Cheese Aging Chemistry
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Basic Steps of Cheesemaking

7 “
Ve i

e
a

[
. N 6 10
O
WW

*or some other treatment




cheesescience.org

Manufacturing Technology
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* “Forks in the road” approach
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The Life of a Cheese

Different chemistry depending on age

Infancy Adolescence Maturity
DEVAY Day 1-7 Weeks - «
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Reactions in Cheese

Proteolysis Lipolysis Glycolysis

Protein Triglycerides Lactose
(casein/whey)

Peptides/Amino Free fatty acids _ _
acids/other flavor and other | actic Acid

compounds compounds
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Flavor Creation in Cheese

Proteolytic Flavors Lipolytic Flavors
Large intact protein Fatty
Too bglky to interact vl\:/)ith acids
taste/olfactory receptors
.llllllll. Noaroma
‘ s ryotease s Microbes (e.g.cultures) too buiky, not wlatile enough

—\__ Peptide fragments produce/contain enzymes are NILLLL)
~~ Small enough to interact crucial to flavor development Lipase » bit.do/fattyacids

H Ie) NANVANAAAAANY

.llllllll‘ B Freefatty
NAVAAAAAANA )
= Protease S acids (FFA)
"sasnnnnn? =
O] NANAAAAAANY
Free amino acids & more flavor...
Aroma!

FFAs = wlatile
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Enzymes in Cheese

Sugar/Carbs

Protease ' Lipase ' Fermentation
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Glycolysis
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Acid Creation

Lactose
CH,OH
OH 1 o H
OH (0
H H

CH,OH

H
OH
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tAcid ~ l pH

o OH
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H OH H OH
; Cheesemaking ;

Mesophiles
CH,OH CH,OH
OH O._ OH H O_ OH
H H
OH + OH
H H OH H
H OH H OH
Galactose Glucose
0 et 0
CH, -actic JI\/CH \
Ho)l\;/x23 acid Ho %2 3 %
OH OH

Thermophiles

CH,OH CH,OH
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Lactic Acid Metabolization

CH,OH 0
o_OH Glycolysis
cH,oH K OH (fermentation' )k/CH
OH)—0 O HO ’
. OH via Starters H
OH
Lactose ' i
OH Lactic Acid

Surface

Ripening Clostridium

(0

o)
HO 3 0 OH 2 H oH O
H,0O
)]\ A CO OH
OH o CO, 2 OH
DL-Lactate Propionate, Acetate, Carbon dioxide, Formate, Acetate, Butyrate, Hydrogen

Carbon dioxide, Water Water Carbon dioxide gas
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Cheese pH vs. Calcium

1200 ® Parmesan

Some cheeses

1000 1l lose acidity over
S na time!
Q . 2+
g 800 fpH : 1Ca .
o (tAcid : |Ca?*) ‘,“
- L 4
= o .
S 600 ® Mozzarella S . F
= « ® Brie e Roquefort &
O = a
400 . Camembert  *
\‘ ® Stilton 7
L 4
200 “‘-IIIIIIII...... 0” "’
o o, ‘e, o*
R o Cream Cheese ‘¢, aCER L L e
+.? Cottage Cheese 3
0 "Tsagguumnnnt®
4.0 4.5 5.0 2.5 6.0 6.5 7.0

Data adapted from Cheese: Chemistry, Physics, and Microbiology. 4™ Edn.
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Calcium and Casein

« Acid dissolves calcium from casein matrix

Calcium cross-links
casein, restricting stretch

Removal of calcium, less
cross-linking, more
stretch

If sufficient calciumisn’t removed
beforerennet addition, stretch and
flow is restricted!
Calciumis removed by ACID

. = Calcium
-/ = Ccasein strand
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Acidity and Melt

« Acidity is the most crucial element that determines melting profile

pH and Melt

Melt

4.5 49 5.0 54 56 60 6.5
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pH and Melt

 Cheeses melt best at a moderate pH (~5.0-5.7)

igh
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pH and Melt

 Cheeses melt best at a moderate pH (~5.0-5.7)

. Moderate pH

‘ some bound calcium

>
6.5 ‘
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pH and Melt

 Cheeses melt best at a moderate pH (~5.0-5.7)

Low pH
no bound calcium,
but high protein
associations

S

6.5




Lipolysis
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Lipolysis

8]
0 OH
HOJJ\/\/k/\ —

Hydroxyacids Lactones

Hoj\/\/\/\
— Hoj\/\/\/\/\ —

Triglycerides Free fatty acids

9] (o] Q OH
HOJ'I\/U\/\/\ . )l\/\/\—b)\/\/\

3-ketoacids Ketones Alcohols

Flavor-contributing compounds
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Goat and Sheep Flavor

Fatty Acid . : :
(9/100g fat) Goat Milk Sheep Milk Cow Milk

Caproic acid (C6:0) 2.78 1.87 2.01
Caprylic acid (C8:0) 2.92 1.87 1.39
Capric acid (C10:0) 9.59 6.63 3.03
Lauric acid (C12:0) 4.52 3.99 3.64

Total 19.8 14.4 10.1

“Animal” flavors

 Branched fatty acids also play an important role * Phenolic compounds important for sheep milk
» 4-methyloctanoic acid . C_resol OH
« 4-ethyloctanoic acid 0 * Dimethylphenols /@
HaC CH;

o « Diethylphenols OH
H3C OH
CH

CH3 3




Proteolysis
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(=)  Proteolytic Products

v

Proteolysis

./

< Amino acids )

Transamination Decarboxylation Degradation

| Level 1
Reduction Oxidation

/ Level 3
\ 4

sulfur
= comotrs

Oxidative
deamination

A 4

A
<a-keto acids> <amino acids> ( amines
A

CO, Oxidative
deamination

aldehydes

D. Hemme et al., Science des Aliments 2(1982)113
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Proteolysis and Text

 Broken-down texture
« Crumbly, more dry(?)

0
TP
2UNC NT
| H
R
o R
H,N _H )]\ CH ;OH H
~e N7 e H H
0 R

Protein chain requires water to break down
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Proteolysis & Mold

Age

>

Proteolysis
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Putting in all together

Changes in Cheese Melt During Ripening

Explanantion
Proteolysis
Some of the calcium has
dissolved out of the protein
The protein fibers have also
underwent proteolysis
resulting in good stretch.
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Click ane of
the phases!

bit.do/cheese melting



http://bit.do/cheese_melting
http://bit.do/cheese_melting

Affinage
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Affinage and Microbes

* Microflora (bacteria, molds, yeasts)

* Enzymes produced
* Proteases
 Lipases

* Ripening environment
 Carbon dioxide | |
» Ammonia Smear microbes

e Lactate metabolized*
* pH rises

* Flavors galore _ Lactic acid

*Mold ripened, smear ripened cheeses
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Affinage and Microbes

* Microflora (bacteria, molds, yeasts)

* Enzymes produced
* Proteases
 Lipases

©INRA MIMA2

* Ripening environment
 Carbon dioxide Protein breakdown
« Ammonia

: HoN
» Lactate metabolized* /\/
* pH I‘ISGS N \Microbial metabolism/proteolysis

* Flavors galore

*Mold ripened, smear ripened cheeses
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Microbial Ecology

 Changes over time for every cheese

L. helveticus

S. thermophilus
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Case Study: Cheddar
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Milk CFR 133.113 Cheddar
< 39% moisture
> 50% FDB

 Whole milk

* Not often homogenized
* Expose triglycerides to lipase activity (rancid flavor)
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Cheddar Cultures

* A blend is usually used

Growth
Bacteria ‘N 4% Growth Flavor Phage
at 104°F potential robustness
salt
L. lactis subsp. cremoris — — +++ +
L. lactis subsp. lactis + + ++ ++
S. thermophilus — + + +++
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pH over time

\
\

pH 5.1 "
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Lactose Over Time

| actose IS
consumed...

Lactic acid Is

created

Lactose (%)
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Lactic Acid go.uvm.edu/crystals

OH HO
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\ Common flavor attributes
< « Acid

Proteolysis

o Salt

y « Meaty/Umami
’ o Sulfur
Proteolysis / z Bltter
Common texture attributes
O  Smooth
° Waxy
« Crumbly




Cheese Aging Chemistry
Flavor and Texture Changes Over Time

Thank you!
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