Protein



Table 3—1 Protein Content of Some Selected
Foods

Product Protein (/700 g)

Meat: beef

16.5

pork 10.2
Chicken (light meat) 23.4
Fish: haddock 18.3

cod 17.6

Milk 3.6
Egg 12.9
VWheat 13.3

Bread 8.7
Soybeans: dry, raw 341
cooked 110

FPeas .3
Beans: dry, raw 222.3

cooked .8

Rice: white, raw &.7

cooked 2.0
Cassava 1.6
FPotato 2.0

10.0

Corn



Dietary essential amino acids

histidine
Isoleucine

leucine

lysine
methionine/cystine
phenylalanine

tyrosine
threonine
tryptophan
valine



Amino acid content in select foods

Amino Acid Meat (Beel) Ak Eng Wheat Peas Corn
Isoleucine 301 ags 393 204 267 230
Leucine 507 a2 551 217 425 763
Lysire 556 450 436 179 470 167
Methionine 169 156 210 a4 5T 120
Cystina B0 - 152 159 7o o7
Phenylalanine 275 434 358 282 287 305
Tyrosine 225 306G 260 187 17 239
Threoning 287 278 320 183 254 225
Valine 313 463 428 2786 204 303
Arginine 385 160 381 288 595 262
Histidine 213 214 152 143 143 170
Alanine 365 255 370 226 255 47
Asparhic acid 7 e [24 G0 J08 685 392
Ghlutamic acid 55 1151 196 1866 1009 1184
Glycine 304 1d4 207 245 293 2N
Prolina 236 614 260 621 244 650
Serine 252 342 478 281 271 311
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Table 3—3 Limiting Essential Amino Acids of
Some Grain Proteins

First Second
Limiting Limiting
Grain Amino Acid  Amino Acid
Wheat Lysine Threonine
Corn Lysine Tryptophan
Rice Lysine Threonine
Sorghum Lysine Threonine
Millet Lysine Threonine



Loss of ysine

a0 60 80 120 150 18D
Ha-u'l;il-gai‘lﬁﬂ'irri'lulaﬁfl

] 3-6 Loss of Lysine Occurting as a Result of Heating of Several Foods. Seurce: From 1. Adnan,
The Maillard Reaction. IV. Study on the Behavior of Some Amino Acids During Roasting of Proteina-
Foods, Ann. Nutr Aliment. (French), Vol. 21, pp. 129=147, 1967.



Peptide linkage
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Table 3—5 Oligomeric Food Proteins

Molecular
Protein Weight (d) Subunits
Lactoglobulin 35,000 2
Hemoglobin 64,500 4
Avidin 68,300 4
Lipoxygenase 108,000 2
Tyrosinase 128,000 4
Lactate 140,000 4
dehydrogenase
7S soy protein 200,000 9
Invertase 210,000 4
Catalase 232,000 4
Collagen 300,000 3
11S soy protein 350,000 12
Legumin 360,000 6
Myosin 475,000 6



' Table 3—4 Bond Energies of the Bonds Involved
"~ In Protein Structure

Bond Energy”™

Bond (kcal/mole)
Covalent C-C 83
Covalent S-S 50
Hydrogen bond 3—7

lonic electrostatic bond 3-7
Hydrophobic bond 3-5

Van der Waals bond 12

*These refer to free energy required to break the
bonds: in the case of a hydrophobic bond, the free
energy required to unfold a nonpolar side chain from
the interior of the molecule into the agqueous medium.



Table 3-12 Functional Properties of Food Proteins

Genaral Property Functional Criteria

Organaleptic Color, flavor, odor

Kinasthetic Texture, mouth feel, smoothness, grittiness, turbidity

Hydration Solubility, wettability, water absorption, swelling, thickening, gelling, syneresis,
viscosity

Surface Emulsification, foaming (aeration, whipping), film formation

Rinding Lipid-binding, flavor-binding

Structural Elasticity, cohesiveness, chewiness, adhesion, network cross-binding, aggre-
gation, dough lormation, texturizability, liber formation, extrudability

Rheclogical Viscosity, gelation

Enzymatic Coagulation (rennet), tenderization (papain), mellowing [“proleinases”)

‘Blendability™ Complementarity (wheal-soy, gluten-casein)

Anticoddant Off-flavor prevention (fluid emulsions)

Source. From J.E. Kinsella, Structure and Functional Properties of Food Prolsns, in Food Profens, PF. Fox an
<. Congon, &ds., 1982, Applied Science Publishers,



Table 3-13 Functional Properties of Proleins in Food Systems

Emﬁnna.' Property Modda of Action Food Systam

Solubiity Protein solvation Beverages

Mater absorption and  Hydrogen bonding of waler, Meal, sausages, bread, cakes

.-" bincling entrapment of water (no drip)

Visgemity Thickoning; water binding Soups. gravias

Gelation Protein acts as adhesive material  Meat, sausages, baked goods, pasta

L products

Elasticity Hydrophaobie banding in ghuten; Maats, bakery products
disulfide links in gels

on Formation and stabilization of lal Sausages, bologna, soup, cakes

mulsion

4 absorption Binding of free fal
-binding Adsorption, ontrapment, releass

Forms stable films 1o entrap gas

; Condon, ads., 1982, Appliad Science Publishers.

Meals, sausages, doughnuts

Simulated meats, bakery products,
B,

Whipped loppings, chiffon, dessarts,
angal cakes

Source: From JLE, Kinsalln, Structure and Funchional Properties of Food Prolaing, in Food Prodeins, PF Fox and



Properties affecting functionality

 Amphoteric — act like either an acid or
base. Resist small changes in pH

* |soelectric point — pH at which overall
charge is 0. Precipitate out. Molecules that
repel each other (carry like charge) and
form stable dispersion in water. Dairy
product (lactic acid/cottage cheese, curd)




Properties affecting functionality

« Water binding capacity-closer to IEP less ability
to bind water. Water maintains stability of protein
dispersion

 Salting in —solubilize protein in dilute salt
(myofibrillar proteins). Charged groups bind

cations/anions stronger than water, then form
hydration layer

« Salting out — high salt concentrations — precipitate
proteins. Problem with increased solute
concentration during freezing



3-14 Contrbution of Hycrophabicity, Charga Frequency, and Structural Parameters fo
nality of Proteins

Solubility - . -
Emulsification +8Ur () "
Foaming ot - +
Fat binding +5Ur (<) -
Water holding - ' 7
Heal coagulafion +lol = +
Dough making (+) - -

-+ posiive contribubon; ~: negative contribution; sur: surtace hydrophobicity; fot: total hydrophobleity; { ): contrib-
I & lesser extent.

Spuree: Maprinted with parmission from S, Nakai and W.D. Powrie, Medfication of Proteins for Funclional and
aitional Improvamants, Cerpals—Fanmwablo Resource, Theory and Practice, Y, Pomeranz and L. Munck, eds., p.
£ 1081, Amaican Associabon of Gareal Charmists.



Properties affecting functionality

« Denaturation — change in secondary,
tertiary or quaternary structure.

e Heat, pH, ionic strength change, freezing,
surface changes (mechanical — foam, dough
formation)

* Break hydrogen bonds and salt bridges.
Protein unfolds, expose ‘buried’ side chains



Properties affecting functionality

Amphiphilic- have hydrophobic and hydrophilic
sections. Emulsifiers (casein) and foaming agents
(albumin).

Gel forming abilities — heat set (gelatin, albumin,
whey)

Gelatin — heat set, thermoreversible, H bonded

Egg white — disulfide linkages and hydrophobic
Interactions

Gluten- disulfide linkages
Casein — ionic, hydrophobic and hydrophilic
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