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Preface

It is almost a decade since the first edition of this volume was produced and
nearly 5 years from the second. Despite the many organizational changes that
have taken place in both the flavor and publishing businesses, it is again gratify-
ing to find that the demand for a third edition remains.

This is in no small part due to the fact that the flavor industry continues to
flourish despite the takeovers and amalgamations that increase the size of the
major manufacturers. These activities tend inevitably to create a fallout of skilled
personnel, a proportion of whom restart in a small way and start the cycle all over
again.

The industry generally becomes more oriented to high technology operations,
although these generally impact more on the control of manufacture, sales and fi-
nance than on the actual creation of flavors themselves. The heart of a good flavor
remains the simple blending of high-quality ingredients to produce a creation that
is, to its user, more than the sum of its parts.

The industry continues to supply traditional demands for flavors in the food
industry—soft drinks, baking and confectionery—and at the same time to meet
the new challenges of ready-prepared meals and other new developments in prod-
ucts and processing.

For the first time, however, this third edition acknowledges the important con-
tribution made by flavors to areas other than food. Flavors play a vital part in the
formulation, acceptability and, therefore, efficacy of most oral medicines—both
over-the-counter (OTC) and ethical preparations. A chapter on the use of flavors
in pharmaceutical applications deals with this subject.

Similarly, a chapter reflects the major use of flavors in tobacco products. What-
ever the level of social acceptability of smoking, the subject is of great signifi-
cance with the flavor industry.
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Other new chapters deal with the important topics of flavor modifiers and the
whole realm of flavor quality control. Of the remaining contributions, some are
unchanged and others updated and amended.

Overall, it is hoped that readers will again find this to be a useful work. Its con-
tributors are widely experienced and I am extremely grateful to them for taking
time from busy schedules to prepare and edit manuscripts.

Any errors and omissions are those of the editor and I accept responsibility for
them. I hope, however, they will not detract too much from the important contri-
bution this book has made and will continue to make to those seeking knowledge
of the flavor industry.

I would, finally, like to acknowledge the help of my colleague, Sue Bate, for
her invaluable help and support in preparing this volume.

Philip R. Ashurst



Table of Contents

Contributors

................................................... XV

PRETACE v ce v vcee v viev e oo osonessbos ein s sss ososssesesssnasssess xvii

Chapter 1 Essential Oils ........ ..o, 1
John Wright

1.1 TRIFOAUEHON ivinswiwsmsses vasmasms saaunems amomsswes 1

1.2 The Production of Essential Oils . ..................... |

1.2.1 Steam Distillation .. .......... ... . ... ... ...... 1

1.2.2 Water Distillation .. ........ ... .. ... ... .. ...... 2

1.2.3 Distillation Methods . .............. ... ... ..... 3

1.2.4 Expressionof Oils . .. .......... ... . ..o, 3

1.2.5 BXtraction .. ... ...t 3

1.3 Further Processing of Essential Oils ................... 4

1,3:1 ReCHIICAtION & vassvos cuomooms vasing smanssms o 4

1.32WashedOils ............ ..., 5

1.330ilQuality .......... i 5

1.4 The Usesof Essential Oils ... ........................ 6

1.5 The Composition of Essential Oils .................... 6

1.5.1AniseSeed Oil ...........cciiiiiiiiiiiiinnnn 11

1.52BergamotOil ......... .. ... ... ... .. .. ... 11

1.53 Bitter Almond Oil ......... ... ... ... ... .... 12

1.5.4 Bitter Orange Oil .::s:inuimivasswimimsrms enss 12

1.5.5 Blackcurrant Buds Absolute .................... 13

1.5.6 Boronia Absolute . ........................... 13

1.57BuchuLeafOil ........ ... ... .. .. ... ......... 14

158 CardamomOtl . o cviivvnvsniimsmsimesmsmmenss 14

1.59CassiaOil ... .. ... . .. 14

1.5.10 Cinnamon O1l ........ ... ... ... i, 15



v Foob FLAVORINGS

1501 Clove Oil ..o 16
1:5:12 Cotiander Ol .. .v.vsisimssssmnsmssaswssaimn 17
1.5.13Cornmint Oil . .......... ... ... ... .......... 18
1.514Cumin Seed Oil .. ........................... 18
1.5.15Davana Oil ........ ... ... ... .. .. ... . ... ... 19
L8160 DI Ol ivvvnssvsnnmessimismemsamsminmensms 19
1.5.17 Eucalyptus Oil .. ... ... ... ... ... ... .... 20
1508 GarlicOil . ... ... ... ... . 20
1.5.19 Gerantum Oil ........... .. ... .. ... ......... 20
1:5:20GInger Ol . .. svvcsicisminmsnsansmsanins isin 21
1.5.21 Grapefruit O1l ........... ... ... ... .......... 22
1.5.22 Jasmine Concrete and Absolute ................ 23
1.5:23 Junipetbetty Oll . .o:sseos savansmsmpsnsnsssss 23
1.524 Lemongrass Oil ......... ... .. .............. 23
1.525LemonOil ... ... .. ... . 24
1.526 Lime Oil ...... ... .. ... ... ... . .. ... 25
1.5.27 Litsea Cubeba Oil .. ......................... 27
1.528 Nutmeg Oil ... .. ... .. .. ... 27
1.529O0nion O1l ... ... .. .. . .. ... ... 28
1.5300rrisOil Concrete .. ... ...oviiiinne .. 29
1.5.31 Peppermint Oil . ............................ 29
1.5.32 Petitgrain Oil . ........ .. ... .. ... ... ........ 30
1.533Rose Oil . ... .. 30
1.534 Rosemary Oil ......... ... .. ... ... ... ..... 31
1.5:35 Spearmint O1l ... simensens savmecmenesasses 32
1.536 Star Anise O1l .. .......... ... ... ... ... ..... 33
1.537 Sweet Basil Oil . ............................ 33
1.5.38 Sweet Fennel Oil . ........................... 34
1.5.39 Sweet Marjoram Oil ......................... 34
1.5.40 Sweet Orange O1l . .......... ... ... .. ....... 34
1.541 Tangerine Oil .. .......... ... . ... .......... 36
1.542Thyme Oil . ... ... i 37
1.5.43 Violet Leaf Absolute ......................... 37
Chapter 2 Oleoresins, Tinctures and Extracts .............o00vvu.n. 39
David A. Moyler
2.1 Introduction ............. ... 39
2.1.1 General Comments ........................... 39
21 2C08S < mrm i rv s He s R A R 6 S E 39
2.1.3 Raw Materials and Processes ................... 40
2.2 PlantMaterials .. ............. ... .. .. ... ... 40

221 OFIBIN .y wvmssmsmssasmrinsnnins@ninsmasss i 40



Chapter 3

Table of Contents v

2.2.2 Crop to Crop Variations ....................... 41
223 StOrage . ..ot 42
224YiH. oo ivii e TT TR E e s e sms sa v ms snenn o 43
22.5Degradation . .. ... .. 43
2.2.6 Preparation of Plant Material ................... 48
227 VanillaBean Curing . .............. ... ... ... 48
2.3 SOIVENS wisw osmis amoms swsmaime sas susims pwsmasms ssiee 51
23 1Polarity :c:sveisins snsmsins ivinnims nins 6w 52
2.32Boiling Point .. ....... ... ... i 52
233 VISCOSILY « vttt 52
2.3.4 Latent Heat of Evaporation . .................... 53
2.3.5 Temperature/Pressure . ........................ 53
24 TINCHUIES .o\ vttt et e e e e e e 53
2.4.1 Water Infusions .. ........ ... ... ... . ... 53
2.4.2 Alcoholic Tinctures . .........c.cocvvvnvinrun.nn. 54
2.5 Oleoresing ... ...cocceioicionsasissossasios swesss 55
2.5.180lvents . ..o 56
252Solubility .. ... 56
2.5.3 Commercial Solvent Extraction System ........... 56
2.6 ADSOIULES . swswsinisisios cnsmuass saoms e 9o siote os 57
2.6.1Solvents . .. ... 57
2.7 Extraction with Carbon Dioxide as a Solvent ........... 61
2,71 TAtrOAUCHION ¢ sssns smems susvrims smows nssw s 61
2.7.2 Subcritical COy .55 swsws sassmsns sasnnssns imetms 62
2.7.3 Supercritical COy . ...ooiii i 63
2.8 SUMMATY ..ot 68
Fruit Juices ........cciiiiiiiiiiiiieiiiineieeneennnns 71

Philip R. Ashurst and Barry Taylor

3.1
3.2

33

34

Introduction . ...........oiiiiiiiiii 71
Fruit Processing . ............ ... 72
3.2.1 General Considerations .. ...................... 72
3.2.2 Soft Fruit Processing . .. . .......covvniuneennnn. 74
Specialized Fruit Processing . ....................... 77
B33 1CHIUS .ot 77
3.3.2 Comminuted Citrus Bases ..................... 78
3.3.3 Pineapple JUice .« sws swsws snsmssns smaanons waos 79
3.3.4 Processes Requiring Heat ...................... 80
Products and Packaging . .......... ... .. ... ... ..., 80
341 Frozen JUICES « c o5 :n e vnrmvenn ervcnmsnssmasesmss 81
3.4.2 Aseptic Packaging . .......... .. ... . . 81

3.4.3 Self-Preserved Juice ............ ... ... ... 82



vi Foop FLAVORINGS

Chapter 4

Chapter 5

344 PreservedJuice .............. ... 82
345 HotPack Products .. .......................... 83
3.5 Product Specification(s) . ............ .. ... .. 83
3.5.1 Soluble Solids Content . ....................... 83
3.52 Titratable Acidity ... ... ... ... ... ... 85
353Brix/AcidRatio .. ... 86
3.5.4 Other Specifications .......................... 87
3.5.5!Juice Adalteration ... ... esssivscnvansvimains 89
3.5.6 Specifications for Essence/Volatiles/Citrus Oils . . . . . 90
3.6 Volatile Components of Fruit Juices .................. 92
3,61 ProduCtON « s v ssmsssimmans soxaninsmssmsnmans 92
3.6.2 Composition of Fruit Juice Volatile Fractions .. .... 97
3.7 The Use of Fruit Juices in Flavorings ................. 99
3.7.1 Fruit Juice Compounds . ....................... 99
372 FIAVOTINGS . ¢ovv:evimssnsns smesnsssmasesusss 100
3.8 SUMMATY . vomesws sasimnens sases 650545555 580565 5 mis 101
Synthetic Ingredients of Food Flavorings ................ 103
H. Kuentzel and D. Bahri
4.1 General ASpPects .. .........oouiiiiiiiiii, 103
4.1.1 Introduction, Definitions and Documentation . . ... 103
4.1.2 Flavor Generation .. .................c....... 105
4.13 FlavorAnalysis ..............cooviiiniaann.. 109
4.1.4 Flavor Manufacture . ......................... 111
4.1.5 Composition and Formulation ................. 112
4.2 Synthetic Flavor Ingredients .. ..................... 112
4.2.1 ClassifiCation « « w5 wsmemwemmenionnsmessisms e 112
4.2.2The Flavor Wheel ........................... 116
4.2.3 The Different Flavor Notes . ................... 116
4.3 Synthetic Flavor Ingredients and the Future ........... 145

Quality Control of Flavorings and Their Raw Materials ...153
Giinter Matheis

5.} IntioduCHON . .usmivvsmasmsansmpiminsvns sems smai 153
5.1.1 The Sensogram of aFood .................. ... 153
5.1.2The FlavorofaFood . ........................ 162
5.1.3 The AromaofaFood ........................ 163
STAFlavoring .. ...oovviiin 164
5.1.5 Summary of Definitions ...................... 165

5.2 Importance and Complexity of Quality Control ........ 166



Chapter 6

53

5.4
5.3
5.6

Table of Contents

Physico-Chemical Analysis ........................
5.3.1 Physical Analysis ............c.cooiiiiii..
5.3.2 Chemical Analysis . .........................
Biotechnology-Based Analysis .....................
Microbiology Analysis . ... ...
Sensory Analysis . ......... ...
S6dTestPanels ... i
5.62TestFacilities .. .......... ... .. ... ...
S0 3TEREVIEHA ; ccovvasms swsmmsms swsnmsms smsms sas

5.6.4 Test Methods in Sensory Evaluation . ............
5.6.5 Test Methods in Quality Control .. ..............
57 Conclusions .............. i
Beverage Flavorings and Their Applications .............
A.C. Mathews
6.1 IGtEOQUCHON w .5 s vws cosmmsns saame sas smems sasgwams
6.2 Categoriesof Beverages .. .........................

6.3
6.4

6.5

6.6

6.7

Types of Flavorings for Beverages . ..................
Methods of Extraction, Solubilization and
Concentration of Flavorings . .. .....................
6.4.1 Extraction of Coffee Flavor and Manufacture

of the Instant Product . .......................
6.4.2 Flavorings Extracted from Harvested Fruits . ... ...
6.4.3 Extraction and Use of Oil Soluble Flavorings .. ...
Beverages Basedon Ginger ........................
6.5.1 Manufacture of Ginger Extract .................
6.5.2 “Original” (hot) Ginger Ale ...................
6.5.3 “American” or “Pale” Ginger Ale ...............
Formulation of Beverages .........................
6.6.1 General Principles . ........... ... ... .. .. .....
6.6.2 Principal Components Used in the Formulation

OF BEVOIAZES <o s5s cmsamens imsmesis susiesis oo
6:6.3 Label Claims: : «.; s suisnios susenems smssming o

6.6.4 Sweetness/AcidRatio ............ .. ... ... ... :

6.6.5 Alcoholic Components .......................
G:6:0 WALEE s swicnimssms smsmasme svsme ins niisws o
6.6.7 Characterizing Ingredients ....................
6.6.8 Other Ingredients . ......... ... ... ...........
6.6.9 Acidulants and Acidity Regulators ..............
SUMMALY & csimrms vmammses suedpem: s@aEs s@s cHelkis £8

vii



viii Foob FLAVORINGS

Chapter 7 The Flavoring of Confectionery and Bakery Products ..... 229
D.V. Lawrence and D.G. Ashwood

7.1 Introduction to Confectionery Flavorings ............. 229

7.2 Basic Confectionery Types, Recipes, Inherent Flavors . ..231

7.2.1 High Boilings (Hard Candy) .. ................. 231

722FatBoilings ......... ... 233

7.2.3 Toffees and Caramels ........................ 236

T:24AFudge cuvivninisnsissmeanins smscnsmsasnn 238

725Fondant . ... ... 239

726Candy ......... .. 240

7.2.7 Cream and Lozenge Paste . . ................... 240

7.2.8 Compressed Tablets . ........................ 241

729 1Jelliesand Gums . ......... .. ... .. 242

7.2.10 Chewing Gums . ............ ..., 244

Ti2. 11 PANEAd WOTK :zsimevaine smsumans sasmpamanys 245

7:2.12:Chocolate :wssncisasssssnssnsvsansmsnmss 246

7.3 Flavors from Ingredients . ......................... 249

7.4 Flavors Developed During Processing ................ 249

7.5 Selection of Flavorings . ............ ... .. ... ...... 250

7.6 Ingredients of Bakery Products ..................... 254

76.1Flour ... 254

7.6.2 SUZATS . ..ottt 255

TO3FLS . ivcvasmsnsons smpmbens suedsvaimesnsises 256

TH4ALiquids: «wcvwicsimesmsinsnssmimnauinesusess 256

T.6.5GaSES . ..o 256

7.6.6 Other (Minor) Ingredients .. ................... 257

7.7 Bakery Products ............. ... ... 258

TT L BIEAd ccisascmsamsnwnimsonanissgensaosininssss 258

7.7.2 Hot Plate Goods . ..............c.iiininin... 259

7.7.3Morning Goods . . ........ ... 259

7.74Powder Goods . ......... ... 259

TTSBISCUIS ..ot 259

TTOCAKES ..o 261

7.7.7 Baking Process . ............. ... 261

7.8 Bakery FIlMAES » c:v: vusmumsssnasmennsmesmimasmrass 262

78l Jamsand Jellies -« . . csvicnsssavsmnsmsamensmas 262

7.8.2 Marshmallow . ........ .. ... ... ... ...... 263

783 Creams ... ...ttt 264

7.8.4 Biscuit Creams . ...........ovuuiiinneannn... 264

T8SICINGS . . oot 264

7.9 Summary of Flavoring Characteristics ............... 264



Table of Contents ix

Chapter 8 Savory Flavors for Snacks and Crisps . .................. 267
D.C.FE Church
8.1 Introduction. : ;u::scsiswsussnsivinasiscososiveins 267
8.2 History of Savory Flavors for Snacks and Crisps
(Potato Chips) . ... 267
83 SDACKS :n:mssmsvsesssosmmsmsimnsmemssniwnisssys 268
8.3.1Savory Biscuits ........... .. . . i, 268
8.3.2 Market Separation .. ....... ... .. ... ... .. ... 268
8.3.3 Potato Crisps/Chips .. ... 269
8.3.4 Extruded Maize Snacks ...................... 269
8.3.5 Fried:Snacks «::«ivicesnnswsvosmussivmvmanins 270
B3.ONULS . .ot 270
83.7TortillaSnacks .. ....... ... .. . L. 270
83.8Snack BiSCUits « . . cnsossmuenissonasnssnsmnsoss 270
8.4 Basic Recipes for Crisps and Snack Savory Flavors . .. .. 270
8.4.1 Saltand Vinegar Flavor . .. .................... 270
8.4.2 Cheese and Onion Flavor ..................... 271
8.4.3 Smoky BaconFlavor . . ....................... 271
8.4.4 Beefy Barbecue Flavor . ...................... 271
8.4.5 Cheese Flavor (forCorn Curls) . ................ 272
8.4.6 Paprika Flavor . ........ ... ... .. ... ... ... 272
8.5 Ingredients for Savory Flavors . ..................... 273
8.5.1 Production Methods .. ....................... 273
8.5.2 Quality Systems and Methods ................. 273
8.6 Major Raw Materials and Ingredients Used in
Powder Savory FlavorBlends ...................... 273
8.6.1 Acids and Acidity Regulators .................. 273
8.6.2 Anti-Caking Agents . . . .........oouiininenan.. 273
8.63C0lors . ... 278
8.6.4 Carriers and “Fillers™ ........................ 278
8.6.5DairyPowders . ............. ... i 278
8.6.6 FatPowders .......... ... ... ... .. .. .. ... ... 279
8.6.7 Flavor Enhancers . . ............ .. ... ... ..... 279
B0 B FIAVOIIITS = v omsmmemp nmssmsmmsmesssnssmssssn 279
8.69Herbsand Spices . ............. ..o 279
8.6.10 Hydrolyzed Vegetable Proteins . ............... 279
B.6.118alt ... ... 280
8.6.12 SWEEICHEIS . ccimmene smsmarms imsnssmsems 280
8.6.13 Vegetable Powders . . ............. ... ... ... .. 280
8.6.14Vitamins . ... ... 280

8.6.15 Yeast and Yeast Extracts ..................... 280



X Foop FLAVORINGS

Chapter 9

8.6.16 Pre-Extrusion Flavors ....................... 281
8.7 New Developments and Trends ..................... 281
8.8 Conclusions ......... ... ... . i 281
Thermal Process Flavorings . ............ ... ... ... ... 283
Charles H. Manley, Belayet H. Choudhury and Peter Mazeiko
9.1 Introduction ............ ... 283
0.2 BUSOET 1y sxrmrsmesasmesmsanimaems sRe ke sse st s 284
9.3 TheMaillard Reaction . ........................... 285
9.4 Aromatic Compounds from Precursors ............... 285
941 Pyrazines . .........ouuiuiiiiininnaana.. 287
9.4.2 Thiazoles, Thiazolines and Thiazolidines ......... 287
9.4.3 THIOPHEHES. '« v vnsmmspmsnsnsocusmsnesmnsmsssse 288
9.4.4 Furans and Furanones .. ...................... 289
94.5Pyrroles . ... 290
4.6 PYTIAINES 5 yvvivimnwmsmosnn smosnssresums vwsumne 291
9.4.7T AMINOACIAS » i 5:sarrussssnmisnimimnvmsvssmsn 291
948 Nucleotides . ....... ... ... ... ... 295
9.4.9 Aldehydes and Ketones . ... ................... 295
9.5 Aroma Components Found in Cooked Foods .......... 295
9.5.1 Beel FIaVOr :u:ssovsmusns soonnsms sgsas msns s 296
9.52 Chicken Flavor ............ ... ... ... ... ..... 297
9.53Pork Flavor ...... ... ... ... .. . . 297
9.54BaconFlavor ........... ... ... .. .. .. L 298
9.5.5 Roasted Nutsand Seeds ...................... 298
9.5.6 Coffee Flavor .......... ... .. ... ... ......... 298
9.5.7 Cocoa/Chocolate Flavor ...................... 299
9.5.8 Hydrolysate Flavor .......................... 300
9.5.9 Caramel, Molasses and Maple Flavor . ........... 300
9.5.10Bread Flavor .......... .. .. ... ..., 301
9.6 Components Used to Create a Process Flavor ... ....... 302
9.60. L. Meat EXtiact «: .o nivnsmvinssvemssmsnmsnsans 302
9.6.2 HydrolySates < .wc:wscusimimesvomn smomasnssams 302
9.6.3Yeast Products .......... .. ... ... . ... ... 303
9.6.4 Amino Acids and Peptides ........ S 303
9.6.5 Sugars and Other Carbohydrates ............... 303
9.6.6 Aromatic Compounds . ....................... 304
9.6.7 Other Materials ............................. 306
9.7 Process Techniques .............................. 306

9.7.1 Liquid Reactions (Kettle with Water, Oil or Both) . .306
9.7.2 Roller Dryer (Lower Moisture Reactions) ........ 307



Chapter 10

Table of Contents Xi

9.7.3 Paste Reactions (Higher Temperature and

HighSolids) ....... ... .. .. .. 307

0. T A EXUSION i wr oo mms misonnmsins amsionsnssnsnss 307
9.75Spray Drying . ........ ... i 308
9.7.6Tray Drying ... ... 309

9.8 Final Flavor Compounds .......................... 309
9.8.1 Beef Flavor Formulation ...................... 310

9.8.2 Roast Beef Flavor Formulation . ................ 310

9.8.3 Chicken Flavor Formulation ................... 310
9.8.4 Pork Flavor Formulation ...................... 310

9.8.5 Bacon Flavor Formulation .................... 311

9.8.6 Lamb Flavor Formulation ..................... 311

9.8.7 Chocolate Flavor Formulation ................. 311

9.9 Applications of Thermal Flavors .................... 311
9.9.1 SOUPS ;s w05 sasmussmssmams sosanmsws cssEaioesss 313
9.9.2 Saucesand Gravies . .............c.uuuiinanan.. 313

993 Snack Foods ........... ... .. ... ... .. .. ..... 313
994 OtherFoods ............ ... .. ... ... ... ..... 314

9:10 Regulatory ISSUES . «owsvvs curmssms soiemmansnaensems 314
9.10.1 Process Flavors ............................ 314
9.10.2 Hydrolyzed Proteins ........................ 316
9.10.3 Autolyzed Yeast Extract or Yeast Extract ........ 316

9.11 The Safety QUeStion . .o sse s suemssms eaana saonssss 317
9.11.1 Safety of Thermal Process Flavorings .......... 317
9.11.2 Hydrolyzed Proteins . ....................... 319

9.12 Conclusions .. .......couunininin i 320

Appendix 9-A: International Organisation of the Flavour
Industry (IOFI) Guidelines for the Production and

Labelling of Process Flavorings ........................ 323
The Development of Dairy Flavorings ................... 327
Suzanne White and Geoff White
10.1 Introducton «: isiwsimssssmeins snspniws sasms sms s 327

10.1.1 History of Animal Milks as a Human
Food Source .......... ... . ... .. ... 328
10.1.2 The Development of Flavor in
Dairy Products ............ ... ... ... .. ... 328
10.1.3 Instrumental Analysis ....................... 329
10.1.4 The Development and Uses of
Dairy Flavorings ............ ..., 329
102 MilkandCream ...............coiiiiinivnnennnn. 331

10.2.1 Whole CowsMilk ......................... 331



Xii Foop FLAVORINGS

Chapter 11

10.2.2 Whole Milk Powder ........................ 333
10.2.3 Skimmed Milk .. ... .. ... ... . ... 333
10.2.4 Sterilized Milk . ........ .. ... .. .. .. 333
1025UHTMilk ..o 334
10.2.6 Evaporated and Sweetened Condensed Milk ... .. 334
1027 Cream ... 334
10.2.8 Soured Creams .. ...........couirniennann.. 335
10.2.9 Sterilized and UHT Cream .. ................. 335
10:2:10 Clofted Cream : . .:vsiscsmsnssnisissmsmsios 335
102,11 Casein ...t 335
10212 Whey ..o 335
10.2.13 The Applications of Milk and
Cream Flavorings ......................... 336
10.2.14 The Development of Milk and
Cream Flavorings ......................... 336
10.3 Yogurt and Fermented Products ... ............... ... 337
10.3:1 YOGUIt: s ciwvmnimsisms sisamans smama sasws s 338
10.3.2 Other Fermented Milk Products ............... 342
10.4 Butter .. ... 343
10.4.1 Sweet Cream Butter . ....................... 343
10.4.2 Cultured Cream Butter (Lactic Butter) .......... 344
1043 Buttermilk ......... ... ... . ... ... ... 344
1044 Ghee ... o 344
10.4.5 The Flavor of Butter ........................ 344
10.4.6 The Uses of Butter Flavorings ................ 346
10.4.7 Margarine and Low-Fat Spreads ............... 346
10.4.8 The Development of Butter Flavorings . ... ...... 347
1105 ICHBBRE . ios sonmmems s msmosmss ®smsmas easnsinns e 348
10.5.1 The Manufacture of Cheese .................. 348
10.5.2 Classification of Cheese Types ................ 350
10.5.3 The Development of Flavor in Cheese .......... 350
10.5.4 Review of a Range of Key Cheese Types ........ 350
10.5.5 Related Products . .......................... 360
10.5.6 Applications of Cheese Flavorings ............. 361
10.5.7 The Development of Cheese Flavorings ......... 362
10.6 Manufacturing Considerations . . .................... 364
10.7: 'CONCIUSIONS) s s aicwssuiscmsms sasimasisnnsmsaasssess 365
Flavor Modifiers ..........ciiiiiiiiiiiiiiiiiinnnnnnn 367
Giinter Matheis

11.1 Introduction .......... .. . ... . .. . .0, 367



