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Ireland: the dairy island

\\_-_ -+ Irlanda: la isla lechera
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Irish owned multinationals

The dairy industry in Ireland

T4 A 33 Market capitalisation US$18.5 bn

formula :
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1.4 m dairy cows. Approx
16,500 dairy farmers in
Ireland. Average herd size 80
cows (and growing). Average
cow produces 5,000 litres milk
per annum. Average farm
output is ca. 11,000 L/Ha

{ 7.300 m litres of milk

But we consume <10%.
Export 80% of production.
Growing!

205,000 tonnes of cheese
(mainly Cheddar ®)

Ingredients...

Make 11% of .
AN
the world’s 2 5@\\
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Irish Milk Production
2014 todate
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Proteolysis, lipolysis, ,
metabolism of lactate, citrate :
Growth of secondary
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Development of flavour & texture
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Metabolism of lactate...

Butyrate, CO,, H,

Clostridium sp.

Ca lactate crystals

Propionate, Acetate, CO,
COOH Propionibacterium freudenreichii

v - Oxidative metabolism

Oxidation to
formate, ethanol
and acetate
LAB?
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Orlglns of of pr roteases-cheese

Coagulant (chymosin, othe@
= Milk (plasmin, somatic cell proteinases)

= Starter bacteria
= Secondary starter
= Non-starter microflora
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Coagulant

= Rennet coagulation of milk... 0’?3::2 ;‘:){Q dicri0;
» Proportion of added rennet activity retained in curd ke

= Little hydrolysis of B-casein in cheese due to hydrophobic
interactions of hydrophobic C-terminal region

= Principally responsible for primary hydrolysis of ag-casein

#% “»] University College Cork
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= Principally responsible for primary hydrolysis of o4,-casein

Chymosin
1_ Pheys-Pheyy,
Chymosin
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Coagulant

= Chymosin assay...
NO.

000

0.04 - CHYMOSIN
Product absorbs

at 300 nm NO-
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e pH at whey drainage (chymosin)
e pH of milk (chymosin)
e pH of milk (C. parasitica proteinase)

lonic strength of milk (M)
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Peak Area/mg dry matter/h

Comparison of the level of residual coagulant activity in different
cheese varieties

80000 Nidhi Bansal Patrick F Fox and Paul L H McSweeney*
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Cast Feta Feta Parmesan Emmental Cheddar Camembert Gouda Port Salut Buffalo Pizza
Mozzarella Mozzarella

Cheese varieties
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A Interesting coagulant...
e —— « No significant differences in

Characteristics of good rennet substitutes COmp05|t|0n and pH; SUQQGS“O” of

S o increased yield
«__High milk clotting : proteolytic ratio . . . .
- Proper SpeciTl * Primary proteolysis was significantly

* Good activity in milk lower in camel chymosin cheeses large
« Easily denatured (in whey) . . .
+ Few suitable enzymes... quantitative differences between the

peptide profiles of cheeses; however,
the levels of amino acids were similar
» Flavour differences
« Camel chymosin can be used
successfully to make Cheddar cheese
with lower levels of proteolysis but with
good flavour.

g University College Cork

Camel chymosin
CHY-MAX™ M

wevong ion § Sury fonral 13 00 90-4

Corterrts luts wvel slie ot ScrenceQiect

&3 'Ef International Dairy Journal

journal homepage: www.slsevies, comilccateidasiry)

&

Suitability of recombinant camel (Camelus dromedarius) chymosin
as a coagulant for Cheddar cheese

N. Bansal*, MA. Drake®. P Piraino, ML, Broe %, M. Harboe “, PF. Fox“, PLH, McSweeney™*




Inhibition of l

clcgagulant Bansal et al.

90d 180d

NaCN C 0.1 025 04 2 C 01 025 04 2 C 01 025 04 2

.- «—B-CN (£ 106-209)

— -
g — i — i — ¥~ B-CN (£29-209)
B-CN —> - ----- S it el oot e e s s --\ B-CN (f 108-209
B-CN (ﬂ-189/192/
a,-CN  — I - S W . N - w—my
/- .-
/ a,,-CN (£ 102-199)

a,,-CN (f 24-199)
datic

ORIGINAL
researcH  Inhibition of rennets by blood serum

NIDHI BANSAL,* PATRICK F FOX and PAUL L H MCSWEENEY

ap-Macroglobulin
720 kDa

o I

Urea-polyacrylamide gel electrophoretograms (12.5% T, 4% C, pH 8.9) of bovine sodium
caseinate (CN) and the Cheddar cheeses manufactured from milk containing 0 (C), 0.1,
0.25, 0.4 or 2% equine blood serum after 1, 90 and 180 d of ripening.
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Catabolism of amino acids

Aromatic amino acids
Branched-chain amino acids
Methionine

Amindransferase

TRANSAMINATION

ELIMINATION

Y

Met Tyr
e -
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T a Y Y
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a-Amino

Degradation of a-keto acids (Tyrosine)
OH ?Hz
H2N—CH-ﬁ—OH
(o)
Hydroxyacid <=— CH, OH
O=C—C—OH Chemical
I degradation
(0)
a-Keto acid
(p-Hydroxy phenylpyruvate) C
/ 0" H
/ l p-Hydroxy-
¥ benzaldehyde

Carboxylic acid €= Aldehyde e A(cohol
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Outline...

« Calcium equilibrium and cheese
texture
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On the structural models of bovine casein micelles—review and possible
improvements

Douglas G. Dalglcish®
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Textural changes during ripening..:

» Role of calcium, pH in softening of Camembert type cheeses is well
established.. =

| Growth of Penicillium camemberti at surface |

i

Ammonia produced at surface
by proteolysis diffuses into cheese

=

: ngh pH S },A
Lactate metabolised at surface 2 ]
Caj3(PO,); precipitates g:ft:::: , S ’/ !

\. (s S~ Low pH from ‘ .
. YT » surface Nl A ! \

: ’ towards o
| 5

[\ 7\l

core

Migration of soluble Ca, PO, and lactate
towards surface

« What is the role of calcium in softening | 449 Softening of

of Cheddar cheese? Cheddar
Biochemical and physicochemical
processes...

Role of ag¢-casein?

A\\(\\f’/——\

,.
Concentration gradient
Direction of migration

cheese

Creamer, L. K., and N. F. Olson. 1982. Rheological evaluation of
maturing Cheddar cheese. J. Food Sci. 47:631-646.
Creamer, L. K., H. F. Zoerb, N. F. Olson, and T. Richardson. 1982.
m Surface hydrophobicity of ag;-I, ag;-casein A and B and its impli-
. S cations in cheese structure. J. Dairy Sci. 65:902—-906.
Uriiversily voliege UOrk

Hardness (% decrease)

()] ~ (0] ©
o o o o
L L L L

30 60 90
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Role of chymosin in cheese texture development?

= Chymosin inhibited by pepstatin
(IsoVal-Val-Val-Stat-Ala-Stat)

M umol

Asp 215

W@ 90 T days

on s o Joyu 'y AN N

b g 5 W -0 TR A N AT o A R W e

ml ?z (1) ‘aln : 01“— ,{' ! o MI 6 .o Froason
[ I st T ahs a on & i o B F T .

o C.----------_ g pcasein
hr

oN H
| NG AN Thr 74 >
e ~---'-—--
e - — ll‘|(..\.1“':-;w

N -ONM4-199

Useful tool to study cheese texture ; s At

Inhibition of Residual Coagulant in Cheese
using Pepstatin
”‘J!!l

K / U n Ive rSIty COl Iege Cork Shakeel-Ur-Rehman, Esther P. Feeney, Paul L. H. McSweeney® and Patrick F. Fox

Dvparvmeny of Fand Schonce and Tochnology, Uwioersity Callegy, Cont, Jrokand




Control (100%
residual chymosin
activity)

Pepstatin (16%
residual
chymosin activity)

—A— Hardness
—m— Residual o ,-casein

—&— |nsoluble Calcium

Hardness (N)

Hardness (N)

N

r 100

r 80

r 60

- 40

r 20

60 90 120

Ripening time (d)

150 180

r 100

r 80

r 60

L 40

r 20

60 90 120
Ripening time (d)

— 0

150 180

Residual ag1-casein (%)

Residual ag1-casein (%)

r 80

F75

r 70

r 65

r 60

r 55

- 50

r 80

r75

r 70

r 65

r 60

r 55

- 50

Insoluble Calcium/Total Calcium (%)

Insoluble Calcium/Total Calcium (%)

Hardness decreased
significantly (p<0.001)
irrespective of og4-
casein hydrolysis

Calcium solubilization
most closely related
to initial softening

Hydrolysis of og4-
casein plays a role
but not as important
as solubilization of Ca

J. Dairy Sci. 88:JDS5070 TakeB130
© American Dairy Science Association, 2005

Chymosin-Mediated Proteolysis, Calcium Solubilization, and Texture
Development During the Ripening of Cheddar Cheese
J. A O'Mahony.'? J. A. Lucey,? and P. L. H. McSweeney'

Department of Food and Nutritional Scences
‘Department of Food Science, University of Wisconsin-Madson, 1605 Linden Drive, Madison 53706

Uneversity College, Cork, Irelanc
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[CCP] had no significant effect on G” at 20°C
G’ at 70°C increased significantly with increasing [CCP]

Rheological
properties at 70°C

J. Dairy Sci. 89:892-904
© Amencan Dairy Science Association, 2006.

A Model System for Studying the Effects of Colloidal Calcium Phosphate
Concentration on the Rheological Properties of Cheddar Cheese

J A.OMahony 1P L. H. McSweeney and .l A. Luceyt!
lege, Cork, Ireland
4 YDwamwmolFoodSomco u-mmyuwmmmn Moo 557061588

Variation in CCP levels using synthetic Cheddar cheese aqueou
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Influence of Ca equilibrium on melt

» Insoluble Ca decreases during ripening and is responsible for increased
melt during early ripening

» Cheeses with lower insoluble Ca have increased meltability

4

Loss tangent
.

Cheeses with )9 1
same pH

Lowest Insoluble Ca
/

T~ Highest Insoluble Ca

0 -
0 10 20 W

W 50 60 70 80

Temperature (°C)

(Choi et al. 2008)
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Varying the texture of Cheddar cheese by controlling levels of
soluble Ca using trisodium citrate or CaCl, added at salting

Five vats of Cheddar cheese manufactured —

Control (100% NacCl)

Experimental 1 (90% NaCl, 10% TSC)
Experimental 2 (70% NaCl, 30% TSC)
Experimental 3 (90% NaCl, 10% CacCl,)
Experimental 4 (70% NaCl, 30% CacCl,)

Levels of NaCl were varied to maintain a constant ionic strength to avoid different moisture

levels

ORIGINAL
RESEARCH

Effect of the addition of trisodium citrate and calcium
chloride during salting on the rheological and textural
properties of Cheddar-style cheese during ripening

( IARA A BRICKLEY,'? JOHN A LUCE \ and PAUL L H McSWEENEY'*

Deparmment of Food and Nutritional Sciences, University Colle; ork, College Road, Cork, Irelond and
Dq partwent ¢ li ulv\‘xmr I'nnrnm of Wesconyin-Madivon, \I.u 2om, Wesconnin, USH

S W

. University College Cork

Hardness
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1. Manufacture of Gouda-type cheeses
containing a Ca-sequestering agent (EDTA) Liposomes -
o

encapsulated in liposomes
g g ST Oy

2. Determine the effect of EDTA on the p—
textural and rheological properties of

.’.
Gouda-type cheeses without affecting l EDTA addition + mix
composition

'_ Lav. <O D0 *<— EDTA suspended in buffer + liposome

l UT/Homogenisation/Microfluidisation

£ < =
.=

£ ~ =

=5

1 Microfiltration
LS

-
-~

=

= *»] University College Cork




Outline...

« Optical properties of low-fat cheese




Translucency in low-fat Cheddar Cheese

« Colour is considered the most . Other parameters that affect

important  attribute to food colour in cheese:
appearance. — Salt content
* |Importance of fat content and — Calcium content
temperature in cheese colour: — Homogenisation of cheese-milk
— Fat increases light scatering, — Addition of annatto
affecting whiteness. (L* values) — Addition of titanium dioxide

— Fat reduction on cheese increases
translucency (decreases L*
values) and hence acceptability

— High  temperatures increases

whiteness. However, it s
Influenced by fat content (melting
effect)

x »«1 University College Cork Rodrigo A. Ibanez (Chile)
PhD. Student (April 2011 — March 2015)



Translucency of low-fat Cheddar Cheese

« L* value used as an indicator of
translucency (the higher the value,
the lower the translucency). K 1-R.

S

~ 2R,

» The study of translucent materials
has also been studied by means Where
of the reflectance of a thin layer of R,=a-»b
a sample under a black and a

white background. 1 Ry—R+ Ry
a= -|R+
2 RoR,
« Based on this relation, the
Kubelka-Munk index (K/S) has b=,(a*-1)
been c!eveloped (Judd and R.:reflectance of a layer of infinite thickness.
Wyszecki, 1975) R: reflectance of the sample layer above a white

background with a known reflectance R,
Ry: reflectance of the sample with an ideal black
background.




Effect of titanium dioxide, annatto and homogenisation
on Kubelka-Munk index in half fat Cheddar Cheese

0, 20 and 40
(g TiO,/100 kg cheesemilk)

Titanium Dioxide

0, 10 and 20

Homogenisation (MPa)

0, 8.25 and 16.5
(ml/100 kg cheesemilk)

Annatto




Outline...

« Redox potential and cheese




Physicochemical parameters inﬂuen!g

cheese ripening...

* pH, a, (=[NaCl]), T well understood and controlled...
« Oxidation-reduction potential largely ignored...

 ORP: measure of ability of chemical species to
oxidize or reduce

 ORP of milk = +250 to +350 mV, cheese varies (but
very reducing)

« Affects microbial growth, production of aroma
compounds by amino acid catabolism P

% *»] University College Cork |
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Oxidation-reduction potential and cheese

* ORP affects the type of microorganisms that grow in and on
cheese...

» Evidence that ORP influences which species or strains of
NSLAB proliferate (Boucher et al., 2006).

« ORP contributes to the creation of conditions necessary for
balanced flavour development and influences compounds
formed...

ﬁ“‘#ﬁ University College Cork
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Measurement of ORP in mature hard cheese
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Measurement of the Oxidation—-Reduction
Potential of cheddar Cheese

A. Torcu, 1. McKiNNoN, AND P.L.H. McSWEENEY
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Cheddar cheesemaking

—A— Redox Potential

—— Temperature
—— pH
9
Pasteurization | Starter IC(;:CJ; o 1
| addition 0394}« ¢ T 80
| | additi =~ .
160 | I £ I ]
i o F e 170
| 160 T 4
S 80 M |-
E I | 2320 i 6
N O : | 400 F } " } O " o O o = o . :_ 60
A | 884555508 S 2 &g & = 2% £ £ § & 3§ 2 - 0
m | I Time (min) o m: ;
o | I i ' T 5
[ [ [ [ [ - .
-160 | : : : : T60 ]
| | | | | | T 40
2240 | | | | ] ]
; | | 1°° 130
-320 T | | | - i
R |
i | | I I 7 .
i | I | I | 1 I | | I | 1 | !I | i :_
-400 : 1 : 1 - 1 * C_lD 1 * 1 1 1 5.0 20
o o o o S - o o o
= & 2 & & g & §

Corvares bats oy mkadls # Scfverm SciorieDrod

g
J ’ﬂ International Dairy Journal




Changes during ripening
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Influence of microbial growth on ORP in Cheddar
cheese extract during simulated cheese pressing
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ORP control during Cheddar ripening

« Cheddar is a dry salted variety

* Redox agents added to the salted curd before
pressing

* Reducing agents:
« Cysteine (2%)

« Sodium hydrosulfite (0.05%,0.1%)
« Oxidizing agent:

» Potassium iodate (0.05%,0.1%,1%)

ey Mosah, Pag

Control of oxidation-reduction potential during Cheddar cheese
ripening and its effect on the production of volatile
flavour compounds

Veronica Caldeo'™, John A Hannon®, DaraKate Mickey', Dave Waldeon®, Martin G Wikinson'
Thomas P Beresford” and Paul 1 H McSweeney '

= *»] University College Cork



ORP and pH during ripening
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PCA of volatile compounds at 2 -

month ripening
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