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PROCESSING AND FUNCTIONAL PROPERTIES OF
BOVINE PLASMA

§. E. Hill

A powdered product that was light in colour and had no off
flavour or odour was made by the separation, ultrafiltration
and spray drying of bovine blood. To establish the variability
of the production methods samples were taken at stages during
processing. A one year stability trial on one batch of powder
was also done. Samples were analysed to indicate their physical
characteristics, approximate composition and microbiological
content. Model systems were established and used to assess the
functional properties of the powder. Ten bovine plasma powders
were produced with little indication of variation between batches.

The powder was stable.

Other protein products, to act as comparisons for the boviﬁe
plasma powders, were analysed by the same model systems. The
protein products used were other blood products, egg proteins,
vegetable proteins and a fish protein. The bovine plasma sample
has gelling, emulsification and fat absorbance properties equal
to, or better than, egg white. The bovine powder would foam and

was highly soluble in water at all pH valuwes.

Variations in the methodology used to establish vaiﬁeé fbr
emulsi fication, foaming, gelation and fat absorbance were studied.
The effect of the salt and sugar concentration, the protein
concentration, temperature and pH were also éxamined. The results
showed that different metheds would give diverse numerical results.
Even slight differences, either physical or chemical, could radically

alter the results obtained for a functional property.

Keywords

Functionality, Processing, Bovine plasma, Emulsion, Foam, Gel,

Fat Absorbance
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CHAPTER 1

PROTEIN IN FOODS

1.1 Functionality

Foods are consumed to satiate hunger and to obtain essential
nutrients. However, as Young (1949) pointed out "although food
selections often are in accord with nutritional‘needs, the
correlation between need and acceptance is far from perfect. Food
acceptance is regulated by the characteristics of food object
{palatability)". 1t is the functional properties of the protein
that provide the .aesthetic appeal of many of the food systems. The
term functionality was defined by Pour-El in 1979 as: "any property
of a food or food ingredient except its nutritional ones that
affects its utilisation". This covers a wide range of properties

and some of the categories are listed in Figure 1.

Epstein (1967) went as far as to say that "Where food is
abundant and choice wide, man eats first for palatability and
only secondarily for nutritional benefit". It is therefore, not
surprising that the food industry is always seeking less expensive

proteins that possess a broad range of functional characteristics.

Proteins as dry powders have very little appeal to potential
users or consumers. It is necessary for the product to impart
desirable characteristics to the food system for its maximum
utilisation. The amount of protein used for its functional rather
than its nutritional value is thought to be 20% of the total food
protein. The type of functional property required in a protein or
a protein mix will vary with the food system, each food system
requiring different characteristics. Figure 2 gives examples of

the different types of properties that are required.



The factors that affect functionality are the factors that
affect the physico-chemical characteristics of the protein. Any
changes in the amino acid structure or the forces and bonds that
form the structure of the protein will change the functionality
of the protein. This alsc means that many of the processing

methods will influence the functional properties.

FIGURE 1

General Classes of Functional Properties of Proteins Important

in Food Applications*

General Property Specific Functional Term

Organoleptic Colour, flavour, odour, texture, mouth-

Kinesthetic . feel, smoothness, grittiness, turbidity,
ete,

Hydration Solubility, dispersibility, wettability,

water absorbance swelling, thickening,
gelling, rheological, water holding
capacity, synmeresis, viscosity,dough
formation etc.

Surface _ Emulsification, foaming, aeration
whipping, protein/lipid film formation,
lipid Binding, flavour binding,

stabilisation etec.

Structural Elasticity, grittiness, cochesion
Textural chewiness, viscosity, adhesion,
Rheological network cross-binding, aggregation

stickiness, gelation, dough formation,
texturizability, fibre formation,
extrudability, elasticity

Other VCompatibility with additives, enzymatic,

inertness, modification properties.

% from Kinsella (1976)



1,2 Measurement of Functionality

As functionality is such an important feature of the behaviour
of a protein it needs to be assessed and routinely monitored. However,
this is not a simple matter as pH, concentration, ionic medium, '
temperature, all affect the nature of the protein. Kimsella (1976)
stated that some systematic sequence of uniform testing to assess
the influence of the variable factors (preparation, processing
environment, concentration, additives, etc.) on protein functionality
should be established.

Functionality can be assessed by using Utility systems or
food tests. These evaluate the functional property in a system
that mimiecs a food preparation in all its particulars. Such systems
are time consuming, often use large quantities of material, are
difficult to quantify and only allow the assessment of gross changes,
making differentiation between similar products impossible. In a
Model system or Model test an evaluation of one or more functional
properties is assessed, it does not mimic completely the steps and
ingredients of an actual food preparation, (Pour-EIl, 1981).
Hermansson(1975) concluded that model systems, when properly used,
were important for the identification and estimation of relationships
and were useful as predictors of possible effects of added proteins
in processing. Yatsumatu (1972) also concluded that data from model
systems correlated well with the results obtained in utility tests,
However, Harper (1978) found disparity between the model test
results and the actual functionality of the protein in utility systems.
As model tests are carried out under different econditions it is not

possible to correlate results from different studies.

The development of standard tests seems well overdue, but it .
is not easy to define a methodology for a model system that is

suitable for the wide range of protein products and can be reproducgbly

used by all operators. Until standardized methods are adopted,



it would seem advisable to use a well characterized protein for

the comparative evaluation of functionality in novel proteins

(Wang, 1976). As the estimations can vary with a number of
parameters the use of more than onme control product would seem
beneficial, The estimation in a model test should correlate

well with the food system, but for final assessment of a functional
property the protein must be investigated in the processing procedure

that is to be used.

The use of model systems can be used not only for the
assessment of a protein’s likely behaviour in a complex food system,
but alsd for its routine monitoring. If a protein is to be of
use to the food industry the storage stability and the reproducibility
of the product must be known (Kinsella, 1976). As its most important
role in the system is its functiomality this has to be routinely
monitored with quick, reliable and indicative methods. Much work
on the use of novel proteins has used material from different sources

with no knowledge of the performance of the individual batches.

Some of the analysis that is required for the assessment of
a model system does not involve the measurement of functionality.
Chemical analysis for general composition, especially for protein
and moisture, are essential for the comprehension of the results of
the model tests. Physical analysis for size of particle, appearance,
and density will also aid in the interpretation of the results for

functionality.



FIGURE 2

Types of Food and Their Related Functionalities *

Type

Functionality

Beverages

Baked goods

Dairy substitutes

Egg substances

Meat emulsion products

Meat extenders

Soups and gravies

Topping

Whipped desserts

Solubility, grittiness, colour

Emulsification, complex formulation,
foaming, viscoelastic properties,
matrix and film formation, gelation,

hardness, absorption.

Gelation, coagulation, foaming, fat
holding capacity

Foaming, gelation

Emulsification, gelation, liquid holding
capacity, adhesion, cohesien,

absorption

Liquid holding capacity, hardness,

chewiness, cohesion, adhesion

Viscosity, emulsification, water

absorption
Foaming, emulsification

Foaming, gelation, emulsification

"% taken from Pour-E1l (1981)



1.3 Protein

In a food product it is the protein that coantributes the
functional properties. Any study on functionality is an
investigation of the action and reaction of the proteins in

different environments.

1.3.1 Protein Composition and Structure

All living things contain protein which is formed from
approximately 20 amino acids. The amino acids contain two
reactive groups, the a-carboxyl and a~amino and may have a
third groﬁp or side chain. Peptide linkages, between the
a-carboxyl and a-amino functions of adjacent amino acids, join
the aminc acids in a legion number of permutations and combinations
to form unbranched long chains. There is only one other type of
covalent linkage between amino acids and that is the disulphide
bond (S-8) cystine. It is the number, nature and sequence of the
amino acids in the peptide chain that is referred to as the primary

structure.

The secondary structure of a protein is determined by the
hydrogen bonding between the components of the primary chain.
These bonds can occur either between different peptide chains or
within one polypeptide chain. One of the simplest strwtures is

the helix.

The tertiary structure of a protein is defined as its total
.three-dimensional structure. This is the coiling of leng structures
to give a compact form. The formation of these tertiary structures
is believed to be very dependent on hydrogen bonds, but ionic
bonding and hydrophobic asscciation may also play a role. The
formation of disulphide bonds between two cysteine residues,

although forming part of the primary structure, may be thought of as



maintaining the tertiary structure of the protein. Bovine serum
albumin (66 K daltons) has 17 $-8 bonds (Kinsella, 1982). 1In

some proteins the disulphide bond cross~links between two separate
polypeptide chains (interchain) or between loops of a single chain
(intrachain). The tertiary structure is probably the most

thermodynamically stable shape.

Quaternary structure refers to how polypeptide chains of a
protein, having two or more chainé,have them arranged in relation
to each other. The forces maintaining the quaternary structure
are‘similar to those involved in the tertiary structure but the

association of the subunits is in general more flexible.

The term conformation is used to refer to the combined
secondary, tertiary and quaternary structure of protein. In
solution a globular protein probably has most of its non-polar
(hydrophobic) residues inside the molecules (to avoid contact with
the surrounding water) and most of its charged (hydrophilic) °
groups outside, in contact with the water. Polar, but unchérged
groups could be both inside and out, but probably hydrogen bonded
in either place to other parts of the protein or to water molecules
(Bigelow, 1967). In most native proteins, a few hydrophobic groups
remain at the molecular surface or in crevices, also hydrophobic

side chains can occur at the surface,

1.3.2 Denaturation

Treatment of protein with acids, bases, high concentrations
of salt or organic solvents, heat, radiation, ete,, cause the
high-order protein structures to be lost to a variable degree.
This process is termed denaturation, the secondary and tertiary
strﬁcture can be completely lost without breaking the primary

structure.

One of the most common methods for denaturing a protein is
by the application of heat, especially in the presence of moisture.
Bovine plasma is thought to start denaturing at about 55%¢

(Hermansson, 1983).



1.3.3 Salt Effects

Neutral salts are known to exert striking effects on the
stability of native globular and fibrillar structures., In low
concentration salts increase solubility of many proteins, a
phenomenon called salting in. If the jonic strength is increased
further the solubility decreases, salting out. It is possible to
arrange ions according to their effectiveness in salting out
proteins, this is called the Hofmeister or lyotrophic series. The
reaction to salt and concentration does .vary with the type of
protein being investigated, Three classes of protein were defined
by Shen (1981 ) depending on their behaviour to increasing salt
concentration., Shen (1981) also describes the Melander and
Horvath theory that accounts for the effects of neutral salts on
the electrostatic and hydrophobic interactions in the salting out

of protéins.

1.3.4 pH Effect

The titration of a single amino acid reveals two pK
(-log10 (acidity constant) ) values. For proteins the titration
curves are complex as there are large number of titratsble groups
present in each molecule. The value of pK for each of the
titratable groups of protein may vary by one ©Or more pH unit from

that for the simple amino acid (Mahler and Cordes, 1966).

The isoelectric point‘(pI) is the pH at which the mean charge
on the protein is zero and the protein fails to move in an electric
field. However, due to the ability of proteins to bind ions and
the alteration in pK due to ionic strength effects, the iscelectric
point 1s a function of the nature and concentration of the solutes
present, The solubility of most globular proteins is profoundly
altered by the pH of the system and the protein is least soluble
at its isoelectric point. At the pl there is no electrostatic

repulsion between neighbouring protein melecules and they tend to



coalesce and precipitate. Since different proteins have different
pI values they will have different solubilities over a range of

pH values,

1.3.5 Functional Properties and Protein Groups

Protein has been reported to be primary responsible for the
water absorption in protein rich powders, although other constituents
may have an effect. The water retention is related to the polar
groups, i.e. carbonyl, hydroxyl, amino, carboxyl, and sulphydryl
groups. Conformational changes in the protein structure can affect

the nature and availability of the hydration sites.

Correlations exist between the hydrophobic nature of a protein
and its ability to perform as a functional protein. Calculations
for average hydrophobicity of proteins, based on the polarity of
the constituent amino acids, have been proposed {reviewed by
Bigelow, 1967). However, the correlation betﬁeen the theoretical
hydrophobicity and the functional measurements were not good.
Keshaverz and Nakai (1979) proposed that "effective hydrophobicity"
should be measured as this would take into consideration the
flexibility and conformation of the protein molecule. They proposed
methods of hydrophobic partitioning and hydrophobic affinity
chromatography. Other workers (Sklar, Hudson and Simoni, 1977;
Nakai et al. 1980b) employed fluorescent probes to study the relation-
ship between hydrophobicity and functiomal properties. The ability
to disperse and to act as emulsifiers were related to the effective

hydrophobicity.

1.3.6 Proteins at Interfaces

A mixture of polar and nonpolar side chains causes proteins
to be concentrated at interfaces. The action of proteins at
interfaces has been reviewed by MacRitchie. ( 1978); Graham and

Phillips (1979); and Halling (1981). Properties of disperse systems
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e.g. foaming and emulsion formation, are dependent on the interface
and any action that affects the protein could change that ‘interface

and therefore the functional property.

1.4 Dietary Requirement for Protein

As well as being the main substance involved in functionality,
protein is also eaten to obtain essential nutrients. There is
no dietary requirement for protein per se, the requirement is
for the building materials to make protein. Proteins formed by
the body perform a number of roles including, structural components,
catalysts of chemical reactions, transport agents, hormonal

messengers, osmotic regulators, buffers, ete.

Dietary proteins, because of thewe* large molecule size, do
not cross the intestinal wall to any significant amount in the
adult. Denaturation of the protein molecule and some digestion
by the enzyme pepsin occurs in the stomach. The major site of
enzyme breakdown of the protein and protein digestion is in the

small intestine.

For protein synthesis to take place all the necessary elements
must be present. L-lysine, L-threonine, leucine, isoleucine,
valine, tryptophan, phenylanine and methionine are the essential
amino acids. The skeleton of an essential amino acid cannot be
synthesized by the body and must therefore be provided by the diet
(Freedland and Briggs, 1977). In the early stages of development, higher
animals may also require arginine and histidine. The quality of
a dietary protein can be estimated by how nearly its amino acid
profile matches the amino acid requirements. Martinez (1979)
suggested that nutritive value of a product should be included in
its functionality. During food preparation certain amino acids
may be destroyed or rendered unavailable, Lysine is particularly

subject to alteration during heating.
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CHAPTER 2

FUNCTIONAL PROPERTIES

2.1 Introduction

"No subject in the general area of food chemistry

and technology has suffered more from inconsistency,
confusion, and ambiguity than the field of functionality.
Even the term functionality often is applied indefinitely
to some related subjects. Until now, no rigorous
treatment of its coverage has emerged. Each researcher
and/or author has attempted to fit the name to his/her
current interests of work. The methodology has .not been
standardized; properties often are confused with each
other and very frequently wide conclusions are drawn

from data obtained by ad hoc assays of uncertain validity".

The above statement is the opening paragraph to the paper of
Pour-El at the 179th Meeting of the American Chemical Society,
Houston, Texas in 1980. It indicates the lack of standard methods,
the problems in defining the term functional property and the lack
of knowledge relating functional properties to structure and the

action of proteins in food systems.

Functional properties refer to the overall physical behaviour
or performance of proteins in foods and reflect interactions that
are influenced by protein composition, its structures, intermolecular
association(s) of protein(s) and other food ingredients and by the
nature of the environment in which these are measured (Kinsella,
1977). The types of functional properties and the foods in which
they can play an important role are given in Figure 2. They can

be grouped into broad categories given in Figure 1.

The functional properties most assessed for a protein are;
organoleptic quality, solubility, dispersibility, water absorbance,
viscosity, fat absorption, emulsification, ability to form foams

and the gelation characteristics.
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Circle (1950) first recognized the significance of functional
properties in novel proteins. Since then many workers (Briskey,
1970; Mattil, 1971; Hermansson, 1973; Kinsella, 1976; Betschart,
Fong and Hanamoto, 1979; Manak, Lawhorn and Lusus, 1980; Pour-El,
1981) have stated the need for standard tests for functional
measurement, however these standard methods are not yet available,.
The complexity, variability and range of food systems, the
digsimilarity of the proteins and their variable history makes

the development of standard tests for measuring specific functional

properties difficult,

Food systems are usually composed of several different
proteins, the solubility, isoelectric point, susceptibility to
denaturation of each protein being different. The functional
properties associated with certain preparations may not reflect
the properties of the heterogeneous mixture of proteins, but of
one of the c0mponentg. The literature is replete with papers on
the functionality of a wide range of proteins from various sources,
the review by Kinsella (1976) summarises much of the work. The
‘different systems used to assess the proteins make it difficult

to compare results obtained by different workers.

2.2 Organoleptic Properties

Colour, texture, flavour and odour are the key attributes
of a new protein that determine whether it can be used in a range

of products.

Colour, and other aspects of appearance influence food
appreciation and quality, especially by the consumer {Amerine,
Pangborn and Roessler, 1965). Colour is not just a physical property
of the object, it is a sensory property dependent on the physical
and psychological factors relating to that object. To define
colour three fundamental quantities: hue, purity and luminance,

nust be specified (Blouin, Zarins and Cherry, 1981).
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Texture 1is often one of the most important aspects of
food quality. The characteristic sense of feel of food products
is a composite property, related to the viscosity, elasticity and
other physical properties of food, but the relationship is complex.
Szczesniak (1963) classified texture into primary and secondary
characteristics. The description of the textural characteristics
perceived in a food product, the intensity of each and the order
in which they ares perceived is known as the Texture Profile
(Larmond, 1976a). Larmond (1976b) said that texture was perceived
in four stages: initial perception; initial perception on the palate;

during mastication and a residual masticatory impression.

The texture of a food product is closely related to its other
functional properties in a food system. Food which is processed,
so that it has lost the native structure, is often of a colloidal
nature in the forms of gels, emulsions and foams (Krog, 1976).
Flavour is often considered the most important property in the
determining of a foods acceptability (Kinsella, 1976; Amerine et al,
1965). As Brozek (1957) noted "flavour is a complex sensationm,
with taste, aroma and feeling as the three categories of the
components'. The flavour aspects of protein, whether of desirable
or undesirable nature, are influenced by factors which include
protein source, presence of contamimants of the protein itself,
processing and storage methods, and the presence of other foed
ingredients such as lipids. These factors are normally studied in
terms of off flavouring. Deterioration of flavour caused by an
oxidation of lipids is a general problem with protein concentrates
(.0ry and Angelo, 1975). 1In addition to having flavour, proteins

~will absorb and retain flavour components.

Cdours can attract or repel consumers and are therefore
important for the acceptance of a product. The sense of smell is
extraordinarily sensitive in differentiating odourous material.

Odour appears to have three elements the intensity, type and variety.
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The response to smell is so subjective that communication about

its quality is poor, even using forms of classification.
Measurement

Numerous visual, instrumental methods and colour scales
have been devised for the measurement and expression of the
three colour quantities necessary for colour determination. The
classification of texture characteristics was intended for both
instrumental and sensory measurement. Texture profile panels
can assess food products from the inmitial impression through
complete mastication and swallowing. Civille and Szczesniak
(1973) described the sensory techniques for the evaluation of

different textural characteristics.

The instrumental texture profile attempts to quantify as
many textural paramenters as possible, The Instron Universal
Testing machine will produce a force-distance curve and will
give values for hardness, cohesiveness, springiness; fracturability
and gumminess can be calculated. An example of the texture
profile obtained using an Instron machine is given in Figure 6. P35.
Individual methods are available for the measurement of factors

that make up the texture profile.

Objective and subjective tests are applied to indicate the
flavour of new products. Caul (1957) comprehensively reviewed
the methods for descriptive sensory analysis of flavours. Odours
cannot be measured quantitatively by the nose and their classification
is difficult. Some classifications for odours have been suggested,
but they are normally described in relation to one another. (see
Amerine, Pangborn and Roessler, 1965). Techniques for the sensory
evaluation of odours in food materials is reviewed by Stone,
Pangborn and Ough,(1965) The relation of odour quality to molecular
weight, volatility ° and chemical structure is an intimate one,
but no precise rules have been formulated (Amerine, Pangborn and

Roessler, 1965).
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Organoleptic qualities of products are often assessed in
Laboratory studies.With trained panels, well organised procedures
and correct statistical analysis, reproducable results can be
obtained. Consumer stﬁdies involving many people will indicate
acceptance and preference for food products. Clydesdale (1985)
pointed out that instrumental measurements, although an invaluable

aid, must correlate with what the sensory organ can perceive.

2.3 Solubility

Many of the important functional properties of food proteins
relate to protein-water interactions, i.e., solubility, viscosity,
gelation, foaming and emulsification. For this project solubility
is being defined as the amount of product that can be converted
into a liquid state. Many workers have only investigated the
protein in products for their solubility. The solubility is
very dependent on the prior treatment of the protein (Lawhon and
Cater, 1971; Betschart, 1974; Wu and 'Inglett, 1974; Tybor, Dill
and Landmann, 1975; Nakai et al, 19802). The extent of denaturation

- should be studied at more than one pH value (Lawhon and Cater, 1971).

Studies of pH and solubility have been carried out by Morr,
Swenson and Richter, 1973; Tybor, Dill and Landmann, 1973; Delaney,
Donnelly and Bender, 1975; De Vuono et al,‘1979; Wang and Kinsella,
1976; Hermansson and Tormberg, 1978; Betschart, Fong and Hanamoto,
1979; Burgess and Kelly, 1979; McWatters and Holmes, 1979a,b,c ;SchachteL
1981. The pH values used in production are also important for the
final solubility of the protein (Lawhon and Cater, 1971; Betschart,
. Fong and Hanamoto, 1979). The pH solubility profile is often the
first functional property measured, and it should be made at each

stage of preparation and processing (Kinsella, 1976).

Other parameters are also important for the solubility of
the protein products. The ionic concentration was found to be

relevant in the studies by Hang, Steinkraus and Hackler, 1970;
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Mattil, 1971; Betschart, 1974; Delaney, Donnelly and Bender,

1975; Wang and Kinsella, 1976; McWatters and Holmes, 1979a,b. The
type of ion in solution and the temperature of the solvent will
effect the solubility of a protein (Shen, 1981). Nakai et al
(1980a) demonstrated that anienic surfactants were effective in
making rape seed protein soluble. Tybor, Dill and Landmann
(1975)investigated the solubility of proteins when carbohydrates
were present. The protein concentration is another critical
factor for solubility (Hattil, 1971; Betschart, 1974; Wang and
Kinsella, 1976).

Several terms are used to discuss solubility!WSP = water-

soluble protein, WDP = water-dispersible protein, PDI = protein
dispersibility index,NSI = nitrogen solubility index. The latter
two parameters are commonly employed as the American 01l Chemists

Society (AOCS, 1980) official methods.

Much work has been done to improve the solubility of some
protein products. Partial hydrolysis, either chemically or
enzymatically of denatured protein aids in its solubility (Kinsella,
1976). Enzymatic treatment using protease, trypsin and pepsin
was found to be effective in :2 making . rape seed protein soluble |
while papain, bromelain and c-chymotrypsin were ineffective

(Nakai et al, 1980a).

NSI and PDI are often used as quality control tests in preparing
- products such as soy flours as there is some correlation between
solubility and functional properties.However, Wolfe and Cowan (1971)
pointed out that even if the solubility index figures were the same,
but the powders had been produced under different conditions, then

their functionality would probably not be ... equal.
Measurement

The official methods for the estimation of solubility, the

PDI and NSI, have been criticised because they are subject to
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several errors arising from the pH of the solvent, extraction
methods and prior treatment of the protein, ete. Descriptioms
of suitable methods to establish solubility are given by

Regenstein and Regenstein (1984).

In determining the solubility of plasma powder the amount of
protein varies, values of 0.2 to 27 have been used. There have been
differences in the medium of suspension and the time, temperature
and method of mixing. The manner in which the pH is altered varies,
some workers using dilute acidic and basic solutions, others more
concentrated., Buffers have also been used to establish the pH
value, Methods of centrifuging, the duration and speed add other
variables. The nitrogen estimation has been made on the pellet
. and the supernatent using micro-Kjeldahl. The supernatant has
also been assessed using the Biuret colour estimation. Estimations
on the total nitrogen and the protein nitrogen have been differentiated

in some cases.
"~ The most quoted method for the estimation of solubility was
that of Lawhon and Cater (1971), which they had based on the method

on that of Lyman, Chang and Couch, (1953).

2.4 Ability to Disperse

The rate and ease of a powder geing into sclution can be an
important feature . Different mixing methods and times being
required for powders to disperse in the aqueous medium and then
to dissolve. The ability to disperse is an investigation of the
dried product and its ability to absorb water to such a degree
that hydration can occur, Characteristics of the powder such as

formation of agglomerates, will be of conmsequence.
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Measurements

Some of the methods normally described for solubility and
water absorbance tests could be applied for an estimation of the

ability to disperse.

2.5 Water Absorbance

Most functional products are neither completely soluble nor
completely insoluble, and the food systems into which they are
incorporated are water swollen systems. The amino acid compesition

and the conformation of the protein will effect the water interaction.

Various terms are used to discuss the uptake of water.
Often the term used depends on the method by which it was estimated.
Terms used include: water binding, water absorption, water hydration
capacity, water holding and swelling. Some of the theory of water
sorption is given by Watt (1983) and the practical aﬁplications
for the food industry were reviewed by Gal (1983).

Measurements

Various methods have been described in the literature (see
Hutton and Campbell, 1981). Four general methods are used to
establish water absorption: relative hunidity; swelling; excess

water and water saturation methods.

2.6 Viscosity

The purpose of many food processes is to create structures
which give food its characteristic rheological properties. Many
proteins absorb water, swell and cause an increase in viscosity.
The thickening power of a product can be very important in such

items as soups, beverages and batters.
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Viscosity is the term used for liquids to define their
resistance to flow, and reflects the relationship between the
shearing stress and the rate of shear. For further details of
the. principles behind viscosity estimations see De Mann et al,
(1976), Flow properties are governed by the molecular size, shape,
charge, solubility and swelling capacity of the protein molecules
which are effected by the environmental conditions which can
include the temperature, pH, concentration, ionicity, and the previous

processing history of the protein.

Viscosity can be a useful index of structural changes in
proteins, and subsequently, of the hydrodynamic/rheological
properties of modified food proteins (Kinsella, 1976). The
denaturation of a protein has been followed by asséssing the viscosity
(Hermansson, 1983). Flow properties and viscosity of protein
dispersions can be of importance during processing. Viscosity of
- plasma during ultrafiltration was studied by Dobromirov (1979)

and Hurst (1980).
Measurement

Viscosities of protein solutions are usually studied using
standard capillary viscometers, such as the Ostwald, Cannon-Fenske
or Ubbelohde viscometers., Dispersions, slurries and pastes can be
assessed for viscosity by using rotational viscometers, the
Brookfield viscometer with the Helipath stand was used successfully

by Hermansson (l1975)in the study of the flow properties.

2.7 Fat Absorption

Of all the functional properties fat absorption has been
studied least, yet, it has a role in a wide variety of food systems
including meats, sausages and doughnuts., Bound fat 1s said to

improve mouthfeel, enhance flavour retention and also to improve



-20—-

the flavour carry over in simulated foods. The ability of a
protein to bind fat is particularly important for such applications
as meat replacers and extenders. A little underxstood phenbmenon
of decreased fat absorption has lead to soy flour being added to

- pancakes to prevent excessive fat absorption during cooking
(Wolfe and Cowan, 1971).

Fat absorption has been mainly attributed to the physical
entrapment of oil. It is known that the protein amount and source
effects the assimilation of fat, The primary protein structure
and that of the subunits will effect the binding of the lipid.

The forces involved in the fat sbsorption are the non-covalent
bonds, such as hydrophobic, electrostatic and hydrogen (Cornwell,
and Horrocks, 1964).

The amount of fat absorption is normally attributed to the
protein (Hutton, 1977) while Nath (1981) found that carbohydrate
inhibited . fat absorption. Several authors have investigated
the relationship between the amount of soluble protein, as compared
with the total protein, and fat absorption, but no correlation
can be found (Lin, 1974; Schachtel, 1981). As fat absorption
also relies on the physical entrapment of oil the characteristics
of the particles of powder should be relevant. Good correlations
between bulk density and ‘fat absorbance were established by Wang
and Kinsella (1976) and Schachtel (1981). The greater the bulk
density the less oil was absorbed. Jasmin (1983) showed that
fat absorption was also dependent on particle size. Hutton (1977)
also found that small soy particles absorbed more oil than the

large particles.

Measurements

The methods for the measurement of fat absorption have varied,
but most methods are based on that of Lin, Humbert and Sosulski
(1974). That method described the use of 0.5 g of sample mixed
with 3 ml of oil in a conical centrifuge tube. Sosulski et al
‘(1976) used increased volumes. The mixture was stirred for 1

minute with a brass wire and held for 30 minutes before centrifuging
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at 16lqg for 25 minutes. The volume of free oil was then read,

2.8 Emulsification

One of the primary functional requirements in several food
systems is the ability to form emulsions. An emulsion is defined
as a dispersion or suspension of two immiscible liquids. An
emulsion has three parts, One of which forms the continucus
or dispersion phase, one the discontinuous, dispersed or globular
phase and the third part is an adsorbed surfactant, The surfactant
or emulsifier stabilizes the dispersion of the two immiscible liquids
which would otherwise rapidly separate into two distinet phases
- upon standing. On shearing the liquids the emulsifier lowers the
surface tension of ome liquid which becomes the continuous phase.
The other substance will form globules which would readily coalesce
- except Efor the presence of the emulsifier, The surfactant must
contain hydrophilic and lipophilic portions which can orientate
and be selectively adsorbed at the globule/continuous phase
interface, thus preventing the globules coming into contact with
each other. Proteins form an important group of emulsifiers
because they are able to form mechanically strong monolayer films
at interfaces. The action of the protein in emulsions was reported

by MacRitchie (1978) and Graham and Phillips (1979).

- In time an emulsion will undergo processes which will result
in the separation of o0il and water phases. These processes include
. flocculation, coalescence, creaming and oiling-off and may occur
singly or in combination. Flocculation has been said to have
occurred when the emulsified droplets become associated in flges
without destruction of the individual droplets. When the walls of
the droplets are destroyed and larger drops are thus formed the
process is known as coalescence, When the dispersed phase is at
a lower density than the continuous phase creaming takes place, but

this is not flocculation.
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The theory of stability as a balance between forces of
attraction and repulsion was developed by Deragin and Landau,
Verwey and Overbeek and is commonly known as the DLVO theory.
The theory ascribes emulsion stability to a balance of attractive
Van der Waals forces and electrostatic repulsive forces. With
the emulsion being stable as long as the repulsive forces are
greater than the attractive. Electric charges on droplets in
emulsions can arise by ionization, absorption or frictional
contact. 1In the absence of emulsifiers only frictional contact
appears capable of charging droplets. The electrical charge
surrounding the globules provides a degree of stability by the

repulsive interaction of droplets possessing like charges.

There are a number of factors which influence the stability

of emulsions:-

Interfacial tension between the two phases.

Characteristics of the adsorbed film in the interface

.

. Magnitude of the electrical charge on the globules
Size and surface/volume ratio of the globules

Weight/volume ratio of dispersed and dispersion phases

[« NV B " I

. Viscosity of the dispersion phase

Measurements

There are a variety of tests for indicating the wvalue of a

protein in an emulsion.

©2.8.1 Emulsion Capacity (EC)

Emulsion capacity 1is the parameter most commonly estimated
in the various studies on o0il in water emulsions. When an aqueous
solution containing a protein is vigorously stirred while oil is added
an emulsion is formed., After a certain volume of o0il has been added,
the emulsion undergoes a sudden change referred to as inversion or
breaking. The EC gives the maximum amount of oil that is emulsified
before inversion, under specific conditions, by a standard amount

of protein and is normally expressed as the amount of oil emulsified
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by unit weight of protein. The system introduced by Swift,
Lockett and Fryer (1961), mixing oil with a protein until the
emulsion formed breaks, is the method most commonly adapted to

estimate EC.

There are. three indicators of the inversion of the emulsion,
the change in visual appearance, the sudden drop in viscosity
and a sudden increase in electrical resistance. The sudden drop
in viscosity which occurs as the emulsion collapses has been used
as the end point by many workers. However, the method requires
an experienced operator and is not applicable to emulsions of low
‘vigscosity (Swift, 1961). To aid in the visual detection of
breaking Marshall, Dutson and Carpenter (1975) added oil-red-0 to

the oil before mixing.

Webb et al (1970), Satterlee, Zachariah and Levin (1973) and Kato
et al (1985) investigated the sudden-increase in electrical resistance
as the oil phase became continuous for the objective determination

of end-points in emulsification. The perception of the drop in
amperage required to drive the mixing apparatus which occurs at the

breaking point has also been investigated (Crenwege et al, 1974).

2.8.2 0il Phase Volume (OPV)

When the maximum amount of o0il is incorporated into an oil
in water emulsion, theoretically the addition of more oil would
form a water in o0il system. According to Ostwalds geometric
phase theory the critical value for inversion, if the droplets
are spherical, is 0.74 (dispersed phase/total volume) (Halling,
1981). Different techniques and stabilizers for emulsifying can
induce deformation of the spheres producing polyhedra droplets
and/or heterogen®us sizes for the droplets. Emulsions have been

prepared containing up to 997 internal phase (Becher, 1964).
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Acton and Saffle (1972) reported a narrow range of oil
phase volume values when the protein concentrations widely differed
and .suggested that emulsifying capacity expressed in "oil phase
volume" would minimize the variations caused by protein concentration

and allow results to be compared.

2.8.3 Emulsion Stability (ES)

. Different procedures have been used to measure emulsion
stability, but it is commonly measured in terms of the oil
and/or cream separating from an emulsion during a certain period

of time at a stated temperature and gravitational field.

Some methods(Inklaar and Fortuin, 1969; Yatsumatsu et al,
1972; Hutton and'Campbell,.1977; Betschart, Fong and Hanamoto,
1979; Schachtel, 1981) are based on taking an aliquot of emulsion
before it breaks and heating it (up to 90°C) and centrifuging the
sample. Tornberg and Hermansson (1977) realizing that to be able
to measure oil release from an emulsion only weak or centrifuged
emulsions could be studied, developed a creaming stability test
which was based on the percentage change of fat in the lower portion
‘of an emulsion after mild centrifugaﬁion.' Only low viscosity
emulsions were used. Other workers have used this method (Hayes,
Stanaghan and Dunkerley, 1979; Yamauchi et al, 1980).Kato et al,
(1985)maintained that a value "for emulsion stability could be
extrapolated from the reciprocal of the initial slope of the
electrical conductivity curve for an emulsion after it is mixed.
‘Pearce and Kinsella (1978) proposed a turbimetric method for the

determination of emulsion stability.

2.8.4 Emulsifying Activity (EA)

Emulsifying activity is said to reflect the ability of the
protein to aid formation and stabilization of newly created
emulsions (Ivey, Webb and Jones, 1970). EA is measured by

determining the particle size distribution of the dispersed phase.
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This can be done by microscopy, Coulter Counting or by
spectroturbidity estimations (Walstra,Outwijn and de Graaf,
1969). This work was taken further by Pearce and Kinsella (1978)

where they defined an emulsifying activity index (EAI).

Emulsifying aé®ivity has also been used in other contexts.
Kato et al (1985) defined emulsion activity of proteins as the
difference between the conductivity of the protein solution and
the minimum conductivity of the emulsion during homogenization
for 1 minute. The idea of EA as an indication of emulsion capacity
of protein was developed by Yatsumatsu et al (1972), but the
method is the same as for emulsion stability except no heat is

involved.

2.8.5 Measurement of Droplet Size

A direct approach in the evaluation of the emulsifying
properties of a system is by measuring the individual droplets.
Microscopy can be used to follow the variation in droplet size

with time due to coalescence in a protein stabilized emulsien.

The normal method for protein size estimation by microscopy
is to dilute the emulsion with a solution that will gel. A
thin film is formed on a slide and covered, a haemocytometer cell
can be used (Walstra, 1968; Howell, 1981).  The size of the
globules can then be estimated. Walstra (1969) concluded that
microscopic counting and measurement was difficult {(mainly due
to the poor detection of small globules), tedious and time
consuming and the results showed poor reproducibility. Fluorescence
microscopy was considered slightly preferable and a Coulter Counter,
used for a limited size range, could determine globule size and

size distributions with good replication and little bias.
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The method most favoured by workers to estimate globule
size distribution of o0il in water emulsions is by spectro-
turbidity. The emulsion can be regarded, in its light
scattering behaviour, as a collection of spheres that fulfills
the conditions of the Mie theory (Walstra, 1968). In the method
of Walstra (1968) the optical density of the emulsiomns is
measured at several wavelengths and using data on concentration
and reflective -indices a specific turbidity spectrum is calculated
and plotted. This is compared with theoretical spectra that are

computed for assumed globule size distributioms.

Pearce and Kinsella (1978} defined an EAI which had units
of area of interface stabilized per unit weight of protein and
was estimated from the turbidity of the emulsion at a wavelength
of 500 nm. Ivey, Webb and Jones (1970} used the term IFT, which
is an approximation for the hydrated Interfacial Film Thickness
and is dependent on the diameter of the droplets.They found that

the stability of emulsions was related to the IFT.

2.8.6 Other Methods

Other techniques to study the role of proteins as emulsifiers
-~ have been described by Cante, Franzen and Saleeb (1979). These
include microtechniques, aimed at single interfaces (film balance)
and double interfaces (tensiolaminometry), to macrotechniques aimed
at gross emulsions (microcalorimetry, electrophoresis, pulsed NMR

and microwave irradiation).

2.9 Foam Formation

Angel cakes, sponges, soufflés, whipped toppings, meringues,
fudges all incorporate a gas into their matrix to produce the light

texture required. The ability of a protein to stabilize a foam,
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which is a mixture of gas bubbles in a 1liquid, is an important
functional property. Like emulsions a foam is a disperse system
with the liquid as the continuous phase and the gas bubbles as the
disperse phase. Proteins tend to accumulate at the air/water
interface. At low phase volumes the bubbles of air are spherical,
but at high phase volumes the bubbles are distorted into polyhedra.
The continuous phase liquid separating the faces of the two adjacent
polyhedra are known as 'lamella' while the thicker channels where

three lamellae meet are known as plateau borders. (see Figure 3)

Figure 3 Structure of High Phase Volume Foam
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Cumper in 1954 described adsorption of protein at air/water interfaces

occurring in three main stages.

1. Diffusion of the native globular molecules to the interface
and the adsorption.

2. Uncoiling of the polypeptide chains at the interface
(surface denaturation).

3. Aggregation of the surface denatured protein into a coagulum

largely devoid of surface activity.

Figure -4.gives the sequence of events occurring during foam
formation and coalescence. The stability and elasticity of the
protein film around the air bubble depend on the degree of denaturation

of the protein. Too much denaturation gives a fragile film structure

and the foam will collapse.

A foam is a dynamic multiphase system stabilized by a protein
which lowers the surface tension of the disperse phase and forms

the cohesion and elasticity of a film at the interface. The action
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Figure 4.

Sequence of Events occurring during Foam Formation and Coalescence®

1. Denaturation: uncoiling of protein polypeptides,
2. Adsorptiom: formation of a monolayer or film of denatured

protein at the surface of the colloidal solutiom.

3. Entrapment: surrounding of gas at the interface by the film
: : and formation of bubbles.

4. Repair: continued adsorption or formation of a second
~ : monolayer around the bubbles to replace coagulated
regions of the film.

5. Contact: protein films of adjacent bubbles come in contact
and prevent flow of the liquid.

6. Coagulation: interacting forces between polypeptides increase
causing protein aggregation and weakening of the
surface film followed by bursting of the bubble;
weakening of the film also occurs when the Repair
step ceases because of a deficieney of denatured
protein. '
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of the protein at the interface is reported by Halling (1981).

Measurements

Like the other functional properties there is no standard method
for the estimation of the foaming ability of a protein. Workers
measure whippability or foamability using a variety of methods

each measuring different parameters under variocus conditions.

2.9.1 Foam Production

There have been three main methods for the creation of a
foam:- bubbling/sparging, whipping/beating and shaking. Sparging
~.produces foams of uniform small bubbles from little protein,

Foam formation with shaking tends to be slow and depends on the
frequency, amplitude, volume and shape of the container and the
properties of the liquid. Whipping is the method most commonly
used and can be carried out with a variety of devices that
vigorously agitates a liquid and its interface with the bulk phase.
-~Each bubble as it is formed remains subject to severe mechanical
stress throughout the residuval whipping ‘time, and could be broken up
to form bubbles of smaller sizes. In foam formation an excess |
. of the dispersedphase is normally available and measurements are
not normally made until the foam has separated as a layer. This
layer will have a high disperse phase volume and the bubbles will

o therefore be distorted from the spherical form.

Halling (1981) reports that there have been no systematic
studies of feoams produced from the same protein solutions by different
methods, However, the widely differing amounts of protein required-
for the bubbling and whipping methods and the varying stability
data would indicate that foam is markedly affected by the method

of formation.

2.9.2 Parameters

Volume

Estimations are based on a variety of ways to measure volume.
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Section 5.5gives the measurements and definitions used in this
study, the same terms have been used for different values by
some workers. Foam volume is often called foam expansion.
Bubbling methods have been used to measure 'dynamic foam lifetime"
and for studies of the lifetime of individual bubbles (Bickerman
et al, 1953). The term "Foaming Power" was used by Kitabatake
and Doi (1982) to express the ratio of gas volume to liquid volume
in the foam. Photographic methods have alsc been employed to

investigate bubble size.

Stability

The most fundamental method for the measurement of foam
staBility is that which follows the change in surface area of
foam with time. However, the two most common measurements of
foam stability are the assessment of leakage or syneresis i.e.
measurement of liquid drained from foam, and the dec¢rease in

volume of the foam column,

Clarke and Blackman (1948) investigated the loss of light
on transmission through a layer of foam and found that a method
could be developed to indicate rate of change of bubble size.
Also, continuous measurement of electrical conductivity to estimate

the foam stability has been investigated(Clarke and Blackman, 1948).

Other estimations

Many workers have investigated foam strength or stiffness.
The estimations have been made using: Brookfield viscometers,
rate of fall of a perforated weight, penetration by a cone or

the ability to support a series of specific weights.

Surface tension has been monitored as foaming is dependent
on the surfactant properties of a protein to lower the interfacial

tension. Ki.tabatake and Doi (1982) found that foaming power correlated
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well with the rate constant of surface tension decay of protein
solutions., The viscosity of the protein solution also plays a
role in the stability of a foam and therefore workers have
measured viscosity of the protein solution before whipping and

of the drained solution. The density of foam has also been
estimated in some studies., The amount of time required to produce
a foam has also been used for the assessment of the foaming

properties of a protein,

2.9.3 Angel Cake Preparations

Some studies (MacDonnell et al,1955; De Vilbiss, 1974) have
used an Angel cake preparation, a Utility test, for the estimation
of a protein's functional properties. ~Although the model systems
indicate foam volume and foam stability the preparation of a true
food product does show other requirements. The foam must be
strong enough to support the weight of the flour, bubbles in the
foam must be elastic and the foam must set on heating (West and

Weir, 1979).

MacDonneli et al (1955) reported that damaged egg whites would
produce cakes of optimum volume at different stages of foam
stiffness and therefore specific gravitities of meringues could

not be substituted for cake volume in assessing the protein.
2,10 Gelation

' The structure, mechanical properties and sensory quality of
foods are closely related. The ability of a protein to form a
gel is an important functional property, as it adds bite and
texture in such products as baked goods, processed meats, sausages,
some confectionery products and some oriental textured foods e.g.

tofu.
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Gelation is said to have occurred when a small amount of solid
is dispersed in a relatively large amount of solvent, usually
water, by the property of mechanical rigidity. The gel is characterized
by relative high viscosity, plasticity, elasticity and yield values
(Paul and Palmer, 1972), The theoretical definition of the protein
gel was given by Schmidt (1981) and states that gelation may be
defined as a protein aggregation phenomenon in which attractive
and repulsive forces are so balanced that a well ordered tertiary
network or matrix is formed. If the forces are not quite balanced

a protein coagulum . may occur,

Stanley and Tung (1976) investigated various gels using an
electron microscope technique and found milk gels, egg white gels
and tofu were _ characterized by distinct particles joined through.
some cementing or connective material. Gelatin gels were formed
by thin compact sheets with warped surfaces. Macroscopically it
is hard to distinguish between a true gel and a coagulum (cogel).
Gel formation was said to have occurred in this study if solid
material, either a true gel or cogel, was observed after heating

a protein solution.

2.10.1 Theory of Gelation

Coagulation and geling can be brought about by heat, high
pressure, salts, acids, alkalies, alcohols or denaturing agents

such as urea.

Ferry (1948) studied gelation and came to the conclusion
that the three demensional network of fibrous proteins forming a
gel occurred by a two step procedure. Initially there must be a
denaturation of the protein causing it to unfold. This is followed
by an aggregation and association step which results in gel formation,
provided that the attractive forces and thermodynamic conditions
are suitable. The second step may be reversible and then the gel

is sald to be thermoset or reversible.
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For the formation of a highly ordered matrix, it is essential
that the first step proceeds at a faster rate than the aggregaﬁion
(Hermansson, 1978). In complex protein systems the aggregation
may occur more randomly and simultaneously with the unfolding step.
In these cases a cogel can be formed and this is made of strands
where spherical aggregated particles predominate as described by
the "string of beads'" model by Tombs (1970). This type of gel,
the cogel, is characterised by higher opacity, lower elasticity

and greater syneresis compared with more highly ordered gels.

2.10.2 Crosslinking

The characteristics of strength, elasticity and flow behaviour
of protein gels are affected by the fluidity of immobalized solvent
“-and by the intra and inter-strand crésslinking. The crosslinking

is due to non-covalent and covalent bonding.

Investigations of covalent bonding in heat induced gels
have primarily focused on the disulphide bridges. Heat treatment
¢can result in cleavage of existing disulphide bonds or by
participation of sulphydryl groups after unfolding of the protein.
Utsumi and Kinsella (1985) reported that hydrogen bonding and
disulphide bonds were important in maintaining soy protein isolate
"gels. Howell and Lawrie (1985) investigated plasma and egg
. albumen gels after chemical modification. They demonstrated that
gelation was predominantly caused by disulphide bonds. Hydrophobic
and hydrogen bonds were also of importance in the mechanism for

plasma gelation, but their action in the egg gels was different.

2.10.3 Factors Affecting Gels

Catsimpoolas (1971) studied the effect of the dielectric
constant of the medium in which the protein was dissolved. Some

of the changes in gelation were pronounced, however the ability
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of alcohols and glycols to unfold the protein may play an
important role in some gelation systems. The effects of
electrostatic charge, protein concentration, formation of di-
sulphide bonds and composition of the protein in gel formation

was reviewed by Gossett, Rizvi and Baker. (1984.

2.10.4 Description of a Gel

Many different parameters are required to characterize a
protein gel and some of the terminology in Figure 5 is used. |
Some of the terms can be interpreted from a force/distance curve
from the compression-measurements on a protein gel using the

Instron Universal Testing Machine, see Figure 6.
Hermansson (1982,a) studied the relationship between gel
hardness and water binding capacity of the gel and found that the

gel structure may affect texture and water binding quite differently.

2.10.5 Measurements

A gel can be characterised in a variety of ways: the ability
to hold water, gel strength, breaking‘strength, viscosity, the
melting point of reversible gels., resistance to penetrationm,
gravimetric analysis, study of structural changes, the appearance
and disappearance of different bands during electrophoresis.

-Some of these methods are reviewed by Gossett, Rizvi and Baker
(1984) and the paper includes a description of their nondestructive

technique involving the use of an electrobalance.

2.10.5.1 The Penetration Test

Bourne (1966) defined the term "Penetration Test' as a measure
of the depth of penetration of a punch inte a food under a comstant
force in a given time. The test was used initially as an empirical
indicator, but much work has been done to define the compression

coefficient and shear coefficient in a penetration test.
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Figure §

Relations between Textural Parameters and Popular Nomenclature*

Primary parameters Secondary parameters

Popular terms

Mechanical characteristics

Hardness
Cohegiveness Brittleness
Chewiness
~ dufminess
Viscosity
Elasticity
Adhesiveness

Geometrical characteristics

Particle size and shape

Particle shape and orientation

Other characteristies

Moisture content

Soft+firmrhard
Crumbly>Crunchy+brittle
Tender+chewy-tough

Short*mealy+pasty+gummy

Thin*viscous
Plasticoelastic

Sticky+tacky=+gooey

Gritty,grainy,coarse etc
Fibrous, cellular,

crystalline, ete,

Dry-moist+wet-+watery

Fat content Oiliness Oily
Greasiness Greasy
* Szezesniak (1963)
Figure 6 _ )
Texture Profile using the Instrom
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Tanaka (1971) used a cone-shaped probe to measure food
texture and equated the force on the cone, to the sum of the
plastic and viscous sample reactions. De Man (1976) said that °
in strongly bound networks the main factors in the penetration
were shear and flow. In the studies by Kalab (197la) a variation

of 3.3% for the penetration readings occurred.
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CHAPTER 3

PROCESSING BLOOD

3.1 Blood, a Source of Protein

There are 29 million cattle, sheep and pigs slaughtered
each year in the UK. This results in the production of
100000 tonnes of blood, equivalent to 7000 tonnes of high
. grade protein. Only 900 tonnes of blood is used for human
¢consumption, another 25000 tomnes is used in pet food manufacture.
Some 4000 tonnes is dried and sold as animal feeds while 19000
tonnes goes as fertilizers. The largest quantity of blood,
- 49000 tonnes is discarded into- the séwage system, causing serious
pollution problems. As Bates (1974) points out the recent
emphasis upon pollution abatement has dictated that formerly
‘accepted (or tolerated) food industry waste disposal practices
be drastically curtailed. The use of the blood for human food
consumption would therefore not only be utilizing a protein rich
source, but lessening the disposal problems of a polluting waste
product. This study deals with the processing of blood to produce

a plasma powder and the functiomal properties of that powder.

- The report written by Bright (1977) gives a survey on the
collection, processing and utilization.of blood. The main points

of interest for this project are:

‘a) : Most blood is treated as a waste product

b) Blood could be collected under conditions so that it is
suitable for human consumption

¢) Labelling laws allow blood/plasma to be used in meat
products

d} Blood has been utilized for many different processes,
but requires careful processing if it is to fulfill its

potential as a food product.



3.2 Blood

Blood is a highly specialised tissue containing several
types of cell suspended in a fluid medium called plasma. The
blood forms 87 of the total weight of the carcass. The red bleood
"cell fraction of bovine blood is approximately 28-38% by volume,
the total number oferytﬁrocytes'béing 5.0-9.0 * 10§/u1 The
total white blood cell count for healthy cattle is 4.0 - 10.0 *
103/u1.ﬂ’Plasma is mostly water with a variety of substances
~dissolved in it and plasma forms the medium of transportation

from one part of the body to another.

Plasma contains about 9% solids out of which 6-8%7 in cattle

" and-between 5 and 87 in pigs are protein (BCL, 1983). Approximately
0.9% of the solids are inorganic-salts, mostly sodium chloride,

but the cations potassium, calcium and magnesium are also present.
‘The electrolytic balance is maintained by bicarbonate, with
phosphate and sulphate ions also participating. Other constituents

in the plasma include cholesterol, glucose, urea and vitamins.

The plasma proteins can be divided into three main types;

- fibrinogen, albumin and globulin. Albumin and globulin consist

.of a group of proteins with similar electrical properties.
‘Fibrinogen, of molecular weight 330000 is the precursor of the
fibrin of the blood clot. If a blocd sample is allowed to coagulate,
the fibrinogen is used in the clot formation, the remaining fluid
“is serum, -The albumins, of molecular weight 68000 are either equal
to or lower than the globulin concentrations in porcine and cattle
samples.. The globulins are designated al, a2, B and y-globulins
and cover a wide range of molecular weights from 90000 to 1300000
or more, The proteins forming the groups within the globulins can

be further subdivided into a range of proteins.
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3.3 Examples of Processed Blood

Plasma can be successfully separated from whole blood and
the potential for this material was considered extensive by the
" meat product manufacturers for their open pack and canned products.
The use of plasma as a substitute for egg albumen in the baking
industry was shown to be feasible in Germany during World War II
(Akers 1973}. Halliday (1973) reports that since the second
World War sufficient interest was shown by the continental slaughter
houses  to establish a process system fﬁr the collection and separation
of whole blood. As the volume of plasma being utilised increased
‘the process was extended to concentrate the separated fractions,
. either by a form of spray drying or by roller drying. In some parts
- .of Europe 90% of the blood from cattle was being processed. Two
plants were in operation in Ireland for the production of blood

albumin, but no operational plants were established in the UK.

" In 1959, Brooks and Ratcliff investigated the storage of
- spray dried bovine plasma and found that it acquired a fishy flavour.
The frozen plasma did not become fishy. The trials incorporating
~some plasma instead of egg white into cakes and nougat produced
'a satisfactory product. However, it was concluded that concentrated
- 'plasma might not be acceptable as an extender for dried or fresh

egg white because of its pronounced red colour.

Whole blood was used by Vickery(1968) to produce a prbduct
-that was bland in taste and odour and -contained 90% protein. An
isolate that was light.tan in colour and contained 90% protein was
made by Pals (1970) from bovine plasma by spray dfying. In Texas
whole bovine blood was centrifuged and the resulting plasma spray
dried by Tybor, Dill and Landmann (1975). They found that the com-
- centrate contained 71% protein but, as sodium citrate had been
added as the anti coagulant, the salt content was high. The solubility
of the dried plasma was reduced but the incorporation of lactose
was said to improve this feature (Tybor et al, 1973). This product
was also used to make cakes and bread and low levels of its
substitd&on for egg white was found to be acceptable (Khan, Rooney

and Dill, 1979).
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Porcine plasma was concentrated by ultrafiltration and spray
dried in the study of Delaney, Donnelly and Bender (1975. The
solubility of the powder they obtained was compared with a non-
specified commercial product. The experimental product was more
soluble "than the commercial. This was thought to be due to the

differences in the drying conditions.

In Brazil a study on the functional properties of bovine blood
was undertaken by De Vuono et al,(1979). The product used was
separated by decantation followed by centrifugation, then freeze
dried.. In Chile an investigétion of animal blood as a source of
proteins was studied by Borghesi and del Aguirre (1980). The
‘acceptability of dried plasma in processed meat products produced
by Nakamura et al (1983) in Japan was dependent on the type of
dried plasma used. Other recent reports of workers producing a
--product from animal blood suitable for human consumption include
papers from Italy (Langhoff, 1980) Yugoslavia (Sabljak-Uglesic
and Prilika, 1979), France (Bailly, 1982) and Hungary (Kormendy,
1984). The problems of blood collection from abattoirs has been
discussed in papers by Bourgeois (1975), Poma (1981), Dehaumont
(1982) .and Fal and Illes (1984).

3.4 Powder Production

The processing of animal blood to form a stable dried product
.can ‘be divided into the -following stages: blood collection,
- separation of the plasma, concentration of the plasma and drying

of the plasma.

3.4.1 Microbiology

It is necessary to maintain a high level of hygiene throughout
the processing of the blood. Blood in its natural state is usually
sterile. The incidence of aerobic bacteria contaminating the plasma
is due to contamination during collection, processing and post

processing procedures (Tybor, 1975). The standard for the final
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product should be a total count of <104/g, a coliform count of
<10/g, a count for yeasts and moulds of <10/g and no indication

of salmonella ( Davis and MacDonald, 1953).

The conﬁitions of processing and storage of blood products
from the micreobiology of the product has been studied by Uchman,
Challaz and Pezacki (1980); Walkowiak (1980) and Suzuki and Shimizu
(1982).

3.4.2 Blood Collection

The plasma must be collected under sanitary conditioms if
the .product is to be used as a food. The majority of animals
are slaughtered by the use of the captive bolt. The blood is
.. then drained from the neck. This is best done using a hollow knife
system as described by Akers (1973).  In some systems the anti-
coagulant can be incorporated into the sticking knife. An anti-
" coagulant must be used if the fibrinogen and thrombin are not to
start forming c¢lots. Many materials are available and include
‘EDTA, heparin,.citrate and oxalates. ..The most common agent used
is sodium citrate.  Qther methods to stop clot interference are
defibrination, heat treatment, bubbling with ozone, treatment
with an electrical current and resolubilising the clot (Bright,

1977).

Blood is normally stored in small tanks containing blood
from a few animals, often five cattle or.twenty pigs (Akers, 1973).
If any of.the carcases ., are .rejected as unfit for human consumption
then' the blood recovered from the group of animals containing the
rejected one must be discarded. Plaschke and Biewald (1969) found
that cooling was necessary if the blood was not to be used soon
after collection. Some work on the stabilisation of whole blood
has been done, although this is normally only carried out when the

product is to go for animal feed.
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3.4.3 Separation of the Plasma

To obtain plasma the cellular constituents of the blood

- have to be removed.  Care must be taken not to lyse the red blood

cells during this process as the haemoglobin will form a continuous

" phase with the plasma and cannot be removed. The specific gravity

of cells is 1.08-1.09 and for plasma 1.027-1,034 (Johnson, 1974)

it is therefore not difficult to separate these two fractions by

‘centrifugal force. Centrifugation can be carried out with plate

type separators or with the newer form of continuous cylinder
machines. The newer equipment can cater for 1,000-2,000 litres

per hour and can be operated for a longer duration than the plate

‘type separators before being opened up for cleaning (Halliday, 1973).

3.4.4 Concentration

The liquid plasma is too dilute for some purposes at a protein

‘concentration -of 8-9% solids. Brooks and Ratcliff (1959) noted

that even egg white at 127 solids was not so useful for the sugar

.confectioner as dried egg.

A process 'used to concentrate the plasma is ultrafiltration
(UF). 1In UF a high enough pressure is applied against the osmotic
pressure,..occurring ‘across a membrane, so that molecules small
enough to pass through the membrane %o from the concentrated material
to the dilute, thus-causing further concentration. Ultrafiltration
separates relatively high moleculstweight solutes (moleculerweights
of 300 to 0.5 pm in diameter) from solvents (Michaels, 1968). The
high moleculasweight products do mot exert high osmotic pressure
and therefore low operating pressures can be used. Wong, Jelen
and Chong (1984) state that UF is an attractive process for the
preparation of blood protein concentrates because it is non-thermal
and non-chemical. Also the concentration, fractionation and
purification are carried out at the same time and the operational

costs are relatively low.



The structural and mechanical properties of blood and plasma
were investigated by Dobromirov (1979). The influence of these
properties on the ultrafiltration of bovine plasma was studied
by Eriksson and von Bockelmann (1975); Hurst (1980); Quaglia and
Tasselli (1980) and Wong, Jelen and Chong (1984).

3.4.5 Drying the Plasma

To maximise the storage and stability of plasma it must be
-in a solid form. Processes have been developed to dry blood
:products without too much denaturing of the protein and include:
. drying the protein in a hot air stream (Maeda, Nishijima and
- Nishijima,-1975); drying between two heated surfaces (Craven,
.1967); whole blood has been dried using air ring driers (Perry,

-1967); a method to dry plasma was established by Regal Foods, it

-+ involved drying the plasma on a bed of spheres at temperatures

not exceeding 50°¢ (Anon, 1974); fluidized bed drying for whole
blood has been used (Haughey, 1971). _Spray driers which have been
widely used to dry whole blood, plasma and plasma fractions, do

. not extensively denature the protein.

Spray drying is a process where a pumpable fluid is fed

©into a flow of hot air. The resulting rapid evaporation maintains

the low temperature of the spray droplets so. that heat sensitive
“products.can be dried without heat degradation (Masters and

Vastergaard, 1978). There are four process stages: atomization,

. spray/air contact, evaporation and separation of dry product from

.air. Each stage is carried out according to dryer design and operationm,
"and together with the physical and chemical properties of the feed

-determines the characteristics of the dried powder.

Plasma samples have also been obtained by freeze drying.
Solidification of plasma has also been achieved by various freezing
techniques. One method of processing is by freezing on a refrigerated
rotating drum, resulting in flakes about 3 mm thick which can be
packed into polythene bags and stored at -30°C (Halliday, 1973;

Akers, 1973). '
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3.4.6 Further Processing

Further process developments for animal blood for human
. consumption have also been investigated. Young and Lawrie (1974)
found that plasma could be spun to form a textured product. This

product may have been acceptable as a meat analogue.

3.5 Uses of Plasma as a Food Ingredient

Papers on the uses of animal blood in meat products have been
discussed .by numerous workers (Inklaar and Fortuin, 1969; Frentz
“and.Perron, 1971a,  1971b; Suter et al, 1976; Ranken, 1977; Hermannson,
1978; -Terrell et al, 1979; Wismer-Pederson, 1979; Pinel and Dorval,
1980; Zharinov et al, 1981).

There have. also been papers on the incorporation of blood
_products in bakery goods (Bates, Wu and Murphy, 1974; Khan, Rooney
and Dill, 1979; Johnson et al, 1979). Earlier descriptions on the
utilisation of animal blood are given in the report by Bright (1977)
and the thesis of Howell (1981).

3.6 Economics of Blood Processing

_. At the moment the blood from slaughtered animals mostly goes
to waste and the disposal is expensive. In many countries throughout
the world the production of dried products from blood has proved
_environmentally satisfactory, a source of protein and a profitable
exercise. If processing is to be profitable in the UK then the price
the dried product could command is of prime importance. The ability
to market the product as a functional material rather than for its

nutritional qualities is essential,

Labelling legislation may also play an important role in the
marketability and therefore the price a dried blood product can
command. At the moment plasma can be counted as "permitted offal',
(Food Standards Committee report on Offals in Meat Products, 1972).

This will aid its incorporation into meat products. However, if
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the product has to be declared on the labelling of non meat

products there could.be some .consumer resistance to its use.

Processing of blood would be a better proposition if the
whole of the blood could be utilised. It is the red cell
fraction that causes the greatest of pollution. Halliday, (1973)
reported that continental manufacturers would only sell dried
plasma if the less demanded red cell fraction was also bought. The
erythrocyte - . fraction may have to be decoloured before it is of

much use to the food manufacturers.

The capital investment to set up and run a plant for the
production of dried plasma could be repaid within three years
according to the costings of Sakellariou and Norwood (1982). Other
. ‘recent reports of processing plants-for the production of dried

- plasma seem to be show. economic viability (Petrovies, 1984).
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CHAPTER 4

OBJECTIVES OF RESEARCH

A valuable source of protein, blood, is being expensively
disposed of via the sewage system. Products containing plasma
are widely excepted in continental markets. However, for plasma
to command a high value it must be produced to a knowm quality,
must be easy to store, and exhibit properties that enhance food
systems. The plasma therefore, has to be dried and still retain

its fuectional characteristics.

Much work has been done drying plasma, but the studies have
concentrated on the mechanisms and economics of the processing.
The literature aboumds in ways to define functiocnality in many
.protein preducts, however, there are no definitive tests and
results can not be compared directly and often do not agree even

in the broadest terms.

The object of this work was to study systematically the
processing of plasma to establish if it can be made in a powder
form, in reproducible quality for its use in food manufacture.
The functional characteristics that the dried plasma could impart

to food systems were also to be ascertained.

Blood from the abattoir, plasma after separation, concentrated
‘ plasma and the final powder need assessing to ensure their
quality. The powder during production and storage should be evaluated
in case of wvariation. Enough samples should be analysed to establish

the deviation in product quality.

There are no standard tests for functional assessment. A

closer investigation of some of the proposed functional assays would
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be necessary to establish their suitability and reprodueibility
in assessing plasma powders. The functional properties to be
studied in detail are foaming, emulsion formation, fat binding

and gelling.

As funectionality is difficult to define other protein powders
need to be assessed under the same conditions so that direct
comparisons can be made. The action of the assay procedure needs

-to be understood so that reasonable interpretation of the results

is possible.



CHAPTER 5
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CHAPTER 5

METHODS

.5.1 Preparation of Bovine Plasma Powders (BPP)

The processing of fresh blood to a dried powder was normally
carried out within one working day. This was to ensure that the
BPP was as free as possible from contamination and products of

degradation.

Blood Collection

- Bovine blood was collected from the slaughter house of

.W.. &.-J.. Parker Limited, Leicester. Churns, 50.litre capacity,

-containing 3.75 Kg of sodium citrate dissolved in 500 ml distilled

water were prepared for blood collection. As the cattle were

.hung and bled, the blood was allowed to flow into the churns. The

anticoagulant at a final concentration of 7.5% w/v stopped blood

- clotting, : The blood: was .taken to the :laboratory as soon as possible

after collection.

Blood Centrifugation

. The.blood. was .removed from the churns and filtered through

a2 lmm nylon mesh sieve to ensure removal of any extraneous material,

or any clots which might have formed. The blood from all the churus

.. . were mixed together in a polypropylene container fitted with a lid.
. The container had an outlet at-the base and was connected via a

_peristaltic pump to the top of the separater, an Alfa-Laval type

BPB-204A~11 continuous disc centrifuge. Before commencing the

work the apparatus was thoroughly cleaned and the discs of the
centrifﬁge autoclaved, The maximum speed of the centrifuge was

8000 r.p.m. and had a capacity of 150 1l/hr. When the plasma appeared
to contain no haemoglobin it was collected into clean churns and

the red cell fraction was discarded.
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Ultrafiltration (UF)

Ultrafiltration of plasma was carried out on two systems.
For the initial powders the Paterson-Candy International (P.C.I.)
reverse osmosis-ultrafiltration unit using a tubular membrane
was used, see Figure 7. The membranes used in this system were of
cellulose . acetate type T5/A and had a nominal 95% cut-off of 20,000
molecular weight. The stated maximum feed pressure was 10.0 Kg.cm-2
and the maximum temperature was 50°C. The feed temperature used
was 35°C and the feed rate was 13.5 1/min. Further information
on running and cleaning the P.C.I. system is given in the thesis

of Hurst (1980). The concentration took approximately 4 hours.

For the later plasma samples the ultrafiltration apparatus
was the DDS RO-System, illustrated in Figure 7. The membranes
were the laboratory unit UF 36-2-25, with a membrane area of

2

2.25 m", The temperature was maintained at 30°C. To concentrate

501 plasma at 10%Z solids to 207% solids took approximately 2 hours.

Spray Drying

The spray dryer used (manufactured by Spray Processes Ltd
86 Bunyan Road, Kempston, Beds) was model number 3-8 and is
illustrated in Figure 8. The concentrated plasma was pumped into
a pneumatic nozzle which atomized the product, in the drying
chamber the hot air, temperature approximately 170-190°¢, met  with
the droplets and the drying occurred. The dried powder was
separated from the out going air, at a temperature of apﬁroximately
70-80°C, in the cyclone. The dried product collected in a glass

or stainless steel vessel,

The regulation of the temperature of inpit .and output was
normally done manually , but a computerised program was available
so that the operating variables could be adjusted to maintain the
temperatures at a given value. Detailed operation of the spray
dryer, routine cleaning procedures and unblocking of the nozzle

are detailed by Tan and Wallwork (1982).
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Storage

-The product was stored in glass or plastic air tight

containers. Storage was at room temperature in the dark.

~ 5.2 Other Protein Powders

.Other Plasma or Sera powders. produced under the conditions used

at Loughborough University of Technology (LUT)

During this study other products have been made, using similar
procedures to that described for the production of the plasma

powders. The products were:

.. BPfU.....Bovine plasma: .frozen at another:laboratory and then brought
to LUT. The thawed plasma was concentrated using the DDS

ultrafiltration system.

BS....... Bovine sera used for powder. production, using DDS UF.
. .BP/M.....Bovine plasma was processed by the Milk Marketing Board

under the conditions normally used at LUT.

bP/0.....Blood taken from young cattle fed on barley. The plasma
was separated and frozen in another Laboratory before

. beiﬁg further processed at LUT using the DDS UF.

PP/0.....Porcine plasma, separated and.frozen in another laboratory.
Brought to LUT for further processing under normal conditions,
using the DDS UF.

PP/F8....Porcine plasma, separated and the blood clotting factor
‘No. VIII was removed by Speywood Laboratories. The plasma
was frozen and removed for further processing at LUT,

using DDS UF.



Protein Powders associated with blood

“ RBC.....Spray dried red blood cells. ..The RBC cobtained after the
separation of plasma for powder No. 13.

BCHy....Blood cell hydrolysate, obtained from Novo Industries Ltd,
2b Thames Avenue, Windsor, Berks.

AlbFV...Bovine albumin fraction V, by Cohn fractiomation.

ool . Obtained from Sigma, No. A-4503 lot No. 97C-0184,

" AlbFib..Plasma obtained by drying on a bed of spheres produced

by Fibrisol Service Limited, Colville Road London W3 B8TE.

- Proteins obtained from animal waste products

. Leoll..Lencoll, Code .5240-beef RefKL/142, produced from collagen
by Lensfield Products Ltd., Maulden Road, Flitwick, Bedford
Lsol...Lensol, Code 4230-beef RefKL/3, produced from a spray dried
.. beef marrow bone stock by Lensfield Products.
Alo....Alomine-042, a spray dried isolate of meat proteins.
- :Produced by Vaessen-Schoemaker, Deventer, Holland.

- Alo/P. A°50/50 mix of plasma powder No.8 and the alomine powder (Alo)

Egg products

EggP...Egg albumen powder, obtained from Fisons Scientific Apparatus,
Loughborough; Leics. Code A/1280, batch No. 52,
- EggF...Egg albumen in a flaked form, obtained from BDH Chemicals Ltd
_ " Poole, Dorset. 'Product No. 33007, batch 611977u; |
Eggli..Liquid egg white obtained by the separation of whole fresh

egzs, The eggs used were Golden Lay, size 3.

Dairy products

Cas....Casein, soluble light white, obtained from BDH Product No.
44016, batch 251 4780.

Whey...Whey powder, Ref. 1009, obtained from Dairy Crest Creameries,
Milk Marketing Board, Mellor , Marchwil, Wrexham, Clwyd
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Lact....Lactein 75, obtained from Dairy Crest Whey Division,

Milk Marketing Beard, Thames Ditton, Surrey.

Sova products

SoyI....Soya Isolate, Ref FP 900, obtained from Lucas Food
Ingredients, Bristol, Somerset.
. SoyF....Soyolk, a fully cooked soya flour from Soya Foods Ltd

"Cambridge Road, Barking, Essex.

Other protein isolates

- Hap.....A powder obtained from hydrolysed fish, haplochromis.
The sample used was UC55 15.12.83, see Ssali (1984)

5.3 Other materials

The oil used for this étudy was Mazola corn oil from CPK
(UK) Ltd. Claygate House, Esher, Surrey. Analysis of the fatty
acid content of the o0il indicated 57% linoleic, 30% oleic, 2%

stearic acid and 11% palmitic.
* “Chemicals used were of analytical grade unless stated otherwise,.

5.4 Analytical Methods

~ ~ For the assessment of a product during processing and to
“evaluate its potential use as food ingredient many assays are
required. The parameters assessed in this study include the

estimation of:-

Haemoglobin....Colour determination in ammonia hydroxide., Evelyn, (1936).
Bilirubin...... Based on method of Jendrassik, (1936).
Boehringer kit Cat. No. 123919.
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pH........Using . a Pye Unicam PW 9418 pH meter.
Total protein Kjeldahl estimation, Pearson (1976).
~Protein...Bromocresol. green assay, Doumas and Biggs (1972).
..~ Moisture..Drying to constant weight at 85°.
- Total lipids. Colour determination with wvanillin, using
Boehringer kit Cat. No. 124303,
Calcium...Colour determination with o-cresolphthalein complexone,
using Boehringer kit Cat. No. 204382,
“Salt,:..,.Using Mohr's method with silver nitrate, Bulcher and
Nutten, (1960).
" Ash.......Heating at 550°C until "constant wgight, Lees, (1975).
e o270 2 Bulk-.Density. A tap bulk density,-using a cylinder filled with
powder, lifted to a height of 3 cm and then allowed to
- eee— e drop,; thus: causing compaction of the powder. Readings
" were taken at constant volume,
Specific Gravity. The mass of liquid at .a known volume was recorded
- and the value divided by the weight of water at that
volume. Determinations were carried out at 20°C.
Particle Size. Estimation using the Malvern 2200/3300 Particle sizer,
| . lens size normally 100 mm. ' The standard procedure as used
N ... -7 . by.the Particle Sizing Laboratory at LUT was followed. In
the calculation of the data three values (L PS, S§ PS, and

D 50) were recorded.

- -LPS = largest particle size, 957 by weight of powder having
- a smaller particle size.
8PS = smallest particle size, 5% by weight of powder having
a smaller particle size.
D 50 = average particle size, 507 by weight of powder having
- a smaller particle size.
Microbiology. Total viable count (TVC), pour plate technique, using
dilutions in peptone and agar No. 3 with Lab lemco powder,

incubation at 30°C for 3 days.
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5.5 Fwnctional Methods

As stated throughout this study one of the greatest difficulties

in assessing functionality is the lack of authorized methods. Small

. alterations in .the apparatus or method of assessment can make

significant differences to the wvalues obtained, thus making inter-

pretation of results difficult. It is for this reason that the
methodology used to assess functionality for this study is given in
some detail ‘and procedures hawe been followed exactly unless stated

otherwise. Some of the effects caused by variations to the method

‘are discussed in Chapter 7.

Procedure for making plasma solutions

The correct amount of powdet¥ was weighed out and a volume,

-approximately 75% of -the amount of solution required, of distilled
-water was added.... After an initial mix with a spatula the mixture

"'was stirred with-a magnetic bar ‘at a rate to cause agitation, but

not to form froth. A spatula was used to break up any agglomerates

every 20 minutes and complete solution was normally completed after

-1 hour. The solution was washed into a measuring cylinder and made

‘up to the mark with distilled water.

. .Procedure for the estimation of Insoluble Material

APPARATUS

Plastic Universal containers

Centrifuge, B & T MKIV with swing out head of radius 14 cm

METHOD

-1. "..Prepare a 107 (W/V) solution of the product and place a 20 ml

aliquot into the Universal, .centrifuge at 3000 rpm (141lg) for 5
minutes.

2. Pour off the supernatent and resuspend the pellet in 20 ml
distilled water. Respin the sample and repeat the washing procedure.
3. Wash the pellet into a dish and dry to constant weight (see

procedure for moisture).
CALCULATION

20 ml of solution preoduced a pellet of weight P
The Z of insoluble product = 50 * P (7)
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.Procedure for the estimation of Colour of Powder and Solution

APPARATUS

Plastic Universal containers
Colour Chart: Carsons colours (1983) from Carson Hadfields 131
Western Road Mitcham Surrey CR4 3YQ

METHOD
POWDER

. A comparison was made between the powder and the colours on the
.Carsons” colour chart. To -get the best match the powder was placed
..-on: top-of the colours which look most suitable for a final decision

to be made.
SOLUTIONS

A 10% (W/V) solution of the powder was prepared. An aliquot was
put into a plastic Universal bottle that had a clean white label.
- The solution was then viewed with the label furthest away from
the eye. The Universal was held against the chart for a decision’

on the closest colour match,.
CALCULATION

To try and give numerical values to the colours a panel of staff
were asked to rank the colours into order. They were asked to
place, at position, 1, the colour which was '"blandest, lightest

and least likely to effect an overall colour of a wide range of
food products'". The darkest colours, therefore, having the highest

values.
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Procedure for the estimation of Ability to Disperse

APPARATUS

Orbital shaker, conical flasks 250 ml, centrifuge, drying

overn.
METHOD

~1l.-A 100 ml aliquot of water was placed in each conical flask.

A 10,00 g sample of the powder to be tested was weighed out into

a weighing boat.

2. . The powder was gently tapped from the boat onto the surface
of the water in the conical flask., The remaining powder, adhering

to the boat, was scraped into the flask.

3. - Taking care not to agitate the liquid, the flask was placed

into the orbital shaker.

4, The flasks were shaken at a speed 0f£200 rpm, at a temperature
of 30°C... After 1 hour a 25 ml aliquot was removed from the

flask and centrifugedot Vg fer Ssin

5. A 20 ml sample of the supernatant was dried to constant weight.

CALCULATION

Dissolved solids = weight of dried sample * 507
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Procedure for the estimation of Water Absorbance

APPARATUS
- 10 cm diameter pyrex dishes, chromatography tank with shelf
METHOD

1. Prepare sulphuric acid at a density of 1.20, this will

give a relative humidity of 80.5 %
2, ~Estimation of Water Absorbance

Add approximately 10g of powder to pyrex dish and place
‘'digshes into tank and seal 1id. After five days remove dish
and weigh, return to tank. . Repeat weighing daily until constant

weights have been achieved.

CALCULATION

Weight of dish - - =D

Weight of dish and powder =D+ P
Weight of dish and "wet" powder =D + (P+W)

Water Absorbance = W/P * 100 ml of water/100 g powder
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Procedure for the estimation of Viscosity

APPARATUS

" Ostwald viscometer, size C

- 10% solution, of known Specific Gravity, of test material

METHOD

A 10% solution of the material tnder test was prepared and

. . . . o]
used.in. the viscometer. The viscosity was measured at 20°C.

CALCULATION

> .Viscosity c¢p - =.(Specific gravity * flow time solution)/

(Specific gravity * flow time water )

. Procedure for the estimation of Fat Absorbance

APPARATUS

100 ml beakers, internal diameter 49mm

Silica glass test tubes, internal diameter l4mm

- Centrifuge B & T mk IV.with swing out head of radius ldmm

METHOD

-1l....The capacity of the test tubes was estimated so that the

height in mm could be calculated as a volume.

2. The specific gravity of the corn oil and of the homogenous

corn oil/powder mixture was established,

3. Corn o0il (20 ml) was added to 2g of powder.
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4., The powder and oil were mixed together using a Silverson

‘homogenizer or by mixing with a glass rod.

5, -Immediately after homogenizing aliquots of the mixture
were removed using a 10 . ml glass pipette. The mixture was

-blown out from the pipette into a glass test tube.

6. The test tubes were then left for a period of between 10
to 20 minutes before they were centrifuged at 1411 g for 5

minutes.

7. The height in mm of each layer was noted. The heights
.were estimated at four positions around the tube and the values

averaged.
CALCULATICN

1. By calculating the amount of bound oil in ml and the
actual weight of powder in the tube, the amount of oil absorbed
by 1 g of powder was estimated.  Also, the % of the total volume

each layer represented.

2. The fat absorbance was given in some cases as a %. The %
was calculated by multiplying the values of ml oil/g sample by
100 * specific gravity of the oil.

" Procedure for the estimation of an Emulsion

APPARATUS

Silverson Mixer model L2R serial no. L2R 4297, with 3/4 inch
disintegrating head.

250 ml plastiec beakers
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METHOD

1. A 2% (w/¥ solution of bovine.plasma was prepared and the

specific gravity of the solution was noted.

T2, To'a 25 ml aliquot of the plasma solution was added 80 ml of
corn oil. The addition was achieved by adding the correct weight

of oil.

3. The oil and.protein solution were mixed together for two

minutes using the Silverson at half maximum speed. The mixing

- probe of the Silverson had to be moved about within the emulsion

to ensure homogeneity.

-Procedure for the estimation of Emulsion Capacity

APPARATUS

"LKB varioperpex peristaltic pump

100 ml plastic beaker
METHOD

1. An emulsion was formed by the method described in the

standard procedure. for the formation of an emulsion.

~2. A 25 g sample of the emulsion was placed in a 100 ml

plastic beaker.

3. The Peristaltic pump was set up to deliver o0il at the

mixing head of the Silverson at a rate of 5 ml per minute.

4. All tubing to deliver the o0il to the emulsion was filled
with oil. The container, full of oil, which was to be used as

the pump feed was weighed.
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5.- The emulsion was mixed using the Silverson at half maximum

speed for half a minute then the pump was started.

"6, Moving the mixing probe within the emulsion a close visual

examination of the emulsion was made.

- 7. _.When the nature of the emulsion changed, as marked by

decreased homogeneity and loss of viscosity the pump was stopped.

8. The oil feed container was reweighed and therefore the

~weight of ¢il-required to break the 25g of emulsion could be

calculated.

.9. .  The results were._extrapolated to calculate the weight of

0il required to break the emulsion formed by 1 g of powder under

the above conditions.

_Procedure for the estimation of Qil Phase Volume

METHOD

1. .. The emulsion capacity as estimated in the standard procedure

was found.
2. The specific gravity of the o0il was noted.

3. The amount of protein and water in each emulsion at the

break point was noted.

4, The oil phase volume was calculated from the ratio of oil
at the point where the emulsion breaks compared to the total

volume of emulsion.
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CALCULATION
If the standard procedure was followed the calculation was :~—
0il Phase Volume = (EC/0.916)/(50 + (EC/0.916))

where 0.916 = SG of o1l

50 -z water + powder volume

Procedure for the estimation of Emulsion Stability

APPARATUS

T .. ... Water bath TECAM TE tempette

- .. . Glass Universal - bottles {internal. diameter 2! mm) with metal
‘'gerew caps with rubber liners.

.. ~.Centrifuge, B &.T. MK IV with swing out head of radius lé4cm.
METHOD

1, An emulsion was formed by the standard procedure for the

formation of an emulsion.

- 2. Two separate 10g aliquots of the emulsion were put into

glass universals.

-.3.. The universals, well capped, were placed into a water bath

at 80°%c for one hour.

4.  The universals were allowed to stand at ambient temperature.

. One sample was left for 24 hours, the other for 14 days.

5. At the end of the standing period the universals were centrifuged

at 1411 g for 15 minutes.
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6. The weight 0f the free o0il which could be removed was

noted.

7. .The weight of o0il released divided by the original weight
0f 0il in the sample was calculated:.and the results expressed

- as a % oll released from the emulsion.

Procedure for thé estimation of Emulsion Viscosity

APPARATUS

- Hadke Rotovisco, RV2 with NV measuring system with the following

sensor factors.

© 500 DMK 50 DMK
A (dyne/cm2 scale grad) ' 16.2 1.67
G (ep/scale grad. min) 7299 30.9
METHOD
1. . An erwlsion was formed by the method-described in the standard
procedure.
2, A portion of the resulting emulsion was used to fill the

measuring head of the viscometer. All readings were taken at

ambient temperature.

3. The torsion spring was set at.50 or 500 (normally the 500

setting was used).

4, The scale readings were noted for a full range of rpm that

gave readings of >29 and less than 100.

5. The slope of the resulting graph of rpm versus scale

readings (shear stress) was used to calculate the wviscosity.

viscosity cp = G x shear stress
rpm
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Procedure for the estimation of Emulsion Turbidity and

- Emulsion Activity Index (EAI), R (an indication of globular

size) and N {an indication of number of globules)

APPARATUS

Pye ﬁnicam SP600 spectrophotometer
Kartell 1939 Metacrylate cells (UV), Hot air oven

METHOD

1. The standard procedure was followed to produce an emulsion.

-2.EJ“AZO;l%*(w/v)Asolution-of”ébdium dodecyl sulphate (SDS) was

-prepared in distilled water.

3. -1.00 g of emulsion was weighed into a 100 ml volumetric

flask and made up to volume with the 0,1% SDS.

4, .. One ml of the thoroughly mixed 1/100 dilution was added to

4 ml of 0.1% SDS and mixed to form a dilution of 1/500.

5. The absorbance of the 1/500. diluted emulsion was then determined

in a 1 cm pathlength cuvette at a wavelength of 500 nm."

6. - If the absorbance: reading exceeded 0.8 then the sample was

~diluted further and. the dilution factor allowed for in the

calculations.

7. The turbidity of the sample =

T = 2.303 * Absorbance/pathlength of cuvette
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EMULSION ACTIVITIY INDEX

8. The oil volume (OIL.V) was calculated by drying 5 g of

emulsion to constant weight at 105°C.

9. Parameters required:

D0 density of oil

,Dm . density of protein solution
© .. l.uEe.l _concentration of solutes; mass per unit mass solvent

C  Weight of protein per unit volume of aqueous phése.

Wi loss of weight of emulsion'on heating/weight of emulsion
. ' W, - dried weigh;/weight emulsion

.10, Calculation of the o0il wvolume fraction (OIL.V)

o
. 0IL.V wd E (wl)

Wd+(wl)(((1+E)Do)/Dm) - E)

for normal wvalues OIL.V =W, - 0.0204 (Wl)

d

Wd+(W1) * 0.9143
11. Calculate the EAI

EAI = 2 * Turbidity

OIL.V. * C

. EAT had units of area of interface stabilized per unit weight

of protein.
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12, Calculation of R
R = 3 OIL.v/2T
R is the volume/area mean radius of the dispersed particles.
13. Calculation of N
" am3 a g 2
N = 27°/(9 * 22/7 * (OIL.V)™)
N is the equivalent number density of particles (the
‘hypothetical number density of particles, all of radius R which
have the same T as that observed for the polydisperse system)

REFERENCES

Pearce and Kinsella (1978).

- Procedure for the estimation of Foaming Properties

APPARATUS

" 100 ml glass beaker ID 47.8 mm
100 ml plastic measuring cylinders ID 27.9 mm
Silverson mixer Model L2R Serial No. L2R 4297 with 3/4 inch

disintegrating head.

METHOD

1. A 2% (w/v) solution of bovine plasma was prepared.

2. A 50 ml aliquot of solution was placed in a glass beaker.
A stopwatch was started and the solution was mixed using the
Silverson for 2 minutes. The mixing probe was moved within the
solution and foam to allow . air to be freely incorporated

within the system.
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3. As soon as mixing had ceased the foam and solution was

carefully transferred into a plastic measuring cylinder.

4, At a time reading of 5 minutes, i.e. 5 minutes from the
start of mixing and 3 minutes since the end of agitation, the
total volume in the measuring cylinder was noted (€) and the volume

of foam (E).

5. Readings of foam volume were taken at 25 minutes and 60

minutes after start of mixing.
6. The estimation given in the table could then be made.
7. Often just the foam volumes and the % foam left after 55

minutes were used in evaluating data. The first figure being

the indication of volume the second showing stability.
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ESTIMATIONS MADE FOR FOAM PARAMETERS

COLUMN NAME
S L.VOL:A-
.- F.VOL.E

25.FVOL

60.FVOL-

JZL.TVVOL.C o T LT

--GAS.B

L.FOAM.D

OVERRUN

FOAM.P.V.
GAS.P.V,

FOAM.VOL

F25/5

F60/5

F 25/60

% foam left after 20 minutes

% foam left after 55 minutes

% Foam left after the last 35

minutes

A A | :\
i; o2 X s ' oo~
|— ’ I !?
s . .- % T
L g
N L | - - U A
. CoBh 2 -
. : t :
CL
. "
DESCRIPTION MEASUREMENT
S a CALCULATION
" Volume of starting liquid A
=(50 ml in standard procedure)
" Volume of foam after 5 minutes E
Volume of foam after 25 minutes E
Volume of foam after 60 minutes E
Total volume of dispersion at
5 min C
Volume of gas incorporated into
the dispersion C-A
Volume of liquid in foam E-B
- The ratio of gas incorporated
with the total volume (B/A)*100%
Foam phase volume B/E
Gas emulsion phase volme B/C
"~ Foam volume or foam expansion (E/A)Y*100%

25.FVOL*100
F.VOL.E.

F.VOL.E

. F25/5 *100
F60/5
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Procedure for the estimation of Gelation

APPARATUS

Glass universal, bottles with-:internal diameter 2lmm, with
metal screw caps with rubber liners. '

“Water bath, Tecam TE Templette

A Seta penetrometer by Stanhope Seta Limited, Surrey, England

mic - An aluminium cone (weight 4.19 g) made at LUT

©co o o .Gone used with the Seta Penetrometer

-~ ==t
’: ~ The cone was manufactured in
Linm
h workshops of LUT
i
v ”
L
- L wt, of plunger 47.50 g
T m e 1)~ wt. of cone 4,19 g
pY
onslg .0°

METHOD

GEL FORMATION
rvn s mmmmee ——- b+ - The dried plasma was:dissolved in-distilled water to achieve
the appropriate concentration. ..Normally concentrations of 10% and

9% w/v would be used.

2. 20 ml of the plasma solution was poured into glass universal

bottles,

3. The bottles were firmly capped.
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4, Thé rack of bottles-was put ‘into the water bath preheated
to the correct temperature.  For the standard estimations this
was 75 and 80°C.

..5,.. The . level of water.in .the bath must be sufficient to cover

the plasma solutions.

6. —After 30 minutes the racks were removed from the bath and

‘left at room temperature for 18-26 hours before measurement.
GEL MEASUREMENT

1. . The gels were.visually examined to ascertain the opacity and
if -they were solid enough for the bottle to be inverted without

movement of the gel.
2. .. .The aluminium cone:was fitted to the penetrometer.

3. The bottle containing the gel was placed on the penetrometer
so that the_cone and. plunger. could_enter the gel without fouling
the bottle.

4, The-height of the cone was -adjusted so that it had just

penetrdted the gel, The_cone and plunger were released for 8

seconds. - The 'depth, in -tenths—of-mm;-the cone had fallen was recorded. If
the cone reached the bottom of the gel the reading was recorded

as 400.

5.. -1f no gel was formed the ‘arbitrary figure to 600 was assigned
to the product. If movement occurred on inversion, the figure 500

was used to define it.
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5.6 Statistics

Some statistics for this study have been calculated using

- Minitab on. the Multics computing system. Details for the methods
of estimation are given in Ryan, Joiner and Ryan (1981). The term
coefficient of variation or relative standard deviation is used to
compare the precision of results over a wide range of values. F
distributions, as defined by Alder and Roessler (1972), were used
to establish variance. The variance of two samples are said to be

- homogerious. if the populations from which they are taken have identical

variances.
S Mean = arithmetic mean

- §.D. = standard deviation

T = Student's T-test value

P = probability

Corr = Correlation coefficient (Pearson product moment)
-CV = coefficient of variance = S.D. * 100/Mean %

F ”; é F value = S.D.aZ/S.D.b2
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CHAPTER 6

SRR PROCESS EVALUATION

Introduction

To fully utilize plasma as a food ingredient it should be

- processed to form a dry powder of wniform and predictable quality
In this chapter the analysis that took place to establish the
quality of powder produced for this 'study from bovine plasma is

discussed.

‘It was noted early in this project that the microbial content
- needed controlling -if.the product produced was to be suitable for
"hunan'consumption.'"Results~obtéined=during production of powder
.and on studies designed to look more closely at the micrebial

load are summarized in the initial section.

- Basic analysis of the constituents of the raw product,
plasma, -separated from the red blood cells by two different methods,
and plasma after concentration was carried out. Methods for
assessment of functional properties were developad and their
reproducibility using bovine plasma powder established. Ten powders
- were examined for proximate.composition and performance in the
functional tests. The variance between functional assay technique
and variance when that technique was applied to the ten different

‘powders was also established.

Functional and composition analysis were carried out during
spray drying and on storage of the powder for one year to ascertain
its wniformity and deterioration. As functional tests are not
standardized the assessment of other protein products as indicators
of performance is advisable. Results obtained from 23 protein

products are discussed. Correlation values between assays done
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on BPP and on assays for the other protein products as well as

BPP were established.

Many authors advise that solwility is the most important
feature when processing a fumctional protein therefore, a more
detailed examination of this property was wndertaken and is

described in section 6.1 0.

The final section describes the short investigation of the

structure of the protein after it had been dried.

6.1 MICROBIAL CONTENT - annendix 6.1

.~ The amownt of microbial contamination of fresh plasma was
high, the average cowmt of 163 x 103 being 30 times higher than
..that .acceptable -for ¥aw milk, Separation of the plasma from red
blood cells (RBC) did not alter the level of contamination. Total
- viable cowmts for red blood cell fractions were occasionally very
high, but there was no correlation between RBC counts and those

obtained from plasma.

Handling the plasma up to the UF stage did not increase the
cowmt, but after UF the cownts had risen and wvalues between 106
to 1010 per ml were obtained. If overnight storage occurred the
cowmnts again rose by a further 102. The process of spray drying
did reduce the wviable count to about the lewel obtained before
storage, but the microbial load in the powders was far too high.
Such powder products need a TVC of less than 105 per gram to be
suitable as a human food product. The average count obtained for
the powders in this study was 20 x 10S per gram; As more powders
were produced the amount of contamination increased, until it was
considered that after powder No. 11, with a count of 7 x 106,

the cownt must be reduced if meaningful results on the powder

were to be ¢obtained.
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To investigate the number of bacteria during UF, samples
were removed at 30 minute intervals over the four hours of
processing. The number of bacteria would be expected to increase
as water is removed from the plasma.- However, at the end of the

EERREE - .. run the number of contaminants rose sharply even compared with the
-.c7... . protein concentration. To try and reduce the contamination the
P.C.I. UF system was dismantled and cleéneﬁ very carefully,
- The difficulties in producing a hygienic environment became clear,
The machine had been adapted over a period of time with no
éonsideration for the microbial effects. After the UF apparatus
had been cleaned as well as possible powder No. 12 was produced
- .. ...and still the count was exceedingly high, 3 x 106 per g powder.
sreem —ene- AT further powder. was. prepared as the disturbance of the P.C.I. UF

system may have caused thé high cownts. The counts for powder No
13. produced one wéek after No. 12 was 4 x 105. At this point all
the powders were investigated for contamination by coliforms,
.staphylococci, salmonella and fungi. Of the nine powders examined
s ven oooewnc3.indicated coliform contamination, 8 staphylococei and 4 fungi.
No salmonella was foumd in the powders, but there was evidence of

contamination in the plasma and concentrated plasma.

‘The laboratory acquired a new ultrafiltration umit, the DDS
. . .. system which would concentrate the plasma more rapidly than the
- . P.C.I. equipment. Two samples, plasma BP/U and sera BS, were
obtained for processing and were concentrated using the DDS. The

4 and

microbial coumts for the plasma and sera powder were 2 x 10
3 104;respectively,-a“marked improvement on the values obtained
- ~before. As the studies for the furctional and other parameters
on plasma powder BP/U did not seem different from results obtained
from powders produced when using the P.C.I. it was decided to use
the new DDS apparatus for routine production. Plasma was collected
once again from Parker's of Leicestershire and a powder produced
using the DDS equipment. The powder so produced, No. 16 had cownts

S

of less than 10° and it was this powder that was considered suitable

for the stability trials.
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Blood used for this study is not collected wmnder ideal
- conditions. and the production area and apparatus is not dedicated
to the production of food stuffs for human consumption. However,
with care and ensuring that the processing of the plasma takes

‘less” than 14 hours a product with a viable cowmt of less than 105

per g can be produced.
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6.2 ANALYSIS OF PLASMA

Plasma on arrival

Whole blood "arrived in the laboratory in chuns. On ten
.occasions aliquots of blood were taken from the churns for assessment.
_ The whole blood was spun .in a B & T MKIV centrifuge,'at 1400 g for
- 5 minutes. The plasma was then:assayed for haemoglobin conté;t,
‘bilirubin, pH, total protein and ‘albumin, total solids, lipids and

nunber of bacteria.

Plasma after separation

_ Plasma samples were collected from the Alfa~Laval separétor.
. Twelve samples were assayed for the same parameters as for the

individual chwmns. In some cases the salt content was also assessed.

- Plasma after concentration

~ - Similar assays were carried out on concentrated plasma after

.the ultra filtration process,
- 6.2.1 Discussion - Appendik 6.2.1 and Figure 9

Plasma colour

The zmownt of haemoglobin and bilirubin were estimated in
the plasma. "Excess of-these teﬁrapyrroles, when processed,
produced a dark coloured powder. In all cases the bilirubin levels
were less than 0.87 (levels above this value are considered abnommal
for bovine samples (BCL, 1983)). .The haemoglobin levels were all
low, but levels abowe 17 in the original plasma must be considered
too high for the production of a satisfactory powder. No work has
been done to establish the exact levels of haemoglobin contamination

which will effect the other organoleptic qualities of the powder.
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A marked orange colouration was apparent in the bovine plasma on
occasions. The c¢olouration was found to be due to f-carotene,

isolated and measured according to Machlis and Torrey (1956).

Solids and Proteins

The plasma obtained had a solids content of 8.57 and the
- -~ protein was 7.8%. During ultrafiltration the solids content was
increased to 16.7% with the corré5ponding increase in protein content.

The albwin to globulin ratio was 1:1.04. The albumin in the

- 777l concentrated plamna‘could not be estimated by the normal procedure

* = . -as.the viscosity of the.plasma was-too.great. However, no protein

s wag. ever detected.in .the :filtrate indicating there was no leakage

‘of the protein through the membrane during ultrafiltration.

Lipids

The average pooled plasma had a lipid level of 339 mg/100 ml,
The lipid lewel in any of the individual plasma samples did not
-exceed 700 mg/100 ml. -These levels are below that in egg albumen

sanples.

pH
- _.The pH of the plasma .was approximately .7.8, there maybe a slight
- rise in pH dwring the separation stage. - The pH of the concentrated
plasma was again in the region of 7.8.The pH of the filtrate was
also established and was fownd to be the same as for the concentrated

plasma.

Salt content

The amount of salt was not estimated in all the samples, but
plasma had about 0.6 g/100 ml. The same concentration was fownd in
the concentrated plasma,.the rest of the salt being lost with the

filtrate.
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Figure 9

Mean and Standard Deviation for Assays on Plasma before the

'~-- Separator, after.the. Separator and at Concentration

- Individual .. . Plasma after Concentrat
Churns Separator Plasma
No. of samples assayed 10 ' 13 10
Haemoglobin g/100 ml 0.24 + 0.205 ..0.16 + 0.192 0.3% + 0.5
Bilirwbin g/100 ml -1 0.2 +0.07 0.5 + 0.19 0.7 + 0.41
Microbial Count 10°/ml 209 + 434 - 110 + 190 219639 +
S 5 x 10°
pB . 7.6 %001 7.8 + 0.3 7.7 + 0.64
Protein g/100 ml 8.2 +0.33 6.9 + 1.59 16.8 + 2.5
Albumin g/100 ml 3.8 + 0.34 3.9 +1.35 =
Total Solids. % - | 8.6 +0.25 8.5 + 0.49 16.7 + 3.0
lipids mg/100 ml 523 + 724 339 + 130 807 + 240
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6. 3 METHOD REPRODUCIBILITY FOR POWDERS - Figure 12 page 90

- Generally assays and functional tests used for the assessment

..0of BPP were adapted and designed for.this purpose. Their accuracy

was not determined by cross reference with other methods nor their
precision estimated using other powder products. The technical

deviation for the estimations on BPP were determined by assaying

"a well mixed combination of plasma powders at least 7 times on

-different. days using the same  procedure. The relative standard

deviation of the method was then estimated, results are given in

- Figure .12, The values for the analytical tests are all below 157

iexcept-for the calciim assay-at 167.  High:CV for total viable cownts

are -common due to the dilution factors involved., It must be

~ remembered that the assays are on powder and some accuracy is .lost

in the preparation of a:solution and/or sampling the heterogeneous

material.

The CV for the functional tests are below 157 for most of the

assays. There-are high variances for foam values as the foam

“collapses. Difficulties in measuring the height of an aged column

of foam-occur as collapse is.often-ragged with large gaps occurring

" in the- foam column,.-Emulsion.Stability.also shows great variance,

“but.this is due to the low amounts of oil being freed from the

emulsion. The estimations are given in percentage oil released,
these values are small and not accurately detemmined, thus causing

high standard deviation. The CV could be reduced if oil retained

.was -quoted instead of that released.

.Further studies with BPP in the functional tests of fat
absorbance , emulsion formation, foaming and gelation are given

in Chapter 7.
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6.4 -ASSAYS ON BOVINE PLASMA POWDERS

.Ten powders were made from bovine plasma during this study.

The processing conditions were similar for all the products

except that the DDS ultrafiltration system was used, instead of

. the”P.C.I};machine, for powder No. 16.
" 6.4.1 Discussion - Appendices 6.4.1 and Figures. 10 & 12

.Powder properties and organoleptic quality

- .. The bovine plasma produced at LUT was a light cream colour,

see Figure 10. - The powder was not very free flowing, but did not

- -raggregate. » Initially the powder-had a slight metallic odour,
~but-this quickly disappeared leaving only the slightest smell.

. 0dour would be apparent again if the powder was heated. The

flavour of the plasma was not very discernsble and not at all

mpleasant,

. The particle size of powder is.considered to be an important

_ -feature for its practical use and for its action in some of the

- functiondl tests. - Work of Cooper (1982) showed that the method of

preparation of dried products effected mouthfeel of biscuits. Bulk
density of a powder is an important factor for storage and handling

properties.

. As mentioned for plasma, colour was thought to be related to
the amount of haemoglobin or bilirwbin. The level of B-carotene

was also found to be an important feature. High colowur of powder

- No. 16 was due to the haemoglobin, but the characteristic bright

yellow of powders No. 8, 9, 10 and 11 was due to the carotene.
These products were produced in July and early August, and reflect
the fodder given to the cattle before slaughter. The coloration

did fade on standing.
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Figure 10.

Colour chart and powder

Chart used for colour coding of powders and solutions

Examples of powders

i -

12]
|

BPP No. 1
BPP No.ll
Porcine powder PP/0O

A
B
c
D

Egg powder, EggP
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-~ - Brooks and Ratcliffe (1959) found it impossible to obtain
large quantities of plasma :that were not turbid and reddish in
colour. - This haemoglobin contamination must have caused dis-~

"ecoloration  of the spray ‘dried product:—~ Other workers do not mention

wso:7zi thecolour of the product-they:produced.. The powder of Brooks and

Ratcliffe (1959) was also found to produce a fishy flavour after
storage. Masters and Vestergaard (1978) reported that there was no

odour problem with spray dried blood as long as it had not deteriorated

--biologically before drying.

. There are many reports of the organoleptic quality of products

- made incorporating plasma. ‘The acceptability or enhanced flavour

-. when using plasma, either as a fresh liquid or as a dried product,

vt Uriioonin ‘comminuted meat products is well established (see Bright, 1977).

" The "flavour of confectionery products with-plasma replacing a portion

- of the egg white would appear to be dependent on the product and the

source of the plasma. Khan, Roodey-and Dill (1979) found that 307

: plasma 707 egg could be used to produce Angel cake of acceptable if

» mot superior flavour and odour. Bates, Wu and Murphy (1974) hawve

- reported satisfactory .flavour and odour in breads containing plasma.

- Proximate Composition of BPP

;.- The powders were all dried wmtil no more than 8% of the wet
weight was dus to moisture. The.average solids content for the
powders was 94.57 with no powder laying .outside the + - 28D range.
‘Amownt of protein in the sample was estimated at between 75.7 and

81.57 with the average figure being 79.57 and again none lay outside

* the standard range. Amino acid analysis for the powders is given

- in Appendix 6.4.1b. Lipid content of the samples was in the range

3.52 to 9.237 and these wvalues are those that could be expected from
bovine plasma at this concentration (BCL, 1983). Salt content of

the plasma could be very.impdrtant in the action of some of the
functional tests. The total salt content can be high if UF is

not used to concentrate the plasma before drying and a salt preparation

has been used as the anticoagulant. The percentage salt in BPP
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ranged from 4.5 to 2.6%. The amount of calcium associated with

a functional protein can be. critical, e.g. in gelation. With the
-sequestration action of the anticoagulant, sodium citrate, the amount
" of calciwm in the powder could be different to that normally occurring
in the plasma. Therefore, the amount of this ion was estimated in
'the'powders._,The levels quoted for normal bovine plasma are 8f11 mg/
100 ml plasma (BCL, 1983) and the range of results obtained for the
powders was 55-178 mg/100 g powder.

Microbiology, ash content and water related parameters

.“L,V_Only:powder'IS_hadla=TVC of - less- than 105 per gram, The range

of cowmts obtained was 2 - 7220 x 103 per gram.

s:riorzAsh’content for the powders made at LUT did not exceed 5.617%.
':Theiperceﬁtage,of insoluble material. in the powders was very low

"and an awerage value of 0.2% was achieved. Plasma powder No. 16

had. a high valwe of 0.9%, no other powder exceeded 0.337%7. As solubility
is considered to be such an important property, and as it is said

“to vary with pH a further study on solwility is givén in Section 6.1G,
.Althowgh the figures for solubility showed the powder to be soluble

the ability to- hydrate, as measured by dispersion was not so good.
On;averégeionlylGZZ.oftthE“pOWder'is in.solution after 1 hour. The
~ability of the powder-to absorb watér under the conditions used

‘showed an uptake of about 15 ml of water per 100 g of powder.

- - Properties of a 107 solution

+' " Some Pparameters were estimated on a 107 sclution, this
concentration was used as it represented the type of concentration

found in the native plasma.

The colour of the solution was assessed, although the system
used did not allow for the cloudiness of some of the samples and
this could be an important factor. On the whole the solutions
were of similar hue. The colour, a cloudy brown/orange, was darker
than anticipated from the light colouration of the powder. It was

noticed that the colour was pH dependent.
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“The pH of the solution was estimated to be about 8.4 and

. the .range was from 3.0 to 9.1. The pH of plasma before

- processing and after concentration was 7.8. 1In the body pH

~-of: . .extracellular fluid is normally regulated with great precision
and is maintained at just above 7.4 (Whitby, Percy-Robb and Smith;
»1975)+ -Brooke and Ratcliffe '(1959) found an increase in the pH

of spray dried plasma and egg white and thought that the liquids
prior to-spray drying contained considerable amownts of dissolved
carbon:dioxide. During drying an equilibrium is reached with a
“"very small pressure of carbon dioxide in-.the air (about 0.0003 atm.)
and the subsequential loss of carbon dioxide from the drying product

increases the pH value.

. .The specific gravity.of a 107 sclution was estimated to be

«...between 1.02.and .1.03, with the average value being 1.027. The

‘. .viscosity of the solutions as méasured with the Ostwald Viscometer

showed that most solutions had a value of 2.4 cp with no value

‘lying outside the normal range.

Fat absorption

77+ :The most noticeable ‘e ffect when assaying for fat absorption

was the formation of two layers for the powder/oil mixture. One
. occurring at the top of the tube, the other at the base. The oil

in between was .relatively clear. No mention of the two layers has
.been. found in any of the references dealing with fat absorptien.

The average amount of fat absorbed was 1.36 g of 0il per g of powder.
‘The percentage volume of the top layer was 12.2% and that for the base
was 12.97% none of the results lie outside the + 25D range. In

detailed studies significant differences between the powders were

" established, but intrabatch differences could also be detected.

Emulsion Values

The values quoted in this part of the study relating to the

ability of the plasma powders to emulsify fat are the emulsion
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capacity, ‘emulsion stability after 24 hours and after 14 days,

.the viscosity of an emulsion and the oil phase volume.,

- The emulsion formed using 25 ml of 2% solution of plasma
“powder with.80 ml of o0il was light:cream in colour, had a creamy
_texture, was not shiny and was stiff enough to form peaks. The
.-values quoted for viscosity are not necessary correct as a viscometer
- with-a helical path was not available~at the outset of the study
- ~and the emulsion did not flow back into:the path of the cup on the
Haake Viscometer, - Using a Brookfield -synchroelectric viscometer,
model RVT,. speed 5 RPM and spindle A the viscosity of the emulsion
. was found to be 144000 ¢p and according to the scale of McWatters

and Cherry (1977) can be.classified. as.'very thick, mayonnaise like".

.~ The mean value for EC was 287 g of oil per g of protein as
.assessed by the standard procedure. The lowest value was 260 and
the highest 305. The results indicate the high stability of the

emulsion. The OPV was over 827 for all the powders.

Foam formation -

Foam formation was achieved using -a 27 (w/v) solution of the
plasma powder in distilled water. . The foam was of large bubble size
and slightly dark in colour. The average value for the amount of
foam formed wmder the standard procedure was 61 ml, this corresponds

. to a.foam expansion figure of 1227.° On average over 507 of the foam
- produced was present 60 minutes after mixing. The standard deviation
on the results showed a variance of 157 for the initial foam volumes

and a high deviation of 30% for the stability figure. The high
variations also occurred in the replicate assays for BPP. None of

the powder samples produced values which lay outside + 25D of the mean.
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To test the foaming ability of BPP the utility test of preparing

an Angel cake was conducted, see Figure 11. As flour was added

to the whisked BPP foam it decreased in volume, on cooking the cake
mix rises to a great height, but this is not maintained and sinking

occurs. The odour of the cooking cake was not pleasant. The final

- product had a satisfactory taste and smell, but was sticky and had-

a gumy mouthfeel. The cake formed wusing half egg white and half

" _BPP- did not have the qualities of the full egg product,

Gelation -+~ ...~

Gels strong enough- to support. the penetrometery come were

achieved for all the plasma powders at strengths and temperatures

~- gtated. in. the:standard. procedure.- The.gels formed were clear and

light . brown in colour. Heated at temperatures in excess of 100°¢

the gels will liquefy and reset on cooling, but their strength was

‘1ot so great as the original gel.

The gels were harder with increasing temperature and powder

- - strength. The range for the gel total score was 864 to 1201 1/10 mm

‘penetration. The values as agar equivalerits for the combinations of

. concentration and temperature are- Gl0Z80 = 1.05, G9780 = 0.60,

G107%Z75 = 0.75 and G%7Z75 = 0.557 agar.

6.5 VARIANCE OF RESULTS Figure 12

" The variances of two samples are said to be homogeneous 1f the

-populations from which the two samples are taken have identical

variances. If the: variance of the assay procedure and that of

"BPP samples are not different, it would indicate that the deviation

in assaying different BPP was not greater than that obtained for the
technical deviation of the assay procedure. F values were calculated
to establish if the variances of the assay procedures and the BPP

could be considered homogerfous,
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Statistically the variances of particle size, amount of
solids, calcium, ash, insoluble material, dispersion values, and
total viable count were not homogeneous at the 5%Z level. Viscosity,
fat absorbance, emulsion stability and some of the gelation values
had standard variations which indicated differences between the
technical deviation and that obtained for the powder at the 2.57
level. The foam and EC values showed no increased variation with
the different powders compared with the technical variation for

those assay procedures.

Some assays indicated that the variation in the results for
powders was higher than that due to technical deviation. In
other assay procedures there is just as much error in estimating
one powder as estimating different powders. On the whole the
powders made were similar and it would be difficult to detect
changes in the raw material or slight differences in the processing

using the analysis discussed.

Figure 11 - Angel Cake

A = 1007 BPP
= 507 BPP/507 Egg Albumen (EggP)
¢ = 100% EggP



FIGURE 12 - Assay on Bovine Plasma Powder and Coefficients of Variation of Assays
CODE ASSAY UNITS Mean sh Cv for Cv for
method powder
B.DEN Bulk density of the powder g/ml 0.404 0.0262 12 6
LPS Largest particle size i 55.5 18.2 8 33
SPS Smallest particle size u 2.6 0.3 4 12
D 50 PS Average particle size M 15.9 3.6 6 23
Pdr Col Powder Colour, code value - 5.5 4,1 - -
Solids Amount of solids 4 94.5 1.65 1 C 2
Protein Protein by Kjeldahl pA 79.5 1.57 5 2
Lipids Amount of lipid Z 5.99 2.18 12 36
S5ed. Cl Amount of salt A 3.3 0.82 11 25
Calc Amount of calcium mg/100g 16.5 23.0 16 139
Micro No of viable counts i03/g 004 2545 65 127
Ash Amount of ash 4 4,31 1.08 7 25 .
In Sol Ingsoluble material % 0.20 0.26 7 130
Disp Amount of powder going into sol. % 6.16 1.13 7 18
Wat_Abs Amount of water absorbed by powder ml/100 ¢  15.30 1.72 12 11
Sol Col Solution colour - 27 - - -
pll pit of 10% solution -' 8.4 0.31 2 4
Sp.G. Specific gravity of 10% solution g/ml 1.0268 0.0033 0. 0.3
Visc. Viscosity of 10% solution ' cp 2.413 0.161 3 7
Fat ml of oil absorbed per g powder m/g 1.356 0.230 8 17
Fat B % of the base layer 4 12.85 2.34 12 18
Fat T % of the top layer % .12,25 3.28 5 27
Em Cap Emulsion capacity : g.oil/g 287 12.3 5 4
Em S1 Amount of o0il released from emulsion after 24 hours Zooow 10.4 3.8 117 37
EM 514 Amount of oil released from emulsion after 14 days % 4.5 2.1 71 46
OPV 0il phase % 83.7 - - -
Foam 5H Volume of foam after 5 min ml 61 9.2 14 15
Foam 25M Volume of foam after 25 min ml 45 8.9 31 20
Foam 60M Volume of foam after 60 min ml. 32 12.9 48 40
F60/5 60 min vol/5 min vol x 10D T % 50.8 " 15.1 27 30
G 10% 80 depth of penetration in gel formed at 10%Z @ 80 1/10 mm 190 13.8 17 7
¢ 9% 80 depth of penetration in gel formed at 9% @ 80 " 1/10 mm 282 56..9 16 20
G 10% 75 depth of penetration in gel formed.at 10Z @.75 -~ 1/10 .om. .. 223 19.7 13 6
G 9% 75 depth of penetration in gel formed at 9% @ 75 1/10 mm 341 54.3 13 16
Tot, Gel Total penetration score o 1/10 am 935 304.0 10 33

-06-



_9 1-

:,6:6 POWDER UNIFORMITY DURING SPRAY DRYING

If a powder is to be used routinely in the food industry
© the powder provided must be of a congsistent quality. To ensure
" that the properties of BPP did not alter during spray drying
~.samples of. product were removed at intervals during processing.
A record of the inlet and outlet temperatwe was obtained at
four minute intervals, The computerized control was set at an
inlet temperature. of 180°C and outlet temperatwe of 75°C.
. After the required time interval the sides of the spray dryer were
'_4u_wm““.”;rappednand the container in which the-powder had accumulated was
removed. A clean container was immediately substituted and powder
" collection continued. -The powder in the bin was mixed well and
-7 an. aliquot removed for assay. Powder samples were obtained after

.. ~20,.40, 60, .80 100,.120; 150 and 180 minutes after the start of

v oreoer 0 -the spray drying.prbcess;;The;tota1=durétion for the &rying was

200 minutes.

- -When the 8 aliquots had been removed the rest of the powder
was transferred into a mixer with a screw type blade. The powder
- was gently mixed.for 30 minutes.  Five samples were taken from
this homoggnépls mixture and were used as controls for the other

samples,
6.6.1 Discussion See Appendices 6.6

During the spray drying process the atomiser on the spray
dryer became blocked on two occasions.- This resulted inm a sudden
lowering of the inlet temperature and a corregponding rise at

- . - the outlet., The samples that would be effected by this were
~~ samples taken after 120.and 150 minutes. Correlations between
sampling time and assay results were attempted. As a range of
temperatures were obtained at the inlet and outlet these were

also correlated against the assay results,
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Powder properties and organoleptic quality

~o.7+  There was no strong correlation between the time of sampling,
. “the inlet temperature and the outlet temperature for the particle
size ‘estimations. - A correlation of 0.774 was found between the
outlet temperature and the bulk density, but a graphical portrayal
(Appendix 6.6.b, 6.6.c) of the data indicates the small range of
;7. temperature variation that occurred at most time points. All the
powders were cream in colour -and no differences in hue could be

... detected:.. The samples-all tasted and smelt the same.

c"Proximate composition of the plasma powders

“eitte o v .._There was no indication-that the levels ofi moisture, protein,
22 1ipid, 'sodium.chloride and calcium were dependent of the length of
time of spray drying.  The inlet.and outlet temperature also did
-not effect these values, except that there was a correlation between
the temperature and the calciwum levels (Appendix 6.6.c). Most
“mr cLonoticeable was the very high (249 mg/100 g) level of calcium in the
.initial sample. WNo statistical difference between the means of the
‘samples taken-at various times during spray drying and the control

samples was found.

‘Microbiology, ash content and water related parameters

The assays for ash, dispersion and water absorbance were not
done in this study. ‘No variation in number of bacteria nor amount
=L . of insoluble material was found with time, inlet and outlet
temperature. It was noted that the amownt of insoluble material
cbtained with this preparation was greater than for other BPP.

No statistical differences were fownd between the samples taken at

different time points and the sample taken from the homogenous batch.

Properties of a 10% solution

The colour, pH, specific gravity and viscosity of the 107
solutions prepared from the different samples were all similar in

nature.
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Fat absorption

There was. little detectable-difference between the data
obtained from the samples taken during the drying and those taken
- from- the homogenous batch.” No correlation was obtained for fat

absorbance with duration or temperature of spray drying.

Emulsion values

In the study of emulsion formation no indication of the
vemulsion capacity.or 14 day stability could be related to the time
. the samples were: taken, or to the corresponding inlet or outlet

. temperatures, However, there was a statistical difference, p < 0.05,

- between- the mean. EC. values obtained for- the samples obtained from

..the bulk sampling and those collected at:specific times during the

ru.

Foam formation

... ... No. relationship was established between the foam values, time

-of sampling, or.outlet or inlet temperature.
Gelation

The gels made at 97 concentration at 809C and those made at
"107 concentration at YSOCQ'for the samples taken at the specific
.time points,.were found to be significantly different .from the
results obtained for the samples taken from the bulk powder. 1In
both cases the gels were less hard. For the gel total there was
no significant difference. The graph of total gel against time of
sampling (see Appendix 6.6¢) does seem to indicate an increase in

gel strength over the time 40 to 120 minutes.
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6.7 STABILITY OF BPP

For é.powder to be uwseful in the manufacturing of food
" products. the behaviour of the product must be predictable. A
powder's characteristic qualities must be stable with time.
.-+ Whether the functional.properties changed with the age of the
powder, was also important for the further inwvestigation of

methods for functionality.

-~ The powder used for the stability trial was No. 16 and was
- that produced.for the study of powder wmniformity, Secticn 6.6.
~:i ... . When the.powder had been mixed, samples were removed and placed
-in glass jars which were stored in the dark. At intervals over
'a.one.year.periodla jar would. be remoﬁed from storage and the
.. contents examined. for-the range- of properties normally assessed for
2. . ._BPP.’ The five samples:initially taken . from the homogeneous batch
were used to establish the first time point. After one year in
storage five samples were removed and assays performed on all five
samples. The differences between the initial values and those

. obtained. after one year were then examined.
'6.7.1 Discussion - Appendices 6.7

.Altogether.15 time points, plus the initial and one year
-  assays, were carried out on powder.No. 16. From week O to week
6 the assays were carried out weekly, then two weekly until week
o7 . 10,:then at.no longer time intervals than 4 weeks wntil the powder
was 30 weeks old. A time interval of 6 weeks was then used wntil
the powder was one year.old. The assessment of the powders over
such a time span also was an indication of how well the assay
procedures could be undertaken routinely and the precision of the
methods over a period of time. The results indicated that the
methods were practical for routine use and assays were reproducible

over a one year period.



The powder appeared to look; taste and smell the same at
the end of the study as it did at the start. There was a
significant difference between the bulk density of the powders
at the start and end of the study, but no indication that there
was an alteration during the one year pericd. There was an
indication of a reduction in awverage particle size for the year

old samples, but no trend was seen duwring the year (see Appendix 6.7.b).

The data do.. not indicate that the constituents of the
powder altered. There was no indication that the microbial quality
of the powder altered. A reduction in the amount of insoluble
material was found in the final samples, but no general change with
time was observed. The viscosity of a 107 solution of BPP was
higher at the end of the study than that at the start. Stability
of the foam may have been slightly improved with the ageing powder.
Samples at the start and end 6f the study differed from each other
in respect to values for EC, G9780 and G9Z75, but samples taken

during the study indicate no correlation with time.
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6.8 PROPERTIES OF PROTEIN PRODUCTS IN COMPARISON WITH BPP

To give an indication of the properties of BPP other protein

o..oi. .products were also assessed. The list of proteins is given in

section 5.2. Solutions of the proteins were made according to the
weight of powder, with no allowance” for the varying mmounts of

© . protein in the product. - Solutions were all made in distilled water
and no adjustment to pH was made. For the fresh egg white the

gently mixed albumen was used for-the 107 solution and this was

. --_.diluted,. one part egg white plus_four parts water for the use in

assays using a 27 solution.

The results -for the 23—pfotein-products tested were ranked
_so. the wvalues highgr and -lower than "the mean + 2 SD for the BPP

-~ were indicated, see Figure 13.
- 6.8.1 Discussion -.See Appendices 6.8 and Figure 13

. The proceduresused were those developed for use with bovine

'piasma and may not have given optimum values for the other protein
products. The studies in Chapter-7 indicate that values for
functional properties can not be simply calculated to give the
results for equivalent amownts of protein, the assays have to be
repeated using the correct amount of powder to achieve the same

-amount of protein as that occurring in the BPP samples,

. Powder properties and organoleptic quality

= -- -~ - -“The physical properties of the protein products differed

_... greatly. No product tested had. smaller particle size than the

. BPP, but most of the commercially available products had larger
average size. The flaked egg albumen was of far greater size
than the other products. The bulk density of most of the products
was greater than the BPP. Most products fell within the normal range
for the powder colour, except that the egg flake and most noticeably

the red blood cell product had higher colour values (see Figure 10).



" Proximate composition of the powders

The moisture content of all the solid products was low:, but

- -the .amount of protein they .contained ranged from 98.67% for lemsol

to 12.67 for whey. .The amino acid analysis of some of the powders
is given in Appendix 6.4.1.b. A range of lipid and salt contents

occurred in.-the protein products, some of the salt contents being

particularly high in the hydrolysed samples.

_Microbiology,; ash content-and water related parameters

The range: for the total viable count:.for the BPP was very great

. .with the higher values being unavceptable for a food product. The
- protein products were mostly free from-gross contamination except

" the plasma sample-of.Fibfisol-which‘had.1.46 X 106 viable organisms

per gram powder. - The ash content of .the_powders ranged from lower

“to higher than that of the BPP. High. ash values for the plasma

dried by Fibrisol, .the blood cell hydrolysate and whey were obtained.

--The solwility.of a protein product is- very important and the lack

of insolwle protein in the BPP is good in comparison with some
of ‘the other protein products.. The plasma from Fibrisol had 1.37

of the solids insoluble, but values of over 5% were cobtained for

"casein, soy isolate and lencoll. The dispersion of the powders in

water and their subsequent solubilization showed that most commercial

products were better than the BPP, but the soy products and lencoll

- were not'as‘good.' The range of values obtained for the uptake of

water vapour by the BPP was large, but although the powders were

obviously damp the hygroscopic. effect was never sufficient for the
powders to be deliquescent as occurred for the Fibrisol sample and
casein., There was apparently no water wuptake by the egg flake and

the albumin Fraction V.,



Figure 13 - Ranked data for the protein powdefs- compared: with- BPP
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Properties of a 107 solution

The colour of the commercial protein products was lighter
than for the solution of BPP. The pH values obtained for the
BPP ranged from 7.8 to 9.1 and most of the commercial products
had values below this. The dried egg powder and flake had pH
values of 6.7 and 5.2 respectively, but the fresh egg white value
was 9.1 and therefore the egg products span the pH range for the
BPP.

The specifie gravity and viscosity of the fresh egg white
was greater than the other products tested. The viscosity of some
of the products was not assessed as the insoluble material hindered

assay with the wviscometer.

Fat absorption

All products have some capacity to absorb oil, even .inert
‘glass beads (Jasmin, 1983). The two oil/powder layers formed with
the BPP did not occur for some other powders. No top layer was seen
for the flaked egg, whey, soy flour and the fish product. The
“only product tested that had higher absorbance than the BPP was
the albumin fraction V, this did not form any top layer. The plasma
product from Fibrisol also did not form the light density layer, the
total amowmt of oil absorbed by this pro&uct was less than that
expected for BPP (see Figure.ls). ‘Most products held less oil than
the BPP, the only powders made at LUT with less absorbance were

the porcine plasma without factor VIII and the red cell powder.

Emulsion values

The results show that, wmder the conditions used, bovine plasma
powder had very good emulsifying properties when compared to other
protein products. Similar conclusions have been drawn by other

workers (Sattelee, Free and Lewvin, 1973; Pearce and Kinsella, 1978).
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De Vuono et al (1979) fownd that whole plasma gave wery good

" results and was better than the globulin and albumin assayed

separately. Howell (1981):found albumin the best protein for

emulsification.” The results cbtained for the bovine albumin

“in- this study were in the same range as the results for whole

~plasma, although it was below the range when adjusted for the

higher protein levels. Appendix 6.8.b

The  only products which had the:rsame as or better emulsion
capacity than BPP were. the other-blood products, the albumin,

the red cells, lensol and casein. -The product lensol is a spray

~dried beef marrow bone stock. It gave high

.EC values, but the emulsions.formed were wnstable. Casein

produced oil~in-water emulsions of higher capacity than those-

;- normally. achieved with.BPP, but again the stability was not so

good.

The only product which was more stable than the blood

-products was the fresh egg white, but that was at the 24 hour

" time point, after 14 days. the results were equable. The EC

values obtained for the three egg products were all lower than

the range established for BPP. It is known that egg albumen is

~ readily. denatured at su:facés,and there can be a marked depletion

of this protein from.the solution during the formation of an

emulsion from egg albuwen (Pearce and Kinsella, 1978).

B-Lactoglobin is normally considered to be a good emulsifying
agent, but a-lactoglobin is easily denatured and a mixture of
these two proteins occur in whey.  The whey powder was low in
protein and gave low EC values and the emulsion formed was unstable.
In the assay where the level of protein was adjusted the EC wés
marginally higher. "In the product Lactein 75 the powder contained

more protein  than whey ,butno higher EC values were obtained.
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Foam formation

Some products hardly formed a-foam. Blood cell hydrolysate,
* soya flour, lencol, whey and lactein did not produce. 10ml of foam,
. . Other products that did not perform as well as the bovine plasma

powder were haplochromis: fish hydrolysate and soya isolate, The

only product that was better than the BPP was the albumnin. The

stability of the albumin was not markedly good.

" The product most used in-the confection#ry trade for foam

.production is egg white. - 'In other studies done on comparing the

- foaming properties of BPP with egg, the plasma has been found

- superior (Thompson,1983; West: and Wier, 1979). In this study,

- under- the conditions used, the valwes obtained for the egg products
fell within those. obtained for the BPP, however, some bovine plasmas
did not. perform as well as the dried egg white. On average the

. three egg white products produced a more stable foam than for BPP
and the volume formed with egg was slightly higher than that normally

- achieved by the plasma. The egg globulins including lysozvme are
considered to produce foam of large volume with small bubbles.

- Proteins. form a complex mixture in egg white and may play different
roles in foam production and stability. Ovomucin is not a good

j“"foamef, however within egg white it is this protein which stabilizes
the foam after short whipping times. This may be due to the rapid

. loss of solubility of the ovomucin at the air/liquid interface
{(MacDonnell et al, 1955).

The albumin isolated from plasma by Cohn fractionation produced
-more foam than the total plasma. This also occurred in the study
of De Vuono et al (1979). Buckingham (1970) found that albwmin
which was extremely soluble produced weszk, short persisténce foams
wmless the soluwbility of the érotein was deliberately reduced.
The foaming properties of the plasma shows the net effect of all

the different protein fractions.
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Gelation

Some of the protein products did not form gels:- lencoll,
lensol,’ alomine, casein, soy flour and haplochromis. Other
products formed gels which could not retard the penetrometer
cone:-.alomine mixed with BPP, whey, lactein and soy isolate.

- Gels formed with egg albumen and bovine albumin were as strong
. as the bovine plasma samples at 10 and 97 and stronger at 87
heated -to.75°C. .- However, the gels formed by the egg and albumin

‘were opaque and there was marked synergsis from these gels.

" . These. findings ‘are similar to that of Hickson et al (1980) when

_he compared egg albumen with plasma proteins using viscosity index
determinations. "The results of Howell and Lawrie (1984, a and b)
" indicated that the gels ‘formed with plasma were stronger than

those formed by egg albumen,
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6.9 CORRELATION BETWEEN ASSAYS

Many assays were performed on the protein products and it
was hoped that the data might be used to establish mathematical
models for the funetional properties. Such methods have been
deseribed by Holmes {(1981). However the relation between the
constitutents of the powder and its behaviour are very complex
and the reduction of the data to fit mathematical models was

considered inappropriate.

A list of correlation values for assays on BPP and other
protein ' 1s given in Appendix 6.9, Only one value exceeded 0.8,

that was for EC against the average particle size.

6.10 SCL‘-BIL_'ITY OF BFP ' - Appendices 6.10

As described in Section 2,3 the solubility of a protein can
be very important for the owrall value of its fwnctional use.
A more detailed study of the solubility properties of one of the

powders was therefore undertaken.

6.10.1 Titration curwve and solubility at different pH values

The powder used throwghout this section of work was No. 11.
A solution containing 100 g of powder was made up to 1000 ml with
distilled water. The solution was then divided . into two. The
amowmt of 1M hydrochloric acid required to change the pH of the
golution by half a pH wmit was noted and a 1 ml aliquot removed.
This procedure was carried out until the pH 3 was reached. The
same procedure was used to increase the pH of the plasma solution
from the naturally occurring 8.0 to that of pH 12 using 1M sodium

hydroxide. The aliquots taken at each stage, after standing for
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at least three hours, were centitifuged in the bench centrifuge

""at 1400 g for 5 minutes. The supernatent was assayed to estimate

- the amount of protein in solution. This whole procedure was

.carried out at least three times.

" The results are shown in Figures 14 and 15 and the values

-are in Appendix 6.10. In the titration curve it can be seen that

_mno true plateau occurs. The results for the solubility at various

pH values denotes a statistically significant difference between

.- -"the émount of protein in solution at pH 4.5 and 5 compared with

that at pH 8.0, No other significant differences were observed

. between the solubility at the altered pH and that of plasma powder
. when dissolved in fresh distilled-water. The decrease 1in protein
. ~solwility from a maximwum 0f:91.9% to the minimum value was 177.

" .. The _actual amownt of soluble material for powder 11 was estimated

at 99.79Z at the natural pH by the -standard method for measuring

ingeluble powder.

The solubility of processed plasma has been investigated by

several workers. ® Tybor, Dill and Landmann (1973) spray dried

- plasma and then investigated the solubility profile. They found

~only slight dependence on the pH as indicated by the 77 decrease

in protein at the point of minimun solwility, pH 4.8. In their
1975 study they found that the plasma proteins dried at inlet
temperatwres of 160°C and 193°C had the. same solubility, the outlet
. temperature was the same in both cases. The minimum solubility
again occurred at 4.8 and was 747 of the total protein, whilst
levels of 907 were achieved for pH values below 4.0 and above 6.0,
The incorporation of lactose prior to drying demonstrated a

protective effect on protein solubility.

The study by Delaney, Donnelly and Bender (1975) investigated
solubility of a powder they had produced by ultrafiltration then
spray drying and an unnamed commercial product, which was stated

to be "one of the best on the market". The powder they produced
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Figure 14 - Titration curve for BPP
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-had excellent solwbility over the.range pH 2-10 with a minimum
.value of 937 at around pH 4. . The overall solwility of the
commercial product was considerably lower, the maximun values
not exceeding 807%. ‘The minimum value for solubility was again

exhibited at pH 4, but the value was as low as 657,

The small differences between solubility at the maximum

.- and minimum points was found by De Vuono et al (1979) for plasma

ptoduced by freeze drying. The minimum (707) occurred at pH 5,

" "whilst the maximun solubility was-nearly 100%Z. The plasma studied

by Hermansson and Tornberg (1978). was soluble to a high degree,

. the minimun solubility being 70Z.

Lo i-26.10,2- Solubility at different concentrations

It was consideréd that the concentration of powder in the

- solution could effect the amownt of protein dissolved. To
investigate this a range of four concentrations of powder were

. prepared; 2.5, 5.0, 7.5 and 10.0%Z. Three different pH values

were investigated; pH 5, 8 and 10.. . All the solutions were allowed
to stabilise for four hours then the solutions were centrifuged

at 1400 g in the bench centrifuge for 5 minutes. The supernatent

was used to assay for protein by the Biuret method.

The results are tabulated in Appendix 6.10.b and are given
as the Z of the protein, as measured by Biuret, in solution
" compared with the total weight of powder used to prepare the
solution. Powder No. 11 contained 80.07 protein,(Kjeldahl estimation)
Using the Student's T test significant differences were seen
between the results obtained for the solubility for the concentration
of 2.5% and concentrations of 7.5 and 10Z at pH 5. Concentration
differences were not detected for pH 8.0, but there was a difference
between the 2,57 and the 10% level at pH 10. There was a significant
difference for the results obtained at each concentration between

pH 5 and 8 also with pH 5 and 10,
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.~ 6.10.3 Solwbility with sodium chloride ~ Appendix 6.10.b

To establish if the amount of salt present was important
"in the solwility of the plasma powders, a range of powder
‘concentrations wa®. made in a solution of 1M sodium chloride.
‘The pH of the solutions were then altered if necessary to pH 5,
8-and 10. - The amount of protein in solution was then estimated

as previously stated.

There was no significant differences between the various

- ...concentration- levels of sodium chloride at the same pH value.
The only difference in protein levels that could be differentiated

- between the different pH levels. for the same powder concentration

~ was at the 7.57 concentration at pH 5 and 8. Hermansson and

- Tornberg (1978 )also found that the solubility of the protein improved
at pH 5 in the presence of $alt at levels over 0.3M. They found
that the solwility was independent of salt concentration up to
0.6M at pH 7.0.

6.10.4 Solwbility with sucrose - Appendix 6.10.b

.. The method used for the salt ‘was applied to this study except

that IM sucrose instead of the 1M sodium chloride was used.

" Thé inclusion of .this lewel of sugar did seem to negate the
effects noticed when only the powder was present. All the ‘
concentrations of powder produced the same percentage of protein

-in solution and the wvariation in pH did not statistically effect
the solubility. The only assay that showed an apparent effect was
that at pH 10,concentration 2.5Z. The values obtained for these
samples were low and statistical differences were noted between pH
10 concentrations 2.5 and 57 and between the . 5% concentrations

at pH 8 and 10. i
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6.11 - INVESTIGATION OF THE PROTEIN STRUCTURE.AFTER DRYING - Appendix 6.11

The assessment of changes in the tertiary and quaternary

structure of a protein can be.difficult to assess. TFunctional assays

- may not be sensitive emough to give 'an accurate assessment of the

damage the protein may ‘have wndergone during processing.

6.11.1 Electrophoresis

Powder and frozen plasma:samples were investigated by

~-electrophoresis, using agarose gel with a tris buffer on a Shandon

system that had been developed for the estimation of proteins in

animal plasma (Toxicol, 1983). :.The powder sample was prepared at

" a concentration of 107 w/v in distilled water. The 10% solution and the

-thawed ‘plasma- were—centrifiged and the-supernatent used in the assay.

:...A human ‘control plasma, .supplied.by Boehringer, named Precinorm U

was also assayed at the same time as the bovine plasma. The patterns
obtained from scanning the stained 4nd dried gels is given in Figure
16.

.~ .The protein fractions in the bovine samples have very similar

motility in an .electric field as the human plasma. There was no

.identifiable difference between the dried and frozen plasma samples.

6.11.2 Lactate Dehydrogenase (LD) Assay

To identify if the drying of plasma alters the protein

composition and structure it was decided to investigate if processed

samples still retained enzyme activity. The enzyme chosen for
assessment was lactate dehydrogenase EC1.1.1.27. This enzyme has

a high molecule weight (135000) and its tertiary and quaternary
structure is of great importance as it consists of four polypeptide
chains (Whitby, Percy-Rebb and Smith, 1975). High LD levels can

occur in cattle plasma without a pathological cause (BCL, 1983).



Figure 16 - Densitomectric Scans of Electrophoretic Strips
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Method

---- The samples used in: the initial study were those collected
. over a period of.time. " The samples were plasma, plasma concentrated
by ultrafiltration and 107 solutions of plasma powder. The
concentrated plasma and the plasma samples had been stored frozen
-.at 20°C for periods of up to 2 years. They may have been through
. several freeze thaw. cycles.. The. samples used were chosen at random
- ——-and were not matched for animal, date or protein content.
E In a second study Samples of plasma, plasma after concentration

- "and the final péwdered product were taken from one production rum.

A colorimetric kit obtained from Boehringer Diagnostica was used
according to the instructions for the assay of LD in the samples .
. The .results were calculated as International Units (U) per litre
- of sample and, because of the widely varying amounts of protein in

the sample types, as U per 100 g protein,
Results

Initial Study

It is nommal-for the level of LD in cattle plasma to vary over
“a large range.  The resulting large standard deviation in the results

hinders comparisons as no pairing had taken place.

The standard deviation was found to be large especially for
thé concentrated plasma. The range of results for the plasma and
concentrated plasma is not seen in the powders. This may well have
indicated that, although some action remains, the high levels of LD

activity have been eradicated.

Second Experiment

The results show high levels of the enzyme in the plasma,
92 U/100 g protein, less in the concentrated plasma, 69 U/100 g

protein, and a great reduction in the amount after spray drying,
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21 U/100 g protein. The three sets of results are significantly

. different from each other.
Discussion

" This brief study does indicate that changes are taking
place in the protein, with UF changing the protein to a limited
" _extent and the spray drying causing further inhibition of enzyme

activity.



CHAPTER 7
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- CHAPTER 7

. ... METHODOLOGY FOR FUNCTIONAL PROPERTIES

The lack of standard techniques to establish values for

©.o._ . fumetional _properties made it ésseritial to dewelop a methodology

suitable for BPP. During the development of each technique it
‘was discovered that many variables would .alter the wvalues obtained.
Some - of those factors for fat.absorbance (FA), emulsification (EM),

“*foaming ~(FOAM) -and gelation (GEL) are.discussed in this chapter.

== The "paragraphs-have .been coded to-indicate the variable wnder
z:.discussion. The table below, Figire 17,:shows which variables have

been .studied. for _the “four functional properties.

~-Figure 17 --Methodolégy for Functional Properties

Code Variable T ~ Functional Property
FA EM FOAM GEL
A Establishing a method 4 4 4 Y
‘B Method of mixing v " " x
- b Duration of mixing Y v/ v X
C Variation in temperature v X v v
c Duration: of heating X X X Y
D Powder concentration v v/ Y Y
E Change in water volume Y v Y X
e Change in o0il volume Y X X X
F Salt levels X v / v
G Sugar levels x 4 v Y
H pH v ' v v
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ADDITIONAL ASSAYS

PARAMETER ASSAY PARAGRAPH CODE

FA Variation in the oil
Contents of cil powder mix
Fine and coarse particles
Heating BPP
Measurement of fractions of BFP

FHRGH

EM Rate of oilraddition

I

Viscosity J

Establishing globular size K

FOAM Presence of lipid I

GEL Mechanism of gelation 1
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7.1 FAT ABSORPTION

Figure 18

Fat absorption

BPP

whey powder

Fibrisol powder

7.1.A Establishing a Method

Quoted methods for the measurement of fat absorption have
varied but do not mention problems with the mixture adhering to
the mixing rod and to the sides of the tube, which occurred when
methods were tried with the BPP. To overcome these problems
larger amounts of the powder and oil were used in the standard
procedure and the mixing carried out using a Silverson mixer.
The smownt of homogeﬁ%us mixture adhering to the Silverson probe
was ignored and an aliquot of the mixture transferred from the
mixing wvessel to a test tube. Although this amownt was removed
with a 10 ml pipette the volume transferred was not always the same
as over a ml of mixture adhered to the pipette. This varying
amount of mixture made a calculation necessary to establish the
theoretical amownt of oil and powder in the volume of mixture and
hence the amownt of bownd o0il to the actual amount of plasma powder
The calculation was based on the specific gravities of the oil and

the oil/powder mixture.

One major difficulty of the standard method was in estimating
the various levels. Boundary layers were clear, but not level
afrer centrifugation. To try and eliminate any errors the

measurements were taken at four points around the tube.
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The method produced three distinct layers, which have been
named base (B), middle (M) and top (T) throughout this study.
The base and top layer were cream in colour, the T being lighter
than B. They were of a thick consistency. If the centrifugation
time was increased or the samples left to stand for long periods,
the middle layer became clearer and the base layer increased
slightly in volume. No difference in T was observed. The two
distinet layers formed by the binding of oil to the powder occurred
with all BPP tested.

7.1.B Variation in Mixing Procedures Appendix 7.1.B

Method

The o0il and powder were mixed together for 1 minute using a
glass rod, care was taken to stir gently and not to entrap air
into the mixture. The results were compared with a series assayed
the same day using the normal mixing method, i.e. Silverson for

1 minute,
In a second experiment instead of centri fuging the mixture
after 1 hour, the mixture was allowed to stand for up to 24 hours

be fore remixing and then separating the layers.

Results and Discussion

Gentle mixing with a rod achieved the game values as with
the homogenizer, thus showing that the powder will absorb oil as
long as the powder particles are dispersed within the oil. The
amownts of the two layers did not vary and were not effected by air
entrapment within the mixture. The standard method could be revised

so that the mixing would be done using a glass rod.

Wolf and Cowan (1971) reported that maximum absorption
oceurred in 15 to 20 minutes. In this study all the 0il was bound

to the BPP during the process of mixing and immediately afterwards.,
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No further binding cccurs in the next 24 hours. There was a
statistically different amownt of the top layer, a reduction of
16.4 to 147, when the mixtwe had been allowed to stand for 24
hours, the amownt of top layer decreased with time, but the amownt

of oil did not vary {(Appendix 7.1.B.b).

7.1.b Variation in Duration of Mixing - Appendix 7.1.b

Method
The standard procedure for fat absorption estimations was
used except that the length of time the powder/oil mixture was

stirred by the Silverson varied between 0.5 and 4 minutes.

Results and Discussion

The length of time the oil and power were mixed did not
affect the quantity of oil absorbed by the powder. As FA has
been mainly attributed to the physical entrapment of o0il (Kinsella,
1976) long thorough mixing would have seemed a prerequisite for
high absorption valuwes. However, the close association of the
powder particles with the fat would appear to be achiewved after

short mixing times.

7.1.C. Variation in Temperature — Appendix 7.1.C

Method

The standard method for the estimation of fat absorbance
was used except that the 20 ml of oil was held at various temperatures
before addition of the powder. The oil/powder mix was held at the
relevant temperature before centrifugation and was maintained at
the appropriate temperature during measurement of the three layers.

The specific gravities at each temperature were also determined.
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Results and Discussion

The results were calculated in ml and as 7 values. The
correlation between the mean values for fat absorbance and
temperature gave coefficients of -0.896 (ml/g) and -0.945 (%),
Figure 19, indicating a decreased absorbance with temperature.
There was no significant differences between the wvalues obtained
compared to those at 400, but at this temperature the results
varied a great deal causing a high standard deviation. The
amowmt of oil absorbed as a Z((ml of 0il absorbed/g powder)

% 100 * SG of oil) at 20°C was .statistically different from the
values obtained at 40, 60 and 80°C. There were no differences if

the values in ml/g powder were estimated.

In the work by Hutton and Campbell (1977) various soy compounds
were assayed for FA at 4, 20 and 90°C. The FA for each product
varied with temperature, but each response depended on the product.
Not all products (measured as % sample weight, as is basis) had the
highest absorbance at 4°C, some absorbances were increased from
20 to 90°C, while others decreased. However, Hutton and Campbell
{1981) concluded that, overall, as temperature decreased from 90
to 4°C fat absorption increased. Schachtel (1981) compared FA
at 4 and 70°C for single cell protein, soya protein and sodium
caseinate. He found a statistically insignificant lowering effect

for FA at the higher temperature.

7.1.D. Variation in &mownt of Powder ~ Appendix 7.1.D

Method

The standard method for fat absorption was used, but the
amownt of powder used was 0.5 g (2.47% w/w), 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0 and 4.5 g (18.4% w/w).
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Results and Discussion

Correlations between the various amounts of the layers and
the amownt of powder were all numerically greater than 0.9. The
top and bottom levels formed by the method were dependent on the
amowmt of powder used and increased in direct proportion to the
quantity. TFigure 20 shows high amounts of oil being absorbed
when the powder levels were below 2g; at levels of 2g and above
the amownt of oil per g of powder appears to be constant. This was
further demonstrated by comparing the oil wvalues obtained for
2, 3. 5, 4 and 4.5 g of BPP, as no significant di fferences between

the values were obtained.

7.1.E Variation in Volume of Water - Appendix 7.1.E

Method

The normal method was used except 50 yul of water was added

to the 2 g sample of powder before oil additon.

Results and Discussion

The results show that the addition of water to the powder

does not effect its ability to bind fat.

7.l.e Variation in Volume of Qil - Appendix 7.1l.e

Method

The standard method for fat absorption was usedbut , the
amount of o0il varied between 10 and 30 ml. For comparison 8 assays
were done using 40 ml of o0il with 4 g of powder and 60 ml of oil

with 4 g of powder.
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Results and Discussion

At powder concentrations of 17 to 6% w/w, achieved by varying
the oil volume, the amount of oil absorbed per gram of powder did

not alter.

7.1.H Variation in pH - Appendix 7.1.H

Method
The normal method to estimate FA was used acept that 50 ul
of IN sulphuric acid was added to the oil before mixing with the

2g sample of powder,

Results and Discussion

The hydrogen ion concentration does not appear to be a critical
factor as the results are not dissimilar to those obtained for the

controls.

7.1.I Variation in the Type of 0il - Appendix 7.1.T

Method

The standard procedure was used to estimate the amoumt of fat
absorbed. The solid fats (Pura vegetable oil and Pura lard, best
before end of May, 1984) were heated and kept liquid throughout the

experiment.

Results and Discussion

Very little difference was seen for FA when using lard and
a vegetable oil which was solid at room temperature compared with
the corn oil. There was slightly more of the top layer when using
the lard and the amownt of oil absorbed was just significantly higher

than the results obtained when using corn oil.
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Figure 19 - Fat absorbance of BPP at different temperatures
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7.1.J. Content of the T and B Layers —- Appendix 7.1.J

/
The formation of two layers, of higher and lower specific

gravity than corn o0il, for mixtures of BPP with corn oil made
further analysis of these mixtures necessary for a better

wmderstanding of the procedure.
Method

The two powder/oil layers were formed in the usual manner
except the amownts were increased to 40 g of powder mixed with
200 ml of oil., Samples of the top and bottom layers were taken
and respwm to ensure wncontaminated samples of the two layers
could be taken. Approximately 5.0 g of each layer was extracted
with ether, some water had to be added to break the emulsions if
they odcurred. The ether extract was evaporated and the weight
of residwe recorded. Protein content of the top and bottom layers

was estimated using standard Kjeldahl techniques.
The results were calculated as % weight for the powder and
0il components and as 7 volume, with the asswuption that the

specific gravity (0.916 g/ml) for oil had not changed.

Results and Discussion

Results indicated that the differences between the top and
bottom layers was not so much a change in weight of the two ’
constitutents, but in the volume occupied by BPP, The ratio of
0il to powder by weight showed that slightly less powder was
present in the bottom layer. A marked difference in the layers
could be seen from the ratios fdr the respective volures of oil

and powder. The top layer having powder in twice the volume
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compared with the base layer. This may indicate particles
of a less dense nature, perhaps with air trapped inside the

particles during spray drying.

T and B may not be homogen;us, there could be a range of

densities for the powder/oil mixtures formed above and below
the free corn oil, Particle size has been reported as an

important factor in fat absorbance (Hutton and Campbell, 1977;
Jasmin, 1983) but this study would indicate the more important
factor would be shape and bulk density of the individual particles.
Good correlatioqs between fat absorption and bulk density were
established by Wang and Kinsella (1976) and Schactel (1981). The
accurate regulation of the pressure control in the gpray drying of
the plasma could be essential for particles of standard shape and size

which would therefore give reproducible fat absorption values.

7.1,K. Fat Absorption with Fine and Coarse Particles - Appendix 7.1.K

The relationship between the high and low density powder/oil
mixtures required further investigation in respect to the powder
particle size. A sample of fine and coarse particle size was

obtained fram the same batch of powder and assayed.

Method

A sample from a well mixed batch of bovine plasma powder was
taken and kept for assay. The powder was then passed through an
Auvgsberg Alpine Classifier at a speed just high enough to collect
a sample of powder of low particle size. The residue powder was
passed once again through the Classifier to ensure a removal of the

particles of small size. A sample of powder of low particle size
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was kept. The residue powder was again passed through the
Alpine and this time the speed was adjusted so that coarse
particles could be collected. Samples of high, low and middle
range particle size powders were assayed for fat absorption in

the normal manner.

Results and Discussion

The most noticeable difference in the results was the
reduction of fat absorption after the powder had been put through
the classifier. The zmowt of top layer formed by any of the
products was less than that of the original powder. This indicates
-that alterations had occurred within the classifier, perhaps heat
~changes or mechanical disruption of fragile particles. The
‘particles could have contained air sacs and if bkeken they would
create particles of lower size, but of higher density. The fine
particles had a higher fat absorption and also formed more top
layer than the coarse particles. However, some top layer was

- formed -even with the powder of large particle size.

7.1.L Variation when BPP was heated for Various Times - Appendix 7.1.L

The amownt of fat absorbed is normally attributed to the
protein. Seweral authors have investigated the relationship between
the amount of soluble protein, as distinct from the total protein,
and fat absorption, but no correlation has been fowmd (Lin, Humbert
and Sosulski, 1974; Schachtel, 1981). When a protein is subjected
to heat, in the presence of moistwre, denaturation of the protein
is likely to occur (Beckel, Bull and Hopper, 1942). This study

was done to see 1f heating the powder would effect the FA,



~125=-

Method

The normal method for FA was used. One powder sample was
placed in an own for 5 hours at 85°C and this powder used in
the estimation. BPP samples were put in an oven for 2,4,5 hours
at a temperature of 108°C the powders were allowed to cool and
then, with an wnheated control, assayed for fat absorption.

Values were calculated to allow for the meoisture content.

Results and Discussion

No differences in FA were detected between the control and
the powder dried at 85°C for 5 hours. The tendency for samples
dried at 108°C to take up more oil increased the longer they had’
been heated at that temperature., The correlation between FA mean
values and the heating time was 0.922 , Figure 21 .. If the weight
of powder was calculated to allow for the moisture conteht the
correlation was 0.860, The T and B layers both tended te increase

after prolonged heating.

This work would indicate prolonged heating of powder actually
encourages the uptake of 0il. This could be due to the moisture
inhibiting the uptake in non heated samples or to the heating
process altering the particles or protein to encourage absorbance.
Section 7.1. Eindicates no alteration in FA when small quantities
of water was added to the powder. No action was taken to establish
the actual amowmt of denaturation caused by the heating regimes.
The decrease in the uptake in 0il with increasing temperature, as

described in Sectien 7.1.C was not dw to the powder being heated.

7.1.M. Fat Absorbance with Various Protein Fractions of Bovine
Plasma — Appendix 7.1.M

The fwnctional property of fat absorbance is dependent on

the protein and on the physical properties of the powder.



~126-

To establish if the manufactuwring process was important in

the FA a variety of powders, all from plasma, were investigated.
Method

Solutions of BPP were made and then redried using a freeze
drying process. A fresh plasma sample and a sample of BPP No.ll

were taken through the freeze drying process to act as controls.

Products obtained from plasma, by other methods, were also
assessed. The following products were used to detemmine fat

absorption:-

Code Product

2 Powder No.2 Manufactured at LUT from bovine plasma
concentrated by UF, spray dried on 25.4.83
A Bovine Albumin Supplied by Sigma, lot 123f-0634

No. A-706. Described as 98-99% albumin, remainder
mostly glepulins, 1.37 water. A crystalline cream
flaked materiai prepared from pasteurized bovine serum
and low temperature solvent precipitation, charcoal
treatment and exteﬁsive dialysis to reduce the low
molecular weight stibstances.
G Bovine Globulins Supplied by Sigma, lot 93f-9360
No. G-2263. Described as Cohn fraction II and III,

protein 757 rest mostly sodium chloride., A flaked
white/cream powder which was not shiny.

FV Bovine Albumin Fraction V Supplied by Sigma, lot 97C-

0184 No. A-4503. Described as Cohn fraction V, nitrogen
content 15.47Z, 2.47 water. A fine cream powder which

was light reflective.
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P fd Bovine Plasma freeze dried .
107 £d 10% Solution Powder No.ll 10Z solution freeze dried
20%£4 207 Solution Powder No.ll 20% solution freeze dried

SD fd Powder No 11 Powder No. 1l put through the freeze
drying process '

11 Powder No.1l HNormal powder No.ll made from bowvine

plasma, manufactured at LUT by UF and spray drying.

Results and Discussion

Only the powder formed by spray drying produced the top layer
of powder/oil mix, the freeze drying process did not alter, in
any way, the already dried powder. The use of powder produced from
the freeze dried solutions of powders formed by spray drying did not
produce any top layer, proving that the phenomenancf low specific
gravity oil/powder layers is dependent on the physical properties
of the powder. The freeze dried material did have a higher fat
absorbance value, as calculated by the standard procedure, than the
powders formed by spray drying. The freeze drying of the protein
solutions produced powders of larger particle size and of less

spherical shape than the spray-dried products.

The various plasma fractions gave differing valuwes for fat
absorbance. The two albumin fractions gave very different values,
althoﬁgh chemically the fractions should be similar. The fat
absorbance value for globulin was wvery great at 6.35 ml oil/g powder,
nearly 5 times greater than that of séray dried whole plasma. The
particles of the plasma fraction powders were not very spherical
in natwe and of greater size compared with the spray dried plasma,
average size for bovine albumin (A) was 188 uy and for powder No. 2

it was 1l7yu.
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The size and shape cf the particles dre most important in
fat absorption. The formation of the top layer only occurs
with small spherical particles produced by spray drying. Even
when the particle size is approximately the same there can be
marked differences between powders produced in different ways,
but which are chemically similar, i.e., the powders A and FV.
The globulin fraction would appear to absorb more oil than an
albunin fraction made by the same process and formed of particles

of similar size.
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7.2 EMULSIFICATION

Figure 22 - Emulsions made from 17 powder, 247 water and 757 oil

A= BPP

- BPP after
14 days

= Egg Album

7.2A Establishing a Method

In general the process and the equipment used in making food
emulsions, particularly wvery viscous emulsions, exert a major
influence on the properties of the emulsion. The criteria used to
estimate an emulsion are various. In the procedures used in this
work emulsion capacity is the most important, with the stability
and the viscosity also being noted. In a further investigation
the changes noted for EC under various conditions were examined in

respect to the alteration in the globule size of the dispersed phase.

7.2.B Variation in Mixing Procedures Appendix 7.2.B

Me thod

A 27 solution of BPP in 25 ml water was added to 80 ml of corn
oil. The mixture was mixed for two minutes using the standard
Silverson 18788 fitted with one of the six heads being tested. The

EC was determined, the same Silverson head being used.
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Results and Discussion

Tornberg (1980) stated that tﬁe emulsifying conditions were
the dominant factor in emulsion formation and the protein was of
only minor importance. This was found to be the case in this
study. No emulsions were formed with the large (1.25 inch) screens,
even though the mixing appeared to be vigorous and complete. 1In
contrast the smaller heads for the Silverson, even with apertures

of the same type and shape as the large heads, all formed emulsions.

The head producing the emulsion of highest capacity was the
0.75 inch emulsifying head, next was the head used in the standard
procedure the 0.75 inch disintegrating head and then the microwmit.
No action was taken to preclude the introduction of air into the
system., The incorporation of a gaseous phase into an emulsion has
been reported to reduce the emulsifying properties (Pearce and
Kinsella, 1978).

7.2.b Variation in Duration o6f-MixXing Appendix 7.2.b

Method

The standard methods were employed except the initial mixing

time was altered.

Results and Discussion

Many studies on emulsions have reported that the length of
time the emulsion had been mixed was relevant (Tornberg and
Hermansson, 1977; Hayes, 3tranaghan and Dwkerley, 1979; Tormberg, 1980;
Waniska, Shetty and Kinsella, 1981). Under the conditions used no
change in ES was apparent. The viscosity data, although known not
to be numerically correct (Section 6.4.1), indicate. an increase to
2minutes and then remains constant at that level. Huffman, Lee and

Burnes (1975) found that viscosities increased with increased mixer



-131-

speeds. The increased oil - water emulsion viscosities with
increasing rate of shear are associated with decreased oil particle
size (Becher, 1966).

The EC appears to increase to a maximum at 2 minutes and
then to decrease, see Figure 23 The same findings of increasing
shear forces decreasing the EC has been reported by many workers.
Some studied duration of mixing, or the number of times an emulsion
had passed through an homogenizer (Hayes, Stranaghan and Dunkerley,
1979) or the speed of mixing (Ramanathan and Ran, 1978; Betchart,
Fong and Hanamoto, 1979). The stability rating has also been
reported to be dependent on the shear forces, prolonged emulsification
will give a creaming stability up to .a certain limit where no
further increase in mixing enhances the stability (Tornberg and
Hermansson, 1977). Waniska, Shetty and Kinsella (1981) investigated
the kinetic energy being imparted to an emulsion system by temperature.
Pgain the finding of increased emulsifying properties followed by

a decrease was obtained as the temperature increased.

Carpenter and Saffle (1964) stated that differences in droplet
size were related to the change in EC with blender speed. Ivey,
Webb and Jones (1970) suggested that the oil is emulsified until
the continuus phase is spread too thinly to prevent the agglomeration
of the o0il. The phenomenon of the decreasing capacity can be
explained if excessive unfolding of the protein occurs. The de-
naturation of the protein will destabilize the film at the oil-water

interface and coalescence of the fat droplets will occur,

7.2.D Variation in Amount of Powder Appendix 7.2.D

Methad

A 5% solution of bovine plasma powder was prepared and diluted
with distilled water to form a range of concentrations of 0.015 to
1.25 g of powder per 25 ml of solution. The 25 ml aliquots were
used in the standard procedure to produce values for emulsion

capacity, stability, viscosity and emulsion turbidity.



EC g oil/g powder

£C g oil/ g powder

=132~

Figure 23 ~ Effects of Duration of Mixing on Emulsion

Properties of BPP
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Results and Discussion

The actual volune of oil added to the sample increased
as the protein concentration increased. However, if the values
were calculated as g of oil per g of protein there is a hyperbolic
relationship with lower EC values with higher protein concentrations
See Figure 2%, The curve will approximate to a straight line if
values of 1/EC are used, see Appendix 7.2.E.¢. This type of curve
has been obtained with other protein products:- growndnut protein
(Ramanatham and Ran, 1978), peanut flour (McWatters and Holmes,
1979a), muscle protein (Acton and Saffle, 1972).

0il Phase Volume (OPV)

Acton and Saffle (1972) determined that a phase volume factor
exerted some control over the maximum level of oil incorporated
into emulsions. The resﬁlts obtained in this study were used to
determine the phase volume of oil at which the emulsion collapse
occurred. The percentage variation between EC values for 0.0005g
and 1.25 g powder was 947 while for OPV the difference was only
5%7. This type of result was obtained by Acton and Saffle (1972).
In the study of Crenwelge et al (1974) the OPV obtained using
varying concentrations of protein altered by more than 407 for the

globin, soy, cottonseed and nonfat dried milk.

Tybor, Dill and Landmann (1973) inwvestigated the OPV in
relation to spray dried and wnprocessed serum (control). The OPV
values for the processed serum were all less than 507 and there was
a straight line relationship between the protein concentration and the
OPV, while the control wvalues gave a hyperbolic curve with OPV values
of 60 -to 90%7. All the OPV wvalues in this study with the BPP were
above 85%. Different types of curw were obtained for the serum
processed by Tybor, Dill and Landmann (1973) at di fferent pH values.
The hyperbolic curve for the control serum was obtained at all pH

values investigated.
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In a later study Tybor, Dill and Landmann (1975) investigated
the effect of spray drying at different temperatures on the OPV
at different protein concentrations. It was found that drying
either at 160 or at 193°C, did not effect the hyperbolic curve for
OPV and the maximum response te protein concentration occurred at

about 0.5 g protein/100 ml.
Viscosity

The ‘values obtained for viscosity in this study are not to
be relied on, due to the system of measurement. The results indicate
very low valwes at protein concentrations of less than 1.5%, then
a steady level fran.l.S to 3.0%, the levels are then increased again.
In"the study of Acton and Saffle (1970) there was no great difference
in emulsion viscosity up to 0.257 protein, but, at 0.5 to 0,75%

protein the emulsion viscosity increased considerably.
Stability

The stability values only indicate the samples which had broken
and those which had not. As the protein concentration was increased,
more protein was available for film formation. The amount of oil is
constant for all the samples in the ES study, therefore the total
surface area of the emulsified 01l was constant. The increased
protein will therefore increase the thickness and strength of the
film and enhance emulsion stability as was found by Wang and Kinsella
(1976). Evidence of increased protein layer thickness around the

. fat droplets with increased protein concentration was observed

microscopically by Ivey, Webb and Jones (1970).
Turbidity
There was a general increase in turbidity with protein

concentration. Pearce and Kinsella (1978) found that protein levels

greater than 0.1% caused a progressive increase in turbidity.
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Turbidity can be interpreted as'emulsifying activity (EA).

Waniska, Shetty and Kinsella (1981) fownd that EA progressively
increased with protein concentration although not linearly. As

the amowt of protein in the continuous phase increases the total
interfacial area does not increase as rapidly. It has been reported
that <8 mg of protein could provide cover for 1M° of oil water
interface. Protein lewels greater than that required to significant
alter the total surface area will thicken and strengthen the f£ilm,
Waniska, Shetty and Kinsella (1981) found that emulsions made with
high protein concentrations were less effected by prolonged homo-

genization.

7.2.E. Variation in Volume of-Water - Appendix 7.2.E.

" A 10% solution of BPP was prepared. A 5 ml sample of the 107
solution was added to each test plus a volume of water to achieve
volunes of 5 to 100 ml. These samples were used in the standard

procedure to study the emulsifying properties,

Results and Discussion

The increase in the water wvolume means that the continuous
phase is greater, but the protein is less concentrated within the
water phase. Figure .25 shows the increased EC as the water volume
increases. A hyperbolic effect was obtained over the range studied,
If even more water was added to the system there was marked creaming
with the emulsion floating to the top leaving the continuous phase

below.

The OPV appears to reach a maximum level and then is reduced.
The highest wvalue obtained was 0.89, with a water volume of 30 ml

which meant the protein level of "1.3% was present in the solution.
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Figure 25. Emulsion Properties with Variation in Amownt of Water
in the Sample
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If the results are plotted as EC against powder g/100 ml the
hyperbolic curve is similar to that obtained for the powder

variation, Appendix 7.2.E.b. A plet of 1/EC values when altering

the concentration of powder produced a near linear relationship,

r > 0.95. Plots of log EC and similar graphs for variation in the
continuous phase volume were hyperbolic, Appendix 7.2.E.ec.

The effect of continuous phase alteration on the EC valwe is apparently
equivalent to the wolume remaining constant and the protein level
changing, the protein concentration therefore being the important
variable. The values obtained for the OPV are not similar in both

experiments.

7.2.F_Variation‘in the ‘Amount ‘of- Salt - Appendix 7.2.F

Method

A range of concentrations for sodium chloride were prepared
. by making up a 200 mM stock solution and diluting this to achieve
a 2% V/v protein solution containing 6, 12, 25, 50, 100, 200 mM
sodiun chloride. Samples of 5% (856 mM) and 107 (1712 mM) sodium
chloride were also made. Aliquots of 25 ml were used in the

.standard procedure to produce emulsion values.

Results and Discussion

Powder No. 12 already consisted of 2.6% salt and therefore the
solution already was approximately 9 mM. The values stated are for
the additional salt levels and do not include that concomitant

~with the protein source.

Most sodium chloride levels seem to enhance the EC of the bovine
plasma, only 107 salt being worse than no sodium chloride addition.
The increase of 6 mMmuch elevated the EC while 12 mM was not so good
as 25 mM. There then seems to be a decline in EC as the sodium
chloride concentration increases, with a level of 1712 mM (10%) being

less than before the salt addition. Working with BSA and using EA
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as a criterion for emulsifying properties Waniska, Shetty and
Kinsella (1981) reported the same sort of findings. It is reported
that sodium chloride levels < 20 mM. failed to give optimum EA,
levels of 100 - 600 mM enhanced EA and levels above 750 mM decreased

activity.

Salt appears to effect the emulsifying properties of a variety

. of proteins. . Peanut. flour is affected at lewels of 100 mM and

1000 mM sodium chloride with the EC being reduced and the emulsions
totally inhibited at some pH lewvels (McWatters and Holmes, 1979%9a).

"There was also an association between pH and salt with soy flour,

_levels of 100 mM at certain pH. values stopped emulsions while lewvels
- 0f£-1000 mM enhanced EC (McWatters and Holmes, 1979b). Nath and

'

*Narasinga (1981) also studied soy protein and fownd an increase in

.EC up to 900 mM sodiun chloride and a decrease at higher wvalues.

Similar results were found for Guar protein and protein from Candida

Utilis.

In the study of Tormberg and Jonsson (1981) the interfacial

behaviour of blood plasma was investigated and it was found that

- ..0.2M sodium chloride enhanced the interfacial activity over a range

of protein concentrations. Even when the plasma already contained

-salt an additional amowmt had a large influence on the surface

activity, When no salt or wery low ionie strengths were used the

- electrical double layer surrounding the protein was not at its

.strongest, causing the electrostatic forces during adsorption and

between the molecules already adsorbed to be high. The protein will
therefore not pack densely at the interface, This would be related
to low interfacial activity (Tornberg and Jonsson, 1981) and the
lower EA of blood plasma (Waniska, Shetty and Kinsella, 1981).

Over a range of salt levels the surface changes of the protein at
the.interface are probably neutralized, causing reduced repulsion
and therefore increased rate of protein a@sorption. The interfacial
concentration and the strength of the film are then at an optimum

to achieve high EC values.
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- At higher ranges of ionic strength it is possible that the
salt enhances® the solwility of the protein (salting in), encouraging
it to stay in the continuwus phase rather than its transfer to the

oil/water interface.

The effect of salt on an emulsion system can be complicated.
Not only is the lewel of salt important, but also the pH and
concentration of the protein., The results of these studies would
indicate that sodium chloride levels of up to an additional 100 mM
would enhance EC of blood plasma. ‘It should be noted that all salts
may not have the same effect as they vary in their action on the
conformational stability of the protein. . Also the diverse reports
on the level and consequences of gsodium chloride on EC of other
" protein substances could be due to the variance in protein structure
and therefore activity of. the molecule at the oil/water interface.
The salting-in ef fect of addition of salt must be considered for

products not wvery solible in water.

7.2.G Variation in Amount of Glucose —- Appendix 7.2.G

Method
- The same range of concéntrations as prepared for the sodium
chloride were used. The 57 glucose was equivalent to 252 mM and

the 10Z was 504 mM.

Results and Discussion

© _ The. values obtained for the ES were higher than normal for some
concentrations of glucose. The EC was higher with low additionms
(6-50 mM) of glucose the level then drops below that achieved when
no additional sugar was added.” Wang and Kinsella (1976) working
with alfalfa leaf protein, found that the addition of 507 sucrose
produced inconsistent effects and that in the EC test the inversion

point was undetectable wnder the standard conditions.
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High levels of glucose could"enéourage protein away from

. the interfacial film into the bulk phase as glucose is a
polyhydroxyl compound. . Low levels of the glucose could reduce
the electrostatic forces at the interfacial film, thus forming

denser films and higher emulsion capacities.

7.2.H Variation in pH - Appendieces 7.2.H.

Initial Study

Method

A& solution containing 27 bovine plasma No. 12 was prepared.
In study A the pH of 25 ml aliquots of solution was altered by
the addition of IM hydrochloric acid or 1M sodium hydroxide. 1In
the other studies the bulk solution was divided into two aliquots,
To one portion was added 1M Sodium Hydroxide and the pH of the solution
carefully monitored. When the pH was at a wvalue required a 25 ml
aliquot was taken for use with the standard procedure to establish
the emulsion properties. The second portion of 2% BPP was used
.to obtain the acidic range of samples, by the addition of IM -
J“Hydrochlofi; acid.- . - - - -This procedure was repeated and the
. studies have been called B and C. In the study C the standard

Silverson 18788 was used.

The pH of. the emulsion after formation was also noted. The
data for the solubility of the protein at different pH values wase
used to calculate -the emulsion data in terms of the mmount of

soluble protein in each solution for study C.

Results and Discussion

No consideration for the dilution effect, nor the increase in
salt effect, which may have occurred in the samples of altered pH,
was made. The natural pH of the samples was 8.4. To ensure that
the oil did not have any marked effect on the pH of the system it

was tested and was foud to have an acid wvalue of only 0.19 mg KOH/g.
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- Results were different in each experiment and not reproducible.
It was noted that during-the first experiment that some emulsions
looked different. All the emulsions were similar at the mixing of
80 ml oil with the 25 ml of 2% solution. However, when the 25 g
" aliquot was taken and additional oil added some of the emulsions
- became thick and viscous while others became thinner, but with no
defined breakpoint. This type of result had not been seen when
.working with emulsions at their natural pH, normally between
. 8.1 -.8.5. 0il could be initially added with or without homogenization
in the early stages of EC estimations without the results being
different. Therefore, no careful check on homogenization speed was
made during the initial few ml of oil addition to the 25 ml aliquot.
.. The emulsions, at various pH values, must have cil added in an
- exactly specified manner.for the procedure to be reproduced giving
the same emulsion structure and therefore EC wvalue. This would
_.indicate that the emulsions formed at scme pH values are not so

stable -as others and are therefore more affected by the shear forces.

Second Study

Experiment 1

Metheod

Samples were prepared by weighing out 0.5 g of BPP No.l1l2 and
adding 25 ml of water. The resulting solution was adjusted to pH
89.5. This was done five times. A bulk solution containing 200 ml
of water and 4 g of BPP was prepared and adjusted from 8.1 to a pH
of 9.5 using 0.1M sodium hydroxide. Five 25 ml aliquts were taken.
The .10 samples were then assayed using the standard procedure to

ascertain the emulsion capacity and the EAI wvalues.

Results and Discussion

The results are given in Appendix 7.2.H.b. There were no
significant differences in the two types of sample analysed by using
the turbidity data. The assay for EC did show differences in the
mean values, but the standard deviation were similar in both sets

of results, The results of McWatters and Cherry (1977) indicated
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.that two step pH adjustment of a protein would effect the values

for emulsification.

This study does indicate the complex nature of emulsion
formation. The bulk and single sample were identical in zll
respects except ‘in the nature of pH adjustment yet a significant

difference between the two sample types was found for the EC values.

Experiment IT

Method

Solutions were obtained over a range of pH valuwes as for B
" and C.  Emulsion capacity.aﬁd EAI values were estimated. The

study was repeated,

Results and Discussion

. -The rate and time of the shear w@secarefully monitored for
. all the samples and . in this. experiment the replicate samples showed

good correlation, see Figure 26 .

General Discussion

Emulsion capacity

.- The results for emulsion capacity indicate a low value at
pH 5, this corresponds to the pH where the solubility is least.
~It has been suggested that pH influences the emulsion capacity in
‘an -indirect manner by affecting the solubility of the protein.
Swift, Lockett and Fryar (1961) reported that only the soluble
protein acted as the emulsifier. However, although at certain pH
values the BPP is less soluble the reduction is only 15%. The study
on powder concentration Section 7.2.D. indicates that the change of
protein from 0.5 g to 0.425g is only equivalent to ~ 3 ml less oil
emulsified by the sample and hence, if the same protein weight is
assumed, a difference in EC of only 4%Z, not the changes of 207 seen

in this work.



-143-

-~ . . The bovine powder is a combination of proteins and if they
-have different abilities in ‘the stabilization of the emulsion and
are precipitated at wvariable levels, a marked decrease in EC could
be recorded without much change in the overall level of protein

in solution.

The loweét EC values are recorded at the pl region for the
bovine plasma. This has been found with other proteins, swunflower
meal (Huffman, Lee and Burns, 1975), guar protein (Nath and
Narasinga, 1981), globin, cottonseed and non fat dry milk
(Crenwelge et al, 1974), peanut flowr (McWatters and Holmes, 1979a),

. groundnut protein. (Ramantham and Ran, 1978).

Emulsion Viscosity:

. . The viscosities of the emulsions were measured in the first
two studies, but with no-conclusions. McWatters and Holmes (1979a)
found that the viscosity of emulsions made with peanut flour was
~least at the isoelectric point, while the viscosity of whey protein was

found to be highest at its iscelectric point (Yamauchi et al 1980).

Turbidity Measurements

The results for the turbidity and EAI estimations from this
study do not give a clear indication of the effect of pH. The
lowest wvalues do appear to occur at' the isoelectric point, but other
low points also occur. In the study using whey proteins it was fownd
.. that the tuwrbidity increased with pH for values above 5.5, but was
constant below this value (Pearce and Kinsella, 1978). The pl of
B-lactoglobin, the major protein component of whey protein, is
approximately 5.5. Wanigka, Shetty and Kinsella (1981) working with
BSA noted a marked decrease in EA at pH 9, but steady levels from
PH 4 to 8.
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_ Figure 26 - Emulsion capacity of BPP at different pH values
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Emulsion Stability

.~ The method. used to establish stability in this study only
measured the gross changes. From the results obtained the emulsions

were less stable.at the acid range of pH values and in the range

. - pH 11-12,. A water.layer was also noted in some samples, denoting

creaming was taking place. With whey protein Yamauchi et al (1980)

. found that the stability was minimal. at the pI. However, there

-~ were other findings by different wotkers. In general stability

seems to be minimal near the pI which suggests that surface rigidity
is important in resisting coalescence. However, the studies

indicating the opposite effect could show a role for electrostatic

- or steric repulsion between.the surface films. This could be

~particularly true at low protein concentrations

7.2.T Effect of Rate of 0il addition on EC - Appendix 7.2.I.

.Not only has the amount of shear been found important in the

- formation of emulsions but,. also the:rate at which the oil is added.

Mathods

An emulsion formed by the standard method was divided into

25 g aliquots. Each aliquot was mixed with oil being added at a

.. known rate, wmtil the emulsion broke. The EC for the sample was

calculated.

Results and Discussion

The capacity apparently increased as the oil addition rate
increased, uw to 3 g per minute, the levels were then steady. It
was shown in Section 7.2.b that the duration of mixing affects EC
A decline in EC occurs with increased time of mixing as the rate

of 0oil being added to the emulsion gets less, Figure 27. Similar
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results were fowmd by_Swift, Lockett-and Fryar, (1961) and Huffman
Lee and Barmes (1975). "Swift, Lockett and Fryar (1961l) suggested
that the rate at which protein membranes are formed is almost
instantaneous at high oil addition rates. Carpenter and Saffle

~ ... .{1964) had concluded that varying the rate of oil addition had no

- --effect on EC, -Crenwelge et al (1974) found that the rate of additien

-had an effect on certain proteins while others were wmaffected.

'7.2.J.. Viscosity of Emulsion at Variouws Times after Mixing -
Appendix 7.2.J

Method

" Emulsions were made according to the standard procedure.
~7- - The-viscosity -of the emulsion was-estimated immediétely and then
at intervals. The emulsion was kept at room temperature. After
the 24 hour reading the emulsion was remixed and the viscosity

determined again.

Results and Discussion

The initial high viscosity obtained for the emulsion drops
after 20 minutes and remains very steady owver the next 6 hours.
A high valuve was recorded after the overnight stand, but this was

lowered after remixing.

7.2.K. Estimation of Particle Size to establish Emulsification

Properties — Appendices 7.2.K,

“There were three methods to estimate particle size. Turbidity
of emulsions can be used to determine size and EAT values (see
Section 2.8.4 and 5.5) The Coulter Cownter TAll with population
accessory (Coulter Electronics Ltd, Norwell Driwe, Luton, Beds)
could be used following the methods of the Particle Sizing Laboratory,
LUT. The solution supplied for size estimation consisted of 1 g
of the standard emulsion made wp to 100 ml with 0.17 SDS. The

orifice tube used for the estimation was 200 u. The particle
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distribution between 80.64 and 4 u was calculated. An example

of the print out is given in Appendix 7.2.K.a. The results were

" calculated from a graph of cumulative 7 weight against the log 10

size- in microns. - The values used were the low size cut off point

© CC.S (cunulative weight 5Z), the large size cut off point CC.L
“(cunulative weight 957) and the size at 50%, CC.D50.

:The .other method employed the Malvern particle gizer and the

- --method was-the standard procedure, but the emulsion was suspended
‘in 0.,1% SDS. -The Malvern was fitted with 100 u lens and analysed
. .the particles within the range 1.9 to 188.0 u, A copy of the print

out is given in Appendix 7.2.K.b.

. ~-Some photographs of the emulsion, stabilized in agar, were

‘taken. -A Leitz Orthoplan optical microscope fitted with a camera

containing Ilford FP4 film was used.

Particle Size

There was a most noticeable difference in the numerical wvalues

_obtained for the size distribution for the Malvern and Coulter

Counter. Those obtained for the Coulter always being greater.

. -However, the correlation between the results was good, r = 0.868

for BPP- (Appendix 7.2,¥.c).. -This difference between the two methods

‘of estimation has been noted for many different particles (Clifton, 1985)

and - is not due to the particles-being formed by oil globules.

- The wvalue R calculated from the turbidity data is meant to

"give an indication of particle size. The correlation between the

Coulter size and R was 0.776 for BPP while the M.D50 figure with R

had a correlation of 0.933.
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- .-Data on Various Mixing Times

i © In the original study EC increased up to 2 minutes mixing
.. ... and then decreased again. The particle sizing indicated higher
. values for 0.5 minutes mixing compared to 2 minutes, but lower
valwes were achieved at 4.0 minutes. This indicated that the
globular size decreased with mixing.  The EAI values showed no
“-significant difference between the EAI values at 0.5 compared with
.2 minutes, however the value 2 minutes was higher. At 4 minutes
-~ the EAIL was_greater than at 2-minutes and was significantly different.
. ..~.This indicated an inverse correlation between EAI and particle size,
- ... The results for particle size and EAI did not follow the same

7. -7 pattern as achieved for EC when examining various mixing times.

- Data on the 0il Variation

. The particle size of the globules and the EAL values were
exanined .for oil volumes -of 40, 80 and 100 ml. There were no
-significant differences for the EAI values even though the'oil. v."
wds of course much affected. Hardly any significant differences
in particle size was fowmd, but there may have beeﬁ a tendency for

decreased particlé size as the oil wvolume increased,

~Data on Emulsions with Variation in Protein Contént

-..-.. .. With the protein concentration there were great differences
in EC_values as EC is based on protein content. The OPV curve
rose slightly with-increased powder concentration. The hyperbolic
curve for EC showed a marked decrease in capacity with increasing

concentration of protein.
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. With the particle sizing no significant di fferences were

seen although a iowering_of size was noted at 57 powder and an

.increase at ‘0:.57 compared with the 27 powder concentration.

. Data for Variation in pH

Difficulties had been experienced in obtaining satisfactory
EC values with varying pH values. However, it was thought that

a minimw EC value was obtained at pHS5.

The particle size was found to be different at pH 5 and 9
than-at pH 8.1, the size being larger at the naturally occurring

pH value. The EAI values were greater for pH5 and 9 than that

-occurring at pH 8.1 .and was. significantly so at pH 9.0. It should

be noted that these results do not-correspond to those achieved

in the original pH study.



7.3 FOAM FORMATION

Figure 28 — Foam Formation

Foam:BPP at pH 8.4

Foam:BPP at pH 5.0

1}

Foam:Egg Albumen Powder

7.3.A Establishing a Method

To produce a foam a gas has to be introduced into the system.
The bubble size in a foam can vary enormously and is affected by
the conditions of formation. It was found that aeration of a
solution of 27 BPP would produce a foam volume of 100 times more
than that produced under the standard procedure. The method of
formation must therefore be carefully defined in comparing foam

volume data.

7.3.B Variation in Mixing Procedures - Appendices 7.3.B

Method

Solutions of 2% w/v BPP and 2% w/v egg albumen were prepared.
Each of these solutions, 50 ml, were mixed by a Silverson mixer or
within a Waring commercial blender cup. The foam was transferred
to measuring cylinders and the total volume and amount of foam

recorded at 5, 25 and 60 minutesfrom the start of mixing.

Results and Discussion

The study was only brief to give an indication of the preferable

method. The longer the mixing time the more foam for egg in the
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Waring blender, but less for the plasma. Higher foam volumes

were achieved with the Silwverson for the egg, and only slightly
less for the bovine plasma compared with the blender. It was
necessary to get the foam out of the mixing vessel quickly without
distwbing the foam too much when transferring to the measuring
cylinders. This was difficult to do with the vessels from the

Waring blender. The Silverson was chosen for the standard procedure.

Variation in the size of the Mixing Vessel

Method

The standard procedure using the Silverson mixer was followed
in all respects except that the foams were produced in vessels
of various internal diameters (ID), a list of vessels used is
given in Appendix 7.3.B.b. The ID of the vessels was noted. After
the foam had been produced it was transferred toc the normal plastic

¢ylinders.

Results and Discussion

The results indicate that the volume of protein stabilized
foam increased when the wessel in which it was mixed was of large
dizmeter see Figure 29. Expansion was increased throughout the
range 35.6 to 76.7 mm ID at the three time points studied. However,
there was some tailing off of volume increase at diameters greater
than 65.4 mm at time points 25 and 60 minutes indicating some

loss of stability.

Variation in size of the Holding Vessel

Method

The ID of a range of vessels were estimated, a list of the
vessels used and the results are given in Appendix 7.3.B.d and
7.3.B.e. The volume of material held in each vessel was also

calculated from a measurement of the height of product. The
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standard procedure was carried out for the manufacture of a
foam, except that after production the foam was transferred into
the appropriate vessel instead of the normal 100 ml measuring

~ cylinder. The total volume of material and the height of foam
was estimated at 5 minutes, but at 25 and 60 minutes just the

height of foam was recorded.

Results and Discussion

The results indicate that the vessel holding the foam, for
a time interval of 58 minutes does not dramatically alter the
amount of foam. The matrix of the foam is therefore not dependent
on the surface area of the walls supporting the gas/liquid system,
or on the height of foam. Similar findings were fownd by Halling
(1981).

7.3.b _Variation in the duration of Mixing Appendices 7.3.b

Method

The standard methods were employed except the initial mixing

time was altered between 0.5 to 5 minutes duration.

Results and Discussion

The length of mixing time has been stated as being important
to the volume and the stability of a protein stabilized foam
(Baldwin and Sinthavalai, 1974; Miller, Herman and Gronninger, 1976;
Halling, 1981). Authors report that too much mixing results in
foam breakdown (MacDonnel et al, 1955; Kinsella, 1979; Charley,1982).
Under the conditions used in this study the volume of foam stabilized
by BPP continued to increase as the mixing time lengthened, Figure
30, The initial foam volume increased as did the foam volume
remaining after 25 and 60 minutes. There was some loss of stability
(F25/60) with length of agitation. This effect was not apparent for
the stability at 60 minutes. Baldwin and Sinthavalai (1974) found

fish protein foams to be more stable with longer mixing times.
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Figure 29 - Foam expansion when 27 solution of BPP was mixed
in different sized containers
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Figure 30 - Foam expansion when a 27 solution of BPP was mixed
for different time periods
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As a protein is beaten the foam gets thicker, finer, whiter
and stiffer, The stiffening of the foam is attributed to the
surface denatured protein in the film being rendered insoluble and

the film around the air cell no longer being elastic (Charley, 1982).

7.3.C Variation in the Temperature ~ Appendices 7.3.C

Method

The standard method for foam production was used. The protein
solution was allowed to equilibrate at the temperature wnder test
for 15 minutes before aeration. The foam'produced was transferred
into a measuring cylinder at the temperature under test and stored

at that temperature.,

Results and Discussion

The results in Figure 31 indicated low foam expansion at 4°C
rising to maximun between 20 and 30 and then a slight decline in
volume as the temperature increased to 80°C. This pattern was also
shown for total volume, volune of gas and liquid incorporated into
the dispersion, the overrun values, foam expansion and the gas
phase volume. A 'U' shaped curve, the inverse of the other

parameters occurred for foam phase volume against temperature.

The pattern for stability was hard to define after 25 minutes,
but after an hour there may have been é decline in stability as
temperature increased from 4 to 70°C,a1though the results indicated
more stability at 80°C. The holding of a 27 solution of BPP at
80°C for 15 minutes could have denatured the protein to a certain

degree.

Cunper (1954) reported that, as long as it is not heat
coagulated (when it will not form a foam), heat denatured protein

forms a more stable foam. However, other authors report a decline
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in foam persistence at the higher temperatures or no change.

7.3.D Variation in the amount of Powder - Appendices 7.3.D

Method

A 127 w/v solution of BPP was prepared. Portions of this
solution were diluted with distilled water to form aliquots of 50 ml
with a range of concentrations from 0.1 to 12%Z. These aliquots
were used in the standard procedure to produce data on the foaming

properties,

Results and Discussion

Tybor, Dill and Landmann (1975) found the response to foam
volume of globin, plasma and egg albumen, using the whipping test,
to be hyperbolic with the maximumn foaming values occurring at
1.7 g protein/100 ml for plasma. Powder No. 12, used throughout
these studies had a protein content of 79.87. The powder concentration

of 2% was therefore equivalent to a protein lewvel of 1.6%.

The results and Figure 32 show the hyperbolic shape expected
for foar volume, however the curve does not level off wmtil powder
concentrations of 6% have been reached. The differing results
could be due to the rate of foam production by the equipment used.
Many authors hawe reported the increase in foam volume and strength
as protein concentration increases and some have reported a decline
if even higher concentrations were used. At very low protein levels
a coarse, weak foam of low density was obtained. Cumper (1954)
stated that at the higher protein concentrations the foam consisted
of smaller bubbles and therefore the total interface was greater.
He thought that the total air/water interface in the foam may well
have been directly proportional to the weight of the protein.
Buckingham (1970) thought that the plateau effect on foam volume
and concentration represented a saturation point for the system,
where the protein packed at the air/liquid interface to a maximum

level.
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Figure 31 - Foam expansion when 2% solution of BPP was aerated
at dirferent temperatires
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The literature is not in agreement with the effects of
concentration on the foam stability. Halling (1981) maintained
that there was little change in foam stability at low protein
concentrations, then there was a steady increase up to high
concentrations as the viscosity in the liquid increases., In this

study there was no correlation between concentration and stability.

7.3.E Variation in the Volume of Water - Appendices 7.3.E

Method

A bulk solution of 2% BPP was prepared. Aliquots (25 to 150.
ml) of this solution were used in the standard procedure. The
powder concentration range was 0.125 to 0.75 g per assay compared

with 0.5 g in the standard procedure,

Results and Discussion

With variation in the amowmt of liquid used to make a foam
the results!after 5 minutes,show a rapid increase in foam volume
with the rate decreasing with the large volumes. Results at 25
minutes and 60 minutes indicated hyperbolic curves, Figure 33.
These curves are very similar to those obtained in Figure 32 in
which the volume remained constant, but the protein concentration
varied. This work is in agreement with Halling (1981) in which he
states that the volume of foam is dependent on the total amount and

not the concentration of the protein in solution.

Values for foam formation differ from emulsions in the wits
normally used to describe finctionality. With emulsions concentration
is an important factor as results are expressed per wnit weight.

This is not normal for foaming where the actual volume of foam or

the volume of foam over the original volume of starting liquid,
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Figure 33 - Foam volume with various volunes of continuous phase
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foam expansion, are quoted. 1In all other experiments reported

in this study the two values of ml of foam and foam expansion

have been proportional as the continuous phase was constant.
However, in this case the two methods for expressing the results
are not comparable. Figure 34 gives the results for foam expansion
against volune of liquid in the initial solution. This curwe

shows a near linear decrease in foam expansion with increased

volume of solution.

As with the study on protein concentrations no conclusions
could be drawn on the effects of change in volume of the protein

solutions on the stability of the foam.

7.3.F. Variation in the amownt of Salt - Appendices 7.3.F
Method

A range of concentrations for sodium chloride were prepared
by making up a 200 mM stock solution and diluting this to achiewe
a 2% protein solution containing 6, 12, 25, 50, 100 and 200 mM
sodiun chloride. Samples of 57 (856 mM) and 107 (1712 mM) sodium
chloride were also prepared. These solutions were used in the

standard procedure.

Results and Discussion

There are contradictory statements in the literature about
the effect on the foaming properties of proteins with the addition
of sodiun chloride. The variation in results were probably due to
the different protein solutions studied. The pH of the solution is
also important when studying changes in ionic strength (Bikerman,

et al, 1953).

In this study the addition of low levels of sodium chloride
to the plasma solution, already containing approximately 9 mM salt,
did not radically alter foam stability or expansion. At levels of

5 and 107 perhaps there was an increase in foam volume.
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Cumper (1954) thought that increased salt levels lead to higher
volume foams due to the greater ionic strength reducing the

forces between the polypeptide chains. This reduces the surface
viscosity and rigidity of adsorbed protein films. A more compact
protein conformation at the aix/liquid interface is achieved where
the rate of coagulation is reduced, thereby allowing more foam to

be formed.

7.3.GVariation in the amount of Glucose - Appendices 7.3.G

Method
A range of concentrations similar to those prepared in
section 7.3.F. were prepared, but glucose was used. Levels of

5 and 107 glucose corresponded to 252 and 504 mM.

Results and Discussion

The results indicate that the amount of glucose added to the
plasma solution did not radically alter the foaming volume or
stability. A small increase in the glucose content to levels of
100 mM did appear to increase the volume of foam formed by up to
10%. These higher volumes were achieved for glucose concentrations
of 100 to 500 mM.. West and Weir (1979). and Waniska and Kinsella
(1979) also found that sucrose had little effect on foam expansion
- and stability. At levels as high as 30 to 60% the sucrose tended
to intia}ly increase stability for some protein stabilized foams
(Miller , Herman and Gronninger, 1976; Waniska and Kinsella, 1979).

»

7.3.4 Variation in pH - Appendices 7.2Z.H.

Method

A bulk solution of 2% w/v BPP No. 12 was prepared and diwvided
into two. To one portion was added IM sodium hydroxide and the pH

of the solution carefully monitored. When a required pH was reached
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a 50 ml aliquot was removed and further alkali added to the
remaining solution. Samples ranging from pH 8.5 to 9.5 were
collected and used in the standard procedures for foaming
properties. The second portion of the bulk 27 solution was
changed in pH by the addition of 1M hydrochloric acid to obtailn
samples from pH 8.0 to 4.5.

In another piece of work 12 solutions, each of 50 ml and
containing lg of powder No. 2 were prepared. The pH of six of
+these solutions at pH 8.4 was lowered to 6.6. The foaming
properties of all the solutions were then established using the

standard procedure,

Results and Discussion

.As the character of the protein is altered at different pH
values there may be many routes by which the alteration of pH
will effect the foaming properties of BPP. TFor example the
solwility of the protein may be affected, the strength and/or

thickness of the interfacial film may be altered, the protein

. may.be more or less able to unfold at the interface. The exact

behaviour ofBP?J‘in solution at different pH values is difficult
to define as it is a mixture of proteins. "Also as Glazer and
Dodan (1953) pointed out the pK values at the interface (for BSA:
carboxyl group at pH 5.0 and the amino and hydroxyl group at 11.5)
may not be:the same as the values in the bulk phase. Halling
(1981) reviewed the effect of pH on the foaming properties of
proteins and concluded that most foams are stable and maximum in
volume near the pIl, however he mentioned several exceptions. It
is thought that the solubility of the protein at different pH
values is the dominant effect. BPP is very soluble throughout

all the pH range studied. Plasma is a complex mixture of proteins
which all have different pl values and will contribute to differing
extents to the foaming properties. The foam expansion curve in
Figure 35 indicates two peaks of foam formation ocecurring at pH

6.0 and 8.5. The pI of alburin is normally quoted at pH 5.0 and
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. that of globin at pH 6-8 however, this does depend on the salt

concentration,

The pH at which the greatest amount of foam was achieved
also exhibited the best stability. An exception was at pH 9.5
when the foam was stable over the first 25 minutes but less so

after 60 minutes.

The results for the foam volume and stability comparing
solutions of Powder No. 2 at pH 6.6 and pH 8.4 showed significant
di fferences. The volume and the stability were higher for the
lower pH value. Results obtained for powder No. 12 over the range
of pH values indicated that the pH of 8.4 and 6.6 both occur in
the peak regions of foam wvolumes and loock to be similar in size.
More.significant changes may have been apparent if the pH values
at the maxima and minima had been .investigated. A pH of 6.6 was
~chosen as this was near the pH of dried egg albumen (code EggP)

which was being used as a standard for foam formation.

- Tybor, Dill and Landmann (1975) prepared spray dried plasma
and investigated its foaming properties. Their plasma exhibited
a linear response to pH with a decline from pH 4.0 to 9.6. 1In
the study of De Vuono et al (1979) with whole plasma an increase
in volume and stability was found at pH 8 compared to that at 4
and 6.

The results in this study show that pH does effect the
foaming properties of BPP. Published results for foaming properties
of plasma at different pH values are not in agreement with this
study. However, it should be noted that the authors do not agree

about the effects.

7.3.1 The Presence of Lipids in a Foam System - Appendix 7.3.1

The depletion of foam volume and the cessation of foam

stability in the presence of surface active materials is well



Figure 35 Foam expansion of BPP at different pH values
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.. docunented. The difficulties in producing protein stabilized

foams in the presence of small quantities of lipids, present

often as a contaminant, is often experienced in the baking industry.
To inwvestigate the behaviour of BPP when whipped in the presence

of-lipids the following brief study was done.
Method

‘A 2% solution of BPP No. 3 was prepared and divided into
50 m1 aliquots. Olive oil was added to 3 aliquots to achieve a
concentration of 2000 ppm. Whole pasteurised milk was added to
other aliquots at concentrations of 2000, 100, 20 ppm for
-triplicate analysis;at each level. The plasma solutions with and
without the added lipid were then tested using ﬁhe standard

procedure for the estimation of foaming.

Results and Discussion

Olive oil at a level of 2000 ppm did not suppress the foaming
properties of the plasma. At 2000 ppm of added milk, but
containing much less lipid, there was a marked decrease in the
total volume of foam at all three time points. There was also a
decrease in the stability of the foam that was produced in the
presence of the milk, however the decrease was only significant at
the 6% level., The amount of foam present at 25 minutes was noted
at milk concentrations of 100 and 20 ppm, the lower level does not
apparently have any effects. There was a decrease at the 100 ppm

level but it was not significant (r = 2,889, p = 0.0631).

Halling (1981) reported that pure non polar fats and oils could
often be added in large quantities without serious effects to foam
systems. It was the lipids bound tightly to proteins and oil droplets
containing solid crystals which dramatically reduced the foaming

abilities of protein.
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BPP foaming properties seein susceptible to low levels of
~milk but not to be affected by olive oil at 2000 ppm. Care must
therefore be taken to ensure that the: glassware used in the

-analysis of foaming is free from contamination.
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7.4 GELATION
Figure 36

Gels

Gel, 10% w/v solution is of BPP at pH 8.4
Gel, 10% w/v solution of BPP at pH 5.0
Gell, 10% w/v egg albumen at pH 6.4

(@]
]

7.4. A Establishing a Method - Appendix 7.4. A

The penetrometer is often employed for the investigation of
gels, see Section 2. 9.2. However, the cone shape and size
used with the penetrometer varies and for this study the apparatus
was especially made. To try and establish a standard so that the
values for the penetration of the cone into the plasma gel could
be related to a standard type of gel would help the results to be
meaningful. The use of such standards is common practice in
establishing the strengths of such commodities as table jellys

(Pearson, 1976).

Agar was chosen as the standard as it is widely available,
obtained in a pure form and would make gels of the required
hardness. Although the gelation mechanism for the bovine plasma
gels and agar are not the same the graphs produced for hardness

versus concentration are similar in shape.
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Method

© A 4% solution of the-agargwaS"préduced by adding 10 g of
"lab M' agar No. 2 Code MC6 lot No. 751217 (London Analytical
" and Bacteriological Media Ltd.; 50 Mark Lane, London) to 240 ml °

-:~distilled water. -The mixture was then heated until the agar

"had completely dissolved. The begker with the agar was placed

in-'a water bath at 60°C to reach'equilibrium; Also, in the water

=" 'bath :were racks containing various amounts of distilled water

‘30 that by the addition of the 4% agar-a range of concgntrations
0.5 to 4% could be achieved in the final volumes of 20 ml. On
each addition of agar to. a bottle it was capped and thoroughly
mixed and left in the water bath. When all the concentrations
.had been made the contents of -each _bottle was again mixed and

left at room temperature for 18 hours.
..-The standard procedure was used to estimate the hardness of
the agar gels. After an initial study, further concentrations’

‘of agar were used to achieve a suitable curve.

Results and Discussion

=i A-sufficiently hard gel was-obtained over the concentration’
.range 0.4 to 47 for the Universals containing the gels to be
inverted without disturbance of the gels. Gels below 0.5%

.concentration could mnot retard the fall of the penetrometer come.

- . All the gels formed were very clear and light brown in colour,

The hardness, as measured by the penetrometer, of agar gels at
concentrations 4 to 0.4% were similar to the hardness of gels

obtained with bovine plasma powder at concentratiens of 15 to 8%.

‘The Figure .37 shows the penetration values at each concentration,
it was this curve which was used to convert mm penetration into
agar equivalents for the protein solutions. TFigure 38 is a graph

of agar concentration against the log of the penetration depth.
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Flgure 37- - Depth-of penetratlon into gels made with different

_ Figure 38
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" . The graphs 'show that the agar gels increase with hardness with
increasing concentration and the relationship over the range
--studied was ‘almost linear for concentratlon versus lc)gLO

. penetration depth. These results are similar to those of Ferry

i ammen{1948) who .fownd -the relationship between comcentration

and melting of gels was a log factor.

. 7.4.c Variation in temperature - Appendix 7.4 C.

. The .temperature .at which gelation will occur can effect the
- ugse of a functional protein in.a variety of products. Hermansson
and Luciasan (1982) reported that a temperature of 72°C was
requiréd'to“form plasma gels and that there was increased water
-loss'ffoﬁ gels heated above 82%¢. ‘Heating above an optimum
— - temperature causes an increased tendency towards protein-protein
wr--+ - interaction and partial disruption of the protein network due

to local aggregation phenomena (Hermamsson, 1982b).

wove s - o= The -temperature at which gelation took place was therefore

- -studied. -Kalab and Emmons (1974) noted that the temperature at
which the penetration-took place was also important, but this
~. nu Twas not investigated 'in this study, all gels being measured at

room temperature.
Method

The standard procedure was used to form the gels except the
~ temperature of the water bath was varied., Temperatures of 75, 80,
85, 90 and 70°C were used in that order. The gels were measured by
the standard procedure. The mean values for the penetration were
- interpreted as agar equivalents using the standard curve as demonstrated

in Figure .37.



_.170_

Results and Discussion

oomeemee e All-the gels formed were sufficiently hard not to move on
inversion, they were all clear and light brown in colour. The
results, as seen in Figure 39 ,show that the gaels formed at higher
temperaturés dre harder than the gels formed at the lower
.temperatures. The relationship.between the hardness as agar
equivalents and temperature of gel formation (70 to 90°¢) is

se. ... :-nearly linear. Kalab, Emmons .and Voisey (1971) reported that

¢ ;~”%-;';milk~ge15‘increésed-in firmness above 80°C almost linearly-to a

s maximum at 100°C.

- Figure 33 - Gel hardness with increasing temperature
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-+ :237;4.c Duration of heating

Many workers (Kalab,; 1971+; Catsimpoolas and Meyer, 1971;
Harper et al, 1978) have studied the relationship between the
~ temperature and time for gelation. 1In these studies no variation
in time was investigated, but to ensure a sufficient time period
- was being-used to allow any changes due to temperature to have
occurred the temperature inside the gelation container was

investigétéd.
Method

A 10% solution of BPP was prepared. To the glass Universal
bottle was added 20 ml of solution and a Digitron thermocouple
“.--positioned ‘in ‘the' centre -of -the .container. The universal was
‘then placed into a'ﬁfeheated water bath (80°C reading for the
SRR mércuryufhermbmeter;iBO;ch:reading for the thermocouple). The

- --- thermocouple reading.was noted at regular intervals.

Results and Discussion

The results of the increase in temperature with time are
given in Figure 40 . - A steady .temperature was achieved after
Toru15 ‘minutes,” but gel-formation could be:detected after S5 minutes.
... As .a.steady temperature occurred after 15 minutes it was decided
“that a further 15 minutes should be sufficient to ensure complete

gelation at the set temperature.

-~ 7.4.D Variation in - Amouwit of Powder - Appendix 7.4.D

Method

The standard procedure for gel formation and measurement
was followed. A range of concentrations from 8 to 157 were prepared
for BPP No. 8. When several concentrations were used at the same
time the highest concentration was diluted to achieve the solutions
containing lower amounts of the plasma. The results were obtained

from several studies over a two month period.
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Results and Discussion

- .Below a minimum concentration of protein gels cannot form

- although aggregation and increase in viscosity can occur

(Catsimpoolas. and Meyer, 1970). The concentration of protein

- used in.this study was sufficient to form gels strong enough

to withstand inversion. Few of the gels formed at 8% concentration

were sufficiently hard to prevent the penetrometer cone from

“travelling right:through the gel., At high concentrations the

cone..just- pierced.the gel. Figure 41 indicates a near linear

-relationship (r'='0.%4) between the log of depth of penetration

and concentration over the range 8 .to 15%. The data is similar

- to that found by other workers. Hickson et al (1982) found an

"~ asymptotic maximum with concentration and Hermannsson (1982b)

~reported penetration. was less with increasing concentration.
“Kalab (1971 .) found that for milk gels a hyperbolic function

... fitted .the data better’ than the ‘ekponential function. In this

- study the correlation for 1 divided by the depth of penetration

was 0.987.

..7.3/FVariation in the amount of Salt - Appendices 7.3.F

Me thod

"~ Solutions formed by.dissolving BPP at concentrations of 8,

=9 and: 10% were made. A To these were added the appropriate amount

of one of the following:- sodium chloride, sodium citrate, calecium
chloride, calcium acetate, High concentrations of 5 and 107 were
used for the sodium chloride,-as well as the lower concentrations
of 2,4,6 and 16mM. A further study was carried out using a
concentration range of 0 to 50 mM sodium or calcium chloride in

the plasma solution. All gels were made and measured according

to the standard procedure.

Results and Discussion

At all plasma concentrations the effect of the sodium chloride

was to harden the gel, the results are given in Appendix 7..3.F
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... ..  "The .decrease in the depth of penetration of the cone was highly
cewes oo 'significant at the 8 and 9%. plasma concentration with the addition
.of 5 and 10% sodium chloride.- -The decrease was not so marked at
t=—= - -~ - the 10% plasma concentration although it_ was statistically significant
T oswlieoess v with the - 10% salt_Solutionl “With.the 8% plasma concentration
zro -~ - the hardest gel formed was .with the 5% salt., At 9% plasma there
ml-mewe. ... was.no significant difference between the 5.and 10% sodium chloride.

—~.: ... This was also found for the 10% plasma gels.

-1+ Gels were formed using low concentrations of various salts.

Trmemel Cwins owe: It was. noted: that the  gels. formed .at .8 and: 16 mM calecium chloride and
“—« = galelun. acetate-were.more:opaque than.the. other gels. Figure 43 shows
==e- 00 - depth-of penetration:at the various concentrations 6f the salts
-.- used.- Very low levels of sodium and calcium salts do seem to
«- wo==- ‘dramatically effect the. hardness:of:the gel, Appendix 7.3 F.b
ST ... In the study.using a range of concentrations for the sodium and
Lt svwelcaleium chloride,QAppendix 7.3.F.c. and Figure 44) the gels formed
- with_calcium chloride at 10 to 50 mM were "milky" in appearance.
vese s Bome:of the results had-a wide standard deviation. This was often
= - due’ to "aeration" of the gel at the surface and consequently it
.was. difficult to place the penetrometer cone at the surface of the
"gel. The results indicate a significant increase inhardness. of
SR the gel which reaches a maximum, at.about. 15 mM salt concentration
i~ v e ogver the range studied.- The actual gel hardness not being so great
2. .with the sodium chloride as the calcium salt. The gel hardening
# ir - .r~.7effect appears to be-getting less at 50 mM concentration for both
. "chloride salts. A'significant hardening of the gel occurred again
s-2 = -at:10% (1712mM) sodium chloride concertration, but no increase in

‘hardness was detected at 5% (856mM) sodium chloride.

. Ferry (1948) considered that the ionic effects on gelation
followed the Hofmeister series, with highly hydrated cations such
as lithium, calcium and magnesium and large non polar or large

highly polarizable anions having 'the most effect.



 Figure 43 - Gel hardness after addition of salt solution
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"Kalab and Emmonds (1972) tested various chemicals up to
- ~.’concentrations. of. 250 mM. Theyfound .that low concentrations of
" sodium and potassium chloride did not effect gel firmness, while
divalent cation promoted gelation. .Sodium ion concentration
- ... seemed to increase viscosity of plasma gels at 0.2M, but to
- decrease viscosity at concentrations of 0.5 and 1.0 M in the
study by Hickson et al (1980), However, using egg albumen no changes
soi:..weré seen. on the addition of ‘salt.. In the same study 0.2 M
7=~ -calcium gave increased viscosity with plasma, but decreased
-~ yiscosity with egg. -Sodium chloride-—-at -5% was reported to have no
. ...effect or_ﬁo"décrease.the.viScpsityZand the amount of gelation
wsi-iioin. the  study. using. fababean,: soybean, sunflower and field pea protein

by Fleming, Sosulski and ‘Haman (1975).

o ori- A7.40.G Variation in the amount-of Sugar - Appendix 7.4.3

, Method

Glucose was added to plasma solution to achieve éugar
concentrations of 5 and 10% in.solutions of plasma of 8, 9 and 10%.
The gels were ﬁade and measuréd by the standard procedure except
~that if the gels were not strong enough to retard the cone the

~value of 300 was assigned.

Results and Discussion
.- ... At the 8% concentration.of BPP the additioq of the glucose

did not increase the hardness  of the -gel. However the maximum
penetrometer reading obtained was 300 and even if a softer gel

was formed on addition of glucose no higher numerical value would

be given. At the 9% plasma concentration the 5% glucose did not
alter the gel hardness, but the 10%Z glucose did make the gel softer.
At plasma concentrations of 10%7 the glucose did appear to decrease
the hardness of the gel. The softening of the gel being more marked

at 5% glucose than with the 107 concentration.
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"~ 7.4.1 Variation in the pH ~ Appendices.7.4.H

Method

Three concentrations (9, 10, 11%) of plasma solutions were

.. prepared, . The pH of each solution was measured and then divided
into. 3 aliquots. The pH of one aliquot was altered to 5 with
- 4N hydrochloric acid, another was changed to pHI0 with 4N sodium
" -~-hydroxide. Care-was taken to erisure good mixing when adding the
~--aeid and-alkali to the protein solution. The gels were made and

.. measured according to the standard procedure,

Results and Discussion

. ... Hickson et al (1982) reported that the optimum pH of plasma -

~ge15‘ﬁasi7;0." The natural pH for each concentration. was 8.3. The

.;.gels"at,9,~10,:ll%Aconcentration and :at-pH- 8.4 and 10 were homogquus
“clear and light -brown in colour.  The gels at pH5 were milky white
.and opaque, see Figure 34, When cut the particulate nature of

- the gel could be deteqted;"~Thé gels formed at pH5 and 10 were less

hard than those formed at the natural pH of 8.4, those being formed
at pH5 .being softer than the gels at pHI1O.

Small additions of alkali and acid were made to the samples
of altered pH, this would cause slight dilution of the samples.
However, in the concentration study. it was shown that this slight
difference in the powder level could not account for the softening

of the gels.” The addition of hydrochloric acid and sodium hydroxide

- will alter the salt balance in the solutions. The increase in ion

. concentration was ounly in the order of 0.005 mMolar.

The effect of lowering the pH dramatically alters the type

.of gel, the gel formed at pH5 being of a cogel nature, At pH5

plasma is not so soluble as at any other pH value. The relationship

between solubility and gel hardness was studied by Circle, Meyer
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" and Whitney (1964). Kojima and Nakamura (1985) studied mixed
‘protein'gels and fouwnd stable. gels at.alkaline pH and weak paste
‘T} J1ike.gelsuatmaﬁidic'pH} The results-reported in this study are
-;;similar to.thﬁse reported b&.other workers (Hermansson and
‘Lucisano, 19827) and indicate that:the final pH of the product
must be known for z prediction of the geiation properties of the

plasma,

T.._.7.4.1. Mechanism 6f Gelation Appendix 7.4.1

w70 f= A paper by Howell and Lawrie. (1985) discussed the gelation

. bieizcoproperties “of blood plasmafbroteins when the protein had been

. .modified with-various bond breaking agents. To see if similar

results could be obtained with the BPP a brief investigation was

L -z~ =umdertaken using the technique established for gel hardness.

Method

In the Howell and Lawrie (1985) paper gels were made from
.solutions of 6% protein and 457 sugar w/w. For this study a bulk
.solution containing 107 BPP was prepared and aliquots of this used

to prepare the following solutions.

=i Code Material Bond Effected
No addition : Control
iM urea . - Hydrogen
3% w/w SDS o Hydrophobic
© ... (sodiun dodecyl sulphate)
D , 1% w/v mercaptoethanol Hydrogen and
and 4M urea Disulphide
17 w/v mercaptoethanol Disulphide

17 w/w Cysteine Hydrochloride Disulphide

247 w/w sugar Sugar control
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wemiin i e wee o Lo- . Two replicate samples of each-example were prepared and the
2iwligz .l o opH.measured after 24 hours.. Three aliquots of 25 ml were taken
~ . frém each flask and used fdr-the'gélatiohtpfoduction and measurement

smnozmn vt caccording cto. the standard procedure,

Results and Discussion

Z. .. - . . .- 1In this. study the gels containing the mercaptoethanol showed
the highest degree of gel formation. --The sample containing urea
and_mercaptoethénolnquickly.formed a.very clear gel on standing at

TTRTTTE éif?roomrtemperature.j'Without the” urea- the gelling took longer, but

© would still,qcéur'at room temperature, with a.cloudy gel being
. - formed on heating equivalent. to agar.at--2.167. These results are
w.oEhadn i in marked contrast with’ those obtained.by Howell and Lawrie for the
- ‘porcine ﬁlasma powder where the usé of mercaptoethanol and urea
= -~ -reduced gel strength _by.827 and the breaking strength by 93Z.
wizii-. wr . The .use. of cysteine hydrochloride, a reagent also said to reduce
cwm=—w- - —-=: disulphide bonds, also lowered the gel and breaking strength of
ceiiw s oo sporcine. plasma - in the Howell-study. Howewver,the reagent was said
to markedly increase the gel strength of porcine serum as found

in the present study for BPP.

In this study all gels formed in the presence of urea were
siw.- o pellueid. -Gels-formed with the urea were not as strong as the
"controls. In the Howell paper a decrease in gel strength was
- . obtained with.urea for the plasma and serum, but an increase occurred

for egg white.

No gelation occurred in the presence of SDS in this study,
the solution formed was clear. The reported data indicated a
lowering of gel strength for the plasma and no gel formation for

the serum.
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“;.»7 o From .this brief investigation of the effect of bond breaking

agents on BPP notable differences can be seen from the data
‘reported by Howell. -The'methods of gel measurement vary between
-.the two studies..as-does the protein:and sugar concentration, but

the results are so different. that. this aloné_cannot explain the

- variation. . Howell used porcine plasma while this study used bovine.
The results obtained by Howell for freeze dried porcine serum appear
7.to be.similar to those obtained for BPP. .In Section 6.8 the protein
product Regalbumin (code AlbFib) was assessed and found to gel,

but net as well as BPP.

:-..... The_reason. for differences in the data could be variation in

- the tertiary structure of the proteins. The mechanism discussed
by Howell-could still be true. -Presence of mercaptoethanol could
Janohrage,breaking'of-diéulphide bonds causing the structure of the
protein to‘unfold'and'realign in an ordered form to produce a gel,
perhaps reversible in nature .and formed from electrostatic and

-hydrophobic association as well as the reformed disulphide linkages.

The differences between the plasma used by Howell and BPP
could be that the BPP had not been so badly damaged in productiom.
A factor in gelling may. well be the prehistory of the protein.



CHAPTER 8

.......
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e CHAPTER 8

... .. SUMMARY.OF RESULTS AND CONCLUSIONS

‘A.powdered product was made from bovine plasma and its
..~ functional ability was assessed. As no standard methods exist
for.estimation.of functional properties methods had to be _
developed and other protein products assayed.to give some indication
.. -- .of the potential of plasma powder. It was hoped that by doing a
.:orange of tedts that-the importart factors relating to fuctionality

" could be defined and this would make assessment of products easier.

s~ri.. . However;~the.functional . tests were dependent on so many parameters

wi-nr-othat statistical procedures for the modelling of their action would

v nbe inappropriate.  Although the errors when performing the

o .- functional tests.had been carefully reduced:the normal coefficients

- of variance were between 10 and 15%Z. -5mall variations in the

i..processing.of the plasma could not be detected with the functional

.. o tests and there fore investigation of small- changes in ultrafiltration

.time and spray drying temperature were not investigated.

- A description of the powders produced for this study and their

-~ properties are discussed in this Chapter. Comparisons are made

- ;.. between the data obtained. for the bovine .plasma powder (BPP) and

... thateobtained by authors working on simil .ar products., The quality
of the standard tests developed for this project .1$ discussed as
are the factors, : e.g. concentrations, temperature, pH, that effect
“the-values obtained, .Ideas for.'future work:to aid in the assessment

 ;0fwfunctiona1ity-andZfor-monitoring production processes are also

glven.

8.1 Protein Powders Produced at LUT

A light coloured powder can be made from the plasma fraction

of bovine blood, by the process of ultrafiltration and spray drying.
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© .= The procedure used produced approximately 3.5 Kg of powder
(2.8 Kg protein) from 100'1itfes of whole blood. The powder

....formed was stable and.exhibited.a .range .of functional properties.

The colour of plasma powders was bland, but the degree of
- red cell lysis had to be carefully controlled, this was
-more difficult if porcine blood was used. Some coloration due
-~ .- .to the presence-of B-carotene was detected. The range of resﬁlts
‘obtained.for the ten bovine plasma powders. assayed did not indicate
- - any marked differences in the powders produced. Powders made
from frozen plasma;-séra,;ﬁdrcineﬁplaémé, porcine plasma with
=. Fraction VIII removed and plasma from yowg barley beef all showed
‘very similar functionality with the tests used. Variations that
T 7did -éccur ‘include  lower EC -values “for & powder not produced at LUT,
- -although made wnder similar conditions. The amownt of insoluble
- .material in the barley-beéf'Sample was greater than that expected
;22 for BPP. :'Solutions made from podrciné samples were dark in colour.
Serum -samples-had slightly better emulsification and not so good

gelation properties as BPP,

High microbial counts in some of the products produced did not
seem to radically effect the functionality of the product, but
. would render it _unsuitable for huran consumption. To achieve a
-~ powder of suitable microbial quality care has to be taken throughout
. collection and production. Under the condition§ used at LUT it was
essential to process .the plasma within 12 hours of collection and
the UF is a eritical stage. The apparatus must be constructed so
- -that it can be kept &s aseptic:as possible. Speed in concentration
is also important. The laminar flow in systems such as the DDS UF
machine are better for viscous fluids (Thijssen, 1974) and the
concentration of the plasma was much quicker with this apparatus.
No increase in the microbial load of BPP was found on storing the

powder for a year. The need for hygienic production has been noted
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wwee oo by other-authors ‘and ‘the off flavours .and odours cbtained with
.~ ‘some of the powders produced by them may have been due to microbial

~&:QL; - .~ degradation of;the.plasma during processing.

Ultrafiltration is an economically efficient way to concentrate
solutions. The removal of much of the salt added to prevent
coagulation may also be beneficial. In spray drying the protein
is not suwjected to high temperatures and therefore should not be
“mawimsono - damaged. - Electrophoresis.of BPP.indicated that the major protein
ﬂﬁ't?{‘;fractionsﬂstill,maintained thgirreleCtrophoretic mobility. The
L.omTinzon. . -SDS-polyacrylamide-gel electrophoresis results of Tofnberg and
- -Jonsson "(1981) indicated less distinctbands and loss of albumin in
- spray dried.compared with frozen plasma. Although no changes in -

. the agarose electrophoresis patterfi”"could be seen for the BPP,

the protein had altered in some way as assays for lactate dehydro-

[ro-iitu 2t o-genase indicated-a’sibstartial:loss o6f-activity after spray drying

"and slight reduction after UF.

sncwwee—. -« . The study of powders collected during spray drying showed
~that little-difference could-be-detected, However, blockages in
the atomiser should be avoided , thus keeping temperatures constant

so that particles of the same moisture cdontént and size are produced.

s -o-It-ig also necessary that the inside of the drying tower is clean

we wwt .. - or.powder will adhere to the surface thus reducing yield.

Properties exhibited by -BPF on first manufacture were retained
in the one year stability trial. Powders with B-caroteme lost

their colour with time. Any initial odow the powders may have had

- on first production was much reduced after a few hours although heating

the powder or solutions of BPP produced a smell.

Solutions of BPP could be made, but it was necessary to stir
the powder and water for at least an hour to ensure that full

solubility of the powder was achieved. Solutions were cloudy and
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..--~darker-in.colour. than the.original_ plasma. The pH of solution

wz wre=—ieee formed from dissolving BPP in distilled water was always greater
ozl o«sl. .-than 8.0 and the.colour: was.pH . dependent:- At pH 5.0 the solution
"was more cloudy, but of lighter hue than ﬁhat at pH 8. The
solwbility of BPP was very good with over 907 of the powder being
soluble at neutral pH valwes. The lowest solubility, 767, was
-t . 7~ gshown at pH 5.': A decrease in solubility at the ioscelectric point
- was found - with other plasma powder products (Tybor, Dill and
": ... _Landmann; 1973; Delaney, Donnelly and Bender, 1975). It was
:::1ﬁ;tﬁz;;-;;eétablishedfthatvthe;degfee’of-sOlubility;varied according to the
-“source -and procedure Gf powder production. The decrease in
s omm o= o - -~ golubility at pH-5 is most marked when-only low concentrations of
;:;n;{iw ~i.- BPP-are- used. LInithis-studytit.w351f00nd,that the addition of salts

~iiicio .o . or-swar reduced. the decrease_in-solubility when changing the pH.

‘The -ability of the BPP to disperse was not good and there was
ommre oo g pigk-of further microbial  growth if too long a2 time period was
- 7w = o required to achieve full solvation.. Many of the other protein
wormo =o. 1o powders: tested had larger.particle sizes-and this may have aided
- in their ability to disperse.- If it was necessary to aid dispersion
of BPP and alteration . of particle.size was not sufficient it could
be possible to incorporate another siubstance with the protein. Tybor

-+ et al-(1973) incorporated.lactose when spray drying plasma.

s i e - Compared with most of the products tested the functional
properties of BPP, as estimated by tﬁe.given:methods, were very good.
‘The amount of oil emulsified by BPP was great and at a ratio of

::1:24:75 protein :water:oil the emulsion was very stable. Solﬁtions

of the powder also showed good gelling characteristics. Firm gels
being formed at 9% solids at 75°C. Only the fresh egg white produced
firmer gels when measured with the penetrometer. Egg products also
may have formed a slightly more stable foam than BPP, but no
differences in the volume of foam obtained could be detected between
egg and BPP. The superiority of egg white in cake baking was shown

when the utility test of making an angel cake was undertaken.
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Foam stabilized by the presence of BPP collapsed to some extent
with the introduction of flour and the matrix could not be

stabilized after the initial expansion of cooking.

BPP aBsorbed fat and mixed with oil to form powder/oil mixtures
at gravities greater and less than that of the corn oil. This also
occurred with some other powder products, but the product produced

from plasma by Fibrisol did not form the two layers.

Results of the functional properties of plasma powder, as
measured by other workers, have varied. 1In all cases it must be
remembered that assay methods were different as were the powders.

- In the-study ofHickson: et -al- (1980) and Howell and Lawrie (1984
a;b) plasma gels were found to be harder than egg white gels. 1In
.the present study no difference or a slightly stronger gel was
obtained with the egg products. Work of Howell and Lawrie (1985)

on the mechanism of gelation gave very different results from those
obtained using BPP, see Section 7.4.1. Kalab and Emmons (1974)
investigated various drying techniques for the production of protein
powders and found differences in the gelation properties. Whatever
the source,the ability of plasma protein to form gels is well
established for final food systems. Reports such as plasma increasing
the binding strength of frankfurters or beef patties are common
(Suter et al, 1976; Terrell et al, 1979).

The foaming ability of plasma in producing confectionery products
is less well documented. Only partial replacement of égg white with
plasma is possible in cakes, although in model tests the foaming
volure for reconstituted plasma powder is as good or better than
egg white (Tybor, Dill and Landmann, 1975; Thompsen, 1983). The
amowt of egg that can be replaced with plasma has varied in the
opinion of authors, but levels higher than 30% have been considered
acceptable, The amowmt of substitution must also depend on the type

of product being made., In this study angel cakes made with 507
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L and 1007 substitution'ofiegg white did not have the voluhe, nor

‘the white colour, nor the fine texture of egg albumen cakes.

Reported values for plasma products would indicate that their

emulsion characteristics. were good. ' Different studies are difficult
" to compare as the methods are so varied and no comparative data

is given. -Tybor et al. (1975) fownd that emulsification properties
. of plasma were dependent on -the manner by which the plasma had been
" processed.’ Kinsella(1976)- pointed out. that the prehistory of the |
" - protein was vital for its emulsification ptoperties. The amownt of
bacterial ‘contamination was found to be relevant in the emulsification

= determinations by Borton et al (1968).

;= " Results indicate ‘that the plasma powder produced at LUT had
similar functional .properties .to those quoted for other plasma
proteins, however there were exceptions. With no standard tests

_wvariation in the assay procedure could give the deviant results.

- -Other -constituents .in the powdered product could also play an
important role in some of the functional properties. The method of
processing-plasma is of vital importance, but this study indicates

- that the method developedrat.LUT can.be used routinely without.much
variation in functional properties. BFP does not alter during or

.. after processing. Source of raw material, i.e.; plasma or sera,
porcine or bovine, from yowmg or older animals, frozen or fresh
plasma, also did not radically alter the results of model tests for

finctional estimation.
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8.2 Factors Effecting Fuctional Tests

A more detailed study of the behaviour of BPP in some of
the functional tests was wndertaken in the hope that a clearer
perception of the protein's action could be made. The effect of
plasma in a food system could only be predicted if factors
regulating the functionality had been determined. Knowledge of
the results of tests using BPP under different conditions could
lead to an wmderstanding of why results of other studies had been

so different.

Mixing Procedures

Mixing procedures are of importance in the functional tests.
Mixing the dried powder with oil for the fat absorbance did neot
appear to be critical, except that the powder should not be
subjected to rough handling before or during mixing. Passing the
powder through the Alpine Classifier obviously had a detrimental
effect on its ability to absorb fat.

Care was taken throughout this study when making up the
solutions of BPP. 1If mixed tooviolently the solution would foam
and this indicated wfolding of the. polypeptide and its asortion:
at the air/solution interface. No emulsions are formed at all if
- the wrong type of shear force is applied to solutions of BPP and oil.
If sheared for toco long there is a decrease in emulsion capacity
values. Long mixing times produced oil glcbules of small size and
there fore more protein is required as the interface area increases.
Foam, another system that requires action of protein at the interface,
is very dependent on the method of mixing the two phases. Sparging
formed much higher foam volumes than whipping. The size of wessel
in which the foam was whipped also plays a role, the larger the

vessel the more foam was produced. However, the diameter of the
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vessel holding the foam after production did not effect the
results. Authors hawe reported that too long a mixing time
decreases the volume of foam produced, but,iﬁ this study the
longest whip time gave the largest volume although there may have

been some loss of stability.

MacDonnell et al (1955) pointed out that the whip time is
dependent on the protein. Globular proteins may require more
mixing than random coil structures as they have to be denatured
before being able to stabilize the foam. An appreciable degree
of tertiary structure in the dissolved protein is thought to be
needed for maximum stability. However, if a protein is hydrolyzed
the protein may give a lower stability, but may foam more readily.
Work by Buckingham (1970) indicated that better foaming properties
for BSA could be achieved by slightly decreasing the solubility of

the protein.
Temperat ure

Temperature ef fects most chemical and physical actions.
Bovine plasma starts to denature at temperatures im excess of 55°C
(Hermansson, 1983) and therefore any tests carried out above this
are likely to be different from those at room temperature. Fat
absorbance appears to decrease with increasing temperaturé. Hutton
and Campbell (1981) postulated that the change in viscosity of the
oil ﬁould change the amount of oil entrapped by the powder. It was
possible that the high temperature could denature the protein, but
studies with BPP that had been held at 85 or 108°¢C for wp to 5 hours

showed increased uptake of oil,

An investigation of effect of temperature on the emulsion
capacity of BPP was not carried out. Emulsions stabilized by BPP
were held at 4, 20 and 80°C and no differences in the amount of
oiling off was detected. The volume of foam produced by whipping
BPP was temperature dependent with the maximum amount occurring

at between 20 and 30°C.
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In this study temperature was used to form gels from
solutions of BPP. The gels were harder as the temperature was
increased from 70 tol90°C. If the temperature was increased to
as much as 120°C then the gel would once more become liquid,
resetting as the temperature was allowed to fall, Hermansson
(19,82) found that by increasing temperature from 77 to 91°C
a partial disruption of blood plasma gei structure occurred.

This was due to‘a local aggregation phenomenon and as a result
there was a decrease in the water binding. The effect of
duration of heating was not studied in this project, but after an
initial time period further heating is not sipposed to effect the
gel (Hicksonet al, .71980).

- » ‘
Protein Concentration

The amownt of protein taking part in any functional test
depends on the amownt of powder used and the quality of the protein
after the processing procedwres. In fat absorbance estimations
if only small amownts of powder, beleow 4.87 by weight of the total
mixture, were mixed with oil there was an increased amount of oil
absorbed per g of powder. At higher proportions of powder the

amount of oil absorbed per g of powder remained constant.

Many of the functional tests depend on the protein being in
solution. The soluwbility of the BPP was good with over 907 of the
protein soluble at neutral pH with the minimum solwbility occurring
in the region pH 4 to 5. For the tests involving disperse systems
e.g. foaming and emulsification, the protein molecule has to migrate
from the bulk phase to the interface. However, when at the interface
only small amounts of protein can cover a larger area. Graphs
showing the effect of increasing the amount of protein in emulsion
and foaming studies are hyperbolic. This indicates that after an
initial increase in the property with increasing amoumts of protein,

further protein does not have much effect. Reports on the amount
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—— of protein required to reach the plateau hawe varied. Several

“:-v-v~v?ﬁ4-f-ahthors have  stated that increasing-levels of the protein may

faoa o o inereagse the strength of the interface’ (see Section 7.2.D & 7.3.0)
"but this study did not indicate any increase in stability with high

cwz:e. < .. levels of protein.. When the amount of water was changed in the

vl T o fbamiﬁg and. emulsion studies the dominant e ffect was due to the

T v w7 total amownt of protein in the solution and not the wolume in

o - -  which it was suspended.

. 22+ ~The wmits. in which the results. for functional tests are
“iu;-eipressed'can_be-bf major significance.:~For emulsification capacity
’JAL;i;L;ﬁ: -;afcbmmon;presentation of the results_ié:?g;df o0il per g of protein™.
EEREETIE Rt "-AS'the\actuhl7émount of 0il emulsified is not linearly deﬁendent
2 e oo con the weight of powder used the results can be misleading, fesults
'E:,;:tf:;‘zfor'BPP;cbuld;be;quoted as.any.value between 160 to 3400 g of oil/
g of‘powdef.--Emulsion capacity values are not so affected by
~heTmozLosiay oL proteln concentration if they are expressed as oil phase volumes,
but the effect of altering the water volume produced non-linear
=~ _0PV values. Foaming values can be expréssed as the "volume of foam
— . . .formed" or as "foam expansion", neither expression allowing for the
protein concentration. If the volume of liquid is altered it
o . affects the values for foam expansion which is the volume of foam

divided by the original wolume of solution.

R © It is necessary that a certain concentration of protein is
e " present before there is any gelation, althowgh some increase in
: " aggregation and viécosity can occur at low protein levels., Over
" the range of concentrations used in this study a hyperbolic curve
was obtained for plasma and agar concentrations against the depth
to which the penetrometer cone pierced the gel. The curves were
“linear if-log of the penetration value against protein concentration

was used.
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oot Salt and Sugar Additionms

il m;ﬁm,;.:Thé.SOIﬁbility_oprlasma protein is affected by the amownt
.. ..6f salt and sSugar in 'solution... Small Jdincreases in the amownt of
s swemiee —=—wsogaltor sugar, above-that-already in thé powder, enhanced the
- _ emulsi fying properties, although high~levels were not beneficial.
Sugar and glucose addition to BPP solutions did not alter the
~. . .-7. .. foaming properties to any.great degree, but high addition rates
_ . may have increased the foam volume a little. For a study of the
et ;efféct;dnffat,absbrbance of additional levels of.salt or sugar the
R ST i ;;,&Jcompdunds_would.have;to,be‘addedgtowthe:goncentrated plasma before
... spray drying.Q-Littlevchange-of-a softening in gel hardness was
wmizie= - found with the addition of sugar. - Adding salts to solutions used for
Twi'-gelation-éstimétions_had;marked effects., The presence of salt in
C gelatioﬁ systems  generally-promotes aggregated structures on the
- colloidal level and enhances protein-protein interactions on the
molecular level (Hermannson, 1982b). Very low levels of calcium
7.n ... produced hard, white, opaque gels. . Low sodium chloride additions
‘also made gels harder, higher concentration not having so much
feee e - e ffecet, ‘Resulfs-for gelation are so dependent on the concentration
" _of various ions, especially highly hydrated cations, that the
e _ .processing method could be critical. The amownt of salt in soluticn
i o _.. 1s _affected by the UF process.. The longer the process continues the
: fil; "+ 7 -less .salt there will be in:solution as.small ions are able to pass
- -through the membrane. The anti coagulant used will also alter the
ioni¢ balance of the plasma. Some, but not all, of the variation
in the gelation results for the different plasma powders may be

explained by the various Ievels of salts contained in the powders.

2023

Plasma in the body has a strong buffering action and the pH

is not readily altered. Spray drying increases the pH of the system
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v ee remz- — and-this: could.well.alter. the structural conformation of the

Ceienn h‘;_protein.quhe{appafent;coloﬁr.of‘a solution of BPP is altered by
_;'z;:n .reducing the pH.. Changes in some-functional tests at different
nm oo .-pH values have been explained in terms of the alteration in
. soltbility of the protein. Althoigh the total loss of protein
solubility at-different pH values has been calculated the effect
on individual'prdteins cannot be ascertained. It may be that
“the loss of a specific protein could alter the fumctional quality
‘at differing pH values, but such alteration . can not be explained
7w - - -just by loss in-the -total amownt of:soluble protein. Small amounts
==+ of acid added to dry BPP did not effect the FA. It is possible
= .o that-1f -the .powder_had been.dried_and formed at a different pH
- __:;-ﬁnthe_FA;vaIues'WDuld,have;béenwalfered. When measuring the EC at
‘different pH valtes the most noticeable difference was the care
“with which the mixing—had'tb.be=Undertaken. Emulsions at pH
cewn 27l values different from that at which they naturally occur could
‘o= - easily be broken with too-much homogenisation. Emulsion capacity
c o i o~ of BPP.was-lowest. at-pH:5. :The pH -which produced the greatest
e amowmt also produced the most stableé foam. Two maxima occurred
‘for foam" volume, pH 6.0 and 8.5, The results of other workers were
not in agreement for the effect of pH on the foaming properties of
solutions made from plasma powders. Alteration in the pH of
. - ... . -.solutions heated to form gels gave products different in appearance

R as well as strength.
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8.3 Standard Methods

}'The’méthods.in this study have.been adapted from those used

by other workers so that they were suitable for use with BPP,

» . As shown.a number of. . factors @ffect the results and although a

‘range of other protein powders have been assessed alongside BP?P

it is possible that very different results would have been obtained

""if the assay methods had been different.. As there are no standard
- assessments it must be advisable to-use a well doctumented powder
~rasa reference for .the functional tests, even if the assay methods

v may not give the same results.

. Organoleptic properties are so important for a food product's

-acceptability that perhaps more attention to the accurate

assessment of these should have been carried out. Water absorbance

. tests are mostly used for products which are not so soluble as the
“BPP, ~The uptake of water at certain humidity levels could be a

very good indication of storage problems that could occur with

powders in damp atmospheres.  The method for dispersion was

- developed due to the difficulty in producing solutions of BPP. For

.-its commercial use some type of instantizing could be investigated.

Fat Absorbance

- The method used for fat absorbance produced two layers of

‘powder mixed with ¢il.  On further examination it was found that

these layers had approximately the same composition by weight,

but the volume occupied by the powder was considerably more in the
top layer compared to that at the base. The units used to quote
the results could therefore be of great significance. Values in
this study give fat absorbance for BPP as ml of fat per gram of
powder. The results could look very different if the results are

given as ml of fat per ml of powder. Freeze drying bovine plasma
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sz syes e powder-produced partiecles. of -large size which were not spherieal

" or compaét . in shape.-. These particles :absorbed more fat than those

isleloliElo.produced by spray drying but:no low density oil/powder mix was

. ”m‘formed;”iChemiCallynidentical protein powders having particles of

=z o a0 Dovsimilar size produced by different methods had different oil absorptions.
Globin appeared to.absorb more oil than albumin when produced in the

Same manner.

Emulsification

REILL o I moe The method used for the determination of EC was reproducible
cinco L: . --and .small Ehangesvin'thefﬁethod cohid be detected. The wmits in
 r¢ﬁ'l*“”'""WhiCh the results. were quoted were important, Oil phase volumes

U based:dn‘théfEC‘figufés were ‘a-useful estimation of the emulsifying

Tt power-of the proteins: “The.standard procedure for the estimation

~mwe .o 0f -stability was not wvery sensitive-and only gross oiling off of
covss Do thevemulgsion couldobe. detected.-A different method of stability
- -estimation may be required to indicate the property. Estimation of
‘stability rating according to. Tornberg (1977) where the fat is
=.. determined for the base and top layers of dilute emulsions could be
congsidered. Viscosity measurements. cannot be successfully estimated
without using-a viscometer that cuts a path through the emulsion.
ST ‘A single model system is not-able to.giwe a full picture of the
=1 - _emulsifying. properties.of.a protein. .The estimations of particle
size by any of the methods discussed could prove a uwseful additiom

te o2 . .2 _. in the estimation of the emulsifying properties.

Foaming

The method of foam formation is critical for the volume of
foam produced. Some large standard deviations occurred for the foam
stability figures. This was probably duve to difficulties in determining
the height of an aged colunn of foam, as the collapse was often

ragged with large gaps occurring in the column. Syneresis values
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- may have been_easier”to estimate. However, the two values are
‘srnot:.the same. : Liquid drainage indicates thinning of the lamella

> -and-plateau-borders, but not necessarily decrease in the foam

“..:...volumé. - Lamella rupture can lead to increase in bubble size

“without céllapse.' Halling (1981) reported that authors fownd
several different types of profile for the time course of collapse

" of protein -stabilized foams and varied relationships with drainage.

©. .. The model.test. for foaming-does not give a trme indication

7 .=--—of the beliaviour 6f protein-in a food product. Testing of BPP

=: . +in an angel-cake preparation-indicated that it was not as good as

. egg-white and-could only act as_a partial substitute for the

7w roocotraditional foaming agent.

Gelation

i e neioGelation-properties estimated were based on gel strength and

-+ -- - other factors, such as breaking strength, water retention ete.,

-could be -important, :Better imstrumentation could give other values
- for the gel texture,-but'the use of an agar standard should act

as some control. The amowunt of salts in the solution to be gelled
- 'is critical and therefore should be assayed to give the data on

gelation more meaning.
Comments

..+ == _Although the data  from this study do : . not give any very strong
' correlation -between the different parameters, the protein concentration,
. pH, salt levels, exact methodsof protein production and assessment
of functional properties should all be quoted if the results of
‘model tests are to be of value. The inclusion of a well documented
protein to act as a standard may help other workers to compare data

on functional properties, An assay not carried out for this work,
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v+ -- but which might have.been of value is the assessment of

' “':Vfi;_hydrophobicityif The theoretical evaluation can be carried out

- .using the amino.acid analysis, but the measurement of "effective
©:'+ = hydrophobity" may give-a better indication of the action of the

‘protein in-a functional test (Keshaverz and Nakai, 1979).
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8.4 Conclusion

Over 99% of blood ffom animals siaughtéred in the UK is not
used for hunan consumption, yet in other countries the material
is successfully marketed and commands a high price. There may

be some consumer resistance, but the main reason manufacturers

' :..are not .eager .to.incorporate:dried plasma into products is that
-they are wnsure of the gquality and performance of the protein.

7 Often claims for high functional properties, indicated by model

‘testing, have not been. fownd justified when the product was

" incorporated into food systems.,

=27 o.Values:for-fuctional -tests are difficult to compare, but
~this ‘study would indicate that-the powders prpduced‘Under
“-different ‘regimes may “hdve dissimilar functional properties.

"Plasma proteins offered to-the food industry have therefore

varied in two ways, firstly in their manner of manufacture and

secondly in the way they weré assessed. A third variable could

--have been due.to differences within powders made from the same

‘method. - Much of the work -reported on blood plasma proteins has

been carried out on small trial batches of powder without knowledge

:of whether production was reproducible.

77~ This  thesis oitlines the steps taken ‘to estimate if variability

-within powder samples manufactured.in the same way affected the

" results for BPP. Results showed that bovine plasma could be
.‘concentrated by ultrafiltration and spray dried to form the stable
~product -"BPP", This protein was suitable for human comsumption

. . and was of a wmiform and predictable "standard. A predictable

standard refers to the 'values obtained for proximate composition

and action in model tests for functionality developed for this study.

To eliminate different assay techniques, which is the second
source of variation mentioned, official estimations for functional

properties could be developed and used by all those interested in
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: food‘prdducts. However, model ‘test$ "are dependent on a number
- of factors including those affiliated to the method of manufacture
of the protein. It is therefore possible that proteins giving
imi: s o—-—:the- same-results -in model.tésts could still behave in a different

s T manner in a true food system,

Much work has been described in this thesis of how changes
= & +--.in model -tests alter wvalues for functionality., The tests need

PRI o1+ | be'qarried;out'according to explicit'procedures to monitor the

= e -product®s -fimctional performandée.>:The:model tests could be used

. Rz toihs Uto-routinely check-thelquality of the powder, but slight divergences
“-- . from the standard proceédure for production could not be detected.

2ot el Using the'developed“range’of~assays:the functional properties of

" ' _BPP compared 'favbﬁrably with those of other-ﬁrotein products now

s e m'used in'food systems, although it must be reCOgﬁized that different

assay methods may give different results.

- BPP could be manufactured .commercially to the same quality as
that produced for these pilot studies. Procedures for fumctionality
and composition would be used to ensure an acceptable standard of

-—::i.-. - product. - Advice could be given:to manufacturers as to the best
© = - use of BPP and for “alterations-to food systems to enhance the
~..funetionality ‘of the protein.: Companies should be encouraged to
---:-incorporate BPP, a reproduciblejpowder"with functional properties
that compare favourably with other proteins, into their foods where

appropriate.

~Thowhts on Further Work

" General Use of Blood Plasma

If blood plasma is to be used by manufacturers the behaviour
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i i __of the.protein-in.different food systems should be monitored,
o +-a....- Potential markets_for the product must be explored and help

.given to-establish the optimum usage of the powder.

- -. - T 7. Monitoring Functional Properties

- Estimation of -functionality is important, but difficult to
“ o ‘egstimate iIn-tests, :-Model:systems were.developed as being easier
sescw oo ooaand less complex. than a. full utility test, but results lack |
precision and accuracy.- Although model-tests can be used to give
‘;%;:mraﬁ:indication bf‘behaviourutﬁey cannot be used to follow small’
:if?:;alteratioﬁs.toithemprotein‘during manufacture, If the mechanisms
itamier n.oen-ciofsthe functional:property-of . a product are to be ascertained
-L;‘,4;:;;:;_:then_some;prior.knowlédge~of_the=prdtein.or proteins acting in
"the system must be essential. The primary structure of the protein
sesiZe . ig probably 'less:likely to be altered by 'processing than the tertiary
srms —ersemcsis- and-quaternary - formation. o Methods . which. indicate the conformation
oL of proteing may correlate well with. functional properties. Studying
alterations in the protein structure may lead to a further under-

pemmsmm s s Zegtanding -of-how processing effects functionality.

-- :Hydrophobicity estimations are meant to correlate well with
“.. .. . fuetional properties; but the estimations have to be done
--practically.on—protein in the relevant mediwum, Theoretical values
T < do not correlate. Spray drying of plasma was found to much decrease
.the activity of an enzyme reqiiring a three dimensional structure.
- - -"This should be more carefully investigated as loss of activity
could be used as an assessment. of denatwuring the protein. It would
S be.a'quick assay to perform and the precision would be high. Other
enzymes of different molecule weights could be used. Working with
plasma would allow for this type of survey during processing.
Electrophoresis may be another way of studying the conformation of

.the proteins and relating the results to functionality.



-201-

This work does indicate that it was very hard to momnitor
processing by assessment of model tests for fimctionality.
Esﬁimations giving arithmetic values may be more helpful.

The results may not be directly comparable with funectionality

in real systems, but neither are the model test results.

If methods to investigate the structure of the protein
could be used routinely then a study of all the blood plasma
preparations made would be interesting. 1If plasma powders produced
by different methods were assayed by exactly the same functiomnal
tests and the range and structiure of the proteins were determined,
some link between production methods, protein structure and
functionality may be ascertained. This knowledge could aid in
future planning of production methods for functional compounds and

for their functional assessment.
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Appendix 6.1

Total Viable Counts (TVC) for the different stages of processing
the Plasma

Powder TVC in plasma TVC in RBC TVC in conc TVC in powder
No. 10> per ml - 103 per ml plasma 103 per 10~ per g
ml
1 690 - 1593 64
2 14 - _ 5785 540
3 4 - 3443 136
4 41 1285 5250 -
5 136 27100 - -
6 138 118 - -
7 59 1158 - -
8 - - - _ &40
9 47 3740 76000 2770
10 138 320 1647000 5130
11 21 126 55330 7220
12 18 147 64500 3425
13 31 417 187850 490

Microbiology of Plasma During Ultrafiltration (UF)

Time after start Run 1 Run 2 -

of UF (hours) TVCx10” per ml TVCxlO3 ml ’I.'VCxlO5 per g protein
0 18 31 4
0.5 27 292 41
1.0 - . 176 20
1.5 - 206 20
2.0 3535 37 4
3.0 - 235 21
3.5 - 529 39
4.0 2620 2980 250

22(15 hr. at 4°C) 64500 187850 12042
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Appendix 6.1 cont.

The Microbial contamination investigated by the use of Selective Media

Media Selective for:-
MacConkey (Mac) Coliforms
Mannitol (Man) Staphylococel
Desoxycholate Citrate (De) Salmonella/Shigella
Sabouraud's Glucose (Sab) Fungi
Sample Mac Man De Sab
lin 100 lin 100 1 .in 500 1..in 100
Powder No., 1 ND 45 ND 1
No. 2 1 2 ND 13
No. 3 ND 19 ND ND
No., 8 ND 430 ND ND
No. 9 ND 2332 ND ND
No.1l0 ND 2160 ND ND
No.1ll 10 3928 ND 2
No.12 ND ND ND - ND
No.l3 14 63 Det 39
Plasma 12 119 ND 33 44
Plasma 13 2 8 5 1
Conc Plasma 13 >2000 >2000 >500 >2000

ND = None detected

Det = colonies present, net countable due to swarmed appearance.
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APPENDIX 6.2.1

DATA ON PLASMA FROM INDIVIDUAL CHURNS, PLASMA AFTER SEPARATOR AND
CONCENTRATED PLASMA

Haemoglobin Bilirubin Total pH Total Albumin Total Lipids

g/100 ml g¢/100 ml  plate Protein Solids wg/100
count g/100 ml g/100 m1 % ml
103/m1

Individual Churns

0.03 0.2 37 7.6 7.6 3.5 8.4 463
0.05 0.1 84 7.6 8.0 3.7 8.5 489
0.07 0.2 54 7.8 8.4 4.5 8.6 472
0.17 0.1 192 7.5 8.7 3.5 8.2 559
0.22 0.2 16 7.5 7.4 3.8 8.8 585
0.23 0.0 53 7.5 8.0 3.9 8.7 559
0.52 0.2 1434 7.6 8.4 3.4 8.8 472
0.64 0.2 9 7.7 8.5 3.5 8.9 550
0.32 0.2 65 7.6 8.2 4,0 8.9 419
0.10 0.2 149 7.7 8.1 4.0 8.4 664
Plasma after Separator
0.07 0.6 690 7.9 7.0 3.0 8.3 326
0.08 0.2 14 7.7 6.8 3.1 7.5 412
0.18 0.7 4 7.8 8.2 4.1 7.9 410
0.02 0.5 41 7.8 8.3 3.1 8.6 437
0.60 0.3 136 7.5 7.0 3.1 8.3 438
0.26 0.5 138 7.7 7.4 4.0 8.4 463
0.10 0.4 59 7.6 8.2 3.8 8.6 463
0.48 0.7 47 7.4 7.0 3.6 9.2 172
0.06 0.8 138 7.8 6.5 3.3 8.4 305
0.07 0.4 21 8.7 7.5 3.1 9.1 360
0.02 0.2 18 8.1 7.4 4.1 9.0 241
0.01 0.7 31 8.1 6.9 3.6 8.7 468
Concentrated Plasma

0.21 0.4 1593 8.4 - - 9.5 -

0.18 . 0.3 5785 7.3 13.6 - 13.0 664
0.36 0.4 3443 8.0 15.8 - 15.7 673
0.07 0.8 5250 7.6 12.8 - 10.9 716
0.71 0.4 - - 19.6 - 16.7 695
1.69 1.0 >6000 6.9 20.3 - 19.4 946
0.14 1.1 1647000 6.9 17.9 - 20.6 1227
0.03 1.5 55330 8.7 18.1 - 17.9 965
0.10 0.8 64500 8.1 17.1 - 18.1 808
- 0.7 187850 7.4 15.6 - 17.9 571




-218~

APPENDIX 6.4.1

DATA ON BOVINE PLASMA POWDERS

No. B. DEN L.PS S.PS D50 PS PDR COL
g/ml u u u
1 0.440 53.5 2.4 14.8 1
2 0.409 87.2 2.4 17.1 1
3 0.414 37.6 2.4 14.1 1
8 0.406 37.6 2.4 14.2 3
9 0.395 53.5 3.0 14.4 8
10 0.395 53.5 2.4 13.4 7
11 0.427 53.5 3.0 15.6 12
12 0.390 87.2 3.0 25.5 7
13 0.420 53.5 2.4 15.7 4
16 0.344 37.6 2.1 13.8 11
No. Solids % Protein # Lipids Z Sod, Cl. % Calc
mg/100 g
1 94 78.6 3.67 2.8 178
2 93 79.6 4,19 4.5 112
3 94 . 80.0 3.52 4.9 108
8 96 -+ 81.5 8.46 2.9 114
9 95 80.7 5.80 3.3 78
10 94 80.2 9.23 2.6 69
11 94 80.0 7.75 2.6 68
12 98 79.8 8.02 2.6 58
13 95 78.9 4.08 3.5 55
16 92 75.7 5.20 3.0 81
No. Micro 103/g Ash % -In. Sol % Disp % Wat Abs
ml/100g
1 164 4,29 0.33 49.9 11.33
2 540 4,76 .05 68.7 15.13
3 136 4.50 0.04 60.7 14.42
8 136 5.36 0.10 55.5 17.93
9 2770 5.61 0.07 50.2 15.17
10 5130 4. 46 0.15 67.3 14.77
11 7220 3.00 0.21 54.1 16.03
12 3425 2.77 0.07 52.3 15,97
13 490 5.30 0.03 83.3 16.60
16 2 3.19 0.90 - 73.8 15.61
No. Sol.Col pH Sp.G g/ml Vise, Inlet  Outlet
cp Tempoc TempC
1 24 8.4 1.027 2.445 185 75
2 19 8.2 1.030 2,112 185 75
3 19 8.5 1.029 2.216 185 75
8 21 8.7 1.018 2.532 185 75
9 23 8.5 1.029 2.480 185 85
10 21 8.4 1.028 2.530 185 85
11 23 8.0 1.027 2.528 185 80
12 20 8.4 1.026 2.262 185 85
13 21 8.1 1.027 2.601 185 80
16 21 9.1 1,027 2,424 173 72
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CONT. DATA ON BOVINE PLASMA POWDER.

No. FAT m/g FAT B 7 FAT T %

1 1.249 12,17 12.38

2 1.303 15.73 9.29

3 1,389 15.64 10.13

8 1.593 13.16 14.37

9 1.634 12.04 15.84

10 1.333 10.81 14.48

11 1.026 7.87 14,77

12 1.627 13.42 14,41

13 1.422 14.47 11.58

16 0.984 13.22 5.20
No EM.CAP g oil/g EM S1 % EMS14 7 EM VISC. OPV

1 282 8.1 1.4 52 85.8
2 280 9.8 6.3 54 85.7

3 294 8.9 4.0 54 86.3

8 297 6.8 8.7 39 86.4
9 293 15.2 5.2 57 86.2
10 286 15.9 3.1 54 86.0
11 294 9.4 5.2 53 86.3
12 261 13.7 4.3 46 84.8
13 280 12.0 4.7 52 85.7
16 305 2.2 2.4 35 86.7
No FOAM 5 ml FOAM 25 ml FOAM 60 ml ) F60/5

1 51 41 32 62.3
2 60 41 18 28.5

3 59 39 24 41.0

8 56 39 23 40.0
9 52 35 19 34.7
10 69 52 42 60.6
11 73 55 46 63.0
12 68 53 47 69.2
13 75 59 50 67.1
16 49 35 20 41.2
No. G 10% 80 G 9% 80 G 105 75 G 9% 75 GEL TOT

mm/ 10 mr/ 10 tam/ 10 mm/ 10

1 119 281 229 410 1190
2 210 288 252 328 1078
3 203 279 213 303 998

8 198 353 233 417 1201
9 194 324 238 327 1083
10 186 310 241 302 1039
11 170 208 202 284 864
12 190 354 218 332 1094
13 179 231 186 284 880
16 169 191 218 - 419 998
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Amino Acid Analysis of some Protein Powders
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Amino % of Total protein

Acid BPP PP/ G Alb FV LSol* Alo* Egg P Cas Whey Lact

Asparagine 8.8l 10.52 8.72 4,1 6.7 9.26 6.47 9.35 9.87
Threonine 5.17 5.74 &4.79 .6 4.34  4.19 5.89% 6.62
Serine 5.40 4,91 2.70 3.1 4,2 6.20 4.78 3.96 4.14
Glutamic

acid 11.70 13.43 14.13 .2 11.4 12.73 21.21 16.04 16.70
Proline - - 8.13 9.8 16.4 2,90 10.88 13.68 9.02
Glycine 4.55 4.57 1.47 25,9 27.5 3.65 1.99 2.13 1.92
Alanine 6.16 5.88 4.37 9.0 11.0 5.93 3.19 3.74 4.50
Cysteine 2.28 1.66 4.87 - - 2.48 0.15 0.65 2.09
Valine 8.97 6.38 5.04 1.7 2.6 8.13 5.57 4.42 4.69
Methionine  0.46 0.45 1.18 0.4 0.9 1.94 1.66 1.11 1.28
Isoleucine 8.96 8.44  3.54 1.0 1.6  4.42 4,02 4.18 4.54
Leucine 10.18 10.11 9.89 2.3 3.5 8.00 9.89 8.07 9.45
Tyrosine 1.90 2.08 3.78 0.2 0.3 3.38 2.64 1.78 2.62
Phenyl-

alanine 5.47 4,36 4,88 1.4 2.2 6.03 4.78 3.90 3.07
Ammonia . 4,10 6.37 3.33 3.5 - 6.12 5.51 8.8l 4.75
Lysine 8.59 8.10 10.05 4.3 4.5 6,53 7.44 7.54 9.77
Histadine . 2.58 2,77 2.00 1.4 0. 2,36 3.01 2.1l 1.94
Arginine 5.38 4,22 5.83 16.1 8.8 5.60 3.70 2.67 3.02
Hydroxy-

proline 8.3 14.1

Hydroxy-

lysine 1.1 -

* Not assayed at LUT
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Appendix 6.6 -4

Data on Samples during Spray Drying

Time(min) B. DEN L.PS S.PS D50 PS -
20 0.317 37.6 1.9 12.4
40 0.338 53.5 2.4 15.0
60 0.376 37.6 2.4 14.4
80 0.359 28.1 1.9 . 10.9
100 0.349 37.6 1.9 12.6
120 0.369 37.6 1.9 11.5
150 0.363 53.5 1.9 14.9
180 0.361 37.6 1.9 11.5
Cprrelation
time 0.585 0.051 -0.493 ~0.232
Inlet Temp 0.461 0.079 0.3381 0.274
Qutlet " 0.771 0.121 0.172 0.032
‘Time SOLIDS PROTEIN LIPIDS S0D. CL CALC
20 93.5 75.9 2.63 3.04 249
40 93.2 73.9 3.58 3.07 58
60 91.8 80.9 4.76 3.21 58
80 92.5 73.5 4,12 3.04 42
100 93.7 72.2 4.20 3.17 69
120 92.9 75.8 " 3.29 3.21 55
150 91.9 79.3 3.65 3.11 49
180 94 .4 79.5 3.25 3.32 76
Time 0.165 0,364 -0.025 0.656 -0.490
Inlet Temp -0.167 0.038 0.787 0.195 0.724
Qutlet " ~0.225 -0.002 0.459 0.444 0.934
Time MICRO 10Z NON SOL MEAN INLET MEAN OUTLET
. TEMP TEMP
20 2 0.84 146 63
40 1 1.03 181 74
60 1 0.62 184 73
30 6 0.75 183 73
100 2 0.85 . 183 73
120 1 0.90 154 : 77
150 2 1.10 180 73
180 1 0.91 180 73
Time -0.156 0.359
Inlet Temp 0.267 -0.107
Qutlet " ~0.089 0.142
Time pH Sp. G. Vise,
20 9.1 1.026 2.413
40 9.1 1.030 2.476
60 9.1 1.027 2.415
80 9.1 1.026 2.440
100 9.1 1.028 2,389
120 9.1 1.026 2.468
150 9.1 1.027 2,580
180 9.1 1.029 2.419
Time - 0.136 0.320
Inlet Temp - 0.531 -0.009
Outlet Temp - 0.256 0.276
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Data on samples during spray drying

No FAT FAT B FAT T
20 1.477 13.0 11.5
40 1.612 14.5 11.2
60 1.499 13.4 11.3
80 1.398 13.2 10.6
100 1.477 13.5 10.0
120 1.409 13.0 10.9
150 1.545 14.2 10.9
180 1.386 12.9 10.8
Time -0.237 -0.014 -0.513
Inlet Temp -0.408 -0.214 =-0.170
Qutlet " -0.276
No EM CAP EMS14
20 299 3.0
4o 294 1.1
60 273 1.4
80 307 0.8
100 282 2.4
120 282 0.3
150 251 0.4
180 279 3.2
Time -0.595 -0.039
Inlet Temp -0.184 -0.098
Qutlet " -0.309 -0.612
No. FOAM 5M FOAM 25M FOAM 60M . F60/5
20 47 26 19 40.4
40 52 35 27 51.9
60 57 39 33 57.9
80 40 31 17 42.5
100 54 34 26 48.2
120 53 32 28 52.8
150 59 37 29 49.2
180 57 35 30 52.6
Time 0.514 0.399 0.438 0.311
Inlet Temp 0,185 0.735 0.323 0.392
Outlet " 0.318 0.630 0.516 0.656
-NO. G 10% 80 G 9% 80 G 10% 75 G 9% 75 GEL TOT.
20 172 195 260 429 1056
40 145 244 365 441 1185
60 153 212 397 . 389 1151
80 168 196 300 434 1098
100 172 214 237 419 1042
12 0 145 203 256 348 952
150 132 270 233 360 995
18 0 142 245 246 340 973
Time -0.590 0.537 -0.578 -0.831 -0.749
Inlet Temp -0.143 0.395 0.362 0.098 -0.409

OQutlet " -0.526 0.282 0.127 -0.415 -0.111
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Data for powders collected during spray drying
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Appendix 6.7 ~ Stability of Bovine Plasma Powder

Material I B.DEN LPS sps D50 PS PDR COL. SOLIDS PROTEIN LIrID |SOD CL | CALC

T A

| Samples at ; 0.352 | 37.6 |1.9 13.0 4 9L.9 76.5 3.29 | 3.5 56
start of ] (}.346 37.6 2.4 13.6 4 92.4 76.5 2.68 2.9 86
study 0,345 37.6 2.4 14.0 4 92.7 73.9 2.28 2.9 64

0,336 37.6 1.9 14.13 & 93.3 4.2 2.86 2.8 59
0,342 7.6 1.9 14.3 4 91.2 11.4 1.95 2.9 61
Samples alter 0,397 531.5 1.9 11,1 4 - 92.7 718.5 2.53 3.6 70
one year 0.404 53.5 [ 1.9 11.1 [ 91,4 82.1 2.85 4,2 42
0,440 53.5 1.9 10.9 4 90,0 77.6 2.12 3.6 631
0.359 53.5 1.9 10.9 &4 91.4 72.5 2.26 4.6 57
0,369 53.5 1.9 10,8 4 90.5 72.5 2.48 4,0 54
No. of weeks 1% 0,344 37.6 2,1 13.8 4 92.1 5.7 . 2.61 3.0 65
after start 2 0,385 53.5 1.9 12.9 4 91.3 17.1 3.84 3.8 62
of study 3 0,373 53.5 | 1.9 13.2 4 91.5 75.6° 4,43 3.3 69
4 0.412 53.5 1.9 12.2 4 90.4 80.1 1.56 3.1 64
5 0.421 53.5 1.9 12.1 4 90.4 72.4 1.94 3.3 66
6 0.435 53.5 2.4 12.4 4 90.8 77.2 3.18 3.3 71
8. 0,402 53.5 1.9 12.0 4 90.1 70.0 2.99 3.5 57
10 0,395 53.5 1.9 11.9 4 91.8 80,2 3.36 3.3 68
14 0.423 53.5 1,9 11.3 4 92.8 78,1 2.84 4,8 72
16 0,448 53.5 1.9 12.2 4 92.4 731.5 2.33 3.4 3]
21 0.478 53.5 1.9 12,7 4 90.1 83.3 1.93 4.1 . 40
24 0,444 53.5 1.9 13.8 4 90.8 80.0 2.45 3.5 a7
30 0.396 53.5 1.9 11,7 4 90.0 81.8 3.36 2.7 96
16 0.403 53.5 1.9 10.5 4 92.7 78.9 3.91 3.2 51
42 0.387 53.5 1.9 12,9 4 90.1 74.9 4.00 3.2 60
! 48 0.425 $53.5 1.9 12.4 4 9].3 6.4 3.72 3.6b 49
54 + 6.354% | 53.5 | 1.9 11.0° 4 91.6 78.6 2.57 1 4.0 57
Correlation with time 0.117 - 0,007 0,207 -0.117  0.107 -0.277

* = nverape results for simples at start of study
+ = average reaults for samples one year
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LT . FAT ABSORBANCE ENULSION
Haterial Code Micro 10%|  Nouson .. SoL.coL. o pH_ ) Sp. G. )., VISC, |, .FAT "0 | 'FAT B | 'FAT T EM CAP EM 51 EM 514
Samples at 1 0.90 21 9.1 1,025 2,411 0.542 11.3 4.9 319 0.0 2,0
Start of 3 0,96 2t 9.1 |'1.026 2.384 0.675 10.2 5.2 294 0.9 1.6
Study 1 0.89 21 9.1 | 1,029 2,474 0.969 4.4 5.6 314 0.6 5.0
4 0.81 2t 0.1 | 1.027. |. 2.415 .|| --0.,99L. |. 14.8. 5.4 301 1.2 1.1
3 0.94 - 21 9.1 | 1,086 -1 -2.434- || - 1,002 | 15.4 4,9 299 0.4 1.4
Samples after 2 0.77 21 8.6 | 1.025 2,795 1,217 15,2 7.0 284 0.3 0.6
one year 3 0.66 2t 8.6 | 1.032 2,769 1,172 15.4 6.4 245 2.8 1.5
0 0.73 21 8.6 | 1.025 2.821 1.217 14,9 7.3 266 0.2 0.3
. 1 0.80 .21 8.6 | 1.041 3.051. || .1,206..)..13.9 | .. 8.2 254 0.2 0.9
.’ 2 0.80 21 8.6 |1.038- -1 3.026" 1,466 |-°15,7 8.7 247 0.2 0.4
No. of weeks i 2 0,90 21 9.1 1.027 2,424 0.836 13.2 5.2 305 0.6 2.2
after start 2 1 0.63 21 9,1 |1.026 2,299 0,879 13.3 5.9 287 0.0 1.6
of study 3 5 0.67 21 9.1 |1.029 2.287 0.800 12.5 6.0 296 0.0 ¢.5
4 4 0,60 1 9.1 |1,027 2,339 0.969 13,0 7.0 306 0.0 9.5
5 0 0.45 ] | 9,1 |1.027 2,276 0.935 15.8 3.9 317 1.9 1.9
6 k] 0.80 oo21 9.1 |1.03 2,318 0.980 14.5 5.6 287 0.9 5.2 i
8 2 0.67 22 9.2 | 1.043 2,366 1.319 15.4 7.7 290 0.8 1.9 N
10 0 0,64 19 9,1 {1,031 2,452 1,195 16.0 6.0 293 1.1 0.8 o
14" 3 0.58 19 9.2 |i.030 2,561 1.059 13.9 6.9 235 0.7 2.4 !
16 2 0.70 19 9.2 |1.025 2,282 0.946 11.9 7.9 305 2.0 0.5
71 2 0.98 19 8.9 |1.030 2,389 1.533 17.0 8.0 288 0.5 ¢.7
24 1 0.71 19 9.0 |[1,037 | 2.649 1.477 15.5 9.0 310 0.8 1.1
30 0 0.84 21 9.0 |1.029 2.687 1.420 15.5 8.5 303 0.9 1.4
36 1 1.00 21 . 8.9 |1.0%0 2,622 1.590 15,5 10,0 321 0.3 0.9
42 1 0.79 21 8.7 |1.022 2,595 1,646 16.0 10,0 288 ¢.7 2.5
48 0 0.64, 21 8.7 {1.019 2,929, .|l ..0,788. |. 11,6. 6.8 344 0.0 4.6
54 2 0.75 21 - 8.6 ]1.032 --{-2.892°. [].- 1,256 - | 15.0 7.5 259" 0.7 0.7
Correlation with time -0.397 .308 . ~0.891 ~0,257 0,693 0,485  0.i60 0.627  0.077 -0.106 0.052

a = significant difference from control p < 0.0%
b = significant difference from control p < 0,01
c = significant difference from control p < 0,001
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FOAM FORMATION s GELATION

Material Code Foam 5M Foam 25M| Foam 60M |FIN % FOAM |[|G 10% 80 | G 9% 80 | G 10% 75 ¢ 9% 75 GEL TOT
Samples at 55 42 23 41.8 165 178 217 438 998
start of 54 40 14 25,9 184 198 215 421 1018
study 45 28 25 55.6 177 192 207 402 978
41 31 20 48.8 147 209 231 434 loz21

. 52 34 18 34.6 174 180 219 400 973

Samples after 52 41 34 65.4 275 349 345 400 1369
one year 46 -32 26 56.5 215 355 280 .256 Floé
62 47 43 69.4 185 15 351 245 1156

61 41 34 55.7 218 270 265 400 1153

72 51 46 63.9 175 130 210 256 831

No. of 1 49 35 20 41,3 169 191 218 419 998
weeka after 2 55 33 18 32,7 193 . . 268 127 296 934
start of 3 60 39 32 33.3 215 265 228 404 1112
study 4 S4 33 22 40,7 173 218 222 268 881
3 56 il 13 . 23,2 275 436 285 453 1449

6 58 36 26 44,8 123 259 414 483 1349

8 58 K} 17 29.3 2135 318 227 424 1254

10 56 40 17 30,4 222 295 340 490 1347

14 52 32 20 38.5 225 368 275 aio 1178

le 60 34 22 6.7 210 . 288 397 451 1346

21 50 40 34 68.0 203 284 362 500 1349

24 58 41 34. 58.1 205 305 248 298 1056

3o 30 4 24 48.0 223 299 325 433 1280

36 59 33 3o 50.8 174 402 221 444 1241

42 62 42 34 54.8 205 429 208 415 1257

48 63 46 40 63.5 217 07 193 415 1132

54 59 42 37b 62.2° 214 30848 290 3118 1123

Correlsdtion with time 0.433 0.584 0.750 “0.680 ~0.053 0.413 ~-0.127 -0.043 0,071

-£2¢=
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Appendix 6.7.b Data for stored powders
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Appendix 6.8 — Data on a Variety of Protein Products

PROTEIN

- Material Code B. DEN LPS SP3 D50PS PDR COL SOLIDS LIPID 50D, CL CALC
BPP Mean-25D 98 0.352 19.1 1L9' 8.7 0 91 76.4 1.63 1.6 0
+ 25D 99 0.456 91.9 3.2 23.0 14 98 82.6 10,35 4,9 179
powders from BP/U 0.470 53.5 9.0 15.6 11 97 78.6 3.21 4.9 52
plasma/sera BS 0.354 28.1 1.0 11.0 8 91 86.2 5.03 4.1 1
BP/M 0.370 53.5 4.8 22.5 5 92 83.0 1.46 6.2 100

bP/0 0.260 53.5 1.9 11.9 11 94 76.4 2,46 4,2 393

PP/0 0.432 87.2 7.9 16.5 8 94 73.3 2.82 2.8 80

PP/F8 | 0.434 28,1 1.9 10.3 2 -93 78.0 3.34 2.4 56

powders RBC 0.578 87.2f 4.8 | 26.3 | 29 97 93.2 5.98 1 2.1 . 26
associated with BCHy 0.584 87.2 5.2 29.7 6 97 79.5 0.22 | 17.8 92
blooad AlbFv | 0.298 564.0 5.8 77.3 1 90 85.8 0.22 3.3 247
AlbFib| 0.830 112.8 5.8 39.3. K] 94 71.9 3.17 5.1 89

powders of Lcou 0.824 87.2 6.9.] 35.8| 8 99 97.9 0.12 3.6 160
animal origin Lsol 0.575 53.5 7.9 22.9 1 96 98.6 0.05 1.0 9
Alo 0.477 112.8 5.8 40.9 4 95 92.4 0.38 2.6 46

Alo/P | - - - - - 94 86.6 1.74 2.5 -

Egg powders Egg P | 0.602 87.2 6.7 24.3 5 94 91.0 3.88 2.8 36
: Egg F [ 0,598 7000,0(1100.0 [5532.0 18 92 78.3 0.89 3.1 32
Eggli | - - - - 8 13 10.1 0.13 0.4 4

Dairy products Cas 0.628 87.2 6.9 35.8 1 92 78.2 13.33 0.5 120
Whey 0.797 87.2 5.9 40.3 5 96 12.7 12.63 2.9 254

Lact 0.425 87.2 6.2 33.8 1 96 67.4 7.39 1.6 111

Soya products Soy I | 0.528 53.5 7.2 38.6 1 94 77.2 12,75 6.0 18
Soy F | 0.664 53.5 6.3 25.7 6 92 40.6 4,29 5.2 26

Fish waste Hap 0.626 84.3 5.8 17.0 8 96 37.1 7.60 | 38.6 132

-622-
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DISP

-VISC.

Material CODE MICRO ASH - 1IN .s0L WAT ABS SO COL pH Sp.G
BPP Mean =-28D g8 0 2,14 0.00 39.0 4.6 18 7.8 1.020 2.091
+25D 99 7093 6.47 0.72 84.2 23.2 . 24 9.1 1.033 2.735
powders from BP/U 19 1,94 0,18 65.3 5.5 22 9.0 1.025 2.572
plasma/sera BS 31 1.86 0,31 78.3 5.7 26 9.0 1.022 2,404
BP/m 238 2.99 0.24 59.2 4.2 24 9.6 1,038 3.694
LP/0 50 4,02 1.20 80.1 17.8 27 8.2 .1.028 2,256
PP/0 60 5.31 0.16 58.0 4,6 28 7.9 1.028 2.538
PP/F8 5 1.67 0.02 76.4 3.9 27 7.8 1.027 2.292
powders RBC 33 0.38 0,36 81.3 2.2 30 B.1 1.018 1.926
associated with BCHy 15 7,62 0,00 96.0 8.3 16 5.2 1,038 1.376
blood AlbFV 0 1.64 0.00 £89.6 - 0.0 13 5.0 1.022 1.548
AlbFib 1460 9,38 .1.30. 73.3 24.5 21 9.1 1.038 2.422
powders of Leoll 8 4.41 12,78 10.7 16.3 17 h.b 1.030 -
animal origin Lsol 2 2.02 0.00 87.3 13.8 18 . 7.9 1.028 6.410
AlD 0 4,37 0.01 96.2 22,1 7 6.0 1.029 1.769
Alo/P 321 - 0.11 81.2 - 12 7.0 1.035 1.846
Egg powders Egg P 7 3.68 0.00 80.7 11.7 [ 6.7 1.027 . 2,053
Egg F 0 4,82 . 0.01 88.0 0.0 14 5.2 1.025 1.718
Egg 1i 0 0.07 0.00 - - 10 9.1 1.049 11.836
Dairy products Cas 3 3.97 5.11 81.6 29.1 6 6.9 1.021 1.947
Whey 0 7.39 0.30 94.6 9.9 9 5.9 1,038 1.801
Tact 3 1.92 0.06 84.3 5.4 1 6.5 1.030 2,756
Soya products Soy 1 9 3.26 6.75 23.3 4.6 15 7.2 0.961 -
Soy T 0 4.99 1.80 28,7 7.4 1 6.3 1.027 -
Fish product Nlap T - 4,57 - 15.9 17 6.4 1.049 -

-0 Z-
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FAT ABSORBANCE

"EMULSTON -

MATERIAL CODE FAT TAT B FAT T EM CAP OPV. EH 5 EMS14
BPP Mean -23D 98 0.896 12.85 5.69 262 84,9 2.8 0.4
+25D 99 1.816 17.53 18:81 311 86.9 18.0 8.7
Powders from BP/u 1.538 10.96 16.10 296 86.4 0.7 “11.1
plasma/sera BS 0.946 . 6.45 14.96 316 87.1 1.1 13,2
BP/m 0,946 19.00 7.00 201 81.1 1.1 1.3
bP/0 0.980 9.80 15.52" 262 84,9 A6 5.2
PP/0 1.687 11.92 16.41 247 84.1 2.0 1.9
PP/T8 0.647 15.00 6.00 263 84.9 0.7 3.8
Powders RBC 0.534 8.65 7.69 |1 271 85.3 10.9 12.8
.. associated BCily 1.229 21.18 0.51 46 49,6 100 100
with blood Alb Fv 3.352 38.81 0.00 270 85,2 0.4 0.9
' Alb Fib 0.386 16.50 0.00" 275 85.5 0.5 13.4
. Powders of Leoll 0.885 18.62 0.00 |} 167 78.1 92.2 83.1
~animal origin LSol 1.075 16.14 4.17 281 85.7 70.9 100.0
Alo 0.366 10.50 10.48 216 82,2 4.2 6.0
Alo/P 0,370 10.19 6.89 262 84.9 4.6 5.2
Egg powders Egg P 0.921 18,11 0.83 226 82.9 11.8 3.3
Egg F 0.942 17.70 0.00 240 83,7 3.5 1.1
Egg Li |+ - - - 215 82,2 0.0 2.5
Dairy Products Cas 1.767 15.15 11.33 336 87.8 5.2 41,0
Whey 0,278 13.19 0.00 190 80.3 100 100
Lact 1.391 15.52 11.02 160 - 77.4 100 100
Soya Products Soy I 1.694 18.79 7.05 227 82.9 94.0 88.6
Soy T (0.833 18.15 0.00 184 79.8 100 100
Fish product Map 0.772 21.50 0.00 160 77.4 97.1 99.0

~-1€ -

-1e 2~
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GELATION

%

FOAM FORMATION. -

Material CONE FOAM 5M FOAM 25M FOAM 60M} FIN % TOAM G 10%, 80 G 9% 80 G 10%. 75 G 9ZI75 GEL TOT
BPP Mean -2SD | 98 43 27 6 21 162 171 182 341 817
+2.8D 99 80 63 - 58 81 217 399 262 449 1269
Powders from BP/u 60 30 26 43" 153 228 247 289 917
‘plasma/sera BS 63 40 30 48 283 457 430 u 1670
BP/m 45 35 |28 62 162 320 274 440 1256
bP/0 75 45 20 27 159 271 271 340 1094
PP/0 52 42 37 62 141 170 186 245 742
PP/F8 70 49 37 53 160 196 227 319 902
Powders RBC 48 33 25 52 195 ' 282 226 282 985
.assoclated with| BCHy 3 _ 0 0. 0 X e x X 2400
blood AlbFv 93 ' 68 43 46 174 205 217 235 831
: ' "AlbFib 65 44 35 54 276 361 337 433 l407
-fowders of Lecoll 4 4 i 25 x X X X 2400
.animal origin Lsol 55 23 13 24 x x X X 2400
AlO 36 10 7 19 X X X x 2400
Ala/P 74 . 54 36 49 L u u u 2000
Egg powders Egg P 63 52 47 76 220 312 246 393 1171
: Egg F 66 54 50 76 181 204 275 285 945
Egg Li 58 46 43 74 134 158 180 198 670
Dairy products | Cas 59 35 9 15 x x u x 2300
Whey 8 7 5 63 u u u u 2000
Lact 5 0 0 0 u u u u 2000
"Soya products Soy I 20 18 16 83 u u u X ~2100
Soy F 5. 5 2 50 X b3 X b 2400
IFish product Hap 14 13 11 79 X x X X 2400

u
X

gel not strong enough to stop penetrometer cone (value
no gel formation (valie = 600 for total)

= 500 for total)

arANAS
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APPENDIX 6.8.b.

~ Emulsification properties of proteins when weight used was adjusted

to make the protein levels in the sample equivalent to those in

bovine plasma powder assays.

Sample - % Protein EC g-oil/g . EC g oil/ ES 147 ES l4%

SRR in product protein - _ g powder protein: powder wt

'=protein in
BPP

PP/0 73.3 258 247 1.3 1.9
EggF 91.0 . 227 "226 3.4 3.3
BCHy 79.5 <160 <160 92.0 100
Soy I 77.2.. 244 227 81.4 87.6
Soy F 40.6 <160 184 90.9 100
Cas - 78.2 284 336 51.1 41.0
Leoll 97.9 <160 ' 167 100 83.1
Lsol 98.6 310 281 80.7 100
Whey 12.6 210 190 76.1 89.7
AlbFV 85.6 231 270 1.3 0.9




Appendix 6.9

g L. P o b
Correlation values between estimations made on ten bovine plasma powders

B.DEN D50 PS SOLIDS PROTEIN LIPIDS SODICL.,  pH = SP. GRAV FAT EM CAP TOT GEL  FOAM 5M
D50 PS -0.045
Solids 0.180 -0.691 A
Protein 0.503 0.081 0.571 : ' ‘
Lipids -0.216 0.198 0.442 0.431
Sod C1 0.127 --0:168 -0.318 0.047 -0.686
pH -0.764 -0.235 -0.204 -0.437 0.024 -0.079
Sp Grav 0.005 0.001 -0.445 -0.296 -0.486  0.423 -0.303 D
Fat 0.118 0.367 0.792 0.676 0.190 0.077 -0.055 -0.286 w
Em Cap -0.293 -0.836 -0.645 ~0.222 -0.068 0.087 0.519 -0.160 -0.461 L
Tot Gel 0.010 0.087 0.271 0.254 0.096 -0.113 0.406 ~0.409 0,465 -0,125
Foam 5M 0.333  0.331 0.320 0.275 0.334 -0.143 ~0.752 0.085 0.008 -0.470 -0.646
Fin % Foam 0.310 0.386 0.420 -0.062 0.274 -0.596 -0.421 -0.067 -0.065 -0.516 -0.295 0.639
Correlation values between estimations made on a variety of 'protein powders '
D50 PS 0.103
Solids 0.420 0.014
Protein -0.322 0.049 0.558
Lipids 0.201 -0.172 0,217 -0.277
Sed. Cl 0.154 -0.064 0.063 -0.310 0.077
pH -0.369 -0.301 .-0.260 -0.015 0.080 -0.164
Sp Grav 0.161 -0.,031 -0.251 -0.337 -0.369 0.281 0.045
Fat -0.439 -0,054 -0.245 0.215 0.071 -0.062 -0.089  -0.313
Em Cap -0.230 0.027 -0.004 0.173 0.274 -0.384 0.555 -0.220 0.330
Tot Gel 0.508 -0.184 0.314 -0.023 0.250 0.330 -0.466  -0.051 -0.244 -0.502
Foam 5M -0.421 0,166 -0.137 0.309 -0.208 -0.356 0.384 0.049 0.346 0.617 -0.695
Fin % Foam 0.177 0.235 -0.218 -0.334 0.217 0.186 0.187 -0.072 0.048 0.192 -0.386 0.299
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APPENDIX '6.10. . - Solubility of 5% solution of BPP at different
: : pH values and the amount of acid or alkali
c— - : - required to alter the pH of 500 ml.

pH %4 Soluble powder - %Z Soluble protein ml of IM NaOH or 1M HC1
Mean = 8D Mean SD Mean gD
3- 89.5 10.58- - 71.6 -8.46 33.4 2.01
3.5 90.5 3.29 72.4 2.63 26.8 0.35
4 93.9 6,16 75.1 4.93 20.7 1.81
4.5 ° '83.5 - 3.83 °  66.8° “3.06 15.3 1.78
5 .. 76.0 5.00 60.8% 4.00  11.0 0.90
5.5 80.3 10.01- 64,2 8.01 7.8 0.79
6 7 28.3 - 5.80 ¢ 70.6 4,64 5.3 0.64
6.5 52,8 3.59 74.2 ©2.87 3.3 0.60
7 92.9 . ~ 3.31 74.3 2.65 2.1 0.51
7.5 6.1 4.40 76.1 3.52 1.1 0.52
8 91,9 - . 5.44 73.5 4,35
8.5 94,1 6.26 - 75.3 5.01 0.6 0.10
g 941 - 4,93 75.3 -3.94 1.0 0.35
9.5 89.4 7.19 71.5 . 5.75 1.5 0.44
10 94,0 7.76 75.2 6.21 2.8 0.61
10.5-. 93.8 7.39. - 75.0 . 5.91 4.4 0.93
11 93.8 8.51 75.0 '6.81 7.1 1.18
11.5 97.1 8.31 77.7 6.65 11.4 2.28
12 . 91.1 8.28 - 72.9 6.62 18.2 3.70

a = significantly different from pH 8.0 p = < 0.05
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Appendix 6.10.b

Solubility at different pH values and concentrations
for BPP No 11

" Medium pH Conc 2.5% 5% 7.5% 10.0%
e . Mean * 8D _Mean® . SD . Mean* SD Me an® SD
distilled _
water 5.0 52.0 8.98. 60.8 4,00 69.5 6.68 69.4 6.55
T 8.0 70.9. 9.14 73.5 4.35 82.6 6.25 81.9 6.95
10.0 72.2 5.57 75.2 6.21 82.6 6.43 83.3 3.88
1M ‘ 5.0 74.9 9,35 76.7 . 3.51 76.9 1,21 74.0 8.60
. NaCl .. 8.0 79.1 4.90 80.3 5.26 8l.6 2.97 77.0 5.25
Lo L.y 0.0 -75.5- % 8.260 79.9 ¢ 4.66 78.9 5.05 77.7 4.40
IM T 5.0 7L.2 "14.5 74.2 - 5,08 7473 8.62 69.2 7.13
"Sucrose 8.0 -80.7 - 7.10 74.6 8.17 73.1 2.97 75.0 6 .45
‘ 10.0  69.1 L, 68 75.6 2,29 72.4 4,75 74,2 4 .64
Significant differences
S g ="p < 0.05 ~ ° :b'=.p < 0.0] c=p < 0,00l
Medium T Concentration pH Probability
2,52 v 10% 5.0 a
Water 2.52 v 7.5% 5.0 a
2.5% 5.0 v 8.0 a
5.0% 5.0 v 8.0 b
“7.5% 5.0 v 8.0 a
10.0% 5.0 v 8.0 a
2.5% 5.0 v 10.0 b
. 5,0% 5.0 v 10,0 b
7.5% 5.0 v 10.0 a
-10.0% 5.0 v 10.0 a
M 7.5% 5.0 v 8.0 a
Sodium
Chloride
1M 2.5% v 5% , 10.0 a
Sucreose .. 5.0% . 3.0 v 10.0 a

* values are (g protein in the solution + total weight of powder used) * 100
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Lactate dehydrogenase activity

1st Experiment

U/ 1litre T U/100 g protein
Plasma © .~ Conc Plasma 107 Solution  Plasma Conc. Plasma Powder
o : Powder
3.5 60.0 8.5 50 441 108
45.0 5.0 8.5 662 32 106
65.0 8.5 6.5 793 66 81
10.0 185.0 - 10.0 . 143 944 123
41.5 136.5 © 8.5 -+ 5361 672 106
31.5 225.0 5.0 384 1297 63
' 5.0 - 63
18.6 234
 Mean 33.0 103.0 9.0 432 569 101
SD 23.0 93.0 4.0 294 486 55
T Tests
JoimiSamples .t r.io.Units  TuT.Value . zi-Significant:z:z-Units T Values Significa
o at at
Plasma v
conc plasma u/g -1.807- 0.1305 U/100g -0.589 0.5718
Plasma v
- powder S u/e 2.518 .0.0533 U/100g 2.647 0.0458
Conc. plasma
..v powder | ... U/L 2.491 .. _ 0.0551 U/100g 2.298 0.0700
2nd Experiment
U/litre = U/100g protein
‘Plasma -~ - Conc, Plasma ~ 10% Solution Plasma Conc. Plasma Powder
: Powder
83 107 10 105 82 13
83 95 12 105 73 15
68 38 12 86 68 15
65 7 24 82 59 31
. 65 80 25 82 62 32
Mean 73 89 17 92 69 21
5D 9.4 121 7.3 12.0 9.2 9.4
T Tests
Samples Units T value Significant at Units T Value Significa
at
Plasma v
conc plasma u/s -2.424 0.0458 U/100g  3.442 0.0108
Plasma v
powder u/2 10.583 0.0000 - U/100g 10.378 0.0000
Conc. plasma ‘
v powder u/e 11.537 0.0000 U/100g  8.095 0.0000
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APPENDIX 7.1.B

Fat Absorbance: Mixing with a rod compared to using the Silverson Mixer

R - ml oil/g protein - B % M7 T?%

1.25 8.3 75.4 16.3

ROD 1.52 © 10,0 73.1 16.9

1.32 8.7 74.8 16.5

e - 1.31 -.9.7 74.9 15.4
Mean - 1.35 9.2 74.6 16.3
SD 0.117 0.82 1.01 0.64

1.63 ' 10.9 72.2 16.9

SILVERSON 1,52 10.3 73.1 16.5

1.47 | 9.5 73.6 16.9

1.50 ) ' 11.5 73.3 15.2

bl Mean . 1,53 . :10.6 73.0 16.4

) - 0.069 = 0.86 0.60 0.81

The values obtained by mixing with the Rod are NOT significantly different

for th059 obtained by mixing with the Silverson

e 7 éppendlx .1.B.b .
‘ t Absorbance: Oil- absorptlon when 0il and powder are associated for

w. t.wv varying lengths of time

- Time ml oil/g protein - B % M Z T %
10 min 1.63 : 10.9 72.2 16.0
e 1.51 . .. 10.3 73.1 16.5
- 1.47 S " 9.5 73.6 16.9
_____ 1.50 ‘ " 11.5 73.3 15.2
B 1.46 CT 10.0 73.6 16.3
2 hour 1.42 T 10.7 74.0 15.3
0.92 ' 8.6 78.3 13,1
1.49 L ..11.2 78.4 15.5
1.38 11.7 74.4 13.9
24 hour 1.38 — 12.2 74.4 13.5
1.16 S - 10,1 76.2 13.7
o 1.56 T - 12.4 72.7 14.9
e —=s o =Significant difference between the T%Z for 10 min and 24 hr. p <0.05
L Appendix 7.1.b .
Fat Absorbance: Variation in the duwration of mixing
..Mixing Time: Min ml oil/g protein B% M7 T%
0.5 . 1.16 C o 8.7 76.2 15.0
0.5 21,36 T e 901 74.5 16.3
1.0 1.20 10.1 75.9 14.0
1.0 1.00 9.1 77.6 13.3
1.5 1.32 11.0 74.8 14.2
1.5 1.19 ‘ 10.0 75.9 14.1
2.0 1.31 10.5 74.9 14.6
2.0 1.25 9.7 75.4 14.9
3.0 1.32 10.5 4.8 14.7
3.0 1.16 8.2 76.2 15.6
4.0 0.98 8.3 77.8 13.9
4.0 1.07 9.5 74.0 13.5
Correlation of mix and B% = -0.175 Mix and B ml = -0.301
MZ = 0.372 ' Mml = 0.225
T%Z = -0.289 T ml = -0.632



APPENDIX 7..1.C

Fat Absorbance:
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Variation with temperature

Temp No ml o0il/g protein  BX MZ T%
°c assayed Mean SD Mean SD  Mean SD Mean sSD
4. 4 1.45 . 0.22 11.1 0.64 73.7 1.92 15.2  1.48
20 6 1.49 0.08 12.0 .0.69. 73.7 0.71 14.7 0.31
40 .. 4 1.38 -~ -0.04 - 11.9  .0.50 .74.3% 0.3%  13.8 0.82
60 - 4 1.38 . 0.08 11.5 .0.85 74.3b 0.74 14.2  0.61
80 4 1.31 0.10 . 10.2 0.64 75.0° 0.89 14.9  0.65
<= Temp No - - % oil absorbed B ml - M ml T ml '
°c. Mean -SD i Mean .. SD ..Mean SD Mean SD
4 4 134,2 © -20.6 - 0.86° . .0.05 5.81a 0.34 1,20 0.13
200 7 6 136.7b£ 7.5 .. 1.07 "0.11..6.56 0.25 1.32  0.05
40 . 4 123.5 3.5 1.08 0.03 6.78 0.09 1.26 0.09
60 4 121.7§ 7.6 1.05a 0.09 6.80 0.06 1.30  0.07
80 4 114 O 9.0 ..0.90" ...0.08 6.63 0.25 1.31 0.03
.a ='significant different from results at 20°¢ p < 0.05
b =-significant different from results at ZOgC p < 0.01
. ¢ = gignificant different from results at 20 C p < 0.001
APPENDIX 7. 1.D
Fat Absorbance: Variation in the amount of powder
% Powder No - ml of oil/g protein B% MZ T%
: g assayed Mean SD Mean SD Mean * SD Mean. SD
2.4 0.5 .02 - 2.33 . 0.86 -3.7 .1.91 90.6 2.05 5.8 0.2
4.8 1.0 2 1,427 0.21 4.3 0,50 86.0 0.99 9.8 0.5
7.0 1.5 2 .0.98 0.30 3.7 2.05 86.1 2.01 10.4 0.0
9.1 2.0 6 - 0.77 - 0.08 _ 6.3 0.14 79.6 0.71 14.1 0.5
11.1 2.5 n2 Q.70 0.21 7.4 0.99 76.0 2.26 16.6 1.2
13.0 3.0 2 0.73 0.13 .-9.9 0.00 72.9 0.00 17.2 0.0(
14.9 3.5 6 0.89 . 0.16 11.8 1.24 65.0 2.13 22.2 1.2
16.7 4.0 6 0.79 0.22 .13.2 1,98 63.8 3.30 23.0 1.7
18.4 4.5 .6 .0.75 0.22 14.2 1.55 61.1 3.71 24.8 2.2(

‘No significant-differences in the amount of oil absorbed per g of powder

when levels of 2,

Correlation of g of powder and B%

g of powder and TZ%
g of powder and MZ

0.9
-0.9
0.9

nmu i

35
69
68

3.5, 4.0 and 4.5 ¢ powder were used
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Fat Absorbance: Variation of water volume

._... .Sample ..ml oil/g powder ... . .. Top % Base %
Water 50 pl - 1.586 16.1 11.4
Control 1,789 13.4 15.8
Appendix 7.1l.e
Fat Absorbance:- Variation in the oil volume

T T oid ml oil/gz powder - . BZ MZ T%
, z ol
- 83 10 0.84 . 12.8 63.0 24.2
T 88 15 1.10° 11,2 70.3 18.5
91 20 1.45 8.0 73.7 18.3
91 20 0.98 7.8 77.8 14.4
: 93 25 0.75 . . 5.6 83.3 11.1
o793 25 0.79 - - 4.0 83.1 12.9
' 94 30 0.87 3.6 85.1 11.2
i 30 0.74 3.6 85.9 10.5
Correlation of ml oil¥ and B = -0.,979
Mi = 0.976 -
TV = «0.946

- <010t Fat Absorbance:- Comparison of 0il absorbed using 40 & 60 ml

of oil

. ' . - 01l .
| 7 0L ml oil/g powder 7 ol ml oil/g powder
~91 40 0.600 94 60 0.726
91 40 0.825 94 60 1.146
79l &0 1.131 94 60 1.401
9] 40 1.076 . -. 94 60 1.622
" Mean 0.908 1,224
--8D 0.245 0.385
. No significant difference (T = 1.38)
Appendix 7.1.H.
Fat Absorbance:- Variation in pH
Sample ml oil/g powder Top 7% Base %
Acid 1.622 15.5 12.3
Control 1.789 13.4 15.8
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JAppendix 7.1.1

... -Fat. Absorbance: Variation in the oil

~ Fat No ml oil/g protein B% MZ T4
) : Mean . 5D . Mean - SD Mean 50 Mean 5D
- Corn oil 6 1.22a .. 0.04 9.3 0.17 75.7 0.37 15.0_ 0.45
" Lard 3 1328 7 0.04.0 9.3 70.90  74.8% 0.35  16.4% 0.59
Solid veg oil- 4 ~--1.20 = -“0.15 ° 8.7 0.74. 75.9 1.33 15.8 0.64
.a = Significantly different from the results of corn eil p < 0.05
Appendix 7.1.J
. Fat Absorbance: Contents of the T and B layers
-Layer Kjeldahl Ether . S.G. S. G. Volume
S Estimation  Extraction- 7. 0f Layer of powder  taken up by
powder 0il Residue : ' 1l g powder
Top - - 41.9%Z° %" 45.0% - 47.9% 10.775 0.665 1.503
Bottom = 38.3% - 49.5% 48.7% ©0.987 1.097 0.912
- Layer - Ratio by.weight - - - Ratio by volume
: oil powder ' ) _ oil powder
Top - 1 : 0.931 ’ . 1 1,282
Bottom 1 : 0.774 ' 1 0.646
Appendix 7.1.K
. Fat Absorbance: Fine and coarse particles
Sample ... .. _ _rAgbra%e size - ml oil/g powder Top % Base %
Original sample = 1.79 13.4 15.8
fine particles 6 - 1.31 8.9 16.2
Middle range 15 1.45 6.3 19.9
coarse particles ' 9 0.9% 3.0 19.0




Appendix 7.1.L . o -
FAT ABSORBANCE:- BPP heated for 5 hours at 85°C

Sample ml of oil/g powder ml of o0il/g dried product M7 T%
Mean s’ Mean . SD Mean sD Mean S
Dried sample 1.23 0.05 1.23 0.05 0.12 w75.6 0.4 15.1 . 0.3
Control 1.19 0.13 1.27 e 0.14 0,90 ¢75.9 1.1 14{5 . 0.9
BPP dried for variéus times at 108°¢ h ;
Sample ml oil/g powder Z w/w (as is) % w/w(dried product) B% T%
Sample 1.35 0.12 124 10.7 131 11.4 9.2 0.82 16.3 0.64
2 1.57 0.22 144 20.5 148 21.1 10.6 0.01 16.7 1.92
4 1.54 0.19 141 17.0 141 17.0 10.6 0.11 16.5 1.71
6 1.86 0.12 170 11,2 170 11.2 10.8 0.06 19.0 1,00
All wvalues Mean wvalues
Correlation between drying time and BZ 0,749 0.829
M% ~0.793 -0.923
T% 0.617 0.823
ml/g 0,793 0.922
(as is) Zw/w 0.793 0,922
(dry) Zw/w 0.860

-Zye-
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Appendix 7.1.M

-~ FAT ABOSRBANCE: Protein Fractions of Bovine Plasma

Protein SG of powder PS.L PS.S PS.50ml oil/ Top% - Bottom %
Mixture : g powder '
Pfd , 0.933 ... - 188 3 46 2.25 Q0 29
10% fd. 0.935 - © 188 2 38 ... 2.85 0 34
207 £d- 0.939 - " 188 2 35 2.26 0 29
SDfd 0.890 © 54 3 15 1.44 16 9
11 0.891 T 3 15 1.21 14 10
2 0.893 T 87 "2 17 1.32 18 13
A 0.932 -~ 523 23 188 . 2.05 0 27
G 0.963 . 323 .18 146 - 6.35 0 58
FV 0.924 564 -6 77 - 3.92 0 43
PEd 1 = Freeze dried plasma
1072 £d = A solution of '10% BPP No 11 freeze dried
200°fd = A solution of 207 BPP No 1l freeze dried
Sp fd =  Powder No 11, put through the freeze drying process.
211 = Powder No 11
2 = Powder No 2
A = Bovine Albumin
. G = Bovine Globulin
. FV = Bovine Albumin Fraction V
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. APPENDIX 7.2B =~ Various .types of Head used with the Silverson
(RS :L17 .,r;uA;-~1 +Mixer -and the results obtained for emulsions
- o licem— . . using Bovine Plasma Powder

" cross _section type of screen - Description

Emulsion Screen 1.25 inch

Emulsion -capacity <147 g oil/g powder
.. Stability 24 hrs. 100% oil released

Stability 14 days  100% oil released

Disintegrating Head 1.25 inch
Emulsion capacity <147 g oil/g powder
Stability 24 hrs 93% oil released

" Stability 14 days 1007 oil released

Square Hole ‘High Shear Screen 1.25 inch
- Emulsion capacity < 147 g oil/g powder
-:Stability 24 hours 100% oil released

" Stability 14 days 1007% oil released

~ Emulsifying Head 3/4 inch

. Designed for the preparation of emulsions
- with liquid/liquid phases

. Emulsion capacity 302 g oil/g powder

" Stability 24 hours 0% oil released
 Stability 14 days 2% oil released

Disintegrating Head 3/4 inch

Designed for the reduction of agglomerates
or gsemi-solid materials

Emulsion capacity 276 g oil/ g powder
Stability 24 hours 0% oil released
Stability 14 days 1% oil released

o) Micro Slot Disintegration Head 5/8 imch
p % Designed for the destruction of fibrous
organic animal and vegetable tissues
<§> é? Emulsion capacity 189 g oil/g powder
> Stability 24 hours 1% oil released
Stability 14 days 1% oil released
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APPENDIX 7.2b - Emulsions: Duration of Mixing

—

“Mixing -.EC . 7} oPVv 't ESI " ESl4 Visc

Time g oil/ , % Z cp
g powder

705 ©.- 254 . 0,845 1.9 1.8 - 26"
1 - 263 0.849 0.2 3.5 32
1.5 286 0.860 0.0 0.8 40

272 ~ 299 0.865 0.7 3.3 53
3 0244 - 0.839 0.2 0.9 51
& - 235 0.834 0.9 0.8 49

C .. ... APPENDIX 7.2D.- Emulsions: Varying the amount of powder -

g Powder in - ES1 = . ESl4 Visc
. sample . z : A cp
:‘ 0.125 = 100 - 100 11
0.250 o N 41+ R 71 11
0,375 R 1.68- 0.42 49
0.5 % 9.71 - 9.89 48
. 0.625 2.88- 0.45 48
0,75 1.48 © 0.58 47
. 1.0 1.63 3.17 69
. 1.25 1.59: 0.14 50
g Powder Amount of -- EC EC - Water per OPV  1/EC  Abs a;_w
in sample oil(g) per g oil/ mloil/ g pdr 500 nm
L . .. sample g pdr g pdr —
- 0.015 < 80 - - - - - -
- 0.04 . 137 -0 13423 ~ 3737 - 625 0.857 0.00029 -
-0.05 140 2809 3067 . 500 0.860 (.00036 0.218
0,15 136 .. -907 -990 . 167 0.855 0©.00110 0.306
2 0.2 L. 158 .07 ©.789 . 8617 . .125 0.873 0.00127 0.317
0.25 - 7 155 - .620 677 100 0.871 0.00161 0.359
~0.375 176 -~ - . 468 511 CLL67 0.885 0.00214 0.324
0.5 =* 179 357 390 50 0.886 0.00280 0.406
0.625 167 266 290 40 0.879 0.00376 0.391
0.75 184 245 268 33 0.889 0.00408 0.412
1.00 194 . 194 212 25 0.895 0.00515 0.548
1.25 198 158 172 20 0.896 0.00633 0.578

* amount in standard procedure
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APPENDIX 7.2E - . Emulsions varying the amount of water
~-ml of water - -- ES1 . ES14 Visc
per sample - A A cp
N ¢ ‘- - 100 100 7
o 5 B T 100 100 7
w10 A ' g 97 100 9
15 : a 1 1 45
20 L - 0 3 54
25% 0 1 49
30 1 3 46
35 2 1 41

‘-' — -Emulsiontvariation in the amount of water in the Sample

Zons. o+ - -ml-of ‘water conc: of powder EC-- -~ OPY 1/EC Abs at
© l...per samplé  g/100 ml Sample g 0il/..: 500 nm
I g protein ' ‘
15 = ~.3.33 Lo 143:“‘1 0.839 0.00699  0.542
o 17.5 " 2.86 o0 220+ 0.873 0.00455 -

—— 20 - ~2:50 -—eme 2240 - 0,860 0.00446 0.228
e 25% 7 - 2.00 TLLTITL367 0200 0.889 0.00272  0.236
: 30 1.67 466 . 0.896 0.00215 0.204

35 . 1.43 436 0.872 0.00229 0.257

40 1.25 442 0.860 0.00226 0.225

50 ..1.00 A ¥ & O 0.863 0.00173 0.296

75 0.67 ... 760 . 0.847 0.00132 0.197

100 0.50 823 0,818 0.00122 0.156

.%* value used in standard procedure
- + values of < 80 ml oil used in initial procedure
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APPENDIX 7.2.E.b

EC Results for varying powder concentrations

and volume of aqueoﬁs-
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Log EC and 1 1/EC values for variation in water volume
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Emulsions: Levels of Sodium Chloride

3 Sodium EC T EST - . ES14 Vise
~ .- .~Chloride . g oil/g protein y AN A cp
266
6 mM 319 1.96 0.32 40
12 mM 288" 0.43 6.60 32
25 mM 306 0.71 0.31 33
50 mM 04 - 1.58 7.73 34
100 mM - 279 . .. 1.01 5.21 30
200 mM 269 .- 1.13 0.21 34
856 mM (5%7)" 278 2.13 3.88 37
1712 mM (10%) 247 - 0.35 1.57 40

EC levels when additional amownts of sodiwum chloride was added to

BPP solution

EC g oil/g pdr

- 320

310

300

290 =
Y

2804

270

2604

250

A

o

240 -}
4]

7 T T
200 400 600

T
1000

T
1200

mm Sodium Chloride

T
1400

I
1600

1800
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APPENDIX 7.2 G

... .Emulsions: Levels of Glucose

Glucose -° EC - = ES1 - ESl4 Visc

e e g oil/g protein Z- )4 cp
0 266

6mM T 06 ° 2.94 1.49 32

12 mM = 291 - 1.72 1.81 33

25 mM - - 207..... 4.95 65.85 35

50mM _. . - 278, .. 1.42 6.91 42

100 mM o 242- 5 3.01 2.70 46

200 mM - - 255 - _ 4,30 5.30 45

1252 mM(52) 244 0.77 1.38 39

504 mM(107) 254 . 1.42 3.69 40

~ EC levels when additional amounts of glucose was added to BPP solution

=-310
A

300+
2

A/

290
2804

Z70

EC g oil/g pdr

260 1

2504 | \A / ’

249 -3 T T T T T
o] 100 200 300 400 500 600

mm Glucose
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APPENDIX 7.2H - Emulsion data with variation in pH

pH of . pH of ES1l " ESl4 EC . Visc turbidity EAT
solution emulsion % % g 0il/ cp Abs 500 nm

’ g prot
A .

-5 4.9 3.4  11.5 <147 45 oil
6 T 5.3 3.8 1.2 220 512 code
7 6.0 0.1 4.9 250 52 4226
8 6.4 2.4 1.1 252 53
9 6.6 1.1 3.5 236 54 use by:
10 6.7 - 1.6 22.1 261 46 Jul 85

B

1.5 - 1.7 2.3 4.8w 233 66 0.184 60 oil
2 2.0 . 4.2 7 5.2w 240 74 0.157 51 code
3. 3.0 2.6w . 8.lw 262 71 0.157 51 4275

4 TTL3.9 11.9 ;141 274 68 0.164 53
5 - 4.9 - 7.7 .11.4 212 65 0.116 37

6 6.0 2.3 :-10.2 275 48 °_ 0,180 58 use by:
7 R Y 0.9 -.0.1 236 63 - 70.242 . 78 Sept 85
8 * 7.4 07 1,277 1.5 249 68 0.139 44
9 7.8 0.5 1.0w 300 63 0.174 55

10. . 8.7 0.1:::2.3 229 86 .0.309 99

| ) ~10.0 = 1.8w. - 7.7w 253 65 0.204 67

12 " 11.5 - 6.7w 12,9 263 98 0.426 138

12.5 12.5 1.8+ 2.6w 285 105 0.551 177

c .

1.5 - 1.7 263 0.454 145 oil
2 - 2.0 268 0.435 140 code
3 S2.7 331 0.494 159 5086
4 3.8 259 0.350 113
£.5 4.2 266 0.568 182
5 (4.8 265. -+ 0,290 94 use by:
5.5 . 5.5 275 . 0.258 83 Feb 86
6 5.8 C 302 0.254 83
6.5 6.2 o 295 0.308 99
7 . 6.5 R 295 . 0.396 127
7.5 6.8 336 0.306 99
8 7.1 R 384 0.415 134
8.5 7.3 T 333 0.553 177
9 7.5 ‘ 307 0.725 233
9.5 7.8 351 0.502 161

10 8.0 349 0.552 177

10.5 8.6 303 0.486 157

11 9.4 355 0.382 122

12 11.0 355 0.475 152

12.5 11.5 <160 0.085 28

W = water separation
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APPEWDIX 7.2H,bEmulsion properties of bovine plasma powder at
different pH values

Z-pH : Emulsion c¢capacity OPV . R N EAIL
(g oil/g protein) ' mZ/g

At -At Ave
Start Finish

2 w2 289 13157 1302 0.866 2.098 0.024 89.4

3 ..2.6 ..288 .287 . 288 0.860 1.801 0.039 104.1

4 3.8 234 -265 250° 0.843 2.016 0.028 93.0

5 4.6 233 234 234 0.833 1.640 0.051 114.3
16 T5.6 237 262 250 0.843 1.414 0.081 132.6
7 6.4 ~ 254 253 254" 0.845 1.405 0.081 133.5

8 776.8 ~251° 261 256 . 0.846 1.563 0.058 120.0

9 7.4 - 252 1275 264, - 0.850 1.626 0.053 115.3

10 8.1 267 277 272" 0.853 1.357 0.089 138.2
11 79,5 266 279 2737 1 0:834 1.111 0.165 168.8

- - -Emulsion properties of BPP when. the pH is changed to pH 9.5 in differing

IR manners
¢ ;O N T EAI EC
©.0.8225 72.153 0.0200 87.1 260
BULK. 08281 ©1.639 0.0450 114.4 252
. 4 .0.8326 ..2.203 0.0190 85.1 303
. 0:8214 . .71.361 0.0780 137.7 272
0.8348 = 1.727 0.0390 108.6 261
MEAN 0.82788 . 1.8166 0.0402 106.58 2702
ST
DEV. .0.00594  0.357 0.0240 21.6 17.8
- SIN "0.8270 - 1.672 0.042 112.2 303
T L GLET.T0:8348  ..:1:759 0.037.- 106.6 288
0.8315 1.359 0.079 138.0 292
0.8315 .2.132 0.020 . 87.9 314
0:8315  "1.779 0.035" 105.4 320
MEAN 083126 11,7402 0.4626 o 110,02 303
ST
DEV. 0.00278  0.276 0.0219 18.1 12.3

a = significant differences between bulk and single samples p <0.05
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,APPENDIX_7.2.H.g.EC'Va1ues at-different pH values of BPP

solution
Study A - Study B
Lo —— " 300 %
- : 190 4
180 . x
. = 210 4 l
S . T / \ i
1 ) ‘ : X ! i /‘
. 2604 \
00 B ’ 1!. % -
. . 1304 .‘. X
. | | \/
- 204
‘m{ - 230 ‘ ;\
s . - 3 H ] © 204 \
pH of sohilan ' ) :
e o &
') H H ') 2 [
pH of solution
Study C - Study C*
b4
x
3804 o /‘<
X
3504 \‘ x
N—{ X
S, > o J \
3404 - ‘E Yo 1 \
X 5 / ?\<
[ N b3
320 4 \ ‘ -i w00y o ®
€ X H]
1 /\»:-X g 30
2304 &
X ,‘"XI 300 o
2801 3
. : H 14 ) 1 e ‘

a 0
pH of solution

[+

* EC values adjusted for solubility
of protein at each pil.
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Appendix 7.2.H.d EC values at different pH values of BPP emulsion

EC

280

160 4

2404

2104

uo

Study A

Study B

2804

10+

2854

2504

20

45

T
5

13 .
pH of emulsion

Study C

e T
0

+ H [ 2 ®
pH of emutsion

300+

FLUE

2804

X

4604

420+

00+

Jz0 4

M0O-

X

/

£

H 3
pH of emutsion

* EC values adjusted for solubility

H s ' r [ ' woon
pH of emulsion

of protein at each pH
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APPENDIX 7.2.H.e R, N and EAI values for different pH values of
BPP solution

14
. L.‘

" urd

[ AL

B-H 4

8024
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APPENDIX 7.2.1

. Emulsions: -The Effect of-Rate-of 0il Addition on Capacity

Rate of oil . EC e T oPV-- Length of time mixed
- -g/min g oil/g protein min
0.55 . ... 221, .0 0.80 16.87
1.45 250 7 0.82 8.97
2.52 = 243 -0.81 4,85
3.45 7 - 267- = 0.83 4239
6.65" 267 - 0.83 2,29

- -Appendix 7.2.J - Viscosity of an emulsion.at various times after mixing

Vlsco-sl ty

-
o
1

o
"3
1

504

4

404

R Y

Kim b mm= m e rr = = - =

%
X

33

- s soom
' Time hr after mixing

18

25
& viscosity after

remixing

_Data from Haake Rotovisco for standard emulsion using BPP

Scale unifs

we

904

80

70 4

50

Hotor speed RPM
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Print out of particle size for the Malvern
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APPENDIX « . . - Emulsion values calculated by globule size
7.2.K.c.
COULTER COUNTER - = - MALVERH - -+ - ""TURBIDITY DATA
Experiment Samples CC.N50 CC.5 CC.L ° M.D50 M.S M, L. $ R N EAL
Mean 8§D |Mean SD Mean 8D |Mean 8N |Maan SD {Mean SN Mean SD ﬂgﬁ“ sD ﬂean .§D Mean SN
Controls 1 27.6 11,2 56,0 71,9 1,9 64,1 0,8337 1,759 0, 100 149
2 1.7 12.7 59.9 25.2 1.9 69.1 0,7765 1.328 0.079 141
Mixing Time 2 min 3 33.5 12.0 68,1 26,0 1,9 65,0 0,8315 1,622 0,047 116
Protein Conc 2% 4 34,2 12.6 68,3 26,5 1,9 68,3 00,8304 1.573 0.050 119
pll 8.1 5 37.3 13.4 93.8 28.9 1.9 87,2 0,8370 1.742 0.037 108
0il volume 80- 6 37.3 13.4 100.,0 28,7 1,9 87.2 00,8203 1.812 0.033 104
Mean 33.6 12.6 74 .4 26,2 <l.9 73.5 0,8216 1,556 0.058 123
SDh 3.67 0.85 18,2 , 2.58 0,00 10.8 0,0228 0,221 0.0263 18.4
Mixing Time 0.5 min |42.4 4.8) {l6.4° 0,71{92.1 5.9 33.5; 0.9%[<1.9 0.00}87.2 0.00}0.8338 0.0080 2,093 0,524 0.0260 n.0184 ] 92 23.1
4.0 min |30.5 1.70 {11.2% 0.07[62.8 10.7 [21.7 0.14|<1.9 0.00|76.4 2,12]0,8353 0,0069% 1,2545%.0007 0.1005%9.0007 { 1507 0.1
- o
Protein Conc 5% 26.3 8.84 11,2 3.04158.0 11,7119.0 5.,02)<1.9 0.00)151.,9 21.6|0.8307 0.000d 1,164 0.298] 0,1525 7.108 6.7 17.0
0.5% 46.4 4,03 [17.2 1,84(79.3 9.9{35,0 3,39 2.3 0.14|87.1 0,2{0.8293 0.0007 1,594 0.035] 0,049 3.003 [471° 10.3
pH pli5.0 29.0 2.62 11.9 2.55163.4 13.7 21.2aL1.06 <1.9 0.0 53.72 1.6|/0.8287 00,0024 1.221b 0.13% 0.1125b3.038 155b 17.6
ph9.0 29.1%0.64 12,0 1.27 [51.6% 6.7 1.8% 0,35{<1.9 0.0 [51.3”.2.9{0.8298 0.0029 1.134° 0.051] 0.1365°).018 | 166 7.4
b
0t volume 40 ml 39.8°0.07 13.9 2.90 h2.6 10,1 P8, 1 1.7 [<1.9 0.0 ®3, 7 S.0 0.6720§0.0113 1.303 0.109} 0.0740 2.017 144 12,2
160ml 29,4 1,13 2.3 0.05[F1.t 0.1 p2,0 2,1 2.0 0.1 87.2.‘0.0 0.8710°0,0014 1,303 0.116] 0.096 3.086 145 12.9
a = significantly different from controls p <0.,05 No significant difference between pll 5.0 and pll 9.0
b p <0.,01 M.D50 significantly different from CC.D50 p <9.01
c p <0.001

—



SECTION 7.3

NOTE

" Stability data normally Appendix . . . a
Wlume data = normally Appendix . . . b
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APPENDICES 7.3.B. Foam Variation in the Mixing-Procedure

Mixing 5 min 25 min 60 min
time Total vol Foam Total vol Foam Total vol Foam

1 92 57 90 46 87 41 Bovine
Silverson 2 97 68 97 56 92 49 Bovine

2 94 63 93 52 93 47 Egg
Waring 1 104 68 103 65 100 50 Bovine
blender 1 60 20 58 110 57 13 Egg

2 96 59 80 35 70 32 Bovine

2 75 35 73 32 73 28 Egg
APPENDIX - Foam: Stability of foams for wvariation in diameter of
7.3.8B.b Mixing Vessel
Vessel . © 'ID of Mixing F25/5° _F60/5 F25/60

Vessel
Plastic c¢ylinder
200 ml 35.6 78.84 69.23 113.8
Pyrex 100 ml beaker 47.8 74.66 64.00 116.6
Storage Jar 120 ml 51.8 74,35 65.38 113.7
Pyrex high form
200 ml beaker 58.7 75.00 66.66 112.5
CSN Simax 200 ml
beaker 65.4 80.72 68.67 117.5
Pyrex flat sample
dish 76.7 74.28 59.04 125.8
Large Pyrex flat :
sample dish 90.4 68.69 48.69 141.0
Correlation against
ID of mixing vessel -0.611 -0.828 0.861
APPENDIX - Foam: Stability of foams for variation in diameter of
7.3.B.d Holding Vessel
Holding Vessel ID of holding ¥2575 ¥60/5  F25/60
vessel

Glass 100 ml measuring
cylinder 27.9 71.21 60.60 117.5
Plastic cylinder 200 ml 35.6 76.19 68.25 111.6
Pyrex 100 ml beaker 47.8 80.64 69,35 116.2
Storage jar 120 ml 51.8 85.50 50.86 140.4
Pyrex high form 200 ml
beaker 58.7 87.30 79.36 110.0
CSN Simax 200 ml beaker 65.4 81.42 67.14 121.2
Pyrex flat sample dish 76.7 87.32 77.46 112.7
Large Pyrex flat sample
dish 90.4 82.85 74.28 111.5
Correlation against ID
of holding vessel 0.701 0.636 0.178




Appendix 7. 3B.c- Foaming volumes for variation in diameter of mixing vessel
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I1.D. of

Mixing Vessel L.VOL.A F.VOL.E T,.VOL.C GAS. B L.FOAM, D OVER RUN FOAM, P.V., GAS. P.V. FOAM. VOL

AFTER 5 MIN
35.60 50 52 82 32 20 64 0.615 0.390 104
47.80 50 75 98 48 27 96 0.640 0.489 150
51.80 50 78 102 52 26 104 0.666 0.509 156
58.70 50 84 102 52 32 104 0.619 0.509 168
65,40 50 83 109 59 24 118 0.710 0.541 166
76.70 50 105 122 72 33 144 0,685 0.590 210
90.40 50 115 130 30 35 160 0.695 0.615 230

Correlation _

against ID 0.977 0.987 0.825 0,986 0.748 0.961 0.977

AFTER 25 MIN
35.60 50 41 82 32 9 64 0.780 0.390 82
47.80 50 56 98 48 8 96 (.857 0.489 112
51,80 50 58 101 51 7 102 0.879 0.504 116
58.70 50 63 102 52 11 104 0.825 0.509 126
65.40 50 67 109 59 8 118 0.880 0.541 134
76.70 50 78 122 72 6 144 0.923 0.590 156
90.40 50 79 120 70 9 140 0.886 0.583 158

Correlation

against ID _ 0.969

AFTER 60 MIN
35.60 50 36 80 30 6 60 0.833 0.375 72
47.80 50 48 93 43 5 86 0.895 0.462 96
51.80 50 51 97 47 4 94 0.921 0.484 102
58.70 50 56 : 98 48 8 96 0.857 0.489 112
65.40 50 57 103 53 4 106 0.929 0.514 114
76.70 50 62 109 59 3 118 0.951 0.541 124
90.40 50 56 100 50 6 100 0.892 0.500 112

Correlation

against ID 0.8038




Appendix 7.3.B.e Foaming volumes for variation in diameter of holding vessel

ID of holding

vessel L.VOL.A F.VOL.E T.VOL.C GAS.B. L.FOAM.D OVER RUN FOAM.P.V, GAS.P.V. FOAM. VOL

AFTER 5 MIN
27.90 50 66 95 45 21 90 0.681 0.473 132
35.60 50 63 95 45 18 90 0.714 0.473 126
47,80 50 62 99 49 13 98 0.790 0.494 124
51.80 50 69 108 58 11 116 0.840 0.537 138
58.70 50 63 101 51 12 102 0.809 0,504 126
65.40 50 70 108 58 12 116 0.828 0.537 140
76.70 50 71 109 59 12 118 0.830 0.541 142
90.40 ' 50 70 111 ' 61 9 122 0.871 0.549 140

Correlation

against ID 0.889 -0,857 0.889 0.888 0.888 0.650

AFTER 25 MIN .

27.90 50 47 94
35.60 50 48 96
47.80 50 50 100
51,80 50 59 118
58.70 50 55 110
65.40 - 50 57 114
76.70 50 62 124
90.40 50 58 116
Correlation

_against ID 0,827

AFTER 60 MIN
27.90 50 40 80
35.60 50 43 B6
47.80 50 43 86
51.80 50 42 84
58.70 50 50 100
65.40 50 47 94
76.70 50 55 110
90.40 50 52 104
Correlation

against ID 0.876
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Appendices 7.3.b.a

.= Foam: Stability of foams for variation in duration

of Mixing
Duration of Mixing .F25/5 F60/5 F25/60
0.50 86.95 73.91 117.64
1.00 80.70 71.92 112.19
1.50 78.78 66 .66 118.18
2.00 82.35 72.05 114,28
2.50 77.94 79.41 98.14
3.00 79.45 68.49 116.00
4.00 75.34 65.75 114.58
5.00 75.90 68.67 110.52

Correlation against
Mixing Time -0.817 -0.388 -0.239




Appendix 7. 32.b.b

Foaming Volmes for variation in Duration of Mixing

Duration of L.VOL.A F.VOL.E T.VOL.C GAS.B L.FOAM,D OVER RUN FOAM.P.V. GAS.P.V. FOAM, VOL

Mixing

AFTER 5 MIN
0.50 50 46 85 35 11 70 0.760 0.411 92
1.00 50 57 92 42 15 84 0.736 0.456 114
1.50 50 66 80 30 36 60 0.454 0.375 132
2.00 50 68 97 47 21 94 0.691 0.484 136
2.50 50 68 98 48 20 96 0.705 0.487 136
3.00 50 73 100 50 23 100 0.684 0.500 146
4.00 50 73 97 47 26 94 0.643 0,484 146
5.00 50 83 103 53 30 106 0.638 0.514 166

Correlation against

Mixing Time 0.920 0.759 0.759 0.538 0.759 -0.189 0.725 0.920

AFTER 25 MIN
0.50 50 40 84 34 6 68 0.850 0.404 80
1.00 50 46 90 40 6 80 0.869 0.444 92
1.50 50 52 79 29 23 58 0.557 0.367 104
2.00 50 56 97 47 9 94 0.839 0.484 112
2.50 50 53 - 97 47 6 94 0.886 0.484 106
3.00 50 58 100 50 8 100 0.862 0,500 116
4.00 50 55 96 46 5 92 0.836 0.479 110
5.00 50 63 103 53 10 106 0.841 0.514 126

Correlation against

Mixing Time - 0.873

AFTER 60 MIN
0.50 50 34 80 30 4 60 0,882 0.375 68
1.00 50 41 87 37 4 74 0.902 0.425 82
1.50 50 44 78 28 16 56 0.636 0.358 88
2.00 50 49 92 42 7 84 0.857 0.456 98
2.50 50 54 91 41 13 82 0.759 0.450 108
3.00 50 50 95 45 5 90 0.900 0.473 100
4.00 50 48 92 42 6 84 0.875 0.456 96
5.00 50 57 102 52 5 104 0.912 0.509 114

Correlation against

Mixing Time 0.832

-£9¢2-
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Appendix 7.3.C.a Stability of foams for variation in temperature

Temgerature F25/5 F60/5 F25/60
C 8 8 8
4 71.42 76,19 93.75
20 82.35 72.05 114.28
30 73.91 65.21 113.33
40 74.19 64.51 115.00
50 75.38 ‘ 64.61 116.66
60 71.18 57.62 123,52
70 64.40 44,06 146.15
80 73.58 52.83 139.28
Correlation
against Temp  -0.440 -0.918 0.919

Appendix 7, 3.D.aStability of foams for variation in powder concentration

Conc. of BPP F25/5 - - "F6Q/5 F25/60
12.0 78.77 63.26 124,19
10.0 80.19 64.35 124.61

8.0 76.53 65.30 117.18
6.0 73.73 62.62 117.74
4.0 72,22 61.11 118.18
2.0 76.11 65.67 115.90
1.0 74.00 60.00 123,33
0.5 83.87 74.19 113.04
0.25 82.60 56,52 146,15
0. 31.81 63.63 128.57

Correlation

against conc. -0.209 0.014 -0.200

Appendix 7, 3,E.a Stability of foams for variation in the volume of the
protein solution

Powdér Conc Vol ml . F25/5 F 60/5 F25/60
. 6 ) 6
3 150 71.79 64.10 112.00
2.5 125 75.35 67.60 111.45
2 100 76.87 68.70 111.88
1.5 75 79.10 75.37 104,95
1 50 69.56 65.21 106.66
0.5 25 83.05 71.18 116,66
Correlation

against volume -0.450 -0.452 -0.026




Appendix 7.3.C.b

Foaming volumes for variation in temperature

GAS.B

gemp L.VOL.A F.VOL.E T,VOL.C L.FOAM D OVER RUN FOAM. P.V. GAS. P.V. FOAM, VOL
C
AFTER 5 MIN

4 50 42 82 32 10 64 0.761 0.121 84

20 50 68 97 47 21 94 0.691 0.216 136

30 50 69 98 48 21 96 0.695 0.214 138
40 50 62 92 42 20 B4 0.677 0.217 124

50 50 65 96 46 19 92 0.707 0.197 130

60 50 59 92 42 17 84 0.711 0.184 118

70 50 59 91 41 18 82 0.694 0.197 118

80 50 53 90 40 13 80 0.754 0.144 106
Correlation
against Temp. 0,082 0.132 0.132 0.013 0.132 -0,012 0.026 0.082
AFTER 25 MIN

4 50 30 30 32 .0 64 1.066 0.390 60

20 50 56 97 47 9 94 0.839 0.484 112
30 50 51 97 47 4 94 0.921 0.484 102

40 50 46 92 42 4 84 0.913 0.456 92

50 50 49 94 4t 5 88 0.897 0.468 98

60 50 42 38 38 4 76 0.904 0.431 84

70 50 38 80 30 8 60 0.789 0.375 76

80 50 39 84 34 5 68 0.871 0.404 78
Correlation
against Temp -0.015 -0.359 -0.359 0.446 -0.359 -0.648 -0.346 -0,115
AFTER 60 MIN

4 50 32 80 30 2 60 0.937 0.375 64

20 50 49 95 45 4 90 0.918 0.473 28

30 50 45 92 42 3 84 0.933 0.456 90

40 50 40 37 37 3 14 0.925 0.425 B0

50 50 42 88 38 4 76 0.904 0.431 84

60 50 34 80 30 4 60 0.882 0.375 68

70 50 26 70 20 6 40 0.769 0.287 52

a0 50 28 74 24 4 48 0.857 0.324 56
Correlation
against Temp -0.563 - -0.629 -0,629 0.786 -0.6429 -0 IR0 n sin ~omee



Appendix 7.3.D.b Foaming volumes for variation in concentratijion

FoaM.pP.Vv.

Conc, % L.VOL.A F.VOL.E T.VOL.C GAS.B L.FOAM.D OVER RUN GAS.P.V, FOAM. VOL

AFTER 5 MIN
12 .00 50 98 103 53 45 106 0.540 0.514 196
10,00 50 101 109 59 42 118 0.584 0.541 202
8.00 50 98 108 58 40 116 0.591 0.537 196
6.00 50 99 108 58 41 116 0.585 0.537 198
4,00 50 90 105 55 35 110 0.611 0.523 180
2,00 50 67 95 45 22 90 0.671 0.473 134
1,00 50 50 87 37 13 74 0.740 0.425 100
0.54 50 31 76 26 5 52 0.838 0.342 62
0.25 50 23 70 20 3 40 0.869 0.285 46
0.10 50 11 60 10 1 20 0.909 0.166 22

Correlation

against Conc 0.859 0.789 0,789 0.911 0.789 -0,862 0.733 0.859

AFTER 25 MIN
12,00 50 77 103 53 24 106 0.688 0.514 154
10,00 50 81 109 59 22 118 0.728 0.541 162
8.00 50 75 108 58 17 116 0.773 0.537 150
6.00 50 73 108 58 15 116 0.794 0.537 146
4,00 50 65 105 55 10 110 0.846 0.523 130
2.00 50 51 94 44 7 38 (0.862 0.468 102
1.00 50 37 83 33 4 66 0.891 0.397 74
0.5 50 26 73 23 3 46 0.884 0.315 52
0.25 50 19 66 16 3 32 0.842 0.242 38
0.10 50 9 58 8 1 16 0.888 0.137 18

Correlation

against Conc 0.891 0.802 0.802 0.995 0.802 -0.968 0.754 0.891

-99¢-



Appendix 7.3.D.b

cont.

Foaming volumes for variation in concentration

AFTER 60 MIN

12,00 50
10,00 50
8.00 50
6.00 50
4.00 50
2.00 50
1.00 50
0.50 50
0.25 50
0.10 50
Correlation

against Conc

62
65
64
62
55
44
30
23
13

0.865

102
107
107
105
100
89
77
70
60
56

0.839

52 1
57
57
55
50
39
27
20
10
6

L b W W g g 0 O

0.839 0,960

104
114
114
110
100
78
54
40
20
12

0.839

[aie v i e B - Y s Y e i oe e e e

<

.838
.876
. 890
.887
.909
.886
.900
.869
. 769
.857

.138

o= B e i - B e Y - B o B s B o B - B e

.509
.532
.532
.523
.500
438
.350
.285
.166
107

.787

124
130
128
124
110
88
60
46
26
14

0,865

L9~
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Appendix” 7.3.E.b- Foaming volumes for variation of continuous phase

Vol. of L.VOL.A F.VOL.E T.VOL.C GAS.B L.FOAM.D - OVER RUN FOAM P.V. GAS.P.V. FOAM.VOL

continuous

phase

AFTER 5 MIN
150 150 156 250 100 56 66.667 0.641 0.400 104
125 125 142 222 97 45 77.600 0.683 0.436 113
100 100 147 200 100 47 100.000 0.680 0.500 147
75 75 134 171 96 38 128,000 0.716 0.561 178
50 50 92 116 66 26 132,000 0.717 0.568 184
25 25 59 69 44 15 176.000 0.745 0.637 236

Correlation '

against vol 0,913 0.913 0.859 0.965 -0.979 0.962 -0.988 -0.979

AFTER 25 MIN
150 150 112 246 96 16 64,000 0.857 0.390 74
125 125 107 220 95 12 76.000 0.887 0.431 85
100 100 113 201 101 12 101.000 0.893 0.502 113
75 75 106 170 95 11 126.667 0.896 _ 0.558 141
50 50 64 106 56 8 112,000 0.875 0.528 128
25 25 49 68 43 6 172,000 0.877 0.632 196

Correlation

against vol 0,864 0.980 0.835 0.965 -0.932 0.242 -0.952 -0.933

AFTER 60 MIN
150 150 100 240 90 10 60,000 0.900 0.375 .66
125 125 96 214 89 7 71.200 0.927 0.415 76
106 100 101 194 94 7 94,000 0.930 0.484 101
75 75 101 168 93 8 124,000 0.920 0.553 134
50 50 60 104 54 6 108.000 0.900 0.519 120
25 25 42 57 32 10 128.000 0.761 0.561 168

Correlation

against vol 0.826 0.976 0.812 0.064 -0.925 0.651 -0.927 -0.949

-89¢-
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APPENDIX  Foam - Stability of foams for variation in Sodium

7.3.F.a Chloride Concentration
mm NaCl . F25/5 F60/5 F25/60
0.00 53.01 68.67 129,54
6.00 48.83 67.44 138.09
12.00 55.00 ... ©72.50 131.81
25.00 : 57.14 71.42 125.00
50.00 : : 57.47 : 71.26 124.00
100.00 : 56.81 70 .45 124.00
200.00 56.81 71.59 126.00
856.00 ‘ 56.12 71.42 127.27
1716.00 61.38 _ 70.29 114.51
Correlation Against
' NaCl 0.625 0.072 -0,691

APPENDIX  Foam - Stability of foams for variation in Glucose

7.3.G.a Concentration
mm Glucose F25/5 F60/5 ¥25/60
0 71.01 56.52 125.64
6 67.60 . 57.74 117.07
12 68.05 59.72 113.95
25 75.00 63.38 117.39
50 71.76 : 57.64 124,49
100 71.08 60.24 118.00
200 71.42 57.14 125.00
252 o 71.42 61.90 115.38
504 : 68.88 63.33 108.77
Correlation Against
Glucose -0.143 0.492 -0.543
"APPENDIX " Foam- Stability of foams for variation in pH
7.3.H.a
pH F 25/5 F 60/5 F25/60
4.5 76.31 71.05 107.40
5.0 76.38 69 .44 110.00
5.5 79.45 69.86 113,72
6.0 73.68 67.10 109,80
6.5 72.97 66.21 110.20
7.0 72.85 68.57 106.25
7.5 75.36 66.66 113.04
8.0 72.22 65.27 110.63
8.5 73.97 68.49 108.30
9.0 74 .64 69.01 108.16
9.5 84.12 63.49 132.50
Correlation Against '
pH 0.131 -0.636 0.440




Appendix 7.3..F.b- Foaming values for variation in the amount of sodium chloride

mM NaCl L.VOL.A F.VOL.E T.VOL.C GAS.B. L.FOAM.D OVERRUN FOAM.P.V.  GAS.P.V. FOAM.VOL

-0L¢-

AFTER 5 MIN ' ‘ |
0 50 33 100 50 33 100 0,602 0.500 166
6 50 86 102 52 34 104 0.604 0.509 172
12 50 80 100 .50 30 100 0.625 0.500 160
25 50 84 99 49 35 98 0,583 0.494 168
50 _ 50 37 104 54 33 108 0.620 0.519 174
100 50 88 103 53 35 106 0.602 0.514 176
200 50 88 103 53 35 106 0.602 0.514 176
856 50 98 108 58 - 40 116 0.591 0.537 196
"1716 50 ' 101 108 58 43 : 116 0.574 0.537 202
Correlation _ ; : ‘ . o . ‘
against NaCl 0.918 0.830 0.830 0.919 0.830 -0.682 0.819 0.918
AFTER 25 MIN : L
0 50 57 100 50 7 100 0.877 0.500 114
6 50 58 100 50 8 100 0.862 G.500 116
12 50 58 99 49 9 98 0.844 0.494 116
25 50 60 98 48 12 96 0.800 0.487 120
50 : 50 62 - 103 53 9 106 0.854 0.514 124
100 50 62 103 53 9 106 0.854 0.514 124
200 50 63 103 53 10 106 0.841 0.514 126
856 50 70 108 58 12 116 0.828 0.537 140
1716 50 71 108 58 13, 116 0.816 0.537 142
Correlation .
against NaCl 0.898 0.837 0.837 0.742 0.837 -0.487 0,825 0.898
AFTER 60 MIN
0 50 44 90 40 4 80 0.909 0.444 88
6 50 42 - 87 37 5 74 0.880 0.425 84
12 50 &4 87 37 7 74 0.840 0.425 88
25 S0 48 90 40 8 80 0.833 0.444 96
50 50 50 95 45 5 90 0.900 0.473 100
100 50 50 95 45 5 90 0.900 0.473 100
200 50 50 95 45 5 90 0.900 0.473 100
856 50 55 100 50 5 100 0.909 0.500 110
4 116 0 0.537 124

1716 50 62 - 108 58

1 .t . BN ~n o nAa- N ] ~n AN ~ P an Y
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Appendix 7.3.G.b- Foaming values for variation in the amount of glucose

-1L2~

mM Glucose L.Vvol.A. F.Vol.E. T.Vol.C. Gas.B L.Foam.D. Overrun Foam.P.V. Gas.P.V. Foam.Vol,
AFTER 5 MIN ' o : :
0 50 69 93 43 26 86 0.623 0.462 ' 138
) 50 71 195 45 26 90 0.633 0.473 142
12 50 72 95 45 27 90 0.625 0.473 144
25 50 72 97 47 25 94 0.652 0.484 144
50 50 85 100 50 35 100 0.588 0.500 170
100 50 83 162 52 31 104 0.626 0.509 166
200 50 84 102 52 32 104 0.619 0.509 168
252 50 84 104 54 30 108 0.642 0.519 168
504 50 90 106 56 34 112 0.622 0.528 180
Correlation SR S 2 o ‘ '
against Glucose 0.799 0.863 0.863 0.622 0.863 ~-0.006 0.847 0.799
AFTER 25 MIN ; B K
0 50 49 92 42 7 84 0,857 0.456 98
6 50 48 g2 42 6 84 0.875 0.456 96
12 50 49 92 42 7 84 0.857 0.456 98
25 50 54 97 47 7 94 0.870 0.484 108
50 50 61 100 50 11 100 0.819 0.500 122
100 . 50 59 102 52 7 104 0.881 0.509 118
200 50 60 101 51 9 102 0.850 0.504 120
252 50 60 104 54 6 108 0,900 0.519 120
504 50 62 106 56 6 112 0.903 0.528 124 ©
Correlation
against Glucose 0.704 0.825 0,825 0,245 0.825 0.600 0.806 0.704
AFTER 60 MIN
0 50 39 85 35 4 70 0.897 0.411 78
6 50 41 387 37 4 74 0.902 0.425 82
12 50 43 87 37 6 74 0.860 0.425 86
25 50 46 92 42 4 84 0.913 0.456 92
50 50 49 97 47 2 94 0.959 0.484 g8
100 50 50 97 47 3 94 0,940 0.484 98
200 50 48 94 44 4 38 0.916 0.468 96
252 50 52 100 50 2 100 0.961 0.500 104
504 50 57 106 56 1 112 0.982 0.528 114
CorrelaEion 0.864 0.862 0.862 -0.710 0.862 0.732 0.835 0.864

& - L Y TP



Appendix 7. 3.U.b

Foaming values for variation in pll

i

CAS.D

FOAM. P, V.

CAS.P.V,

plt L.VOL.A F.VOL.E T.VOL.C L.FOAM D OVER RUN FOAM, VOL,
4.5 5¢ 76 96 46 30 92 0.605 0.479 152
5.0 50 1% 94 44 28 88 0.611 0.468 144
5.5 50 73 96 46 27 92 0.630 0.479 146
6.0 50 76 99 L9 27 98 0.644 0.494 152
6.5 50 4 98 48 26 96 0.648 0.4B9 148
7.0 50 70 926 46 24 92 0.657 0.479 140 .
7.5 50 69 95 45 24 9D 0.652 0.473 138
8.0 50 72 96 46 26 92 0.638 - 0.479 llafa;
8.5 50 73 97 47 26 94 0.643 0,484 146 -
9.0 50 71. 97 ., 47 24 94, 0.661 L0484 142 .
9.5 50 63 92 42 21 - B84 0.666 - - 0.456 126
Correlation ‘ . L ‘ .
against pll -0,680 0,222 -0,222 -0, 850 -0,222 0.835 -0,229 -0, 680
AFTER 25 MIN : ) e _ ,
4.5 50 58 96 46 . 12 92 0.793 0.479 116 -
5.0 50 55 94 44 11 a8 0,800 0.468 110
5.5 50 58 94 44 14 88 0.758 0,468 116
6.0 50 56 98 48 8 96 0,857 0.489 112
6.5 50 54 97 47 7 94 0,870 0,484 108
7.0 50 51 95 45 6 90 0.882 0.473 102
7.5 50 52 95 45 7 90 0,865 0.473 104
8.0 50 52 99 49 3 98 0.942 0.494 104
8.5 50 54 97 47 7 94 0.870 0.484 108
9.0 50 53 94 44 9 1] 0.830 0.468 106
9, 50 53 92. 42 11 84 0.792 0.456 106 i
Correlation
against pll -0,703 -0,160 =0.160 -0.423 -0.160 0.354 -0,172 -0.703
AFTER 60 HIN
4.5 50 5h 96 46 8 92 0.851 0.479 108
5.0 50 50 94 44 - 6 88 0.880 0,468 100
5.5 50 51 94 44 7 88 0,862 0.468 102
6.0 50 51 96 46 5 92 0.901 0.479 102
6.5 50 49 94 44 5 88 0.897 0.468 98
7.0 50 48 93 43 5 86 0,895 0.462 96
7.5 50 46 92 42 4 84 0.913 0.456 92
8.0 50 47 96 46 1 92 0.978 0.479 90
8.5 50 50 96 46 4 92 0.920 0.479 100
9.0 50 49 93 43 6 86 0.877 0.462 98
9.8 50 40 36 16 4 72 0.900 0.418 80
Correlation
against pl -0.740 -0.518 ~0.,518 -0.621 -0.518 0,511 -0.523 =0.740

-ZLT~
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Appendix 7.3.H.c

Foam at natural pH and at pH 6.6

pH : Volume 5 25 60 " F6o/5
ml- ml ml ml -
8.4 102 . -73 - 57 46 63
96 66 52 44 67
93 61 . 49 44 72
100 70 56 49 70
99 66 " 53 47 71
98 67 53 45 67
Mean 98 . 67 " 53 46 68
sh 3.16 4.07 2.88 1.94 3.33
6.6 107 . 77 65 58 75
100 69 55 47 68
101 73 67 53 73
101 -73 - 58 54 74
103 -75 - 60 57 76
102 74 60 53 72
Mean~ 1022° =742 607 540 732
sD ... 2.50 2.66 o 4,45 3.88 2.83
= gignificant difference from pH 8.4 p = <0.05
b = - pH 8.4 p = <0.01



Appendix 7.3.1
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Foaming Properties with Olive 0il and Milk "

Conc .. " Volfme 5 min 25 min 60 min F60/5
m .
0. . 95 56 49 31 55
: 93 58 T 47 34 59
- 96 67 51 38 57
108 73 47 34 47
94 62 47 36 58
94 58 48 20 34
Mean 97 62 48 32 52
5D ‘5.65 T 6.53 1.60 6.40 9.67
2000 ppm 100 66 .50 27 41
Olive 01il 93 56 39 24 43
) 100 70 48 32 46
Mean - 98 64 46 28 43
sSD 4,04 7.21 5.86 4.04 2.52
2000 ppm .. 66 20 14 7 35
Milk = 65 19 14 7 37
g 60 28 16 5 18
Mean 67 ¢ 22 ¢ 15 ¢ 6 ¢ 30
SD 2.65 4,93 1.15 1.15 10.4
100 ppm 4L,
Milk 42
46
Mean L
SD 2.00
20 ppm 48
Milk 49
52
Mean 50
SD 2.08
¢ = significant difference from controls p = <0.001
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APPENDIX 7.4.A
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~ Gelation: Penetration (1/10mm) of-a cone into gels made from

various concentrations of agar

Cone % == . No. 1/10 mm

e ‘Mean SD.
4 8 - 48.5 8.2
3.75 4 51.0 3.6
3.5 8 ©.65.3 18.6
3.25 4 56.0 5.48
3 8 82.1 23.7
2.75 4 - 68.5 8.5
2.5 12 - 93,1 18.1
2.5¢< 8 101.9 8.8
2 14 125.3 17.2
1.75 8 - 130.1 19.0
1.5 14 155.6 23.0
1.25 - . 3 -176.9 19.2
1 18 "205.1 29.5
0.9 7 . :207.9 23.4
0.8 7 .7215.0 13.4
0.7 8 . 251.9 33.3
0.6 8 353.3 60.6
0.5 6 C450 0.0

Regression equatioms

Concentration = 3.90 - 0.0127 (mm/10 Penetration)

.log of penetration values

Correlation = -0.893

Concentration = 11.6 - 4,48 (log mm/10 penetration)

1/Penetration values

Concentration = 4.08 - 0.00133 (1:wm/10 penetration)

Correlation = -0,952

Correlation = 0,910



APPENDIX 7.4.C

[

i

Gelation: A table'comparing_gels-bf!plasma-concenﬁratioﬁs 9, 10,'11% at varYing'femperature P

by measuring amount, in 1/10 mm,a cone penetrates the gels

S

B ‘ ' ‘Concentrations of Plasma
Temperatures 9% o R 1 S R y T 11%
No. Mean pen SD Agarz | No. Mean pen SD Agar# | No. Mean pen SD Agar =
L. | H
70°%¢c 4 400.0 0.0 . <0.5 4 | 400.0 0.0 0.5 A 324.8 51.2 0.55
75%C & 302.3 21.7 | 0.58 4 241.3 18.1 0.73 4 193.52 6.4 1.02
80°¢ 4 310,0  49.2 0.55 | 4 186.3° 5.1 1,09 | 4 151,3°® :12.7  1.54
85°¢c 4 240.5d 22.7 0.73 4 193,0¢ 8.0 1.02 4 141.3bd 19.6 1.69
90°¢C 4 195.5°8) 3.7 1.00 | 4 161.3° 20.1 1.40 | & 117.5°f1 a5 2.06
Significant different from value at the same concentration at
720°C a= p <0.05 b = p <0.01 ¢ =p <0.001
7500 d " " f "
SOOC g " h n i "
85% 3 " k " 1 "o

-9Le-
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APPENDIX 7.4.D

“Gelation: Penetration (1/10 mm) of a come into gels made from

<= e - - yarlous - concentrations of bovine plasma powder

Conec 7. No . Penetration Agar

: ~Mean . - SD Equivalents

22 288 31.3 0.6

. _ 37 222 5.4 0.8

10 . 12 180 31.1 1.2

; . .12 156 23.2 1.5

12 8 116~ 26.8 2.1

w013 8 91 26.1 2.6

T 14 5 94 - 15,0 2.5

- 15 B 6 68 3.9 3.2

Regression equations

Concentration =.14.7. - 0,0237 (mm/10 penetration)
Correlation =-0.883

"log of penetration values

Concentration'=_30;3_~,8.97 (log mm/10 penetration)
Correlation = - 0,964

1 + penetration values

Concentratioen =7.61 + 390 (1 #mm‘/10 penetration)

Correlation = 0,987



APPENDIX 7. 4.F L e RN vl Sy
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Gels of plasma at concentration§'8, 9, 107 at sodium chlorlie concentrations of 5 and 10Z

by measuring the amownt, in 1/10 mm, a coneé penetrates the gel

Lo . A T A

Concentrations of Plasma
87 o S ) 4 107
No. Mean pen SD T-valuwe No. Mean pep SD T-value No. Mean pen SD T-value
Control 22 288.0: . 31.3: Control - ..| = 37 221.5 35.4 Control] 12 179.8 - 31,1 Control
5% 10 181.4 18.7 11.95° - 10 163.8 9.5 8.83° 12 . 162.2 13.6 1.80
107 20 207.6 16.9 10.48° | 20 165.5 22.0 7.36° 4 244.5 12,7 3.21b
T-test between 57 and 107 Salt conc at 8% plasma = 3.733b
9% = 0,287
107 = =2,365

a = significant difference from contrel p <0,05
b = p <0.01
c = p <0.01

-8L2-
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APPENDIX 7.4 Fb

Gelation: Hardness of gel with the addition of wvarious salts

to a 107 plasma solution

Mol Wt.
1 -Sodium c1trate'Na306H507.2H20 294.1
2 Sodium chloride NaCl 58.4
3 - Caleium chloride CaClz.2H20 147.0
”47 Calcium acetate’ CaC4H604 158.2
ol T 1/10 mm penetration
Solution
mM conc o1 2 3 4
0 © 205 205 . 205 205
2 137 27193 176 207
4 SR ¥ L ...207 179 . 175
8 -158 . 170 158+ 17 3%
16~ .. 173 ... 168 134% 130%

= *"increase in the opacity of the gel



‘Appendix 7. 4T.c.

Gelation: Various concentrations of Sodium Chloride and

Calciun Chloride on the effect of gelation.

Sodium Chloride

Calcium Chloride

m Molar 1/10 mm Penetration Agar 1/10 mm Penetration Agar
Conc No
tested Mean sSD Equivalents No Mean sh Equiv
50 4 173.5 22.1° 1.258 4 149.50 28.9 1.585
45 4 162.5%  20.0 1.395 4 149.50% 21.5 1.6282
40 4 178.5 . 15.8 1.185 A 129.75: 35.0 1.900
35 A 182.5 11.3 1.133 4 124.50, 34.9 2.003§
30 4 178.3 18.2 1.193 4 135.75° 16.5 1.770)
25 4 171.5_ 20.4 1.275 A 123.50§ 14.6 1.960,
20 4 170.5 12.4 1.273§ 4 120.25° 19.3 2.023
15 4 170.3 10.5 1.278, 4 140.75% 6.3 1.690
12 4 181.0% 9.6 1.150 4 156.75% 20.5 1.4632
10 4 182.8 10.0 1.133 4 159.00 24,2 1.445
8 4 186.8 14.1 1.090 4 163.00 23.6 1.380
6 4 179.5 17.7 1.175 4 169.25 22.0 1.308
4 4 . 188.5 15.5 1.078 4  175.50 22.2 1.235
2 4 179.0 13.6 1.175 4 194.00 27.6 1.050
1.5 4 190.5 6.7 1.045 4 197.00 17.9 1.000
1.0 4 191.0 9.3 1.048 4 181.75% 32.0 1.188
0.5 4 181.02 5.6 1.1462 4 205.50 19.8 0.930
0.0 4 199.3 10.0 0.970 4 196.75 9.4  0.988
= gignificant difference from '0' value p < 0.05
b = significant difference from '0' value p < 0.0l
¢ = significant difference from '0' value p < 0.001

).'.

gels were milky white in appearance

-08¢-



APPENDIX 7.4 ¢

Cels of plasma at concentrations 8, 9, 107 at Glucose concentrations of 5 and 107 by

measuring the amownt, in 1/10 mm, a cone penetrates the gels \
Concentrations of plasma
87 97 10%

No. Mean per 8D T-value No Mean per SD T-value| No  Mean per SD T-value

Control 22 288.0 31.3 Control 7 221.5 35.4 Control|{ 12 179.8 31.1‘ Control
57 8 0 . o0 ~ 8  218.5 34,7 0.222 8 282.1 33,7 -6.87° |
38
107 8 266.5 62.1 0.935 8 296.3 10.6 ~10.803°] 8 214.3 33.0 -2.u% o
‘ ]

T-test between 5% and 107 Glucose concentration 87 plasma =. -~
9% plasma = 4.07fd
107 plasma = 6.056°

a = significant difference from control p <0.05
b = p <0.01
c = p <0.001
d = between 5 & 107 p <0.01
e = between 5 & 107 p <0.,001



APPENDIX 7. 4y

Gels of plasma at concentrations 9, 10 & 117 at varying pl by measufing the
amownt in 1/10mm’, a cone penetrates the gels. :

Concentrations of plasma 0
9% 107 o 117
No. Mean per SD T~value No. Mean per SD T-Value{ Ne. Mean per SD T-value
Control 37 221 35.4 Control 12 180 31.1 Control] 12 156 23.2 Control
pH 5 8 284 24.0 -6.05¢ | 8 249 46.0 -3.74° | 8 221 32.2 —4.85°
pit 10 8 271 40.5 =3.211 8 203 24.7 -1.82 8 185 18.3 -3.04b

i

significant difference from control of same plasma concentration p <0.05
b = p <0.01
c = P <9,001
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Gels formed when various substances had been added to
the 107% solutions of BPP

Sample pH Penetrometer Reading -Comments
A 164, 162, 132 A cloudy firm gel, which could be
128, 178, 147 inverted and retard the conc.
Control 7. Ave = 152 Agar equivalent = 1.53%
B 254, 352, 275 A clear gel, stable on inversion and
Urea 8. 370, 364, 399 was equivalent to agar of 0.54%
Ave = 336
C >600 Very clear solution, no gel
SDS 8. -
D : These samples gelled on standing for only 1 hour at
mercaptoethancl room temperature. The gel was clear and firm and
+ Urea 7. could not be transferred to the universals for
measurement.
E 120, 124, 116 Some gelling was present at 24 hours,
mercaptoethangl 92, 116, 100 Dbefore heating took place. On
7. Ave = 111 On heating the gel was cloudy and very
firm. The agar equivalent was 2.16%
F 139, 132, 154 A milky white gel which, after heating
Cysteine 162, 130, 137 was stable on inversion and retarded

Hydrochlorine 5.

Ave = 144

the penetrometer cone. The agar

equivalent was 1,957

G
Control
Sugar 7.

187, 187, 222
181, 212, 176
Ave = 161

The cloudy gel that was formed was
darker in colour than F. The gel was
stable on inversion and retarded  the
penetrometer cone. The agar equivalent
was 1.40% '







