fermented sausage, while pos#&nples of six animals (equal weight)
were analysed in duplicate for the subcutaneou@gfdt). The fatty acid profiles were expressed
in g/100 g of total fatty acid methyl esters antldatty acid content is expressed as g FA/100 g
fresh matter.

The a-tocopherol content of the loins was determinedating to the method of Desai (1984)
with slight modifications and involves a saponifioa step and hexane extraction. Since
saponification often leads to lossesuetbcopherol in feed and samples with a high fateot) a
method for the determination eftocopherol in feed and subcutaneous fat was dpedlo
without a saponification step (Claeys et al., 201d)this methodgu-tocopherol was extracted
with hot ethanol, and the co-extracted fat was redoby centrifugation. Removal of the fat

fraction was made possible by the addition of waterachieve an ethanol/water ratio of 40/7,
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followed by cooling on ice before centrifugationhela-tocopherol was extracted from the
ethanol fraction with hexane.

For all matrices the hexane was evaporated usinggen gas and the residue was mixed in 1 ml
of methanol. All samples were analysed by reversegse HPLC (GE Healthcare, Diegem,
Belgium), using a Supelcosil LC18 column (25 cm.8 ihm x 5 um; Sigma-Aldrich, Bornem,
Belgium). The mobile phase was a mixture of methamder (97/3; v/v) and the elution was
performed at a flow rate of 2.0 ml/min. UV-deteatimas accomplished at a wavelength of 292
nm. Thea-tocopherol content of the samples was determiryecoimparison of peak areas with
those obtained from a standard curveaebcopherol. The results were expressed asomg

tocopherol/kg sample.

5. Oxidative stability

Lipid oxidation was assessed by the TBARS metho@loktialdehyde, a secondary lipid
oxidation product, forms a coloured complex witithisbarbituric acid (TBA) which was
determined spectrophotometrically at 532 nm. Tha Bnd subcutaneous fat samples were
assessed using a distillation method based ondiasl@t al. (1960). Before the distillation step,
the meat or fat was homogenized with water andlbytiyoxytoluene was added as antioxidant.
The fresh loin samples (n=5) were never frozen,dxosed approximately 30h after slaughter
to illuminated chilled display (1000 lux, 4°C) fove days. Slices of 2.5 cm were wrapped in an
oxygen permeable plastic foil. Other loin slices@nhwere frozen at -18°C for nine months and
after thawing subjected to the same display camubti( 1000 lux, 4°C) for eight days. To induce
lipid oxidation in the subcutaneous fat, five granese weighted in a plastic jar, covered with an
oxygen permeable plastic foil and left in an ovén3@°C in dark for seven days. The dry

fermented sausages (n=3) were immediately frozem apening and as they contain nitrate and
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nitrite, an extraction method with perchloric aeids applied (Ventanas et al., 2006). Results

were expressed as mg malondialdehyde/ kg meat.

6. Colour stability

Colour coordinates (CIE L*a*b*colour system, 197@G)re measured with a HunterLab
Miniscan Minolta XE plus spectrocolorimeter (lighource of D65, standard observer of 10°,
45°/0° geometry, 1 inch. light surface). The L*, aid b* values (CIE L*a*b* colour system)
were assessed as a measure of respectively lighteehess and yellowness. Measurements on
the loin (n=10) and subcutaneous fat (n=10) weredaoted approximately 30h after slaughter.
For colour stability measurements, defrosted laits dslices of 2.5 cm) were wrapped in an
oxygen permeable foil and subjected to illuminatbdied display (1000 lux, 4°C) during eight
days. Measurements on the dry fermented sausagé} \rere conducted at room temperature
immediately after slicing and each day for thedwaiing seven days. Before slicing, the whole
dry fermented sausages were allowed to achieve teomperature and before the first colour
measurements, slices were wrapped in an oxygeneadimplastic foil.

The colour fading of the defrosted loins was meagas a decline in a* values from day 0 until
day 8 and data were fitted to a non-linear, onesphexponential decay curve. In general,
exponential decay equation models many chemicab@idgical processes. It is used whenever
the rate at which something happens is proportitméie amount which is left. The equation for

an one-phase exponential decay curve is:

Y=(YO - plateau) x exp (-K x X) + Plateau
with YO = initial a* value (intercept)
Plateau = the ultimate a* value

K (expressed in inverse minutes) = the rate cohstan
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As the dry fermented sausages have a high fat mbated due to oxidation this fat becomes
yellowish during display, it was more suitable &port the increased yellowness of the dry
fermented sausage for colour stability. The b* ealrom day O until day 7 were fitted to a non-
linear, one-phase exponential association curveafl@ad Prism6, Demo 2014). However,
generally this equation describes the pseudo-firder association kinetics of the interaction
between a ligand and its receptor. During each titexval a certain fraction of the unoccupied
receptors become occupied. But as time advancesr feeceptors are unoccupied so fewer
ligand bind and the curve levels off. The equatmman one-phase exponential association curve
Is:
Y =YO0 + (plateau - Y0) x (1 — exp (K x X))
with YO = initial b* value (intercept)

Plateau = the ultimate b* value

K (expressed in inverse minutes) = the rate cohstan

The measurements were fitted separately per répliaad the fitted parameters for YO, plateau,
and K were further used for statistical analysé® oodness of fit was checked by tHev&ue,

which was at least 0.90 for the defrosted loin ar@B for the dry fermented sausages. Four
ambiguous fittings were found for the defrostea$piwhich were not included in the statistical

analyses.

7. Statistical analysis

The data were submitted to analysis of varianch digt as main effect (SPSS Statistics 22.0). A
new factor combining exposure day with diet was en@mdassess the differences betweeruthe

tocopherol content of the unexposed and the explmsedamples and one-way ANOVA was
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used. Mean differences between groups were tesiad the Tukey post hoc test operating at a

5% level of significance.

RESULTS

Relatively high concentrations of EPA and DHA, argging from the supplemented fish oil,
were found in the diets (Table 7.2). We did notceed at adding 50, 150 and 300 mgékg
tocopherol in the feed, instead 93, 175 and 40kgngttocopherol was recovered (Table 6.2).
This implies that there is no control treatmenthwat basal level of 50 mg/kg-tocopherol.

Luckily, still clearly different levels of dietary-tocopherol were supplied.

Table 7.2 Fatty acid composition (g FA/100 g total FA) antbcopherol content (mg/kg) of the
experimental diets

T95 T175 T400

C18:3n-3 3.16 3.15 3.07
C20:5n-3 5.78 6.70 6.58
C22:5n-3 0.73 0.87 0.83
C22:6n-3 5.03 5.93 5.66
C18:2n-6 31.9 30.2 29.6
C20:4n-6 <0.10 <0.10 <0.10
PUFA 48.0 48.5 47.4
SFA 23.3 22.9 24.0
MUFA 23.1 22.8 22.9
Total FA (g/100 g feed) 4.07 4.28 4.51
a-tocopherol 93.6 175 400

T95, T175, T400: experimental feed supplementet fish oil and respectively 95, 175 and 400
mg/kg a-tocopherol; PUFA = C18:2n-6 + C18:3n-6 + C20:2r-68C20:3n-6 + C20:4n-6 +
C22:4n-6 + C22:5n-6 + C18:3n-3 + C18:4n-3 + C2M3nC20:5n-3 +C22:5n-3 + C22:6n-3;
SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C20:0

MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1.
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The mean (x standard deviation) warm carcass wditp®2 + 6 kg) and carcass lean meat
percentage (62.0 = 2.7%) did not differ betweemlifeg groups (P>0.05). Likewise, conductivity
in the loin(4.59 + 0.95 ) was not influenced by the diet (P5).and nor was the pH value (5.57
+ 0.09). For the loin, no effect of diet was fouiod dry matter (29.2 = 0.9 g/100 g meat), crude
fat (1.07 £ 0.46 g/100 g meat) and crude protetQ2: 0.9 g/100 g meat) content (P>0.05).
Similarly, no differences were found among groupsthe dry matter (62.6 + 1.5), crude fat
(30.4 + 1.8) and crude protein (23.9 £ 1.2) contdrihe dry fermented sausages (P>0.05).
Relatively high amounts of EPA, DPA and DHA wererid in the loin, subcutaneous fat and
dry fermented sausages (Table 7.3). No effeottoicopherol supplementation on the FA profile
of the loin was observed (P>0.05), while a sigafficeffect was found in the subcutaneous fat
and in the dry fermented sausages (P<0.05). Howdwerdifferences between treatments were

limited in magnitude and are not further discussed.
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Table 7.3. Fatty acid profile (g/100 g total fatty acids) dfetloin (M. longissimus dorsin=>5),
subcutaneous fat (pooled sample, n=2) and dry flei@desausage (n=3)

T95 T175 T400 SEM e
Loin
C18:3n-3 0.522  0.500 0.548 0.021 0.689
C20:5n-3 2.12 1.93 2.23 0.179 0.820
C22:5n-3 1.01 1.05 1.04 0.067 0.970
C22:6n-3 1.31 1.39 1.34 0.104 0.955
C18:2n-6 12.0 11.1 12.0 0.756 0.861
C20:4n-6 2.36 2.28 2.32 0.231 0.992
PUFA 20.3 19.2 20.5 1.37 0.925
SFA 345 34.0 33.8 0.717 0.932
MUFA 41.3 41.8 39.3 1.18 0.690
Total FA (g/100 g loin) 1.33 1.52 1.19 0.093 0.370
Subcutaneous fat
C18:3n-3 1.29  1.35¢ 1.37 0.015 0.024
C20:5n-3 0.742 0.83% 0.792 0.017 <0.001
C22:5n-3 0972 1.0Z 0.93¢ 0.016 0.020
C22:6n-3 1.13 1.23 1.13 0.021 0.015
C18:2n-6 148  14.8 15.¢F 0.132 0.010
C20:4n-6 0.241  0.243 0.237 0.016 0.306
PUFA 19.8 20.4 20.6 0.149 0.010
SFA 329 34.0° 33.5¢ 0.217 0.015
MUFA 41.9 40.3 40.7 0.266 0.006
Total FA (g/100 g fat) 78.1 83.9 88.8 2.27 0.128
Dry fermented sausage
C18:3n-3 1.30 1.29 1.36 0.013 0.051
C20:5n-3 0.849 0.906  0.907 0.011 0.017
C22:5n-3 1.03 1.13 1.18 0.024 0.004
C22:6n-3 1.1% 1.23 1.3F 0.022 <0.001
C18:2n-6 1486  14.7 15.¢F 0.175 0.032
C20:4n-6 0.375 0.410  0.358 0.009 0.003
PUFA 19.7 20.7 21.F 0.234 0.013
SFA 35.6 36.3 35.1 0.316 0.325
MUFA 39.7 38.5 37.0 0.507 0.089
Total FA (g/100 g sausage) 27.1 238 25. 7% 0.677 0.019

T95, T175, T400: loin, subcuteneous fat and drynfarted sausages produced from pigs fed fish oll
and respectively 95, 175 and 400 mgdktpcopherol;

PUFA = C18:2n-6 + C18:3n-6 + C20:2n-6 + C20:3n-6C20:4n-6 + C22:4n-6 + C22:5n-6 +
C18:3n-3 + C18:4n-3 + C20:3n-3 + C20:5n-3 +C22:5n(322:6n-3;

SFA =C12:0 + C14:0 + C16:0 + C17:0 + C18:0 + C20:0

MUFA = C14:1 + C16:1 + C17:1 + C18:1 + C20:1;

SEM = standard error of the mean calculated frdrgraups;

“Yalues with different letters in the same row iradé significant difference$€0.05).
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The a-tocopherol content and lipid oxidation results atenmarized in Table 7.4. Increased
dietary supplementation aftocopheryl acetate resulted in elevated levels-twicopherol in the
loin and subcutaneous fat (P<0.05). About two foigher a-tocopherol concentrations were
present in the subcutaneous fat compared to thespmnding loin samples. During the eight
days of chilled display the-tocopherol concentrations decreased significantly.

The TBARS values found in defrosted loin cuts aélight days of chilled display were about ten
fold higher compared to those found in fresh lamgples after five days of chilled display. For
both cases, no effect of thetocopherol dose was observed, as no significafierdnces
between treatments were found (P>0.05). On theragntTBARS values in the subcutaneous
fat from pigs fed 95 mg/kg-tocopherol were on average two fold higher comppaneT 175 and
T400 samples after seven days of induced oxidatoB0°C. Thea-tocopherol level did not

influence lipid oxidation in dry fermented sausa(fes0.05).

Table 7.4 o-tocopherol content (mg/kg) and lipid oxidation (M@A/kg) in loin (longissimus
dorsi, n=6), subcutaneous fat (h=6) and dry fermented sause) (

T95 T175 T400 SEM Riet
a-tocopherol content
Loin 2.43* 313 3.3P* 0.117 <0.001
Loin after eight days of display 1.30Y 2.04Y 1.89%Y 0.132 0.036
Subcutaneous fat 4368 528 710 0.457 0.031
Lipid oxidation
Loin after 5 days of display 0.160 0.164 0.136 0.011 0.557
Defrosted loin after 8 days of display 1.63 1.59 1.76 0.103 0.810
Subcutaneous fat 13.9 598  7.9¢ 0.903 0.001
Dry fermented sausage 2.43 1.83 2.32 0.156 0.243

T95, T175, T400: loin, subcuteneous fat and drynfarted sausage produced from pigs fed fish
oil and respectively 95, 175 and 400 mgédktpcopherol;

Measurements were carried out after seven dayslated lipid oxidation at 30°C in dark;

SEM = standard error of the mean calculated frdrgralups;

ab/alues with different letters in the same row iradéesignificant differences (P<0.05);

“YEffect of display oru-tocopherol content of the loins: values with diffet letters within the
same treatment indicate significant difference)(Ps).

179



Chapter 7

Colour measurements of the unexposed fresh loirsahdutaneous fat did not reveal significant
differences among the groups for the L*, a* andvhtues (Table 7.5). The dietamytocopherol
supplementation did not affect the YO, plateau eaté contant K, obtained from fitting the
individual a* values of the defrosted loins to a&qvhase decay exponential curve (Figure 6.1).
For the dry fermented sausages (Table 7.5 and éig@), significantly higher L* and lower a*
values were found in the sausages produced fromfpdj400 mg/kg-tocopherol as compared
to those from pigs fed 95 or 175 mg/kgocopherol acetate (P<0.05). The b* values at@ay
and the YO values obtained from fitting the b* \veduto a one-phase association exponential
curve were different between all three groups (Bs0and the order was T175<T400<T95,
while no effect of dietarg-tocopherol supplementation was observed for taeepli and the rate
constant K.

Table 7.5 Colour measures of freshly cut loilorfigissimus dorsin=10), subcutaneous fat (n=) and
dry fermented sausage (n=3)

T95 T175 T400 SEM Bt

L*

Fresh loin 51.4 51.3 52.7 0.426 0.345
Subcutaneous fat 78.5 78.6 78.2 0.442 0.946
Dry fermented sausage 45.9 46.3 47.8 0.266 0.001
a*

Fresh loin 7.17 7.27 7.26 0.153 0.962
Subcutaneous fat 3.89 4.11 4.27 0.226 0.792
Dry fermented sausage 14.58 14.3 13.4 0.188 0.010
b*

Fresh loin 14.3 14.6 14.7 0.124 0.459
Subcutaneous fat 11.7 11.6 12.1 0.184 0.551
Dry fermented sausage 10.58 9.6%F 9.97° 0.115 <0.001

T95, T175, T400: loin, subcuteneous fat and dryntarted sausage produced from pigs fed fish oil
and respectively 95, 175 and 400 mgéktpcopherol;

SEM = standard error of the mean calculated frdrgralips;

#%Yalues with different letters in the same row iradesignificant differences (P<0.05).
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Defrosted loin

15+
-o- 95mghkg
-a- 175 mgkg
o 10 - 400 mgkg
=
.-} ®
5
[ S-
0 L] 1 1 1 1
0 2 + 6 8 10
days of chilled display
T95 T175 T400 SEM  py..
YO0 10.1 10.2 10.9 0.333 0.397
Plateau 4.43 4.16 4.77 0.364 0.849
K 0.415 0.268 0.240 0.051 0.335

Figure 7.1.Onephase exponential decay curve fitted to the mekouca* value per treatment
for illustration purposes. Parameters obtained fromrttiwidually fitted data are summarized
the table beneath the figurT95, T175, T400: defrosted loin cupoduced frompigs fed
respectively 95175 and 400 mg/l a-tocopherol.SEM = standard errorf the mean calculated

from all groups.
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Dry fermented sausage

251
201
= 151
[
[
* 10 - 95 mglkg
- -a 175 mg/kg
< -~ 400 mgikg
O I L] 1 1
0 2 4 6 8
days of chilled display
T95 T175 T400 SEM Py
YO0 10.6* 9.69° 10.1° 0.123 0.001
Plateau 277 22.5 259 1.08 0.132
K 0.196 0.272 0.210 0.019 0.261

Figure 7.2.Onephase exponentiassociation curve wdgted to the mean colob* values per
treatment forillustration purposes. Parameters obtained fromitlkvidually fitted data ar
summarized in the table beneeT95, T175, T400: dry fermented sausage producead fims
fed fish oil and respectively 95, 175 and 400 mca-tocopherol.SEM = standard eor of the
mean calculated from all group®**alues with different letters in the same row iradé

significant differences (P<0.05).
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DISCUSSION

The purpose of this study was to investigate whekhgh levels of dietary-tocopherol can
enhance the colour and lipid oxidative stabilityne8 enriched PUFA meat products.

Increased dietary supplementation @ftocopherol resulted in elevated levels in the M.
Longissimus dorsand the results compare well with those reportgdShles & Koukolova
(2011) and Trefan et al. (2011). The levelostocopherol after dietary intake varies between
tissues, which probably depends on the metabotiviges and fat content of the tissue. The
highest levels ofi-tocopherol are found in the kidney fat and suboetas fat, followed by the
liver, lung, heart, kidney, muscle and brain (Mssgy, et al., 1996), which explains the higher
a-tocopherol content in the subcutaneous fat congp@r¢he loins.

It was expected that the elevatetbcopherol concentrations in the loin would bée@kd in an
improved oxidative stability of the loin, but thigas not the case. As tletocopherol content
decreased during illuminated chilled display, whiaiplies that then-tocopherol was utilized
during oxidation processes, it may be suggested tiiere was no additional benefit of
supplementing 175 or 400 mg/kgtocopherol compared to the antioxidant effect 5fndg/kg
dietarya-tocopherol. Botsoglou et al. (2014) conducted a@l@gous experiment, investigating
the effect of dietary-tocopherol (20 versus 200 mg/kg) on lipid oxidatia M. longissimus
dorsi from pigs fed 2 g/100 g fish oil. Compared to firesent study, very similar EPA and
DHA proportions (3.6 g/100 g fatty acids) and TBAR&lues after six days of illuminated
chilled display (approx. 0.15 pg MDA/kg meat) wdoend in the samples supplemented with
200 mg/kga-tocopheryl acetate, while in the loins of pigs fexly 20 mg/kga-tocopheryl
acetate four fold higher TBARS were found. Extrapioin of these results would imply that in
the present study supplementation of 95 mgikgcopherol did exhibit an antioxidant effect.
Regrettably, no control treatment with basal lev#ls-tocopherol was included in the present

study to verify the antioxidant effect of 95 mgftigtarya-tocopherol.

183



Chapter 7

Studies reporting positive effects of dietauytocopherol on lipid oxidation in n-3 PUFA
enriched pork all compared against a basal dietamung 0-40 mg/kg dietary-tocopherol
(Onibi et al., 2000; Rey et al., 2001; Juarez gt2411; Botsoglou et al., 2012; Sobotka et al.,
2012; Botsoglou et al., 2014) and no additional éiiérof increasing dietaryi-tocopherol
supplementation from 200 to 400 or 500 mg/kg wamdb(Onibi et al., 2000; Juéarez et al.,
2011). In addition, Trefan et al. (2011) also répdra gradual decrease in TBARS in
conventional pork as levels of dietarstocopherol increased up to 100 mg/kg, with noHeirt
changes at higher levels of supplementation. Omther hand in subcutaneous fat, levels of 175
mg/kga-tocopherol had a greater protective effect comparé®5 mg/kgr-tocopherol.

It was expected that the improved antioxidant prige of the subcutaneous fat would have
been reflected in an enhanced oxidative stabifityhe dry fermented sausages, but the higher
tocopherol levels of the raw materials offered ppaaent advantage in reducing lipid oxidation
or improving colour stability of the dry fermentsdusages. Only the modest differences in
colour parameters just after slicing, indicate ighsl positive effect ofu-tocopherol, with the
lower b* values indicating less lipid oxidation tine fat fraction of the dry fermented sausages.
Of course, the oxidation reactions in dry fermensadsages are more complex compared to
fresh meat and subcutaneous fat, due to factolsasiprocessing procedures and additives used.
Mincing and mixing disrupt muscle structure andréase the surface exposed to oxygen and
other oxidation catalysts (Chizzolini et al., 1998he pro-oxidant effect of NaCl seems in part
to be attributed to the capability of NaC1 to dég@ iron ions from binding macromolecules for
oxidative reactions (Kanner, 1994), while the cgragents may act as antioxidants (Honikel,
2008). The fermentation process is based on tleeaiction between meat, fat, bacterial growth,
physico-chemical phenomena and biochemical prose€3eidation of unsaturated fatty acids
can occur during maturation and, to a certain éxiems a useful phenomenon as it produces

flavour compounds (Ordéfiez et al., 1999).
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Doses of 400 mg/kg-tocopherol in the pig diet are already high anplgdementing even higher

concentrations would not be useful. Hence, thera iseed for other approaches to reduce
oxidation processes in n-3 PUFA enriched meat prisddor instance, by added antioxidants
during processing (Valencia et al., 2007; Garcigtiéiz de Ciriano et al., 2009; Garcia-ifiguez

de Ciriano et al., 2010).

CONCLUSIONS

The oxidative stability, in terms of lipid oxidaticand colour stability, of n-3 PUFA enriched
loin and dry fermented sausage was not improvesupplementing 175 or 400 mg/kg dietary
tocopherol levels, compared to the supplementatib®5 mg/kg. A beneficial effect ofi-
tocopherol against lipid oxidation was observedha subcutaneous fat, but this was poorly

reflected in the oxidative stability of the dryr@ented sausages.
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It is possible to produce n-3 PUFA enriched meadpcts that substantially increase the
daily recommended nutrient intake of EPA and DHA.

Do these enhanced products improve the healthssadtier consumption?

Part Il Increasing the n-3 PUFA content

CHS8 Effect on health
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CHAPTER 8
DIETS CONTAINING N-3 PUFA ENRICHED PORK: EFFECT ON
BLOOD LIPIDS, OXIDATIVE STATUS AND ATHEROSCLEROSIS IN

RABBITS

Redrafted after
Vossen E., Raes K., Maertens L., Vandenberge VakHa Chiers K., Ducatelle R., De Smet S.
(2012). Diets containing n-3 fatty acids enrichexkp effect on blood lipids, oxidative status

and atherosclerosis in rabbits, Journal of FoodtiBamistry, 36: 359-368.
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ABSTRACT

The beneficial health effects of n-3 fatty acide arainly attributed to the very long chain n-3
fatty acids eicosapentaenoic acid (C20:5n-3, ERA) docosahexaenoic acid (C22:6n-6, DHA).
However, in most n-3 enriched food produetBnolenic acid (C18:3n-3, ALA) is used as the
source of n-3 fatty acids, assuming that conversioALA to EPA and DHA will occur in the
body after consumption. In this research healthmhiders were evaluated in rabbits after
consumption of pork enriched with n-3 fatty acidgyimating from linseed oil (ALA) or fish oil
(DHA+EPA) fed pigs. Rabbits were fed a pelleted dienulating a meat-based adult human diet.
The meat fatty acid profile was steered by feegigg a diet with linseed- or fish oil. Significant
changes in the fatty acid profile of different tiss and blood were found in the rabbits. During
the experiment, the Total Cholesterol/HDL-Cholestdif C/HDL-C) ratio decreased and the
TC/LDL-Cholesterol (TC/LDL-C) ratio increased iretfish oil pork group, while for the linseed
oil pork group the TC/HDL-C ratio increased and eftect was measured for the TC/LDL-C
ratio. The oxidative status was altered by theadjetreatments compared to the baseline and
atherosclerosis developed during the experimerit,nbudifferences between the two feeding
groups were found. The results highlight the im@ace of selecting the appropriate n-3 fatty
acid source for enriching food products, since plookn fish oil fed pigs differently affected

health parameters compared to pork from linseeftedipigs.
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INTRODUCTION

Health authorities in industrialized countries aosvadays advising to increase the consumption
of n-3 fatty acids, particularly the very long ah&atty acids EPA and DHA. The n-3 fatty acids
are considered important for normal growth and bigraent and for decreasing or delaying the
development of a number of chronic diseases inefudardiovascular disease, hypertension and
diabetes (Simopoulos, 1999). The main effects 8ffatty acids on human health can be divided
into three main categories: their essentialitypacific organs, their significant role in lowering
blood lipids and their role as precursors for meagabiochemical and physiological responses
(Williams, 2000; Ruxton et al.,, 2004; Narayan et a006). However, besides the claimed
positive health effects, these fatty acids are mpmene to oxidation due to their highly
unsaturated character. Increased oxidation of dipsdn disturb the oxidative status of an
organism and consequently affect the endogenedisx@ant enzyme activity of GSH-Px and
CAT (Hsu et al., 2001). There is evidence that Bered oxidative status is associated with
diseases such as diabetes, Alzheimer’'s diseasatlamabsclerosis (Stocker & Keaney, 2005).
Despite attempts to provide education about healtating patterns, there are several barriers
such as a lack of interest towards changing onie's dr concerns about having to compromise
on taste or enjoyment (Kearney & McElhone, 1999mére successful strategy to improve the
n-3 fatty acid content of the overall diet would theprovide these fatty acids in food products
that are already popular. Besides adding n-3 fatigl sources during the processing of foods,
incorporation of n-3 fatty acid rich products ligeass, rapeseed, linseed and fish oil in livestock
feeds, resulting in accumulation of these fattydagn animal products, is receiving increasing
interest (Raes et al., 2004). Most of these niy fatid rich products provide ALA as source for
n-3 fatty acids, claiming that conversion of ALA EPA and DHA will occur in the body.
However, according to Brenna (2002), only 25% @& #dministrated ALA is available for the

production of very long chain polyunsaturated fadiyids, since the other part is used for

191



Chapter 8

metabolic pathways throughoxidation. The equal amounts of linoleic acid (€86, LA) and
ALA in both diets in this study, allows assessihg effects of the very long chain fatty acids
versus the effect of enriching feeds with ALA to dmnverted to longer chain derivatives in the
animal. The hypothesis of this study was that the af fish oil or linseed oil in the pigs feed,
results in different fatty acid profiles and consently affect in a different way the health effects
and oxidative status of humans consuming the nd8teed meat.

To verify this hypothesis, the objective of thisudt was to investigate the effects of
consumption of dietary n-3 fatty acid enriched pork the fatty acid composition, oxidative
status, blood lipid profile and the developmentatiierosclerotic lesions. A# ivivo animal
studies have established that rabbits are sustepdlexperimental atherosclerosis induced by
feeding a high-cholesterol diet and this animalcise shares several aspects of lipoprotein
metabolism with humans (Moghadasian, 2002), théitallas chosen here as an experimental

model.

MATERIAL AND METHODS

1. Experimental set-up

For this experiment 10 male New Zealand rabbitsewesed. From the age of 8-9 weeks and a
mean weight of 2.20 + 0.12 kg, the rabbits wereskedufor 8 weeks in individual cages at the
Institute for Agricultural and Fisheries ReseartitvVQO, Melle, Belgium). They were separated
in two equal groups (n=5 per group) based on liegght and feed intake. One group received a
diet including pork and lard from pigs fed linsemt(LP group) and the other group a diet with
pork and lard from pigs fed fish oil (FP group) €seirther). The animals received watat
libitum and 140 g feed per day in the morning, in accardawith their requirements for

maintenance and growth. Feed refusals were remdedy and weighed. Live weight was
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recorded weekly. Blood samples of the rabbits waken from the ear vein at the start of the
trial and after 4 and 8 weeks. The blood was imatetli separated into plasma and red blood
cells (2000 g, 10 min), and stored at —21°C untihlgsis. After 8 weeks, the rabbits were
euthanized by intravenous injection of T61 (IntérWechelen, Belgium). At necropsy, samples
were taken from the heart, coronaries, ascendintp,athoracic aorta, abdominal aorta and
femoral artery. The vessels were fixed immediatelphosphate buffered 10% formaldehyde.
The samples were embedded in paraffin accordirggaiodard techniques. Heart and part of the
thoracic aorta were stored vacuum packed at -2biCidity acid analysis. The study was

approved by the Ethical Committee of ILVO, Belgi(2005/34).

2. Feed composition

The two experimental diets consisted of conventiombit feed ingredients, to which different
sources of cooked pig meat and lard were addetnniglate a meat-based human diet. The diets
were supplemented with 1% of cholesterol to indatteerosclerosis. The pork products were
available from a previous trial (Haak et al., 2008) which the pork fatty acid profile was
steered by feeding pigs either a diet with linsegdrich in ALA) or fish oil (rich in EPA and
DHA). To incorporate the pig meat in the feed pelléhe meatl¢ngissimus thoracisnuscle)
was cooked for 40 min at 70°C, ground (2700 g, P@rsd lyophilized. Subsequently the
lyophilized meat was ground again (22400 g, 20 kg cholesterol, pig meat powder and melted
lard were mixed with the basic feed and pelletdte ihgredient composition of the rabbit feed is
presented in Table 8.1. The cholesterol contentiaasneasured in the final diet, but it can be
calculated that the contribution of cholesterolnfrthe meat and the lard used in the diets is
negligible compared to the 1% added cholesterod dmmount of pig meat and lard included in
the feed was calculated based on the human consimgztabase of Belgium (Devriese et al.,
2006). According to these data, the daily intakemfadult is on average 135.0 fresh meat and

43.6 g meat products. Assuming that meat prodwmsisist of 50% lard and 50% meat, the total
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average daily intake is 156.8 g meat and 21.8dj [Ehis daily intake corresponds to 146.6 kcal
for the meat fraction (based on a content of 20%igmm x 4 kcal/g protein and 1.5% fat x 9
kcal/g fat) and 157.0 kcal for the lard fractioragbd on 80% fat x 9 kcal/g fat). Assuming an
average daily total energy intake of 2200 kcal,dbetribution of meat to the total energy intake
was estimated at 6.66% and the contribution of #rd.14%. The daily rabbit energy intake was
set at 600 kcal, so proportionally 40 kcal (42.8npat and 42.8 kcal (5.9 g) fat, had to be
included in the experimental diet. Taking into agubthe daily allowance of 140 g feed, this

corresponded to 30.55% meat (=7.64% lyophilized)pand 4.25% lard.
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Table 8.1. Composition (g/100 g) of the experimental rabbgtfe

Composition Content
Wheat shorts 30.20
Wheat 7.00
Sunflower seed scrap 13.00
Beet pulp 9.00
Flax chaff 21.00
Molasses 4.00
Calcium carbonate 0.20
Mineral-vitamin premix 2 2.50
Salt 0.11
Methionine 0.10
Lyophilised pork 7.64
Lard 4.25
Cholesterol 1.00
Chemical composition

Crude fat 9.53
Crude protein 17.60
Crude fibre 14.12
Dry matter 89.62
ME (kcal/kg feed) 2476

#Konimix 25 Green®:11.9% calcium, 4.4% phosphor%6 bdium, 320 Ul/g vitamin A, 70 Ul/g
vitamin D3, 0.80 mg/g vitamin E, 0.020 mg/g vitanii8, 0.020 mg/g vitamin B1, 0.11 mg/g
vitamin B2, 0.27mg/g calcium-D-pantothenate, 0.02¢/g vitamin B6, 0.00060 mg/g vitamin
B12, 0.71 mg/g nicotinic acid, 4.46 mg/g cholirrace elements;

PMetabolisable energy, derived from rabbit feedstatfles (Maertens et al., 2002). For the
enriched meat and lard fraction, the Atwater natrieonversion factors 4, 9 and 4 kcal/g of
carbohydrate, fat and protein respectively wereluse
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3. Chemical analyses

As a measure of oxidative stability of the feeds pleroxide value was determined, indicating
the quantity of reactive oxygen present in the fedtwe fat was extracted from the feed with
petroleum ether and the peroxide value of the ektw@as subsequently determined by
iodometric titration according to Gray et al. (1978he amount of iodine that is released by the
addition of Kl is equivalent with the amount of céae oxygen present in the sample. The
peroxide levels in the feeds were measured afterdl8 weeks storage at 7°C and are expressed
in meq QJ/g fat.

The lipids from the feed, plasma, red blood cdilart and thoracic aorta were extracted using
chloroform/methanol (2/1; v/v) (modified after Fblet al., 1957). Fatty acids were methylated
and analyzed by gas chromatography (HP6890, BsysBelgium) on a CP-Sil88 column for
FAME (100 mx0.25 mmx0.25 um; Chrompack, The Netratt), according to Raes et al.
(2001). Peaks were identified based on their retentimes, corresponding with standards
(NuChek Prep., USA; Sigma, Bornem, Belgium). Noraseic acid (C19:0) was used as an
internal standard to quantify the individual andatdfatty acids. The fatty acid profiles are
expressed in g/100g of total FAME (fatty acid méthgters) and the total FA content was
expressed in mg FA/100g or pg FA/m.

Plasma total cholesterol (TC), LDL-cholesterol (L), HDL-cholesterol (HDL-C) and
triacylglycerols (TAG) were determined using comamar kits (Randox, Crumlin, United
Kingdom). The concentrations are expressed in nimol/

The ferric reducing/antioxidant power (FRAP) as&ayplasma is based on a redox reaction in
which an easily reduced oxidant {Beis used in stechiometric excess and antioxidaotsas
reductants (Benzie & Strain, 1996). At low pH, tferic—tripyridyltriazine (F& — TPTZ)

complex is reduced to the ferrous {fjform. The reaction results in an increased alzsure
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due to the development of an intense blue chromogkith was monitored for 20 min at 593
nm and 37°C. FRAP values are expressadriol F&€*/L plasma.

Red blood cells were repeatedly washed with a OMN&€l solution (1000 g, 10min) until
colourless. The pellets were used to determinectitelase (CAT) and glutathione peroxidase
(GSH-Px) activity.

The CAT activity assay was performed as describeddbi & Bergmeyer (1974). Diluted red
blood cell pellets were mixed with 30 mmol/L,® in 50 mmol/L phosphate buffer (pH 7.0) at
22°C. The resulting pD, decomposition was monitored by measuring the dlasme at 240 nm
during the initial 30 s. An extinction coefficieaf 40 L/(mol-cm) was used for the calculation.
The CAT activity was expressed as umaelOgl oxidized/(min-ml). The GSH-Px activity was
determined by measuring the oxidation of NADPH %t (Hernandez et al., 2004). The assay
medium consisted of 1 mmol/L reduced glutathion&5Gnmol/L NADPH, 0.15 mmol/L kD,

40 mmol/L potassium phosphate buffer (pH 7.0), Ot EDTA, 1 mmol/L NaN, 500 units

of glutathione reductase and diluted red blood pelllets or plasma. Absorbance at 340 nm was
recorded over 3 min. An extinction coefficient &2® L/(mol-cm) was used for calculation of

the NADPH concentration. GSH-Px activity was expessasimol NADPH oxidized/(min-ml)

4. Histological and immunohistochemical examination

Paraffin embedded samples were cut at 4 um andestavith Haematoxylin Eosin, Von Kossa
and Von Giesson staining. All arteries were inspector atherosclerosis by measuring the
proportion of the cross sectional circumferenceeced with plaques. In addition, the thickness
of the neointima and media were measured. An dverale (expressed as %) was calculated as
follows: (Thickness neointima/(thickness neointimeetlia))xproportion of the circumference

covered with plaques.
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5. Statistical analyses

Data concerning blood measurements were analyzed tise general linear model procedure
with time (week 4 and 8) and dietary group (FP &R{ as fixed factor and rabbit as random
factor. Baseline values were not included in timalgsis. Baseline values, calculated across the
dietary groups, were compared with the overall meafculated across dietary group and time,
using a two sample T-test. Data concerning otlssués were analyzed using one-way ANOVA

with dietary group as fixed factor. Significancesnsccepted at P<0.05 (SAS Enterprise guide 4).

RESULTS

1. Experimental diets and animal performances

The fatty acid composition of the experimental sliet shown in Table 8.2. There were no
differences between the diets, except for EPA, gapgentaenoic acid (DPA, C22:5n-3) and
DHA, which were respectively 5-, 3- and 24-fold lnég in the FP diet compared to the LP diet.
The peroxide values of the FP and the LP diet w&&8+0.4 and 38.5+0.8 meq./@ fat
respectively at the start of the trial, and 24.@+2nd 21.7+1.1 meq Ay fat respectively at the
end of the trial. The experimental diets did ndeelf feed intake (117+12 g/day) and live body

weight (3.44+0.37 kg at the end of the trial) of tlabbits.
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Table 8.2 Fatty acid composition (g/100g fame) of the twoerxpental diets

LP FP
SFA 26.4 27.7
MUFA 31.0 31.8
LA 25.4 26.0
AA 0.26 0.21
ALA 13.6 13.1
EPA 0.06 0.31
DPA 0.13 0.41
DHA 0.02 0.47
> n-6 25.8 26.6
> n-3 13.8 14.3
Total FA (mg FA/100g feed) 8511 8042
n-6/n-3 1.87 1.86
Pl (%) 56.3 63.1

LP=linseed oil enriched pork group; FP=fish oiliehed pork group;
SFA=C12:0+C14:0+C16:0+C17:0+C18:0+C20:0 +C22:0;
MUFA=C14:1+C16:1+C17:1+C18:1t9+C18:1t11+C18:1c9+at&1+C20:1; LA=C18:2n-6;
AA=C20:4n-6; ALA=C18:3n-3; EPA=C20:5n-3; DPA=C22:5) DHA=C22:6n-3;
>'n—-6=C18:2n-6+C18:3n-6+C20:3n-6+C20:4n-6+C22:4n-6;
»'n-3=C18:3n-3+C20:5n-3+C22:5n-3+C22:6n-3; Pl=pergxioility index=(%monoenoic
acid*0-025)+(%dienoic acid*1)+(%trienoic acid*2)+@traenoic acid*4)+(%pentaenoic
acid*6)+(%hexaenoic acid*8); Kang et al. (2005).
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2. Fatty acid profile

Both for red blood cells and plasma, no differenwese present between the two feeding groups
at the start of the experiment (P>0.05, data notvsl. A significant 2 to 3-fold increase of the
total fatty acid content in plasma and red bloolisceompared to their baseline values, was
observed in both groups during the trial (Table&@h@ Table 8.4). A significant twofold increase
of the total n-3 fatty acids and a small, but digant, increase of the total n-6 fatty acids,
compared to their baseline values, occurred dubg@dministration of the experimental diets,
resulting in lower n-6/n-3 ratios in both groups.

Compared with the baseline values, the saturatdyg &id (SFA) proportions significantly
decreased, the peroxidizability index (Pl), araohid acid (C20:4n-6, AA), ALA, EPA and
DPA proportions significantly increased and the oarsaturated fatty acid (MUFA)
proportions stayed constant in both plasma andblieatl cells after administration of cholesterol
rich diets. The LA proportion increased signifidgnh the red blood cells, but stayed constant in
plasma, while the DHA proportions significantly reased in plasma and no significant changes
were seen in the red blood cells, compared to &éiselme values.

During the 8 weeks of experimental feeding, sigaifit treatment effects were observed for both
plasma and red blood cells: EPA, DPA and DHA weghdr in the FP group compared to the
LP group, resulting in a significantly lower n-63nratio. In plasma, but not in red blood cells, a
significant diet effect was noted for the total fia®y acids and PI, which was higher in the FP
group. Also significant time effects were obseryedboth the red blood cells and the plasma.
The total fatty acid content increased significatigtween week 4 and week 8, while the total n-
3 fatty did not increase in time, probably duehe high ALA proportion that did not change
along the feeding experiment. The total n-6 fattidacontent, EPA, DPA, DHA, LA and AA
proportions increased significantly in red bloodiscdetween week 4 and week 8. On the

contrary, these fatty acids remained constant asrph, except for EPA which decreased
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significantly during the trial. Between week 4 &da significant increase of SFA in the plasma

and a significant decrease of MUFA in the red bloells was observed.

Table 8.3.Baseline values and diet and time effects on ttig &cid composition (g/100g fame)
of plasma

Baseliné LP® FP° SEM® P-values

W4 W 8 W4 W 8 I:)diet IDtime I:)interaction
SFA 36.2+0.4 30.2 33.5 30.6 33.9 0.45 0.45 <0.001 0.99
MUFA 24.8+0.9 26.2 253 264 255 0.28 0.67 0.15 0.99
LA 26.0+0.8 27.1 269 26.6 26.8 0.14 0.35 0.98 0.41
AA 1.36£0.13 296 284 281 2.76 0.12 0.67 0.76 0.90
ALA 3.74+0.15 7.29 6.95 7.01 6.38 0.17 0.23 0.17 0.65
EPA 0.13+0.01 0.24 0.20 0.56 0.49 0.04 <0.001 0.04 0.47
DPA 0.25+0.02 0.78 0.84 1.00 1.19 0.05 0.004 0.12 0.41
DHA 0.11+0.01 0.13 0.18 0.79 0.92 0.08 <0.001 0.05 0.36
> n-6 27.7+0.8 308 30.3 30.1 30.1 0.33 0.33 0.64 0.55
> n-3 4.2+0.1 8.37 8.18 937 8.98 0.16 0.01 0.23 0.79
Total FA* 1912+153 3400 5287 2995 6108 362 0.68 <0.001 0.18
n-6/n-3 6.6t0.3 3.67 3.73 3.21 3.38 0.08 0.02 0.45 0.72
P1,% 44.1+1.2 63.7 62.5 70.2 704 1.08 0.001 0.76 0.67

For description of variables see footnote Table 8.2

®Mean value of both groups *standard error of tham{e=10);

PMean values after 4 weeks and 8 weeks of experahézeding (n=5);

‘Standard error of the mean (n=20);

9p_values from the statistical analysis of the rtssofl week 4 and 8 (baseline values not included);
‘expressed as pg/ml plasma.
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Table 8.4. Baseline values and diet and time effects on tttg &&id composition (g/100g fame)
of red blood cells

Baseliné LP® FP° SEM® P-value$

W4 W 8 W4 W 8 I:)diet IDtime I:)interaction
SFA 42.2+1.2 327 314 338 325 0.43 0.27 0.12 0.99
MUFA 29.1+1.5 32.8 29.8 32.7 30.2 0.41 0.83 <0.001 0.55
LA 16.0+0.6 22.2 24.2 20.7 23.2 0.42 0.10 0.01 0.66
AA 2.28+0.20 3.00 3.72 3.00 3.35 0.13 0.49 0.03 0.38
ALA 2.73+0.18 5.84 5.7/ 559 5.34 0.15 0.30 0.63 0.77
EPA 0.13+0.02 0.20 0.22 0.35 0.49 0.03 <0.001 0.03 0.08
DPA 0.40+0.03 0.71 1.17 1.04 1.48 0.07 0.002 <0.001 0.97
DHA 0.53+0.05 0.12 0.29 0.41 0.73 0.06 <0.001 <0.001 0.12
> n-6 19.0+0.8 259 28.7 243 27.2 0.48 0.05 0.002 0.94
> n-3 3.79+0.12 6.86 7.44 7.38 8.04 0.16 0.08 0.05 0.89

Total FA® 424+62 1017 1235 916 1442 67 0.64 0.01 0.19
n-6/n-3 5.09+0.33 3.81 3.88 3.30 3.39 0.09 0.01 0.52 0.93
Pl, % 41.1+1.6 55.5 64.7 58.4 67.8 131 0.08 <0.001 0.96

For description of variables see footnote Table 8.2

®Mean value of both groups *standard error of tham{e=10);

PMean values after 4 weeks and 8 weeks of experahézeding (n=5);

‘Standard error of the mean (n=20);

dp_values from the statistical analysis of the rssoff week 4 and 8 (baseline values not included);
‘expressed as pg/ml rbc.
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In the aorta and heart no effects were seen foSH#, LA and ALA proportions (Table 8.5). In
the heart a higher amount of MUFA and lower amamAA was detected in the FP group
compared to the LP group, whereas in the aortaffeote were observed. The fatty acid profile
of the aorta was clearly affected by the diet: EBRA and DHA proportions were 2- to even 5-
fold higher in the FP group. In the heart the EP@ BHA proportions were respectively a 1.4-
and 3-fold higher in the FP group compared to tRegroup, while on the contrary the DPA
proportion was higher in the LP group comparech®oRP group. The total n-3 fatty acids were
significantly higher and the total n-6 fatty acisignificantly lower in the heart of FP group
compared to the LP group, resulting in a lower m-&fatio, but this was not the case in the aorta.
The Pl was not affected in the aorta or heart. fbite fatty acid content was 2.7-fold higher in
the aorta of the LP group compared to the FP gratnge in the heart no significant difference

in total fatty acid content was observed.

Table 8.5 Fatty acid composition (g/100g fame) of aorta aedrh

Aorta Heart

LP FP SEM  P-value LP FP SEM  P-value
SFA 26.8 26.2 0.43 0.48 24.7 25.4 0.47 0.51
MUFA 329 337 0.48 0.45 249 27.3 0.54 0.01
LA 23.0 21.2 0.62 0.15 23.6 23.6 0.40 0.99
AA 1.07 1.66 0.26 0.28 11.2 7.96 0.72 0.01
ALA 9.36 7.68 0.78 0.31 4.61 5.05 0.27 0.44
EPA 0.11 0.27 0.32 0.003 0.36 0.49 0.03 0.01
DPA 0.38 0.63 0.07 0.03 1.72 1.30 0.01 0.03
DHA 0.07 0.34 0.05 <0.001 055 1.73 0.20 <0.001
> n-6 245 234 0.42 0.22 35.6 32.2 0.81 0.03
> n-3 9.92 8.91 0.71 0.51 7.24 8.58 0.30 0.01
Total FA? 234 87.9 36.4 0.04 2911 3606 184 0.05
n-6/n-3 261 2.66 0.15 0.87 4.97 3.78 0.27 0.02
P1,% 51.6 53.9 1.31 0.42 97.6 92.9 2.35 0.34

For description of variables see footnote Table B&a were analysed using one-way ANOVA
with dietary group as fixed factor (P<0.05);
%expressed as mg/100g tissue.
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3. Blood lipids

No differences were found at the start of the expent between the two feeding groups (P>0.05,
data not shown). Due to the high cholesterol cantérihe experimental feeds, the values of
TAG, TC, TC/HDL-C and LDL-C, but not HDL-C, weregsiificantly higher at week 4 and
week 8 compared to the baseline values, while TC/ADwas significantly lower (Table 8.6).
During the feeding trial the overall concentratioh TAG in plasma increased significantly
between week 4 and 8. Both TC/HDL-C and TC/LDL-®@whd a significant timextreatment
interaction. TC/HDL-C ratio decreased and TC/LDLitreased during the trial for the FP

group, while in the LP group TC/HDL-C increased di@/LDL-C remained constant.

4. Oxidative status parameters

No differences were found between the two feednogigs at the start of the experiment (P>0.05,
data not shown). The rabbits responded to the arpatal diets with increased plasma FRAP
values and decreased GSH-Px activity comparedetddiseline values (Table 8.6). In red blood
cells, no differences for the GSH-Px activity anghler values for the CAT activity were found
following administration of cholesterol rich dietBuring the trial, the GSH-Px activity of

plasma was higher at week 8 compared to weekespective of the feeding group.
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Table 8.6. Baseline values and diet and time effects on plaBmd and oxidative status
parameters

Baseliné LPP FP° SEM® P-value$
W4 w8 W4 w8 I:)diet I::'time I:)interaction
TAG® 1.16+0.05 1.84 3.81 1.01 3.01 0.44 0.33 0.04 0.98
TC® 2.26x0.11 29.3 39.6 275 229 3.26 0.23 0.62 0.21

HDL-C*® 1.07+0.08 098 0.82 0.57 1.09 0.10 0.712 0.35 0.09
TC/HDL-C  2.20+0.16 33.4 55.6 49.7 245 5.13 052 0.84 0.01
LDL-C*® 0.67+0.11 275 37.1 265 204 3.06 0.24 0.74 0.16
TC/LDL-C  5.14+1.43 1.07 1.08 1.04 113 0.01 0.55 0.03 0.04

FRAP 377+23 682 908 707 709 61.5 0.57 0.30 0.31
E:;;]Z)g' 0.58+0.02 0.422 0.505 0.415 0.521 0.02 0.90 0.03 0.76
:i)iH-P)?, 0.15+0.01 0.248 0.192 0.259 0.234 0.03 0.71 0.55 0.82
CAT? 298+51 1463 1561 1409 1897 171 0.75 0.32 0.50

LP= linseed oil enriched pork group; FP= fish airiehed pork group; Wk = week; TAG =
triacylglycerol, TC = total cholesterol, HDL-C = HBcholesterol; LDL-C= LDL-cholesterol,
FRAP= ferric reducing/antioxidant power; GSH-Px {uf@thione peroxidase; CAT = catalase;
rbc = red blood cells, U= pmol NADPH oxidized/mor {IGSH-Px and pmol #D, oxidised/ min
for CAT,;

®Mean value of both groups *standard error of tham{e=10);

PMean values after 4 weeks and 8 weeks of experahéegeding (n=5);

‘Standard error of the mean (n=20) ;

dp_values from the statistical analysis of the rssofl week 4 and 8(baseline values not included);
®expressed as mmol/L;

"expressed as umol ¥4 plasma;

Yexpressed as U/ml.
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5. Atherosclerosis

All rabbits in both groups did present atherosdieresions that varied in extent of affected &
from minimal to severe (Figui&1l), but no significant differences were seen bebhntbe groups
For the coronaries, femoral artery, ascending, attior and abdominal aorta a me
atherosclerotic plaque deposition of 14.0+17.684%50.7, 36.4+14.1, 29.7+£16.0 and 24.0%10.
respectivelywas found. Some small cardiac arteries had a thexkeeosinophilic tunica mec
with associated narrowing of the lumen. Examinabbthe ascending, thoracic and abdom
aorta revealed lesions consisting of thickenintheftunica intima by the prence of foam cells,
smooth muscle cells/myofibroblasts, extra celldipids, lymphocytes and macrophages

fibrous cap formation.

Fig 1. Example of Haematoxylin Eosin, Von Kossa and Von Giesson staining for
evaluating the atherosclerosic plague deposition among groups. An overall score
(expressed as %) was calculated: (Thickness neointima/(thickness
neointima+media))xproportion of the circumference covered with plaques. Figure 1A
shows mild atherosclerosis in the coronary (overall score of 8.3%), while figure 1B
represents severe atherosclerosis in the femoral artery (overall score of 48%).
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DISCUSSION

In the experimental diets, next to the enrichedkpalso the enriched lard of the same pigs was
used. Lard contains less long chain n-3 polyunasatdr fatty acids compared to muscle,
explaining why the proportions of EPA and DHA apgvér in the experimental diets compared
to the added pork, originating from Haak et al.080 For the FP group, the lard most probably
contained slightly more DHA than EPA, which consemfly altered the ratio EPA/DHA in the
diet compared to the ratio of the meat reporteHaak et al. (2008). Analysis of the fatty acid
composition of the feed revealed a daily consunmptit8.3 mg EPA and DHA for the LP group
and 71.1 mg EPA and DHA for the FP group. Theseeoimations represent 0.02% of the daily
total energy intake (E) for the LP group and 0.2BR%or the FP group. The Superior Health
Council of Belgium (2006) recommends for healthynams that at least 0.3% E should originate
from EPA and DHA. Hence, the recommended level agsroached in the FP group, but an
additional intake of EPA and DHA from other sourtesequired for the LP group. According to
Burdge (2004), conversion percentages of ALA to BR#Ay between 0.2% and 8%. The extent
of conversion of ALA to DHA is less clear. The hagt estimated fractional conversion is 4%,
while others have either failed to detect signifitc®HA synthesis or estimated that less than
0.05% of ALA was converted to DHA (Burdge, 2004heTlatter was also observed in our
results, showing no enhanced DHA proportions irsipia and red blood cells of the LP group
compared to their baseline values. Consequentlgichenent of foods with ALA is not as
effective as enrichment with EPA and DHA to enhatiheelong chain fatty acid pool in the body.
It should be mentioned that in the present study loiets contained similar levels of ALA,
hence the FP diet supplied more EPA and DHA intaddito the same supply of ALA. The
major source of ALA in the diets was flax chaff,islhwas added to meet the absolute dietary
requirement of rabbits for sufficient fibre. As esult, the effects observed in the present study

for the FP diet cannot be exclusively ascribechhigher supply of EPA and DHA, but might
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be a combined effect of the supply of all n-3 fattyds. The differential effects between the LP
and the FP diet must however originate from they veng chain n-3 fatty acids. Additional
experimental groups fed on a low total n-3 dietd anlow ALA — high EPA and DHA diet
would have been interesting and should be envisagédure research aiming at investigating
the potential of enriched meats.

Mantzioris et al. (2000) showed that, when consgmir3 enriched food (ALA or DHA and
EPA), the concentrations in red blood cells of tigahdults were changed after 2 weekereby
indicating the relatively short time required for3nfatty acid concentrations to rise. In the
present study, the n-6/n-3 ratios in plasma andbtedd cells were significantly lowered after
administration of the n-3 fatty acid enriched die®aning that the n-3 fatty acids were absorbed
and incorporated in red blood cell membranes amd e meat matrix did not inhibit the
absorption of these fatty acids. The significardliferent fatty acid profiles in the heart and
aorta between the two feeding groups in the prestedi confirm this. In a study of Coates et al.
(2009) significant effects in humans consuming fatBy acid enriched pork were found. The
subjects consumed daily about 0.7% E long chainfat{$ acids (mainly DHA). DHA levels
rose 15% in red blood cells of the n-3 group, waeithey decreased by 5% in the control group
that consumed non-enriched pork. In addition, sefé® decreased to a greater extent in the n-
3 group. In most supplementation studies in whiehdbicial effects on the blood lipid profile
were achieved, 1 g/day (about 0.4% E) EPA and DiHAore was administered (Lovegrove et
al., 1997; Garg et al., 2007). It is remarkabld thahe present study, with lower intakes of EPA
and DHA, a significant decrease of TC/HDL-C and@ase of TC/LDL-C was found in the FP
group. Deckelbaum et al. (2008) stated that habdmiasumption of n-3 fatty acids may be more
beneficial than short-term consumption. Importamh3 fatty acids need not to be considered as
a monotherapy in prevention of and/or treatmentcBndiovascular disease. Rather, higher n-3

fatty acid intakes need to be considered as adimdtly active partner to lifestyle changes.
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The PI represents the degree of unsaturation ofipids and can be used as an indicator of
peroxidation susceptibility. In the plasma, sigeafitly higher Pl values were found in the FP
group compared to the LP group. However, no sigaifi differences were found between the
two feeding groups for the oxidative status paramsein the plasma, meaning that diets enriched
with very long chain fatty acids do not affect tiv@dative status in a different way compared to
diets enriched with long chain fatty acids. In comtance, no differences in atherosclerosis were
observed. On the other hand, clear responses wesrw@d following cholesterol feeding in the
experimental diets. The total fatty acid contenttlué plasma and RBC increased with time
probably due to the high cholesterol content offéeal. Similar results in rabbits were found by
Mahfouz & Kummerow (2000) and Risé et al. (2004ahbuz & Kummerow (2000) attributed
the increase in total fat content to the increabegatic secretion off-very low-density
lipoproteins B-VLDL), which is inherent to hypercholesterolemidhese B-VLDL's are
remnants derived from mutant chylomicrons and Vew-density lipoproteins that cannot be
metabolized completely and accumulate in the blood.

Similar to Alipour et al. (2006), FRAP values inased after the administration of a cholesterol-
rich diet. These authors suggested that more ad#nts could be circulating in the rabbits
plasma as a response to the cholesterol. On thecpn_ecumberri et al. (2007) did not observe
any difference in FRAP values between normochalelmic and hypercholesterolemic rats.
Also the higher fat and increased unsaturated &ty content of both the FP and LP diets could
have enhanced the FRAP levels. However, studiesstigating the effect of fat and/or
unsaturated fatty acids on plasma FRAP levels heperted inconsistent results (rabbit, Zheng
et al., 2006; rat, Walczewska et al., 2010; hunvcAnulty et al., 2010). An increased red blood
cell CAT activity was observed during the time loé texperiment, while the GSH-Px activity in
red blood cells remained constant. In a study ohfidaz & Kummerow, (2000) an increased

CAT activity and decreased GSH-Px activity was sa#fégr 2 months feeding a basal diet plus 1%
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cholesterol to rabbits, implying an adaptation &TC as a response to the failure of GSH-Px.
Shull et al. (1991) reported a 3-fold increase 8fTGNRNA after addition of the oxidantJ,
(250 pmol/l), whereas the increase of GSH-Px mRNa#s Wess striking. Our results are in
accordance with these studies, although no chan@SH-Px activity was found in red blood
cells. It seems that the activity of GSH-Px doesraspond in a similar way in plasma as in red
blood cells, since GSH-Px activity in plasma fidgcreased and then increased again, which

suggests that the organism adapted to its oxidativeonment.

CONCLUSIONS

The blood lipid profile response in rabbits to fiegdcholesterol was slightly improved in a diet
containing pork enriched with EPA and DHA compategork enriched mainly in ALA. The
fatty acid profile of blood and different tissudsyt not the plasma oxidative status and

atherosclerosis development, was affected by thecemf dietary n-3 fatty acid supply.
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GENERAL DISCUSSION

“Healthy natural food”... the new concept of thesRXentury...Although often used for
commercial purposes, it is widely accepted thadlariced diet contributes to a healthier life.
While people may be aware of main nutrition messatiey do not perceive these as personally
relevant to themselves (Kearney & McElhone, 199%erefore, enhancing food products that
are already popular can improve the health stafuthe population, without changing the
consumption pattern and, for some cases, withaurigk of overdosing. The aim of this PhD
research was to contribute to this approach byumiod healthier meat, namely by lowering the
ingoing nitrite content or increasing the n-3 PUE@&ntent, without compromising its sensory

quality.

Meat curing is a preservation technology that heenlpracticed for centuries and can be traced
back to 3000 B.C. People found that salt contarathatith potassium nitrate resulted in meat
with an appealing pink colour. Only later it wasaivered that actually nitrite, which was
accidentally formed from the conversion of nitratg micro-organisms, was responsible
(Honikel, 2008). Although we were not able to rdpbés observation by adding nitrate from a
Rosa canind.. extract directly to frankfurters, probably digethe low nitrate-reducing ability of
the natural flora of the meat, this story illustsahow little nitrite is needed to produce a deksire
pink colour. For example, in liver paté only 20 kgy/nitrite was needed to have colour
formation (H1 rejected) and it should be further explored if even lowen@entrations can be
used.

Yet, not only colour formation, but also its st#lgilis of great importance. In the present
dissertation colour stability was investigated bypasing the samples to light and air at a
controlled temperature of 4°C (chilled display civiots). However, many other factors can

influence the colour stability of the meat and natducts. To start with, animal and production
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factors, such as animal genetics, muscle biochgmisutritional background and pre-harvest
stress, have an effect on the oxidative statusi@fraw materials. Also the chilling conditions
(e.g. temperature, carcass size and chilling x mieraction) and post-mortem age of the meat
have an influence. In minced meat products theupigyn of tissue also affects the colour and
increases the oxidative susceptibility due to #lease of pro-oxidative compounds such as iron.
Further, the processing conditions with mainly gh@cessing ingredients, pH and heating
settings have large effects on colour stabilitytioéd meat products. The above mentioned
processing conditions, except for the processiggentients, were controlled and kept constant in
all samples to be sure that the differences inaikid stability were caused solely by the factor
that was investigated. In addition, all samplesewprepared from the same batch of raw
materials to exclude animal-depend variations. Anary objective of display studies is to
evaluate colour deterioration (or maintenance) avegiven time. The quantification of this
discolouration is generally not done by fitting tik@&ta to a mathematical model. Instead, colour
parameters at specific end-points are comparedrimggnthe processes between the initial colour
and the end-point. As shown in this dissertatibe, rate of discolouration can be derived from a
mathematical model, given that enough measurenagatperformed over a certain time frame.
The rate of discolouration, which represents thiewostability, can be subjected to statistical
analysis, making this approach a potential tooiniestigate different factors influencing the
colour stability. In addition, as absolute colowlues may vary between laboratories, using
discolouration rates makes it possible to compasalts in a more standardized way.

Lowering the ingoing nitrite to 40 mg/kg resultedinferior colour stability in liver patéH2
accepted),which, on the other hand, was not the case witmg(kg nitrite originating from a
pre-converted plant extract. It is likely that atikempounds present in the pre-converted extract

increased the colour stabilifid5 accepted for colour stability)
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For many years already, researchers are tryingepsoduce the characteristic pink colour
without the use of nitrite. Colourants mimickingetpink meat colour are available on the market,
however, the resulting meat product looks rathgfi@al. Pegg & Shahidi (1997) produced the
nitrosomyochromogem vitro, but its application in commercial meat produetsks, probably
because the stability of this preformed cooked duneat pigment was limited when light and
oxygen were present. More recently, Zinc-porphyriaered pigment from dry cured ham
(Wakamatsu et al., 2004), is studied for its paédnise in other cured meat products. However,
little success is reported until now. Consequermthge could question whether it is feasible to add
very small amounts of nitrite to produce the cucetbur and improve the decreased colour
stability with other compounds. For example, ifpsssible to produce cooked porcine patties
with 10 mg/kg ingoing nitrite, which results in eoduct showing the characteristic pink colour
with residual nitrite content similar to that ofaumed patties (unpublished data).

Nitrite is a powerful antioxidant against lipid dation, but various alternatives were found to
replace this property of nitrite. Lowering the né@rcontent in frankfurters and liver paté clearly
resulted in higher TBARS and volatile compoundS8 @ccepted, however theRosa canind..
extract, pre-converted extract and sodium ascorb&iee able to counteract this effe¢iy(
accepted for lipid oxidation). Less clear is the effect of lowering nitrite protein oxidation.
Positive controls tended to be less susceptiblgraiein oxidation, but interfering factors
hindered us to elucidate the precise role of mitagainst protein oxidation. Moreover, even
when conducting a more in depth study, still cahitting results between isolated myofibrillar
proteins and raw porcine patties were fo(idd, H6 and H5 for protein oxidation undecided).
Possible reasons for these differences are givéherdiscussion part of chapter 4, however, a
critical point that should not be ignored is thaishof the times only carbonyl compounds were
analysed. The main reason why this parameter wed, us that carbonyl groups arise from a

variety of oxidative processes and consequentlyigeoa generalized or integrated assessment
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of oxidative damage (Stadtman & Levine, 2000).|,Sither muscle protein oxidation parameters,
e.g. cross-linking and fragmentation (Lund et 2011), should be further explored to have a
broader view on the role of nitrite on protein aatidn.

In this context, 3-nitrotyrosine, a marker exteegnused for nitroxidative stress vivo (Souza

et al., 2008) was introduced for meat products.r@tee many parallels between biological
processef vivo and meat, e.g. lipid oxidation results in harnmdyidation products, which can
induce both meat deterioration and disease. Tharamwe of protein oxidation in biological
systems has been known and studied for about 5@ ymsause of the relation between the
oxidative damage to proteins and the developmeulisg#fase (Shacter, 2000). On the contrary,
the discovery that muscle proteins were susceptiblexidative reactions leading to potential
deleterious effects on meat quality lasts for ®0yyears (Estévez, 2011). As a result, many (if
not all) markers used for protein oxidation in m&aence originate from biomedical research. In
general, these protocols are developed for purifiexteins or single amino acids and are not
adequate for complex matrices. When adapting aaddthsuit meat analysis, this should not be
ignored. In this dissertation, the DNPH method viesjuently used to determine protein
carbonyl compounds in meat products. Although nhéthod is often applied in meat research, |
want to emphasize that caution is needed. To stdh, oxidized proteins have different
solubility compared to non-oxidized ones, so cdnefss is required when proteins are extracted
from the matrix. | used a buffer containing 0.6 M@ to increase the solubility, but this is not
always done in other studies investigating meatlityudn addition, interferences with lipid
carbonyl compounds are possible and extensive wagstith ethanol.ethyl acetate is mandatory,
especially for meat products with high fat contdfinally, the determination of the protein
content measuring the absorbance at 280 nm gawy studies impossible results for liver paté,
which is the reason why | used the crude proteimert (Kjehldahl method) to express the

carbonyl content per mg of protein. Taking into aad al these issues, | have some doubts
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whether this method is correctly used in meat mesead\lthough many interesting and relevant
findings about the effect of protein oxidation dretquality of meat are found in numerous
studies, the large variations among replicatesahatften reported point out that more caution
is needed when adopting a method from another n&@sdeeld. In this view, the use of 3-
nitrotyrosine as a marker for protein nitrationnreat products, should be approached with the
same care. Maybe this partly explains why it is yeit clear whether 3-nitrotyrosine is a good
marker for meat products or né1{ undecided.

Amusingly, much of the biochemistry of nitrite Hasen understood for decades in meat science,
but has only recently been rediscovered in humarsiplogy. Research within the biomedical
science community has revealed therapeutic berafibdtrite that is currently being developed
as novel therapies for conditions associated wid iNsufficiency (Parthasarathy & Bryan,
2012). Without ignoring the fact that meat and esgky cured meat products contribute to an
increased risk of cancer development (World CaRasrearch Fund, 2011), we should revise our
long-standing view that nitrate and nitrite areyomarmful substances in our diet. In fact, recent
studies found a protective effect of nitrite agailgid and protein oxidation duringn vitro

digestion of cured meat model products (Van Hetlad.£2014).

There is a great interest in improving the fattydgerofile of food to better meet nutritional
recommendations. This work showed that the n-3 PWeAtent of pork products can be
significantly increased by adding moderate level8-1.2%) of an n-3 PUFA source to the diet.
As EPA and DHA are believed to be the bioactive poumds regulating a wide range of
biological functions, the main focus in this worlasvto increase the EPA and DHA content of
the products. The addition of linseed oil to thederesulted in lower EPA and DHA
concentrations in the meat products compared teetlaviginating from pigs fed fish oil and

microalgae(H8 accepted) Similar to humans, the conversion of ALA to ERAfigs is low,

217



Chapter 9

pointing out the importance of using adequate ssufor EPA and DHA in the feed. The little
conversion of ALA to EPA that was found in the mnetsdissertation resulted in a nutritional
significant increase of EPA when comparing to saybeil. However, it is important to note that
no changes of DHA concentrations in the meat prisdwere observed, while with fish oil and
microalgae both EPA and DHA were substantially ecled.

Many fish species have been fished almost to eiim@nd we are on course to eliminate the
world’s supply (Brunner et al., 2009), so we argear to seek for alternatives. Microalgae are
easy to grow and after separation of the n-3 PUiMfthe microalgae lipids, the excessive
lipids can be used for biodiesel production, wiiile biomass can find uses as valuable protein-
rich animal feed (Adarme-Vega et al., 2012). If greduction of microalgae is carried out at a
large scale this would address three major areampbdrtance: human health, transportable
energy and food security. Hence, it can be condubat microalgae are a sustainable source of
EPA and DHA in pig feed, without pressuring the imarecosystem and therefore a suitable
alternative to fish oilKI9 accepted. Another sustainable strategy to increase the BRADHA
content through the pigs diet could be plants highstearidonic acid (C18:4n-3), such as
primrose, echium and hempseed (Lenihan-Geels,e2G3). The basis of this proposal lies in
the ability to bypass the rate limiting enzymg-desaturase, as stearidonic acid is the first
desaturation product in the conversion of ALA ®Ildng-chain derivatives. However, Kitessa et
al. (2012) presented data to suggest that echidnhas no advantage over linseed oil in
enhancing n-3 PUFA in lamb tissues. Likewise, Tanghal. (2013) concluded that echium oll
at a 1% dose in pig feed had no benefit over lidseé in increasing the EPA and DHA
concentration in the tissues.

Recently, transgenic plants and animals have besigmed with increased EPA and DHA
content (Venega et al., 2010; Houdebine, 2014),evew the use of these products for human

consumption in the near future is not very likelyedto the consumer aversion to genetically
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modified food. On the other hand, these transgenicched plants can be added to animal feed
as genetically modified plants are already commaoshkd as feedstuff (Aumaitre et al., 2002).
The major part of a pig carcass is processed towsmeat products, while a smaller part is
used for fresh meat cuts. As the composition andgssing techniques influence the oxidative
stability of a meat product, it is relevant to ooty asses the impact of supplementing n-3 PUFA
in fresh meat, but also in processed products. iBhaf interest when commercialising entire
carcasses of pigs fed an n-3 PUFA enriched feed. didative susceptibility of n-3 PUFA
enriched meat products was increadeti()( accepted) while the stability of the fresh loin was
little affected. Loin is consumed shortly after gwation, has a relatively low fat content and no
processing is involved, whereas dry cured ham agdfefmented sausages are exposed to a
more oxidative environment, e.g. long ripening pasi and mincing, which influences the
oxidative stability. In further research, also cedkneat products should be taken into account,
as heating can induce oxidation. Also, these prisdoave generally a high fat content, which
obviously can lead to more lipid oxidation produdsnilarly to what was observed in the dry
fermented sausages. The advantage of meat prooketgresh meat is that off-flavours can be
reduced or even masked by the addition of antiow&l@r other compounds such as spices
during manufacturing. Though, this implies that &k meat products new recipes should be
developed, which is time-consuming and has a d@tcourse, a solution could be not to
produce meat products highly susceptible to oxoaatbut this would imply that the n-3 PUFA
enriched carcasses can not be processed simulbanaith the conventional carcasses.
Moreover, these susceptible meat products gendrallg a high fat content and would therefore
contribute more to the daily intake of EPA and DHA.

Another approach is to add antioxidants in the fped, which in addition could benefit the

oxidative status of the feed, the animal, fat #sand unprocessed fresh meat. In this dissertation,
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however, we did not succeed to improve the oxigasvability of the pork products with
increasing dietaryg-tocopherol levels from 90 to 400 mg/Kd1(1 rejected).

As the sensory quality of enriched products gred#pends on the absolute EPA and DHA
content, the focus should not be on extremely asirg the EPA and DHA content of one food
product, but on increasing a number of widely comsd food products with moderate amounts
of EPA and DHA. Consider Table 9.1 as an exampthe dverage daily meat intake was based
on the human database of Belgium (Devriese e2@06) with 135 g/day fresh meat and 43.6
g/day processed meat. For this example it was as$uhat all fresh meat was pork loin and
meat product intake consisted of 50% dry fermemstmasages and 50% dry cured ham. Daily
EPA and DHA intake was calculated using the EPARHKE content of the meat products from
chapter 5 (Table 5.7). The conventional, moderatd high diets were calculated from
respectively the SOY, ALG LOW and ALG HIGH groupgss the dry fermented sausages of the
ALG HIGH were sensory unacceptable, the conventipraduct was used for the calculations.
Similar amounts of EPA and DHA were consumed irhtmiriched diets, but with the moderate
diet, problems with oxidative stability and sensquality are omitted and no economical losses
from useless carcass parts should be taken intouatcWhen consuming these moderate
enriched products, about 54 mg EPA+DHA is ingesiad this corresponds with 8% of the daily
recommeded intake. Moreover, four fold higher iemkvere achieved when compared to a

conventional diet.
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Table 9.1 Contribution of n-3 PUFA enriched meat producta teealthier diet

Average intake EPA+DHA intake (mg/day)’
(g/day)* conventional moderate high
Fresh meat 135 6 18 39
Dry fermented sausage 21.8 5 30 "5
Dry cured ham 21.8 2 7 16
Total 14 54 60
%RNP 2 8 9

*As the dry fermented sausages were sensory un@idepthe conventional product was
used;

'Based on the human database of Belgium (Devrieak, @006);

’Based on Table 5.7, conventional = SOY, modera&G LOW and high = ALG HIGH.
%4RNI was calculated with a daily recommended nnotrimtake of 667 mg EPA+DHA
(=0.3% of the total daily energy intake).

As meat is one of the main sources of long chathRUJFA, apart from fish and seafood (Howe
et al., 2006), even moderate improvements of ttagfy acid composition are valuable. In this
view, it is more of interest to enrich meat throwghimal feeding, with the production of various
n-3 PUFA enriched meat products, instead of addi8gPUFA during processing, which results
in only one kind of enriched product. In fact, ieasing the n-3 PUFA content of meat needs to
be part of the global strategy to increase thel wady intake through various enriched food
products.

Studies on improving the fatty acid compositionneéat usually do not further investigate the
consumption of these enhanced products. Yet, thahe key question: does the n-3 PUFA
enriched meat truly contribute to a healthier life?

In chapter 8, n-3 PUFA enriched meat was incoreadraito the diet of a rabbit, used as a model
for humans. The EPA and DHA content of the plasmd ather tissues was higher when
consuming meat from pigs fed fish oil, comparednieat origination from pigs fed linseed oil,
again showing the importance of directly consuntiA and DHA(H12 accepted) Improved

221



Chapter 9

cholesterol parameters were found in the EPA andA[@driched diet, but not in the ALA
enriched dietfi13 accepted. From this, we should reconsider food producesently available

on the market enriched with an ALA source, as timayginally contribute to an increased intake
of EPA and DHA. There is a need to shift the praiducof (meat) products enriched with ALA
towards the production of EPA and DHA enriched piaidl.

To conclude, dietary adjustments may not only eriice the present health, but may determine

whether or not an individual will develop diseasasch later in life.
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FUTURE PROSPECTS

In the general discussion several issues that wkedarther consideration and research came

forward:

Vi.

Only small levels of nitrite are necessary to haveper colour formation. However,
these levels will depend on the properties of tleamnproduct (e.g. fat and meat content,
processing conditions), meaning that the adequdtidenlevel has to be determined
separately for all kinds of meat products. In #tositext, also suitable active compounds
to maintain the colour stability have to be seatdoe product-specifically.

The role of nitrite during protein oxidation remgito be elucidated. Other levels of
nitrite could be tested using the same experimesgialip of chapter 4. It is also advised
that additional protein oxidation parameters (&l groups and tryptophan depletion)
are assessed.

The marker 3-nitrotyrosine was present in meat, dpart from this the function of 3-
nitrotyrosine in meat products and in general ttece of protein and lipid nitration on
meat quality remains to be elucidated.

Statements concerning the effect of nitrite intakehuman health are contradictory and
further studies to clarify these contrasting efemte necessary.

Microalgae are a useful direct source of EPA andADid pig feed, but studies
investigating the sensory quality of the resultm@ enriched meat products are scarce.
For instance, the effect of cooking and presermasbould be further investigated,
especially for meat products with high fat content.

The most cost-effective level of microalgae in fegd has to be determined. This level
should result in meaningful levels of n-3 PUFA irah that at the same time does not

need special attention during processing and tlaat loe used the same way as
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Vii.

viii.

conventional pork. From this dissertation it wasrfd that this level will be between 0.3
and 1.2 g algae/100g feed.

A wide range of natural dietary antioxidants arailable on the market and it could be
explored whether these can be applied in pig feedscrease the oxidative stability of n-
3 PUFA enriched meat products. Importantly, a nzspect that has to be considered is
whether the antioxidant is incorporated in musisigue.

There is a need to shift the production of (meeddpcts enriched with ALA towards the
production of EPA and DHA enriched products. If fdbd products, that contain a
relevant amount of fat, are moderately enrichedh \WPA and DHA the recommended

daily intake of EPA and DHA could be achieved.
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SUMMARY

It is well established that inadequate dietary tsalsind physical inactivity are the major
preventable risks for the occurrence of chroniccakes. Besides providing education about
healthier eating patterns, improving the compositid widely consumed food products is an
alternative approach. The aim of this dissertati@s to investigate the effects of lowering the
ingoing dose of potentially harmful nitrite, by faping it with other compounds in cooked meat
products (Chapter 1-4) and to increase the comtieh¢alth-promoting n-3 polyunsaturated fatty
acids (n-3 PUFA) in pork products through anima&dieg (Chapter 5-8). The overall objective
was to change the composition without compromisiregoxidative stability and sensory quality,

focussing on colour, lipid and protein oxidativegesses.

In chapter 1 the effect of a dog rose extrd&bga caninal.) in nitrite-free frankfurters was
investigated. Dog rose is a source of nitrate, podyols and ascorbic acid. Frankfurters were
produced with 5 or 30 g/kg dog rose extract, withine addition of sodium nitrite or sodium
ascorbate. The frankfurters with dog rose extraoingd similar lipid oxidation compared to a
positive control containing 100 mg/kg sodium nérégnd 500 mg/kg sodium ascorbate. The dog
rose extract protected against protein oxidatiam,not as efficiently as the positive control. As
the dog rose treated frankfurters showed inferiolowr traits compared to nitrite-treated
frankfurters, it was concluded that dog rose cadtlas a natural antioxidant in frankfurters, but

not as a full replacer for sodium nitrite.

Chapter Xeals with the effectiveness of partly replacindism nitrite by sodium ascorbate for
its antioxidant activity in liver paté. The effemt sodium ascorbate (500, 750, 1000 mg/kg) and
sodium nitrite (40, 80, 120 mg/kg) dose on the fslifel stability was assessed in a full factorial
design. Decreasing the nitrite dose to 80 mg/kg madhegative impact on colour formation,

colour stability and lipid oxidation. No additionahtioxidant effect of sodium ascorbate was
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noticed. Lowering sodium nitrite to 40 mg/kg resdlin proper colour formation, but the colour
stability was inferior and lipid oxidation increaseé\t this low nitrite dose, increased amounts of
sodium ascorbate resulted in less lipid oxidatl@ecreasing the nitrite dose to 80 or 40 mg/kg

had no distinct effect on protein oxidation.

In chapter 3 the effect of reduced nitrite livetgsa using a pre-converted plant extract as source
of nitrite, on the oxidative stability during clatl display was investigated. Lowering the ingoing
nitrite levels to 90, 45 and 20 mg/kg did not afféee colour formation and colour stability,
compared to a positive control containing 120 mgdium nitrite. Inconsistent results for the
treatment effects on the protein carbonyls conbérnihe liver patés were found. After nine days
of illuminated chilled display, lowest amounts oéxlanal (a lipid oxidation product) were
formed in the treatments with 45 and 90 mg/kg ingonitrite, which suggests that the
antioxidant effect of sodium nitrite was partly leged by other compounds present in the

extract.

In chapter 4 the role of sodium nitrite on protexidation has been investigated from a more
mechanistic point of view and a marker for proteimation, 3-nitrotyrosine, was introduced in
meat. Two meat models were investigated: isolatgdnyofibrilar protein suspensions and raw
pork patties. In the isolated pig myofibrillar pgot suspensions, sodium nitrite initially (30 min
after inducing oxidation with pro-oxidants) showadgro-oxidative effect for protein carbonyl
formation, but during the incubation at 37°C, nteeff of sodium nitrite was observed. On the
contrary, sodium nitrite tended to act as an ardent against protein carbonyl formation in raw
pork muscles. However, this effect was observeahm batch of patties, while in the other batch
no effect of sodium nitrite was found. The markarmitBotyrosine was retrieved in all samples,

but no clear effect of sodium nitrite was obserdadng illuminated chilled display.

For many years already, but with little successeaechers are trying to reproduce the
characteristic pink colour without the use of m&riConsequently, one could question whether it

228



Summary

is feasible to add very small amounts of nitriteptoduce the cured colour and improve the
decreased colour stability using other active campls. Nitrite is a powerful antioxidant against

lipid oxidation, but a dog rose extract, pre-cote@rextract and sodium ascorbate are potential
substitutes. Less clear is the effect of loweriiigta on protein oxidation and whether nitrite has

an effect on protein oxidation at all. Without igimgy the fact that meat and especially cured
meat products contribute to an increased risk n€eadevelopment, we should revise our long-
standing view that nitrate and nitrite are onlyrhfal substances in our diet, as therapeutic
benefits of nitrite against diseases associateth witric oxide insufficiency were recently

reported.

Chapter 5 describes an experiment in which diffeneB PUFA sources were added to pig feed
and its effect on the fatty acid profile of freghin, dry fermented sausage and long ripened dry
cured ham was investigated. Crossbred pigs weengin experimental diet supplemented with
0.6 g/100g linseed oil (LIN), 0.8 g/100g fish dHISH) or dried microalgae (ALG). Three ALG
groups were considered: ALG LOW, ALG MEDIUM and AWMBGH with respectively 0.3, 0.6
and 1.2 g dried microalgae per 100 g feed. In trerol group (SOY) soybean oil was added to
the diet. Similar results were found for the diéfier meat products investigated. Compared to all
other groups, significantly higher C18:3n-3 (ALAjoportions in the LIN group and higher
proportions of C20:5n-3 (EPA) and C22:6n-3 (DHA)tle FISH and ALG groups were found.
The EPA proportions of the meat products from tid group were slightly but significantly
higher compared to the SOY group. It was calcul#tetl the daily recommended intake of EPA
and DHA can be increased considerably with theSepolyunsaturated fatty acids enriched

products.

The experiment in chapter 6 was performed to ingat the sensory quality of the n-3 fatty
acids enriched meat products described in chapt€oB®ur and colour stability, lipid oxidation

and consumers’ acceptability was assessed. Manufagtprocesses such as fermentation and
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long term dry curing affected the oxidative stapilof n-3 PUFA enriched meat products as
colour and lipid oxidation parameters were infefiothe dry fermented sausages and dry cured
ham when comparing to the conventional counterpdite n-3 PUFA enriched loin did not
differ from the control group. Problems of fishydarmancid off-flavours in the ALG HIGH
groups were reported by the consumer panelistseimty fermented sausages, but not in the dry

cured hams.

In chapter 7, the effect of supplementing supraimnal levels ofa-tocopherol (95, 175 and
400 mg/kg feed) on the oxidative stability of n-8FA enriched pork products was described.
The susceptibility to lipid oxidation was not impeal in the loin and dry fermented sausages
and the initial colour values of the loin were affected. Some modest colour improvements in
the dry fermented sausages indicate a slight pesgtifect of thex-tocopherol supplementation.
Colour stability of defrosted loins and dry fermeshtsausages was not affected by the

investigated dietary-tocopherol levels.

In chapter 8 the effect of consuming n-3 PUFA drett meat on the health status was assessed.
Health biomarkers were evaluated in rabbits as deiior humans. A diet based on the human
consumption pattern was formulated and containeki @ariched with n-3 fatty acids originating
from linseed oil (ALA) or fish oil (DHA+EPA) fed pgis. The fatty acid profile of different
tissues and blood reflected the fatty acid compmsiof the diet. The oxidative status of the
rabbits was affected by the dietary cholestorolawhivas added to induce atherosclerosis, but
not by the fatty acid profile of the diet. Durinbet experiment, the total cholesterol/HDL-
cholesterol ratio decreased and the total chol@ét@®l-cholesterol ratio increased in the fish
oil pork group, while for the linseed oil pork gmthe total cholesterol/HDL-cholesterol ratio
increased and no effect was measured for the tolallesterol/LDL-cholesterol ratio.
Atherosclerosis developed during the experiment, naudifference between the two feeding

groups was found.
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Similar to humans, the conversion of ALA to EPApigs is low, pointing out the importance of
using adequate sources for EPA and DHA in the feexthieve improved products beneficial to
health. Microalgae are a good alternative to repl@h oil as source of EPA and DHA in pig
feed, without pressuring the marine ecosystem. h&s sensory quality of enriched products
greatly depends on the absolute EPA and DHA contbet focus should not be on strongly
increasing the EPA and DHA content of one or a feed products, but on enriching a number
of widely consumed food products with moderate am®of EPA and DHA. As meat is one of
the main sources of long chain n-3 PUFA, even naidemmprovements of its fatty acid
composition is valuable. In this view it is of intst to enrich meat through animal feeding, as
the enriched tissues are entering the food chawugfn the production of various n-3 PUFA

enriched meat products.
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SAMENVATTING

Epidemiologisch onderzoek heeft uitgewezen dathstecoedingsgewoonten het risico op
chronische aandoeningen verhogen. Naast initiatiem® mensen te sensibiliseren tot een
gezonder eetpatroon, is het optimaliseren van dmesstelling van veel gebruikte

voedingsmiddelen een andere strategie om tot dpatemon te komen dat beter aanleunt bij de

voedingsaanbevelingen.

Er wordt 0.a. aanbevolen om meer producten te coesen die rijk zijn aan EPA (C20:5n-3) en
DHA (C22:6n-3), omdat deze meervoudige onverzadigd&zuren de kans op hart- en
vaatziekten verlagen. Ook wordt er aanbevolen omitteetinname te verminderen wegens
mogelijks carcinogeen. Nitriet is een kleurstabilend additief met antibacteriéle,
smaakvormende en antioxidant eigenschappen. Dafgobrift heeft zich toegespitst op viees en
vleesproducten en heeft twee specifieke onderzoekstellingen: de effecten op de sensorische
kwaliteit en oxidatieve stabiliteit (vet-, pigmerdgn eiwitoxidatie) nagaan van het verlagen van
het nitrietgehalte in gekookte vleeswaremodfdstukken 1-4) en van de aanrijking van

vlees(producten) met n-3 vetzuren via het varkeedgo(hoofdstukken 5-8).

In hoofdstuk 1 werd onderzocht of een extract vandsroos Rosa canind..) de rol van nitriet
kan vervangen in nitriet-vrije frankfurters. Honoiss is een bron van ascorbinezuur, polyfenolen
en nitraat. Het extract werd in een dosis van 3Mfy/kg toegevoegd aan frankfurters. Deze
frankfurters bevatten geen natriumnitriet of natrascorbaat en werden vergeleken met een
positieve controle (100 mg/kg natriumnitriet en 506/kg natriumascorbaat). De experimentele
frankfurters vertoonden dezelfde mate van vetoiedats de positieve controle, terwijl de
eiwitoxidatie hoger was. Aangezien de kleureigeapplen van de experimentele frankfurters

niet hetzelfde waren als die van de positieve otstwerd besloten dat hondsroos een goede
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natuurlijke antioxidant is voor toepassing in framkers, maar niet gebruikt kan worden als

volwaardige vervanger voor nitriet.

In hoofdstuk 2 werd nagegaan of een verhoogde dwdisumascorbaat (750 en 1000 mg/kg
i.p.v. 500 mg/kg) de rol van nitriet kan opvangen leverpaté, wanneer 40 of 80 mg/kg
natriumnitriet wordt toegediend i.p.v. 120 mg/kgethhitrietgehalte verlagen naar 80 mg/kg had
geen negatieve impact op de kleurvorming, kleutstib of vetoxidatie en het ascorbaatgehalte
verhogen had geen bijkomend positief effect. Wanhe¢ nitrietgehalte verder verlaagd werd
naar 40 mg/kg was de Kkleur hetzelfde als de pa&tsl20 mg/kg nitriet, maar de kleur- en
vetstabiliteit waren minder goed. Wanneer bij de#getdosis 750 of 1000 mg/kg ascorbaat
werd toegevoegd, trad er minder vetoxidatie op elefgen met 500 mg/kg. De verlaagde
nitrietgehaltes of verhoogde ascorbaatgehaltesdmdden effect op eiwitoxidatie. In conclusie
kan men stellen dat het verhogen van ascorbaag msitt.o.v. vetoxidatie, maar enkel wanneer

verlaagd wordt naar 40 mg/kg nitriet.

In hoofdstuk 3 werd nitriet afkomstig van een nalijluextract gebruikt om leverpaté’s met een
verlaagd nitrietgehalte (20, 45 en 90 mg/kg) tedpoeren. De kleur en kleurstabiliteit werden
niet beinvioed door de verlaagde nitrietgehaltesyijl onverwacht minder vetoxidatie optrad,
vergeleken met een positieve controle (120 mg/kigiumanitriet). Dit wijst er op dat het
plantenextract naast nitriet nog andere antioxidaniponenten bevatte. Tijdens de blootstelling
van deze producten werden eiwitten geoxideerd, rhatiwas onduidelijk of nitriet hier een

invloed op had.

In hoofdstuk 4 werd meer specifiek gekeken naamtlgan nitriet m.b.t. eiwitoxidatie en werd
3-nitrotyrosine geintroduceerd als merker voor ®iitratie in vliees. Helaas, opnieuw kon geen
eenduidig besluit genomen worden of nitriet een pfantioxidant effect heeft op eiwitoxidatie,
aangezien een pro-oxidant effect in geisoleerdefibniiten en een antioxidant effect in rauwe
varkensburgers werd waargenomen. De merker 3-ynitrsine werd in alle stalen teruggevonden,
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maar een duidelijk effect van nitriet op 3-nitratgine tijdens blootstelling aan licht en lucht

werd niet gevonden.

Kortom, het is mogelijk om het nitrietgehalte irre@swaren sterk te verlagen zonder dat de kleur
en kleurstabiliteit drastisch beinvlioed worden envdtoxidatie kan opgevangen worden door
andere (natuurlijke) componenten. Het is niet diyldef eiwitoxidatie beinvioed wordt bij
lagere nitrietgehaltes. Anderzijds is het volledigglaten van nitriet moeilijk, aangezien het niet
mogelijk is om de gewenste roze kleur te reproderceBovendien kan de vraag gesteld worden
of het nodig is om nitriet volledig te bannen uitsodieet, aangezien stikstofmonoxide, o.a.

afkomstig van nitriet, ook een belangrijke regutete functie heeft in het menselijk lichaam.

Hoofstuk 5 beschrijft een experiment waarbij gditagverd het vetzuurprofiel van vers
varkensvlees, gedroogde ham en salami te wijziger darkens een voeder aangerijkt met
liinzaadolie (0,6 g/100g), visolie (0,8 g/100g) afen (0,3; 0, 6 of 1,2 g/100g) te geven. De
controlegroep kreeg een standaard voeder op basisaeja olie. Voor de drie vleesproducten
konden gelijkaardige besluiten getrokken wordentgekeken met de controle zorgde de
linzaadolie in het voeder voor hogere ALA (C183n-en - in mindere mate - EPA
concentraties, terwijl toediening van visolie ofjeth resulteerde in verhoogde EPA en DHA
concentraties in de vleesproducten. Aan de handlgae data werd berekend dat de consumptie
van een portie aangerijkte vieesproducten duidbijikraagt tot een verhoogde inname van EPA

en DHA.

In hoofdstuk 6 werd vervolgens onderzocht welk effdée verhoogde concentratie onverzadigde
vetzuren heeft op de Kkleur, kleurstabiliteit, vetlatie en sensorische kwaliteit van de

aangerijkte producten. De kwaliteit van het verles was niet veranderd door de verhoogde
concentraties aan n-3 vetzuren, maar de kleur elabave stabiliteit van de gedroogde hammen

en salami's waren wel negatief beinvioed. Bovendienden de salami's afkomstig van de
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varkens gevoederd met de hoogste dosis algen afigelleor het consumentenpanel, wegens de

aanwezigheid van onaangename ranzige geuren eesmak

Om de oxidatieve stabiliteit van salami’s die aaiktewerden met n-3 vetzuren te verbeteren,
werd een experiment uitgevoerd waarbij visolie egendosissen-tocoferol (95, 175 and 400
mg/kg) toegevoegd werden aan varkensvoeder (Hadfdg). Naarmate meeda-tocoferol
aanwezig was in het voeder, werden ook hogere otmatiesa-tocoferol teruggevonden in het

vet en vlees, maar dit had geen effect op de deiastabiliteit van het verse vlees of de salami.

In hoofdstuk 8 werd onderzocht of de consumptie vi@es aangerijkt met n-3 vetzuren een
effect heeft op de gezondheid. Hiervoor werd eemjkals model voor de mens gebruikt. De
dieren kregen een experimenteel voeder toegediahdjebaseerd is op het westers dieet en
waarvan het varkensvlees en rugspek afkomstig wmasvarkens die gevoederd werden met
ofwel lijnzaad ofwel visolie. Er werd 1 % cholesiktoegevoegd om atherosclerose te induceren.
Het vetzuurprofiel van het hart, de aorta, hetmpkasn de rode bloedcellen vertoonden allen
dezelfde trend: hogere EPA en DHA gehaltes in delidgroep vergeleken met de lijnzaadgroep
en voor de andere vetzuren weinig verschillen tusisetwee groepen. Alle konijnen vertoonden
atherosclerose, maar er werden geen significantehien tussen de groepen waargenomen.
Ook wat de endogene antioxidatieve enzymen betvedtden geen significante verschillen
gevonden. Tijdens het experiment daalde de verhgutitaal cholesterol:HDL-cholesterol en
steeg de verhouding totaal cholesterol:LDL-choledten de visoliegroep, terwijl deze
verhouding respectievelijk steeg en hetzelfde bleek lijnzaadgroep.

Net zoals bij de mens is de omzetting van ALA riaBA in het varken laag en is het belangrijk
om de juiste n-3 vetzuurbronnen te gebruiken wanmneen vleesproducten wil maken met
verhoogde EPA en DHA concentraties. Algen zijn geed alternatief voor visolie omdat ze ook
een bron zijn van DHA en EPA, en ze geen druk tetoen op het marien ecosysteem.

Aangezien de sensorische kwaliteit sterk afhangtde concentratie aan EPA en DHA, is het
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niet aangewezen om voedingswaren aan te rijkenzewt hoge concentraties, maar dient de
aandacht te gaan naar het aanrijken van meerdeteuldig gebruikte voedingsmiddelen met

een matige dosis van deze vetzuren. Aangezien glegteeswaren veel geconsumeerd worden,
is het nuttig om deze ook aan te rijken met mahtigeveelheden EPA en DHA. In deze context
is het interessant om dit via het diervoeder tendoendat op die manier de samenstelling van
alle spieren en weefsels gestuurd wordt en hierdoasel vers viees als een breed gamma van

aangerijkte vleesproducten in de voedselketen hiekennt.
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