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FORORD

Un dessert sans fromage est une belle a qui il manm ceil.
En dessert uten ost er en skjgnnhet som mangbgreet
J. A. Brillat-Savarin

Her har dere svart pa hvitt beviset pa at skjagregen sti gjennom naturvitenskapens
jungel fungerer! Det startet ut med miljgfilosafiingte innom Niels Bohr for & bli lzerd i
fysikk og matematikk, endte nesten opp med a reddden med gkotoxologi og naturbasert
rensing av avlgpsvann. Reiste landevegs med ciskardet min egen restaurant, dro til seters
for & gjare meg fet, nektet a ta generelle fag my@ et generelt liv. Fordypet meg i meieriets
verden og surfet solbrun inn i geitemelksprosjektet

Er det en mening med det? Jeg har i hvert fall pdiat jeg en dag skulle mgte Ludvig
Funder. Etter mitt syn er det mest spennende aoaithar kommet ut av mitt farste
forskningsar utviklingen av blamuggosten. Starteh £t matauk. Fikk overbaerende positive
tilbakemeldinger fra bgnder, forskere, professdasknikere, produsenter, ledere, forbrukere,
familie, venner og mannen i gata. Men var ikke fagyd selv, osten matte utvikles.
Fredag kveld, fest? Nei, hvem vil pa fest nar mam ¥ste bldmuggost i Piloten og hgre pa
p2? Matauk ble far jeg visste ordet av det til piddtvikling.

Et godt stykke utpa hagsten 2011, geitene var ggalag masteren skulle skrives, ble jeg
oppmerksom pa en ansatt fra drift og service, baerea bunker av gamle bgker ut fra sjakta
I meieribygget. Hva skjer! Samme ettermiddag fineertilfeldigvis boka Norsk Ost av
Anders Oterholm pa Biblioteket i As. Sl&r opp miiibka; Capra — Norsk blamuggost av
geitmelk! Mitt farste mgte med L. Funder var unaigjDe neste dagene ble stgvfullt tilbrakt
i sjakta som en detektiv for & redde gamle pubjiwer, beretninger og notater. Forsgksleder
L. Funder (1875-1949) ved Statens Meieriforsgkstdorsgk med ysting av roquefortost av
geitmelk i 1931. Resultatene fra de tre farstedkssarene var sa vellykkede at Funder
fortsatte & yste Capra, pa Sunnylven Meieri, heerrser fram til andre verdenskrig. Flere
norske meierifagfolk sa enda lysere enn Funderepdngle osten og hevdet at en na hadde
utviklet en ost som var praktisk talt likeverdig dnekte Roquefort. Denne osten ville bety et
veldig oppsving bade i norsk geithold og i norstepsoduksjon og det ble antydet at den



kunne til og med bli verdenskjent. Men Capra kodrigdd markedet. Var det andre
verdenskrig som la de storveis planene pa is? Futmtie, capra ble glemt. Og etter hva
detektiv Brunborg har funnet ut har det ikke vaersket pa blamuggost av geitmelk siden.
Etter 70 tarrlagte ar har jeg altsa tatt opp foirsigen til Funder, uten a ha en anelse om det.
Er det pa tide at Capra finner sin veg ut til mesme?

Men denne blekka hadde jeg ikke klart & skrive @l&mrst og fremst en stor takk til
hovedveileder Siv Skeie for & ha trua pa meg. Taldde i geitemelksprosjektet for et flott
prosjekt og en fin tur til Tromsg. Takk til Ragrthidet har vaert utrolig godt & ha noen i
samme situasjon, spesielt nar det gjelder ymsdgray med FFA. Enda en takk til Ragnhild
for resultater fra formagraf-analysene. Takk tiln&g og hennes gode hjelpere, bade folke og
fe, i figset, uten dere hadde det ikke blitt noe Bakk til Arnold, Geirfinn og Ellen for fine
og leererike dager i meieriet. Takk til May, Tonekoyi for gode samtaler og lange dager pa
laboratoriet. Takk til alle som har smakt pa minesg geiteprodukter i to-kaffe-pausen og
gitt konstruktiv tilbakemelding. Takk til sgstreNerdbg for seterbesgk og inspirasjon, uten
dere hadde jeg aldri tatt MVI383a. Takk til Tvetgengen, uten dere hadde jeg flyktet fra As
for lengst! Takk til Mamma og Pappa for & bestardigrua pa meg. Takk til Marius og Sara,
for i tykt og tynt” & veere gode venner, greit natijeg alltid vil vaere sist med a fa lappen,
men jeg ble farst MASTER! Takk til Mari for en Fastisk illustrasjon! Takk til Norsk
Gardsost som legger forholdene til rette og veileneaskala osteprodusenter til et gkt
mangfold av ost i Norge. Og til slutt en stor tdikklle gardbrukarene i Norge som far alt for
lite ros og godtgjaring for den uvurderlige jobbgler for samfunnet vart.

As, 18 januar 2012

Lise Brunborg Jakobsen



ABBREVIATIONS

Aszg - firmness after 30 min

ANOVA - analysis of variance

CN - casein

DM - dry matter

FA — fatty acids

FAA - free amino acids

FFA - free fatty acids

FID — flame ionizing detector

GC - gas chromatography

HPLC - high-performance liquid chromatography
IS - internal standard

K20 - time before reaching 20 mm between brancheswnagraph
LAB - lactic acid bacteria

LCFA - long chain fatty acids

LPL - lipoprotein lipase

MCFA - medium chain fatty acids
MFGM — milk fat globule membrane
PCA - principal component analysis
PUFA — poly unsaturated fatty acids
rct - Rennet clotting time

RH — relative humidity

SCFA - short chain fatty acids

SNF - solids-not-fat

SPE - solid phase extraction

PTFE — Polytetra Fluor ethylene
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manuscript.

1] Jakobsen, Lise Brunborg, 2012. Development sémi-hard blue veined cheese of

goat milk. Unpublished manuscript.



1. GENERAL INTRODUCTION

The production of goat milk has a long traditiorNarway. The milk was essentially used
for production of whey cheese but the demand foneecoagulated goat milk cheese in
Norway is increasing. The manufacture of renneguatsied cheese depend more on a
suitable and stabile milk quality than the wheyed®e The cheese produced in Norway has
been of varying quality and unstable coagulatiapprties alongside a rancid and tart taste of
the milk has been a major problem for the dairystdy. If the rennet coagulated goat milk
cheese produced in Norway should be able to conwitehe imported goat milk cheese the
condition must be an improved milk quality. The lityaof the goat milk varies trough the
lactation, between individual goats, livestock’sldarming practise. Part of the problem is
due to the genetic variations of the Norwegian dgpoaed and until recently the lack of
directional breeding. But the diet will also infhee the quality of the milk, particularly the
protein and fat composition and the sensory praggenivhich is of importance to the cheese
making properties.

The present study investigates both the genetiadtngnd the effect of different diets on
the quality of goat milk for cheese making. Papeniers the genetic impact and is a
comparison between goats that have a double delgéne fols;-casein ¢s;-CN) and
heterozygote goats with genes that codex§¢iCN. The aim of the study was to investigate
the effect of the different synthesiswfi-CN genotypes on ripened cheese since only the
coagulation properties of the Norwegian goat mdk been analysed in previous
experiments.

Paper Il covers the diet experiment, which wasuided in the interdisciplinary project on
quality milk for rennet coagulated goat cheeses Tanoject was a collaboration between The
Department of Chemistry, Biotechnology and Fooa&oe (IKBM) and The Department of
Animal and Aquacultural Sciences (IHA) at the Umsay of life science (UMB), As,

Norway. The objective of this project was to exagniow carbohydrate based concentrate
compared with concentrate added different fat ssipphtations would influence the energy
status, fat metabolism and milk quality trough ddicin. By this project the aim was to come
to an increased understanding of the correlatidwésen the fat metabolism in the goat and
modifications in the milk quality, and how the coosgion of the milk fat influence lipolysis
and the frequent taste deficiency which occursamigian goat milk.

In addition to the mentioned two parts of the stagyoduct development was also carried
out as a supplement to the principal study. PdpeovVers the development of a semi-hard



blue veined cheese made of goat milk. In contragte rest of the study, the milk used in the
product development was collected from the bulktan

2. A BRIEF THEORETICAL REVIEW

2.1.Differences in goat and bovine milk

Lactation

The composition of bovine milk that enters the glaias minimal changes during the year.
This is due to the fact that most farmers pradigear-round breeding program that leads to
stabile milk in the bulk tank, independent of thetation (Park, Juarez et al. 2007). This is
different in the goat milk production, where farm@rimarily practice seasonal breeding.
Changes in the bulk tank goat milk occur as a aquresece of the seasonal breeding during
lactation. In general the content of fat, protewd aninerals is higher early and late in
lactation than at mid lactation (Fekadu B 2005).

Lipids

The milk fat is present as globules of triglycesdirrounded by a complex milk fat
globule membrane (MFGM) (Cebo, Caillat et al. 20F)yure 1 describes the composition of
the MFGM with the trilayer structure, the lateraganisation of polar lipids and the
heterogeneous distribution of proteins (Christ2041).

The fat content of goat milk is similar to bovindkibut the fat globules in goat milk are
in general smaller. In goat milk the fat globules anly present in sizes less than 3%
(Park, Juarez et al. 2007). The small fat globalesthe absence of agglutinin, which causes
clustering of the globules in bovine milk, resuitslow creaming of goat milk compared to
bovine milk (Haenlein 2001; Park, Juarez et al.7200
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Figure 1 The milk fat globuleriglyceride: surrounded by the complex MFGIZIfristelle 201).

The abundance of short (SCFA) and medium (MCFA)rcfadty acids are higher in go
milk. The content of caproic 6.), caprylic (G.g), capric (Go.g), and lauric ((12.0) are
significantly higher in goat mi (Alonso, Fontecha et al. 199%specially the caprylic ac
and thebranched capric acids are most probably the maitribaitors to the goat like flavol
in goat milk and both caplic and butyric ((.¢) acid can give a rancid and tart ts
(Chilliard, Ferlay et al. 200 ollins, McSweeneyt al. 2003;Park, Juarez et al. 20).

Proteins

The content of protein is in average similar intgaal bovine milk but thproportions of
the major caseinare differer (Park, Juarez et al. 2007). Goat mitkgenerg, contains less
as1-CN and moreis-CN, B-CN andk-CN, in relative amounts, than bovine n (Mora-
Gutierrez, Kumosinski et al. 19). In addition goat milk has a higher ¢ent of nor-protein
nitrogen and less casein nitro¢(Park, Juarez et al. 2007).

The interaction between the se-phosphate groups ins-CN and catium ions (C*) in
milk is strong and this interaction contribute,rajovith hydrophobic bonds between
caseins, to thpresence of the caseir casein micellesWalstra, Wouters et al. 20). The
high relative conterft-CN in goat milk compared with bovine milk appears fiect the
properties of the casein micelles in goat milk. B-CN isvery voluminous and hydrophok
and probably leads to entrapment of water in theesed spatial ucture of the casei
micelle (MoraGutierrez, Kumosinski et al. 19). Thelower relative content afs;-CN and



higherB-CN leads to larger micelles that entrap more wit@n the casein micelles in bovine
milk.

Minerals and vitamins

Goat milk has in general a higher content of Ca§,MMg and Cl and less Na and S than
bovine milk (Park, Juarez et al. 2007). The whakur of goat milk is caused by the lack of
[-carotenep-carotene is the precursor of vitamin A. In goaknall B-carotene is converted
and the content of vitamin A is therefore higheanrtlin bovine milk (Park, Juarez et al. 2007).
Goat milk has deficiencies in folic acid and vitani;, and the content is five times higher in
bovine milk. Folate is nessesary for the syntheslsaemoglobin and a deficiency of Folate
and B can cause a megaloblastic anaemia in infants (Pagkez et al. 2007).

2.2.Genetic impact on goat milk and cheese quality

Several studies have revealed the differenceslinquality between different goat
livestock’s and genotypes. It is obvious thatdbeCN genotype has a major influence on the
milk composition and sensory quality of the milldacheese (Ambrosoli, di Stasio et al.
1988; Delacroix-Buchet, Degas et al. 1996; PidreeQuere et al. 1998; Pierre, Michel et al.
1998; Tziboula and Horne 1999; Vegarud, Devold.et299; Clark and Sherbon 2000;
Adnay, Vegarud et al. 2003; Chilliard, Rouel et24106; Devold, Nordbo et al. 2011). The
milk with high amounts ofis-CN is characterized by a high content of protkit),Ca, lower
pH, smaller casein micelles and are less suscepbllpolysis and off-flavours. A common
agreement exits, that the milk from the straggCN genotypes has a favourable quality for
cheese making. The genotypes are divided into Margccording to the amount@f;-CN in
the milk; high variants with approximately 3,6 g/, B (1,2 and 3) and C), the intermediate
variant with approximately 1,6 g/L (E), low variantith approximately 0,6 g/L (D, F and G)
and the “null” variant with absence @$;-CN (0) (Grosclaude, Mahe et al. 1987; Martin,
Addeo et al. 1996).

2.3.The impact of diet on goat milk and cheese quality

The genetic impact on the quality of goat milk agrgdo explain the major differences in
the milk quality of individual goats. Neverthelessearch has also shown improvement of the
quality of goat milk by favourable diets (ChilliarEerlay et al. 2003; Morand-Fehr 2005;
Ekneaes and Skeie 2006; Morand-Fehr, Fedele et @F; Eknaes, Havrevoll et al. 2009).
Alongside the problem of casein composition in go#k there is also a frequent rancid and



tart flavour. This defect, in goat dairy producdssgecreasing with supplementation of diets
rich in fat fed to lactating goats. In contrasstodies of bovine milk it appears that a fat
supply in correct proportions do not reduce thegnocontent of the goat milk.

In Norway, the typical farming practice is to kep goats indoor in the winter and at
pasture during the summer season. In additionatitation changes the quality of the milk
during the year. Eknees et al. (2009) also obseav@dgher milk protein content at mountain
pasture compared to the period of indoor feedigs Tould be explained by a favourable
composition of nutrients in the mountain pastuitee $ame study also showed that the
frequency of rancid and tart taste increased duhiegnountain pasture, which is considered
to be a negative property of the milk quality.

Rouel et al. (2002) found that a supply of linseédlecreased the goat flavour of fresh
cheeses but they also detected a fish flavour,iwisiconsidered as a negative characteristic.
A supply of oleic sunflower oil decreased the ftour of ripened cheeses. The same study
also found that a diet rich in hay led to a deaanxidised and bitter flavours, while a diet
rich in maize had the opposite effect.

Soryal et al. (2004) studied the influence of déf& levels of concentrate fed to grazing
goats on ripened Domiati cheese produced of miliknfthese goats. The level of concentrate
supply did not affect the composition of the cheésg the cheese from goats without a
supply of concentrate had a lower SCFA contentaahigjher flavour score.

2.4.Goat’s lactation

The content of milk fat and protein is always hajter kidding and decreases during the
major part of lactation. In the end of the lactatibere is an increase in the fat and protein
content due to a decrease in milk yield. The ihisdoth due to the increase in milk yield
until the lactation peak and to a decrease in fatilization for mammary lipid synthesis
(Chilliard, Ferlay et al. 2003)

Goat milk lipolysis and LPL activity are low duririige first four weeks of lactation and
after week 30 of lactation. While the lipolysis ahelipoprotein lipase(LPL) activity are
highest after the lactation peak in mid lactati@hilliard, Ferlay et al. 2003)

2.5.Lipolysis in goat milk

Lipolysis occurs when the bond between the glycenal fatty acids on the milk fat
triglycerides are hydrolyzed and free fatty aci@BA) are formed. In milk the native lipolytic
enzyme LPL is responsible for the spontaneousyg®l\Walstra, Wouters et al. 2006). Since



goat milk has a high content of SCFA and MCFA lysad will result in release ofgg,
branched &.c and G.o which will give the milk a typical goat flavour dma rancid and tart
taste (Chilliard, Ferlay et al. 2003). Lipolysismmlk can be induced by agitation, pumping,
air inclusion, temperature changes (cooling andimgia churning and homogenisation
(Christelle 2011). This is due to the mechanicahdge of the milk fat globules, which
expose the triglycerides. The resistance to daroatee milk fat globules relies on the
function of the MFGM. It has been considered thatMFGM of goat milk was similar to
bovine milk. But a recent study have observed fomelgal differences between the species
(Cebo, Calillat et al. 2010). The analysis of the®MFproteins from goat milk revealed the
presence of CN in the goat MFGM, whereas practical CN were detected in the MFGM
of bovine milk. Further, the abundance of CN waghhbr in the MFGM protein fraction in
as-CN “null” genotypes than in highs;-CN genotypes. Cebo et al. (2010) suggested that an
alternative pathway for milk fat secretion is prase the goats that arg;-CN defective. It

is not revealed if this particular composition loé tMFGM will lead to a weaker membrane,
but it could explain why milk fronas:-CN “null” genotypes is highly susceptible to ligsis.

In goat milk the LPL is most likely situated on tmék fat globules rather than bound to
casein micelles as in bovine milk (Chilliard, Fgrkt al. 2003). This can explain why
lipolysis of milk fat is well correlated to LPL aeity in goat milk and not in bovine milk. The
LPL activity is low during early and late lactatiand when goats are underfed or are fed a
diet supplied with unsaturated fat (Chilliard, fegret al. 2003).

2.6.Biochemical changes during cheese ripening

Lipolysis

The fat in cheese can be hydrolysed to FFA byysgiel The SCFA and MCFA can either
contribute positive to the flavour of the chees&ooa rancidity defect depending on the
concentration and perception threshold (CollinsSMieeney et al. 2003). The lipases and
esterases originate mainly from lactic acid baat@rAB) since naturally occurring LPL in
milk is inactivated by pasteurisation. The enzym@eslocated inside the bacteria cells and the
extent of autolysis of the cell is determining floe lipolysis to occure (Fox, Guinee et al.
2000). Compared with other bacteria and mould giséactococcuspp. and.actobacillus
spp. have low lipolytic activity, but the bacteaecurs in such large numbers in the cheese
that they thereby account for the main lipolysisimyi ripening (Fox, Guinee et al. 2000).

Free fatty acids can further act as a precursalingao the formation of aromatic
compounds (Collins, McSweeney et al. 2003). Thelaxon of FFA leads to formation p#
ketoacids. Th@-ketoacids can further be decarboxylated to metbgdnes (Alkan-2-ones),



which in turn can be reduced to the correspondiakga-2-ol (Collins, McSweeney et al.
2003). Free fatty acids can react with the alcétwrhed by the fermentation of lactose or by
the decomposition of amino acids and form ethymsstThioesters can be formed when FFA
react with free sulphydryl groups (-SH) (Collins¢c$iveeney et al. 2003).

Proteolysis

During the cheese ripening thg)-CN is degraded by splitting of the Phe23-Phe24bon
by the rennet into large peptides. Clevage oflibizd is believed to cause a softer texture of
the ripened cheese (Fox, Guinee et al. 2000).niaimly enzymes from the LAB that degrade
the large peptides further down to small peptidesamino acids. The proteinases from the
LAB exist on the bacterial cell wall while the pejatses are intracellular, and autolysis of the
cell is necessary for their actidre. spp. and_b. spp. are the bacteria strains that primarily
contribute to the degradation of the proteins. étnaise fronic spp. hydrolyzes large
peptides to small peptides. While small peptidesdagraded by peptidases from blotrspp.
andLb spp. into free amino acids (FAA) (Sousa, Ard6leP@01).

Large peptides contribute to the texture of theeskeand small peptides and amino acids
contribute to the flavour. Amino acids are an egiexgurce for LAB and the composition of
amino acids in cheese changes during ripening. Araaids can further be degraded to
volatile aroma compounds of different enzymes en¢heese (Sousa, Ardo et al. 2001).

The catabolism of amino acids often begins withreottansferase of the amine group on
the amino acid to am-ketoacid, resulting in a new amino acid and a neketoacid.o-
ketoacids are decarboxylated to aldehydes, whithducan be reduced to alcohols by
alcohol dehydrogenases. Aldehydes can also bezexido carboxylic acids by aldehyde
dehydrogenase. Carboxylic acids and alcohols forinmed aldehydes can then react and
form esters by alcohol acyltransferase (Walstraui&is et al. 2006).

The major part of the products from proteolysisan@matic compounds that contribute to
the flavour of the cheese (Ard6 2006).



3. BRIEF SUMMARY OF PAPERS I-llI

3.1.PAPER |

The influence of thes;-casein genotype of goats on the quality of chesieand cheese

quality
The objective of this study was to investigatedhferences on the cheese making properties

and cheese ripening between milk from heterozyQttgoats and from homozygote 00-goats
for as1-CN.

The differences in milk quality between tilig-CN genotypes of goats have been studied
in different goat breeds in several countriess ihigeneral accepted that the cheese making
properties of the highs;-CN variants are preferable. But few studies havestigated the
effect in ripened cheese. The cheese making wadatdized so that the cheese was
comparable from production to production withouy ather experimental factors than
genotype. The study included analysis of FFA, FA&anic acids, dry matter, microbiology,
pH and sensorial analysis. In addition coagulapimperties (formagraph) and composition of
milk from each goat was analysed one week aftdn eaeese making. The composition (fat
and protein) and the coagulation properties 8Rd Ago) of milk from goats of the highs;-

CN variant were preferable for cheese making. Heurt appeared like the milk from the
high as;-CN variant leaded to a better and more stabilesdguality during lactation. The
cheese from the lows;-CN variant milk had lower % dry matter content,ieghimplied that
the cheese matrix trapped more water, and hadjadne rancid flavour.

3.2.PAPER I

Effect of supplementation of saturated and unstgdriat in the goat diet on the quality of

cheese milk and cheese quality

The objective of this study was to investigatedffect of diets added a supplement of
saturated or unsaturated vegetable fat on themgitlatind its cheese making properties.

Due to a high frequency of off-flavours and an wofarable composition a great deal of
the Norwegian goat milk has been poor for productibcheese. This has led to a large
quantity of discarded milk. Different diets caneaff the quality of the milk and especially a
supply of fat in correct proportions in the dieslsown to contribute to an increase in

10



guality. The cheese making was standardized sdhbatheese was comparable from
production to production with only the feed as &peximental factor. The study included
analysis of FFA, FAA, organic acids, dry mattercrabiology, pH and sensorial analysis. In
addition coagulation properties (formagraph) anchgosition of milk from each goat was
analysed one week after each cheese making. Therftnt of the milk was higher in the
groups that were fed a supply of saturated andturagad fat. The milk from goats fed a
supply of unsaturated fat had a higher proteinearthen the other groups. The cheese from
the control group had the best sensory attributdstae cheese from the group fed a supply of
saturated fat had a high abundance of rancid tAkeecheese from the group fed a supply of
unsaturated fat appeared to ripen slower thanttier cheeses.

3.3.PAPER I

Development of a semi-hard blue veined cheese atf mdk

The objective of this study was to develop a refgqprea semi-hard cheese of goat milk
ripened withPenicillium roqueforti

With an increasing quality of the goat milk in Nawthere is a market for developing
new products. A hindrance in the development of nkeese varieties has been poor cheese
making properties of the milk and a frequent rarilddour. The taste defect is a result of
lipolysis of milk FFA. Blue veined cheese, ripeneith Penicillium roquefortj gain a high
pH, which will to some extent neutralize the FFAlaover up the taste defects of the milk.
The sensory quality of the cheese was satisfattoiryhe interior structure was too dense and
hindered a proper developmentrafroqueforti Further development of the cheese making
technology is needed to create the desired strictur

4. GENERAL DISCUSSION

In most studies of milk quality for production dieese, the research focuses on the
composition of the milk and coagulation propertiBisese studies will conclude about how
suitable the milk is for the manufacture processnat about what occurs during the ripening
of the cheese. During ripening a series of compleghemical processes occur, which will
determine the final quality of the cheese. Thislgtincluded consequently analysis of the
ripened cheese. The results will then better desdrow the differents-CN genotypes of
goats and different diets affect the final prodédtogether the cheese made of milk from the

11



high as;-CN genotype (Paper 1) and cheese made of milk tiergoats given a supplement
of unsaturated fat (Paper Il) gained the best tuali

The cheese made of milk from the high-CN genotype (Paper 1) was made of milk that
had most favourable composition (protein and fat) best coagulation properties. The
cheese had a firmer texture (high DM) and bettassey quality.

The cheese made of milk from the goats given alsapmt of unsaturated fat (Paper II)
was made of milk that had most favourable compmsi¢protein and fat) and best coagulation
properties. The cheese ripened slower but hadrtssttesory quality than the cheese made of
milk from the goats given a supplement of saturéaed

The blue veined cheese (Paper 1) had satisfagengory quality but in all trials the
cheese making did not result in cheeses with seffity open structure.

5. FURTHER PERSPECTIVES

The present study was merely a master thesis aadh&eefore limited in time and costs.
Nevertheless there were several analyses thatrgaukts with statistical significance, which
makes further studies interesting. The limited tiesulted in few replications of each part of
the study (Paper | and Il). Further investigatiohthe effect ofus;-CN genotype trough the
hole lactation, including the mountain pasture, lddae interesting. Little research has also
been done on the effect of different diets ondtgieCN genotypes. The cheese made in the
main part of the study (Paper | and Il) was nob@mmercial cheese and it was therefore
difficult to evaluate it sensorial. In further stesl it would be interesting to make a cheese of
superior quality, which could in addition be evaédwith a consumer survey.

In addition to the already accomplished results,dbntent of FFA and the composition of
caseins in the cheese will be analysed. Thesetsesill most likely give an even better
understanding of the observed differences betweeheeses.
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cheese milk and cheese quality

Abstract

The differences in milk quality between thg-CN genotypes of goats have been studied
in different goat breeds in several countriess ihigeneral accepted that the cheese making
properties of the highs;-CN variants are preferable. But few studies havestigated the
effect in ripened cheese. The objective of thislgtwas therefore to investigate the
differences on the cheese making properties amaing between milk from a higix-CN
genotype and from the “null” genotype with abseotes;-CN of the ordinary Norwegian
goat breed. The cheese making was standardizidisthe cheese was comparable from
production to production without any other expenad factors than genotype. The study
included analysis of free fatty acids (FFA), fremio acids (FAA), organic acids, dry matter,
microbiology, pH and sensorial analysis. In additi@agulation properties (formagraph) and
composition of milk from each goat was analysedwaek after each cheese making. The
composition (fat and protein) and the coagulatimpprties (Kkoand Ay) of milk from goats
of the highas;-CN variant were preferable for cheese making.theunt appears like the milk
from the highas;-CN variant leads to a better and more stabile sshgeality during
lactation. The cheese from the “nullg;-CN variant milk had lower % dry matter content,
which implies that the cheese matrix is trappingeneater, and a frequent rancid flavour.

Sammendrag

Kvalitetsforskjellen mellom geitemelk fra ulike;-CN-genotyper har blitt undersgkt i
ulike geiteraser og i ulike land. Men fa studiar hndersgkt effekten av genotyper pa
modnet ost. Formalet med denne studien var derfimdérsgke ystingsegenskapene og
modingen av ost ystet av melk fra geiter med gensr koder for et hgyt innhold a¢;-CN
og av geiter med “null” gener som har fraveeng¥CN i melka. Ysteprosessen var
standardisert slik at osten skulle bli sammenligriteaproduksjon til produksjon uten andre
eksperimentelle faktorer enn genotype. Studierunhd&ite analyser av frie fettsyrer (FFA),
frie aminosyrer (FAA), organiske syrer, karbohydratgrrstoff, mikrobiologi, pH og
sensorisk bedgmmelse. | tillegg ble koaguleringsskggper (formagraf) og sammensetning



av ystemelka fra hver enkelt geit analysert. Sans@@mgen (protein og fett) og
koaguleringsegenskapene,fldg Agp) til melka fra geitene med gener som koder fdrastt
innhold avas;-CN egnet seg best til ysting. Videre viste detaedenne melka farte til en
mer stabil kvalitet pa osten gjennom laktasjoneste® ystet av melk fra “null”-genotypen
hadde et lavere tarrstoffinnhold, som tyder pas&tmatriksen holder pa mere vann, og en
hyppig forekomst av harsk smak.

6. Introduction

The demand for rennet coagulated goat cheese wadyas increasing. Cheese of good
quality is imported, especially from France, wHoe cheese produced in Norway varying
milk quality has been a major problem with a rarand tart flavour of the milk. Essentially
the goat milk was used for production of brown whkhgese. Whey cheese is not a cheese by
definition but is made of concentrated whey addéll amd cream in the final processing step
(CodexAlimentarius 1971; CodexAlimentarius 197&)eToat stock was breed towards a
high milk yield and a strong goat flavour of theknirhe goaty flavour can be a negative
characteristic if it is to dominant but in the wheheese the sweetness will to some extent
balance the flavour defect.

The direction of breeding did as well lead to gagith a double deletion (00) gene fo4;-
casein (CN) (Adngy, Vegarud et al. 2003) and aufeed rancid and tart taste of the milk
(Eknaes and Skeie 2006). Vegarud et al. (1999) coedpgoat stocks from different parts of
Norway and found a frequency of 58% of the spedgdetion in the exon 12 D allele of the
as1-CN gene in the north, 75% in the southeast and in9%e west of Norway. These goats
are further denoted as 00-goats. Adnay et al. (2§68otyped goats from two farms in
northern Norway and found the frequency of the 68tg to be 86% on these farms.

Analysis has shown that the protein and fat corgéttte milk from the 00-goats are
significantly lower than in the milk from goats Wwibtheras;-CN genotypes (Clark and
Sherbon 2000; Adngy, Vegarud et al. 2003). A gawdetation between a high content of
good qualityns;-CN in milk and good properties for cheese produrchas been shown
(Ambrosoli, di Stasio et al. 1988; Vegarud, Develdl. 1999; Clark and Sherbon 2000;
Adnay, Vegarud et al. 2003). Ambrosoli et al. (1p&&ind that milk with a low content of
as1-CN had a faster coagulation time whereas milk Wwith contents ofis;-CN produced a
firmer curd. The latter has been associated wititoee advantageous composition of milk for
cheese production. Clark and Sherbon (2000) fobadnilk lackingas;-CN had poorer
coagulation properties than milk with high contenitas;-CN. However they found that the



% of dry matter, non-fat solids (SNF), and protegre more highly correlated with good
coagulation properties thar;-CN. Vegarud et al. (1999) analysed milk from gadtthree
different locations in Norway and found that mitkrn the 00-goats coagulated later after
rennet addition (rct), had longer coagulation tifikey;) and gave a less firm or not sufficiently
firm coagulum after 30 min (%) than milk from goats with othets;-CN genotypes. The
same analysis showed that the cheese curds 00tbeds had lower syneresis than the
cheese curds from goats with a high contentsefCN in the milk. Adngy et al. (2003)
analysed milk from two farms in northern Norway dodnd that the 00-goats gave a slower
coagulation and a weaker coagulum than the me#reaidther genotypes.

The result of the breeding strategy in Norway u@®07 (NSG 2011) was milk that was
poor for production of rennet coagulated cheesemMastacceptable for the sweet cooked
whey cheese. However, with the increasing demancefinet coagulated goat cheese the
status of the Norwegian goat stock was discoveke@he University of Life Science in As,
Norway, breeding towards heterozygote (01) goatis genes that code fog; casein started
in 2008. The breeding regime is only including aediy Norwegian dairy goats and the bucks
used for breeding has a known genetic profile. gkide with the breeding regime for 01-
goats a few 00-goats has also been retained.

The objective of this study was to investigatedtiterences on the cheese making
properties and cheese ripening between milk frotarbeygote 01-goats and from
homozygote 00-goats fas:-CN. The cheese making was standardized so tbatibese
was comparable from production to production withemy other experimental factors than
genotype. The cheese was semisoft and ripeneastigfoil. An aromatic mesophilic DL
starter culture was used abdctobacillus casewas added as an adjunct culture to accelerate
ripening. The cheese was analysed one day aftdugption, after 2 and 4 months.



7. Materials and methods

7.1.Animals and diets

Two groups of goats of the Norwegian dairy breedevekesigned. One group with eight
00-goats and the other with twelve 01-goats. The dakidding differed somewhat between
the goats, but the groups were adjusted accorditigd. The average age was 3,5 years for
the 00-goats and 2 years for the 01-goats. Theg/goats usually have a lower milk yield
than the older ones, so the 01-group was added enfee goats to ensure enough milk for
the cheese production. All goats were given theesdiet during the experimental period. The
diet consisted of grass silage and a concentratedoan barley.

7.2.Manufacture process

The goats were kidding during February 2011 anditeeproduction of cheese was made
in the second month in lactation (March, week IBe second production was made in the
third month in lactation (April, week 14), 2011. dywarallel cheese productions were carried
out during these weeks, with one day between eaegbse making. Milk was collected in the
evening two days ahead of the production day, mgrand evening the day before and in the
morning the same day as production.

Pasteurised milk was tempered to 32°C and inoalihatth 0,7 % CHN19 from Chr.
Hansen A/S (Hgrsholm, Denmark) and preacidified2t®min, then the milk was added 10
mL Lb. case{University of Life Science, As, Norway) per 100milk and further acidified 5
more minutes. The milk was then added 25 mL re(@etyMAX, Chr. Hansen A/S,
Hgrsholm, Denmark) per 100L milk. The coagulum waisin 10 mm cubes at appropriate
firmness with a clear cut. The coagulation timaeifrom 25 to 35 min during the
experimental period. The cheese curds was lestdoe5 min and thereafter stirred for 40
min keeping the temperature at 32°C. The whey Was tiluted by 50% whey removal and
50% water (32°C) addition. The curds were heate2Dt@ during 10 min and cooked for 30
min at this temperature. Most of the whey was resdaand the curds were transferred to
Camembert forms and pressed lightly by hand. Tleesd was kept at 36°C and turned
straight away, after 30 min and 1 hour. After tvouts the cheese was cooled down to 10°C
and salted in brine for 1 hour. The cheese driext aight in room temperature and was then
vacuum packed in plastic foil. The ripening of tieese took place at 16°C for 2 weeks and
thereafter at 4°C for the remaining ripening peridd overview of the complete manufacture
process is presented in figure 1.
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l
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l
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cold water, 10°C, 30 min

l

Salting, 1 hour in saturated
brine.

l<

Ripening at 16°C during 2
weeks,
then at 4°C

Cheese is vacuum
packed in plastic foil
next day.

Figure 1 Manufacture process of semi-hard goatsshee




7.3. Sampling, measurements and analysis

Samples were collected from pasteurised cheeseg im@h cheese and from matured
cheese ripened for two and four months. Microbig)alyy matter, pH and organic acids were
analysed and measured at the time of sampling. Barfgr analysis of FFA and FAA were
stored at -20°C for later analysis.

The microbiological analysis included coliform be@, Lactobacillusssp (NSLAB) and
Lactococcussp. Coliform bacteria were enumerated on VRBA é3XOID, Hampshire,
England) and incubated at 37°C for 24 houestobacillusssp was enumerated on BBL™
LBS agar (Becton Dickinson and co., Le Pont dexClrance) and incubated anaerobic at
30°C for 4 daysLactococcussp was enumerated on M17 broth (MERCK, Darmstadt,
Germany) and incubated at 30°C for 2 days.

Samples for measurement of dry matter were fiistddn room temperature over night
then dried at 120°C for 20 hours ((IDF) 1982). pieof the cheese was measured with a
Orion pH-meter model 320 with an Orion Ross 81®&stebde (Orion Research, Cambridge,
USA) according to Skeie et al (2001).

The analysis of FAA were done according to a medifinethod described by Butikofer
and Ardo (1999) using high-performance liquid chabography (HPLC) with OPA
derivatisation. The samples were added an extrasbtution based on 0.1M HCI added
Piperidine-4-carboxylic acid (PICA) (Fluka, St.LeulUJSA) and L-norvalin (Sigma, St.
Louis, USA) as internal standards (IS). The HCusoh was diluted from 37% HCI with
milliQ water. The samples were then homogenizedrbYltra-Turrax (Pro Scientific Inc,
Monroe, USA) for 5 min at 20 000 rpm. Then the sE®mere placed in an ultrasound bath
(Branson, Soest, The Netherlands) for 30 min andriteged for 40 min at 4°C and 3400
rpm (Beckman J2-MC, GMI Inc., Minnesota, USA). 1ohthe supernatant was added 1 mL
of 4% trichloroacetic acid (Merck, Darmstadt, Genyla The solution was mixed on a vortex
(Gene 2, New York, USA) and put on ice for a minimaf 30 min. The samples were
centrifuged for 5 min at 13 000 rpm (Eppendorf 581 31amburg, Germany). The
supernatant was then filtered through a 25mm sgrfifigr with 0.2um cellulose acetate
membrane (VWR International) directly in HPLC vial$e samples were stored at -20°C
until analysis.

The separation of the FAA was carried out usifeekin EImer series 410 LC Pump
(Perkin Elmer, Conneticut, USA), an Agilent Techowés 1200 series autosampler (Agilent
Technologies, Waldbronn, Germany), a Perkin EIn@€ @lumn oven and an Agilent
Technologies 1200 series thermostat. The systendigen by an EZChrom Elite (Agilent
Technologies). A XTerra RP 18 column with 150 x th& (Waters, Massachusetts, USA)



was used and the injection temperature was 4Zt€e amino acids were detected with a
1200 series fluoriscens detector from Agilent Textbgies.

Organic acids and carbohydrates were analyseddingdio the method described by
Skeie et al. (2008) with Berkin Elmer series 410 LC Puri{’LC (Norwalk, USA) with a
300x7.8 mm Aminex HPX 87 H column (Biorad, Richmphk$A) and Perkin EImer Applied
biosystems 759A absorbance UV detector (NorwalkA)J$he samples were added 5 mL
milliQ water, 0,7 mL 0,5 M SO, and 20 mL acetonitril (CECN) then mixed for 30 min
and centrifuged. The supernatant was then traesféora HPLC vial trough a 13 mm syringe
filter with a 0.2um PTFE (Polytetrafluoroethylene) membrane (Acrag®isd he samples
were injected on the HPLC with a Perkin EImer se#60 auto injector (Norwalk, USA). The
injection volume was 28, with a 0.4 mL/min flow at 32°C. The mobile phasas 5mM
H.SQ, in purified water. The wavelength of the deteetas 210 nm.

The analysis of FFA were done using gas chromapbgr&GC). The procedure for the
extraction of the FFA in the cheese was done axithesl by Dejong and Badings (1990).
The samples were diluted in a 1:1 v/v solutioniefldyl ether (Merck, Darmstadt, Germany)
and heptane (Merck, Darmstadt, Germany), addedhsttpacid and dried with N§O,
(Merck, Darmstadt, Germany). All samples were adbladl of a 1Img/mL C:19
(Nonadecanoic acid, Larodan AB) internal standaidet! in 1:1 v/v solution of diethyl ether
and heptane . The solution was then washed troggmia 500 mg solid phase extraction
(SPE) aminopropyl column (Thermo Fisher Scientific) placed in a Vac Elut 20 vacuum
manifold (Aglient Technologies, Waldbronn, Germanygutral lipids were removed from
the column with 20 mL 3:2 v/v of hexane (Merck, Batadt, Germany) and 2-propanol
(Merck, Darmstadt, Germany). FFA were isolated lagking the column with 5 mL diethyl
ether added 2 % formic acid (Merck, Darmstadt, Gary).

The methylation of the FFA were done accordinghorhethod used by Ekeberg, IKBM,
UMB (Personal communication). The solvent was evateol using nitrogen gas. The isolated
FFA were then methylated with boron trifluoride imetol (BEMeOH) in a 70°C water bath
for 5 min and added hexane. The upper phase (hpwasethen transferred to the GC vial.
FFA were analysed using a wall coated open tubiutaad silica capillary column with an
inner diameter (id) of 0,25 mm, 50 m length andy2film thickness (Varian, Middelburg,
The Netherlands) and a Carlo Erba AS V570 flameaiion detector (FID) (Milano, Italy).
Helium at 75 kPa was used as carrier gas. Thetarjgemperature was 250 °C and the FID
temperature was 300 °C. The sampld)(tvas split with a ratio of 1:25 when injected.eTh
temperature program during the detection of FFA &&SC for 3 min, then raised with 10



°C/min to 140 °C and held for 1 min, raised with°@Jmin to 160 °C and held for 1 min and
finally raised with 2 °C/min to 210 °C and held fis min.

The rennet clotting properties of the milk fromiwidual goats were analyzed by
formagraph (Lattodinamografo, Foss Italy, Padotady) according to the method described
by McMahon and Brown (1982). The milk was pastadig@63°C/30 min) and cooled to 30°C
before 10 mL was transferred to the formagraph $aoyvette and incubated at 32°C. The
Rennet (200ul CHYMAX, Chr. Hansen A/S, HarsholmnbBrark) was diluted in acetate
buffer (1:50) and added to the milk 30 min afterubation. The samples were analyzed in the
formagraph for 30 min at 32°C. The time (min) atiddition of rennet before the milk started
to coagulate (rct), the firmness (width betweendineves in mm) of the coagulum 30 min
after the addition of rennet ¢4 and the time (min) before the coagulum reachiaramess
of 20mm (K0) was measured. All samples were run in triplicates

The sensory properties of the cheese was analfi@®and 4 months. The analysis made
was hedonic and the cheese was evaluated for ampeartexture, aroma and taste. The
cheese was evaluated on a scale from 0 pointsy tesd quality, to 5 points; excellent
quality. The texture was compared with Graddosgmetihe highest score was given a cheese
with an open structure. Graddost was chosen amndastd because of the similarities in the
production process. However, the cheese productilsiexperiment had in general a softer
texture than Graddost, the structure was less apdrhe average score would therefore be
lower. If the cheese gained a score of 4 or lother extent of doughiness was graded from 1
to 5 points. The aroma and taste was not comparadédference cheese and the grading
differed between the individual preferences ofjtltgyes on what flavour a good goat cheese
should have. Cheese with rancid and tart tasteraeat@requently and the cheese was graded
for rancidness from 1 to 5 points if it gained argcof 4 or lower for aroma and taste. The
cheese was also given an overall score of the qotllty of the cheese.

7.4. Statistical analysis

Analysis of variance (ANOVA) was performed using tieneral linear model (GLM)
procedure of MinitaB version 16 (MINITAB Inc., State College, PA, USA).

Multivariate data analysis were carried out usimgptfamble? X (CAMO Process AS,
Oslo, Norway) using principal component analysiSA). A two-way analysis was done with
1; month in lactation and 2; genotype as classiboavariables. The statistical analysis was
performed on data from each ripening step.



8. Results

8.1.Milk composition and coagulation properties

The mean values and standard deviation of milk astion in milk from 00- and 01-
goats from the second (March) and third (April) ritom lactation are summarized in table 1.
The significant effect between different genotypegoats and month in lactation is shown in
the same table. The milk composition is the meah®imilk composition of each goat in
each group.

The fat, protein and lactose content were sigmtigehigher in the 01-goats in both
months in lactation but was also significantly leweApril than in March for both
genotypes.

Table 1 Composition of goat milk from differentrggypes (00 and 01) from the second (March) and thi
(April) month in lactation. Results are given asam&alues with standard deviation. Statisticalificance of
lactation and genotype is listed under the results.

Milk composition (wt%)

Month in n _
lactation Fat Protein Lactose
March 00-goats 8 5,0+0,66 3,1+0,22 4,8+0,17
01-goats 12 5,4+0,49 3,5+0,21 4,9+0,18
. 00-goats 8 4,4+0,44 2,8+0,21 4,6+0,14
April 01-goats 12 4,610,49 3,140,19 4,640,17

Statistical significance

*kk *kk K%k

Lactation
Genotype *k%k *k%k *k%k

NS: not significant. * P<0,05; ** P<0,01; ** P<0Qd
n: number of goats

The mean values and the standard deviation ofdhgutation properties in milk from 00-
and 01-goats from the second (March) and third i{Apronth in lactation are summarized in
table 2. The significant effect between differeahgtypes of goats and month in lactation is
also shown Table 2.

The time after addition of rennet until the millaiged to coagulate (rct) was not
significantly different between the genotypes baswignificantly faster in April than in
March. The firmness of the coagulum 30 min aftafitaoh of rennet (Ao was significantly
higher in milk from the 01-goats. The time befdre toagulum reached a firmness of 20mm
(K20) on the formagraph was significantly shorter ie thilk from the 01-goats. Both



genotypes had milk samples that did not obtainffecent firmness; in March, 73% of the

samples from the 00-goats and 11% from the 01-gbdtsot reach K and in April, 75% of
the samples from the 00-goats and 29% from theo@tsglid not reach 46 These samples
were given a value of 40 min in statistical caltiolas (Devold, Nordbo et al. 2011).

Table 2 Rennet coagulation properties and composif goat milk from different genotypes (00 and fsdm
the second (March) and third (April) month in lda. Results are given as mean values with standar
deviation. Statistical significance of lactatiordagenotype is listed under the results.

Month in n rct (min) A (mm) Koo (Min)

lactation

March 00-goats 8 11,47+3,02 17,59+3,70 31,57+14,17

01-goats 12 10,70+1,81 22,06+3,15 11,46+10,66

i 00-goats 8 10,48+2,37 15,98+2,75 31,93+14,29

April 01-goats 12 10,51+2,07 19,80+3,31 17,51+14,43

Statistical significance

Lactation * ok NS

Genotype NS *hx Fork

NS: not significant. * P<0,05; ** P<0,01; *** P<0Qd

n: number of goats

rct: the time after addition of rennet before thiékrstarts to coagulate
Agzp: the firmness of the coagulum 30 min after addsthet

Kyc: the time before the coagulum reaches a firmné28mm

8.2.Dry matter content of cheese

The mean value and standard deviation of the dtyem@M) content in fresh cheese and
cheese ripened for 2 and 4 months from two momtheciation are summarized in table 3.
The significant effects between different genotypiegoats and months in lactation listed in
the same table. In both fresh cheese and in ripelnegse there was a significantly higher dry
matter content in the cheese from 01-goats. Thesdsemade in April had a significantly
higher content of dry matter in fresh cheeses &e@ges ripened for 4 months, however after
2 months of ripening no significant effect of laaia was found.
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Table 3 Dry matter (%) in fresh cheese and in aheestured for 2 and 4 months. Results are givenesm
value of two parallel cheese productions with staiddleviation. Statistical significance of lactatand
genotype is listed under the results.

Dry matter %

Month in lactation Fresh 2 months 4 months
March 00-goats 47,4+0,00 48,2+0,07 47,5+0,07
01-goats 50,1+0,71 51,3+0,49 50,9+0,49

, 00-goats 48,8520,49 48,2+0,42 48,3+0,35
April 01-goats 51,15+0,35 50,8+0,71 51,4+0,42

Statistical significance

Lactation *x NS *
Genotype *%k% *%% *%%

NS: not significant. *P<0,05; **P<0,01; **P<0,001

8.3.Free amino acid composition

The result of the PCA of the FAA in cheese ripefeed and 4 months are presented in
figure 2. The first factorial component, which eaipled 86% of the variation, explained the
age of the cheeses with the 4 month old cheesasdgthne highest content of FFA. However
the first component also showed a clear separagtmeen months in lactation for the cheese
made from the 00-goats while the cheese made therf1-goats were randomly mixed
between the lactation months. The second compowéith explained 7 % of the variation,
showed a clear separation of the cheese from tfezatit genotypes of goats. The content of
L-asparagine (Asn) was significantly (P<0,01) higimecheese from 01-goats and the content
of L-tryptophan (Trp) was significantly higher ih@ese from 00-goats
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8.4. Sensory quality

The mean value and standard deviation of the séaesthe sensory analysis of ripened
cheese from two months in lactation are summaiiz¢able 4. The significant effect of
different genotypes of goats and month in lactalited in the same table. The cheese from
01-goats got a significantly higher texture scotalevno statistical significance was found of
the months in lactation on texture. The grade aigthiness was significantly higher in the
cheese from 00-goats and in the cheese made ih Ape cheese made from 01-goats got a
significantly higher score for aroma and taste wifilere was no statistical significance
between the months in lactation. The cheese made 0-goats was significantly more
rancid while it was no significant effect on monthdactation. The main score of the cheese,
with an emphasis on aroma and taste, was signifychigher in the cheese from 01-goats
while it was no significant on months in lactation.

Table 4 Sensory scores for cheese matured for 2hmonhe cheese was evaluated on a scale frorm@spoi
really bad quality, to 5 points; excellent qualiBesults are given as mean values with standardtoav
Statistical significance of lactation and geotypéisted under the results.

Month in n Apperance Texture  Doughiness Aroma and Rancidity ~ Main score
lactation taste
March 00-goats 5 2,7+0,48 2,8+0,79 3,1+0,88 2,9+0,88 289 2,7+£0,59
Ol-goats 5 3,2+0,42 3,1+0,76 2,7+0,95 3,2+0,79 Q.43 3,0+£0,55
i 00-goats 4  3,5+0,76 3,0+0,76 4,6+0,52 2,6+£0,44 P 2,7+0,46
April - 01.goats 4 3,1#0,83  3,840,70  3,3%0,70 3,6:0,52 Q3%  3,740,59

Statistical significance

Lactation NS NS *x NS NS NS
Genotype NS * * * *x *

NS: not significant. *P<0,05; **P<0,01; ***P<0,001
n: number of judges

The PCA of the sensorial analysis is shown in gg8ir The first factorial component,
which explained 64% of the variation, showed theese made from 00-goats had a more
rancid taste and doughy texture than cheese manedt-goats. The second component,
which explained 20% of the variation, showed arcéegaration between the months in
lactation for the cheese made from 00-goats whiecheese made from 01-goats were
randomly mixed between the lactation months.
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9. Discussion

Until now some studies of the cheese making pragse(tomposition of milk, renneting
properties, syneresis and whey drainage) of thke frum different genotypes of Norwegian
goats have been made but this is the first stualyattually examines the final product,
cheese (Vegarud, Devold et al. 1999; Adngy, Vegatwd. 2003; Devold, Nordbo et al.
2011). The advantage of studying the influencthefgoat genotypes on the final product, is
that the biochemical processes during ripening etiinge the cheese over time (Fox, Guinee
et al. 2000). Cheeses made from milk with differ@rhposition and properties will therefore
ripen in different manners, which will influenceetquality of the final product.

As previously shown the coagulation properties,@hd Aso) of milk from goats with
genes that code for ag:-CN was in this study significantly better thartloé milk from goats
with double deletion gene fok;-CN (Ambrosoli, di Stasio et al. 1988; Vegarud, Dielvet
al. 1999; Clark and Sherbon 2000; Adngy, Vegarual.€t003; Devold, Nordbo et al. 2011).
However, the time until the milk started to coagelafter addition of rennet (rct) was the
same for milks from the two genotypes investigatetthis present experiment. All previously
published results have shown the same tendendyeahtiuence ofis;-CN on Kyp and Ay,
while both longer and shorter rct has been obsegpptbrosoli, di Stasio et al. 1988;
Vegarud, Devold et al. 1999; Devold, Nordbo e®éll1). Clark and Sherbon (2000) found
that the content of dry matter, not fat solids ($BRd protein were more highly correlated
with good coagulation properties than high amoots;;-CN. This study, in accordance
with the present study, also showed a higher cowifefat, protein and lactose in the milk
from goats with genes coding fag;-CN. Since the analysis of casein composition erthlk
and cheese in the present study had to be postpisetifficult to conclude if the
composition of the milk or the level ag:-CN in the milk had most impact on the coagulation
properties. The casein composition will be analysehd capillary electrophoresis during the
spring 2012.

The age of the experimental goats may influencertifiecomposition. The milk yield will
increase with age and the milk composition will iMdeely differ between goats of different
age, the group with double deletion genedigrCN had an average age of 3,5 years while it
was 2 years for the group with genes codingifarCN.

The content of FAA in the ripened cheese can bd ase measure of the rate of ripening.
FAA are products of proteolysis in cheese (Fox,n@aiet al. 2000). Proteolysis is considered
to be the most important biochemical event thaticem cheese during ripening. It is
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responsible for textural changes and is also ameajatributor to the flavour development of
the cheese. In cheeses made of milk from the ga#iggenes coding fas-CN the cheese
ripened for 4 months had as expected a higher sbatd=AA than cheese ripened for 2
months. This was not the case for the cheese nfadékofrom goats with a double deletion
gene forus;-CN. The cheeses made in March, independently®bagpening, had a higher
content of free amino acids than the cheese madé Apese results indicate that the milk
from goats with genes coding fag;-CN had a more stabile quality during lactatiomtkize
milk from goats with the double deletion genedg-CN.

The result also shows that the composition of tha i the ripened cheeses was different
in the cheese from different genotypes. This istriikaly explained by different casein
composition of the cheeses.

The cheeses made of milk from goats with a doueletidn gene fotis:-CN had a lower
dry matter content, which implies that the cheesa#risnwas trapping more water. The result
could be explained by the presence of larger canaialles in the milk with a low content of
as1-CN (Pierre, Michel et al. 1998; Pierre, Micheb&t1999; Tziboula and Horne 1999). In
the surveys of the Norwegian genotypes of goatserbgdddnay et al. (2003) and Devold et
al. (2011) it was found that the goats with a deud#letion gene fars;-CN had larger casein
micelles than the othets;-CN genotypes.

The interaction between the serine-phosphate grioups-CN and calcium ions (G§ in
milk is strong and this interaction contribute,rajonith hydrophobic bonds between the
caseins, to the formation of the casein micelleléiva Wouters et al. 2006). Compared to
bovine milk, goat milk has a high contentle€N (Mora-Gutierrez, Kumosinski et al. 1997).
B-CN favours the formation of highly hydrated casmiicelles. The3-CN is also very
voluminous and hydrophobic and probably leads tapment of water in the increased
spatial structure of the casein micelle (Mora-Quéie, Kumosinski et al. 1997). Mora-
Gutierrez et al. (1997) found high amount$4ZN in both goat milks with high and low
content ofus;-CN compared to bovine milk.

Tziboula and Horne (1999) found that the lacki©fCN in the lowos-CN milk was not
counterbalanced by an increase in the contenteobtiher caseins. But the relative amounts of
the caseins changed with a high ¥B«EN relative to the other caseins in the loyyCN
milk. Pierre et al (1999) found that the relatiemtent of3-CN in the lowas;-CN milk was
59% of the total casein, compared to 48% in thé big-CN milk. It also appears like the low
content ofus;-CN in the milk to some extent was counterbalaneitd a higher relative
amount ofus-CN (Pierre, Michel et al. 1999; Tziboula and Hor#99). In theorys,-CN
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would lead to an even more compact structure otésein micelle thams;-CN by having
more serine-phosphate groups (Walstra, Wouters 2006).

The casein composition of the milk from Norwegiaraggenotypes has not been
surveyed, but will as previously mentioned, be ysed in the near future. This will be
interesting especially since studies from differemintries shows that there probably are
differences in the casein composition between ihle dx1-CN genotypes and the low;-CN
genotypes in the different countries and breeds@Mautierrez, Kumosinski et al. 1997,
Pierre, Michel et al. 1999; Tziboula and Horne 1999

The cheese made in this study was not made as meamal product for the market and
got in general a low score in the sensorial evadnaBut either way, there was a significant
difference between the genotypes. The most disshgd characteristic was the rancid taste
of the cheese made of milk from goats with the dedeletion gene fais-CN. The frequent
rancid and tart flavour of Norwegian goat milk (ks and Skeie 2006) results from the
lipolysis of milk fat into FFA (Collins, McSweenet al. 2003). The Long chain fatty acids
(LCFA) (> Ci2:9 have a high perception threshold and are coresidir be minor
contributors to the cheese flavour (Molimard anthBler 1996). While the short and
intermediate chain fatty acids {&Ci2.0) have a low perception threshold and will contrébu
to the characteristic flavour of a cheese. Capidid (G.g) and branched capric acid )
are most probably the main contributors to the ¢jkatflavour in goat milk and both caprylic
and butyric (G.¢) acid can give a rancid and tart taste (Chilli&reklay et al. 2003; Collins,
McSweeney et al. 2003). The short chain fatty acatseither contribute positive to the
flavour of the cheese or to a rancidity defect delpey on the concentration and perception
threshold.

Chilliard et al. (2006) analysed the fatty acid jFe&dntent of goat milk from high and low
as1-CN genotypes and found that the higyx CN genotype had a significant (P<0,01) higher
content of G0 and Go.in fresh milk. This result contradicts the moremqwunced rancid
taste in the cheese made of milk from goats witlbtedeletion gene fars;-CN in the
present study. But during cheese manufacture gedirg the rate of lipolysis is provoked
and more FFA will be released (Fox, Guinee et @0.Q03.

Delacroix-Buchet et al. (1996) studied the influeio¢ high and lows;-CN genotypes on
the sensorial properties of cheese. They foundlaehilipase activity and a higher content of
total FFA in the milk with lowns;-CN. The cheese made from the same milk had ditess
texture and a more pronounced goat flavour thaersshenade from milk with higias;-CN
content. This is in accordance with observationdena the present experiment, where the
sensory analysis showed, like the analysis of FAA&lear difference between the quality of
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the cheese, made of milk from goats with doublett®h gene fons;-CN, in March and

April. While the quality of the cheese made of niilam the highus;-CN variant was rather
constant. Soryal et al. (2005) studied the effégoat breed on the sensory quality of soft
cheese during 6 months (May-October) of lactafidre goat breeds were Alpine, with a low
content of casein, and Nubian, with a high contéiasein. The cheese from Alpine milk
showed a significantly lower flavour and texturergcin May and August while the Nubian
cheese had no significant changes during lactation.

The analysis of FFA of fresh and ripened cheesedaé postponed because of problems
with the GC, the samples will be analysed as seah&instrument is repaired. These results
will hopefully contribute to a better understandofghe difference in quality between the
cheeses from thes;-CN genotypes.
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diet on the quality of cheese milk and cheese tyuali

Abstract

Due to a high frequency of off-flavours and an wofarable composition a great deal of
the Norwegian goat milk has been poor for productibcheese. This has led to a large
quantity of discarded milk. Different diets caneaff the quality of the milk and especially a
supply of fat in correct proportions in the dieslsown to contribute to an increase in
quality. The objective of this study was to invgate the effect of diets added a surplus of
saturated or unsaturated vegetable fat on the elmeaking properties of the goat milk and on
ripened cheese. The cheese making was standastizbdt the cheese was comparable from
production to production with only the feed as apeximental factor. The study included
analysis of free fatty acids (FFA), free amino aqiBAA), organic acids, dry matter (DM),
microbiology, pH and sensorial analysis. In addittmagulation properties (formagraph) and
composition of milk from each goat was analysedwaek after each cheese making. The fat
content of the milk was higher in the groups thateMed a supply of saturated and
unsaturated fat. The milk from goats fed a supplynsaturated fat had a higher protein
content then the other groups. The cheese froraah&ol group had best sensorial attributes
and the cheese from the group fed a supply of st@ttifat had a high abundance of rancid
taste. The cheese from the group fed a supply sditurated fat appeared to ripen slower than
the other cheeses.

Sammendrag

Pa grunn av en hgy frekvens av harsk og besk smak aegnet sammensetning av den
norske geitmelka har den veert darlig egnet fongstDette problemet har fart til at mye melk
har blitt kassert. Ulike dietter har vist seg akeipavirke melkekvaliteten, spesielt har dietter
med et tilskudd av fett i riktige proporsjoner fiaken gkt kvalitet. Hensikten med denne
studien var & undersgke effekten av dietter méitbktidd av umettet og mettet vegetabilsk
fett pa melkas ysteegenskaper og pa modnet hvisgel steprosessen var standardisert slik
at osten skule bli sammenlignbar fra produksjoprduksjon uten andre eksperimentelle



faktorer enn genotype. Studien inkluderte analgsdrie fettsyrer (FFA), frie aminosyrer
(FAA), organiske syrer, karbohydrater, tarrstofikrabiologi, pH og sensorisk bedgmmelse.
| tilegg ble koaguleringsegenskaper (formagrafsagimensetning av ystemelka fra hver
enkelt geit analysert. Fettinnholdet i melka fréeygemed et tilskudd av fett i dietten var
hgyere enn i melka fra geiter foret med kontrotidiglelk fra geiter med et tilskudd av
umetta fett i dietten hadde et hgyere innhold atean. Ost laget av melk fra geitene foret
med kontroll fér hadde best sensoriske egenskapesifra geitene som ble foret et tilskudd
av metta fett hadde hgy forekomst av harsk smakfr@geitene som ble foret et tilskudd av
umetta fett synes & modne seinere enn de andmeoste

10. Introduction

The production of goat milk has a long traditiorNarway. The milk was essentially used
for production of whey cheese. Whey cheese is mbease by definition but is made of
concentrated whey added milk and cream in the pnatessing step (CodexAlimentarius
1971; CodexAlimentarius 1978). The goat stock haditionally been breed towards a high
milk yield and a strong goaty flavour of the milkhis particular taste results from lipolysis of
the milk fat into free fatty acids (FFA). The sh@®CFA) and medium (MCFA) chain FFA
(C4.0-C12:0) have a low perception threshold and octanoic @&id) is most probably the main
contributor to the goat like flavour (Collins, Mc®eney et al. 2003). Both octanoic and
butanoic (G.o) acid will also contribute to a rancid and tadtéaof the milk (Collins,
McSweeney et al. 2003). The goaty flavour can hegative characteristic if it is too
dominant but in the brown whey cheese the swetd t@ill to some extent balance the goaty
flavour.

In recent years the demand for rennet coagulatetigitk cheese has been increasing in
Norway. Cheeses made from goat milk are importatibbth small-scale cheese farmers as
well as TINE SA have started to produce goat ntilkese for the Norwegian market.

The goat milk produced in Norway has been of varyjoality and rancid and tart taste as
well as bad coagulation properties has been a rpaptiem for the cheese producers. This
problem has led to between 10 and 50 % discardatngitk and thereby lack of goat milk
for cheese production (Skeie, Personal communitpatio

The quality of the goat milk varies trough thetédion and between different stocks
(Fekadu, Soryal et al. 2005; Soryal, Fekadu 2G05; Eknaes and Skeie 2006).



Recent research has shown high frequencies of gaidite double deletion gene (00-
goats) forasi-casein in the Norwegian stocks (Vegarud, Devolal.et999; Adngy, Vegarud
et al. 2003; Devold, Nordbo et al. 2011).

Since 2008 the direction of breeding at The Ursiigof Life Science in As, Norway, has
favoured goats which produce high quality milk fennet coagulated cheese. These goats are
denoted as 01-goats. The characteristics of thiesbused for breeding is genes that code for
alpha;-CN. Research has shown a correlation betweendmghunts of good quality alpg@a
CN in goat milk and good properties for cheese m@akAmbrosoli, di Stasio et al. 1988;
Clark and Sherbon 2000; Chilliard, Rouel et al. 200

Although breeding seems to be the long-term saiutiathe problem, different diets have
been proven to contribute to a better quality efrhilk as a short-term solution (Morand-Fehr
2005; Eknaes and Skeie 2006; Morand-Fehr, Fedele 2007; Eknaes, Havrevoll et al.
2009).

Morand-Fehr (2005) reviewed the recent developmiaengsat nutrition and stated that the
quality of the cheese flavour and the quality & theese coagulum tended to be reduced
when the milk protein content was lower than thecémtent. These quality defects were
observed when the diets of the goats lacked fAba. Balancing the fat or fibre content of
the diet may increase the fat content of the milit eeduce these defects.

Morand-Fehr (2005) also claimed that in contrastawy cows, a fat supply in correct
proportions did not reduce the protein contentefdgoat milk. Then the fat supply should
then not be too rich in unsaturated fatty acids@mtmited to less than 5% of the dry matter
(DM) content of the diet.

Chilliard, Ferlay et al. (2003) compared differstudies of fat supply to lactating goats.
The studies included supplements of saturated krhe form of calcium salts or
triglycerides, animal fat, vegetable oils rich ia&1, C18:2 or C18:3, both free and
encapsulated and whole, crushed, extruded or fdehgtle-treated oilseeds. In all the
experiments the content of fat in the milk increbsignificantly (+ 5,7 g/kg in average of 23
supplemented groups). Even the milk fat contesrhfgoats fed vegetable oils rich in
polyunsaturated FA as a supply to a low-forageid@eased, which is contrary to what has
been clearly observed in dairy cows.

Eknaes and Skeie (2006) studied the effect of fggldiw and high amounts of concentrate
to Norwegian goats. The two groups were dividedna group grazing freely while the rest
had limited periods of roughage restriction an@ fsapply of hay. The goats grazed on
cultivated pasture in the spring and on mountastyra during the summer. Milk from the
goats with roughage restriction and free supplyaf had a higher fat content and a lower



content of FFA than the milk from goats that grafzeély. However, during the mountain
grazing a low level of concentrate led to more prorced off-flavours in the milk. The

former typical Norwegian goat management with lewels of concentrate and free access to
pasture gave the milk with strongest off-flavoltiswever Dgnnem, Randby et al. (2011)
observed that increasing the energy intake andribegy balance during the first four months
of lactation did not reduce the FFA content in godk.

Ekneaes et al. (2009) studied the effect of feedomrentrates with a supplement of
unsaturated and saturated fat sources during #zngy season (June-October) on Norwegian
goats. The results revealed that saturated lonig ¢htdy acids (LCFA) reduced the frequency
of rancid and tart flavour of the milk. The authetgygested that the positive effect of a
supply of saturated LCFA in the diet was due taractl effect on the fatty acid compaosition
in the milk. In addition they proposed that thgher content of ¢.oin the milk could have
improved the stability of the milk fat globule merabe (MFGM) and thereby decreased the
level of lipolysis and the tart and rancid flavour.

Several publications have been made on the effatifferent diets on the sensorial and
nutritional properties of goat milk cheese as \aslbn the fatty acid profile of the cheese.
However, very few publications have covered theafbf feeding of the goats on the cheese
making properties of the milk (Rouel, Gaborit et2l02; Soryal, Fekadu et al. 2005).

The objective of this study was to investigatedffect of diets added a surplus of
saturated or unsaturated vegetable fat on the elmeaking properties of the goat milk. The
cheese making was standardized so that the chesseomparable from production to
production with only the feed as an experimenteldia The cheese was semisoft and ripened
in plastic foil. An aromatic mesophilic DL starteulture was used aridactobacillus casei
was added as an adjunct culture to accelerateinigefhe cheese was analysed one day after
production, and after 2 and 4 months. The studyded analysis of FFA, FAA, organic
acids, dry matter, microbiology, pH and sensonmlgsis.

11. Materials and methods

11.1.Animals and diets

The experimental animals were divided in three gsoof 10 goats. All goats were of the
ordinary Norwegian dairy goat breed. The goats wlereled between the different groups as
to create three groups with the same average prep@ody mass index, age, lactation
years, genotype ofs;, milk yield, date of expected kidding and weigis)to create three



groups, in each group 3 of the goats were 00-goads/ were 01-goats. All goats were fed
grass silage and a control concentrate the firsts§@ after kidding. The control concentrate
was a glycogenic concentrate that consisted mainbarley added sugar beet cuts and soy
and rapeseed flour. In the rest of the experimgraabd, one of the groups continued on the
control concentrate while one group was fed a catnate with a supplement of saturated fat
and one group a supplement of unsaturated fahigrekperiment the goats were fed the same
diet during the whole experimental period and thveeee no interchange between the groups.
Table 1 shows the composition of the different @ntiates. The feed with saturated fat
consisted of somewhat less barley than the cootrdentrate and was added Akofeed Giant
60 Veg fat as the source of saturated fat. Thearanate with unsaturated fat did also consist
of less barley and was added rapeseed oil as tleesof unsaturated fat. During the indoor
period the goats were additionally fed grass sil@geing the mountain period the goats had
free supply of mountain pasture.

Table 1 Composition of raw materials (wt%) in these different concentrates.

Control Saturated Unsaturated
Barley 54 46 46
Rapeseed flour, expro 00SF 9 9 9
Soy flour, extracted 16 18 18
Sugar beet cuts 12 10 10
Molasses 5 5 5
Akofeed Giant 60 Veg fat - 8 -
Rapeseed oil - -
Mineral and vitamin premix 4 4 4

11.2.Manufacture process

The Goats were kidding during February 2011 anditseproduction of cheese was made
in the fourth month in lactation (May, week 19) eppmately 60 days after the new
experimental feeding was applied. The second ptamiuavas made in the fifth month in
lactation (June, week 23). Two parallel cheeseyxctidns were carried out during these
weeks with one day between each cheese making.viditkcollected in the evening two days
ahead of the cheese making day, morning and evémenday before and in the morning the
same day as cheese making.



In addition a third cheese making was performeithénend of the mountain pasture in the
seventh month in lactation (August, week 33). Mdkthe cheese produced at the mountain
farm was collected in the evening the day befokiarthe morning the same day as cheese
making.

The cheese made was a semi-soft cheese, acidilecChiN19 from Chr. Hansen A/S
and addedLb. caseias an adjunct culture, ripened in plastic foileT@omplete manufacturing
process was made as described by Jakobsen (2011).

11.3.Sampling, measurements and analysis

Samples were collected from fresh cheese and frease ripened for two and four
months. Microbiological analysis, dry matter, pHlamalysis of organic acids was analysed
and measured at the time of sampling. Samplestfalysis of FFA and FAA were stored at -
20°C for later analysis. The methods used for ttadyais are described by Jacobsen (2011).

11.4. Statistical analysis

Analysis of variance (ANOVA) was performed using tieneral linear model (GLM)
procedure of MinitaB version 16 (MINITAB Inc., State College, PA, USA) two-way
analysis was done with 1; month in lactation andi@ts as classification variables. The
statistical analysis was performed on data frontegening step. Multivariate data analysis
was carried out using Unscramtflét (CAMO Process AS, Oslo, Norway) using principal
component analysis (PCA).

12. Results

12.1.Milk composition and coagulation properties

Mean values and standard deviation of milk compmwsinh milk from goats given diets
with different fat sources (control, saturated andaturated) from the fourth (May), fifth
(June) and seventh (August) month in lactatioumermearized in table 2 with the significant
effects between different diets and months in tamtdisted in the same table. The milk
composition is the mean of the individual compaositof the milk from each goat in each
group. The fat content of the milk was significgntifluenced by the fat composition of the
diet with the highest content in milk from goatd faturated fat and lowest in the milk from



the goats fed control diet. The fat content was significantly influenced by month in
lactation with the highest content in May and thedst in August. The protein content of the
milk was significantly influenced by the fat compas of the diet with a higher content in
milk from goats fed unsaturated fat than in milkrfr goats fed the control diet or the diet
with saturated fat. The protein content was algaicantly influenced by month in lactation
with the highest content in August and the lowrslune. The lactose content was
significantly influenced by the fat compositiontbe diet with the highest content in milk
from goats fed unsaturated fat and the lowestemtilk from goats fed saturated fat. The
content of lactose was significantly influencedrbgnth in lactation with a higher content in
May and June than in August.

Table 2 Composition of goat milk from goats givefiedent diets (C, U and S) from the fourth (Maffth
(June) and seventh (August) month in lactationuRgeg&re given as mean values of individual measargs of
the goats in each group with standard deviaticatisSical significance of lactation and diet is simounder the
results.

Milk composition (wt%)

Month in n
lactation Fat Protein Lactose
Control 10 3,6+0,47 2,840,12 4,3+0,12
May Unsaturated 11 4,31£0,61 2,9+0,31 4,5+0,27
Saturated 10 4,4+0,76 2,8+0,17 4,3+0,21
Control 10 3,11’0,47 2,71’0,16 4,31’0,20
June Unsaturated 11 3,6+0,44 2,8+10,27 4, 5+0,23
Saturated 10 3,9+0,84 2,8+0,17 4,3+0,29
Control 10 3,31’0,52 3,21’0,15 4,11’0,20
August Unsaturated 11 3,9+0,62 3,2+0,27 4,1+0,40
Saturated 10 3,940,62 3,1+0,21 4,0+0,27
Statistical significance
Lactation i e ok
M>A>] A>M>] JM>A
Diet *k*k KKk *kk
S>U>C U>CS U>C>S

NS: not significant. * P<0,05; ** P<0,01; ** P<0Qd

n: number of goats

Mean values and standard deviation of the coagulgtioperties of milk from goats fed
diets with different fat sources (control, satudaé®d unsaturated) from the fourth (May),
fifth (June) and seventh (August) month in lactatawe summarized in table 3. The
significant effect between different diets and ningnin lactation listed in the same table.



The time after addition of rennet until the millaiged to coagulate (rct) was not

significantly influenced by the different diets wias significantly influenced by the month of

lactation. Milk produced in August had a longeretnsct) of gelation than milk produced in

May and June. The firmness of the coagulum 30 ritér the addition of rennet ¢f) was

significantly influenced by the fat compositiontb€ diet and was higher in the milk from the

goats fed unsaturated fat than in milk from goatsdaturated fat or the control diegoAvas

significantly influenced by the month of lactatiand was higher in August than in May and

June. The time before the coagulum reached a éssof 20mm () on the formagraph

was significantly influenced by the fat compositimirthe diet and was shorter in the milk

from goats fed unsaturated fat than milk from gdedlssaturated fak,o was significantly

influenced by the month of lactation and was shontéugust than in May and June.

Table 3 Rennet coagulation properties of goat fndkn different diets (C, U and S) from the fourMdy), fifth
(June) and seventh (August) month in lactationuResre given as mean values with standard dewiati
Statistical significance of lactation and dietisddd under the results.

Month in

_ n rct (min) A30 (mm) K20(min)
lactation
Control 10 10,53+1,46 15,6945,07 29,83+14,49
May Unsaturated 11 10,1142,65 17,9845,47 23,09£16,04
Saturated 10 10,08+3,56 15,67+4,15 25,21+16,85
Control 10 9,16+1,16 15,26+5,38 24,62+16,29
June Unsaturated 11 9,55+2,18 17,9645,49 21,33+16,65
Saturated 10 9,78+2,93 16,86+6,11 27,77+16,40
Control 10 13,06+3,54 21,47+6,64 16,29+15,32
August Unsaturated 11 12,63+4,28 20,54+7,46 18,17+16,69
Saturated 10 15,54+6,17 19,08+10,17 22,01+17,12
Statistical significance
Lactation il il **
A>MJ A>IM MJI>A
Diet NS * *
U>SC S>U

Rct: the time after addition of rennet before thikk istarts to coagulate

Az the firmness of the coagulum 30 min after ad@sohet

Ko the time before the coagulum reaches a firmneg8rmm.

NS: not significant. * P<0,05; ** P<0,01; *** P<00Q

n: number of goats



Within milk from goats fed all the different diefsere were some samples that did not
reach a sufficient firmness (table 4). These saswiere given a value of 40 min (Devold,
Nordbo et al. 2011). There was highest abundansaraples that did not achievegkn
May, a bit fewer in June for all diets, and in Aggthere were even less. The best progress
was in the milk samples from the control group.

Table 4 Proportion of milk samples (given in %peirch diet in which gel strength {fX were insufficient during
the formagraph measurement.

Month in

| . Control Unsaturated Saturated
actation

May 65% 45% 55%

June 52% 43% 63%
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Figure 1Score plot from the PCA of free amino acids duripgning of cheese from goats given diet with défe fat sources. 86% and 6% of the variation dared by
the first two components. The cheeses are labatiedrding to the month in lactation (lll;May, IViieiand V;August), diet (C;control, U;unsaturated &rsaturated) and
age(2 and 4 months). The cheeses are coloureddngdo diet (Blue;control, Green;unsaturated aed;Raturated). The circle surround the cheeseseuator 4 months.
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12.2.Microbiology

The results of the microbiological analysis didyosihow significant effect of the different
diets on cheese ripened for 4 months. The amodihigadococcuspp. was significantly
higher in the cheese made of milk from the goalgiie control diet and the diet with
unsaturated fat than in the cheese made of mitk fiee goats fed the diet with saturated fat.

12.3.Free amino acid composition

The PCA result from the analysis of FAA in cheapemed for 2 and 4 months is shown in
figure 1. The first and second factorial compongntsch explained 86% and 6% of the
variation, showed that there is a lower abundan¢e2e amino acids in cheese made from the
milk of goats given a diet with a supply of unsated fat. When a circle is drawn around all
cheeses that are ripened for 4 months, almosheéises ripened for 2 months from the
saturated and control group is included while alnatighe cheese ripened for 2 months from
the unsaturated group are left outside.

12.4.Sensory quality

The PCA result from the sensorial analysis is shmafigure 2. The first and second
factorial components, which explained 56% and 17%® variation, showed that there was a
high abundance of rancid taste in the cheese madedoats given a diet with a supply of
saturated fat. Several of the cheeses from goats ghe control diet obtained a high main
score and a high score on flavour and texture. Ewegh the PCA shows tendencies in the
results from the sensorial evaluation there wersiguoificant effect of the different diets on
the sensory scores.
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Figure 2Score plot from the PCA of sensory scores duripgning of cheese made from the milk of goats gdiehwith different fat sources. 56% and 17% of\iheation
was explained by the first two components. The séeare labelled according to the month in laateiy; May, 1V;June and V;August), diet (C;contrd),unsaturated and
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13. Discussion

Several studies have been made on the effectfefelit diets on the composition and
quality of goat milk, but few studies have inveatid the cheese making properties and the
influence of the milk quality on the ripened chessale thereof. Most of the goat milk
produced is manufactured into cheese. The advanfegjadying the final product is that the
biochemical processes during ripening will charigedheese over time (Fox, Guinee et al.
2000). Cheeses made from milk with different conipms and properties will therefore
develop in different manners during ripening, whiah again influence the quality of the
final product.

The fat content of the milk was as expected highenilk from goats given a supply of fat
in the diet regardless of its saturation (Chilligrdrlay et al. 2003). Further the milk from
goats given a supply of saturated fat had a samtly higher fat content than the milk from
the goats feed unsaturated fat.

Contrary to the present study, Eknees et al. (2f8)d no significant effect on the
content of milk fat, protein or lactose by feedMgrwegian goats concentrates with
unsaturated and saturated fat supplements durengrézing season (June-October).

In the present study, milk from goats given a sepm@nt of unsaturated fat had the highest
protein content compared to milk from the two otheyups. Sanz Sampelayo et al. (2002)
studied the effect of concentrates with differemitents of protected fat rich in poly
unsaturated fatty acids (PUFA) on the compositibthe goat milk and found, in contrast to
the present study, no significant effect on thegadtein or lactose content. Morand-Fehr
(2005) claimed in his review that in contrast taylaows, a fat supplement in correct
proportions did not reduce the protein contentefgoat milk. But then the fat supplement
should, in contrary to the results of the presamdys not be too rich in unsaturated fatty
acids.

The milk fat content was highest at the start eféRperimental period (May, mid
lactation) and the protein content was higheshéend of the experimental period (August,
late mid lactation). The content of milk fat is alys high after kidding and decreases during
the major part of lactation. This is both due te ificrease in milk yield until the lactation
peak and decrease in fat mobilization for mammigigli Eynthesis (Chilliard, Ferlay et al.
2003). The high content of protein in the milk ingust could be due to the mountain
pasture. Eknaes et al. (2009) also observed arhgifieprotein content at mountain pasture
compared to the period of indoor feeding. This ddag explained by a favourable
composition of nutrients in the mountain pasture.
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The results of the present study also showed tieatnilk had better coagulation properties
(rct, Ago, K20) in August and these were also better in the gfed supply of unsaturated
fat. These results are most likely related to tiglaér milk protein content in August and in
the group fed a supply of unsaturated fat.

The cheeses from the control group appear to hitzened the best score in the sensorial
evaluation and the cheese from the group fed alesmgmt of saturated fat appear to have a
high abundance of rancid taste. Rouel et al. (280)ied the effect of lipid supplementation
of oleic sunflower and linseed oil on milk fattyidcomposition and sensory characteristics
of different types of cheese. The supplement aided oil decreased the goat flavour of fresh
cheeses and the supplement of oleic sunflowededreased the pungent flavour of ripened
cheeses. These results contradict the resulteqirdsent study but as there were no
significant effects of the diets on sensory quattyhe present study, no concluding remarks
can be done.

The content of FAA in the ripened cheese is inpessent study principally a measure of
the rate of ripening. FAA are products of prote@ys cheese (Fox, Guinee et al. 2000).
Proteolysis is considered to be the most impotigathemical event that occurs in the cheese
during ripening. It is responsible for textural ngas and is a major contributor to the flavour
of the cheese. The cheese made of milk from goats @ diet with a supply of unsaturated
fat appeared to have a slower proteolysis and blyeadater ripening than the cheese from the
other groups. The main proteolytic enzymes in oheath no surface ripening comes from
the lactic acid bacteria (Fox, Guinee et al. 2000)the present study the cheese made from
milk from the goats fed the control diet and thetdvith a supplement of unsaturated fat had
a higher content dfc. Spp in the ripened cheese than the cheese maddHeomilk of goats
fed saturated fat. The tendency of a slower ripggnirthe cheese from the unsaturated group
is therefore likely related to other factors. Aepent there is no studies on the effect of
different diets on the rate of ripening in cheese.

The analysis of FFA of fresh and ripened cheesedaé postponed because of problems
with the GC, the samples will be analysed as seaha&instrument is repaired. This analysis
will probably give the most important results imstetudy and will hopefully contribute to a
better understanding of the difference in qual#gyeen the cheeses from goats fed diets with
different supplements of fat. In a study by Ekn#es.g2009) it was shown that the content of
SCFA (G.0-C14.0) was significantly lower and the content of LCF&{.c-C1g.3) was
significantly higher in the milk from goats fed @pply of saturated LCFA.
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Development of

a semi-hard blue veined cheese of goat milk

Abstract

With an increasing quality of the goat milk in Nawthere is a market for developing
new products. A hindrance in the development of nkeese varieties has been poor cheese
making properties of the milk and a frequent rarfladour. The taste defect is a result of
lipolysis of milk fat into free fatty acids (FFARIue veined cheese, ripened wRknicillium
roqueforti gain a high pH, which will to some extent neus@althe FFA and cover up the
taste defects of the milk. The objective of thisdstwas to develop a recipe for a semi-hard
cheese of goat milk ripened wikh roqueforti The sensory quality of the cheese was
satisfactory but the interior structure was toosgeand hindered a proper developmerR.of
rogueforti Further development of the cheese making teclgyakorequired to create the
desired structure.

Sammendrag

Med en gkende melkekvalitet er det et marked fatvikle nye produkter av geitmelk i
Norge. Et hinder for utvikling av nye ostetypergaitmelk har veert melk med darlige
ystingsegenskaper og en hyppig forekomst av hanstk sSmaksdefekten er et resultat av
lipolyse av melkefett til frie fettsyrer (FFA). Bléuggost, som er modnet mBénicillium
roqueforti oppnar en relativt hgy pH som vil til en vissdjyreaytralisere FFA.
Ngytraliseringen kan dermed dekke over noe av smelekten. Hensikten med denne
studien var a utvikle en resept for en semi-haitideitost modnet meB. Roqueforti Den
sensoriske kvaliteten av osten var tilfredsstileenten den indre strukturen ble for tett og
hindret en tilstrekkelig utvikling ak?. RoquefortiVidere utvikling av ysteteknologien kreves
for & skape den gnskede strukturen.



14. Introduction

In the recent years demand for rennet coagulatatiapeese in Norway has been
increasing. On the Norwegian marked the French itedovariations of Chévre is the main
contributor alongside the Norwegian produced (TIB¥) cream cheese Sngfrisk, Norwegian
chévre and Balsfjord which is a semi-hard cheesigont surface ripening. There are also
several small-scale producers of goat cheese iw&jgrbut these have a limited production
quantity and area of distribution. The increasinglgy of the Norwegian goat milk
(Vegarud, Devold et al. 1999; Jakobsen 2011) fodpction of rennet coagulated cheese
makes it interesting to develop new cheeses thateatribute to a wider selection of goat
cheese on the market. A hindrance in the developoferew cheese varieties from
Norwegian goat milk has been its poor cheese makiogerties and the frequent rancid and
tart flavour. The main problems with the Norweggmat milk has been a high frequency of a
deletion in the exon 12 D allele of the alpheasein in the goat stock (Vegarud, Devold et al.
1999) and a frequent rancid and tart taste (EkmatSkeie 2006). The taste defect is a result
of lipolysis of milk fat into free fatty acids (FBACollins, McSweeney et al. 2003). The
Long chain fatty acids (> {z¢) have a high perception threshold and are coreider be
minor contributors to the cheese flavour (Molimardl Spinnler 1996). While the short and
intermediate chain fatty acids {&Ci2.0) have a low perception threshold and will contrébu
to the characteristic flavour of a cheese. Octaaoid (G.g) and branched decanoic acid
(C10:0) are most probably the main contributors to thatdige flavour in goat milk and both
octanoic and butanoic (@) acid can give a rancid and tart taste (Chilli&eklay et al. 2003;
Collins, McSweeney et al. 2003). The short chaityfacids can either contribute positive to
the flavour of the cheese or to a rancidity defesgending on the concentration and
perception threshold. This effect is regulatedhsygH of the cheese. A high pH of the cheese
will neutralize the FFA and the flavour effect mag negated (Molimard and Spinnler 1996).

The challenge of improving the quality of the cassamposition in goat milk must be
solved with directional breeding (Adngy, Vegarucle2003; Jakobsen 2011). This solution
to the problem has already been carried trougiéiorwegian breeding organization for
sheep and goats (NSG). The frequent rancid anflaadur can on short term be decreased
by changes in diets fed the goats (Morand-Fehr 2BRbses and Skeie 2006; Morand-Fehr,
Fedele et al. 2007; Eknaes, Havrevoll et al. 200®yaising an innovative cheese
manufacture. In cheese production the milk is &ediwith the help of lactic acid bacteria,
this gives the cheese a relatively low pH. As staieove the flavour threshold of FFA is
regulated by pH. A relatively high pH can contribyiositive to the flavour of goat cheese
with an initial high content of FFA. There is sealeways to regulate the pH of the final



cheese in the manufacture process; amount of eudidded, fermentation time, size of cheese
curds, water addition and whey removal (Fox, Guetea. 2000). While these factors also
will determine the texture and the dry matter coht# the cheese an addition of mould or
bacteria, to the surface of cheese, can regaratdbe physical properties of the cheese
increase the pH. The most utilized bacteria andldhfmu surface ripened cheese are
Brevibacterium linenshe most important bacteria in smear-ripened st&enicillium
camembertifor white mould cheesandPenicillium roqueforti used in blue veined cheese.
As mentioned Chevre is a popular cheese, this ehsasost often ripened with.
camenbertiChévre is a soft cheese and the ripening wittdrapleted during 2-3 weeks
(Fox, Guinee et al. 2000). Garborit et al. (200dmpared the sensory quality of cheeses
made of the same goat milk but with different rijpgrstrains. The camembert-type cheese
had a significant higher pH and scored higher ensémsory evaluation than the lactic cheese.

In production of blue veined cheese the mould &gb grow in the interior of the cheese
and this property will enable to ripen cheese ithigher content of dry matter for a longer
time.

The objective of this study was to develop a refgqpea semi-hard cheese of goat milk
ripened withP. roqueforti

15. Development and manufacture

15.1.Development

The cheese recipe was a modification of the chexeske in the study of the quality of
Norwegian goat milk for rennet coagulated cheesgakpbsen (2011).

The development of the cheese started with a chreekig performed in the same
manner as the original recipe but in addition spafd. roquefortiwas added to the cheese
milk and small scale 15 L cheese vats were utiliZduls cheese did not have a sufficiently
open structure to be ripened as a blue veined eh&ethe further development cheese
makings with minor changes of the recipe were edraut step by step to solve this problem.

The modification was made in two steps: In the Btep, cheese making was made in two
small-scale cheese vats containing 15 L milk, tlhvese acidified, coagulated and cut in the
same way. Further one vat was stirred continucaf$éy cutting of the coagulum while the
other vat was stirred in 10 min laps and left &t fer 10 min. The technique with stirring in
laps will give the cheese curds a tough surfacdéewthe interior will remain soft and by this
the cheese will gain a more open structure whisnitoulded.



In the second step, the cheese making was doriih Silkeborg vats with 100 L milk.
This time the original recipe (Jakobsen 2011) vedls\ived except that the curds were not
pressed after moulding. The curds were just lelrén in the moulds and turned in the same
manner as the original recipe. This technique al#lb enhance the open structure of the
cheese.

The cheese was ripened in a ripening room thatquely was contaminated by B. linens.
The cheese therefore had a mixed surfademiquefortiandB. linenswhile P. roqueforti
was dominating in the interior.

15.2.Manufacture process

The original recipe was as follows. Pasteurized nvéis tempered to 32°C and inoculated
with 0,7 % CHN19 from Chr. Hansen A/S (HgrsholmnBwark) and preacidified for 25 min
then added 10 miLb. case{University of Life Science, As, Norway) per 100rilk and
spores oP. roqueforti(TINE SA) and the milk was preacidified for 5 manenutes. The
milk was then added 25 mL rennet (CHYMAX, Chr. Hamg\/S, Hgrsholm, Denmark) per
100L milk.

The coagulum was cut in 10 mm cubes when it hadogpjate firmness and gave a clear
cut. The coagulation time varied from 30 to 35 whiming the research period. The cheese
curds was let to rest for 5 min and thereafteresdifor 40 min keeping the temperature at
32°C. The whey was diluted by 50% whey removal 30 water (32°C) addition. The
curds were further stirred while heated to 39°Arduf0 min and cooked for 30min at this
temperature. Most of the whey was removed andubgsonere transferred to Camembert
forms and pressed lightly by hand. The cheese wpsdt 36°C and turned straight away,
after 30 min and 1 hour. After two hours the chegas cooled down to 10°C and salted in
brine for 1 hour.

The cheese was ripened for 1 week at 11°C and =ippaicely 85% relative humidity (RH)
to get a sufficient growth d?. roquefortion the surface. The cheese was then pierced to
allow air into the interior and Cut of the cheese to create an optimal environifoeiiR.
roqueforti The cheese was further stored for 2-3 weeks @ 41 85 % RH. After a
sufficient growth ofP. roquefortiin the interior the cheese was scraped and patket
aluminium foil and further ripened for 1,5 month1&C.



16. Result

16.1. Structure and growth of mould

The cheeses from the first cheese making, in trelswoale 15 L vats, are presented in
figure 1. The cheese with stirring every 10 minidlgipreacidification and scalding seems to
have a more compact structure than the cheeseuwiitinuous stirring. The growth &f.
roqueforti (dark blue/green) is quite limited in both chees#h the best growth in the
pierced holes. Both pictures also show that thageamear layer from the surface of the
cheese is clogging the pierced holes.

Figure 1 Cheese with stirring every 10 min and gires(Upper). Cheese with continuously stirring @anelssing
(Bottom).

The cheese from the second cheese making, in thé Sikeborg vat, without pressing is
presented in figure 2. This cheese had large mémdiaopenings but they were quite few and
unevenly distributed in the chee&e.roqueforti(dark blue/green) is growing in almost all
mechanical openings and in the pierced holes. Tdterp also shows that the orange smear



layer from the surface of the cheese is cloggiegpilerced holes and may possibly have
limited the growth of. roqueforti

Figure 2 Cheese with continuously stirring withptgssing.

16.2.Sensorial evaluation

The cheese made in the first and third cheese makas sensory evaluated by 4 judges.
The analysis made was hedonic and the appearantard, aroma and taste and main score
was evaluated on a scale from 0 points; reallyduaadity, to 5 points; excellent quality. The
cheese was not compared to any similar cheesegdsutvaluated at the same time as the
goat milk cheese from a similar experiment (Jakol##l 1). There was an overall positive
feedback to the cheeses and the mean score ofdheon was 4 out of 5 points.

17.Discussion

17.1.Present status

The sensory evaluation of the cheese was veryaetsy. Even though there was a
limited growth ofP. roquefortiin the interior of all cheeses in this study, speres were
added to the cheese milk and the cheese had treeefiofound taste of the mould
throughout the interior of the cheese.

The curds of the cheese made with stirring eversnitOwere too soft and the desired
effect of a more open structure did not appeanénfinal cheese. Using this technique



apparently requires a prolonged stirring durindisgaWilster (1951) suggests stirring every
10-15 min for 2 hours for Roquefort-type cheese.

The contamination dB. linensis very interesting. It seems like the secondargar
ripening contributes to the good sensory charasttesi of the cheese but at the same time it
may have hindered a good growthRofroqueforti

17.2.Further development

The interior structure of the cheese made in tis¢ tiiree productions was not satisfactory.
Therefore in the further development, an extra stepe production should be introduced
where the cheese curds are transferred to a siboagl to drain off the surplus whey, before
the curds are transferred to the moulds. Themsgjof the cheese curds every 10 min could
then be reintroduced to create a softer cheese.

Another problem during ripening was the contamoratfB. linenswhich probably
contributed to the nice flavour of the cheese,rbatle the surface of the cheese sticky and
humid. This smear layer clogged the aerating hatesmay have stopped the development of
P. roquefortiin the interior of the cheesB. roqueforti,as other moulds, need oxygen for
growth and is deprived by carbon dioxide (Fosteigdhe Nelson et al. 1957). If the aerating
holes are clogged the concentration of oxygendetrease and carbon dioxide increase.
Further experiments should be made where the clsbestd also be stored in a ripening
room not contaminated witB. linensto investigate the developmentRfroquefortiand to
which extenB. linenscontributed to the flavour of the cheese. Mortiale(1951) studied the
relation of surface smear ripening in MinnesotaeBtheese and found that cheese with a
slimy smear surface had higher pH, higher valuestHtile acids, better body and texture
and a finer flavour than waxed cheese.

If the cheese looses its good sensory propertiggut the smear ripening it would be
interesting in further studies to store the cheeseripening room not contaminated wih
linens for the first weeks as to get a good interiovgtoof P. roqueforti,and then inoculate
it with B. linens for further ripening.
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