PatricK F. Fox * Timorny P. GUINEE
Timoray M. Cocan * Pauvr L. H. MCSWEENEY

FUNDAMENTALS OF
CHEESE SCIENCE

o —

=
r o}

. 2
L

1% AN ASPEN PUBLICATION



Preface eenes

Table of Contents |

s
L R R R R I I ] M N N N A R R Y] lx

Chapter 1—Cheese: Historical Aspects .............. Ceteieaeraarassaaran 1
1.1 Imtroduction ................. .0 .0 1
1.2 Cheese Production and Consumpuon ...................... 5
1.3 Cheese Science and Technology .......................... 7
Chapter 2—Overview of Cheese Manufacture ...... sreae teeraseraeannanne 10
: 2.1 Selectionof Milk ................... ... 0 10
2.2 Standardization of Milk Composition ...................... 10
23 HeatTreatmentof Milk .................cccouvouno oo, 12
24 CheeseColor ..............oooiinenin 13
2.5 Conversionof Milkto Cheese Curd ........................ 14
26 Ripening ........... ...t 17
2.7 Processed Cheese Products .............. e 17
2.8 Wheyand Whey Products .........c.ccvueunrnninnnnnn.. 17
Chapter 3——Chemistry of Milk Constituents ............ verersssenas verens 19
3.1 Introduction .................. e, e 19
32 Lactose ...t 20
33 MilkULipids ...................... e 25
34 MilkProteins ... 31
35 MilkSalts ... 39
36 pHofMilk ........... .. i 41
3.7 Physicochemical Properties of Milk ....................... 43
Chapter 4—Bacteriology of Cheese Milk ......... Ceeireeierir e insanens 45
4.1 Contaminationof RawMilk .............................. 45
4.2 Pasteurization ..................coeiiiiii 47
4.3  Alternatives to Heat Treatment .......................... . 49
44 Prematuration ®........... ... .. 53

iii



B Ais. OF CHEESE SCIENCE

:MtarterCultures ..... cetteseeaans R T T seee 54

5.1 Imtroduction ................... ... ... .. ... 54
5.2 TypesofCultures ..................... 0o 54
53 Taxonomy .......... P 62
54 Metabolismof Starters ......................... ... .. 69
55 Plasmids ... 82
5.6 Inhibition of Acid Production .................. ... ... . 83
5.7 Bacteriophage ................. ... ... ... . . 83
5.8 Bacteriocins ............... ... 0 92
5.9 Production of Starters in Cheese Plants ..................... 94
5.10 Measurement of Generation Times .. ..................... 96
Chapter 6—Enzymatic Coagulation of Milk ................ cerereannasses 98
6.1 The Primary Phase of Rennet Coagulauon ................ . 98
6.2 Remnet ................ . i 101
6.3 FaAtors That Affect the Hydrolysis of x-Casein and the Primary ..
Phase of Rennet Coagulation .......................... ... 102
6.4 The Secondary (Nonenzymatic) Phase of Coagulatlon and Gel
Assembly ...... N 103
6.5 Factors That Affect the Nonenzymatlc Phase of Rennet
Coagulation .................. ... .0 .. 0 0 e 108
6.6 Measurement of Rennet Coagulation Propertles e .' ........ 109
6.7 Factors That Afféct Rennet Coagulation .................... 120
6.8 Rennet Substitutes ..................... e e 130
6.9 ImmobilizedRennets ....................... S 135
Chapter 7—Post-Coagulation Treatment of Renneted Milk Gel . cediaveasass 138
7.1 Introduction ............ ... . 138
7.2 Methods for Measuring Syneresm ........ e e 139
- 7.3 Influence of Compositional Factors on Synerems ........ SN 139
7.4  Influence of Processing Variables on Symeresisr . .. ..., 00140
7.5 Kinetics and Mechanism of Syneresis . o SR
7.6 TexturedCheese ................. -
7.7 Molding and Pressing of Cheese Curd
7.8 Packaging ...... -
Chapter 8—Salting of Cheese Curd ... T Y T PR L TR B 153
' 8.1 Introduction . Wbl vy .f“.—gf.-f:?;g};;m”'i- R P N R 153
8.2 Salting of Cheese Curd ... ... R T T 155
8.3 Effect of Salt on Cheese Comiposition . +.................... 162
8.4 Effect of NaCl on the Microbiology of Cheese ............... 163
8.5 Influence of NaCl on Enzymes in Cheese ................... 165
8.6 Effectof Salton Cheese Quality .......................... 166
8.7 Nutritional Aspects of NaClinCheese ..................... 167



Table of Contents v

91 Introduction .............cciiiiiiiiiii i 169
9.2 Definition of Cheese Yield .................. B . 169
9.3 Measurement of Cheese Yield and Efficiency ....... PSP |
9.4 Predictionof Cheese Yield .................. ..., 173
9.5 Factors That Affect Cheese Yield ......................... 174
96 Conclusion ............c.ciiiiiiiiiiiiin i, 202
Chapter 10—Microbiology of Cheese Ripening ................... terrasean 206
10.1 GeneralFeatures ............ ... ... .o .. 206
10.2 Microbial Activity during Ripening ......... e 207
10.3 Growth of Starter Bacteriain Cheese ... .................... 213
10.4 Growth of Nonstarter Lactic Acid Bacteria in Cheese .......... 215
10.5 Other Microorganisms in Ripening Cheese .................. 217
10.6 Examples of Microbial Growthin Cheese ................... 226
10.7 Microbial Spoilage of Cheese ...................cccouu.n. 232
Chapter 11—Biochemistry of Cheese Ripening ................c0evvvennnn. 236
1LY Introduction . ..........co0iiiiiineiiiiin s, 236
11.2 Ripening AgentsinCheese ....................cc0vvinnnn. 236
11.3 Contribution of Individual Agents to Ripening ............... 237
11.4 Glycolysisand RelatedEvents ............................ 238
11.5 Citrate Metabolism . ........... ... i iiiiiiiiinnnn.. 248
11.6 Lipolysisand RelatedEvents .................cc.vvuvnnn.. 249
11.7 Proteolysis .........coiiiiiiiiiiii it 255
11.8 Characterization of Proteolysis in Cheese ............ AR 268
11.9 Catabolism of Amino Acids and Related Events .............. 274
11.10 Conclusion . ..., St 278
Chapter 12—Cheese Flavor ....... eeaseasnansan crerianae eeeesararsasans 282
12,1 Introduction .......... ...ttt 282
12.2 Analytical Methods .................. ... ... ... ... 284
12.3 Contribution of the Aqueous Phase of Cheese to Flavor ........ 288
12.4 Contribution of Volatile Componnds to Cheese Flavor . ........ 292
12.5 Off-FlavorsinCheese ..................cciiiiiiviennnn. 293
12.6 Formation of Flavor Compounds .......................... 297
12.7 Intervarietal and Intravarietal Comparison of Cheese
Ripening .........c.. i 300
12.8 Conclusion ............iiiiiiiiiii i, 303
Chapter 13—Cheese Rheology and Texture .............. terennanasansnsan 305
13.1 Introduction ...........cuuiiiniirriin et 305



vi FUNDAMENTALS OF CHEESE SCIENCE

- 13.3 Rheological Characteristics of Cheese ...................... 311
134 Cheese Texture ...................... R 333
Chapter 14—Factors That Affect Cheese Quality ............. tenseaasseases 341
141 Introduction ...............iiiiiiiiiiininn i 341
142 Milk Supply . ... e e 341
14.3 Coagulant (Rennet} .............c.oiiiiiiininnnnnnnnnns 343
144 Starter .. ... e 343
14.5 Nonstarter Lactic Acid Bacteria (N SLAB) .................. 344
14.6 Cheese COMPOSItION .. ....ouuuer it iininriienaneanan 345
14.7 Ripening Temperature ...................... I 347
148 Conclusion ...........c.iitiiiiii it iiiernenns 347
Chapter 15—Acceleration of Cheese Ripening ............cocvieivninnnnn.. 349
151 Introduction ...............oiiiiiiiiii 349
15.2 Elevated Tempcratu.re .................................. 350
153 ExogenousEnzymes ....................c...o ... 351
15.4 Selected, Activated, or Modified Starters ................... 355
155 Adjunct Starters ................. .. 0oL, e 358
15.6 Secondary Cultures ........ PR 359
15.7 Enzyme-Modified Cheese .................... ... ....... 359
15.8 Addition of Amino Acidsto Cheese Curd ................... 360
15.9 Prospects for Accelerated Ripening ........................ 360
Chapter 16—Fresh Acid-Curd Cheese Varieties ...............cciviiivinns 363
16.1 Introduction ........... ... it i 363
16.2 Overview of the Manufacturing Process for Fresh Acid-Curd
Cheese Products ............ccoiiiiiiiiiiiniiinnnnnn, 363
16.3 Principles of Acid Milk Gel Formation ..................... 364
16.4 Prerequisites for Gel Formation ...................... PRSP 368
16.5 Effect of Gel StructureonQuality ......................... 369
16.6 Factors That Influence the Structure of Ac1d ‘Gels and the
Quality of Fresh Cheese Products ....... e e 374
16.7 Treatments of the Separated Curd . ... ... e e 378
16.8 Major Fresh Acid-Curd Cheese Vanetles e 379
Chapter 17—Principal Families- of Gheese IERERRrE
17.1 Introduction ;.75 d0. e el
17.2 Rennet-Coagulated Cheases Cei e _
17.3 Acid-Coagulated Cheeses ..., v e e, 422
17.4 Heat/Acid-Coagulated Cheeses e e 422
17.5 . Concentration and CrystallizatioR & .. .o.................... 423
17.6 Ultrafiltration Technology in Cheesemalung ................. 425
. Appendix 17-A: Compositions ofSelected Cheese Varieties ... ... .. 428

>



g Table of Contents vii
‘?

Chapter 18-—Processed Cheese and Substitute or Imitation Cheese Products ... 429

18.1 Introduction .............ciiiiiiriiiii i, 429
18.2 Pasteurized Processed Cheese Products ..................... 429
18.3 Imitation and Substitute Cheese Products ................... 443
Chapter 19—Cheese as a Food Ingredient .............c.ocoviiiivinaan.., 452
19.1 Introduction .............. oot 452
19.2 Overview of the Requirements of Cheese as an Ingredient . . . ... 452
19.3 Functional Properties of Cheese as an Ingredient ............. 456
19.4 Dried Cheese Products ..................ccoiiiiiniia... 475
195 Conclusion ..........cviiuiniiiii i i 482
Chapter 20—Pathogens and Food-Poisoning Bacteria in Cheese .............. 484
20.1 Introduction ........... ... e 484
20.2 PathogensinRawMilk ................................. 487
20.3 PathogensinCheese ..................c..ciiiiiiininninn. 488
20,4 Listeriosis . ......vuittiniin i e 489
20.5 Pathogenic Escherichia Coli ............................. 490
20.6 Growth of Pathogens during Cheese Manufacture ............ 491
20.7 Growth of Pathogens in Cheese during Ripening ............. 493
20.8 RawMilkCheeses .............couviiiiiiiniiinnennnnnns 498
20.9 Control of the Growth of Pathogens ....................... 499
20.10 Enterococei ... i e e 500
20.11 Biogenic Amines ............... .o iiiiinnn.nn feee e 501
Chapter 21—Nutritional Aspectsof Cheese ............cccicieninnnnnnnnn. 504
Thomas P. O’Connor and Nora M. O’Brien
211 Introduction .............iiiiiiiii i e 504
21.2 Fatand Cholesterol ................ ... .o vviiiiirnnnn.. 504
21.3 Proteinand Carbohydrate ........................covua... 506
214 VitaminsandMinerals ......... ... ... ... .. .00, 506
21.5 AdditivesinCheese ..o, 508
21.6 CheeseandDental Caries ................c.coviinnnnn.. 509
217 MYCOtOXINS . ..ottt ittt i e i e e 509
21.8 Biogenic AminesinCheese ...............ccciiviuuninn.. 512
Chapter 22—Whey and Whey Products ..........ccvuiivvrereereenneranes 514
22,1 Infroduction ..........c.uiiiiiiii i, e 514
22.2 Clarificationof Whey .............coitiiiiiiiinnnn.. 515
22.3 Concentrated and Dried Whey Products .................... 516
224 Lactose ... it e e e 516
225 WheyProteins . ...t iiiieneenn, 517

226 WheyCheese ......... ...ttt 519



viii  FUNDAMENTALS of CHEESE SCIENCE

-+ 22.7 Fermentation Products .................... e e 522

228 Conelusion ..............oooiiiiiiiii 522

Chapter 23—Analytical Methods for Cheese ........... censee teerecenrnans. 523
23.1 Introduction .................... ... .. . 523

23.2 Methods of Sampling Cheese ... ...................... .. 523

23.3 Compositional Analysis ................................. 525

23.4 Biochemical Assessment of Cheese Ripening ..:............. 527

23.5 Techniques To Study Volatile Flavor Compounds ............ 536

23.6 Microbiological Analysis of Cheese. ................... ... 536

- 23.7 Objective Assessment of Cheese Texture ................ .. 540
23.8 Sensory Analysis of Cheese Flavor and Texture ......... . . . . 540

Table of Sources ..... Ceeanes teerersnans Ceetereses hreeses dreeses Vevennas 548



