


DEVELOPMENTS IN FOOD SCIENCE 19

' FOOD
EMULSIFIERS

Chemistry, Technology,
Functional Properties and Applications

Edited by

GEORGE CHARALAMBOUS

GEORGE DOXASTAKIS

ELSEVIER
Amsterdam — Oxford — New York — Tokyo 1989




ELSEVIER SCIENCE PUBLISHERS B.V.
Sara Burgerhartstraat 25
P.O.Box 211, 1000 AE Amsterdam, The Netherlands

Distributors for the United States and Canada:
ELSEVIER SCIENCE PUBLISHING COMPANY INC.

655, Avenue of the Americas
New York, NY 10010, U.S.A.

ISBN 0-444-87306-6 (Vol. 19)
ISBN 0-444-41688-9 (Series)

© Elsevier Science Publishers B.V., 1989
All rights reserved. No part of this publication-may be- reproduced stored in a retrieval system or

transmitted in any form or by any means, electronic, ‘mechanical, photocopying, recording or
otherwuse wuthout the pnor wrmen permlsswn of the pub her, Elsevier Science Publishers B.V./

Special regulations for readers inthe USA =Th
Clearance Cemer Inc. (CCC), Salem,_MaésaChq.

other copyright questions, including photocopym tside of the U A 'be referred to ‘the
copyright owner, Elsevuer Smence PubllshersB Ve unlesso ; Rl

"as a matter of products liability, negligence or otherWIS 4
ods, products, instructions or ideas contained in the ma

Printed in The Netherlands



VII

CONTENTS
Preface v
List of Contributors XIX

A Brief Introduction to Food Emulsions and Emulsifiers
A.J. Sti. ANGELO .cvecccsescoscas ssevessesee s B S S S M A e e 1

I's IREECANCEION: <uc 5us 21650075 513 5.4 1613 %hé Shie 10k ot siiime, mites exerwitore iaiie 8 ra1id voiin, (@7iarieTio) $5614 1S Kav.d o BT 8 o
2. Emulsions

251 TYPes: OF SMALBIONS! 56 405 % ams s vwieiswin sin wne e o e e w00 wie ore see sie @id e o

2.2 Characteristics

2.3 Emulsion stability scssssnssssiens sk reRe Tebaloladaae oallote' ods Sresegalie fae oo fane @ 8 18
3. Emulsifiers '

3.1 Types of emulsifiers .......... 6 516 60 st o B 4 42 le A4S [e)le HICH [0 TR L% 1 7% B8 8 8148

3.2 Function of food emulsifiers

3.3 Hydrophile-lipophile balance of emulsifiers ........ccceeeececncenns
References

NN B WW NN = =

Milk Proteins

G. Doxastakis wescseessssess o 7% e B 01 iwTe $18 97 i, $id Br6 816781018 G 8 BARIIES, SIS (874 974 ayw wie B 9

1. INErodUction .. .eeie oo saieees e daminsns SR § e e sme e s ale oth o6 Sssesesw 9
2. Types and uses of dairy protein preparations 12
2.1 Whole dEy - METE CROMAET s aew sie oo siviom o aiee e oo sio oo oie s ois o o s oetsais o 0 80 sisie 5 6e 12
2.2 Nonfat dry milk 13
2.3 Cageinates .i..ceeie 51574 saie a1t atel sls S/© %ol 3 ks 2] ate) B5e1 6 8 3 824 ek A [oiie et Bt @ Sl etuisielore e, aks 16
2.4 Coprecipitates 20
2.5 Whey protein concentrates ...... 56 wie i awan e ceeessessseseseesesesnnn 22

' 2.5.1 B-Lactoglobulin 25
2:5.2 g~Lactalbumin s i e siesis sie o ave 311555 150 190G e e, (oA8\a T K20 & TN WiFRE WG R b A Y 26

2.5.3 Bovine serum albumin 26

2.5.4 Bovine immunogloBUling e ee ss% ke i eeisvie e sie S RS R T SR e 26

2.5.5 The proteose-peptone fraction 27

2.6 Milk protein blends ..l s s os a0 seseessss S 4 R, SSRGS 616 6 6w e e @ 29

3. Structure of milk proteins 29
3.1 Caseins ..cvosecons oo e fun ws eiw wE wE Bw e 6 . o e hiee o9 Nce Sewiel Aiet 0 ieve el § 0 w8 8T B 30
3.2 Whey proteins 32

4., Effects of heat on milk proteins ........... e uin p e AT A SNe e [ eie e resie (55 et® e 8 s 33
5. Functional properties 38
5.1 Hydration properties .......... R i s ok oo s ey e e 39
5.2 Water holding capacity 41
53 SOIubLLIEY swsssn snis s e ekt aie siv. o mus sreaioiais 4o fon sa 6.5 e 810 SegRI BIn MO RS s 43

6. Rheological behavior ) - 46
T-s. BAQISIONG assias iieos soniaaies sisas e ss smee se seon s i s S AR R R SR 50
References 53

Egg Proteins

VoD, Ri098e0g1oU o sesiasie asisss SseraleTa e O SR 63

1. Introduction 63
2. Chemistry of egg yolk .......... e Sha e ¥ el e e S S AT 88 818 §ie 78 SHeIG ALY 64
2.1 Introduction 64
2.2 Microstructure and components of egg YOlK ..ccececcccccocccscsssssas 64
2.2.1 Plasma and granule proteins and lipoproteins 66

2.2 V.1 LDL micelles ..owswscssiseesssiss N SN ae i 67



VIII

2.2.1.2 Livetins

2.2.1.3 Granule proteins and lipoproteins .......-.. TTIE I

2.3 Influence of certain processing treatments on the chemistry of

€gdg YOLK seeevcvscasesoisoveeitossossoscsasssecnosssssassssonivenssse

2.3.1 Freeze-thaw gelatin of yolk

2.3.2 Effect of heating on yolk ...eeeeceeeerenancnonrencaananacaans

3. Functional properties of egg yolk in foods

3.1 Egg yolk constituents at interfacesS ..eeeeeesecessesscsccnns P .
3.2 Egg yolk as emulsion stabilizer
3.3 The role of yolk components 1n CAKRBE 1w 76 5 101 & 304 &6 0k 626 @06 & 85 6 60 ¢ 7 4"€0 5 Wi 90w @ .

References

Corn Proteins
M .. BBC! o s a1 6106 515 e 58 508 bbbt A S (618 W8 8101 5101 8 85 © 101 (954 w0ig ot mlm a1 w1 0 eeeeeaan

1. Introduction PRI .

2. Chemistry of corn proteins . ¥  iececsvssocnana e e GO S
2.1 Composition and occurrence “‘

202 ZOIN! 4 o wpe wiw sin 6 56 4 506 516 076 She- caorere s e B8 816 ste 8ei e in o wie wim wie @ O P - e
2.3 Glutelins :
2.4 Albumins and globulins Jiiiiescscescoscssscnsanacnn a0 o3 0 cwi & i s A w e

3. Technologies in relation to productlon and utilization of corn
PLOLEing c.oleees oo oocoonons
3.1 Corn germ proteins ,;:"
3.2 Corn endosperm protelns
3.3 High-lysine corn .....

4. Functional properties of. cor
4.1 Functional properties:
4.2 Functional ptopert1es&o£

Acknowledgements

References ..cccceecee

Bproteins ...cccesececscccnaans o & 51 8 %18 94 96 658
- corn germ proteins
dosperm proteins ........... o @ w8 e ae W e

ilcation and propertieS ....i.cccccccccccnns

® s e s e cssssesseessesssese e

1

2 ;

3 ) . MG 8 5 9 d B B % 0k 8 @ eia T
4 &

5

69
69

74
74
76
78
783
81
83
85

103
105
106
106
107
108
109



111,

Iv.

vVI.

b Purified phosphatides
Punctionality cieccassosasis ol ik A S W NI IS S NP A . .vens
A Colloidal dispersants
1 EMQLSIONS: o e essdsases Shessneveens aleasroteTatnio sl teN o 9 Sirenerayak e ek aralichay s ke ne lybhkeore
2 Solubilization
3 Solid particle A1SPerSions: (SOLS) e o ciwseseesssmaios asssesseesse
4 Foams
B WetbLing MOntB .o.s.e8 55 55060 vawmae smaa ST B R 5 R SR A AR e e
Food uses
A Canféctions and MArGaAriNe s oo sis sis o6 s a6 e s o o Wi e S Fee WA Sk B & B8
B Bakery products
1 Bread and rolll8 .. e se e o6 o ois 516 ays oo § 5le @8 B 816, o oo )6 0 4T% i0)is ‘o5i% W ae. SeYa
2 Other bakery products
a Cookiled, Crackers, WafTIes . .wsw o e s s meeie e s e oo e e 4 nE e
b Cakes, cake mixes, pancakes doughnuts, sweet rolls, icings, etc.
€ Dairy-type £0088 ..esvsssssnsss o, 6110, 5,05 BBL Si0-eTRLe oo aye A1 S1aiw ers, oiie. eiie: SiisTeliete wla) 976
D Processed meats
Food-related USeS .coscssevcnces B0 0 R R 9 B B R L S 8
Agricultural and agriproduct processing uses
Catalyst applications ...ccecssccssscsonsssos T L
Coatings
Cogmerice At SOAPE «vevcvseeovesannsy T T T T et T T —
Detergents
LADOSOMEY: i s inrbvinsa aioiaie syalelnio o dae o tave soeecseseseineseessesessessesnee
Paper and printing
Pesticides ... dssses S R e s Sk e o, 0N e % Teie oie Wale erale Wi BN 9 e sies
Pharmaceuticals
Availablility and ecONOMICS s sie siw sie 6o siviese s aia sile ol ole s sin oisa sls ue. 6)e. ol dles ik

HIIO™®"MmOOwy

VII. Regulatory aspects
VIII. Future proSpectsS .ccccccccccessccssccccssccscssscccsscse ole ol 90 006 616 @b e oisle
SOY PROTEIN PRODUCTS
4 Importance Of SOY DPLOLein: . eiseses e safoissishies asesenonsinsosesssesssess
II. Chemistry, rheology and physical properties
III. Definition, composition and method of manufacture .......ccceeeeeesees
A Soy flours/grits
B Soy protein concentratesS ....ccccesccecccs o N5 T4 0l aih 076 6 5101010 8768 8- 0r0i 050
C Soy protein isolates
D Textured flours and CONCENtrateS .ccecccceccctssssscscccscscccsosncne
E Structured proteins
F. Hydrolyzed proteins (lalDUMENS8) ....ccccoccssesopcssscsosssosscoosse
IV. Functionality
+A Soy protein in general s sisisssacenseensisieess o R I R T
1 Gelling
2 SOLUBLRLEY <vois oo sveaki s o oe o 56 o8 scelnlere oce aie sre 1e.8 o ain e bre aleie win SO
3 Emulsification
4 FOAMiIng ccesencecscicsavsosssassssoosssiosn o aje e acars o wie WiEEe) s wNeie Sied
B Functionality of soy protein ingredients
1 Defatted flours and grit8 .wswewessansie o sjte) SjeYeioka e BE Sfons 8¥s fate (ore: BN
2 Soy protein concentrates
3. Soy protein 1801AteB .. s e s ew s sss ss sssianessse seessee s sess sse
4 Soy albumens (hydrolyzed proteins)
C Testing for LUNCEIONALLLY .o e oo emswsois o o ers ais s 3@ 7o 36 evo 0.6 & 1o i wiw sioxe
1 General comments i
2 Testing in MOAELl SYSLEMB . eseasos vt isssisesssesiesssssssssssosoigios
3 Texture of food made with soy products
V. Specific food USeS .ececesssssvesonsesssssnsesoss ol Binae o SR SR A s
A Meat food products
1 Emulsified meat DPLOAUCLS cccevossstsrsscsssnssosssssnisssess esevese
2 Coarsely-chopped (ground) meats
3 Canned meats ...v.es000000 orai iase. Bim a @B S S RTINS T A T vewee

4 Whole muscle meats

127
128
131
131
132
132
133
133
134
135
135
135
136
136
137
137
137
138
138
139
139
140
140
140
141
141
142
142
143
143
144
144
144
147
148
149
150
151
151
152
152
152
153
154
154
154
1535 .
156
156
157
160
160
160
161
162
162
163
165
167
168
168



5 POQLErY DProAdUCES . eeissics s se seeseie oo Selealels stete it s e i e e o0 e e mLe e
6 Seafood products i
A OLICRL o5 ois o0 iominne wiwoze e o8 o0 510 Simiwiera eve e P W P
b U.S. and Europe
B Dairy-type Produchl’ «e..ceceeoscocinesee Y PO Sl sla el o Tal s e et wiainiiayes
1 Coffee whiteners/creamers
2 Whip toppings/frozen dessertsS .......eceeeeeens R S o
3 Beverages
4 Cheese-like productS ....ceeeeeeeeennn R 6 R B R e B e S
C Bakery products, cereals and pasta
T Bread and rolls ...... 5 38 w56 516 SiEhE BB E0) B0 SFSEVE Bie wd b 8 9 S e B S e oY S
2 Cakes and cake mixes
D ‘Miscellaneous fo0ds .icesscissiwsns R R P Y 5 §e RIS TENE, Sl
VI. Regulations regarding usage
A Meat ProductS ..o ses 5 S B B8 B 6 T e B B S W6 e 8 B 1 S A AT
B Bakery products and pasta
C Dairy products.-and MATGALING s e s s iss wie sis o a6 956 40 870 476 8068 &6 @5 @ p—
VII. Utilization trends
VIII: SUMMALY @ sre e a6 ess e sje as aie oo sie 616 & s seswowsas ceescecas
References

Meat Proteins

M E. Bailey\ culsec we e i w0 oo ave 2o sru oTel wxeiPraiie teie i ute sie wie wiie) ois ) iats ieieleie: Niote fone wie Biiw o

1.1 Introduction

1.2 Protein-fat interactions (fat-binding capacity) ...c.cceeeerccecencnnns
1.2.1 Interfacial protein film
1.2.2 Physico-chemical properties of myosin and actomyosin ............

1.2.3 The amphiphilic properties and hydrophobicity of myosin

1:2:4 Lipid 'characterigtits o «wivw se sie s 50 o6 ol 57 818 876 870 676 .91 8 lo5 618 608 378 656 0148

3 Water holding capacity and protein hydration of muscle proteins

-4 Protein-protein interaction (gelation) «sus i s sis s o sis sis soeine s o aie sa s

5 A model for emulsification stabilization of fat by myofibrillar
proteins

Re KN OW LA MBS 5 5410 & i oitisi s barsn e wie a0z 4, oi a5k als w<e's. s ‘eiia @50 #18. aiie w)el ole 910 eie.'s ‘ers e e e

References

Food Bmulsifiers from Waste Products — Derived Proteins

C Vi, MOLL ooiis siasioisie oo aivie o s 4i9 108 916 #a 610 o6 Svera ssevessssssesssasesssssasscse

1. Introduction

2. BmiIsification’ properties Of Proteing . ewswiees wis o sie omeiewiesisom seisse o
3. Preparation and properties of underutilized and waste source proteins
3.1 Lieaf protein CONCENELALE v ¢ sis v vie e se soesie sis $EBe 2o Se e Hsiews o8 816 ¢
3.2 Oilseed proteins
3.3 Whey protein CONTCENELALE: v vswsws vo sinosie s oy se-ais s Srevis 618 67676566678 56 61079
3.4 Cereal proteins I ER E
3.5 Blood proteins .u.sseseves I A AL~ o oG, AT s -
3.6 Meat by-product proteins
3.7 Microbiological DProteins ... e s aseies eieios ssaie bin oia siewis siseid sios oo o .
4. Further research needs G
4.1 Cereal graln ProtednB .. i eeees mdiirgiittesine ¢rstoms e oot sie siviaie, she s o b dxeme
4.2 Oilseed proteins:-
4.3 Whey proteins ....cceesccccocscososs
4.4 Aquatic source proteins 3 Z
4.5 POtatOuProteing .. .:..ees ceie sicimirosiasiomas oioing
4.6 Microbial proteins
4.7 Leaf protein ....ecesecsscccses Seeise . . : Sormes
4.8 Toxicity considerations D : s

169
169
169
170
170
171
171
171
172
172
173
173
175
176
176
178
178
178
179
179

187

187
188
188
193
193
195
196
198

199

.202

202

205

205
206
207
207
208
210
212
213
216
216
218
218
218
218
219
219
219
219
220



XI
4.9 Retaining and improving functional properties of proteins
from waste materialsSy jl...eesseevsvessses o uim e aele e O (614 818 sl arel sleeisyete. 220
References 221
Protein Emulsifiers from Waste Byproducts
J o A le PN e e e Sine ores aieze s T Ty W R 225
Summary 225
The concept of waste .......... o! ieiseuie wiatiel e wileTpteta oA YR WIS 0 10 § W0 R Te STee BN I S B § e nee 225
Evaluating protein emulsifiers 227
Emulsifiers from meat and offal .......... wasley e P e o (0% sia b6 mRe s 229
Emulsifiers from blood 230
Engisifiers from other waste Protein BOULCES . sie s sies oo éese s esssoeeesn « 231
Conclusion 232
REECLOTICOB o0 -oie s svavia sieiavals eye s €N SR R S e e Fee 1808 R BN e el ale fele (o 232
Marine Colloids
Li:G. Entignez and Gl BLICK . .wcueuys sienisewises s s shesissss e s ol sias 56 a0e a5 235
1. Introduction 235
2o BGRAT. s oisoie o/ e ave o5eie isis ois »s sisie o $18 Si6 W 819 S0w 18 T e R o6 5t wis oTe 236
2.1 Sources 236
2.2 Industrial DProCeSSING: « e eis sieereete ove oue oo s e isis oloisoie sie ¥io she s w8 61 016 35 BYe W « 238
2.2.1 Harvesting 238
2ei2is2 PEOCOSHING %is sic viv ais 45e w00 o6 998 878 508 80,8 e 318 B0 wieis ns whe o3 o5me oué ‘ahs oS o7 o 238
2.3 Regulatory status 238
2.4 TORICILY <isssepnisans 0 578 5 @ BUS Bis 508 #181016 B 6 1oL fexw S@ Wikl & jel & (w4 @i S3S Voenaials ¥4 78 i 240
2.5 Chemical structure 240
2.6 Biosynthesis ...... S Wie WS BR B B B B 90n Wie: e B B B R R B S S A e e ceic 282
2.7 Properties 244
) 271 Physical properties ... m suw s siesie sis s s aie sis o005 oo s 655 576 946 356 o5l 550 244
2.7.1.1 Physical state 244
24750162 SOLUDKLLEY ore wiavi suarers widhive sim o ¥ s 0es 070 o wis; 8is: 8 5089 Y
2.7.2 Functional properties 244
2T 2] NI1SCOGIEY d5i i v sevns)s o vy giesie s PP PSP e T | | |
2.7.2.2 Gelation 244
2.8 Applications in food SYSEEMS .. eesieissesiosssvike el e et v s s ses 2810
2.8.1 Bakery products 247
2.8 .2 Confectionery products . s esss s sesssnh ol oe i hmashesasvioss 2487
2.8.3 Dairy products 248
2.,8.0 DOVBEEION & iiiarotins oo 6000058600068 5 00wl SR Y P = R PR veis: 248
* 2.8.5 Meat, poultry, and fish products 249
2.8.6 Jams and DPreServVEeB il los e dsrelsl taicmatieies walae s ans s vnes sesse 249
2.8.7 Miscellaneous products 249
Bs CAELAGOBIBN oo00 00 vnwimnnesns T T L P e eanaessa 290
3.1 Sources 251
3.2 Industrial processing ..... cie v isiy s m T era ey 0 TR S E a0 EAmS wis S Esie s wee 20T
3.2.1 Harvesting 251
3::2+2. PrOCeSSING wuccieivie sivesioeiesios e oy oree 0in dre 0t Brain )8 6 5 0 disie sTe e se Sialee 252
3.3 Regulatory status . 252
el TOXLCIEY oieoisieravessiosaimiaremierare sus:ovasalm e i s anere eia:e e ake ste s o le: saios o s sl DR
3.5 Chemical structure 255
3.5.1 k=Carrageenan ........ O /PRI P T R R s PCYUI 1 |
3.5.2 g-Carrageenan 257
3.5.3 A-Carrageenan ..... S R A e e s e e e T v
3.5.4 uy—-Carrageenan 258
34535 V=CEErag08nan .ssiueai vose o mommre gen & 53 i SEvesmeese ks e se nEs S£98
3.5.6 £-Carrageenan 258
3557 O-CHETHGEONAN 52655 Tais a8 2e ovs ssecs tis 515 o16 are aisie Ble #ia #ie 76 srous i1 of's a5s moe: 259
3.6 Biosynthesis 259

3.7 PropertiesS ..csseseccccsnccsrasssnces e 8 A PR T T T T




XII

3.7.1 Physical properties 260
3.7.1.1 Physical state ....... Sw S e e R e SR o585y e 260

3.7.1.2 Solubility 260

3.7.2 Functional propertieS ...ceieieceieennnanne teeenans ceesesssssss 260
3.7.2.1 Viscosity 260

3ieT 422 GOLAEION ¢ 010 16 oo sin sias 06 © 6 ¢ 8 E §6 S1H @I W @) 618 B 0§ (e W B 610 261

3.7.2.2.1 k=Carrageenan 263

3.7:2.2.2 LACATrLageenan, o« s - wis os ois oo & o S 6§ 8 T e e 266

3.7.2.2.3 A —Carrageenan 268

3.8 Applications in food systems ..... v vEs e e e wie et eeeees e 269
3.8.1 Milk-based applications 269
3.8.1.1 Milk beverages .........ceeeeeses e aYe e ey T =Te e et ey crs T 269

3.8.1.2 Milk puddings 270

3.8.1.3 Frozen deSSertS ...veececesccoovscssssacsancas S0 SISO O 272

3.8.1.4 Cheese and cream products 272

3.8.2 Water-based applications ............ evelistie ‘siie wrie atie: wim: bidi % 1 & RIE Bud SIS 6 273
3.8.2.1 Jams and preserves 273

3.8.2.2 Dessert gels .....evees. [ — o i R At R i 9w oE 273

3.8.2.3 Beverages 273

3.8.2.4 Sauces and salad dresSSings ......ccecececnnn &3 6 S8 6@ 8 274

3.8.2.5 Syrups and toppings 274

3.8.2.6 Meat, meat analogs, fish, and pet food products ..... 274

3.8.2.7 Dairy analogs 275

3.8.2.8 Bakery productsS ...cececceccen s os o @ eis o7@ i 6161 82038 WIH wie 8 277

3.8.2.9 Confectionery products 277

3.8.3 Miscellaneous productS ....eeeeeesesnes 505 eis 0w # 359 eiie: o 618 0fe Wiw 8 277

4. Furcellaran 277
4.1 Sources ..... PR~ T — R A NN S S A AP T, 277
4.2 Industrial processing 278
4.2.1 Harvesting ....... I I T R R O I S s S e e S P e o TSl 278
4.,2.2 Processing 278

§3 RNTAUONTRISEREMB! o e wie one vie sie bis: ¢ 050 016 0,6 oo 910 B0, 0505 0 6 8 o #16 Se 618 190 418§ @ & aie o 280
4.4 Toxicity 280
45 ChemicalBE LUCEBR) &l siils v/s ors s s o6 6.8 .6 576 9.0 616 675 5 o & o0 6.0 5o o6 8.0 6 95 5o & 280
4.6 Biosynthesis 281
QT OB O O o o o e St e s or st 91050 45 8-41H, 018, @107 8 158 (&8 9.4 818 Wiu #)4% B10.8 46 i o 281
4.7.1 Physical properties 281

4.7 Vsl Physical- BEALE o sl os siasamviersinre ws s oss o6-es 6ie 016 vi6s 956 o 281

4.7.1.2 Solubility 281

4.7.2. Punctional pProOperti@f: ;i v rainiesaiartiees oheslese s sloumns sisonesie . 282
4.7.2.1 Viscosity 282

4.7 2.2 GELALION "« civ aie e sie vie o0 w10 08 2ioe bronaibimvon one v bbrs baibrecspiorae e °F 282

4.8 Applications in food systems 284
4.8.1 Jams and PreSELVES ecceeccccccscsssccccsssssssscssssssscccnocs 285
4.8.2 Milk desserts 285
4.8.3 Beverages ......ece.. ok Ae &F Ah S e i B B Ok B B SR S we PR T P g 285
4.8.4 Meat products 286

5: BAUGIN .4t 5o w5 7% 0% vl 305 58 8% 5.8 8 9.5 5 5 % § 658 616 516 4 9 o 58S G S S R G e 8 e e s 286
5.1 Sources 286
5.2 Industrial ProcesSSing ...sceesessseesedeseosesesesesssensssis 08 5193 @ 287
5.2.1 Harvesting 287
5622 PLOCOBSING o oueis oieis e 6 o 6 o/s 08 98 00630 sie 8is si0 8 s 870 ¥ 618 )8 83 $ie gl siaseo .e 288

5.3 Regulatory status 288
Bk TOXACTEY: oo wre miv oie s1m 010 vio wim 270 6 10 ¢ 10v'a Wi @10 Biwea . R T eeeeeeseaanans 290
5.5 Chemical structure ' : 291
5.6 Biosynthesis ..... GG R s e e e cecestmercsssassnnne 293
5.7 Properties 294
5.7«1 Physical Droperties: meswiees seensossosess AP s SR e g 294
5.7.1.1 Physical state and stability _ e e 294

5.7.1.2 Solubility ............................‘.............:_;294_
5.7.2 Functional properties 3 : g _ - 295




5.8

6.1

[=)We )= ) Wi« YN )
g 9
U W

5.7.2.1 Viscosity

72252 Gelabtion ssaesvacansssneess 55065

Applications in food systems

5.8.1 Milk beverages ..... R e e P e e Sls s e

Frozen desserts

<B..2

8.3

.8.4 Puddings

+8..5 Deggert gels ..ssecseswee “
.8.6 Jams and preserves

.8.7 Bakery products ..... soes
.8.8 Syrups and toppings

.8.9 Beverages ...c... oie accefiokie ionie
841

5

U\u’\mwmmmmmm

5.8.12 Fabricated foods

Miscellaneous dairy products

0 Salad dressings, sauces and gravies
11 Meat, poultry and fish products

5:8.13 Miscellantols DEOAHCES ... «iteie siorsiese oie sieraia olosiors oisiale,s's skhusions o850
6. Chitin/chitosan
SOULCES 56070059 0:ss ore ore aie e 810 80 80 8/019/9] 860,59 910050, 018 00 000 81698/ 08 59 8- o0 86

Industrial processing

Toxicity ,veeece 0 i o 0, i
Chemical structure
BioSynthes8i8 ....ees e ecasmess %
Properties

6.6.1 Physical properties .....

DI

6.6.1.1 Physical state and stability

6:6,1.2 Solubility i .wees

6.6.2 Functional properties
6:6:2 .1 ViscoSIRY i wesus
6.6.2.2 Gelation

App
6.7.
6.7.
6.7,

6.7.4 Additional uses .........

References

Plant and Microbial Food Gums
L.G. Enriquez, J.W. Hwang, G.P. Hong, N.A. Bati and G.J. Flick ........

1. Plant seed gums
Introduction ........ oid aiel wie 6161 058 0P S e BiE e
1«2 Guar gum

1.1

s es s

pplications to £ood SYSCEMS « u sie sic sis oo sims oo seein o sie s o ses s ois sioe
1 Chitinous materials as coagulating agents
2 Chitinous materials as functional food additives ......... -
3 Chitinous materials as dietary supplements

1:2%1 Soutces ;q.q«ws Wia) wls &ie 816 $ib 8 0 01 (816 feie Ble wye Sim) 87 & 518 syrmte B eiaeTS o8 e Wie o
1.2.2 Industrial processing

1423 Regulatory BLALUS i ss sis eies ois o6 s@avsmmies sis ‘sre ‘aie YR 968 a6 @1 (858 01w &
1.2.4 Chemical structure

15425 PLOPeTLies ..«ai smen slale R RS S RS B W e SR e e S S G e

1.2.5.1 Solubility

15252 V1BCOBLEY' & 6ie e ot st o7e olers tora iar'e 476 T eraraibie e ouie siei 81e vieid iain #59 0

1.2.5.3 Gelation

1.2.5.3.1 Synergism .....
1.2.6 Applications in food systems
1.2.6.1 Daity products ..... vl s
1.2.6.2 Bakery products
1.2.6.3 Meat products ...
1.2.6.4 Sauces and dressings
1.2..6.5 BEVEEAGLE! « e aenis oo s:055 <
1.2.6.6 Miscellaneous products
Locust bean gum .......000. csssssscssass
1.3.1 Sources
1.3.2 Industrial processing 508 aie oie ove

e s s s s s s s as s s s s et es e st erses e

XIII

295
297
299
299
300
300
300
301

301

301

302
302
303
304
304
306
307
307
308
311

312
316
317
317
317

317
318

318
320
322
323
324
324
325
326

335
335
335
335
336
336
337
339
339
339
344
345
3456
347
347
348
343
343
349
349
349
350



XIV

- !
.
ww w
.
(SIS

2. Plant gum
2.1 Gum a
2.1

2
2.
23
2
2

. . .
P e
.

2
.3
.4
5
6

2.2

.

NN NN
.

VB W N =

3. Microbial
3.1 Xanth
321 .3

3
3.
3

. .
-, b -
.

.2
3
4

Regulatory status 350
Chemical SELUCEUES wisye i swsssas s ok 56 600 6@ oo o7 ais wis 550 e siesiviaa 352
Properties 353
1:3:5:1 SolubiTitE < ou cies o 0/0is win =i 5o sis o5 o e eiste widwis BHS SIE B e o 78 353
1.3.5.2 Viscosity 354
1«3 e B BETAEION. s 5v.aie v o055 15 5 19 0 w7e wiw 318 o 50 e s o » 8 wxd S e s wie s i 356
1.3.5.3.1 Svnergism 357
Applications in £0Od SYSLEMS <. ceee seessicosssesedssss g 2% e B . s 358
1.3.6.1 Dairy products 358
1.3.6.2 Baked productsS ......ceceee. S RIS (4 S [ee s b ele s ole 360
1.3.6.3 Meat products 360
1364 Dessert. GEILS .. .. e e s sieais s i e soees s a5 6 o6 614 558 91 @IS e, 360
1.3.6.5 Beverages 361
1.3.6.6 Sauces, dressings, and SOUDS ........ S iae B e W e o wies o 361
1.3.6.7 Miscellaneous 361
EXUAIEEE, .. .oumcaaosesasveniEseiseses s eessstss T s o L 361
rabic 362
SOULCES s oo 0ssovosossiossslssssivesanessesesessssesensssssssss 362
Methods of harvesting 362
Tndustrial DProcesging «.s s e sseasseessm e e sesee e oeses e spse 363
Regulatory status 363
Chemical SLrUCLUTS  wssew s sis siebistein s vis ate ale oo aloraloioie o e 50 w18 515 5.8 365
Properties 365
216l SOTUDLIICY o sw sosima s sieswis ane sieres, o oie sieiemes 5o s e s S 365
2.1.6.2 Viscosity 367
2.1:0:3 EmUlsifying Propertil8: c... s e o s oie 8@ sisssissie s sio 570 v . 370
2.1.6.4 Compatability 370
Application N £oOOQ SYSEEMB | e v s e s ok 06 oo sivain s o s ore oie sene 310
2.1.7.1 pairy products 370
2+1:7:2 BaKeTy DProaUEES. s sieeesniesie is sid b 0.8 oo s 0.9 6 s oiw eie see 310
2.1.7.3 Confectionery products 371
2.V T BEBOVEIBYOS: onvvi v avvvassvens e os os s 5o seemsssssionswoiwe 311
2.1.7.5 Flavor fixation 3N
2.1.7.6 Plagor emulsifier s swwm wsse smms sl aw s o oo s s st sios: 3712
2.1.7.7 Protective coatings 372
2.1 7.8 Dietetic £00AS :wswsissswsseamesess e T e s G i )
2.1.7.9 Miscellaneous products 373
YAGACANEN oo vesinmsnsone sionsasaise e sieienisesssss e vsasslonseses 313
Sources 373
MRENOIREOF FIATTEEELIT. ore.o o560 0000 vnis: ba o e SN GG SE AR S0 070 i & S eca 8 050 3T
Industrial processing 374
CHOM Il at e HOEUDR 1. 00 i s sinntnminiore sieos sipnibil » 498 siosisiofone owosio 318
Properties - 376

2:2.5.1 BYdration. csiis oesesvamssioiloe s s useis e ssinsenes veses 3106
2.2.5.2 Viscosity
2.2.5.3 Gelation

2.2.6.1 Salad dressings ..... 380
2.2.6.2 Condiments and saucesﬂi“ S > = 380
2.2.6.3 Bakery emulsions and~topplngs P e 383
2.2.6.4 Frozen desserts S e G G 383
24:2.6.5 Mlscellaneous 383
food gums: 384
AN QUE o635 o et aroute 384
Sources - — e - 384
ProcessSing-.....esseee -384
Chemical structure 386

Properties ...eeeescesessomnas
3.1.4.1 Solubility
V4.2 Viscosity .ceecessee
Gelation




3.1.6 Application in food systems

3.1.6.1 BeveragesS .cc.ccecescace - S — e,
3.1.6.2 Canned products
3.1.6.3 Relishes and dAressings .......eeeeee.. et ee e
3.1.6.4 Frozen foods
3.1.6.5 Frozen desserts and confections ..........ceietennnnnn
3.1.6.6 Fillings
3.1.6.7 Instant preparations ...... 355 B08) 5281 R8I 5 00 &) 911 e = me B 1ew wim B o 1bice
3.1.6.8 Miscellaneous products
342 DEXELAR o« wis we viw o s s o s ds wie 04 858 o0 G0 D16 9,0 B8 R R w6 S N Se A e 6 S e e
3.2.1 Introduction
3+2.2 Production ,.e.evessses W 8 S 0 S E NS & oS Wi el 61e 88 8 Wa ele BiE &

3.2.2.1 Conventional fermentation process
3.2.2.2 Culture characteristics for optimal dextran

production ....... & Wia) B 08 48 BT B e, ¥ W8 6 T 6 o 168 e, 658, et wiE §
3.2.2.3 Organism
Bie2ie2ic A PH e e o oliet o ot lelie et eiiuoiiei el eRale ol e duil o ot i 501 1 KON wHai e 9598
3.2.2.5 Temperature
3.2.2.6 Carbon sources ..... v o e "™
3.2.2.7 Nitrogen and growth factors
B0 2ie2:08 CONEIANOUS ICALENLIE  4ud oo S8 ahats o 100 06 w0y Wre 6556 58 & 191 & 418 @56 W45 @
3.2.2.9 Production of dextran derivatives
3.2.3 Chemical structure .......... oi7ola to e linie s e s e hutaliaitellvizal s Hells Iad o toils Fainl aliers
3.2.4 Physical and functional properties
32441 SolubIlity w:sevisass 5505 5 6 8 S S BB A6 S 95§ B S BB S WA
3.2.4.2 Viscosity
3.2.5 Applications in food systems .......... T b s i &3] @ (41
3.2.5.1 Baked goods
3252 Confectionerdies: ... .eeeessesess ¥ S4s o058 16 € BUF @18 (908 16 SR8 e
3.2.5.3 Beverages
p 3.2.5.4 Preservative coatings .......eeees. T
3.2.5.5 Miscellaneous
References ..csesevsese ses e GOS0 e B ek e S0 e e S e W e e e 8 E

Phospholipids and Fatty Acid Esters of Alcohols
A.J: St. Angelo and T.R. VOECBLLIOEEL ... elice eioele oo aineiesas o oo vio ameee

1. Introduction

2+ PROSPhOLIDIAS s 5.5 50s 6o 5516 ol @ 5 515 3 6 06 9k 506 0l 80 908 S0 4000 A3 K010 928 B0 % 61 6 038 i S e e
2.1 Lecithin
2.1.1 Other phospholipids ......... e, wite; w91 .08 % 600 T & AYE B, 8% B wiE W% mil 98 @ & iolle
2.1.2 Modified lecithin
2°.2 Natural emulsifiers in oilseeds ........ & oo s 4 s wie BN 08 § 61 6 6Tlel 91 0 o1 & 6y 0 TG
2.3 Natural emulsifiers in eggs
2.4 Natural emulsifiers in cow's milk ........... 008 80 8 Eis s o0 T wE ceseses
2.5 Mayonnaise and salad dressing emulsion
2.6 General uses of phospholipids as food emulsifiers .......... o s wE
3. Glycerides
3.1 Uses of glycerides as food emulsifiers .......cevveeenne s @ S 8495 8 9 & @F
3.1.1 Bakery products
3.1.2 Other food products ..... o e 6 o Sm: 818 BTe § @ 8 e s 656 e wE s ssesws
3.2 Monoglyceride derivatives
3.3 ACeLOglyCerideB . uoweeeensecsonasacasensesessasssusssios S epeTer=ayerets ~oor

3.3.1 Uses of acetoglycerides
3:3.2 Applications LechNiqUEes .. es we oevesss s esesomsesesnsvessses
3.3.3 Uses in meats

3.4 Methods of analysis ...ceeessesoncones grbve Siw wie 875 s Wi eis eve u el s e sie wim et o wie
4, Nonglycerol alcohol/fatty acid esters
4.1 Propylene glYCol eSEOLB «Tsassiesevsim i asonosensosesesesss 5 B We Bew B iR

4,2 Stearoyl lactylates
4.3 SOTDIEOLE e evvibinmneaoseomeionsenenssiesenioos e snssissis s sseas 5s oo pe seie

XV

392
392
392
392
392
393
393
393
393
394
394
394
395

396
397
397
397
397
397
398
398
399
400
400
401
403
403
403
403
404
404
405

417

417
417
418
419
420
420
421
421
422
422
423
425
425
426
423
429
431
431
432
433
434
434
434



XVI

4.4 Polyglycerol esters 437
4.5 Sucrose esters .cssscscss § 00d e W ere TR I r & sl wie @ @ 5 0 439
References 443

whipping Cream Emulsifiers

Y. Sogo and M. Kako J..ceeeccccccces ool lone (ossiiaietmidia e e R R T 449
1. Introduction 449
2. Definition of cream ......... siere wisTwe ee we ssier @i wheLseNalurie taTe e W STp e Brieiale sreyae Ea 449
3. Whipping behaviour 451
4. Bolisifiers: LOr (ICLEAM 4o oisienm oo oo oo wreind 5:soesdceibiss e She Bisters G 8 ToTs e Weaie 8 s 465
References 472

Development of Frozen Emulsions

A. Kilara and P.G. Keeney ...... sneisein e R e e R 473

1. Introduction 473
2+ Processing and its @EFfect8 .isscivsdnssnsssswenseessiasieissorssssesenoes 475
2.1 Blending ingredients 475
2.2 Pasteurization .c.ceciacasisnasssnave g S P g S e 475
2.3 Homogenization 476
2.3.1 Product variables i:.sesess 00 oo 1SS 8 R8T R R 4 B e e ires 476

2.3.2 Process variables © 479

2.4 CoOOLING Xoslocsee s ere afs wie v:e s avel oias s SRS S S B e B Wiune el Bietn iepe Wi e B SN 9 480
2.5 Aging 481
2.5.1 Changes in non-lipid phases of mix ........ ate; wiier e v SRR B IS S S 481

2.5.2 Changes in lipid phase of mix 483

2::0 ‘FEROZING oo 3o oiaisinsh iwis aie o7e 010 AP e o'bis aie 1949 948 BIS51% B1E B1S o161 1% 2liekuisld Bue BiE 483
2.7 Hardening and storage 486

3. Storage-related changes ........ceceeeeeeecccns 5 W W o sle # o sio bis amd deime vl b 486
3.1 Controlling ice cream texture 489
3.1.1 Mix formulation ..... o o aliv el whe! o lnie ik Brs 16 638 By By 8 @73 3ish 6ler Sre ¥ ol Bys arey | ABD

3.1.2 Processing factors 491

Bs BUMBBEY s v o0 sio aniesss s sessen s 3% B8 W6 Aie ale e e el 8 wie b6 ie e Bjese aaes eie aie os #92
References 492

Spray Dried Emulsions

Ralle SLMB oo oiosiaisime @5 bhe iy 00 o0 euk0 sisioratienis e 86 41 §18 olerevete i€ n e ale e siassineie ois 9D
1. General considerations 495
2. Spravidr ledueorfon whitBlers . o U o rcnstniesesssnonssenisesssisssssnsess 498
3. Spray dried toppings 502

REFOEGNCEE 15 0T U e ohs e e o A brire s o S S o e s ace s & b AIs Wik pisi S Bih Srore s re oiaseiew: D08

Emulsifiers for Cake Systems

Kio: BOLD: aiioisie srsimiore: siomsiovs oo, o oraio: siiaias s 6564 iaui s i e 0iaiess oia slo o staiaisse slewsdwweme O]
Summary 511
Cake LYPEB ooccossoccrsserenns s iesnessss o osva e ésesswssevsne s ssassesesses D12
Classificatiom of cake emulsifiers 513
Hydrophilic=TipophiTics balance: T cda i deoediic se s s ses siweiaiesiasinenes@siselhes 913
Mechanism of cake aeration 517
Emulsiflers dn RO Cen e ittt o rors oesoiproio oie ore sie o e eibraiehe:siv sheeiorsiore o e e e sie D19
Oils in cakes 520
Hydration and hydrated emu151f1ers e s nin ot S e e 521
Emulsifiers in batters with-high fructose corn syrups : 522
Effect of emulsifiers on keeping propertxes OF Cakes s ivssssovrevnesseiosson 522
References 524

Determination of Bmulsxflers in Food: Prellmxnary COns1derat10ns w1th

an Illustration
T.R. Watkins ...... ey




6.

Introduction

1.¢] Matiin cONSIASLationS s e e s e 606 §5 5 55 55 6 § 508 B0l 515 5 5 & 85 4 51 6 bire, ner et ot wi: e

Consideration of extraction conditions

2is1 Physical s s s s om e o & S5 S5 B $79 919 5% 8 9 9§ % 4, Ghe Sk 850 08888 B ek 3E 8 8 8 e

2.1.1 Volume of solvent to sample
Temperature

2
3
4
S Time
i
1
2
3

[

[N
NN DD NN
o S
®
g .

Chemical exposure OFf SaMPLE .. e es v vmsimsissioessesoesssss

A A T o SR S S e B Lo e PO S RS e e

Separation

Polar MALTAR o s e o oo s s 5ok e 6o 56 0 566 6 85 ¢ e e 00 5 = 61 5 5 § 5

3.1 Preparative (COMMErCial) SCALle 4. itirereeeeeenneneonaonanesnnnennns

3.2 Analytical (laboratory) scale
Detection and quantitation ............
4.1 Optical methods

.3 Nuclear magnetic resonance

Mass detection
ustration weesesiesesmsmendes o vy ok v

4
4
4
4
I
5.1 Method of isolation

5.2 Separation :and detection ...ecsesccooveans

Summary
61 EPLilOogue e eiesiewess vi's im0 mint 8 1 o ovaiata

References

Subject INdeX ..soceevcoscsssssssocssscsscs

«2 Flame ionization «ssesesvssss 2008 8 e W & 608 08 R B BB 5 6 B 1 ] el 3 181 86 4 19 e
3
+4 Radiolabel identification <issssvssimessswaasssas 38 $3% She oy B B 41§ 61 & B ¥ Bk
5
LUSEE QCION wie siwes 61686 8% 50 60 § w050 s5ere 78 918 880 506, © 648 515 96 @6 S FiE wE A8 4 B8 B F 6 Biw w0e

XVII

527
527
529
529
529
530
531
531
532
532
532
532
533
533
533
534
534
535
535
536
537
537
537
538
538
539
541
543
544



e Ao g

274

recommended in reconstituted products.

3.8.2.4 Sauces and salad dressings

The flow characteristics and stabilization of ingredients in sauces and
salad dressings are improved with the addition of ¢-carrageenan. However,
some degree of gelation is required in order to reduce the hydrolysis of the
hydrocolloid due to the low pH of the product. t-Carrageenan is used as an
emulsifier, thickener and dispersion agent in dry mixes of salad dressing, at
concentrations of 0.3 to 0.5% (65), and diverse types of sauces such as
cocktail, spaghetti, barbecue, ketchup and Mexican.

3.8.2.5 Syrups and toppings

In chocolate syrup formulations, A-carrageenan is used to enhance the
body of the syrup when mixed with milk at concentrations of 0.5 to 1.0% (65).
Furthermore, the use of A-carrageenan at a level of 0.15% produces syrups with
a narrow range of viscosities between room and refrigerated temperatures.

A-Carrageenan is thicker than other gums used at room temperature but
thinner at refrigérated temperatures which counteracts the tendency of syrups
to thicken under refrigeration. This unique flow control characteristic
enables the addition of up to 20% more cocoa without changing the flow
properties thus yielding a more chocolate-tasting syrup (78). « -Carrageenan
can also be added to chocolate syrups to help keep cocoa particles in
suspension throughout the syrup. '

In reduced sugar~fruit toppings for ice cream, puddings, and yogurts
mixtures of &= and t-carrageenan are used to impart body, mouthfeg1, and to
maintain ingredients in suspension (2, 65).

In pancake syrups, mouthfeel and body are attained by the addition of A-
carrageenan. For particular applications, A-carrageenan is the choice due to
its non-geTling characteristics (2).

3.8.2.6 Meat, meatwanalogs, fish, and pet food products ;
Carrageenans, particularly the « and ¢ types, are added to diverse meat,
meat analog, fish, and pet food products to protect their flavor and
nutritional value, to modify the strength and melting point of the existing
gel, and to allow the easy release of the product from the can. These
functions are attained by taking advantage of the gelling characteristics of
carrageenans. Typical concentrations in these products range from 0.2 to
0.5% (2). 1In some cases, the use of other gums such as Tocust bean gum, at
concentrations of 0.25 to 0.50%, and potassium salts enhances the
aforementioned properties (2).
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Duxbury (79) reported that cooking losses in poultry and pork products can
be reduced to only 2% and 3% respectively with the addition of 0.5%
carrageenan. The combination of starch and carrageenans is reported to produce
yields of 98 to 100%. :

Tokaev et al. (80) used carrageenan and sodium caseinate to stabilize, for
up to a month, the refrigerated emulsion used in the manufacture of soft
sausage. A concentration of 1.0% carrageenans increased the sausage yield by
1.5 to 2.5% and the moisture content by 1.4 to 2.0%.

Recently, Foegeding and Ramsey (81, 82) have used « - and t-carrageenans,
at a concentration of 0.1% (w/w), as textural aids in low fat meat binders for
the manufacture of frankfurters. The use of «-carrageenan increases the
hardness of the finished product since a reduction of the fat content in meat
batters produces soft-textured products. On the other hand, the addition of

t-carrageenan reduces cooking losses.

t-Carrageenan has recently been used in the manufacture of minced fish
products, especially cod fish sticks, at a concentration of 0.5%. Its
addition to these products resulted in a cryoprotective effect during frozen
storage at temperatures below -30°C, as well as an increase in their water
holding capacity (WHC), and a reduction in fat uptake during deep-frying (83).
Water holding capacity is increased through the formation of a gel by «¢-
carrageenan upon cooling and an increase of the fish fluid during deep-frying.
On the other hand, the film-forming characteristics of «¢-carrageenan keep the
product-coating interface wet, thus diminishing the absorption of fat (83).

In the manufacture of meat analogs, carrageenans have been used as a
binder, protectant, tenderizer, and texturizer of the protein fibers.
Carrageenans interact with the proteins of various sources (e.g., peanut,
soy, casein, wheat gluten) to impart the product a meat-like texture and
functipna]ity. Usual concentrations are in the order of 1.0% (2).

In the production of pet food, x- and ¢-carrageenans produce a thick,
rich-looking gravy with sheen, and enable the whole product to be removed from
the can at once. Typical concentrations are less than 1%, although in Europe
higher concentrations are used to suspend meat chunks throughout the can and to
avoid the penetration of the gelled gravy into the meat chunks. The addition
of guar gum, locust bean gum, and phosphate salts in these products enhances
the functional properties of the carrageenans (37). Typical levels of gums
used in different types of canned pet food are contained in Table 6.

3.8.2.7 Dairy analogs
Carrageenans are used in powdered non-dairy coffee creamers to emulsify
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TABLE 6

Typical concentration of gums and phosphates in canned pet foods (37)5.

Ingredient Meat Loaf Meat Chunks Meat Chunks
(sliceable) (in jelly) (in sauce)
Carrageenansb 0.2 - 0.3 0.3 - 0.5 0.05 - 0.1
Guar gum - - 0:2 =10.3
Locust bean gum 0.5 = 0.5 0.7 - 1.0 -
Phosphates 0.2 - 0.4 0.2 - 0.4 0.2 -0.4

¢ In percent of total weight

b x and ¢ types

milk proteins, soy proteins, and vegetable fat. On the other hand, their
addition to frozen non-dairy coffee creamers imparts excellent freeze-thaw
stability and mouthfeel. Concentrations used range from 0.1 to 0.2% (2).

In liquid non-dairy coffee creamers, - and A-carrageenans are used
along with CMC, sodium alginate, or refined galactomannan to improve the
colloidal dispersion of proteins. This effect increases the shelf-1ife of the
product under refrigerated conditions. Carrageenan levels of 0.3% are common
for this application (39). ‘

In imitation RTE frozen milk puddings, «- and t-carrageenans are added
to stabilize the fat emulsion and to form a suitable gelling system for a
desirable mouthfeel and texture (2).

x-Carrageenan, added to whipped topping mix products at concentrations
ranging from 0.15 to 0.5% imparts emulsion and freeze-thaw stability, as well
as provide high emulsion overruns (2). On the other hand, «- and ¢-
carrageenans in frozen whipped toppings impart body, while providing freeze/
thaw stability (2).

k - and t¢-carrageenans, at concentrations of 0.02 to 0.4% stabilize the
vegetable fat emulsion and impart body and texture in imitation milk beverages.
The formulation of these products also contains sodium caseinate, soy protein,
and vegetable oil in dispersion (2).



