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Amount (wt% of the total lipids)

Lipid class  Cow Buffalo Human Pig rat Mink

Triacyiglycerols 97.5 98.6 982 968 875 813
Diacylglycerols 0.36 0.7 07 29 1.7
Monoacylglycerols 0.027 T 01 04 T
Choesterol esters T 0.1 T 0.06 T
Cholesterol 0.31 0.3 0.25 0.6 1.6 T
Free fatty acids 0.027 0.5 0.4 0.2 3.1 1.3
Phospholipids 0.6 0.5 0.26 1.6 0.7 153

® T = Trace amount.
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TABLE7
THE COMPOSTION OF THE PHOSPHOLIPIDS INMILK FROM VARIOUS SPECIES

Amount (mol % of the total lipid phosphoras)

Phosphatidsl- Phosphatidsl- Phosphatidyl Phosphatidyl- Sphingomyelin Lysophospho-
Speeies choline  ethanolamine  serine ingsitol lipids? Reference
Cow 343 318 3l 47 hd 0.8 16
Sheep 292 36.0 3l 34 283 46
Buffalo 8 1.6 39 41 3 24 46
Goat 217 32 6 3 Y 03 i
Camel 240 359 ) ) X3 L0 4
Ax 263 3Ll 37 38 KN 46
Pig 6 368 34 33 34Y m
Human Yy 1Y 8 41 31 sl I
Cat 158 N4 17 i 37y 34 'y
Rat 380 316 32 A 19 31 B
Guinea-pig 3B K] 32 By [1X] A} el
Rahhir 326 04 . i MY 04 Iy
Mouse 38 U8 108 36 123 8
Mink 328 10 3 6.6 133 83 30
& Mainlviysophesphatidvl choline but also lvsuphosphatidylethanolunine.
b Also contains Iysophusphiatidy! ethanolamine.
© Analvsis of milki fat lobule membrane phosphelipids.
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TABLE 8
THE COMPOSITION OF LIPID-SOLUBLE VTTAMINS IN MILKS

Vitamin  Vitainin D Vitamin I

Species (ug litre) (TU litre™) (mg litre™)
Cow 410 28 1
Goat 700 23- <1
Human 750 50 3
Rat 1440 5 3

Rabbit . 2080 -
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Table (10) FAT — Bassed Fat Replacers

Trade Applications Calories
Per
Gram

Ingredient Description
gredients serp Names

Caprenin A reduced — Caprenin Confectionar | §
calorie y fats such as
Triglyceride with cocoa butter
the same in candy bars
mouthfeel and
metting
characteristics of
cocoa butter,
made of caprylic
capric and
behenic acids and
glycerine. Not
currently being
used any food
procucts. FDA
status GRAS
petition has been
filed.

Emulsifiers | Made by reacting | Dur- Lo Cake mixes | 9
Mono-and di- | olycerine with EC -25 Cooking,
glycerides specific oils, fats icings and
or fatty acids. vegetable
Metabolized like dairy
triglycerides. products
Emulsifiers allow
fat and water to
mix resulting in a
mixture that can
replace all or part
of the fat content
in food products.
IFDA status:
GRAS
ingredients.
Olestra Olestra or sucrose | Olean Potato, corn
polyester, is a non And tortilla
absorbable, non- chips, cheese
metabolized fat puffs, and
replacer - crackers.
ingredient made
from sucrose and
fatty acids from




edible oils.
Provides the same
taste and cooking
properties as full-
calorie fats and
oils. Can be used
for frying. May
cause digestive
symptoms in
some people.
Inhibits the
absorption of fat-
soluble vitamins
A, D, E and K but
is supplemented
to prevent effect.
FDA status:
approved as a
food additive for
use in savory
snacks.

Salatrim

Salatrim is a
reduced calorie
fat composed of
glycerol and
acetic propionic
and butyric acids
(short chain acids
found in vengar
and aged cheese)
and stearic acid
(vegetable oil).
The resulting
triacylglyerol can
replace certain
types of fat but
cannot be used
for frying. FDA
status: GRAS
petition has been
filed.

Benefit

Chocolate
Chocolate
Coatings
Confections
Cookies
Crackers
Dairy
Products
(sour cream,
cheese) ,
Margarine
and snacks

Source: Calorie Control Council, Atlanta, GA. White paper, Fat Reduction

in Foods. August 1996.
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Table (11) Protein — Based Fat Replacers :

Calories
Ingredients Description ;:?:ees Applications Gl:t;rm
Micro — Made from whey Simplesse Dairy 1-2
particulated | protein or milk and Products
Protein egg protein Salad
provides the Dressing
mouthfeel of fat. Maragarine -
Digested as a and
protein. Can't be Mayonnaise
used for frying but type products
is stable for Baked
baking. FDA status Goods
: GRAS ingredient Coffee
creamer,
soups and
sauces
Modified Made via thermal Dairy — Lo Milk/ dairy
why denaturation of Products,
protein milk proteins Baked
concentrate | (sweet whey). Goods
lmproves the Frosting
texture, flavor and Salad
stability of low — Dressing and
fat foods provides mayonnaise
the mouthfeel of Type products
fat no suitable for
frying. FDA status:
GRAS ingredient. J
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Table (12) Carbhydrate-Based Fat Replacers

Calories
Ingredients Description ;:nd:s Applications Per
Gram
Cellulose Micraparticles of 0-4
cellulose provide
the mouthfeel and
flow properties of | Acicel Dairy
fat. Also retains cellulose gel | products,
moisture and acts methocel sauces,
as a texturizer and | Solka-Foc frozen
stabilizer. Does not desserts,
provide flavor of salad
fat FDA status: Dressings
GRAS ingredient.
Dextrins Derived from AmylumN- | Salad 4
tapioca, corn, Oil Dressings
potato and/or rice Puddings
starches provides Spreads
gelling and acts as Dairly-type
a thickener, Products and
stabilizer and frozen
texturizer FDA desserts
status : GRAS
ingredient
Fiber Provides structural | Opta, Oat Baked 4
integrity, volume, Fiber Goods
moisture holding Snowite Meats
capacity, Ultracel Spread and
adhesiveness and Ztrim Extruded
sheif stability in Products
reduced — fat
products, FDA
status:GRAS
ingredient
Gums Can provide
thickening Kelcogel Baked
sometimes gelling | Keltrol products
effect; can promote | Slendid Dairy
creamy texture. Products
Examples include Frozen
guar gum, gum Desserts
Arabic, locust bean Processed
gum xanthan gum, Meats salad
carrageenan and Dressings
pectin FDA status Sauces

e il ————T




xanthan gum is an | Spreads,and
approved food soups
additive ; other
gums a — e GRAS
Intredients
Inulin Fiber and bulking Raftiline Yogurt, 1
agent extracted Fruitafit Cheese,
" from chicory roots | Fibruline Frozen
FDA status :GRAS Desserts
ingredient Baked
Goods
icings filling
whipped
cream dairy
products
biber
supplements
and
processed
: meats
Maltodextrin | Gel or powder Crystalean baked 4
derived from Loretlite, goods,dairy
liydrolyzing food Lycadex products,
grade starch from MAL TRIN | salad
corn, potatos, Paselli dressings,
wheat and tapioca, | LITE, spreads,
Used as a fat Paselli sauces,
replacer, texture EXCEL SA | frostings,
modifier or bulking | STAR-DRI | fillings,
agent. Can't be processed
used for frying meat, frozen
FDA status : desserts,
GRAS ingredient extruded
products and
beverages
Oatrim Oat — based fat Baked 1-4
Replacer inade by Goods
using food grade Filling and
enzmes to partially frostings,
hydrolyze oat Beta— Trim | {rozen
starch after Trim desserts,
hydrolysis, the Choice dairy
water soluble Beverages,
components of oat Cheese,
flour are used to Salau
replace fatand as a Dressings
texturizing Processed
ingredient FDA Meats and

T e e e e e | — e




status : GRAS

confections

ingredient

Water — soluble Chewing
polymer of Gums, salad
dextrose Dressing,
containing minor Confections,
amounts of sorbitol Frozen dairy
and citric acid. Desserts,
Promotes moisture gelatins and
retention, and acts puddings

as a bulking agent
and texturizer.
Polydextrose is
partially
metabolized but
mostly unabsorbed
it is heat — stable:

approved food
additive
Polyols A group of Many Frozen dairy | 1.6-3
sweetners brands are desserts
(erythritol, available Baked
hydrogenated Goods
starch hydrolysates Fillings and
(HSH) isomalt, Frostings
lactitol, maltitol,
mannitol, sorbitol
and xylitol) that
may be used to
replace the bulk of
fat in reduced — fat
and fat — free
products. FDA
status: sorbitol
isomalt, lactitol
and HSH are
GRAS ingredients
xylitol is an
approved food
additive.
Starch and Fat replacer Amalean Processed 1-4
Modified derived from Farinex VA | Meats, salad
Food Starch | potato, com, oat, 15& VA 20 | dressings,
rice, wheat or instant Balked
tapioca starches. Stellar N Goods
Acts as a bodying | Lite, Fillings and
agent and texture Opta Grade | frostings,
mnodifier. Can be Perfectamy! | sauces,

—"—-‘——————_:_.?;m'_:_ v * ~—
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stable, it can't be

" {7usedfor frying.

Provides mouthfeel
of fat, moistness,
density and
smoothness.
Increases the fiber
content of food
FDA status:GRAS
ingredient

used with AC, AX-1 condiments,
emulsifiers & AX-2 frozen
proteins, gums and | PURE-GEL | desserts and
other medified dairy
food starches
FAD status:
Approved food
additives
Z-Trim Made from To be Baked
insoluble fiber determined Goods,
from oat, soybean, Burgers, hot
pea and rice hulls Dogs,
“| or from corn or Cheese, ice
i . _;- | wheat bran. Cream and
==~ Although heat yogurt
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Table /3

AMING-ACID COMPOSITION OF COW’S MILK PROTEINS
 (6rAMS PER 100 6M PROTEIN)

Taref

a- B- .
Constit- Lactal-  Lactoglob- Blood Serum Immune Globu- . : -
uent bumin®™  ulin®V® Albumin®® ™15  Casein®™™ 5.Casein™™ , o -Casein BEW x-Cagein®® B-Casein™™ y.Casein®™*
Total N 159 15.6% 16.1 15.3-161 156 155 15.4 153 153 154
Total P 0.0 0.0 0.0 0,0 99 0.99 1.05 0.16"™ 061 0.11
Total § 19 1.6% 19 1.0 08 0.7210 0.68 070 .86 1931

Glycine 32 14 18 5.2 20 23 29 1.2 15 15
Alanine 2.1 7.0 63 48 22 38 34 5.4 2.0 23
Valine 47 6.1 5.9 96 72 63 55 &3 - 102 103
Leucine 115 185 12.3 96 9.2 7.9 9.4 6.1 11.5 120
Isoleucine 68 6.9 2.6 3.0 6.1 6.4 6.1 7.1 5.5 44
Proline 15 6.1 458 10.0 105 75 8.3 11.0 15.1 17.0
Phenyl- ' .

alanine 45 35 6.6 39 5.0 46 5.6 3.9 58 58
Tyrosine 54 37 5.1 6.7 63 8.1 11 78 3.2 3.7
Tryptophan  (70)853% 27 058 27 % 22 17 1.0 053 12
Serine 4.8 40 42 115 63 6.3 71 5.0 6.8 5.5
Threonine 55 5.0 53 108 49 49 25 6.7 5.1 44
Cystine + , . .

Cysteine 84°¢ 34 65 32 0.34 043 0.0 150 0.0 0.0
Methionine 095 3z Q.81 03 23 25 32 17 34 41
Arginine 12 .28 5.9 4.1 41 43 44 49 34 19
Histidine 29 1§ 4.0 21, 3.1 29 32 24 3.1 3.7
Lysine 15 118 128 68 8.2 8.9 8.7 65 6.5 62
Asparticacid 187 114 103 94 1.1 8.4 8.5 rASE 4.9 4.0
Glutamic.acid ~ -12.9 19.3 165 12.3 224 225 2.3 '19.8° /232 229
Amide N 14 112 0.78 —_ El 16 13 19 1.6 16
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T ablé (4) The actual distribution of nitrogem

Mg./100 ml per cent of Total Nitrogen
-Total Nitrogen - 540 100.0
-Casein Nitrogen 430 79.0
-Albumin Nitrogen 43 8.0
-Globulin Nitrogen 19 3.5
-Proteose-peptone N 18 3.0
-Non-protein Nitrogen 30 5.0

table 15 Nitrogen Distribution in 81 Samples
of Commercial Bulked Milk
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Table 4. BREED DIFFERENCES IN THE COMPOSITION OF MILK PROTEINS

No. Serum Proteins, g. /100 ml.
of . Blood
Sam Casein, g. /100 m. Immune B-Lacto- w-Lac-  Serum

Breed ples Total « 8 'y  Total Globulins globulin talbumin Albumin
Avishirs 3 264 1.71 0.85 0.08 031  0.0¢6 031 011 003

Brown

Swiss 4 278 183 084 0.11 053 007 031 011 0.4
Guernsey 5 2,88 1.92 0.82 0,14 058 008 035 ¢0J1 004
Holstein 6 238 1.58 0.60 0.20 05 0.9 030 0,13 004
Jersey 4 272 183 076 013 066 008 039 045 004
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Table 19
HALOGEN COMPOUNDS OF CASEIN

Halogen

Introduced Reagents Found, %
Cl KOH, KCIO; HCI 13.3,14.0
Cl KCIO; HCI 8.3

CI NaClIO; HCL 6.7 6.8
CI CCl, Cl» 32.5

Br NH;0H Br; 11.2

Br CCL Bn 32.2, 350
| I, H,O suspension  21.6

I I, H>O suspension 17.8,8.7,5.7
I NaOH, K[, I, 10.8

I NQHCO'a Iz 7.5

I NaHCOs I 12.5,8.8
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Component | Cow | Buffalo | Goat | Sheop | Camel | Horse | Donkey

os Casein | 52.54 | 42.71 | 49.05 | 50.38 | 39.74 [ 58.98 | 39.62
B-Casein 20.62 | 34.05 |37.40 | 32.57 | 54.60 [ 40.11 | 40.88

K-Casein | 23.78 | 21.64 | 13.08 | 19.05 | 1093 [ 0.90 | 19.49
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CASEIN COMPONENTS 63

Table 21. Correlation coefficients between casein cormponents of
Friesian's milk as affected bf the stage of lactstion

Correlations 2~Casein B-Casein k-(asein
2-Casein 10000 —08107F%  —0.8605%"
3-Casein —0.8107%* 1.0000 0.8112%%
k- Casein —~0.8605%% 0.8112%* 1.0000

L

#% = Highly significant correlation (P <0.01),

Table 23. Mean squares of the casein components of Friesian's
milk as affected by the stage of lactation

Souree of  Degree of Casein Components
variation  freedom

2-(asein B-Casein k-Casein

Stage of

factation 4 RI36S6™ ga3d 18755
Error 3 0.8039 13773 0.2579
Total 63 — — L

< Highly significant difference (P <0.01),
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Fractionation of Casein
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Whole Casein 87 g

-dissolved in 6.6 M Urea
-pH 1.5 with 3.5 MH3;So4
-dilute to 2.2 M Urea
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K- Casein as—and B Casein
32g. -dilute to 3.3

Urea at PH 4.5

Supernatant
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84 ¢

-PH 4.9
|

Precipitate (D)
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96 g
Supernatant (E)  Precipitate(F
as — Casein os— Casein
35¢g 035¢

Fig 14 : Flow Sheet digram of precipitation of Whole Casein
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k- casein at various incubation times. Reaction mixture contained. Smilof { % k-caseir solution (pH 6.6 in phosphate
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Casein, Caseinat B-1)

Used in:- Bread, breakfast cereals, pastry Glaze, muffins, Cakes mixture,
biscuit, Frozen cakes and Muffines

Effect:-Nutritional,Sensoryproperties,emulsifier, Yield, Forming.

(Mulvihill, 1992,
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Casein B-2)

Used in : Macaroni. Pasta, Imitation products.
Effects :- Nutritional, Consistency, Freeze-Thaw
Stability,

Micro wave able
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Casein , Caseinat : (B -3)

Used in :- Minced meat products
Effect :- Consistency, emulsifier, gelling, to connect water.

(Mulvihill , 1992)
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Casein, Caseinat : (B-4)

Used in:-, Ice cream,Frozen sweet

Effect:- Whipping, consistency

Used in:- Mousses, Instant pudding

Effect:- whipping, emulsifier, Consisteney and flaron

(Mulvihill ,1992)
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Casein, Caseinat

Used in:- Toffees, Caramels, Fudges.

Effect:- Resilient, chewy Texture, to connect water, emulsifier
Used in:- Marshmaliow , Nougat.

Effect:- Foam, Stability at high temperature, Flavour
Improvements, browining

(Mulvihill, 1992)
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Casein, Caseinat

Used in:-, Drinking Chocolate,Fizzy, Fruits Drinking
Effect:- Whipping, Stabilized, good foam

Used in:- Cream Liqueurs, wine Aperitefs

Effect:- emulsifier

Used in:- 5_Jly ol doleo

Effect:- Clarification, fining agent, Astrigency

(Mulvihill,1992)
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Used in:-Gravy mixes, soup mixes, sauces, carned cream soup and squces,
dehydrated creamsoups and sauces, salad dressings

Effect:- whitening agents, dairy flavor enhancer, emulsifier, stabilizer,
viscosity controller, freez-Thaw stability, egg yolk replacemet lipid
replacement .

Applications of milk protein products in convenience foods

(Mulvihill, 1992)
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Used in :- Buffed snack foods, fibrous meat like, meat extension
Effect :- fortified, forming

(Mulvihill, 1992)
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Table (25) Hydrolysis of Lactose by acid
Lactose | HCI/1000gm Heating Lactose Velocity | Calculates
in Lactose condition hydrolyzed constant time to
solution | solution mole [ °C  min % K" x 104 invert
% 99.5%
min
33.6 0.034 130  36.0 82.0 476 111.3
29.0 0.023 130 58.8 79.7 271 195.4
28.4 0.023 140 30.0 84.5 622 85.3
23.2 0.019 165 8.2 79.0 1904 27.8
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FIG (25) PROCES FOR THE MANUFACIURE OF CRUDE AND
REFINED LACTOSE FROME SWEET WHEY
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Ewes | Goats | Cows | Human

Solids, total, % 19.30 | 12.97 12.50
Energy, kcal 108 69 70
KlJ 451 288 291
Protein, total, % 598 | 3.56 1.03
Lipids, total, % 7.00 4.14 4.38
Carbohydrates,% 536 | 445 6.89
Ash, % 0.96 | 0.82 0.20
Ca, mg 193 134 32
Fe, mg 0.10 | 0.05 0.03
Mg, mg 18 14 3
P, mg 158 111 14
K, mg 136 204 51
Na, mg 44 50 17
Zn, mg — 0.30 0.17
Ascorbic acid, mg 4.16 1.29 5.00
Thiamin, mg 0.065 | 0.048 0.014
Riboflavin, mg 0.355 | 0.138 0.036
Niacin, mg 0417 | 0.277 0.177
Pantothenic acid, mg 0.407 | 0.310 0.223
Vitamin B6, mg — | 0.046 0.011
Folacin, mcg - 1 5
Vitamin B6, mg 0.711 | 0.065 0.045
Vitamin A, RE 42 56 64
U 147 185 241
Saturated FA, g 4.60 2.67 2.01
C4:0,¢g 0.20 0.13 —
C6:0,g 0.14 | 0.09 —
C8:0,¢g 0.14 | 0.10 —
Cl10:0,g 040 | 0.26 0.06
Cl12:0,g 024 | 0.12 0.26
Cl4:0,g 0.66 | 0.32 0.32
MCT total (C6-Cl14), ¢ 1.58 | 0.89 0.64
Cl6:0,g 1.62 | 0.91 0.92
Cl18:0,g 090 | 0.44 0.29
Monounsat. FA, g 1.72 1.11 1.66
Cl6:1,g 0.31 0.08 0.13
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Ewes | Goats | Cows | Human
Cl8:1,g 1.56 | 098 | 0.84 1.48
C20:1,¢g — | — trace 0.04
C22:1,g — | — trace | trace
Polyunsat. FA, g 0.31 } 0.15 | 0.12 0.50
Cl8:2.g 0.18 | 0.11 | 0.08 0.37
Cl8:3.¢g 0.13 | 0.04 | 0.05 0.05
Cl8:4. g trace
C20:4.¢ trace 0.03
C20:5.g trace | trace
C22:5.¢ trace | trace
C22:6.¢g trace | trace
Cholesterol, mg 11 14 14
Phytosterol, mg trace
Tryptophan, g 0.084 | 0.044 | 0.046 | 0.017
Threonine, g 0.268 | 0.163 | 0.149 | 0.046
Isoleucine, g 0.338 | 0.207 | 0.199 | 0.056
Leucine, g 0.587 | 0.314 | 0.322 | 0.095
Lysine, g 0.513 | 0.290 | 0.261 | 0.068
Methionine, g 0.155 | 0.080 | 0.083 | 0.021
Cystine, g 0.035 | 0.046 | 0.030 | 0.019
Phenylalanine, g 0.284 | 0.155 | 0.159 | 0.046
Tyrosine, g 0.281 | 0.179 | 0.159 | 0.053
Valine, g 0.448 | 0.240 | 0.220 | 0.063
Arginine, g 0.198 | 0.119 | 0.119 | 0.043
Histidine, g 0.167 | 0.089 | 0.089 | 0.023
Alanine, g 0.269 | 0.118 | 0.113 | 0.036
Aspartic acid, g 0.328 | 0.210 | 0.250 | 0.082
Glutamic acid, g 1.019 | 0.626 | 0.689 | 0.168
Glycine, g 0.041 | 0.050 | 0.070 | 0.026
Proline, g 0.368 | 0.319 | 0.082
Serine, g 0.492 | 0.181 | 0.179 | 0.043
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