CHAPTERII

LITERATURE REVIEW

2.1 Lactic Acid Bacteria

Lactic acid bacteria are Gram-positive, non-sporulating, cata
tolerant, acid tolerant and fermentative microorganisms th

and produce lactic acid as the main outcome of carbohy
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Different species of LABs such as Streptococcus, Leuconostoc, Pediococcus,

Aerococcus, Enterococcus, Vagococcus, Lactobacillus and CarnobacteriurrT
6

).

adapted to grow under very different environmental conditions (Farzan%\
LAB plays an essential role in the majority of food fermentations, in ing the

shelf life of fermented products and improvement on the nutritionai and sensory

characteristics of end products (De vuyst & Leroy, 2007; Abd El d et al., 2010).

These bacteria are broadly used by researchers and strie 'I-f%;).@ﬁgl
2012) in the production of fermented food products - (Lai.g\coccus
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spp.) and yogurt (Streptococcus spp. and Lactob%: :
in the biochemical events that occur 1n the@ of che
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fermentation of dairy products have go}} ﬂsA @trophy and be able to
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system to degrade casein, the maj ﬂt(fprthermore proteinase has an

important function in the@on S teﬁe because of protein degradation
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up the bulk e non-starter LAB (NSLAB) population

pend (Widyastuti et

solated from the

Lactobacilli

(Fitzsimo . 1999; Swearingen et al., 2001). Other bacterial groups for instance,

nicrococci and leuconostocs also have been proven to exist in the

microflora of artisanal dairy products (Manolopoulou et al., 2003). NSLAB affect
both the development of taste and texture, particularly of homemade fermented dairy

products at specific ecological locations. These bacteria reflect the local, specific



microflora and 1t 1s the popular belief that variations in the quality of such products

are due to the existence of NSLAB (Cogan et al., 1996; Beresford et al., ZOOI)Y-
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d preserve

It 1s known that for centuries, LAB has been utilized to flavor, texturize

food. LAB such as Lactobacillus lactis and Streptococcus therm%iz prevent food

ilw as yogurt, thus
| | @lger shelf
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e p ' the growth

spoilage and the growth of pathogenic bacteria in dairy

ensuring the preservation of the nutritional value of

life. In recent times there has also been discussion on

a source of bio-preservatives for food. The antimigrobi
to the lactic and organic acid production, \%c ednfes
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teria 1dentification can be succeeded by phenotypic analyses and
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molgularPhethods such as 16S rDNA (Yeung et al., 2002). Phenotypic identification

of LAB 1s based on physiological, metabolic biochemical and chemotaxonomic

methods (Khedid et al.,, 2009). The molecular techniques have been rapidly

developed, including PCR, which 1s based on amplification of ribosomal RNA and



electrophoresis of the PCR production. Analysis using PCR has been broadly applied

in the study of microbial communities from environments (Zoetendal et avﬁ&:

Temmerman et al., 2004; Lee et al., 2005). The 16S rDNA gene seque@been

used to identify the LAB from different sources. The identification 1S U%ed on the

similarity with other sequences within the data base (Ali et al. 20%2

¥,

2.2 Extracellular Proteinase from Lactic Acid Bacteri \d
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Lactic acid bacteria as large group of beneficial bacte{ that jave

and all produce lactic acid as the end productﬂz fer

widespread 1n nature and found in our a systems; ¥
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ntéﬁ events taking place during cheese

Bﬁs received special interest especially in the
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food indus s¢ LABs producs{'dn extracellular cell-bound proteinase (Law &

Kolstad, aurari et al., 1992; Abraham & Antoni, 1993). Some of these bacteria

pos@xopolysaccharide layer (EPS) which has been claimed to improve yogurt

body and to enhance yogurt smoothness (Cerning et al., 1992; Zaurari et al., 1992;

Malik et al., 1994).



2.3 Proteolytic Activity of Lactic Acid Bacteria

Lactic acid bacteria are added as starter culture in milk fermentation. Maj@! the

starter culture species are nutritionally demanding, requiring many W ds and

growth factors for adequate growth (Nadra, 2007). LABs are only Mroteolytic

compared to bacteria such as Bacillus and Pseudomonas (Fadda etw, 1998). Lactic
by ' act'srial cell wall

acid bacteria utilize the polypeptides generated by MCE

acids. Then peptides and amino acids are transportemss

o] oggmic peptidases

Te 'ﬁortant for protein
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N
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2.4 @» ing Enzymes

Milk-clotting enzymes are one of the most important enzymes in today’s field of dairy

industries, especially due to their necessity for cheese production. Milk coagulation is
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a basic step in cheese manufacturing. One of the most widely and acceptable

coagulant used in cheese making globally is calf rennet, this enzyme extracvm

the calf’s fourth stomach. c\

The use of microorganisms to produce enzymes has enormous ec@d technical

advantages, (Couto & Sanroman, 2006). Microbial sources ofvclotting €NnZymes

(MCE) have been used commercially such as from Rhizguuor i@rheb-Dini

@
jurc a Nileude
B
). Th&momucor

NV
s& al., 2010).
lus @71‘11‘3 natto, while

Aspergillus oryza (Shata, 2005), Amylomyces ro
indicae-seudaticae (Reps et al., 2006) and A4

Shieh et al. (2009) studied the production ®

El-Bendary et al. (2007), Kathiresan ap&=¥Rnivanpain( ' @' Keila et al. (2001)
‘ )
concentrated on B. sphaericus, Streglo™ : ligerus, respectively.

The ability to be mass-cul properties that can be used for

the production of differdr icrobial enzymes more preferable

Q

to other sources of e ’ Né?s from plants such as Ananas comosus,

NN
Carica papya a &Egitﬁ al., 2007); Bromelia hieronymi (Bruno et

L
p dubium (Isma «a., 2009); artichoke flowers Cynara scolymus

al., 2010); S

= (Chu% al., 2007); fruits of plants Balanites aegyptiaca, Albizia lebbeck and
Helaguthu¥unnus (Egito et al., 2007) have received attention especially, when the use

of animal rennet might be limited for religious reasons, vegetarianism diet or
consumer concern regarding genetically engineered foods such as in Germany,

Netherlands and France (Egito et al., 2007). In cheese making, MCEs are the primary
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active agents, which mvolve the enzyme-mediated cleavage of x-casein which covers

the protein micelles at the peptide bond Phe 105-Met 106 which renders Ll’?ae
micelles unstable and eventually causes aggregation that yields a clot or a%\

In soft cheese, 50 to 80% moisture of the main proteolytic agent is chesidual MCE,

e,

because the moisture content and the absence of cooking proce ance its retention

a ditb\tathe native
enzyme action in the milk (plasmin) (Fox & Stepanid@nd993). ¢heeR <'or'1IIi agds high
* -\
r

rientg yicl m@osphorus,
\fo itaxitional food
Toy wr@%‘yread belief that

in the curd and its activity on proteins (Noomen, 19

quality protein and calcium, and also several mino

zinc, vitamin A, riboflavin, and vitamin Bl
value, cheese 1s a popular item in hum

consuming cheese minimizes the ris %ntal
Qe O the

(Kashket & DePaola, 2002). Pro

1es 'f th es hydrolyze caseins (asl-,
aller eptl arﬂ:@mds which contribute to flavor
So@ 2000). Proteolysis has been widely

N
atuf of clicale éjasa & McSweeney, 2001).

used as a basis for cl
v) 4\
% ?'

seems to have mef®commercial potential as its production is more

vanous mechanisms

l@'t complex biochemical

events In cheese ripening.

as2-, B- and k-casein) to sm

and texture of the chee

Microbial r

cost eff%lt 1s biochemically more diverse, and genetic modification is easier. It

30 that, many species of microorganism can also produce an MCE with the

potential to replace calf rennet. Although cheeses made with vegetable coagulants are
usually produced on an artisanal scale, in farmhouse or small dairy, most of them

proved unsuitable for commercial cheese making owing to their high proteolytic



activity which lowers cheese yield and produce bitter flavors in the final cheese

¥

ted food

(Roseiro et al., 2003).

Lactic acid bactena play an important role in the production of

products, such as yogurt and cheeses. They play a vital role in the blogelmcal events
that taking place during milk clotting in cheese processing and rlpemng LABs

are also known to produce extracellular proteinases and elveticus

(Hebert et al., 2001), L. paracasie) (Haq-ul & M

reported to have enzymes with milk clotting actj

faecalis 2495L, E. faecalis IAM10065 and E. faeca
w A‘J}ed Most microbial

S

@Sab et al., 2010) and T

The proteolytic activity varies with

sources of MCE are from fungi such

indicae-seudaticae N31: (Merhebwet a'

high proteolysis which leads to a eak

yield during storage (M@

(—)
2.5 Milk Compt@'

Mllk is cont3uRg more than 100 substances that are either in emulsion or suspension
r instance, casein, the major protein of milk, is scattered as a large
number of solid particles ultrafine that they do not resolve, but remain in suspension.

These particles are called micelles. The fat and fat soluble vitamins are in the form of

an emulsion in the milk (Atamian et al., 2014). Some of the whey proteins, lactose,
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mineral salts and other substances are soluble. The casein micelles and the fat globules

give milk most of 1ts physical characteristics. Many factors influence the con ition

of the milk such as breed of animals, feed, stage of lactation and seasmﬁ} year.

Milk 1s a normal product of mammary gland secretion. Ng-Kwal-lgng (2002)
asserted that milk protein 1s a complex group of peptides in whi% g 200 different

molecules have been characterized. Milk generally containvt 3.5% to 4.5%

protein, of which approximately 80% are caseins an , OF pr teins. The

1soelectric point of casein is at pH 4.6 while€ proteigs ¢ sl ggaf B-
lactoglobulin A (B-LG A), B-lactoglobulin B (B-LG a-lacﬁl (aﬂﬂ) has its
t l

at 1soelectric point at pH 4.5 to 5.35. Milk casgins

process because they form the gel nen@

eese making

a
e c@ﬁ' constituents of

cheese. Casein consists of aSl1- N — A-g\CN In approximate

proportions 4:1:4:1 (Ng-Kwai-H % Q%'
Jum H.)\ splk would cause precipitation of

The concentration of calci
'\@alm %ensmve proteins bind to their

EN

aS1-CN, aS2-CN,

|
phosphoserine re51d e B-CN, oﬁeﬁ(pls soluble in calcium and stabilizes the
other caseins @daf + farr?et_!\et al., 2006). It was also shown that about

N

05% of the are aggregated s@olloidal structures 1n milk (Farrell et al., 2006).

The th %\n whey proteins are B-LG, a-LA and blood serum albumin (BSA),

Qg approximately 50, 20 and 10% of total whey protems respectively. Most

whey proteins are globular with organized secondary and tertiary structure, which, in

contrast to the caseins, make them sensitive to heat denaturation at temperatures above

60°C (Creamer et al., 2004).
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2.6 Casein

Casein 1s one of the most important components of milk protei%\ 1S a

phosphoprotein that represents 80% of the total milk proteins and p&tate at pH

4.6. There are three subgroups of casein asl-, as2-, - and k-casein. €he a-casein is

N\

the major casein (Walstra et al., 1999). a- Casein contains two ?ﬁs, including asl1-
h

| tJ content, while

and as2-casein. The asl-casein has the highest charge @D
as2-caseln has the highest hydrophilic content due to th@presence pf N
casein 1s also a phosphoprotein, while k-casein g a

carbohydrate groups, k- casein remains soluble@ P

plays an important role in stabilizing cﬂ

Walstra et al., 1999). %

2.6.1 Casein Micelles

Casein micelles are gen

microscopy with dia%r\
normal milk is @ |

T
micelles. Mwgll®8 contain about

9&;3’ protein (on dry matter basis) and 6% low

molecul j2ht species as colloidal calcium phosphate (CCP), and minerals

cal@gnesium, phosphate and citrate resulting the white color in milk (Fox &
McSweeney, 1998). The o, B and x-casein monomers form small and roughly
spherical aggregates known as sub micelles which are stabilized by hydrophobic

interactions and calcium bridges. The casein micelles are about 12 to 15 nm in
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diameter each of them contains 20 to 25 casein molecules (Walstra et al., 1999). These

sub micelles contain a hydrophilic layer. Sub micelles are aggregated by idal

calcium phosphate (CCP) linkages to form casein micelles. The k-casein e m arby

outside of the micelles with the hydrophilic part swollen from the mi«*surface to

form a hairy layer that will prevent aggregation of casein rnicellegby steric and

NV

electrostatic repulsion, resulting in stable casein micelles.

Figure 1: Sub-micelle Model (cross section)
of a Casein Micelle (Walstra, 1999)
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2.7 Mechanism of Milk Co

The unique characteristj

casein to form gels.

depending on m tature, pH, and salts. Milk coagulation 1s the

first step 1n manufacture. Ceb}’lation 1s essentially the formation of a gel by

destabiligg casein micelles causing them to aggregate and form a network which

fa

entd "Coagulation can be initiated by the following:
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2.7.1 Acidification

Under normal condition, at pH of 6.5 to 6.8 of natural milk, caseins hav@gative

charges which result 1n electrostatic repulsion that stabilizes Caschy micelles.

Acidification causes the casein micelles to destabilize or aggregaKby’c creasing their

electric charge to that of the isoelectric point at pH 4.6. Asvtharges of casein

molecules are neutralized and electrostatic repulsiggessh &d eli, drophobic

interactions between caseins occurs resulting in ag@hn of caein B

milk gel (Lee & Lucey, 2010). ‘

2.7.2 Enzyme Coagulants

The enzymes used for milk coagulagOmporigin ‘ : ani
plants and microorganisms. k emnltlt? r@ms of k-casein, followed by
calcium-induced micelles Qe ftio .\& ' ﬁ‘c@walf stomach is commonly used.

This enzyme hydroln@tid .

+ |
¢ e f
producing para- K- ani Aok pspt'd:? The hydrophilic macropeptides of x-
N
surr‘uﬁzaqqéé}s, which removes the steric stabilizing layer

. e - A .
asein remains th(:ﬂ'ne micelles core. As a result, both negatively

eci&@y the Phel05-Met106 of k-casein,

casein diffuse 1

while the

chargec%s and steric stabilization reduces, resulting to aggregation into gel of
p@ein and other caseins under influence of Ca** (Choi et al., 2007). Various

proteolytic enzymes that are obtained from plants, animals and microbial sources

could serve as measures in achieving the coagulation of casein micelles in milk.

Enzymes traditionally used in the manufacture of cheese are rennet containing a
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mixture of chymosin and pepsin, the former being extracted from calf stomach and the

later from cow stomach. In the gel formation process, three phases be

distinguished (Dalgleish, 1992). In the basic phase, the k-casein of the CB%\ICGHCS
1s hydrolysed by the enzyme to yield two peptides of differenf&perties a
hydrophilic macropeptide which is split off from the micelle Y.hydrophoblc
para- K-casein which remains in the micelle. The progressiv vOlysm of k-casein

leads to the change 1n the properties of the casein mice egation 1n

the presence of Ca**

2.8 Effect of Nitrogen Source in Enzyme

Enzyme Production

Different substrates significantly

Din1 et. al.,, 2010). Accorz:g
nutritional requirements for gr

\

mg e:{%e production (Merheb-
.@7 [LABs have numerous

gen sources. Generally biomass

synthesis of LAB 1s ling blocks present in the culture

(J

;{éﬁmtlon which use a variety of nitrogen
NN

medium. These vari

t@:imﬁ
activity. \

lex rganic nitrogen sources such as casein, soya peptone, and tryptophan vary

Se 1N ﬂé\ amino acids which encourage proteolytic

T
S

sources may s

in free amino acid concentration and the amount of small peptides present. Casein

plays an important role in microbial clotting enzyme and induces production of

enzyme under both solid state fermentation and submerged fermentation conditions 1n
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the case of R. miehei (Silveira et al., 2005). Mucor. mucedo DSM 809 is grown in

enzyme production media containing 0.5% (w/v) casein (Yeing et al., In

contrast, R. nainitalensis showed maximum MCA obtained when 1.5% @casein
was used as nitrogen source 1n the production media (Khademi et al., $ De-Lima
et al. (2008) reported that rennet obtained from M. miehei NRRL 3 428:«:1 the highest

MCA obtained when using 0.4% casein and decreasedYGA when casein

concentration was increased to 0.8% in enzyme product ea. t’e MG

of M miehei NRRL 3420 can be affected by nitroge
1991; Chu et al., 1992; Sato et al., 2004; Patel et al.,

source may possess the necessary amino acign jRad

activity 1n optimal concentrations for 1n{Wg 10901‘ In an’
synthesis. % A\
6 a
“ ,
g Aftivi s

2.9.1 Effect of pH and T{peatu

2.9 Factors Influencing Mi

Temperature, pH an
significant effeg{s,
(Najera et aP=gl)3). MCA is streQ@ly influenced by the temperature which affects

protein @

ratéQf geMirming increased with an increase in temperature which causes the protein

tion and gel formation (Najera et al., 2003). It was observed that the

matrix to shrink due to increased hydrophobic interaction (McMahon et al., 1984).
Additionally, temperatures higher than standard milk pasteurization temperature

causes extensive degradation of casein leading to bitter taste, reducing the yield of the
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gel and totally denaturing the enzyme (Lucey, 2002). At higher incubation

temperature up to 60°C significantly decreases the MCA (Foda et al.,

thermophillic neutral protease from Bacillus strain HS 08t showed optimamJCA at

65°C. MCA 1s similarly greatly influenced by pH. A milk pH below"&leads to a

change 1n the distribution of casein between micelles and serum (Awaz 2007).

It was reported that B. subtilis natto (Shieh et al.,

activity at pH 6 and temperature at 37°C; B. S%Zus
pH 5.7 to 7.5 and temperature at 55°C (@ry .

neutral protease from B. subtilis showe%mum

S
gm
Q/

o
G)
of 40°C (El-Safey et al., 2004) arzs VITP4 produced

extracellular protease with oEtlmH

2009).

e 37°C (Shivanand et al.,

2.9.2 Concentratio 1.,{'1 -
%

Calcium pl  important role 1

coagulatlon as well as in the gel formation. It

has a s1 @wt role In casein aggregation in the second step (non-enzymatic) of milk

0 result of the neutralization of casein micelles’ negative residues

(phosphoserine and carboxylic groups) by Ca”" and calcium— phosphate complexes

(Pires et al., 1999). Merheb-Dini et al. (2010) reported that calcium has a significant

role in casein aggregation during milk coagulation. Increasing the concentration of
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CaCl; over 10mM may have a negative effect on curd formation, as the additional

calcium will increase the positive charge on the surface of the micelle, causinTge
dissonance which produces weaker gel or no gelation at all (Arima et q ; El-

Bendary et al.,, 2007; Sandra et al., 2012; Verma et al.,, 2012) rép that the

increasing calcium concentration to 20mM in goat or cow %zecreased milk

clotting time. Vairo-Cavalli et al. (2005) suggested tha?v increased Ca’"

concentration in the substrate increased the ionic force e tua'i\maf negative
f @
g

residues of the casein micelles.
2.10 Purification of Enzyme

Researchers focused their investigatiop ey
natural proteases from formerly ig %

are being investigated for thgir

C

relevant enzymes with promis

is a need to identify novéw d>acti

Protein separati %iqfevh& tr
o

specific prot®medn order to facilih@ studies of their enzymatic, physical, chemical

1onally been used to isolate and to purify

and s Wproperties. These kinds of studies are necessary in order to elucidate the

bic@ole of individual proteins in the cell and to understand the mechanism by
which the activity of specific enzymes 1s controlled. A number of alkaline proteases
from different sources have been purified and characterized. It has become common to

use the popular precipitation method to isolate and recover proteins from crude
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biological mixtures. It also carries out steps for purification and concentration

(William & Swiatek, 2009). Y.

The biochemical characteristics of extracellular protease increase in &c activity

after the ammonium sulfate precipitation and acetone precipitgtion {Ganesh et al.,

2008). The property of enzyme severely restricts the choice o rfication methods,

1e¥'S Jral

ore 1,

employed for concentration of the culture supem%
solvent precipitation (Tunga et al., 2003; Fernandez-

making the majority of the conventional procedures thods are

main agent of precipitation to recover ne pr%\TH @m, 1971; Tsujibo et
G)
al., 1990; Kim et al., 1996). é A{&
$
l
ell B‘}(‘.}combmatron of chromatographic
; e

éﬂems tend to be unique for that protein.

Protease can also be purrﬁed as

procedures. However, \&ny

minimum steps for at

ethod more cumbersome and hence,

Purification pr

Procedures veloped In a stepvﬁ\bg manner. For further purification, gel filtration

techmq% applied. The purity was judged by enzyme specific activity, SDS-

A@ casein zymogram, indicating that there was homologous protease within

the extracellular supematant and activity of the active fraction is assessed.
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Several research works have been carried out on lactic acid bacteria proteases,

likewise several types have been punﬁed and characterized. Several studi Ing

Streptococci and Lactococci extracellular or cell wall-associated proteag X’ also

been conducted by Thomast and Mills (1981). Kunji et al. (1996) aﬁﬂ%lard et al.
(1995) found that cell wall is associated with extracellular protease% roduced by L.

lactis subsp. cremoris that hydrolyses casein. An extracellu steine proteinase

sephadex G-100 and G-50 pre-equilibrated with 50

achieve a 29-fold increase and 28% recovery of th%na

., 1996). Microbial proteases play an impog

accounting for approximately 59% of tota@

2.10.1 Ammonium Sulphate Pre¢

To isolate and recover promo

atlo

cal mixtures, researchers have

commonly used ammo&\slp 1plt@ (Bell et al., 1983), which 1s also
9

f l
p ifical r’artj:&ncentratlon steps. Adding reagents like
N

M in effects like the lowering of the solubility of the
T

1n an aqueo c}()lutlon Even though ammonium sulphate
o

capable of perform

salt or an org
desired pr

precipit @ﬂs been used for many years, it is however not the precipitating agent of

ch@he case of detergent enzymes. On the other hand, ammonium sulphate

precipitation has been widely used particularly in acidic and neutral pH values and

developed ammonia under alkaline conditions (Aunstrup, 1980).
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The precipitation of the enzymes by ammonium sulphate remains a common use for

the concentration of the enzymes from microbes (Lee et al., 2002; Cheng et a?ﬂl 0)

because of its high solubility, lower cost and stabilizing effect on mos@nes as

well as can be used 1n acidic and neutral pH solutions (Rifaat et al., Therefore,

using sodium sulphate or an organic solvent can be a preferred cl%z

2.10.2 Gel Filtration Chromatography

Gel filtration chromatography otherwise called oﬁﬁ

technique that sees the separation of moleculeg ba;

6-&\&1 feasible analytical

g}

t of an uncharacterized

the components 1n the sample mixture, ww;e excC
ke,

g

with their molecular weights. In

thegce
technique to for the determinatia\% cuj)
molecule. The most comm aaV!atlor‘y 0 gration chromatography are in
purification of enzymes war m& d‘ é&sﬁmation of molecular weight
mainly for globular proteig, Geld ~?.';111

is(i#o

C
1

important preparative technique

since 1t 1s often a cl ogr h;c p‘li(j@puriﬁcation of proteins, polysaccharides
and nucleic aci Wani ¢t f.)po ?

) &
An ex \ proteinase from E. faecalis subsp.liquefaciens was purified 780-fold

usOrocess that included gel filtration on Sephadex G-50 and affinity
chromatography. About 15% successtful recovery was recorded of the original enzyme

activity.
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2.11 Milk Gel Texture

<

Various factors can aftect the rheological and textural properties of coag%\casem

as 1n cheese. Most of these effects are well recorded and others remains topics of

discussion, debate and ongoing research. Many factors 1nﬂuence thegheological and

textural properties of cheese such as flavor, appearance ,an r properties that

L

af ctsc\nsaler choice.
¢ morejcritiqal g 'm &atmg
A

Ou eml (2000)

matter to consumers. Texture 1s a very crucial aspect

Wendin et al. (2000) showed that texture characterlstl

differences between cheese samples than taste d
th ;as

categorized and differentiated French cheeses & Yand Sensory

M 19
' f-{sheese As such, the

r a ntuﬁétermmant of consumer
can

choice (McEwan et al., 19 vture ’ @ed fundamentally as: the
genuine, physical structure of Crial vﬂtﬁ}ns visually observed (Surmacka-
Szczesmak, 2002). \& b

Various charac@

1rnportanc odstuff makeup{%d evaluation based on a sensory scheme.

measurements of texture. In general, the

consumer as the indication of the

appearance and quality of the ch ONpxtu

b£ visual and physical originate from the

Therefoé indicates that the human being’s sensory processes and physical

n@f the material employed in mastication is vital in attempting to show

conclusions related to a matenial’s texture (Christensen, 1984). Ways to enhance

techniques 1n evaluation have also been investigated. Awad et al. (2007) indicated that
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evaluating by both hand and mouth can similarly differentiate the texture of a variety

of cheeses. | Y_

Several scholars have employed the texture profile analysis (TPA)&the same

O%Z to determine

hardness and firmness of cheese. Mozzarella cheese was hT have a distinct

uniaxial compression tests at temperatures ranging from 10 t

softening trend with increasing age and level of proteolysg egal., 193; Yun et

al., 1995). However, Rudan et al. (1999) and Gui

increasing fat and/or moisture content, there was a

S,

ies and their change

O

and expression In the mouth d che of factors can cause

Aah
1. Foods are mecha{all Nery eQ
2. Mechanical \& 1
that need to b%xatf
3. Food@th ds e t'ﬂ% changing its properties with changes In

Ny
tem , water content, d so on.

%naj ority of food scientists have no training in material science

5. Y*he majority of material scientists do not consider food as a material.

difficulties namely,

a combination of several processes

5

Y

derstood.

It is then not possible to measure 1t in a machine; it might possibly be able to identify

the primary factors that determine the texture of a food material and to measure that.



For this there are to possible methods. The common and easier to do is to apply any

type of mechanical deformation to evaluate the response and try to correlate th

with the findings from a sensory panel (Kilcase, 1999).
2.12 Syneresis

Syneresis 1s viewed as one of the most significant ste
products (Walstra, 1993). Re-arranging the casein n%
the casein matrix and subsequent expulsion of whe W

o%xvd (Castillo,

e c@%e texture, color,

iﬁ;.\whey and therefore,

nroves the final cheese

cheese yield. Enhanced control o

product’s uniformity and qua A et ei
E , b
N Y

Syneresis process and al t dN t 1t§extent and kinetics have been well

investigated 1n renne®edlnulk gelé
n‘é\ f the least understood aspects of cheese

of the synerem@s, if 'ﬁ'&
T

making, p y In mixed gels@e cottage cheese. Rate and extent of syneresis

(@n‘a 1993). In spite of the significance

relies o%ulhbrmm between the pressure gradient within the gel network and the

@lo whey expulsion e.g., permeability (Walstra, 1993). Significant

relationships between the syneresis reaction and coagulation factors and/or rheological

properties of gel have been documented (Lucey, 2001; Dejmek et al., 2004).



