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ABSTRACT

Numerpus varieties of soat milk cheeses ane prodwced
worldwide. Maturation of ripening of goat and other specics
milk chesses is governed by interplay of many different fac-
tors, Proteohysis and lipolysis are teo major biochemical pooc-
esses in the multifaceted phenomenon of cheese aging, which
invalves a variety of chemical, physical, and micrehickgical
changes under controlled environmental conditions. Proteoly-
sis of cheeses in peneral is infleenced by several factos in-
cluding plasmin, chymesin, protease from st@ner and oo
stanter bacteria, pH and moisture levels of the cunds, storape
temperamure and time, salt content, salt-ip-moistwre ratio, and
humidity. Primary factors affecting lipolysi in cheeses ane
fatty acid composition, lipelytic enzymes, lipolytic micnoos-
oaANisE, meisiune, temporaiene, sorage time, oxygen, and
surface anea, etc. Several analyvtical techniques kave been wsad
o mesgsure proteshsis of goat and {or) cow milk cheeses dur-
ing ripening, such & solubility of peptides and amine acids in
various solvents of precipitants, liberation of meactive func-
tipnal groups, various forms of chromatography, and diffierent
forme of clectrophoresis. Lipolysis of goat milk cheeses has
been estimaied by acid degree vahee {ADY), acid valwe, and
froe famy acid concentration, while lipid oxidation of dairy
ooat prodwets can be dete mined by peroxide value, thioharbue
turic acid value {TBRA). Rocent reports have shown that gost
cheeses had greater rakes of protein degradation than cow
countenpart, and that aging time and temperabune syner@sti-
cally elevaied most of protesiytic and lipolytic indices in opat
cheses This paper will further discuss prodeclyic and
lipohytic characeristics of goat milk cheeses
iKey words: proteolsis, lipolysis, goat milk cheese)
Abbreviation key: WSN = wakrsoluble nitrogen, TOA-SN
= TCA-=soluble N, TBA = thioharbituric acid, ADY = acid
degree valee, POV = peroxide value,

INTRODUCT IOM

Copat milk cheese in the United States has gainod jsogular-
ity amoag ethnic groups, gourmet and health food lovers, and
oot fammers (899, whilke scientific studies on charscienistics of
caprine cheeses including protealysis and lipolysis are still
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limemitiedl.

As in cow milk cheeses, numerous biochemical and
physical changes can ocour in goat milk cheeses during distri-
hution and storage processes due to ripening and degradstion
of nutrients in the products. Protealysis and lipobysis ane two
primary processes in checse ripening with a variety of chemi-
cal, physical, microbioksgical, fexiural, and rheolsgical changes
that take place, usually wder conrolled environmental condi-
tions (%, 34, 46, 58, 59, 72, 8.

The rate, exient, and nawre of protein and fat degradation
aof cow milk cheeses during aging have been reviewed exten-
sively in several reports {34, 58, 95). Cheese quality is greaty
influenced by levek of peptides, amine acids, and free fairy
acids resulting from proteclysia and lipobysis (26, 440 Prote-
olysis i probably the most impontant bicchemical event, pro-
viding & major impact on flaves and exiwe of most choese
varieties (34). Hydrolysis of fat catalyeed by ensymes has also
heen a major dairy industry prohlem bocause it can cawse ran
cid flavor defeet in milk, cheese, and other dainy products {16,
853 Flavor deterioration from lipelysis of daing products cne-
ates serious problem in storage stabiling (3, 233, Although
much data have been documented on the proteclysis and
lipobysis of cow milk cheeses, the reports may not be dinecdy
applicable & goat milk couwnte rpans.,

The ohjectives of this paper are 1) o eview the majer
factors invelved in proteclsis and lipohsis in cheeses, and
the methods used for analysis of the twe aging parameters, and
23t reevaluaie the major highlights of necent studies on pro-
teplytic and lipelytic characteristics of goat milk cheeses con-
ducted mainly inour laboratories.

1. ORIGIN AND VARIETIES
OF GOAT MILK CHEESES

Copat milk cheese originated in Mesopotamia, The milk
wis probably made inte soft cheese, and then hand, ripened
ooat milk cheeses were developed later in the Mediteranean
basin countries, swch & Tudey, Greece, Sywia, lrael, Lrag,
and bran {510

France produces and exports many types of geat cheeses,
in¢luding Crottin du Chavignel, Les Pyramides, Sainte Maune,
Chabis, and Chabicouw {510 The United States has imporied
|10y metric tones of French goat cheeses in 1998 (). Odher
swccesaful poat milk  chese-producing  cowntries  inc hide
Giropce, Norway, Spain, and ltaly. Mo significant attention was
given o the production of commercial geat cheese in the
Lnited States wntil 19480,
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Mumerpus varieties of goat milk cheese are produced
throughout the world, depending on diversity in lecaliny, milk
composition, and manufacuring techniques used. The US0A
Agriculiural Handbook Mo, 54 (B2) describes over 400 varie-
tics of moat cheeses and lists B names of choeses made from
oot milk or combinations of goat with other spocies milk. The
varictal differences among goat milk chesses are mainly ar-
tribwbed o the namre of physical and chemical changes during
ripening {35, 36), which are also influenced by chemicals
cultures or flaver ingredients added to cwd during processing
50, &2).

The goat cheese industry is clasified a5 a “cotge indus-
try” due o the high moesture conient in caprine cheeses, and
almiest all French gost cheeses are of the natural drainage nope
by slow coagulation {600, A mecent sudy of commercial oot
cheses produced inthe United States has shown that 20 out of
A0 variefes were very high or high moisure cheeses (690,

2. PROTEOLYSIS IN CHEESE

Protein composition in the initial cow or goat milk will
have profound effect on the progolytic characteristics of rip-
ened cheeses. Electrophoretic mobility under standard condi-
tigns shows that [f-casein is the major component of casein
fraction of geat milk, whersas o, ACN is the major component
aof cow milk {15, 45). The respoctive mean UM and fHCN
content as a percentage of total casein in goat and cow milks
are 5.6 and 38, 55 and 36 76) Goat milk alse has higher con-
centrations of os- and k-CN than cow milk. Becawse of these
compositional differences, aging and pro&eoelytc propentics of
the mwo species milk cheeses would be significandy different.

The fimness of choese curd is strongly cornelated with
w AUN content of milk (45, 78] f-Casein is shown in be mone
resitani to ensymatic depradation than au-CN. The rate of
protzin degradstion is arongly associated with the accessibil-
ity of proteohtic ensymes i the cheese substeates, which is
movernaed by the structure and configuration of the cheese pro-
tein matrix. Proteolysis in cow cheese has been divided into
three phases, such & before, during, and post mamfacure of
cheese (343, which may be applicable to opat milk cheeses.

Proteolysis Before Manufacture

Proteslysis can ocour in the mitial milk before chosse
manufacture. This stase of proteclysis is atributable o two
types of emeymes, mainly microbial and indigenous milk pro-
teingses, Psychiotrophic bacteria ane Found in raw and pasteur-
ized milk. Paychiotrophic bacteria dominate the microflora of
milk copled on-farm before collection, during transportation,
and during storage at the dairy plant (34, &1). Psychrooroph
populations more than 10° cfiwml are likely to case reduced
recovery of milk solids & cheese, higher moisture conents,
sty tesnre, and off-flavess in the cheese (17, 417.

Many indigenous profeinsses ane present in mille The
principal proteinase is plasmin, formally known as alkaline
milk proweimse, which is dissociated with casein micelle {597,
and preferentally hydmolyzes B-CN o y-CN and protecse pep-
tones (34). Most of the protesse-peptone fraction formed by
plasmin is kst in acid or rennet whey (57, 59). Plasminogen is
present & the precursor of plasmin, which hydrolyses oo
casein rapidly, but has linde effect on k-casein that is benefi-
cial for milk stability. o -Casein may be hydrobyzed slowhy to
decamein | L

Proteolysis During Manufacture

Milk proteins undergo ensymatic coagulation during
cheese manufaciure. Rennet is a mixtwne of chymosing, pepsin,
and oder eneymes from calf stomach. Remet coagulakes milk
prodeins, which causes proeolysis by the formation of para-k-
CH and NPN.

Flennet coagulation is a two-stage process (340, The first
invahves the ensymatic formation of para-k-CH and peptides,
and the second involves te precipimtion of para-k-CN by
calcium ion at temperature above 2°C. Free para-x-CN is readily
attacked by many enzymes, conributing & a well-ripenaed
cheese {500, Mose than one peptide is produced for this peote-
olysis, and the substrate is o-CN, not B-CM (20 w-Casein is
mesponsible for micelle stability, but its stabilizing propertics
are lost st renneting (50, 97, and w-CN is hydrolyzed during
the primary phase of rennet action (96). For the secondary
inonenaynatic) phase of coagulation, casein micelles begin to
aporegate when about 85% of k-CN is hydiolyzed (220
Proteolysis Postmanufacture

Ripening after manufacure causes many changes in the
hoddy and flaver of a cheese. Amine acids, fany acids, methyl
ketones of different carbon kength, lactnes, and many oter
aorganic compounds become free in the cheese and concen
trake, depending on particular cheese types and aging condi-
tipns {540,

Ripening of cheese also cavses two distinet phases e
development. The first phase oecwrs in the first 7w 14 d,
when the rubbery young cheese curd is rapidly changed o a
amonther, more homogeneous exture (59). The casein net-
work ai this phase is considerably weakened through the hy-
dialysis of abouwt 200 of the single bond in the @ ACN o pro-
duwee -1 by the coagulant {18). Fos the second phase, 3 mone
gradual change oceours in texiune because of the degradation of
thee pest of the @ -CN during an extended aging per iod.

Proteclysis affects checse ripening in several ways: [)
changes in exwre through degradation of the protein nemwork,
increase in pH, and higher water hinding by the newly formed
aming and carboxy groups (59, 20 development of flavor
components such as aminoe acids and pepiides, some of which
may cause off-flavers (i.e., bitberness) (631, 3) changes in pH
by the formation of MH, (49, and 4) higher release of sapid
compounds during mastic ation {&4).

Desirable and UIndasirable
Proteolytic Agents in Cheese Ripening

There are at least five proteclytc agents involved in
cheese aging. The five protealytic agents inchude: a) indige-
nous eneymes in mEw and {or) pasteurized milks, b) coagulat-
iNE ensyimes, rennet, of i substitete such & chynoesin pepsin
aof microbial proteinases, ¢) starter cultwe bacteria and their
eneymes afier te cells are Iysed, d) ensyrmes from secondany
starbers, swch as propionic acid bacteria, and yeass and mokds,
and &) nonstaner bacteria opporiunistically entered during
chese making (34). Some ofganisns cause wndesirable de-
velopment of open bexiuwne and gases in the cheses

Hewmfementative lactobacilli, vweasts and moelds and cit-
rabe- and spore-forming bacteria are undesirable organisms
cavsing defocts of ripened cheeses. They are adventitiously
iniroduced with the staner culture; some swvive pastewrizs-
tign of milk or gain acoess o cheese milk or curds From dairy
processing equipment and utensils during mamfaeure (56).
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MAJOR FACTORS INFLUENCIN (3
THE RATE OF PROTEOLYSIS

The rate of pro®eoelysis in cheese & highly dependent on
the microbial constitwency and the interplay of many other
factors (50, 57, 59). Proteolytic activity in cow milk cheeses
can be mainly evaluated by the fype of coagulant used, exis-
tence of nesidual ennet and native milk proteinases, pH of
cheese curd at draining and milling, salt & moeisure @Etio,
temperaiune of ripening, changes in pH during ripening, redos
potential, and mineral {cakeiuwm, copper, zine, and iron) con-
tents of the cheese (34, 50, 57, 59 The major factors affecting
protechysis in cheeses can be summarnized as follows:

Ernzymaes {renner and ofiymosing from the starier calinre.,
The more mennet is retained in the curd, te greater the propor-
tipn of a, -CN is hydrolyzed by the chymoesin in rennet {200,

Enzymes from nonsigner and cheese milk (plasmiin and
affer nagve prvelnases) Cow milk contains many pro-
teinases, the principal one being plasmin, which hydrolyzes -
CM o y-CN and proteose peptones. Proteinases and jseptidases
also hydrobyze o) - and @ -CN. Maost of e proteose pseptons
fractions ane lost in acid or renmet whey {57, 590

Moismre bvel of cnmdl. The rate of ripening is progssr-
tignal to the moistune content of cheese, while the duration of
ripening is more of less inversely proportional to the mokstune
coment Small changes in the moisure to casein rabe can
markedly change the availability of moiswre, bocause a sig-
nificani amount of the moiswre is bound o the caseins and
their degradation products { 59,

ol of card, The shift in phl reflects marked changes in
ithe natwre of newly formed compounds in cheese. The overall
exbent of proteclyss is increased markedly in simulated
cheese at pH greater than 58 {66). The pH & increased st later
stages of ripening due to the generation of ammonia (50). The
depradation rate of a,-CN was relatively greater at low pH
than that of fHCN . FCasein was more degraded than o, CN at
pH akove 5.6, presumably as a result of elevated plasmin ac-
tivity § 590

Surlf-ror- v vdiare Fadir, Salt content, metoed of salting
and sal-to-meiswre rate in curd all markedly affect the rae
of proweolysis of choeese. An inverse relationship was observed
bemween the depradation raes of hoth o - and SCN and the
50 ratio (RR).

Aging time and femipenrfire. The higher the temperatune,
the greater is the extent of casein hydiolysis and change in
tesbure. Cheddar cheese ripened at 15°C dewelops a texure in
R wk equivalent to that developed in 16 whk at 8°C {300, At a
temperaiure between 2 and 10°C, the exwre of Cheddar
chese will not be markedly changed, because o, -CN is con-
sidered a far more important sructural element in the chesse
framework than HCN or the other caseins (25). Proteolysis of
cheese is inversely correlated with cheese fimness and
apringiness, wherehy softening of e cheese ocouwrs & the
protein matrix is degraded (300, Several recent sudies in our
labsoratory revealed that proeolysis in poat milk cheese is syn-
ergigically elevaied by the incressed temperature and aging
time {47, T2, which will be further discussed in the laker pant
of this papar.

Hmeidity. Drifferent oypes of choese require different tem-
peratunes, melative humidities (RH) and times for ripening. For
the soft soat milk cheese diving process, an average Em-
perature of 15°C combined with 85% RH & usually satisfac-
tory in air-conditioned rooms (600 The proper ripening of
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modt milk cheeses can e achieved at the temperature range of
R to 12°C, with relatively high humidity ranging from 85 o
D5 (6.

ANALYTICAL METHODS MEASURING
PROTEOQLY SIS IN CHEESE

Several approaches have heen adopted for quantitative
messurement of prokeolkis of cheese during ripening. Fous
majed methedologies include: a) solubility of peptides and
aming acids in vanous solvents or precipitans, b)) libeaEtion of
meactive functional groups, ¢) several forms of chromatogra-
phy, and d) electrophoresis (34, 46).

Sl Bility o f pepddes in varions solvens oF precipionis
Mitrogen solubility under de fined conditions auch & fractional
precipitation of solubilization & mos widely used method of
cafimating proweolysis (823, The selubility was measured in
5% MaC {37y sodium acetate buffers, pll 4.6 (21, 681 cirae
huffers, pH 4.4 {921 2, 2.5, 4, 10, or 12% TCA {53, &8, 71,
Toy 500 ethanol (TRY 70 ethanoel (49): 80 ethanol plus
5%, acetone {14): 5% phosphotungstic acid {751 and 0.85%,
picric acid {77

Liberaiion of redeiive fwnetivnal grongs. Protein degra-
daton may also ke measured by monitoring the liberation of
aming or carboxyl groups in chesse through reaction with
trinirobenzene sulphonic acid (£1) or nishydrin (&) These
meagent can determine a direct consequence of prokeolysis by
forming amino groups with checse or its fractions, and are not
dependent on an indirect effect of solubility in some particwlar
anlvents {34).

Another method assaying reactive functional groups is
MEEsUring centain aming acids wsing colorimeric procedunes.
Total pyrosine liberated in aging messuned by colorimetric
migtuod was more sensitive than by the soluble nitrogen method
i55) Messurement of the trosine content of aleohol-, TCA-,
of water-soluble extracts is a well-established method of as-
sEsing proteclysis Soluble tyrosine and tnyptophan in cheese
were also measuned by absorbance at 270 and 290 nm (91

Chromiarograplie methoas, Yarious types of chroma-
tographic methods have been applied to study fractionation of
proteohtic degradative products in cheeses. These methods
include: 1) paper chromatography (523; 23 thin laver chroma-
tography (27, 933 33 jon-exchange chromatopraphy (423 4)
HPLC &, 16, 13, 14, 43, 923 5) lydrophobic chromatography
(54, 95 &) pel pemmestion chiomamgraphy {6, 27, 33, 425 7)
celhulose derivatives( 19, 551 8) silica gel chrodnaigaphy
(4.

Elpctrophorests,.  Sodivm  dodecy lsulfate-polyacnylamide
oel electrophonesis (SDS-PAGE) has been widely used oo
study casein hydolysis and the typse of proieolysis in cheese,
hecause it has high resolution and can give quantitative results
20, 24, 47, 84, 88y, while its quanfitative usage was criticized
onee {33, Other types of PAGE werne alse uwsed w improve the
cfficiency of the gel procedures, ncluding difforent buffors
and staining methods (24, &0, 84).

4. LIPOLY SIS IN CHEESES
AMD OTHER DAIRY PRODUCTS

Lipolysis in Milk

Geoat milk contains higher concentrations of short- and
madivm-chain faty acids (O o Ciz) than cow milk (39, 45,
1y, and the former has smaller fat globule size than the lamer
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(3,49 va 455) (45, 71, 761 The naturally homogenized gost
milk may have different lipolytic character istic companad with
cow milk. The higher concentrations of shont-chain free faity
acids in goat milk appear to be associated with the develop-
mient of geaty flavoer inits products The higher levels of maois-
ture and shont-chain famy acids in gpat cheeses ane likely to
have greater lipedytic effocts than cow countenpans.

Tndnced Bpodysis, Several factors infleence the indwced
lipohysis in cow milk. These ane: 1) processing facirs such as
agitafion and foaming, homogenization, activation by tem-
peratune changes, freezing and tawing: 2 emperange during
tranaEpor tation, storage and processing: 3) farm factors such as
milking machines, pipelines, pumping, bulk t@nk, storape: 4)
dairy plant factors, auch & mixing, separation, and poor ne-
frigeration {26

Sporanesns Bpolysts, Spontancous lipolysis can ooccur
through two main factors; 1) milk processing factons, such as
oo ling, mixing, and separation, which disrupt milk st gloh-
ule membranes; 23 milking animal facwirs such as stage of
lacwmtion, foed, season, bread, mastitis, milk and fat vield, and
physiclegical factors {estrous cycle influence the levek of
milk lipase ).

Microblal Bpolypas. Many micioerganians that contami-
nabe dairy prodwcts are lipolytic, prodwee lipase, and can cause
the development of rancid flavoer. The psychrorophic bacteria
are most commen sounces of tese lipases. Bacterial lipases
are different from milk lipases, ane not inactivated by pasteur i-
zatipn, and can attack the intact far globules in milk {26).

Factors Affecting Lipolysis
and Lipid Oxidation in Cheese

The composition and integrity of lipid moieties are imper-
tant for the final qualiny and aging properties of goat or cow
milk chosses, Goat milk contains significantly higher levels of
short- and medivm-chain fany acids than cow milk {39, 71},
which would have different characernistics of lipelysis and
lipid exidation in relation to the distinet flaver of goat cheeses,
This situation requines detailed dibcussions on factors affecting
lipohysis and lipid oxidation in goat milk choeses as follows:

Free finry aclds. Positive commelations have been found
between lipobyzed flavor, Gt acidit, and shont-chain free fanty
acid contents (48). The presence of lrge amounts of free acids
can facilitate the rate of lipid oxidation {31}, and free famy
acids oxidize slighty greater rake than esterified o glycerol
Even-numbered faty acids from butgic & lauric account for
the major contribution o mancid flavoer (B30

Lipolyaie mife mrorganians amd enzpmes. The presence of
froe famy acids in aged cheese is largely due & the action of
inracellular bacterial lipases on cheese far {400, which may
not be applicable to cer@in varieties such as blue and Parme-
san choeses. Thermoduric bacterial lipases ane responsible for
deve loping free fatty acids in cheeses. Themmoduric hacteris
survive during pasteurization, which inchde Microcaceis
Ml renbene reriaom, Srreproceceis, Lactobaecillis, the ooryne form
bacteria, Sacilfis, Closrddior, and, often, gram-negative mxds
(B

Temperamire. The e of lipid cxidation wually increases
ai the emperamre increases (31). Temperaiune acoelerates
cheese ripening including lipolysis (16, 46)

Surrage dme Lipid oxidation is also elevated with stor-
age rime. A synergiatic effect of storage time and temperaiune
on lipid oxidation and incressed ADY values was observed in

the rocent studies with several varieties of goat cheeses (16,
dan, 4T

fhoygen conceniration. Backna protest against oxidation
by competing and produce reducing substances in e milk.
The control of backeral growth not only eliminakes antioxy-
menic effiects hut leads & prolonged storage dme of milk (85
However, the redox sysiem of milk would be much different
froan that of milk. If the oxypen supply is unlimised, the e of
lipid oxidation is independent of oxygen concentration, while
ithe rate becomes quie propontional o exyoen concentration if
OB EEN COonoe niration is very low (310

Maoistre conferd, The oxidation mate of lipids strongly
depends on water activity {31, 530 In dry milk products, oxi-
dation procesds very mapidhy with very low moistune conkent
iA, = 0. However, if the water content & increased to A, of
about 03, lipid oxidation become & mininuam rate (31, At a
higher water activity, the oxidation rate can he increased if
there is any catalyst present in the produwct.

Aneioxidare ang pro-oeifens A apecific association be-
tween copper and ascorhic acid in milk increases s pro-
oxidant propenties (B6). Antioxidants are substances that can
delay the onset or slow the rate of oxidation of cheese lipids,
which inchude butylated hylroxy anizole (BHA) burylated
hydroxytohen: { BHTY, tertiany butylhydroguionone, and pao-
eyl ol lane {310

Analytical Methods Measuring
Lipolysis inChease

Free fuiny aefd (FFEAP valiwes. FEA contents of gpat milk
cheses can be deemined by the following three metusds:

a. Acid degree valwe (MDY it can measure rancidity of
milk product by de-emulsification and separation of free fat
with deergent heat and centrifugation, and followed by fitra-
tigm of the free fany ackl in a weighed portion of fat with al-
cohalic KOH (790 The ADY value of 1.5 o greater is consid-
ered & extremely lipelyzed.

b, Agid value: this is the mmber of milligrams of KOH
necessary o newtralize the free acids in | g of sample {51 The
acid value may he directly converted by means of suitable
factor to penoent free famy acid.

. Total fiee Fatty acid value) it can be detemuined by sil-
ica el gas chromategraphy, amd HPLC methods (28, 98).

Thivharbitnrfe actd (TEAL The TBA valwe represonts
milligrams of malenakiehyde formed per [0 g of sample
(87, which indicates the extent of lipid oxidation. Oxidation
products of usatrated systems produce a color {ned) reaction
with TBA. The chromagen resuls from condensation of two
mekcules of TEBA with one modecule of malonaldehyde (31

Peroxide valne (POF). The POY is determined through
the titraton of lipid extract with a few drops of starch indica-
tor by sodivm thiosulfate standard solution ¢4). The POY
value i vsually expressed in terms of millieguivalents of oxy-
oen per kilogram of fat.

4. RESEARCH ON PROTEOLYS1S
AND LIPOLY SIS IN GOAT MILK CHEESES

Proteolysis of Goat Milk Cheeses

Ampag the aforementioned amalyical methods, in our ne-
cent studies, we have evaluated the extent of proeolysis by
soveral methods, ncluling water-soluble nitrogen (WSNY,
NEMN, SD6-PAGE, and densitometry.
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Figurel. Protiles aof water-soluble miragen {WESN b concentratioms m
the Hve varsties of goat milk cheese and cow mulk Cheddar cheese
ripened at 4°C for the & mo af the experimenial period. The diffieren
bars represent the six cheese vanieties as shown m the kegend (47 ).
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Figure I. 53D%PAGE patterms of proteims m ocow malk Cheddar
cheses aged a1 4 and 13°C for 24 wk Lanes 1 and 10 ilhusinate pro
tem standards (in descending order): BEA, a, UM, a, LM, BN, x
CM, yiCN, fL{i and a-LA. The commercial agW and y-CN
stndards were nod avalahle. Lames 2, 5, 4 and 5 mepresem de
sracdation patiems of protem samples from Cheddar mpened at 4°C
fer @, 8, 16 and 24 wk, respectvely. Lanes 6, 7, 8 and 9 chsplay
degradation patterms al profein samples from Cheddar ripened at
13%C fr @, 8, 16 and 24wk, respectively {721

Proteslysis of five varieties of goat and two cow Choeddar
cheses was evaluated ina 7 = 3 = & factorial experiment. The
seven cheses in two meplicates wene asigned & three tem-
peratwe 4, 13, and 22°C) and six storage pericds (0, 2, 4, 8,
14, and 24 wk). Caciofta cheese was made with rennet coamu-
lation &t 38°C, thermophilic stanter, and brine salting for 12 h
47, The two cow Choddar cheeses wene firesh and 2 month
old at the beginning of te experiment.

WEN. All three hard goat cheeses aged at 4°C for & mo
had greater 'WSN contents (P < 0u1) tan the fresh cow
Cheddar cheese, while the same wend oocumed for the ripensd
cow Cheddar only atfter # wh aging (Figure 1) As expected,
the ripenad cow Cheddar had 2 to 3 times greater WSN at the
beginning of the aging experiment than did the fresh cheeses
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Figure 3. 3DE-PAGE patterns of profeins m Caciofla and Momtersy
Jack goat milk cheses aged a1 13°C for 24 wk Lanes 1 and 10 il
trate protem standards (in descendmg orderh: BEA, a-0CN, a,,-CN,
RO, weCK, yy-CN, Bl anc a-LA The commercial a0 amd
¥ UM stndards weare not avanlvhle. Lanes 2, 3, 4 ancd 5 represiemt
degradatiom  patterns of profein sampless from Cacotta cheeses. mip
ened at 13°C for 0, & 16 and 24 whk, respectively. Lanes 6, 7, § and 9
dEplay degradation patierns of protem amples fom Momerey ok
chiseses ripened ot 139 for 0, 8, 16 and 24 wik, respactively (720

{46, However, the two soft goat cheeses showed less WEN (P
< ) than the cow Cheddar, which may account for the acid
coagulation with amall amount of rennet applied to the manu-
facture of the soft cheeses, The soft goat cheeses also cone
taimed lower initial protein (° < 001 than te hard ones.

MNPN aF TCA-SN. The clevation of profeclyss was also
signified by the significant increases in NPN cotents in the
seven cheeses aged at 4°C for the 6-mo period. The protealytic
pamern of MNP was similar & those of WSN with a fow ex-
ceptions, where the causes of the drops in MPN at 4 wh wene
not known. In contrast, all cheeses aged at 13 or 22°C revealed
increases in NPN at 4 wh and steadily elevated toward the end
of the experiment (446, 4T

The commelations hemween phl and WEN and between pH
and TCA-SM were positive and significant P < 005 or GU01)
as all the experimental choeses matured, while © valees be-
tween the ADY values and the three variables wene generally
low and ne gativie with a few exceptions (Tahle 1.

SDE-PAGE Al wvarieties of the original fresh  ooat
cheses showed clearly lower intensitics of o-CN hands than
these of cow milk Cheddar, while inensitics of [-CN in goat
cheeses were much greater than these of cow Cheddar (47).
The presence of @ -CN bands in goat milk Caciots and Mon-
terey lack cheeses and absence of this band in cow milk
Cheddar cheese aged at 13°C are also clearly demonstrated in
Figures 2 and 3. The proteolytic rates of @-CN in both cheeses
ware mch greater than these of BN, The @ 2CN of oot
Cheddar completely disappeaned after & mo of aging at 4°C,
whereas a UM in cow Cheddar was ret@mined but became very
faimt af the same age (47

Cow milk Cheddar ripened at 4 and 13°C showed the ex-
isience of a distinct protein band between a,y-CN and i-CN,
which was not discemible for the cow Cheddar at 22°C and
almaost absent in all goat Cheddar treatments (47). This band
wirs shown i be the e, HCN {19), where the « -CN was com-
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T il 1 o i oo o e e s (bt m leae s of meawared pootendhysic
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WEN TR R EET)
L TEe agd0m 0444
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PH 0218
S LA
0322
0421

Tiim and Park, 1995 (46).

ACarelation coefficiens for de s, secced, Sind, ond fack S I e st
the il 4, 13, ond 2FC semed gogps aonoes all vasety o siorage poni
o

¥ T sy ber of clbserntices for anch rvakee was £4. TOASN: TCAsolable
W WEN: wimersolable W3 ATA™ ol degoee valae.

i gmificont m 3% vl ; =*sigmificant an 1% bavel

Tahle L Wrersduble arrcge (WEN| and den spomeic (T8 T) vakses of i
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C o C benddar
Wan 270 Gk i1 ET:
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a (47)
e fior O a 490 colby; those for 13 amd X0 and poieioe were mod
lisaed dhae 1o space limits
Pemwenmge of mivegen sobable @ wrer o preeinge of ol sirges of o
s s plle.
Wil of @ UM nbi o i e mrsabnmt vakee of inegrated i sessity * aren for
cach (N band.

Tahle 3. Corminion coofficimts (r) banea kwlk of woessobdble arroges
(WS N asd) desmi oenemic whses of fONY

Soi cheese T Haxl cheese T

Plam sof Crourt (hadd ar
4°C 0T 4°C R
125 O 125 <(LAED
e Q0T e R

Peppersoft Co Cheddar
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"Fim amd Paric, 1996 (4T
M Ther ¢ valliaes betnees WAN azd el W i cow ok Chedd ar wem: 00944,
06 and 40993, mapeetivahy.

=i gmificant at P = 001,

pletely degraded to primany degradation products & -1 in
mature cheese, The degradative pattems of Caciota and Mon-
terey Jack goat cheeses aged 4°C for 24 wk had sustained a,s-
CHN bands droughow the experiment, while no @ -CN ands
were found after the & wk of ripening at 13 and 22°C {72).
Densiovmerrie analysiys, Breakdown products of cascin
fractions of the experimental cheeses were quantitatively ana-
lymed hy advanced compuierized demsitometry {Bio-lmage

6 = Plain seft
ss " | poppersait
5 - \ - =l | I
i 45 j____;-""‘ - Mamterey Jaek
J = Gaat Cheddar
Y o CowCheddar
U T T U T
Aging Period (wh) Cheddar

Figure 4. The pH changss of the live vaieties of commencial sof
and hard goad Cheeses relaive o omy malk Cheddar chase ripened
al £ fiw the & mo of aging period (7).

Whele Band Analysis: SPARC Station 10, moedel no. 40; Mil-
lipore, MA) The inensities of the SDS-PAGE protein frac-
tipns expressed by inte grated intensity of a protein band « ares
of the band werne continwously decreased &5 the aging time
advanced for all cheese varieties {446, 47).

Inverse oomelations (r) were ohaerved between WEN con-
tents and densitmetric values of BCN regnrdles of empera-
e treatments throughout te experiment {Table 2. Howeaver,
the fHCM values at § wh of aging increased except goat Ched-
dar which appeared o be due to the degradation of the higher
mokecular proteins {m-CN) o e the bands of bwer one |-
CML The r valees for plain soft and pepper soft goat milk
cheeses were positive but inconsistent, which were probahly
due i the lower initial protein levek of the soft cheeses com-
paraed with those hard cheeses {Tahle 3). The retention rate of
B-CM in moat cheeses was higher than that of cow Cheddar
cheese. As the level of fCN decreased, those of y-CN in-
creased, which was also observad previesly (291 A concomi-
tant decrease in f-CN bands was observed with an increase in
v-CN hands particularly y--CN {29 and other low molecular-
weight degradation products inall ripening cheeses (T able 4).

The elevation of y-ON amd other low molecular weight
degradation products in all cheeses was highly come lated with
the increase in WEN contens (47, T2 Minety percent of the
a,-CN and 0% of the B-CN present in Tybo cow milk
cheeses were hydrolyzed during & T0-d aging experiment {F).
The B-CN may wderge two types of hadrolysis during the
first stage of ripening, one by rennet & foma -1 J-LL and -
]l peprides, and one by plasmin producing y-CH (651, The
three fractions of f-CH (L 11, and L1 wene also identified by a
later repadt {93).

Rhwological changes by profeclysis. In a very mecent
rhealegical study with young Monterey Jack goatmilk cheese
in our laboratorics, the young cheses hbocame mone e lastic,
cohesive, meltable, visoous and softer afier 4 wk of aging pre-
sumably due o proteoelysis (73]

iMher repores on proteclysis of goal cheeses. Inoa ecent
study on goat cheeses manufacnwed by two differe nt methods:
pasteurized va. high-pressure (HPF) treated milk {hydrostatic
high-pressured non-thermal processingl, choeses from pestour-
ized milk had higher (P < 005) levels of both WESN and NPN
fractions than those from HP-weaked milk throughout te 45 d
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Figure 5. Comparsan of mean acid degree values (ADV) among Hve
goad milk cheses and omw malk Chedebar chesse ripened a1 £°C fr
the & ma ol experimemal period (47).

of ripening (). The analysis of W5SN by the cadmiuwm-
ninhydrin methed (highly sensitive for free AA) showed that
the HP-treated cheeses conmined considerably higher (P <
005 Free A A than dhe paseurized choeses for 45 d of aging.

In a W-d aging sudy with Majorere ppat cheese, 32.6%
WEM and 2006% NPN of total nitrogen in the cheese were
evplved after 15 d of aging {32). The levels of soluble poly-
peptides, olipppeptides, and free amine acids were generally
increxsed with aging times during the 9 d cocept & fow cases,
while a.- and J-CM werne docreased with the aging {323,

ESd  Journal af Deiry Sdence

Lipolysis and Lipid Oxidation of Goat milk Cheeses

Twao soft and three hard varieties of goat cheese and one
ocow Cheddar cheese were evaluated for lipolytic and lipid
oxidative parameters including pH, ADY, acid walue, THA,
and POV in owr laboratory. All cheeses werne vacuum pack-
aged, received wo emperanres (4 and 22°C) and eight aging
time {0, 2, 4,8, 12, 16, 20, and 24 wk) meatments, resulting in
adh o= 2= factorial experiment | 16).

il ard TEA The initial pH of soft cheeses were signifi-
canthy (P < 0055 lower than those of hard goat cheeses, while
those of Caciota choese werne highest among all the varietics
(Figure 4). Although pH of soft cheeses increased with aging
time, their increases wene lower {° < (0L05) than those of hard
varieties throughouwt the experiment. Aging time seadily ele-
vated the pH of all varieties at 4°C, except Caciobta and pepper
aoft cheese at 4 whk of ripening (Figure 4). The changes in
TBA {especially in soft vanieties) for the whole 24wk period
mesembled these in pH, which resulied ina significant positive
corelation between the two parameters (16). Greater eleva-
tigns in THA wene observed in soft cheeses than in hard ones,
while the TBA of ripened cow Cheddar were higher than the
freshly made poat cheeses throughout the soudy {16).

POV, The POY of soft goat cheeses ncreased up to 16
wh, then decreased toward the end of aging. Howewver, POY of
hard ppat cheeses were not consistent up to 20 wk, and ten
significantly increased thereafter { 160, At the end of te & mo
of aging, the POY of cheeses stored at 22°C were generally
miwch greater tan those stored at 4°C {16).

ADV grd Actd vwelne The ADY of the experimentsl
cheses sieadily increased for all treatment & the aging ad-
vanced (Figure 5). The ripened cow Cheddar displayed the
highest ADY throughout the experiment, while the ADY of
ithee ez pper 0t goat chosse were exmemely high and exceaded
those of ripened cow Cheddar at & mo of aging {446). In de
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ather study { 16, the acid values revealed a lack of consistency
throughout the experiment, while the acid values for de 23°C
group wene greaier than those of 4°C group.

iMker reporls on Npelyss in goar clieeses. For the same
study with Majorero goat cheese, fabty acid composition was
not significantly changed, whereas levels of individual famy
acids in the choese were significandy increased throughout the
expaeriment (32). Aging time greatdy influenced levels of vola-
tile FFA in goat Cheddar cheese for the first 12 whk, then ne-
mained relatively unchanged for the rest of the 24 whk aging
period (7). The descending order of the nelative abundance of
n-chain FFA in goat Cheddsr choese wene n-Cig, 002, s,
n-C,, and nC, {71 Although nchain fatty acids oecur in
abundance, certmin miner volatile branched-chain fany acids
exhibited characteristic flavors at very low concentrations {11,
12, %, 1.

The 4-cthylectaneic acid found & be principally mespon-
sibke for the characterizing goaty-tpe anmatic noted in opat
milk cheese {38). The presence of notble amounts of other
viplatike branched-chain and n-chain famy acids provided a
range of hlended heavy, poaty-muttony flavess in either goat
of sheep milk choeses.
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