Contents

o T oY o N (v)
Preface to SeconNd EQitioN ..........ooo...eeeoeeoeeeeeeeeeeeee e (vii)
Preface to First EQItiON .............ccooeeemmmmimmmiiiisccssssssssecnnnnnsssssssssssssssssssssnssnssssssssssas (ix)
111X L7 Loz /Lo ) o (xxvii)
CHAPTER 1

Dairy Scenario

1.1 History of Dairy INdUSTIY ... 1
1.2 Dairy Industry in U.S.A. ... 3
1.3 Dairy Industry in U.K. ..o 5
1.4 Dairy Industry in AUSEralia ...........eeeeiiiiiieeeee e 5
1.5 Dairy Industry in New Zealand ............cccoooiiiiiiiiiiiiiiiieeeee e 5
1.6 Dairy Farming in Canada ...........ceeeiiiiieeeeiiiiiiieeeee e 6
1.7 Global Dairy Scenario — OVEIVIEW ...........ooiiiiiiiiiia i 6
1.8 Dairy Industry in INdi@ .........ooiiiiiie e 19
1.9 Mile Stones in Dairy Development ... 19
1.10 Educational INStUtIONS .........ooiiiii e 21
1.11  Dairy Development ... ... 23
1.12 Evolution of Anand Model/Pattern ............cccooiiiiiiiiiii e 26
1.13 Role of NDDB in Dairy Development ..o 28
1.14 Operation Flood (OF) 1970 - White Revolution OF - | .........ccccciiiinennes 28
1.15  Present Dairy SCENAIO ........eeiiiiiiiiiiie et 30
1.16 National Dairy Plan - (NDP) .......ccuviiiiiiiiiieeeee e 44
1.17 Present Status of Dairy INAUSEIY .........ooooiiiiiiii e 47
1.17.1 Private Sector - Dairy INdUSEFES ........cccuviiiiiiiiiiiiiii e 53

(xi)



(xii) Contents
CHAPTER 2
Milk Processing Plant Layout and Management
2.1 Location/Selection of Sit€ .........ccciiiiiiiiiiiiiieeee e 60
2.2 Classification of Dairy Plants ... 61
PZ28C TR Fo] o To o | =1 o | VA0SR 63
2.4 Nature of GroUnNd ........ccuiiiiiiiiiieee e 63
2.5 Planning and Principles of Dairy Layout .........cccccooveveeiiiiiiiiiiiiiieeeceeeeeen 63
2.6 SOt WALET ..eeeeeeeiieee e 66
2.7 HArd WALr ...ooeeeiiiiecc et 66
CHAPTER 3
Milk and its Constituents
3.1 Definitions of MilK ......ccooiiiiiiieeeeeee e 70
3.2 Composition Of MilK .........ccoooiiiiiiice e 72
3.3 Constituents of MilK..........c..uuiiiiiiiiiiee e 79
B4 VVAtEr e aaa e 79
G T8 T - Vo (o 11 PR 80
3.6 Lactic Fermentation ...........cccuvviiiiiiiii e 81
T A /11 = | SRR 83
3.8 Milk Fat Constants/Properties ............ooouuuiiiiiiiiiiiiiiiiiei e, 92
3.9 Substances Associated with Milk Fat ............ccccoiiiii e 101
G T O T |V 11 {0 (=11 OSSR 109
3.11  Mineral Matter of MilK ............ouvviiiiiiiiiii e 117
3.12  Vitamins of MilK ......coooiii e 120
3.13  Gases Present in MilK ..........oeeeiiiiiiiioi e 126
314 Enzymes inMIlK ... 127
3.15  ColOSrUM MilK ...ceiiieeeeee e e e e 128
3.16  Nutritive Value of MilK .........ooiiiiiiiiie e 131
3.17  Effect of ProCesSSiNg ....cooiiiiiiei et 140
3.18  SOft CUIA MilK ...t e e e e e e s e e e e e e 141
3.19 Humanisation of Buffaloe MilK ..............cccooimiiiiiiiiiieeeee e, 142
3.20 Vitamin-D Fortified MilK ..........coooiiiiiiiiiii e 142
3.21  LOW SOIUM MilK .....eiiiiieiiiiiie ettt e e e s enee e e e s e nnanee e e 142
3.22 Lactose Hydrolysed MilK ..........ccceiiiiiiiiiiie e 142
3.23  Cow Milk Vs. BUffalog MilK ........c.ueevieiiiiiiiie e 143



Contents

(xiii)

CHAPTER 4

Factors Affecting the Composition of Milk

4.1 Variations in the Composition of MilK ..............ccccooiiiiii, 147
4.1 SPECIES i 147

4.1.2 The Individuality of the COW ........cccoviiiiiiiii e 148

4.1.3 BrEEA ..ot 148

4.1.4 Size of the Herd within Breed ..............ccoooiiiviiiieiie e, 150

4.1.5 Intervals between MilKiNg ..........cccooiiiiiiiii e 150

4.1.6 Variation from Day t0 DAy .........ceeeeiiiiieeeiiiiieeee e 151

4.1.7 Efficiency of MilKING .....oooriiiiiiiiii e 152

4.1.8 Different Quarters of the Udder ..........cccoceiiiiiiiiiii 152

4.1.9 First and Last Milk Drawn ..o 153

4.1.10 Stage of Lactation and Milk Yeild ..........ccccccoiiiiiiiiiiee, 153

4111 SEASON et 156

4.1.12 Age of the Animal/Number of Lactations ...............ccccoeierennnnen. 159

4.1.13 Effect of Gestation............cooooiiiiiii e 161

4.1.14 Level of Nutrition - Influence of Feeding........ccccccvveeeeiiennennnnnn. 161
4.1.15 EXCItEMENT ... 163
4.1.16 Heat or OeStrum ........oeiiiiiiiiii e 163
4.1.17 Condition of Flesh at Calving ........ccccoooiiiiiiiiiieee e 163
4.1.18 Relation between Daily and Yearly Production.......................... 164
4.1.19 Official Vs. Ordinary Milk Production Records............ccccceeuveeee. 165
4.1.20 Hormonal INflUENCE ........cceuviiiiiiii e 166

4.1.21 Effect of DISEASE ........ooviiiiiiiiiiiiii e 167
4.1.22 InflueNCE Of DIUQGS .. .eeeeeieeiiiiiiie e 168
4.1.23 Miscellaneous CAUSES ..........oveiiiiiiiiiiiiiiiiee e 168

4.2 Inter Relationship between the Milk Constituents ............cccoociiiiiiiinenns 169

CHAPTER

Physico-chemical Properties

5.1 Physical State of MilK .........oueeiiiiiiiie e 171
5.1.1 Colour of MilK .......oooooiiiiiieeee e 172
5.1.2 Flavour and Taste ........oooooiiiiiiiii e 172
5.1.3 PHOTMIIK .ovvveieeeiiieeeeeeeeeee e 173



(xiv) Contents

5.1.4 Specific Gravity and Density ........ccccoociiiiiiiii e 173

5.1.5 ACIdity OF MilK ....ooieiiiiie e 175

5.1.6 ViISCOSILY ..uuueiiiiiiiiiiiee ettt e e e e e e e e e 176

5.1.7 Specific Heat .......ocueiiii e 178

5.1.8 Surface TeNSION .......cccoiiiiiiiiiii e 179

5.1.9 Bound Water........eeeiiiiie e 179

5.1.10 Freezing Point .........oooiiiiie e 180

5.1.11 Boiling POINt ... 181

5.1.12 Refractive INdex (RI) ... 181

5.2 Butero-Refractometer Reading (B.R) ......c..uvveeiiiiiiieiiiieeeeeeeee 182

5.3 Oxidation-Reduction Potential ............cccccciiiiiiiiiiiiiieee 183

5.4 Electrical CondUCHIVILY .........cooiiiiiiiiiiiiei e 183

5.5 BuUffering of MilK ... 184

CHAPTER 6

Microbiology of Milk

6.1 Importance of Study of Microbiology .........ccccuviiieiiiiei e, 187

6.2 Classification of Microorganisms of MilK ..........ccccccoiiiiiiiiiiiiiieeeeee, 187

6.3 Types of Microorganisms in MilK ..........ccooiiiiiiiii e 187

6.3.1 BaCeria ....cceeveiiiie 187

B.3.2 YEAST ... 188

6.3.3 MOUIAS ..o 188

B.3.4 VIIUSES ..ottt 189

6.3.5 Bacteriophages ..o 189

6.3.6 Hetero Fermentative Organisms ...........ccooocciiiiiiiieiee e 189

6.4 Growth of Micro OrganiSms ..........cooeeiiiiiiiiiieeee e 193

6.4.1 Stages of Growth ..o 193

6.5 Milk and Public Health ..o 196

6.5.1 Source of Contamination ...........cccccooviiiiiiiiiiii e 199

6.5.2 Producing Animal .........cooiiiiiiiie e 199

6.5.3 MilKING AICA ....eeeiiiiieeee et e e e e e e 200

6.5.4 Handling of Milk-Utensils and Equipment...............ccccccoiiee. 200

6.5.5 Personnel Sources of Contamination .............cccccvviiieiiiiiiineen. 200

6.5.6 Water as a Source of Contamination ...........ccccooovveviiiiieiiiinnnenn. 201



Contents (xv)

6.6 Types of Microorganisms in MilK .........cccooiiiiiiiii e 201

6.6.1 Bacteriophages .......coooviiiiiiiiiiiieeeie e 201

6.6.2 Spoilage of MilK .......cooiiiiiii e 201

6.6.3 Gas ProduCtion ...........occceiiiiiiiiiiiae et 202

6.6.4 Proteolysis ......coooiiiiiiiiiiii e 202

6.6.5 ROPINESS ...ooviiiiiiicccie e 202

6.6.6 Microbiological FIavour ............ccccciiiiiiiiiiie e 203

6.7  AIKali ProduCtion ..........ooiiiiiiiiiiiicc e 204

6.8 Microbial Examination of MilK ...........coociiiiiiiiii e 205

6.8.1 DMC Method ........ooiiiiiiiiiiieeie e 206

6.9 Destruction of MiCroorganiSms ..........ccooiiiiiiiiiiiiiiee e 211

6.10  Bactofugation ........c..eiiiiii e 211

CHAPTER 7

Dairy Operations (Practices)

7.1 Pricing Of MilK ......oeieii e 213
7.2 Cooling Of MilKk HiSTOIY ....ccoviiiieeeeeeee e 221
7.2.1 Refrigeration ..o 222
7.2.2 Basic Principles of Refrigeration .............ccccoviiii s 223
7.3 Collection Of MIlK .......coiiiiiiie e 226
7.3.1 Milk Collection Chilling Centres/Depots .........ccccccveeeeeeeiiiiccnnnns 226
7.4 TransSpPoOrtation ... 230
7.4.1 Methods of TranSPOIt .........coiiiiiiiiiiiiie e 230
7.4.2 Types of Containers Used .........cccovvveeiiiiiiiiiiiiiiiieeeee e 232
7.5 MilK PrOCESSING ....uuetiiiiiiiiiiiaae ittt a e e e e e e e e e 232
7.6 Receiving Of MilK .......euiiiiiiiiiiiiie e e e 234
7.7 Milk Reception Operations..........ccoocuiiiiiiiiiiiie e 235
7.8 Pre Heating ..ot 241
7.8.1 Filtration/Clarification .........cccoooiiiiiiii e 241
7.8.2 General Construction and Operation of Filters and Clarifiers .. 242
7.8.3 Location of Filters/Clarifier in the Processing Line.................... 243
7.8.4 Relative EffiCienCy .......ooooiiiiee e 243
7.8.5 Composition of Clarifier Slime ... 243

7.8.6 General ReMArKS ......cooouuiiiiii e 244



(xvi) Contents
7.9  Cooling and Storage of Raw Milk-Cooling (In the Dairy Plant) .............. 244
7.9.1 MethOAS ... 245

AR IS (o] - To 1 YRR 246

7.9.3 Types of Storage TanKsS .......ccooiuiiiiiiiiiiiiee e 246

7.9.4 Location of the Storage Tank .........ccooccoiiiiiiiiiiciee e 247

7.9.5 Parts of the Storage Tank ........c.cccoeeiiiiiiiii e 247

7.10  StandardiSation ... 248
711 HOMOGENIZALION ...ttt e e e ee e 252
7.11.1 Process of Homogenization ............ccccevvveeeeeiiiiiiciiiiiieeeeeeeeeen 253

7.11.2 HOMOGENIZEN ...ttt e e e e e e e e 254

7.11.3 Factors Influencing Homogenization .............ccoooevcciiiiiiinnnnnennn, 255

7.11.4 Method of Manufacture ..........ccccveeiiiiiii, 256

A0 7 1153 (o Y/ PP 256
4% 70 T = 10T o 258

7.12.2 Pasteurization ProCess.........cccueeiiieeeeiiiiieciieeeeee e 261

7.12.3 Methods of Pasteurization ...........cccccceeiiiiiiiiiiiiieeee e 262

7.13  Bottling/Bottle FilliNg .......c.veeiiiiiiiiie e 278
7.13.1 Gravity Fillers ....cooiiiieeeeie e 278

7.13.2 Vacuum Fillers .......ooooio oo 279

7.13.3 Caps and CapPiNg «.eccooueeeeeaeiiieiee e 280

7.13.4 Inspection of Filled Bottles ..........cccooiiiiiiiiiii e 281

7.13.5 Decrating or Recrating of the Bottles .............cccccoiiiiiiiiiee. 281

7.13.6 Crate StaCKEr ..o 281

A B S - T = To [ 1 T PSPPI 281
7.14.1 Glass Bottle Vs Paper/Film Package .........cccocceiiiiiienieiiiiieeenn. 282

A R TS (o] -V [ PRSP UEPPSTRRR 283
7146 DIStriDULION ...eeeeiieeee e 285
7.16.1 Organisation of ROULES .........cueviiiiiiiiiiiiiiccceeee e, 286

7.17 Judging and Grading of MilK ...........cooiiiiiiiiiieee e 289
7.17.1 High Grade Market Milk - its Requirements ...............cccccvvvnneen. 290

7.17.2 Manufacture of Different Grades of MilK..........ccccooiiieiiiiiiieen. 291

7.17.3 Flavour Defects-Causes and Prevention ........cccoooevveiiiiiieneneenn. 291



Contents (xvii)

CHAPTER 8
Dried Milk or Milk Powder

8.1  Whole Milk Powder-PFA or Legal Standard ..........cccccceeeveeiiiiiiiiiiiiiieeeeeen, 296
8.2 Skim Milk POWdEr (SMP) ..o 296
8.3 Drying of MilK Fre€Zing .......ccooiuiiiiiiiiiie et 300

8.4 Cooling of Milk causes Several Changes,
the most Important Ones being ........c.covei i 301
8.5 FrEEZING oo 301
8.6 Drying of Milk-Heat Application ..o 302
8.6.1 Vacuum ROIler Drying .........ccooouiiiiiiiiiiiee e 302
8.6.2 Band Film Drying .......coooiiiiiiiiiieieee e e 303
8.6.3 FOAM DIYiING cooeeieeeeeiiiiieeeeee et e e e e e e e e 303
8.6.4 Freeze DIyiNg ...ccocceeiiiiiiiiie et 303
8.6.5 SPray DIYiNG .eeeeeeeeieeeeeiiieicee e 304
8.7 Configuration of the Drier .........cooiii i 309
8.7.1 Heating of the Air ... 309
8.7.2 Automization and Air Inlet ... 309
8.8 INStaNtiZation .........oouiiiiiii 311
8.9 Keeping QUAIILY .......ueeiiiiiiieie e 312
8.9.1 Changes during StOrage ........cccccveeeeeeiiiiiiiiieeee e 312
8.9.2 Lactose Protein Changes ........ccccovviieeeeiiiiiiiiiiiiieeee e 313
8.10 Dehydration-Concentrated MilK ............cccciiiiiiiiii e 313
8.11 Sweetened Condensed MilK ... 315
8.12 Un-sweetened Condensed SKim MilK ...........cccooiiiiiiiiiiiiie e 315
8.13  COMPOSILION ..ot s a e e e eneeee e e 315
8.13.1 Physico-chemical Properties .......ccccccceviiiiiiiiiiiiiiiieeee e 316
8.13.2 Colour and Flavour ........cccooiiiiiiiiee e 317
8.13.3 Viscosity : which is again influenced by .........ccccccceeiiiiiiiiiinin. 317
8.14 Method of Manufacture-(Sweetened Condensed MilK)...........cccccvveeeennn. 317
8.14.1 HeatiNg ..oooiiiie e 318
8.14.2 HOMOGENISAtION ....ceeeeeeiiiiiieee e 319
S T R T T o - | SR 319
8.14.4 Concentration ..........ooiiiiiiiiie e 319
8.14.5 Cooling and SeediNg .......ccccuiiiiiiiiiiiee e 319

8.14.6 Packaging .....ccueei i 319



(xviii) Contents
8.15 Keeping QUAIILY ....cooeiiiiiiiicee e 320
8.16 Evaporated Milk or Un-sweetened Condensed Milk................ccvveeeeee..n. 321

8.16.1 COMPOSItION ...eeiiiiiiiiii e 322
8.17  FOOA VAIUE ..o 323
8.18 Method of Manufacture ...........c.eeeeviiiiiiiii i 323
8.19 Preheating/Fore Warming ........ccueeieoiiiiiieee e 324
8.19.1 ConCeNtrating ......ccuveieieiiiiie e 325
8.19.2 PacKkaging ... ..ueeieiiiiiiiie et 325
8.20 UHT Process of Sterilization ... 326
8.20.1 Recombination ..........coiiiiiiiiiii i 326
8.20.2 Properties of the Product ..............ovviiiiiiieiiiiee, 326
8.20.3 Heat Stability .......cooiiiiieii e 327
8.20.4 Defects in Evaporated MilK ............ccooiiiiiiiiiis 328
CHAPTER 9
Dairy Products
1S T B O 1= o [ O PP RPP PSP 329
9.1.1 Separation Methods ... 331
9.1.2 Physico-chemical Properties of Cream .........ccccccovveeeeiiiiiiicnnnns 337
9.1.3 Factors Affecting the Fat Loss in
Skim Milk during Separation...........ccccciiiiiiiiiee e 339
9.1.4 Yield Of Cream .....ccuviiiiiiiiii e 342
9.1.5 Quality Of Cream ... 343
9.1.6 Defects inN Cream ... 343
9.1.7 USES Of Cream ......ceeeiiiiiiiiiie e 344
9.2 1CE CrBAIM .ottt e e e aa e 344
9.2.1 COMPOSItION ..t 348
9.2.2 Milk Solids Not Fat (MSNF) ........cccoiiiiiiiiiieeee e 350
9.2.3 HOome Production ..........cooiiiiiiiiiiieeeeeee e 353
9.2.4 Large Scale or Factory Production of Ice-cream ...................... 355
9.2.5 Figuring the Mix/Composition of the MiX ...........cccoeciiiiiiiiineen. 357

9.2.6 Properties of the MiX .......c..ooiiiiiiiiiiii e 358



Contents (xix)
9.2.7 Preparation of the MiX ..o 360

9.2.8 Pasteurizing the MiX .........c.cooiiiiii e 361

9.2.9 Freezing Process-changes taking Place ............cccccceiiin. 363

9.2.10 Defects in I1Ce-Cream .........oooe i 367

SR T = TU )£ (Y USSR 368
9.3.1 COMPOSILION ...t 370

9.3.2 Cooling and Ageing of Cream .........ccccooveiiiiiiiiiiiieeeee e 372

9.3.3 Ripening of Cream ... 373

9.3.4 CRUMING 1ttt e e e e e snneee e s 373

9.3.5 Theories of ChUINING .......c..uvviiiiiiiieee e 374

9.3.6 Churning Operation/Procedure ..........ccccceiniiieieeeiiiiieee e 375

9.3.7 Difficulties/Problems of Churning ..........cccoeeeiieiiiniiee e 377

9.3.8 Method of Working/Kneading .........cccevveiiiiiiciiiiiiiiiiieeeee e 379

9.3.9 Defects or Faults in Butter ...........cccoooiiiiiiiieee e 380

0.4 CREESE ..o 381
9.4.1 Types/Classification of Cheese ............oooveiciiiiiiiiiiii e 384

9.4.2 Composition of CheeSe ........coviiiiiiiiiiiii e 385

9.4.3 Food and Nutritive Value .............cccooiiiiiiiiiie e 387

9.4.4 Ripening or Adding Starter to the Milk ...........ccccoiiiiiiiiiiieen. 390

9.4.5 Cottage ChEESE ...coeeeiiiiieeee e 396

9.4.6 Processed ChEeSe .......cccuuiiiiiiiiiiiie et 397

9.4.7 Packaging .. ..eeeeeiiiiiiiee e 399

S T (o] - To 1 YRR 399

9.4.9 Defects/Abnormalities in Cheese ........cccccoeviiiiiiiiiie e, 399

9.5 BUHEI Oll ..ot 399
9.5.1 Direct Evaporation Method ..........ccccooiiiiiiiieee e 400

9.5.2 Directly from Cream by De-emulsification..........cccccccceeiiiiiiines 401

9.5.3 Packaging .....eeeeeiiieie e 402

1S LG ] == SR 403
9.6.1 Physico-chemical Constants of Ghee ...........ccccccccviieiiiniii, 405

9.6.2 Manufacturing Methods ... 406

9.6.3 Keeping QUAIIY ......oeeeiiiiiiiiee e 408

S B €1 = To [ 19 o RSP 408

0.6.5 DEIECES ..o 409



(xx) Contents

0.7 KOG ... e a e 410

9.7.1 Standards of KNRO@.........cccuuiiiiiiiiiiii e 411

9.7.2 Physico-chemical Changes during Khoa Making ...................... 413

9.7.3 Methods of Preparation............ccccceeiiiiiiiiiiiee e 414

9.7.4 Factors affecting the Quality and Yield of Khoa ..............ccooee.. 416

9.7.5 Packaging and Shelf Life of Khoa.........ccccooiiiiiiiiie 418

9.8 PANEET ...t e e e e 419

9.8.1 PrINCIPIE .o 419

9.8.2 Conditions of Manufacture ...............ccccoeeeciiiiiiiiiiee e 420

9.8.3 Manufacture of Paneer ..........cccccoeveeiiiiiiiiiiieeeeee e, 421

9.8.4 Varieties Of Pan@er ... 423

9.8.5 In Package Paneer ProCess........ccccouiuiiiiiiiiiiiiieeiiieee e 424

9.8.6 Preservation of Paneer ..........ccccceveeeiiiiiiiiiiiieeeeeeee e, 425

9.9 ChNENA ... e 426

9.9.1 Chemical CoOMPOSItION ........coiiiiiiiiiiei e 427

9.9.2 Traditional Chhena Making Process .........ccccccoveeeiieieeeeieiiicines 429

9.9.3 Mechanisation Process for Chhana Making ........c.cccccceeeeieinnees 430

9.9.4 Innovation Process in Chhana Making ..........ccccoiiiiiiiiiiiinenns 432

9.9.5 Dry Chhena POWAET ........c..cuuiiiiiiiieieee e 432

9.9.6 Active Packaging for Chhena ...........ccccciiiiiiii e, 432

9.9.7 Chhena based Sweet Products ..........ccccooiiiiiiiiiiiiieiieen 432

910 DaNi/CUIA ..ttt 437

9.10.1 Production Methods .........ccccviiiiiiiiiie e, 439

9.10.2 Quality Control of Dahi .........ccccuieiiiiiiiiiii e 440

911 SHIKNANG ..o e 443

CHAPTER 10

Dairy by-products

10.1  Skim Milk - its Utilization .............cevveiiiiiiieee e 451

10.2  Casein-INdustrial ..........ooiiiii 452

10.2.1 Manufacture of Casein-Industrial ................ccccooeiiiiiiiiiiieeeneneenn. 453

10.2.2 Grain-Curd CaseiNn .........cccuueiiiiiiiiiiii e 456

10.2.3 Rennet Casein-Manufacture ............cccoooiiiiiiiiie 457

10.2.4 Manufacture of Casein from Butter Milk ..............cccooveveeein. 457

10.2.5 Casein - Defects, Causes and Prevention ...........ccoeevvivneeeennnn.. 458



Contents (xxi)

10.3 Butter Milk-Condensed Butter MilK ............cooiiiiiiiiiii e 461
T0. 4 WWNBY ettt ettt e ne e e e e aneeeens 461
10.4.1 Utilization 0f WheY ......c.cooiiiiiiiiiie e 462
10.4.2 Small Scale Utilization of Whey ..........ccooiiiiiiiiie e 464
10.4.3 Large Scale Utilization of Whey ........cccccoceiiiiiiiiiciiieeeeeeeeen 464
10.4.4 Concentration of Whey ... 464
10.4.5 Uses of Condensed Whey .........cccociiiiiiiiiiiiiiiee e 465
10.4.6 Storage of Whey Powder .........cccuveiiiiiiieieiiieeeeee e 466
10.4.7 Whey Protein Concentrate ..........cccccoeeiiiiiiiiiiieeeee e 467
10.4.8 Manufacture of Whey Protein Concentrate (WPC) ................... 467
TO.5  LACLOSE ...t 468
10.5.1 Grades Of LaCtoSe .......coieiiiiiiiiiiiiiiee e 469
10.5.2 Method of Manufacture ..........cccoociiiiiiii e 470
10.5.3 YeIId ..o 473
TO.5.4 USES ..ottt 473
L = T USSR 474
10.7 Ghee RESIAUE .....uvvieiiiiiiee e 475
CHAPTER 11

Milk - Different Varieties/Forms

111 SterliZEA MIlK ... 479
11.1.1 Definition oo 479
11.1.2 Manufacturing DetailS ..........cccoiiiiiiii e 481
11.1.3 UHT Method of Sterilization .............ccccoviiiiiii, 483
11.2 HOomogenized MIlK ..........eeeiiiiiiiieee e e e e e 483
I S o 1 A O W ] o 1Y 1S 484
11.4  FIAavoured MIlKS ........ccuuiiiiiiiiiiie et e e s enaeee s 485
11.4.1 Fruit Flavoured Milks/Drinks .........ccccoiiiiiiiiiiiieee e 487
11.4.2 Sterilized Flavoured Milks/Drinks ..........cccccvvvieeeeiiiiiiiiiiiiieeee 488
11.4.3 Vitaminized/Irradiated MilK ...........ccocciiiiiiiie e 489
11.4.4 Frozen Concentrated MilK ...........ooooiiiiiiiiiiiiee e 489
11.5  Fermented MilK ........oooiiiiiii e e e e e 490

11.5.1 The Merits of the Fermented MilK ..........coooeeeiiiee e, 490



(xxii) Contents
11.6  Natural Butter MilK ..o 490
11.6.1 Cultured Butter MilK ..........ccooiiiiii e 490

11.6.2 Manufacturing Procedure/Preparation ............cccccceeiiiiiienennee. 492

11.6.3 CreamMING ...eeiieeiiiiie et e et e e e eeeeea e 492

11.7  ACIAOPIIUS MilK ... e 492
11.7.1 ProCeAUIE ..o 494

11.8  Bulgarian Butter MilK ..........oooiiiee e 494
11,9 KUMISS ettt ettt e et e e en e e et e e eneeeeanneeeans 494
PR O = RSP RS 494
S B T (oY | o 1F | PSSR 494
11.11.1 PrOCEAUIE ...ttt e e 496

11.12 Flavoured Yoghurt Preparation ..o 496
11.13  Standardised MilK ..........oooo i 497
11.14 Reconstituted/Rehydrated MilK...........coooiiiioiiii e 497
11.14.1 ProCEAUIE ..o 498

11.15  Recombined MilK ........ouiiiiiiiiiii e 498
11.15.1 PrOCEAUIE ..ot 499

1116 TONEA MIIK ..ttt eesnaeeeen 500
11.16.1 ProCeAUIE ...coi it 501
11.16.2 Double Toned MilK ..........coooiiiiiiiiiiiiee e 501

11.16.3 Humanized MilK ...........c.ooiiiiie e 501

11.17  Miscellaneous MilKS ........cooiiiiiiii i 502
11171 Filled MIlK ...oo e 502
11.17.2 Vegetable Toned MilK ..........cooviiiiiiiiiiieeeee e 502

11.17.3 Artificial MilK ... 502

11.18  SyNthetic MilK ... 503
11.18.1 ProCeAUIE ..o 503
11.18.2 Harmful Effects and its Prevention .............ccccoiiiiiiiiiene 504

11.18.3 Effect of Synthetic MilK .........c.ooiiiii e 505

11.18.4 YEASt MK ...cooiiiiiiiie e 511



Contents (xxiii)

CHAPTER 12
Quality Control of Milk and Milk Products
12,1 Quality Of MilK ...ooieiie e 519
12.1.1 Raw Milk and its Quality Control ..............ccccooniiiiiiiiiiiiieie, 520
12.1.2 Processing/Production - its Quality Control .............cccccceeiineee. 520
12.2 Finished Product - Quality Control ...........coooiiiiiiiii e 521
12.2.1 Quality Control Laboratory ..........cccccoviiiiiiiiiiiiiieeec e, 521
12.2.2 Sampling - Quality Control ..........cceeeeiiiiieiiiiiiceeee e 522
12.2.3 Quality Control of Foods and Legislative Criteria ..................... 523
12.2.4 International Food Safety Laws and Standard .......................... 524
12.3 Food and Agriculture Organisation (FAO).......ccceiiiiiiiiiiiiiee e 524
12.3.1 The Codex Alimentarius Commission and the
FAO/WHO Food Standards Programme ............ccccceeeeiiiinnnennn. 524
12.4 Hazard Analysis and Critical Control Point (HACCP) ........ccccvvviivieeeennnn... 525
12.4.1 Analyse Hazards ........ccccceeeeiiiiiicieeeeee e 527
12.4.2 Identification of Critical Control Points .............cccccoiviiieeeeeeeennn. 527
12.4.3 Advantages of HACCP ..o 528
12.5 1SO 9000 Series and Other Standards ............ccoveeeeiiiiiieieiiiie e 528
12.5.1 1SO 9007 ..ttt e e 529
12.5.2 1SO 9002..... ettt e e 529
12.5.3 1SO 9003 ... e ittt e e 529
12.5.4 1SO Q004 ...ttt 529
12.5.5 Differences between ISO 9001, 9002, and 9003 ...................... 530
12.6 Indian Food Laws and Standards ...........cccccceeiiiiiieiiniiieee e 530
12.6.1 Prevention of Food Adulteration (PFA) Act.......cccccviivveeeeeennnnn. 530
12.6.2 Food Safety and Standards Authority of India (FSSAI) ............. 531
12.6.3 Export Inspection Council ...........ccceeiiiiiiiiiiiie e 533
12.7 Bureau of Indian Standards (BIS) ........ccoooiiiiiiiiieeee e 533
12.8 Clean Milk Production ............ccccouiiiiiiiiiiee e 534
CHAPTER 13
Milk Residues
13.1 Pesticide Residue in Milk and Milk Products .............cccccoiiiiiiiiiiiiiiinneens 537
13.1.1 Foreign SubStances ... 537

13.2  Oxytocin Residual Effect ... 545



(xxiv) Contents

CHAPTER 14
Packaging
14.1  Importance of Packaging ........ccccuuiiiiiiiiiiee e 549
14.1.1 The Main Objectives of the Packaging are.............ccccceevvennneen. 551
14.2 Selection of Packaging Materials ..........cccccoiiiiiiiiiiii e 552
14.2.1 Product RANGE ....cooiiiiiiiiiiiie e 552
14.2.2 ConsSUMEr NEEAS .......uviiiiiiiiiiie e 553
14.2.3 The shift in the Consumer Perception of
Packaging is Noticeable from ..........ccccccviiiiiiiiiicieeee, 553
14.2.4 There are several Attributes that
Appeal to the Consumer SUCh as.........ccooiiiiiiiiiiiiiieee e 553
14.3 Packaging MaterialS .........ccooiiiiiiiiiiieeeee e 554
14.3.1 Packaging Materials - Range ..........ccccooooiiiiiiii e 556
14.3.2 Packaging TeChNiQUES .........cccccuiiiiiiiiiiie e 559
14.4 New Concepts Of Packaging ........coveeeeeiiiiiiiiiiiiieeeeeeee e 562
14.4.1 MAP TeChNOIOGY ......uveeiieiiiieii e 562
14.4.2 Advantages and Disadvantages of MAP ...........ccccoviieennennennn. 562
14.4.3 Gases fOr MAP ... 563
14.4.4 Methods Of MAP ... 563
14.4.5 Packaging Material for MAP ..........ooeiiiiiiiieeiiieeeeee e 564
14.4.6 Typical MAP Machines .........cccooiiiiiiiiiiiiee e 564
14.5 Packaging Machines ...........coooiiiiiiiiiiiiieee e 565
14.6 Disposal Of PACKagES ......ccooeiiiiiiiiiiiiiii et 567
CHAPTER 15
Cleaning and Disinfection
15.1 Cleaning and Disinfection Processes...........cccocuiiiiiiieeeeeiiiiiicciieeeeee 571
15.1.1 Check on Cleaning EffiCiencCy ........ccccoiiiiiiiiiiiiie e 571
15.2  Water for Dairy INAUSEIY .......oeiii e 574
15.2.1 CoaguIation .......coooiiiiiiii e 574
15.2.2 ChIorination .......cooooiiiii e 574
15.3  Hardness of Water ... 575
15.3.1 Temporary Hardness ........cccoeviiiiiiiiiiiiiiiiieeee e 576

15.3.2 Permanent Hardness .......ccooouueiiiiiiiiiee e 576



Contents (xxv)
15.3.3 Estimation of Hardness .........ccccoiiiiiiiiiiee 576

15.3.4 Treatment of Hard Water ... 577

15.4  Removing Temporary Hardness .........ccoooiiiiiiiiiiiiiiiieieeee e 577
15.4.1 Lime S0da PrOCESS ....covviieeiiiiiiiteeeeee e 577

15.4.2 Treatment with lon Exchange Resins ..........ccocoooiieiiiiiiieennne. 577

15.5  MilK SEONE ... 578
15.6 Methods of Cleaning ..........ccueiiiiiiiiiiie e 579
15.7 Classification of Detergents .........cccuueeviiieiee i 579
15.7.1 Sequestering/Chelating Agents .......cccccceeeiiiiiiiiiiiiiiiiieeeeeeeeen 580

15.7.2 Surface Active/Wetting Agents .........cccvveeeeiiiiicciiieeeeeeeeeee 581

15.8 Properties of Detergent ... 582
15.8.1 SANILZEIS ... 583

15.8.2 HEAL oo 583

15.8.3 HotWater ........eeeiiiieeeiieee e 584

15.8.4 HO AN <o 584

15.8.5 1rradiation ........oveeiiie 584

15.8.6 Chemical Sanitisation ............cccoiiiiiiiiii e 584

15.8.7 Chlorine COmMPOUNdS .........cuvvuiiiiiiiiiiieieeee e 584

15.8.8 lodine CompouNds ..........oooeviiiiiiiiiiicicee e 585

15.9 Quaternary Ammonium Compounds (QAC) ....ceeieeriiiiiiieeeeieee e 586
15.10 Procedure of Cleaning and Sanitizing ............ccccceeiiiiiiiii i, 586
T5.11 1 MEENOAS ..o a e e e 589
15.11.1 Hand Washing .........cooiiiiiiiie e 589

15.11.2 Mechanical Washing ..........ccccceeiiiiiiiiiiiiieeeeee e 590

15.11.3 Cleaning in Place (CIP) ....ooovieiieiiiieeeeeeee e 591
Practical Manual .........cccoiiiiiiiii e 595
8 o o 723





