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papers presented at the Conference: 'Dairy Ingredients - Production
& Utilisation', held in Melbourne, 6-7th March, 1991, The conference
was presented by the Dairy Research Laboratory, CSIRO Division
of Food Processing.
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Conference Opening Address

Dr. John Stocker
CSIRO Chief Executive

The presence of four disting-
uished overseas guests at the
conference showsthatthe dairy
industry is truly an internat-
ional coneern. Thethings which
bother and excite us here also
bhother and excite our fellow
researchers around the world.
Thatissomething which
CSIRO has come to realise
more and more in the past few
years. We areaiming at a world
market and we are competing
and collaborating with scient-
ists from all over the globe.
Food processing is Aus-
tralia’s largest manufacturing
sector, As far as we have gone
with it, we have been pretty
successful, Butthe harsh truth
is still that we simply donotdo
enough food processing here.
Alot of time and energy
has been wasted at a pelitical
level in Australia trying to lay
the blame for our poor manu-
facturing record at someone’s
door. Some blame government;
some blame business; some
blame geography or unions, or
demographics, or education
levels - or even the climate!
The truth is that it does
notreally matter whose faultit
isthat we donot have a power-
ful manufacturing base. Lay-
ing blame is an occupation for
politicians and historians. I

suggest we leave it to them to
sort out among themselves.

What does matter is
what we are going to do about
it. What matters is that bus-
iness must see that there are
profits as well as a warm inner
glow to be had from their get-
ting into value—adding.

This demands an early
and productive dialogue bet-
ween innovators and the decis-
ion makers of industry. As
scientists we have to get better
at using the language of bus-
iness in a much more persuas-
ive way. And this collaboration
between industry and scient-
ists has to start from the very
early stages of development.
We scientists need business’s
expertise in what the market
i1s demanding as much as bus-
iness needs our expertise in
knowing how to supply it.

We have to study what
the market wants and think
laterally about how to supply
it. But that does not mean we
have to apply ourselves totally
to the short—term demands of
business and marketplace. To
do that would take away one of
science’s most valuable
problem-solving abilities,
whichisour ability to step back
a little bit and think of a com-
pletely new way to tackling

something. That is why the
Dairy Research Laboratory
conducts both short—term and
strategic research and why it
isimportant for industry in all
sectorstosupportboth kindsof
research activity.

The catch—ery in this
industry, asin so many others,
is'value—added'. Thathasbeen
the catch—ery for several years
and it probably will be for many
more years to come, The chall-
enge is to make it happen,

We havebeen told again
and again that value—adding
activity is where the greatest
opportunities lie, especially in
the food industry. Australia
needs to capture more value
from its exports by doing more
to them before they leave our
shores. Butifit was easy every-
one would be doing it already.
A point which is often lost in
the fine print when people are
waxing lyrical about value-
added is that it is not just the
opportunities which are great.
Value—added is also where the
commercial and scientific
challenges are greatest. In the
food industry, using a familiar
phrase, there ig no such thing
as a free lunch.

Thatis why wehave seen
the Dairy Research Laborat-
ory move gradually away from




studying the bulk products on
which the Australian dairy
industry was founded. Instead
it now looks more at getting
the mostout of processing those
products. The Laboratory is
researching better ways to
tailor-make ingredients for
individual sections of the food
industry.

The Laboratory has had
mere than its share of success-
esinidentifying niche markets.
Through Cheesebase, for ex-
ample, it has given the secret
of eternal youth to cheesge ing-
redients. Cheesebase, as most
of you here would know, is a
kind of cheese fudge which can
be used to replace cheese as an
ingredient in processing.

Cheegebase has three
greatadvantages: a)itincreas-
estheamount of cheese obtain-
ed from a given amount of mitk
by at least 16 per cent, b) it
behaves like young cheese, no
matter how old it is and ¢) it
can be made with the same
composition as almost any type
of hard or semi-hard cheese.
Already Cheesebase is being
usedintheUS as aningredient
in processed cheese. But there
is still much room for
commercial development.

Thatis one success story
— and there are many more.
Probably the most successful
technology developed by the
Dairy Research Laboratoryhas
been its recombined mitk pow-
ders. Each year the benefits to
Australiaflowingjustfrom that
project pays the cost of runn-
ing the Laboratory nearly 10
times over.

An internal divisional
study last yvear found the five
successful Dairy Research
Laboratoryprojects were worth
$49.3 million annually to Aus-
tralia. Thosge five projects alone
paid for the total cost of runn-

ing the Laboratory more than
15 times gver,

We have heen doing
similar cost-benefits on many
other areasofourresearch and
have come up with similarfind-
ings. Investment in research
and development pays off far
better than the generalrates of
return in any other sector of
the economy. CSIRQO believes
all industries would do well to
look closely at some of those
sums. We think it is in their
own commercial interests to
invest more money in research
and development.

Of course some indust-
ries are more willing than oth-
ers to invest in the future. The
Australian dairy industry is
showing - and I hope it contin-
ues to show - that it recognises
the commercial benefits of
research. Last year the indus-
try opted for a progressive inc-
reasein the milk research levy.
It wasafar-sighted investment
decision and one which will pay
off handsomely in time.

Themove to increase the
milk research levy is a large
step in the right direction and
one which is all the more imp-
ortant because it came from
the industry itself. It shows
that the producers who are the
backbone of the industry real-
ise that spending on research
and development is an invest-
ment, not a charity.

Of course CSIRO would
like to see the industry spend
even more on research. And I
am convinced that the benefits
which will flow from last year's
levy increase will very quickly
persuade producers that we're
not being naive about this.
Given the Dairy Research
Laboratory's track record of
successes, 1 doubt that dairy
producers could find a more
productive place to invest their

levy revenue than in this Lab-
oratory.

Looking at the Lahorat-
ory's future research, there
are some very promising proj-
ects under development andin
the pipeline, The conference
heard about the extraction of
useful proteins from cheese
whey and for six years the Lab-
oratory has done significant
work on fractionating whey
proteins.

The proteins isolated
through fractionatingwheyare
starting to look like extremely
useful commercial performers.
Thebeta fraction mighthe used
as an additive to make UHT
processing of fruit-juice bever-
ages feasible. And the alpha
fraction looks promising as a
source of alpha-lactalbumin for
improving infant formulas.

Another sourceofingred-
ientsfor improving infan form-
ulas could well be the frac-
tionation of casein. The casein
beta fraction might also be a
useful source of biologically
active peptides,including some
which act as opiates.

Consumers the world
over are becoming increasing-
ly suspicious of preservatives
infood. They wantnatural food.
And T believe that any signif-
icant change in consumer taste
represents an opportunity
which needs exploring, The
Dairy Research Laboratory's
work on bacteriocins as alter-
natives to preservatives like
nitrite might prove to be one
means to tap into this opport-
unity. If we can genetically
engineerbacterial cellsto prod-
uce morebacteriocing we might
be able to make highly select-
ive natural preservatives in
commercial quantities.

This research is import-
ant for CSIRO, for the dairy
industry and for Australia.
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Trends in the Production &
Utilisation of Dairy Ingredients

W.IJ. Aalbersberg

Director, NIZO, Netherlands

Introduction

In order to obtain some under-
standing of the perspective in
which trendsin production and
utilisation of dairy ingredients
develop, it is helpful to first
pay someattentiontothescene
and its actors, the scene being
the markets and the actors the
consurmers,

Regarding the sceneand
its actors, four major areas can
be distinguished: Japan and
Korea, other Asian countries
bordering the Pacific Ocean,
North America and the Euro-
pean Community. Although it
isimpogsible togive an accurate
description of these marketsin
a nuishell, the following
comments may be elucidatory.

In Japan, dairy product
consumption for fluid milk,

" butter and cheese has risen by
5 percent, 31 percent and 56
percent respectively over the
past 10 years (Tyler, 1990).
These growth figures may give
an indication for the future of
dairy and dairy-related prod-
ucts in Japan and some other
Asian countries. However,
there seems to be insufficient
basis for further general con-
clusions,

Letus considerJapan. A
successful completion of the
Uruguay Round with respect
to the General Agreement on
Tariffs and Trade in general
will increasingly open up the
Japanese market for imported
goods. This will not necessar-
ily mean that more dairy and
dairy based foods will be im-
ported, as the Japanese con-
sumer has specific demands.

One of the most striking
demands concerns the health
promoting effect of a food prod-
uct. The Japanese population
is one the healthiest in the
world. More than 24% of the
population is 65 years of age or
older. This population is very
health-conscious and is inter-
ested predominantly in foods
with health claims or health
indications such as anti-infee-
tion, anti-tumour and immune
response enhancing activities.
Further, the wealth and the
industrial climate of Japan are
favourable conditions for the
acquisition of state-of-the-art
technologies and the develop-
ment of value-added food prod-
ucts by the Japanese them-
selves, Similartendencies may
be expected in Korea.

In the other Asian count-
riesbordering the PacificQcean
the consumption of dairy pro-
ducts or dairy based products
ig still very low. The climatic
conditions are difficultfor dairy
farming. The economie condit-
ions donot yet allow the import
of large volumes of dairy prod-
ucts. As a consequence the
growing demand for dairy
foods, in particular of the trad-
itional type, will be satisfied
gradually by growing domestic
production and by importsfrom
Australia, North America,
Japan and the European
Community.

North America and the
European Community have
some characteristics in com-
mon. Without governmental
interference too much milk
would be produced. Governm-
ental control is exerted by
maintaining quota systems. A
tremendous reduction in the
nurber of dairy enterprises
and the number of dairy fact-
ories has taken place. During
the last fifteen years the num-
ber of dairies in the United
States has decreased from
2,791 tofewerthan1,750.Since
1950 the number of dairy ent-
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erprisesinthe Netherlandshas
fallen from 500 to 28. Three
companies only contro! more
than 70% of all miltk produced
in the Netherlands. The situ-
ation is even more pronounced
in Denmark, where one dairy
cooperative controls morethan
70% of all milk produced.
Similar phenomena can he
observed in France and Germ-
any.

This situation will res-
ult in a new era of unpreced-
ented eompetition with surv-
ival itself at stake. Gurrent
estimates for market redund-
ancy in some European count-
ries are, according to Robert
Forrestal of the Federal Res-
erve Bank of Atlanta,‘...Ashigh
as 30 percent. With the dropin
restrictions complete by 1993,
inefficient or outdated produc-
ers willbe fair game for merger
or acquisition or, in the worst
cases, going cut of business.
With exports expected to dec-
line slightly in the world mar-
ket and softer prices generally
available, the competitive
scene on the international
marketisintensifying (Forres-
tal, 1990). In general it is felt
that an international market
introduction with internation-
ally renowned brands improv-
es a company’s position, Consg-
equently, some dairy coopera-
tives, such as Land O’Lakes in
the United States, MD Food in
Denmark and ULN in France
are trying to internationalise,
thus following major internat-
ional companies, such as Nes-
tle, Unilever, Sanofi, Kraft
General Food and Borden.

In the new era of inter-
national competition, as indic-
ated before, products with
higher value added are consid-
ered as a panacea. The utilis-
ation of dairy components as

food ingredients could offer
possibilities for increasing the
added value. Therefore, these
possibilities are investigated
extensively. However, products
with higher value added have
to serve the consumer in these
markets.

In view of this, it should
be asked: *Who are these con-
sumers andhow can theirneeds
be described? This question
cannot be answered in a single
phrase. Even the consumers in
a single country behave ine-
reasingly divergently. How-
ever, the following character-
istics can be used to typify
broadly some consumer needs:

Food safety

and food hygiene
Contamination with any non-
foodingredient, either hazard-
ous or non-hazardous, should
be prevented. Conditions have
tobe created under which con-
tamination with hazardous
microorganisms is limited and
multiplication is impossible.
For this purpose, good manuf-
acturing practice and strict
temperature control in the
distribution chain is a must.

Healthy food
Healthy food i interpreted in
different ways.

» Sometimes it refers solely to
low energy food, e.g., jam with
a reduced sugar contfent, or
licaid milk with a reduced fat
content. Full ranges of light’
(‘lite”) products based upon
these principles have been
developed and introduced in
markets in Western Europe
and North America. Do they
really satisfy the consumers’
sensory perception or wouldthe
consumer be more satisfied
sengorily by consuming the

traditional food in a smaller
quantity?

¢ Healthy food sometimes
means low fat, in particular
low animal fat in order to re-
duce the risk of cardiovascular
diseases, For this purpose
imitation cheese has been in-
troduced in which milkfat has
been replaced by vegetable fat.

* Healthy food sometimes
means a reduced content of
sodium chloride, which can be
beneficial in case of hyperten-
sion. Reduction of the salt
content of a food may give rise
to microbiological instability.

¢ A new fashion is a dairy food
with a reduced cholesterol
content suggesting wrongly to
the consumer that exogenous
cholesterol may make a real
contribution fo an increase in
the cholesterol level of the blood
serum and ignoring the fact
that by making such suggest-
ions the usual dairy products
obtain a negative image.

* Sometimes dairy products
with high viable counts of
L.acidophilusand B.bifidus are
offered as healthy foods. The
consumption of such foods in
Europe is increasing. Still the
scientific justification seems
rather weak.

Food style and portioning
Western society is becoming
increasingly individualised.
This means a multitude of
consumer preferences —some-
times eonvenience foods and
sometimes foods that require
additional preparation; some-
times exotic foods and some-
times simple daily foods. In
general, familiesbecome small-
er and childrenleavehomeata
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younger age. This means also
anincreasing demand forfoods
and food ingredients in small
portions.

The Play

After this short description of
the scene and its actors, name-
ly the markets and the con-
sumers, we will now give atten-
tion to the play. The play act-
ually comprises the trends in
production and utilisation. In
this respect utilisation is not
always an established reality.
In many cases, utilisation does
not surpass the border of what
is expected, but never realised,
In these cases consumer de-
mands are estimated inade-
quately. As it is impossible to
describe the play in every de-
tail, in the following we will
pay attention to the main acts.

Milk product ion
Manipulation of milk product-
ion offers a wide horizon of
possibilities. Externally, milk
production can be manipulat-
ed to some extent by the com-
position of the feed. Also the
treatment of cows with bovine
somatotropin (BST)canbeused
to manipulate milk produect-
ion, provided that legislation
allows it.

With regard to the cow
itself, genetic factors seem to
be of greater importance. Sev-
eral decades of cattle breeding
resulted in high yield cows.
Unfortunately the milk of these
cows has an increased fat con-
tent, which is not in line with
the present market demand.
Embryo transplantation tech-
niques as developed during the
last decade favour a fast
distribution of the best genetic
material available, Classical
breeding technology can give
rise to milk with very specific

characteristics, e.g., an
increased content of ¥ casein B
and of f-lactoglobulin B, both
of which increase cheese yield
(Van den Berg ef al., 1990).

Modern molecular biol-
ogy techniques, such as electro-
poration and microinjection,
may lead much more directly
to transgenic cows with modif-
ied milk composition. In part-
icular, the technique develop-
ed by Bremel and co-workers
according to which the lactal-
bumin genome is characteris-
ed (Bremel et al., 1989) (Mao
and Brand, 1990) and combin-
ed with an anti-sense gene
seems a very promising means
of reducing the fat content of
milk.

Molecular genetics tech-
niques may also be used to
develop cows producing milk
with an increased content of a
pharmaceutical component,
such as interleukin and factor
IX (Henninghauser et al., in
press).

The production of phar-
maceuticalsby transgeniccows
could berather near. However,
it will be many more years
before transgenic cows are
allowed by the legislator and
accepted by the consumer for
the production of meodified
liquid milk.

Lactose

Lactose is used in the food and
pharmaceutical industries.
Food applications include in-
fant formulas, candy, baked
goods, sauces, dressings, in-
stantised food powders and
flavours, These applications
are mainlybased upon the flay-
our enhancing, colour enhanc-
ing and freeflowing properties
of lactose. In the pharmaceut-
ical industry lactose is used as

a basis for tablets. Both applic-
ations, in food industries and
in pharmaceutical industries,
will be further exploited in
coming years.

Avariety oflactose deriv-
atives are known: sweeteners,
artificial sweeteners, food
additives, chelating agents,
acidulants, surfactanis and
polymers. A sweetener derived
from lactose is obtained by
hydrolysis. By hydrolysis the
relative sweetness compared
with suerose increases from
37% to more than 60%. At the
same time, solubility and
browning in baking increase
and viscosity and sandiness
decrease (Modler, 1985b).
Hydrolysis can be performed
by lactase, acids or hydrogen-
ation (Ryder, 1988). Uptillnow
theapplication oflactose hydro-
lysis seems limited. The price
of the preduct and its specific
property with respect to rapid
browning might be the reason
for this limited use.

Recently lactitol, an art-
ificial sweetener derived from
lactose and prepared by cata-
lytic hydrogenation over Ran-
ey nickel, has been introduced
(Visser ef al., 1988). Products
with lactitol, like products with
mannitel, have approximately
50% fewer calories than comp-
arable products made with
gsucrose. These products are
‘sugar free’, thus tooth friend-
ly. However, like ali polyols,
lactitol has a slight laxative
effect (Anonymous, 19%0).

Other lactose derivativ-
esarelactulose, lactobionicacid
andlactitol estersof fatty acids.
Lactulose is obtained by alka-
line isomerisation of the glue-
ose moiety into a fructose
group. Itis supposed to possess
a ‘Bifido factor’, that would
repress coliform bacteria and
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stimulate B.bifidum in the in-
testines of babies.

Lactobionic acid is rec-
ommended as a complexing
agent for metal ions and as a
food acidulant with a mild
sweet taste. Iron and copper
complexes have been usedina
limited way in the fortification
of milk with trace elements
(Visser ot al., 1988).

Lactitol esters of fatiy
acids have been described as
surface active agents (Velt-
huizen af al., 1977). It is hard
to say whether this will lead to
a substantial utilisation.

In principle, lactose
could be utilised very well as a
raw material for the product-
ion of lactic acid. As the world
market for lactic acid exceeds
75,000 tonnes annually, this
utilisation seems to be very
promising. The majority of the
lactic acid preduced consists of
a mixture of both stereo-isom-
ers, L{+) and D(-) lactic acid,
and is used in the food indust-
ry. Stereospecific D(-) lactic
acid for specific purposes can
be produced according to a
special process(Veringa,1987).
Unfortunately most of the lac-
tic acid is produced by micro-
biological conversion of sucrose
instead of lactose for the sim-
ple reason that the former raw
material is usually cheaper.

Wenow come to a gener-
al conclusion with respect to
lactose. In principle, lactose
derivatives can be utilised in a
great many ways. However,
only a limited number of these
applications are specific for
Iactose. Inmany casesthesame
or a comparable effect can be
obtained with sucrose derivat-
ives. Then it is the cost price of
the raw material that finally
determines whether lactose or
sucrose 15 used.

Milk Fat

In several parts of the world
for many years the milk pric-
ing system was a stimulus to
promote the production of milk-
fat with a high fat content. In
the European Community this
led to an excess of milkfat for
many years, The recent camp-
aign for a reduction of animal
fat in the diet in the United
States and the political devel-
opments in Eastern Europe
during last year give rise to a
further pressure on the world
market of milkfat. In view of
this, research has been perfor-
med and is still being perfor-
med to find new outlets for
milkfat. However, as the price
of milkfat in these parts of the
world is maintained artificial-
ly at a high level, new utilisat-
ions should offer something
unique for milkfat rather than
being a replacement for veget-
able fat.

For many years the poss-
ibilities of fractionation of milk-
fat and the utilisation of differ-
entmilkfatfractionshavebeen
studied. Fractionation by
short-path distillation offersan
excellent opportunity to cbtain
fractions from milkfat with
distinctive chemical and phys-
ical properties (Makhloufef al.,
1987). The process suffersfrom
high thermal requirements.

Separation of milkfat
fractions by crystallisation
from organic solvents, such as
acetone, can easily be accomp-
lished. However, this method
hasneotfoundindustrial applic-
ation because of theloss offlav-
our components, the colour
alteration and the problem of
solvent residue in the milkfat
fractions.

Fractionation of milkfat
bymeltcrystallisation hasbeen
applied in practice for many

years already (Badings et al.,
1983). The hard fraction is
utilised by industrial pastry
manufacturers. The soft fract-
ion is used for standardising
anhydrous milkfat for manuf-
acturing of ice cream and is
recombined with skim milk,

Fractionation of milkfat
in supercritical carbon dioxide
has been under investigation
for some years. The results
obtained in the Netherlands
showed that the selectivity is
relatively low (Schaap et al.,
1986). This relatively low sel-
ectivity, the poor solubility and
the high capital and energy
expenditures do not make this
technique very promising. A
process for the extraction of
flavours from milkfat with
supercritical carbon dioxide
has been designed. A 90% ext-
raction of the flavours in a two
step process leads to a price of
approximately US $ 125/kg,
which is too high (De Haan et
al., 1990).

Finally, some words
have to be devoted to enzym-
aticmodification of milkfat. Up
till now this subject has rec-
eived only limited attention.
This is probably because
enzymatic processes will mod-
ify milkfat in such a way that
thefavourable characteristics,
such asnatural character, flav-
our and mouthfeel, will be lost.

Casein and caseinate

Casein can be prepared from
skim milk through acidificat-
ion orby enzymatic hydrolysis.
Lactic casein is normally prod-
uced by fermentation to ach-
ieve pH reduction. Hydrochlor-
ic acid and sulphuric acid cas-
eins are manufactured by dir-
ect acidification. The precipit-
ated casein is further process-
ed by draining, washing and
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drying. Recently an extrusion
process for the production of
acid easeins has been develop-
ed {Fichtali and Van der Voort,
1990).

Caseinates are produc-
ed by converting either the wet
acid curd or reconstituted acid
casein powder to Na-, K-, NH,-
or Ca- caseinate by neutralis-
ation at a pH between 6.8 and
7.5.

Casein and caseinates
are commonly used in food
product applications where
solubility, heat stability and
surface-active properties are
required. Soluble caseinates
are used in a wide variety of
products, mainly due to water
binding and surface activity:
meat products, margarine,
cream substitutes, coffee white-
ners, foamed and whipped
foods, instant breakfasts, puff
snacks, cheese and milk ana-
logues and texturised vegetable
proteins. Acid caseins areused
primarily in breakfast cereals
and baked goods and as a pro-
tein supplement in food sys-
tems where dispersibility is
moreimportant than solubility
(Modler, 1985%).

Whey proteins

After removal of casein from
milk the proteins remaining
are primarily whey proteins.
Some of the characteristies of
whey proteins are given in
Tableslaand1b(Marshall and
Harper, 1988).

Much effort has been dev-
oted to adding value to whey.
Initially the product was roller
dried. The dried product had
limitations in terms of flavour,
solubility and hygroscopic
nature. The spraydrying proc-
ess led to the production of non-
hygroscopie, non-caking whey
powder. However, modern
evaporating and spray drying
techniques deliver a product in
which a substantial part of the
whey proteins has heen denat-
ured.

Partially delactosed
whey powder can he prepared
from whey by lactose crystall-
isation and subsequent separ-
ation. The product is mainly
used in animal feed,

Demineralisation of
whey offered new ways of util-
isation. The demineralised
product contains 10-15% prot-
ein and is used in food formul-

ationsasapartial replacement
for skim milk powder, e.g., in
ice cream, bakery products,
infant formulas, special diet-
etic foods and confectionery
products (Modler, 1985").
Traditional Jactalbumin
is produced by heat precipitat-
ion or acid precipitation. The
traditional product retains its
nutritive value but is denatur-
ed and is insoluble in water,
thus lesing its gelation and
foaming properties. A range of
lactalbumins with varying
degrees of functionality can be
produced by a variety of heat
treatments and pH adjust-
ments. In general these lactal-
bumins are utilised for protein
enrichment of food products.
Soluble whey protein,
containing 25-95% protein, is
produced by thermal treatment
at low pH, ultrafiltration, icn
exchange adsorption or poly-
electrolyte precipitation. Dur-
ing a thermal ireatment for 15
min. at 95°C and at a pH bet-
ween 2.5 and 3.5 whey prot-
eins are pariially denatured
but soluble in water, Afier
neutralisation and drying, a
product with good water adsor-

Table la - Whey protein characteristics (Marshall & Harper, 1988)
Protein Approximate Molecular Isoelectric
weight contribution  weight point
9/ 1)
B-lactoglobulin 3.3 18,400 5.35-549
a-lactalbumin 1.2 14,200 42 -45
immune globulins 0.5 80,000-900,000 5.5 -83
hovine serum albumin 0.3 66,300 51
proteose-peptone 0.2 4,000- 80,000 51 -6.0
B-casein <0.1 24,000 4.7
minor proteins < (.05 30,000-100,000 —_
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Table 1b - Whey protein characteristics (Marshall & Harper, 1988) (continued)
Protein Stability to heat Comments
B-lactoglobulin heat labile dominates fanctional

properties of whey protein
o-lactalbumin slightly heat labile concentrates solubility,
gelation, whipping,
emulsification
proteose-peptone heat stable surface active, enhances
whipping
imnune globulin very heat labile contributes to gelation
bovine serum albumin heat labile binds lipids
soluble casein heat stable modifies functionality

ption, foaming and gelation
characteristics and good visc-
osity is obtained.

Ultrafiltration offers the
advantage that no denaturat-
ion takes place. However, dur-
ing ultrafiltration the remain-
ing lipids are also concentrat-
ed, which has a negative effect
on some of the funetional prop-
erties and the flavour. Several
techniques have been develop-
ed to remove these remaining
lipids.

At pH values lower than
their isoelectric point, whey
proteins can be adsorbed on
cation exchangers and at pH
values above their isoelectric
point they can be adsorbed on
anion exchangers. Thus acid
wheyis adsorbed atpH < 4.5to
Spherosil S and sweet whey is
adsorbed at pH > 5.5 {0 Sper-
hosil QMA. Also, with a cellul-
ose based exchanger, called
Vistee, adsorption can take
place at pH<4.5, whereas
elution can take place at pH >
5.5. As compared to concent-
rates obtained by ultrafiltrat-
ion, the concentrates obtained

with the ion exchange process-
es are free of remaining lipids
and oxidative agents. As a
consequence, the functional
properties are superior. The
Vistec process is said to be
commercialised by Bio-isolates
in Ireland and the USA to
produce a whey protein conecen-
trate with up to 97% proteinon
dry weight basis.

InTable 2 a summary of
the composition of some of the
aforementioned whey products
is given (Modler, 1985").

A further step in recent
developments is the separat-
ion of the individual whey
proteins. Maubois et al. (1287)
described a process in which
the lipid fraction is removed
from whey by heating with
calcium ions at pH 7.3 and 50°C
followed by microfiltration to
remove the lipids. The clarif-
ied whey is ultrafiltered and
diafiltered followed by heating
at pH 3.8 and 55°C for 30 min.
to aggrepgate alactalbumin,
followed by centrifugation. In
this way native o-lactalbumin
with a purity of 80% and native

B-lactoglobulin with a purity of
98% are obtained. Al-Mashikhi
et al. (1988) showed that it is
possible to separate immuno-
globulin by adsorption and
affinity chromatography with
copper as chelating agent.

Aprocessfortheextract-
ion of pure fractions of lacto-
peroxidase and lactoferrin from
milk serum has been develop-
ed and patented by SMR in
Sweden (Burling, 1988).

The milk serum is
microfiltered and passed
through a strong cation
exchangerat ahigh rate of flow
for selective adsorption of lac-
toperoxidase and lactoferrin.
Then they are eluted success-
ively and selectively with sal-
ine solutions of different con-
centrations. A similar process
for cheese whey is said tobe in
operation in Belgium.

Whey protein concent-
rates and individual whey
components are used in food
products for their nutritive
value or for their funectional
properties. Further individual
components are said to be util-
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Table 2 - Composition of some whey products (Modler, 1985)
Product Protein Fat Lactose Ash
whey powder 129 1.1 74.5 8.5
partially demineralised
whey powder 15 2 78
partially delactosed
whey powder 16-24 i-4 60 (max.) 11-27
whey protein concentrate
delactosed, demineralised 27-37 2.4-4.3 40-80 1.4-2,0
whey protein concentrate
ultrafiltrated 50-62 1.5-15 15-40 0.5-6
whey protein concentrate
ultrafiltrated and defatted 63.1 R 28.9 2.3
whey protein concenfrate
Spherosil QMA 79.4 1.0 3.3 1.9
whey protein concentrate
Spherosil S 96.4 1.0 1 1.9
whey protein concentrate
Vistec 90 2 2 3
L

ised for specific purposes. Some
of these possible utilisations
are summarised in Table 3.

Protein modifications.
Physical modification

by heat treatment.

A partial denaturation caused
by heat treatment gives rise to
unfolding of the proteins. This
makes hydrophobic groups
available which then can or-
ient themselvesto an oil-water
interface. A mild heat treat-
ment of whey protein concen-
trate improves the solubility
and the emulsifying and foam-
ing properties (De Wit and de
Boer, 1975),

Chemical modifications
Modification of the electrostat-
ic repulsion by creating negat-

ive charges (acetylation) gives

rise to an elongation or unfold-
ingofthe proteins and a redue-
tion of the surface tension for
oil-water and air-water inter-
faces (Vuillemard et al., 1989).
By acetylation the solubility of
casein of low pH and the water
binding properties of whey
proteins is increased. By sucec-
inylation of whey proteins maost
of the functional properties are
improved.

By esterification of pro-
teins the negative charge of
carboxylic groups at a neutral
pH is changed to a positive
charge. In this way emulsion
stability can be improved con-
siderably.

By phosphorylation the
internal electrostaticrepulsion
of proteins is increased. As a
consequence foaming propert-

ies, viseosity and water retent-

ion of casein are improved but
solubility and emulsifying
properties are slightly dimin-
ished.

A typical chemical mod-
ification takesplace duringthe
formation of meat analogues.
Jaynes and Asan (1976) desc-
ribed a process in which fibres
are prepared using acetic acid
and NaCl as the coagulant.

Enzymatic modification

Duringthe last decade enzym-
aticmodification of proteinshas
received much attention. A
variety of enzymes such as
trypsin, chymotrypsin, pron-
ase, prolase, pancreatin, ete.,
has been investigated
{(Vuillemard et al.,1989). The
objectives of enzymatic modif-
ication are various. The objec-
tive may be the production of a
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Table 3 - Same possible utilisations of whey proteins and whey components

Product/component Preparation Possible utili- Reference
zation or function
whey protein concentrates ultrafiliration nutritive value
functional proper-
ties
specific whey fractions ultrafiltration with 1% fetal calf Derouiche
and diafiltration serum as medium  ef el
for cell cultures {1990)
phospholipids microfiliration, liposomes in cos- Baumy et
ultrafiltration, metics, emulsi- al. (1989)
heating and fying agent
diafiltration
defatted whey protein microfiltration, functional proper-
concentrates ultrafiltration, ties; egg white
heating and replacer
diafiltration
immunoglobulins electrophoreses in food formulas
and ion exchange
chromatography
lactoperoxydase ion exchange in infant formulas
chromatography
lactoferrine ion exchange infant formulas
chromatography
a-lactalbumin thermal precipi- influence on brain
tation funections (hunger,
sleep, local con-
traception)
peptides enzymatic hydro- enteral nutrition
lysis of whey
protein concen-
.trate
whey protein/ ice cream, sour Umhoefer
egg white eream, yoghurt, (1988)
fat substitute butter, spreads,

dressings
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hypoallergenic food for babies
with milk protein allergy, the
production of a partially dig-
ested protein for patients with
insufficient pancreatic activity,
the production of a rehabilit-
ation food for patients whohave
suffered a serious illness, the
production of cosmetics based
upon liposomes in which derm-
atologically active peptides are
included, or the production of
products with improved funct-
jonal properties, such as sol-
ubility or water binding, emul-
sifying, foaming and gelation
properties,

In recent years much
attention has been given to the
role of specific peptides deriv-
ed from casein which seem to
have physiological activities.
Some of these peptides are
believed to have an influence
on sleep, some are believed to
have an opiate activity influ-
encing among other things the
secretion of insulin and soma-
tostatin, some are believed to
stimulate the immune system
and others are believed to have
antihypertension activity sys-
tem in neonates (Maubois and
Leonil, 1989). However, many
of these physiological effects
need additional scientific evid-
ence,

Conclusions
In the foregoing I have shown
_that present day scientific and
technological know-how offers
a multitude of possibilities for
the production and utilisation
of dairy ingredients. We may
expectthatcontinuingresearch
and development efforts will
further enlarge this technology
push as was the case in past
years.
However, we have to
take into account that it is not
just technology push but even

more s¢ market pull that plays
a role. In order to understand
which possibilities can be
realised in practice, we have to
pay full attention to the scene
and its actors, the market and
the consumers. I have shown
thatinspecific casesthe market
or the consumers may prevent
apossible utilisation becoming
a successful utilisation in
practice.
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Developing Non-Fat Milk Powders
with Specific Functional Properties

M. A . Augustin
CSIRO Division of Food Processing,
Highett, Victoria, 3190.

The successful application of dairy-based ingredients in food products depends on their
capability of providing one or more functional attributes to the food. There is a continuing need
to develop new and innovative dairy-based ingredients that can meet the increasingly
sophisticated regquirements for specific funciional performance sought by the developing food
industry. Non-fal milk powders are sighificant within the range of dairy-based Ingredients that
can be tailor-made with specific functional properties. Non-fat mitk powders, because of their
innate physico-chemical propeHries, possess a wide range of functional attributes. In addition,
the functionality of non-fat milk powders ¢an be readily modified by available industrial
processes. This paper discusses the development of non-fat milk powders with specific
functional properties. Atiention will be givento current methods for modification of functionality,
strategies for developing a new range of functional non-fat powders and factors affecting their

utllisation in manufactured food products.

Introduction

Milk is an excellent raw mat-
erial which readily lends itself
to modification by industrial
processes to yield a diverse
range of dairy-based ingred-
ients with extensive function-
al and nutritional properties.
There are numerous reportsin
the literature on the emergen-
ce and utilisation of functional
dairy based ingredients in a
variety of foods (Evans 1982;
Kirkpatrick and Fenwick 1987;
Early 1990; Snyden 1990).
Among some of the major app-
lications of dairy-based ingred-
ients are their use in recomb-
ined and manufactured dairy
products (IDF,1982; Rothwel],
1984; Jensen, Ipsen ef al,
1987), chocolate and confection-
ery (Mann, 1980a; Edwards,

1984; Mann, 1985; Campbell
and Pavlasek, 1987; Munks-
gaard and Ipsen, 1989), meat
and meat preoducts (Mann,
1980b; Lankveld, 1987, vander
Hoven,1987)and bakery goods
{Mann, 1980c; Parkinson,
1984; Sanderson, 1985; Cocup
and Sanderson, 1987).

It is evident that dairy-
based ingredients, amongst
which non-fat milk powder is
significant, have a prime pos-
ition amongst functional food
ingredients, The versatility of
dairy-based ingredientshasne
doubt contributed to their
popularity. However the devel-
oping food industry is placing
more stringent requirements
on specific properties and func-
tional performance of ingred-
ients.

The dairy industry has
the ability to respond to the
needs of the growing food in-
gredient industry by develop-
ing a new range of innovative
foodingredients. However, the
extent to which dairy-based
ingredients can maintain their
current status within the luc-
rative food ingredients market
and obtain a greater share of
this market will depend on the
competitiveness of the new
dairy ingredients against oth-
er available non-dairy ingred-
ients which offer a similar
range of functional attributes.
Thisin turn will bereliantupon
the functional performance of
the new ingredients, their ab-
ility to reduce manufacturing
costs, their capacity to produce
asuperior manufactured prod-
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uet and their role in aiding
product diversification of food
products (West, 1984; Early,
1990).

This paper discussesthe
development of non-fat milk
powders or skim milk powders
(SMP) with specific funetional
properties. Current methods
and alternative approaches to
manufacture of tailor-made
SMP are considered. Issues on
selection and utilisation of SMP
in manufactured food products
are included.

Development of
SMP with Specific

Functional Properties
The suceessful development of
SMP with specific functional
properties requires an under-
standing of the intrinsic funec-
tional attributes of the milk
proteins, knowledge about fac-
tors affecting functionality and
processing methods that can
be used for modification of
functionality. In tailor-making
SMP with specific functional
properties for a particular food
application, it is also essential
that the functional perform-
ance required oftheingredient
is well defined.

Functional

properties of SMP

The functional attributes of
SMP are essentially the mani-
festation of the functional prop-
erties of milk proteins. They
include water absorption and
water binding properties, sol-
ubility, emulsification and
foaming characteristics, visco-
sity, gelation and colloidal and
heat stability (Kinsella, 1984,
Modler, 1985). These are the
major functional properties
that govern the role of SMP
and other protein products in

food applications. More infor-
mation on aspects of physico-
chemical properties and funct-
ionality of milk proteins can be
found in recent comprehensive
reviews on the subject (Fox,
1989; Kinsella et al., 1989;
Mulvihill and Fox, 1989).

As for other food prot-
eing, the functionality of milk
proteins can be altered by
application of a number of
physical and chemical modifi-
cation methods which include
the application of heat, pH
modification, ionic manipulat-
ion, chemical derivatisation
and enzymic modification
(Kinsella ef al,, 1984; Modler,
1985).

Modification of
functionality of SMP

The methods currently avail-
able for modification of funct-
ionality of SMP are primarily
those that are available for
altering the functional proper-
ties of milk proteins and other
protein foods.

The application ofaheat
treatment of milk, prior to
evaporation and drying during
powder manufacture has been
the most widely used method
for establishing different funct-
ional properties in SMP. Al-
though comparativelynew, the
use of ultrafiltration (UF) tech-
nology holds considerable
promise for development of a
new range of powder products
(Kelly, 1987).

a) Application of heat: The
judicious application of heat
has been used to develop a
range of SMP with specific
functional properties. The
threebasicgrades of SMP avail-
able commercially are low-,
medium- and high-heat, These
classificationsrelate tothetype

of heat treatment applied dur-
ing powder manufacture. The
different SMPs are usually
distinguished on the basis of
WPNI (whey protein nitrogen
index) which is a measure of
the amount of soluble whey
protein nitrogen per gram of
powder (Anon., 1971),

b) Use of UF technology: Res-
earchhas shown thatitis poss-
ible to exploit UF technology to
broaden the range of SMP with
desirable functional properties
(Butterick and Higgins, 1982;
Jimenez-Flores and Kosikow-
ski, 1986; Jensen 1990), A
range of skim milk retentate
powders, made from milk that
has been concentrated to vary-
ing extents by UF, have emer-
ged on the market. Their major
application has been in the
manufacture of selected re-
combined cheeses (Bjerre,
1990; Mahaut and Maubois,
1990).

Strategies for Develop-
ing SMP with Different
Functional Propetties

Itisinterestingto speculate on
alternative approaches for
modification of functionality
that may lead to new tailor-
made SMP with specific func-
tionalities. It appears that
current commercial methods
arebased on the use of selected
methods of modification in
isolation, usually either heat
treatment or UF. In principle,
a broader range of functional-
ities ean be established in SMP
by combining two or more
methods available for modific-
ation. Research on the inter-
play of a combination of pro-
cess variables and modificat-
ionmethods on functional prop-
erties of SMP using a multi-
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variant statistical design is
perhaps warranted. A multi-
variant design to study the
interacting roles of processing
variables may at first seem to
be aformidable task. [tismade
more complex by the natural
variation of the raw material,
gkim milk. However, there are
clues in the literature about
the potential value of this
appreach from fundamental
studies on milk protein and
functionality. For example, the
value of this approach is evid-
ent from the work of Nielsen et
al. (1973) who used a four-fact-
or response surface experimen-
tal design to determine the
composite effect and inter-rel-
ationship among four major
processing variables on whey
protein denaturation.

It is recognised that the
development of specific funet-
ional properties of milk prot-
eins and skim milk which are
subjected to different heat
treatments is a consequence of
a number of important chem-
ica! and physico-chemical re-
actions. Among the major re-
actions that take place during
heating are whey protein de-
naturation, interaction of de-
natured whey protein and cas-
ein, changes in mineral equil-
ibrium and the Maillard reac-
tion. Various processing var-
iables such as time and temp-
erature of heating, pH, ionic
equilibrium and total solids
content affect the rate and
extent of the heat-induced
changes in milk and milk pro-
teins (Morr, 1985; IDF, 1989).
Alteration of time and temp-
erature of heating has been
used for developing the differ-
ent functional properties of
SMP. One can also expect that
simultaneously altering other
process variables, in addition

to time and temperature of
heating, may lead to the devel-
opment offunctional attributes
in SMP which are different to
those possessed by the conven-
tional low-, medium-, and high
heat powders. For example,
there is evidence that adjust-
ment of pH of skim milk prior
to heating has effects on the
extent of interaction between,
B-lactoglobulin and xk-casein
(Creamer, Berry and Mathes-
on, 1978). Since the functional
attributes of heated proteins
are influenced by the degree of
thisinteraction, it is likely that
adjustment of pH prior to app-
lication of heat can be used for
alteration of functional attrib-
utes. Singh et al. (1988) found
that pH of milk at the time of
heating affected the influence
of heating on rennet coagulat-
ion characteristics,

There is evidence that
an approach to development of
tailor-made SMP which is
based on a combination of pro-
cesses can be advantageous.
Recent studieshave shown that
application of a combination of
UF-concentration and heat
treatment has some beneficial
effects on cheese making prop-
erties of milk {Green, 1990;
Sharma, Hill and Goff, 1990).
Heat treatment impairs the
rennetability of milk. In cont-
rast, UF-concentration of milk
leads to rapid gelation during
cheesemaking and can thus be
used to counteract the effect of
heat on rennetability. Both
processes increase the recov-
ery of milk protein in cheese,
but by different mechanisms.
There is a reduced amount of
wheyreleasedin cheesemaking
with UF concentrates, which
resultsin the retention of more
native whey protein. The in-
creased recovery of milk pro-

tein in cheese made from heat-
ed milk is a consequence of the
heat-induced interaction be-
tween whey protein and casein
which causes more of the whey
protein to be retained. In add-
ition, heated milk forms afiner
protein network with more
retention of fat and water. The
results of Sharma, Hill and Goff
(1990) showed that when heat-
ed skim milk was ultrafiltered,
its curd-forming ability was
restored. Green (1990) invest-
igated the alternative sequence
of application of UF-concent-
ration of whole milk followed
by heat treatment on the
cheesemaking potential of
milk, It was found thatheating
had progressively less influ-
ence on coagulability with inc-
reasing UF-concentration and
that heat treatment of UF-
concentrates led to reduced
wheyloss and a slight improve-
ment in curd but did not affect
fat loss (Green, 1990). In view
of the potential market for
manufacture of recombined
cheese from skim milk retent-
ate powders, it will be of inter-
est to apply and extend these
results te the development of
tailor-maderetentate powders
for selected recombined cheese-
making operations.

Various possibilities
exist for further development
of a range of skim milk retent-
ate powders which capitalise
not only on the combined eff-
ects of UF-concentration and
heattreatmentbut also exploit
the effects of changing process
variables within each process
and alteration of the sequence
of application of individual
processes on functionality. The
framework for development of
these powders can be provided
by using a multivariant stat-
istical design to simultaneous-
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ly study these effects and their
interaction on the expression
of functionality. In planning
the design, it is of utmost imp-
ortance to take into account
the available evidence in the
literature for identification of
important variables that are
likely to alter functionality. For
example, if the application of a
heat treatment is studied, fac-
tors such as concentration of
milk solids, pH, whey protein-
casein ratio, ionic equilibria
and temperature/duration of

heating should be considered.
When applying UF as a modif-
ication process, factors such as
pH and temperature of UF and
preheat treatment of milk are
of importance as they affect
the properties of the ultrafilt-
ered milk (Hallstrom and Dej-
mek, 1988a, 1988b) and con-
sequently will have an influ-
ence on the functionality of the
skim milk retentate powders,
Accurate identification of the
important factors and process-
es affecting functionality are

essential for a scientifically-
based design for evaluating the
composite influence of various
factors on modification of fun-
ctionality.

Selection and
Utilisation of SMP as
Food Ingredients

As the basic conventional
grades of SMP in the market
have been low-, medium and
high-heat powders, food man-
ufacturers have tended to sel-

selected food products

Table 1: Utllisation of skim milk powder (SMP) in

Recombined evaporated
milk

Recombined cheese

Ice cream

Confectionery

Comminuted meat

Baked goods

High-heat

Low-heat

Medium-heat

High-heat

High-heat

High-heat

Food Product Type of SMP ingredient Perceived major
commonly used performance offered
by SMP
Recombined milk Low- and low-medium-heat Solubility and

lack of cooked
flavour

Good heat stability

Good rennetability

Emulsification,
foaming and
water absorption

Water absorption
and texture
modification

Emulsification,
gelation and water
absorption

Water binding
and texture
modification
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ect SMP on the basis of their
heat classification. As a result
of this traditional selection
process, recommendations
about the suitability of SMP
with different pre-heat treat-
ments in a variety of products
have been built up over the
years.

Table 1 lists the
commonly used types of SMP
in selected food products and
the majorfunctional attributes
required of the skim milk
powder ingredient (Kinsella,
1984; Molder, 1985; Sjollema,
1988; Jensen, 1990). SMP has
many functional attributes and
its functional role in a food
product may be due to its abil-
ity to impart one or more prop-
erties to the food. Sometimes
the major functional perform-
ance required of the SMP ing-
redient is obvious. However,
because of the many interact-
jons between SMP and other
ingredients, it is often difficult
to ascertain the exactfunction-
al role played by the SMP in-
gredient.

The recommendationsin
Table 1 are generalisations of
limited validity. Althoughheat
induces changes in functional-
ity and alters suitability of SMP
for specific food applications,
judgements on functional per-
formance of SMP in a range of
food products are not directly
predictable from classifications
of SMP based on heat treat-
ment received during powder
manufacture. This may often
be due to inadequate control of
otherparameters(e.g. pH,ionic
equilibria, whey and casein
content) which affect the rate
and extent of heat-induced
changes. Even results from
tests on functional properties
of SMP in model systems can-
not alwaysbe accurately extra-

polated to define and predict
functional performance in the
food product. For example,
specifications for SMP intend-
ed for recombined evaporated
milk manufacture dictate that
high-heat powders should be
used and in addition require
that a 20% solidsnon-fatrecon-
stituted milk withstand coag-
ulation at 120°C for a specified
time. However, this approach
to powder selection was not
always reliable as it did not
ensure that SMP exhibited the
required functionality when
incorporated into recombined
evaporated milk (Kieseker and
Aitken, 1988). Anewimproved
product-related heat-stability
test was subsequently develop-
ed (Kieseker and Aitken,1988).

Different types of skim
milk powder have been advoe-
ated for use in yoghurt manu-
facture, depending on the
manufacturing process for
production of recombined yog-
hurt. Jensen (1990) suggested
that high-heat powder is suit-
able for recombined yoghurt
manufacture. Sjollema (1988)
suggested that it is preferable
to apply the high-heat treat-
ment in the recombined yog-
hurt plant than during powder
manufacture and therefore
recommends the use of a low-
tomedium-heat SMP, However
if the high-heat treatment
cannot be carried out in the
recombining plant a high-heat
powder should be used (Sjoll-
ema, 1988). In yoghurt manu-
facture the major functional
attributes required of the milk
protein are water binding and
viscosity and the application of
a high-heat treatment which
improves hydration properties
is therefore necessary. Differ-
ent manufacturers may have
different manufacturing prac-

tices and it is important for the
supplier of SMP to be aware of
these as alteration of process-
ingvariablesand productform-
ulation during production of
manufactured food products
may change the functional
requirementsoftheingredient.

Conclusion

The successful develepment
and utilisation of new SMP in
food products depends not only
on the ability of the dairy tech-
nologist to manufacture a wide
range of powders with differ-
entfunctional propertiesbutis
also dependent upon tailor-
making the powders fo meet
the specific functional perform-
ance required of an ingredient
in particular food product.
Ideally the dairy technologist,
powder supplier and food
manufacturer should work
together as their inputs are
required for:

1) Identification of the most
important functional attrib-
utes required of the SMP in
a targeted food application;

2) Application of appropriate
modification procedures to
achieve the desired funct-
ionality of SMP (based on
an understanding of the
fundamental basis for
functionality and factors
controlling it) and

3) Evaluation ofthefunctional
performance exhibited by
SMPwhenitisincorporated
into the specificfood product
that has been targeted.

There is also a need to develop
more relevant product-related
specifications which define the
functional performance re-
quirements of SMP ingredient
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which take into -account the
manufacturing processes used
for production of the food
product.
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High Fat & Full Cream Powders
as Food Ingredients

R.J. Munns, Bonlac Foods Ltd., Dandenong, Vic, 3175

Definitions

Full cream milk powder
{FCMP), also known as whole
milk powder (WMP) is ‘whole
milk in powder form’. If a
typical composition milk of
3.5% milk fat and 13% total
solids is dehydrated to a pow-
der containing 2.5% moisture,
the fat content will be 26.3%.
On this basis 26.0% has been
accepted internationally asthe
minimum milk fat permitted
for a powder to be termed “full
cream’ or ‘whole’. The majority
of the world production of milk
fat containing powder is pro-
cessed to contain milk fat in
the range 26 to 29%.

High fat powders do not
have such specific standards
for composition, but a reason-
able definition ig that of Early
(1990) whereby high fat powd-
ers are those with in excess of
35% milk fat. The nomenclat-
ure used for high fat powdersis
often descriptive of the prod-
uctioningredientprovidingthe
milk fat, or is indicative of the
dairy product of which it is the
dry form equivalent (Table 1).

Full Cream Powder

as a Food Ingredient
From the definition given ab-
ove, it follows that FCMP can
be utilised wherever total milk
solids are required.

This may be for reasons
of organoleptic property,
functional characteristic, or
nutritional value provided by
the major components of milk
{Table 2).

Considering the wide
range of properties that FCMP
can impart to foods, and the
convenience of obtaining total
milk solids in an easy-to-han-
dle concentrated form, it is not
surprisingthatits use as afood
ingredient is extensive. (Table
3

Theinformation in Table
3 is based on industrial usage
of FCMP,

My company commiss-
ioned a survey to determine
the domestic usage of milk
powders and the results for a
group of purchasers of FCMP
show that itis principally used
as a cooking or baking ingred-
ient (Table 4).

Manufacture of Full

Cream Milk Powder

The scope of this paper does
not allew for a comprehensive
treatment of the details for
manufacturing FCMP, A brief
outline is included to provide
the basic manufacturing pro-
cess steps (Table 5), some of
which arereferred to elsewhere
in the text.

Process Controls
Relative to Ingredient
Usage of FCMP

The following examples are
indicative of the many controls
that can be exercised during
the manufacturing process to
maximise FCMP functionality
relative toits use asan ingred-
ient in specific foods.

Milk chocolate

Milk fat is compatible with
cocoa butter but when supp-
lied from milk powder it needs
to be in a readily extractable
form, termed free fat, to max-
imise the reduction in viscos-
ity of the liquid chocolate mass
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TABLE 1

Names, source of milk fat, and fat content for milk fat powders

Names Source of milk fat % milk fat
Full cream powder Whole milk 26 - 29
Whole milk powder
Butterfat powder Anhydrous butterfat 26 - 50
Cream powder Cream 36-72
Powdered whipping Anhydrous milk fat 50 - 75

cream or cream
Butter powder Anhydrous milk fat 75-85

or cream

TABLE 2

Composition of FCMP and contribution as a food ingredient

Major components

Typical % Contribution as an ingredient

Carbohydrate 38.0 Flavour, colour from Maillard
(100% lactose) reaction
Protein 27.0 Nutritional value, gelation,
emulsification
Milk fat 28.5 Creamy flavour, viscosity
adjustment, texture
Minerals 6.0 Nutritional value e.g., Ca
(as ash)
TABLE 3
Foods in which FCMP is used as an ingredient
Confectionery Dry mix products
Milk chocolate Cake mixes
Candy Pancake mixes
Icings Beverage whitener
Fudge
Bakery products Other
Cakes Soft-serve ice mix
Pies Canned custard
Biscuits Sweetened condensed milk
Cookies Chocolate drink
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TABLE 4

Domestic usage of FCMP according to market survey in Melbourne & Sydney

Usage occasion % of survey group Cooking/baking % of survey group

Cooking/baking 82 Cakes 68

In coffee/tea 41 Custards 52

On cereal 35 Sauces 30

Drink as milk 29 Puddings 25

In cocoa drinks 22 Slices 16

When camping 9 Scones 16

Fresh milk extender 6 Casseroles 10

Emergency milk supply 5 Biscuits 5

TABLE 5
Process outline for manufacturing FCMP

Operation Typical Systems Used

Standardisation Adjustment of fat to solids-not-fat ratio
usually by addition of skim milk.

Pre-heating Indirect and direct heaters with variable
holding time.

Evaporation Evaporator with multi-effects operating under
decreaging temperature - increasing vacuum.

Homogenisation Single or 2-stage homogeniser.

Spray drying Pressure jet or rotary disc atomisation;
multi stage drying.

Packaging 25kg polylined multiwall paper sacks;

bulk bins (wooden or fibre board).

TABLE 6
Foods in which high fat powder is used as an ingredient
Dry Mixes Confectionery
Soup Milk chocolate
Sauce Coatings
Ice cream Pastes
Cake Fillings
Bakery Products Other
Cakes Canned soup
Puff pastry Canned sauce
Flaky pastry Cream liqueur
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TABLE 7

Examples of high fat powder compositions

Butter powder (1)

Powdered Whipping Cream (%)

Milk fat
Skim milk solids
Caseinate-citrate
Free-flow agent
Moisture

() Hansen(1963)

% Do

82.0 Milk fat 66.048
6.7 Skim milk solids 32.080
6.7 Emulsifier 1.415
0.5 Whipping-agent 0.377
0.6 Anti-oxidant blend 0.080

() Kiescker et gl. (979)

that is a consequence of its
addition (Hansen and Hansen
1990). Powder with high free
fat can be manufactured by co-
spray drying cream and con-
centrated skim milk using a
rotary atomiser with a double
wheel and twin-feed system
(Pisecky 1890).

Sweetened

condensed milk (SCM)

The initial viscosity and rate of
agethickeningof SCMislarge-
ly dependentonthe heat-treat-
ment and homogenising press-
ures to which the FCMP has
been subjected. The preheat-
ing conditions must be select-
ed to give amedium-heat prod-
uct, and the relatively low
pressure, two-stage homogen-
isation employed.

(Kieseker et al. 1984),

Beverage whitener

Thereis an increasing demand
for FCMP to function satisfact-
orily as a tea or coffee whiten-

er, This requires characterist-
iesthatinclude flowability and
rapid digpersion. Considerable
contribution towardscbtaining
these functions is achieved by
manufacturing the FCMP as
an agglomerated powder using
the technique of recycling fine
powder particles back into the
wet-zone of the primary drying
chamber.

High Fat Powder

as a Food Ingredient
Clearly the emphasis on cont-
ribution as a food ingredient
for high fat powder is in resp-
ect of the milk fat component.
As with FCMP, the milk fat
may be required to contribute
toflavour, viscosity adjustment
or texture, but high fat powder
is also viewed as a very conv-
enient form for handling milk
fat and ineorporating it in to
foods as a shortening. For
example, it has been reported
thatbutterpowderblends more
easily and quickly with flour

and gives a more homogeneous
mix than does butfer (Bazin
1989),

Composition of

high fat powders

For stability during spray-
drying the milk fat needs to be
in the form of an oil-in-water
emulsion while the end-use
often demands that the milk
fat be de-emulsified to some
extent. It is therefore usual for
high fat powders to contain
emulsifying and stabilising
agents at carefully selected
levels to give the desired funec-
tional properties.

Highfat powderrequires
some special manufacturing
conditions. Pneumatic convey-
ing systems are unsatisfactory
as they become blocked and
the high velocity movement in
cyclones and narrow air ducts
causes therelease of fat asfree
fat. Immediate and rapid
cooling is necessary for the
powder to remain freeflowing.
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The Future for FCMP

& High Fat Powders
FCMP is well established as a
food ingredient, quantities
used annually being in the
order of hundreds of thousands
of tonnes on a world-wide bas-
is. This situation ean be main-
tained provided manufactur-
ers keep tuned-in to customer
requirements and theresearch-
ers and technologists keep
process and product modific-
ations occurring to meet mar-
ket needs.

For example, the use of
FCMP is frequently challeng-
ed by skim milk powder and
anhydrous milk fat because
these two products have a
longer shelf-life. The New
Zealand dairy industry is
meeting this challenge by in-
troducing gas-barrier liners
into 25kg bags and using a
system of nitrogen flushing and
form-fill-seal packaging that
achieves a low residual oxygen
content. This conceptisnotnew
and the process is costly to
establish, but the potential
marketing advantage is con-
siderable.

The use of high fat pow-
ders based on milk fat is chall-
enged by such products as:

* High fat powders based on
vegetable fat (usually hyd-
rogenated) claimed to have
longer shelf-life and better
functional properties, e.g.
shortening.

* Fresh products, e.g. cream,
on the basis of flavour.

¢ TLegs costly fats and oils.
There are answers to these

challenges. The great advan-
tagethatmilkfathasoverother

Preparation of oil-phase
- anhydrous milk fat
- emulsifier

Figure 1: Process outline for the
production of a high fat powder

L Combining of phases <——l

|

Pasteurising/Homogenising

|

Spray drying/cooling

!

Packaging

Preparation of water-phase
- conc. skim milk
- sodium caseinate

fats and oils is its flavour: one
that is widely accepted and
desired in many foods the world
over. This fact still has cons-
iderable potential for market
exploitation. The nitrogen-
flushing/barrier packaging
concept has application with
such products that can com-
mand a premium price. Tech-
nologyis already available that
enablesmilk fat-based powders
to perform with equivalent
functionality to other products.

The eonvenience of tran-
sporting, storing, handlingand
measuring dry ingredients
when compared to liquid sys-
tems must have significant
appeal. Perhaps thereisalsoa
place for powdered hard-frac-

tion milk fat, produced by cold
temperature spray drying, as
is being done with animal fat.

Increased utilisation of
milk fat to avoid surplus stocks
ocecurring is a concern of every
dairying country. Because of
its diverse functional proper-
ties as an ingredient in many
foods, FCMP is playing a sign-
ificant role towards that end
and will continue todosoin the
future, There is potential for
increased use of high fat pow-
dersand this willbe realised as
customers better identify their
requirements, technologists
answer the requirement chall-
enges and market forces allow
milk fat to be competitively
priced.
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Opportunities for Whey & Permeate Powders

Wayne B. Sanderson

Murray Goulburn Co-operative Co. Limited

Brunswick, Vic., 3056.

Introduction

The world-wide production of
whey powder has increased
significantly over the past 15-
20 years, driven mainly by
pressures to reduce effluent
loading, but more recently by
increasing market opportun-
ities for food applications,

Significant markets
have developed over the past
20 years for whey as a partial
or total replacement for skim
milk powder.

The dairy industry itself
uses whey in the manufacture
ofice-cream, processed cheese,
cheese powders and in
increasing numbers of milk
powder blends which arebeing
produced from mixtures of
whey, skim milk, buttermilk
and/or wholemilk. These
blends, in addition to various
whey powders, are being used
in the confectionery industry
(especially in fudge and
caramel) and the bakery
industry (in breads, biscuits
and cakes) where its use can
significantly enhance the flav-
our, colour and texture of the
final product.

In more recent years,
whey has become a key comp-
onent in the formulation of
infant foods. As infant formul-
ae have been modified to more
closely resemble human milk,
the need for a quality source of
both lactose and whey protein
hasincreased. Whey has these
key components and can be
processed to wmeet the strict
requirements of the infant for-
mula manufacturers. Howev-
er, as with the manufacture of
skim milk powder, whey pow-
ders must now be manufact-
ured to meet specific compos-
ition and functional require-
ments. The industry must be
prepared to manufacture such
products tothe specific require-
ments of the end user.

Manufacture of

Whey Powders

How can the functional/comp-
ositional properties of whey
powder be altered? Currently,
the major modifications are
achieved through either dry-
ing techniques (to reduce the
highly sticky nature of the
product) or by demineralisat-

ion to reduce the mineral or
‘ash" content of the whey.
However, membrane process-
ing, such as ultrafiltration may
also be employed to increase
the protein content (without
necessarily proceeding as far
as producing a whey protein
concentrate) and it is quite
prabable that other techniques
may be applied in the near
future to alter the ratio of some
of the individual whey protein
fractions present.

Non-Hygroscopic

Whey Powder

Normal whey powders are
sticky because of the high level
of lactose, most of which is in
the very unstable amorphous
or 'glass’ state. This form of
lactose rapidly absorbs moist-
ure causing the powder to be-
come sticky and to lump, It is
possible tosignificantly reduce
this problem by preerystallis-
ing the lactose in the whey
concentrate before drying.
Further improvements can be
achieved if the powder is init-
ially dried to a relatively high
moisture content and held to
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allow crystallisation of the
remaining lactose before final
drying.

In today's market 'ease
of use' is important. It is gen-
erally accepted that for most
applications crystallisation of
the lactose in the concentrate
is a minimal prerequisite in
the manufacture of a standard
cheese whey powder.

Demineralisation
Because of the relatively low
mineral content ofhuman milk,
deminerslisation is an essen-
tial process for whey powder
destined for infant formulae.
Minerals have been trad-
itionally removed from whey
by the processes ofion exchange
and/or electrodialysis.
Ion-exchange has be-
come the most widely used
process, mainly because of its
much lower capital cost. How-

ever, it has high variable costs
and resultsin significant quan-
tities of acid and alkali efflu-
ents resulting from column
regenerations. In addition,
most infant food manufactur-
ers today are not only concer-
ned with the total mineral
content of the whey but also
with the individual mineral
levels, placing upper limits en
some and lower limits on oth-
ers. Because of the different
preferential removal of min-
erals achieved by ion-exchange
and electrodialysis, some ofthe
more sophisticated whey pro-
cessing plants employ combin-
ations of the two processes, 50
that they may achieve the
appropriate mineral balance in
the final whey powder.

More recently, a new
technique for a least partial
demineralisation of whey has
been developed. This is a

membrane process known
either as nanofiltration (NT)
or ultraosmosis (IJO), The pro-
cess is very similar to reverse
osmosis, except the operating
pressures are significantly
lower (typically 30-40bar) and
the membrane is slightly por-
ous, permitting the passage of
water and of the monovalent
ions such as sodium, potass-
ium and chloride. Sueh prefer-
ential removal of these ions
makes it an ideal 'companion’
to ion-exchange processing in
the production of demineralis-
ed whey powder. .

The Murray Goulburn
Co-operative Co. Limited has
recently installed an ultraos-
mosis plant (Filtration Engin-
eering Company Ine., Minn-
eapolis, U.S.A) at its Kiewa
Branch. The plant has a cap-
acity of approximately 200,000
litres per day and consists of

Table 1

Typical Composition of 'Whey Powder'

1 Cheese U0 Demin. UF Milk
Whey Whey Whey Permeate

Moisture 3.5 3.5 3.5 <0.5
Fat 1.5 1.5 1.5 -
Lactose 72 77 81 88
Protein 13 13 13
Ash 10 5 1
pH 5.8-6.2 6.0-6.2 6.4-7.5 6.6
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two stages of spiral wound,
cross-linked, polyamide mem-
branes with a total installed
membrane area of 900m?2
Cheese whey is separated,
pasteurised and fed into the
plant at 18-20°C. The whey is
concentrated to approximate-
1y 22-23%total solids (i.e. 3.5-
4.0:1 concentration ratio). The
membrane has ahigh (70-75%)
permeability for sodium, pot-
asgium and chloride and a low
(5-10%) permeability for cal-
¢ium, magnesium and phosph-
orous. During this concentrat-
ion stage, an overall deminer-
alisation of 35-40% can be
achieved, The membranes are
sensitive to oxidising agents
such as chlorine, have a toler-
ance of pH2.3-10.0 and max-
imum operating temperature
of 57°C. Cleaning is achieved
by daily enzyme and alkali
treatment and a citric acid
wash is required at least every
other day.

The concentrated, part-
ially demineralised whey is

transported to the Cobram
Branch where itis either evap-
crated and dried directly, or
blended with other wheys,
further demineralised by ion-
exchange, evaporated and
dried.

The plant has now been
in operation for over six
months, averaging 20hours per
day. Operating pressures and
flux have not changed signific-
antly since commissioning,

Milk Permeate

Permeate from the ultrafiltr-
ation of skim milk or whole-
milk consists of mostly lactose
and minerals. Because the
product is extremely high in
lactose, it is difficult to dry on
normal spray drying plants.
Blockages occur frequently and
because the material sticks to
the chamber and walls, burn-
ing or scorched particles fre-
quently occur. Permeate pow-
der requires some level of
demineralisation for it to be
classified as a food grade lact-

ose. Thismaybe achieved with-
out the traditional lactosecrys-
tallisation and washing pro-
cess, by ion-exchange and,
depending on minerallevel, the
application of ultraosmosis.
The product, however, has
limited applications as a food
lactose or fermentation
medium.

The approximate composition
of the various whey powders,
referred to in this paper is
shown in Table 1. The major
variables are the levels of
lactose and minerals. Whilethe
total ash or mineral content
can beindividually altered, for
some applications (especially
in infant food formulae) the
quantity of the individual min-
erals must also be controlled.
Theprocess of ultraosmosishas
proved to be a commercially
viable option to electrodialysis
and can be used to help mani-
pulate the final mineral
compositionin a demineralised
whey powder.
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Milkfat Fractionation & Cholesterol Removal

C. Versteeg
Food Research Institute

Dept. of Agriculture & Rural Affairs, Werribee, Vic. 3030

Introduction

Dry fractionation is a chemic-
al-freetechnology whichisvery
suitable to separate the hard
and soft fats within milkfat.
Milkfats with softening points
of 5°C to 44°C can be obtained,
whilst maintaining the natur-
alness’ and flavour of the orig-
inal product. The range of frac-
tions obtained provides the
opportunity to develop new
products and to improve the
quality of some existing prod-
uets, The technology is readily
available and well established
commercially in many count-
ries,

Several technologies to
remove cholesterol from milk
products and milkfat are also
emerging. No single method
for cholesterol removal stands
out as best under all circum-
stanees,

Having regard to the
ratritionalissuesinvolved and
the official guidelines in many
countries, it is expected that
there will be a market for low
cholesterol’ milk and milkfat
products for the foreseeahie
future. Labelling constraints
may prevent the ability to take
full marketing advantage of
cholesterol removal.

New Technologies
Recent technologies make it
possible to adapt milkfat to a
wider range of uses than trad-
iticnally possible. Also, some
of the real or perceived phys-
ical and nutriticnal disadvan-
tages of milkfat can be largely
overcome by the application of
these technologies. Most of
theseinvolve somekind of frac-
tionation or separafion proc-
ess.

Many of the desired
melting and other physical
properties of milkfat can be
selected by 'dry fractionation'
of the whole milkfat. Dry frac-
tionation has become the dom-
inant and probably the only
commercially used fractionat-
ion technology, The process is
termed 'dry' as no chemicals,
soaps or solvents are used. Only
mild heating, cooling and filt-
ration are involved, thus pres-
erving the delicate flavour and
the naturalness of milkfat. In
Europe over 800 fonnes of
milkfat are fractionated each
day (nearly 10% of all butter
and butter oil produced) and
the fractionation capacity is
still expanding. Twonew plants
were installed in 1990. Al-
though some major butter

producing countries like Ire-
land, the UK and Italy do not
fractionate milkfat at all, in
Belgium the fractionation cap-
acity exceeds the domestic
milkfat production. Table 1
lists the production capacities
installed in various countries.

Technologies are also
emerging which allow the nut-
ritional properties of milkfat
to be changed by cholesterol
removal, Unlike fractionation,
no single technology stands out.
There are several systems
which are on the verge of com-
mercial reality and there are
some in the late stages of their
development. Each methodhas
advantages and disadvant-
ages, which will be discussed.

Dry Fractionation

Dry fractionation is the only
processused tofractionate high
quality milkfat and the dom-
inant commercial system is
supplied by Tirtiaux SA Frac-
tionnement, from Belgium
(Tirtiaux, 1990), Other syst-
ems, where the total installed
capacities are lower include
those of De Smet, also from
Belgium (Kokken, 199¢a), and
the proprietary systems in the
Netherlands and New Zealand.
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A brief deseription of the Tirt-
jaux process follows and the
reader is referred to recent
papers for further details if
required (Nagant, 1986; Deff-
ense and Tirtiaux, 1989; Tirt-
iaux, 1989; and Versteeg and
Taylor, 1990).

In the Tirtiaux process
butteroil is melted and heated
toover 60°Cin ajacketed tank.
Under agitation the buttercil
is cooled over a period of sev-
eral hours to a temperature
near the melting point. At that
point some crystals have been
formed consisting of saturated
triglycerides (Deffense, 1988).
Then the cooling is slowed to
give a very mild super-cooling,
allowing any fat erystals pres-
ent to grow to arelatively large
size (0.2-0.4mm). Ifthe cooling
or agitation is too fast, more
and smaller crystals are form-
ed which agglomerate and are
not easily filtered (Nagant,
19886; Deffense and Tirtiaux,

Table 1

Installed dry milkfat fractionation capacity by the
Tirtiaux process'

Country Daily Capacity? Annual capacity®
{x 1000kg) (x 1000kg)
Belgium 300 60,000
Denmark 32 6,400
Finland i2 2,400
France 242 48,400
Germany 32 6,400
Japan 25 5,000
Netherlands 100 20,000
Norway 32 -64.000
Total 775 155,000

INot included in this table are dry fractionation facilities of

other types installed in Belgium, the Netherlands and New
Zealand.

25ource: Tirtiaux (1980)

3Annual capacity calculated from the daily capacity assuming
single step fractionation and 200 working days a year.

Figure 1.

Crystallisation tanks of a Tirtiaux fractionation Plant (Source: Tirtiaux).
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a pilot plant scale under Aust-
ralian conditions and Table 2
shows the yields of hard fract-
ion using a typical butteroil
produced in summer and a
spring butteroil. For about half
of the year the milkfat in Aus-
traliaisclosestin properties to
the harder and higher yielding
summer milkfat (Knightbridge
and Black, 1978). The soften-
ing point of the soft fraction
can be controlled to range from
about 28°C down to 20°C. When
even softer fractions are req-
uired, the soft fraction can be
fractionated again in a two-
step or three-step fractionat-
ion. Table 3 shows the yields
and softening points of three-
step fractionation of a soft
(spring) butteroil.

In dry fractionation
cholesterol is reduced in the
hard fraction (increased in the
soft fraction) and Arul ef al.,
(1988h) observed that this
reduction is about 20%. This is
not enough tobe of any practical
value,

Cholesterol Removal
Severaltechnologiestoremove
cholesterol from milkfat and
dairy products are available
now or will be available in the
near future. Some of these
systems are modifications of
existing fractionation methods
where conditions are selected
to maximise the concentration
of cholesterol in a given
fraction.

Vacuum steam distillation
Vacuum steam distillation
methods to remove cholesterol
are adaptions of egquipment
commonly used for solvent
recovery from soybean oil
(Marshner and Fine,198%)and
fat deodorisation (Deffense,
1990). With anhydrous milk-

Figure 2,

Florentine Vacunm helt filter (Source: Tirtiaux).
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Table 2
Effect of fractionation temperature & milkfat on yield

Fractionation

Temperature Summer Milkfat  Spring Milkfat
°C Yield % Hard Fat  Yield % Hard Fat
i8 - 29
22 39 26
24 33 23
28 23 15

Source: Versteeg (1990).

— _
Table 3

Three-Step Fractionation of a soft milkfat (Spring)

Fractionation Temp. Fraction Yield (%) Softening
Step °(C) Last Step Total point (°C)
N/A N/A Milkfat N/A N/A 32
1 18 Hard 29% 29% 43
1 18 Soft % - 21
2 12 Hard 44% 3% 26
2 12 Soft 56% - 14
3 8 Hard 4% 16% 19
3 8 Soft 59% 24% 5

100%

Scurece: Versteeg, (1990)
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fat as the feedstock steam is
used to strip the molten fat
under vacuum (approx.1.5mm
mercury) and high temperat-
ures {approx. 250°C) to obtain
afraction which contains most
ofthe cholesterol. However, the
flavour is removed and would
have to be recovered if requir-
ed. Two processes are close to
being commercially available,
one developed by General Mills
(Marshner and Fine,1989) and
one from Tirtiaux S.A. Fract-
ionnement {(Deffense, 1990).
From milkfat 95% of the chol-
esterol may be removed and
generally with this technology
product losses are only about
1% (Marshner and Fine, 1989).
Probably this method of chol-
esterol removal willbe the most
economical method on a large
scale.

Short Path Distillation
In short path distillation or
moleculardistillation the milk-
fat is distilled under high vac-
uum (.2 - 0.001 mm Hg) at
temperatures from 160-265°C
in a falling film, rotating disc
or wiped film evaporator. No
stripping steam is used.
When a very high vac-
uum (<<0.lmm mercury) is
available (by the use of a vane
pump or similar mechanical
device), temperatures as low
as 160°C are possible (Bracco,
1978), but when a somewhat
lower wvacuum is available
{(steam jet system) the higher
distillation temperatures app-
ear to be necessary (Aruletal.,
1988a). Depending on the sys-
tem and conditions, 80-90% of
the cholesterol can be removed
with product losses of 5-12%. A
normal milk evaporator is not
suitable for this task and spec-
ial equipment is required.
Commercial scale molecular

distillation equipment is very
costly (Marschner and Fine,
1989).

Supercritical Carbon
Dioxide Extraction

In supercritical carbon dioxide
extraction, carbon dioxide is
used under high pressure
(about 20 bar} and at a temp-
erature of about 80°C to ext-
ract cholesterol from milkfat,
butter or 80% fat cream (Brad-
ley, 1989). Prior to cholesterol
extraction, flavours may be
extracted at lower pressures
and temperatures and added
back later (Bradley,1989). The
initial capital cost for super-
critical extraction equipment
tends to be high. About 90% of
the cholesterol canbe removed
at a processing cost of A$0.50-
A$0.70/kg milkfat (Bradley,
1989). Converted to products
this results in about $0.25 to
$0.35 per 500g pack of butter
or about $0.08 - $0.11 per pack
of 500g cheddar cheese (Brad-
ley, 1989).

Enzymatic conversion

Enzymes can be used to con-
vert cholesterol to other com-
pounds. For instance, cholest-
erol can be oxidised by choles-
terol oxidase (Buckland et al.,
1976; Ferreira and Tracey,
1954; Aihara et al., 1988), or
converted by a reductase to
coprostanol (Sadzikowskietal.,
1977; Brinkley et al.,, 1982;
Beitz et al., 1990). In cold pas-
teurised homogenised milk, the
cholesterol concentration can
be halved in about 24 hours by
the use of cholesterol oxidase
(Xiansheng et al., 1990), thus
providing a means to reduce
cholesterol in a factory or a
retail pack situation. Unfort-
unately, the cholesterol oxid-
ation products themselves may

be atherogenic (Addis ef al.,
1989; Hubbardet al.,1989) and
at this stage enzymatic reduc-
tion to coprostanol or another
enzymaticdegradation process
may be the only alternative.
The commercial availability of
cholesterol oxidases is better
than the availability of redue-
tases at present, but no doubt
supplies of reductases would
become available if the dem-
and could be demonstrated.
The lack of affordable enzymes
combined with the requirement
for further nutritional studies
of some of the conversion prod-
ucts make enzymatic process-
es unlikely to be commercially
feasible in the short term. The
long term prospects are good
because most likely the milk-
fat flavour will not be affected
and the technology can be
applied in milk products and
in milkfat. Generally, enzyme
processes or additions can be
performed on any scale and
with relatively small capital
investments,

Adsorption Processes
Cyclodextrins have been de-
monstrated to remove cholest-
erol from milkfat (Courregel-
ongue and Maffrand, 1988). In
a batch process, melted milk-
fat is stirred with about 0.5%
cyclodextrin. Some of the chol-
esterol is encapsulated by the
cyclodextrin which is removed
by the addition of water and
subsequent separation. In one
step about 26% and in three
steps about 40% of the choles-
terol is removed. It is claimed
that in a continuous process it
would be possible to remove
80% of the cholesterol (Cour-
regelongue and Maffrand,
1988).

Simtlarly, using undis-
closed compoundsin a batch or
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column process, itis possible to
remove 80-90% of the cholest-
erol from milk and cream
{Sidhu, 1989; Davidson, 1990).
The process can be applied at
low temperature (4°C) and the
flavour of the milk and cream
is preserved (Davidson, 1990).
Of course, if milk is treated,
then any cholesterol reduced
dairy products can be made in
the normal manner. For com-
mercial implementation, esp-
ecially iftraces of the cyclodex-

trins or other compounds can
be detected in the product, the
compounds will need to be
approved food additives.

Nutritional aspects

Dry Fractionation
Dryfractionationhagalimited
effect on the fatty acid compos-
ition of milkfat. The soft fract-
ionsareenriched inshortchain
and unsaturated fatty acids
and the hard fractions are
enriched in saturated fatty

acids. (Table 4).

If a milkfat is fraction-
ated, the fatty acid composit-
ion of the fractions fall within
the range of natural variation
of milkfat. Table 4 gives the
fatty acid composition of some
milkfat fractions and the nat-
ural range (Black, 1988). This
isremarkablebecause the soft-
ening points of the fractions
(43°C and 5°C) fall clearly
outside the range for normal
milkfat (35°C-32°C, Dixon

Table 4.

Fatty acid composition of some milkfat fractions' and the seasonal
variation? of fatty acid composition.

Fatty acid  Milkfat Hard fraction Soft fraction Lowest value Highest value
(Sept '89) of 1st fraction- of 3rd fract- in low 1975-76 in 1975-76
before ation step (at ionation step
fractionation 18°C) {at 8°C)

4:0 3.3 3.2 4.3 34 5.9
6:0 2.0 1.9 2.5 1.9 3.0
8:0 1.3 11 1.2 0.9 1.7
10.0 2.6 2.8 4.1 1.8 3.7
12:0 3.2 31 3.5 21 4.2
14:0 9.5 10.5 9.1 8.0 116
14:1 16 15 1.6 1.4 24
15:0 1.4 1.2 0.9 1.2 2.0
16:0 21.9 25.3 19.6 219 28.4
181 2.6 2.3 2.7 24 34
17:0 0.8 11 0.8 1.0 15
18:0 12.2 15.7 8.8 10.5 15.5
181 279 22.0 3i.6 22.1 30.3
18:2 1.7 1.6 2.0 1.3 2.2
18:3 1.9 1.7 21 1.3 2.6
Other 6.2 51 5.2

Wersteeg, 1990

2Black, 1985
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1964). However, it would app-
ear that the nutritional prop-
erties are unchanged by the
treatment.

Cholesterol Removal
There are many papers on the
subject of cholesterol and
vaseular or heart disease and
it is outside the scope of this
paper to give a comprehen-
sive assessment. Abrief over-
view covering some of the
range of opinicns is given.

There appears to be

little doubt that high plasma
cholesterol is correlated with
the risk of cardiovascular
diseases (McNamara, Steh-
bens, 1988b) and an elevated
plasma cholesterol level is
considered by many as one of
the major risk factors, the
othersbeing high blood press-
ure, obesity and cigarette
smoking. (McNamara, 1987;
Taylor et al., 1987).

The effect of dietary
cholesterol on plasma cholest-
erolisstillbeing debated. There
is clear experimental evidence
that when challenged with a
'modest’ increase in dietary
cholesterol (750 mg of choles-
terol or three eggs a day), most
individuals (70%) are able to
compensate by reducing the
cholesterol adsorption and/or
the endogenous cholesterol
synthesis and maintain the
balance of cholesterol in the
body (Mc¢Namara et al., 1987).
However, the statistical basis
of such studies has been ques-
tioned and it has also been
found that individuals react-
inginone wayinoneyearmight
react completely differently in
another year (Katan, 1990).

Dietary saturated fats
have a greater effect on blood
cholesterol than dietary choles-
terol (McNamara et al., 1987,

Katan, 1990), although not all
saturated fats are the same in
thisrespect(McNamara,1987).
There is evidence that the eff-
ects of dietary cholesterol and
dietary fats are independent
{(McNamara et al., 1987), but
also that they reinforce each
other's effects (Katan, 1990).

Dietary means to re-
duce plasma cholesterol for the
population as a whole are on
the average only of marginal
benefit for one's life expectan-
cy. According to Taylor et al.
(1987) (assuming that there is
a causal relationship between
plasma cholesterol level and
the risk of heart disease and
that there is no risk assoeiated
with lowering one's blood chol-
esterol) a lifelong adherence to
the 'prudent diet’ would result,
on the average, in a 6.7% red-
uction in plasma cholesterol
and would increase the life
expectancy by three days to
two months for low risk indiv-
iduals and by 18 days to 12
months for those at high risk.
The benefit of lowering blood
pressure was calculated to be
about four times greater and
stopping cigarette smoking
about eight times greater
{Taylor et al., 1987). The peop-
le with a very high plasma
cholestercl level (>300mg/dl or
about 7.7mmol/]) were exclud-
ed from the statistical model
because some of the persons in
this group would have genetic
disorders.

A correlation between
blood cholesterol levels and the
incidence of cardiovascular
disease doesnot provea causal
relationship, as pointed out by
Stehbens (1988a, 1989), and
lowering blood cholesterol by
dietary means may not be effec-
tive in prolonging one's life. In
several of the major intervent-

ion studies to lower Dblood
cholesterol, total deaths have
not been reduced (Sabine,
1989).

Whether the effect of
cholesterol in the diet is scien-
tifically proven or not remains
of academic interest for the
dairy industry if official diet-
ary guidelines and popular
information sources recom-
mend a reduction of cholester-
ol intake for the population as
awhole. The media are flooded
with mnegative information
about dietary cholesterol and
cardiovascular diseases and
thishealth concern has contrib-
uted to the decline of consump-
tion of fat-containing dairy
products such asbutter, cream,
cheese and full cream milk.
{Lieb, 1988).

In many countries offic-
ial guidelines recommended
reduced cholesterol intake for
all people (Truswell, 1983) and
in my opinion this is not going
to change in the near future.

Thereforeit appearsthat
there is a compelling reasen
for the dairy industry to offer
low cholesterol products.
However, a complicating fact-
or is the food labelling legis-
lation which is reviewed and
changed regularly. Ifnoclaims
can be made on the label about
the reduced cholesterol cont-
ent, thenthereisno marketing
advantage and the added proc-
essing costs can not be recoup-
ed. Forinstance, other criteria
may have to be met, such as:
typical serving size, saturated
and unsaturated fat content
and the percentage of energy
derived from fat. If, for inst-
ance, 'Tow cholesterol’ can only
be claimed when there is less
than 2g of saturated fat per
gerving {(as has been put for-
ward in some proposals for the
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food standards), whole milk can
not be made low cholesterol'.

Properties of

Milkfat Fractions

The mest important physical
propertics of milkfat are soft-
ening point and the percent-
age of solid fat as a function of
the temperature. Sometimes
other properties like plasticity
and creaming areimportantas
well. Also, in blends with non-
dairy fats, the physical proper-
ties and compatibilities of
blends with milkfat fractions
differ from blends with unfrac-
tionated milkfat.

Softening point

The fractionation process
allows the production of milk-
fats with softening points bet-
ween 5° and 44°C. Table 3
gives some examples but many
more possibilities existby vary-
ing the fractionation tempera-
ture and by blending. The frac-
tionation temperature doesnot,
affect the softening point of the
hard fraetion very much and
softening points are generally
hetween 42° and 44°C. Butany
softening point between that
of milkfat (about 33°C) and that
ofthe hard fraction canbemade
by blending the hard fraction
with normal milkfat.

The softening points of
the soft fractions are close to
thefractionation temperature.
For instance fractionation at
28°C gives a soft fraction with
a softening point of about 28°C
andfractionation at 22°C gives
asoftening pointof about 22°C.
At lower temperatures and in
multi-step fractionation, the
relationship becomes some-
what less predictable. Table 5
gives examples of how the soft-
ening points are affected by
thefractionation temperature.

Table 5

The fractionation temperature and the softening
points of the hard and soft fractions’)

Softening Points
Fractionation Hard Fraction  Soft Fraction
temperature (°C) =C)
(°C)
1st fractionation step
28 43.2 28.6
26 42.2 25.4
24 42.3 242
22 42.0 22.2
20 41.1 21.9
18 41,2 204
2nd fractionation step?
15 26.6 17.2
14 26.5 14.4
13 26.3 14.1
12 26.0 132
11.5 25.8 12.0

! Versteeg, 1990
2 Using the soft fraction obtained at 18°C fractionation

Figure 3.
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Milkfat; 828, a hard fraction obtained at 28°C; 028, a soft fraction obtain-
ed at 28°C; 018, a soft fraction obtained at 18°C; 0512, a hard fraction of
a two-step fractionation at 12°C; 0012, a soft fraction of a two-step fract-
ionation at 12°C; 0008, a soft fraction of a three-step fractionation at 8°C.
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Melting Profiles
The percentage of solid fat as a
function of the temperature or
melting profile of a range of
fractions is illustrated in Fig.
3. As with softening points, a
wide range of melting profiles
can be obtained, which can be
further expanded by blending.
Although fractionation prov-
ides a much greater range and
flexibility, there are still limit-
ations. For instance, the hard-
ness of hydrogenated palm
kernel cil (HPKQO) cannot be
attained and the melting prof-
ile of a polyunsaturated marg-
arine can only be approached
(See Fig. 4) by using milkfat
fractions. To approach the
melting profile of a polyunsat-
urated margarine, seven parts
of the soft fraction of a two or
three step fractionation (with
asofteningpoint of below 10°C)
has to be blended with three
parts of the very hard fraction
of the first step. This milkfat
blend can form the basis for a
spreadable butter or half-fat
butter (Deffense, 1987).

Asimilar softening point
does not necessarily mean a
similar melting profile. The
softening point of the soft frac-
tion of a one-step fractionation
may be similar to that of the
hard fraction of a two-step
fractionation (Table 5). The
melting curve for the latter is
much steeper (Fig 3) and this
fraction can be used for special
puff pastry products which do
not give any impression of a
fatty mouthfeel,because all the
fat is melted well below body
temperature. This fatis report-
ed to have excellent plasticity
between 15 and 22°C (Deffen-
se, 1988).

Not only the fat itself,
but also the method of crystall-
isation affects the plasticity.

Figure 4.
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HPKO, hydrogenated palm kernel oil; Cocoa, cocoa fat; Milkfat;
D Blend, dairy blend which is a blend of 75% butter and 25%
vegetable oil; F Blend, milkfat fractions blend (Source: Deffense,
1988); Marg, polyunsaturated margarine.
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fraction obtained in a two-step fractionation of tallow at 21°C
{Source: Coventry and Stoelhorst, 1990).
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The hard fractions are very
suitable for puff pastry, croiss-
antand Danish pastry,but only
after they have been plasticis-
ed. This can be performed in
scraped surface heat exchang-
ers using technology develop-
ed in the margarine industry
{Pederson, 1988, 1989).

Blends with other Fats
In blends with less expensive
fats, milkfat is used toimprove
flavour, for example in blends
with palm oil products for
shortenings. (Idriset al.,1987;
1dris et al., 1988). When fract-
ions are available, the range of
options for blending with other
fats increases enormously, For
instance, soft fractionsin pour-
able frying oils or hard fraction
in vanespati (vegetable ghee)
can be considered and a whole
new range of products is poss-
ible. For fractionation to be
commercially successful,
applications are needed for all
the fractions. Some European
suppliers offer more than 10
different fractions and blends
of milkfat as ingredients to the
food industry.

The soft fraction cont-
ains more milkfat flavour than
noermal milkfat (Ricei, Rossi
and Deffense, 1984)} and is
more effective as a flavour
enhancer although, according
to a New Zealand report, this
advantage is only about 10%
{Norris, 1989).

Blendingoffats andfrac-
tions may pgive interesting
interactions. As shown in Fig
5, a blend of 50% soft fraction
of a two step fractionated milk-
fat with 50% of the soft fraction
of a two step fractioned beef
tallow is more liquid than
either fraction. (Coventry and
Stoelhorst, 1990). Whereas in
blends of normal tallow and

milkfat this is not the case
(Timms, 1989).

Choceclate i3 a product
where the milkfat flavour is
not a primary consideration.
Milkfat is already used in 80%
of all chocolate sold worldwide
and thisis the only application
where it displaces a more ex-
pensive fat (Timms, 1989).
Therefore, there is great inter-
est in maximising the amount
of milkfat in chocolate. The
hard fraction is more compat-
ible with cocoa butter than
normal milkfat and more milk-
fat maybe used (Badingsetal.,
1983).

Conclusions
There are considerable opport-
unities to improve milkfat util-
izationby selecting the approp-
riate melting properties and
other functional attributes for
various existing and new food
applications. Thefractionation
technology to do this is avail-
able now and is well establish-
ed overseas. Fractionation
enables milkfat to be consider-
ed as a well defined natural
food ingredient instead of a
commodity. It is not unrealist-
ic to expect that a market for
10-20% of total butter product-
ion or 10,000 to 20,000 tonnes
of fractionated milkfat could
be developed in Australia.
The nutritional 'tssues’
will remain for the foreseeable
future and mustnotbeignored
in determining product/mark-
et opportunities and threats.
Fortunately in the very near
future, it will be possible to
remove cholesterol from milk
products and milkfat and there
will be a market for low choles-
terol productsforseveral years
to come. However, care has to
be taken because labelling
constraints may pravent the

ability to take full marketing
advantage of the cholestercl
removal.
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Milkfat as a Food Ingredient

Ralph Crabtree

United Milk Tasmania Lid., East Devonport, Tas. 7310

Introduction

This paper looks briefly at the
chemical and physieal proper-
ties of milkfat, its good and
bad points, and health igsues
associated with saturated fats
and cholesterol. This back-
ground leads into the oppor-
tunities for milkfat which inc-
lude using the Tertiaux phys-
ical fractionation plant. These
milkfat fractions can be used
in table spreads and a range of
baking industry products.

What is Milkfat?
Structure

Milkfat like all other oils and
fats is composed of fatty acids
orientated around a molecule
of glycerol (Figure 1). Each
fatty acidecan havefrom4 to 24
carbon atoms and can be sat-
urated or unsaturated up to a
level of six doublebonds. These
highly unsaturated fatty acids
mainly occur in marine oils.
Table 1 shows the fatty acid
composition of milkfat and
other ediblefats and oils, Milk-
fat has more of the low molec-
ular weight fatty acid than
most other oils and fats except
for ecoconut and palm kernel
oils.

Table2 and Figure 3 give
an indication of the degree of
softness and melting profile of
milkfat and polyunsaturated
margarine at various temper-
atures (measured by pulsed
NMR spectrometry). ILis obv-
ious that milkfat doesnot have
afavourable profile for spread-
ability at refrigeration temp-
eratures.

Morphology

Milk fat behaves similarly to
beef oleo and crystallises in
the alpha, betaprime and beta
depending on the manner in
which it is erystallised.

So whatis unique about
milkfat? In one word: flavour -
Mother Nature bestowed this
unique property to milkfat,
Apart from that, milkfat is an
extremely expensive animal
fat, as is illustrated by the
selling prices of refined and
deodorised oils and fats in
Table 3. This may seem aharsh
statement to peoplein the dairy
industry who have grown up
with butter. The international
flavour houses have invested
millions of research dollars in
trying unsuccessfully to copy
the natural product and for

this fact alone the dairy indus-
try should be thankful,
Theintroduction of poly-
unsaturated margarinesinthe
sixties with the advantages of
spreadability, price and per-
ceivedhealth benefits speltthe
beginning of the end for butter.
Figure 3 illustrates the sales
trends of butter and margar-
ines over the past five years.

Health Issues

Milkfat and other animal fats
have suffered in sales from the
association of lipids and chol-
esterol with heart disease. This
needs no elaboration, Thereis,
I believe, a trend which indic-
ates the pendulum may be
startingtoswingthe other way.
I think we should not become
too polarised in either direct-
ionbutbe awareof all research
that is going on and should
keep a balanced perspective,

Opportunities for Milkfat

Spreads

a) Low and Reduced Fat
Presently there are reduced
fat products which the market
has been slow to respond to. 1
accept that this often happens
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with new products and I predict
within several years sales of
these products representing
10-15% of the yellow fats
market. Milkfat oleo will be
able to be used to improve the
spreadability while main-
taining a 100% dairy com-
ponent. This will help extend
the sales of milkfat by elim-
inatingtheuse of soft vegetable
oils.

Low fat spreads with a
fat content of less than 40%
will appear on the Australian
market within the next two
years, although it is technic-
ally feasible to produce them
today. They are more difficult
to produce because of emuls-
ion stability problems as these
products usually exist as wat-
er in oil emulsions, They are
not presently as acceptable as
the reduced fat spreads with
respect to flavour and texture
which tends to be slightly
rubbery.

Atypicalformulation for
a low fat spread is illustrated
inTable 4. The aqueous and oil
phases are prepared separate-
ly and mixed together to form,
normally, water in oil emuls-
ions although it is not uncom-
mon for oil in water emulsions
to be formed and inverted
duringthe chillingprocess. The
emulsion then is pasteurised
and passes through a series of
chilling tubes with scraped
surfaces.

The chilled product is
passed through a series of
working tubes where the crys-
tallised mass is worked and
latentheat of crystallisation is
released. The chilled, worked
product usually passesthrough
a resting tube where it firms
up sufficiently to pack into
either tubs or wrapped prod-
ucts.

o

Figuare 1l
The Chemistry of Fats & Qils

Chemically they consist of a tri-hydric aleohol,
glycerol and fatty acids.

H H
H—C—OH Rl H——C— OR1
H—C—O0H + RZ——— H—C-—O0R2
H— C—O0OH R3 H——C—O0OR3

H H
Glycerol Fatty Acids Fat or Qil Triglceride

The fatty acid radicals may be saturated, unsaturated or
polyunsaturated, depending on the number of double bonds
in the fatty acid chain. A saturated fatty acid is one which
contains the maximum possible number of hydrogen atoms.
An unsaturated futty acid contains one double bond, ie, it is
deficient in two hydrogen atoms. A polyunsaturated fatty
acid is one in which there are two or more double bonds, ie.

deficient in four or more hydrogen bonds.

b} Blends
Typically these products cont-
ain a maximum of 25% veget-
able oils of the total fatty
matter or 20% of the finished
spread. This enables a slight
improvementin spreadability.
When new legislation is
approved it will permit a high-
er proportion of vegetable oils
andfats tobe added which will
result in spreadability equal
to that of the polyunsaturated
margarines while still main-
taining the flavour of butter.
These products offer enorm-
ous potential for the dairy
industry. Obviously the aimis

to minimise the amount of
vegetable oilsbut to maximise
their advantages. Milkfat oleo
could also be used to maximise
spreadability and flavour while
maintaining the maximum
dairy input.

Blends are normally
processed by adding the
vegetable oil to the cream and
processing through conven-
tional butter makingmachines
(Figure 4).

Higher levels of vege-
table oils will necessitate
employing the type of equip-
ment used in the manufacture
of reduced and low fat spreads.

Food Research Quarterly Volume 51 Nos. 1 & 2, 1991

44



Fractionated Milk Fat

Figure 5illustrates the typical
nmrgolids offractionated milk-
fat stearine, oleo and double
fractionated oleo.

It is thus virtually
possible to tailor-make a prod-
uct from any of these fractions
to obtain a product which best
suits the proposed end use.

We now look at specific applic-
ations for thebaking industry.

Puff Pastry
Areadymarket exists for crois-
santsmade from milk fat stear-
ine which can exhibit the same
functional properties as its
margarine counterparts.

Toelaborate, during the
manufacture of puff pastry the
fat has to withstand the roll-
ing and folding process with-
out softening and meliing.

It is for this reason that
milkfat is unsuitable because
ofitslowmelting point. Milkfat
stearine also offers a potent-
ially better mouth feel if
formulated correctly.

Again, milkfat’s main
advantage is its flavour. It
would also be possible toblend
any of the milk fat fractions
together with animal fat or
palm oil fractions to tailor
make specific products (Table
5).

Figure 6 shows typical
melting profile for Australian
bakery fats and Figure 7 for
European bakery fats incorp-
orating fractionated milk fat.

The European pastry
productshave generally better
eating qualities than the Aust-
ralian equivalents by virtue of
the fact that Australian fats
have to be higher in melting
point because of the warmer
climatic conditions.

Table 1
Typical Fatty Acid Composition of Milkfat
& Other Qils & Fats.
Fatty Acid Weight X
Milkfat Coconut  Beef Palm Sunflower Marine
Qil Tallow ol 0il Qit
4:0 3.7 trace — —
6:0 2.2 0.4 — —
8:0 1.3 8.0 — —
10:0 2.8 6.5 — —
12:0 3.4 47.6 — —
14:0 11.8 17.3 3.3 1.4 5.5
14:1 15:0 2.6 — 1.5 — 0.4
16:0 31.3 8.5 25.5 40.1 5.9 17.7
161 17:0 2.4 — 4.9 — 77
18:0 12.7 2.7 21.6 5.5 4.7 30
18:1 21.8 6.4 38.7 42.7 234 181
18:2 1.90 2.1 2.2 10.3 66.0 4.3
18:3 1.1 11 34
18:4 1.8
20:1 1.2
20.4 3.4
20:5 5.9
22:1 2.8
22:5 3.3
22:6 13.3
Table 2
Typical NMR Solids of Milkfat
& Polyunsaturated Margarine
Milkfat Milkfat Margarine
{Summer) (Spring)  (Polyun-
saturated)
Melting Pts (°C) 35 35 35
NMR Solids 5°C 65 56 30
10°C 60 50 25
20°C 30 18 10
30°C 10 5 4
40°C 0 0
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Other Bakery Products
The soft fraction can be used
as a pourable frying oil and
blended with the stearine frac-
tion for shortpastry, cakes and
biscuits, where the bake-
through flavour of milkfat is
sufficient to warrant the price.
Fractionation essentially en-
ables milkfat to match the
previouslyunattainable super-
ior physical properties of ind-
ustrial margarines and short-
enings.

Spray dried milk fat
fractions also offer opportun-
ities for bakery products.

Summary

Ibelieve that milkfat can have
a promising role in the Aust-
ralian food industry - with the
right efforts. I would suggest
this strategy:

a) Milkfat fractionation can
open the door for utilisation in
low and reduced fat spreads
and blends where spreadabil-
ity is now attainable to match
those properties previously
exclusive to margarine.

b)Manufacture of bakery prod-
ucts where again the once
unattainable desirable proper-
ties of industrial margarines
are now attainable and the
flavour attribute of milkfat is
maximised.

¢) Extensive market research
should be undertaken to fully
ascertain the public percept-
ion of cholesterol and saturat-
ed fats.

d) Vigorous promotion of miltk-
fat as a natural healthy prod-
uct highlighting the latest
nutritional evidence that miltk-

fat in moderation is not harm-
ful,

FIGURE 2 Milkfat and Polyunsaturated
Margarine typical NMR Sclids
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e) A realistic pricing structure
for milkfat needs to be set up
such that it is cost-effective
and competitive in the market
place.

f) The dairy industry should
fund nutritional research on
milkfat in relation to saturat-
ed fats and cholesterol.
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Table 3

Typical Market Prices for Milkfat & Refined,
Bleached, Deodorised Oils & Fats

Anhydrous Milk Fat 2800
Tallow 680
Beef Oleo 815
Palm Qleo 655
Coconut Oil 858
Sunflower (il 980
Soybean Qil 959

Prices are in Australian dollars and will
vary depending on availability.

Table 4
Table Spreads - Typical Formulation
Butter  Dairy Reduced Fat  Low Fat Poly
Blend Spread Spread Marg.

Oil Composition
Milkfat 80 60 variable variable
Veg.oils & fats 20 variable variable 80
Total Fat 80 80 30-60 <30 80
Water 16 16 variable variable 16
Salt 1-2 1-2 1-2 1-2 1-2
Non Fat
Milk Selids 1 1 variable variable
Protein + +
Colour + + +
Flavour + + +
Vitamins + + + +
Emulsifiers + + +
Anti-oxidant + + +
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Figure 4

Fig. 4 Buttermaker

1 Churning cylinder 5 Injectian seclion

2 Separation seclion & Vacceum working section
3 Squeeze-drying section 7 Final working stage

4 Secand working section 8 Mailsture contro! unit

FIGURE & Fractionated Milkfat
typical NMR Solids
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Table 5

Typical NMR Solids of Animal, Vegetable & Milkfat Fractions

Fats NMR Solids % at Melting
10 20 30 40 (°C) Point °C
Beef Tallow 51 37 20 6 45
Beef Stearine 77 69 53 38 51
Beef Oleo 32 17 5 0 35
Palm Oil 48 24 8 3 39
Palm Stearine 68 50 29 15 46
Palm Oleo 34 3 0 0 22
Milkfat 55 22 7 0 35
Milkfat Stearine 70 55 35 3 43
Milkfat Oleo 40 5 0 0 28

FIGURE 6 Australian Bakery Fats
typical NMR Solids
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Butter Flavour in Food Systems

Gerda Urbach

CSIRO Division of Food Processing,

Highett, Vic. 3190

Introduction

Butterfat serves both as a pre-
cursor of flavours and as a sol-
vent for flavours from the
aqueous phase of milk (Urbach,
1991). This helps to make its
flavour unigque.

Flavours from

precursors in the fat
Butterfat contains many hun-
dreds of different fatty acids in
itstriglycerides (Figure1).This
distinguishes it from all other
fats and oils. Triglycerides can
be broken down into glycerol
and fatty acids by chemical or
bicchemical means in a pro-
cess called lipolysis. Heat, lipo-
lysisand oxidationreleaseflav-
ours from their triglyceride
precursors. The following are
important classess of flavour
compoundsderived inthis way.

Lactones

On heating, prelonged storage
or lipolysis, hydroxyacids in
triglycerides form gamma- and
delta-lactones (Figure 2), The
gamma-lactones have a sweet,
raspberry- like flavour and the
delta-lactones are reminiscent
of coconut, apricot and

peach. The lactones are major
contributors to the flavour of
heated butterfat.

Methyl ketones

On intense heating, as would
be encountered in frying, or on
lipolysis, beta—ketoacids in
triglycerides form methyl ket-
ones, many of which have flav-
ours reminiscent of blue-vein
cheese (Figure 3).

Low molecular

weight fatty acids
Butterfat and coconut fat are
the only fats which contain
low molecular weight fatty
acids but these acids are much
more abundant and varied in
butterfat than in coconut fat
(Figure 4 ). They are liberated
from the triglycerides by in-
tense heat or lipolysis and
generally have aflavour remin-
iscent of Italian cheeses.

Oxidation products

Butterfat also contains unsat-
urated acids which oxidise to
various aldehydes and ketones
(Figure 5). Slight oxidation
actually enhances the flavour
of butter. For example, the

compound hept-cis-4-enal
imparts a creamy flavour to
butter at a level of one part in
a thousand million (Haver-
kamp, Begemann and Koster,
1964) whereas at one in a
hundred million it is reminis-
cent of the cold-storage defect
(Badings, 1965 ).

Flavours due to

solvent action of the fat
Badings and Neeter (1980 )
isolated 114 compounds with
flavour significance from low
temperature pasteurised milk.
A large proportion of these
compounds are likely to be
largely dissolved in the fat
phase and hence coniribute to
the flavour of butter. The most
important of these compounds
are probably diacetyl, the char-
acter impaet compound of cul-
tured butter, and dimethyl
sulphide; but it is the totality
of all contributing flavours,
both from the aqueous and the
fat phase, which impart to
butter its unique flavour.

Effect of diet

Although most of the flavours
and flavour precursors of milk
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fat originate via the biosyrith-
etic processes of the cow, the
dietofthe cow canhave astrong
effect onflavour{Table1). Thus
Dumond and Adda (1978)
found sesquiterpenes in moun-
tain cheese from summer milk
but not from winter milk from
cows grazing on high altitude
pastures. Wilson (1989) isolat-
ed six terpenes from New Zea-
land but not from Finnish milk
fat and showed that one part
per million of D-limonene was
responsible for the green/gras-
sy flavour present in New
Zealand milk fat at certain
times of the year. The Japan-
ese particularly dislike this
flavour. Wilson also showed
that Finnish milk fathad high-
er levels off two gamma-
dodecalactones than New Zea-
land milk fat and he suggested
that the sweeter flavour of
European cheeses as compar-
ed with Australian and New
Zealand cheeses was due to
these compounds. In milk fat
the content of precursors for
flavours such as lactones,
methyl ketones and low mol-
ecular weight fatty acids is
strongly influenced by feed
{Urbach, 1990) (hence season),
as well as state of lactation and
breed. As a consequence, the
flavour{and also the hardness)
of butterfat in Australia varies
with season and place. This is
a specific problem of pasture
fed animals as opposed to lot
fed animals as in the USA. On
the other hand, the milk from
lot fed animals tends to oxidise
much more readily than the
milk from pasture fed anim-
als. Thisis ascribed to alack of
the natural antioxidant, toco-
pherol, in lot feeding, The var-
iability of ourbutterfat creates
a problem in the export mark-
et, particularly to Japan.

Figure 1

Triglyceride
fatty acid
glycerol

fatty acid

fatty acid

Figure 2

Lactone praduction

fatty acid
glyceral { fatty acid
hydroxy fatty acid

heat, lyposis, storage

lactone

Filgure 3

Methylketone production

fatty acid
glycerol { fatty acid
keto fatty acid

intense heat, lyposis

methylketone
{blue-vein cheess)

Flgure 4

Volatile fatty acid production

fatty acid
glycerol { fatty acid
keto fatty acid

intense heat, lyposis

volatile fatty acid
(ltalian cheese)

Are butter & anhydrous
milk fat equivalent as
ingredients?

Butter and anhydrous milk
fat are usually heated when
they are used in a food, as in
bakingorfrying. lamnotaware
of any research which has
aimed to distinguish between
the flavours of foods based on
butter as compared with an-
hydrous milk fat, although I
suspect that cooks and bakers
are well aware of any differen-
ces which may exist. The eff-
ect of heat on anhydrous milk
fat is well documented but
nothing appears to have been
reported on the flavour com-
pounds in heated butter.

The most commonly
used form of heated butter is
the product which is known as
ghee in India. Traditional
{Desi) ghee is prepared by fer-
menting whole milk to curd,
churning the curd tobutter and
hoiling down the latter to give
ghee. The degree of heating
depends on thelocal taste, but,
in general, 118°C is regarded
as the optimum (Ganguli and
Jain, 1973; Rangappa and
Achaya, 1973). Commerdally,
ghee is made by heating either
cream or butter to remove the
water. More flavour is produe-
ed if the cream or butter have
been cultured. From its meth-
od of manufacture it is to be
expected thatghee contains all
the compounds produced by
the action of heat on butterfat
as well as the products of the
Maillard reaction (see later)
hetween the components ofthe
serum and the butterfat.

Maillard reaction

The Maillard reaction occurs
between amino acids and ¢ar-
bony! compounds including
sugars and is responsible for
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flavours produced by cooking
(Figure 6). The products of the
Maillard reaction depend upon
time, temperature and cook-
ing medium as well as on the
particular amino acid and ecar-
bonyl compound faking partin
thereaction. Ahost of flavours
can be produced by the Maill-
ard reaction (Salter, Mottram
and Whitfield, 1988). This also
means that butter incorporat-
edin a food will not necessarily
produce the same flavours as
butter subjected to the same
conditions an its own. The
effect of butter serum on the
flavours of food could be sub-
stantial, but has been largely
ignored. However, Unilever
recently hastaken out apatent
for the preparation of a butter-
like concentrate from a mixt-
ure of milk fat, partially hyd-
rolysed soya lecithin, dried
whey concentrate, glucose and
water (Doornbos ef al 1987 ).
‘When this mixture is heated to
110°C and the solids are re-
moved, a sweetbuttery flavour
concentrate is obtained; furth-
er heating to 135°C for fen
minutes in a closed vessel
produces a more pronounced
baked, butter-like flavour.

I do not think that we
necessarily need to know the
exact chemical nature of what
occurs when butter serum is
incorporated into a food, but a
few culinary experiments on
the possible difference in flav-
our produced by wheole butter
as opposed to anhydrous milk
fat might be in order. I would
also like to see various ghees
included in such experiments.
AsTImentionedbefore, the flav-
our of ghee (Figure 7) is due to
three factors:

a) The flavour produced by
culturing the milk

Figure 5

Oxidation
fatty acid
glycerol —Efaﬂy acid
unsaturated fatty acid
oxydation

aldehydes, ketones

Table 1
Effect of diet

Sesquiterpenes in mountain cheese

Butterfat
NZ European
Temenes + -
(grassy)
Gamma-lactones — +
{sweel)

Figure 6

Maillard reaction

Aminoacid+Carbonyl compeund

heat

l

==

Figure 7
Flavour of Ghee
+  Culturing
»  Action of heat on serum

Action of heat on fat

b} The effect of heat on the
components of the butter ser-
um in an essentially all-fat
environment

¢) The effect of heat on the
butter fat itself.

Even without heat, the effect
of culturing produces a butter
with a distinctive flavour quite
different from that of our sweet-
eream butter; cultured butter
should be compared to sweet-
cream butter for its effect on
products.

Effect of butter

quality on foods

Butiter does not necessarily
need to be of the highest gual-
ity to produce a good food prod-
uct. In fact, a certain amount
of oxidation or lipolysis of the
butterfat may produce abetter
food product. Unilever have
actually taken out a patent for
oxidised milk fat to impart
butter flavour to foods (Har-
ing,1989). Badingsetal. (1975)
found that when butterfatfrom
oxidised butter with a fishy
flavour washeatedfor onehour
at 80°C with a small amount of
hydrogen sulphide, the fishy
off-flavour was replaced by the
pleasant smell of frying. Fishy
butter may become quite att-
ractive after treatment with
casein (Pokorny, 1976). In the
USA, chocolate containing
partially lipolysed butterfat is
actually preferred to chocolate
with unlipolysed butterfat
(Martin, 1987). Pregastric
esterases, ie, enzymes origin-
ating from the mouth tissues
of calves, lambs and kids, are
used to produce cheese flav-
our, each species’ source of
pregastric esterase producing
a characteristic cheese flavour
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(Huang and Doocley, 1976).
These enzymes are specific for
short-chain acids in the alpha-
position of triglycerides and it
is assumed that it is these
short-chain acids which are
regsponsible for certain
charactistic cheese flavours. It
is claimed that, with very low
additional levels of pregastric-
esterase-modified butterfat, a
sensation of richness is
imparted without any
detectable free-fatty-acid-
flavour character. Asadditions
are increased, the flavours
imparted resemble cream or
butter. Lipolysed butterfat is
added toshortbread toincrease
its buttery flavour. When
amounts added are relatively
high, the flavour imparted
suggests cheese. Pregastric-
esterase-lipolysed butterfat is
relatively free of soapy and
bitter notes which oceur in
other Iipase-modified butter-
fat, since other lipases pre-
sumably liberate higher fatty
acids (Paulet et al., 1974).

Fractionated butterfat
When butterfatis fractionated
flavours are preferentially
fractionated into the lower
melting fraction. This makes
the low melting fraction part-
icularly useful for applications
where high flavour intensity is
desirable,

Use in frying

Butter oil is used in France
and elsewhere in Western
Europe for shallow frying
where it is prized by prof-
essional cooksforits distinctive
flavour.

In deep frying, butterfat
has the advantage over
vegetable oils in that it has
superior flavour and oxidative

stability. It contains protective
agents which contribute to its
own stability and, in blends,
protect other less stable oils
during deep frying (Augustin,
1989).

Conclusion

The advantages of butter over
other fats are its flavour and
its stability in frying. The
flavour of butter can be further
enhanced by culturing, by the
action of heat and by the action
of lipases. Products need tobe
developed which make use of
butter with enhanced flavour.
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Casein-Sugar Reaction
Products as Antioxidants

B.J. McGookin

CSIRO Division of Food Processing

Highett, Victoria, 3190

Introduction

Lipid Oxidation

The storage life of many high
fat products such as full cream
milk powder is limited due to
the development of objection-
able flavours and odours as a
result of lipid oxidation. Some
of the main methods of limit-
ing lipid oxidation include the
use of physical barriers to ex-
clude such factors as light and
oxygen, and the addition of
synthetic chemicals or food
components possessing anti-
oxidant activity (Lundberg,
1962).

With few exceptions,
current Australian food legis-
lation does not allow the prot-
ection of food against lipid oxi-
dation through the use of chem-
ical means such as the addit-
ion of antioxidants (National
Health and Medical Research
Council, 1990). As a result,
industry has largely utilised
physical methods and changes
in manufacturing practices to
extend the shelf life of foods
susceptible to deterioration by
lipid oxidation. Some of the
methods currently employed by
industry include:

a) the use of light imperm-
eable packaging

b) exclusion of oxygen, e.g.
flushing with nitrogen or
vacuum packaging (Sand-
erson, 1978)

¢) elimination of metal ions
e.g., copper and iron

d) use of fresh materials in
processing {Greenbank,
1948) and

e) storage at cooltemperatures
(Kieseker ef al, 1984),

Buiter and full cream milk
powder are among the dairy
products which are most
suseceptible to oxidation.

Although a problem for
many years, rancidity inbutter
has largely been overcome by
the replacement of copper pro-
cessing equipment with
stainless steel, thus elimin-
ating copper ions which have
been found to accelerate the
development of oxidative
rancidity.

With full cream milk
powder, almost all of the above
mentioned measures are
required for stability against
lipid oxidation (Webb ef al.,
1974).

Antioxidants

In some cases the available
methods of protection do not
give sufficient shelf life exten-
sion before oxidative rancidity
flavours are detected by the
consumer. One possibility of
overcoming this problem is to
use an antioxidant in the food
as a means of slowing oxida-
tion and extending shelf life.
As many synthetic antioxid-
ants are not permitted for use
in most foods suseceptible to
lipid oxidation, the use of nat-
ural antioxidantsfor such prod-
ucts is of particular interest.
Some of the known natural
antioxidants include:

a) ascorbic acid

b) tocopherols

¢} thiol groups

d) phenolic plant extracts

e) amino acids

f) protein hydrolysates, and

g) proteins (Eriksson, 1982;
Dugan, 1980).

This list is by no means
complete and in some cases
various members of a group
(e.g.theaminoacids)havebeen
found to be pro-oxidative dep-
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ending on conditions such as
concentration and pH (Taylor
and Richardson, 1980a).

Maillard Reaction
Products (MRP)
as Antioxidants
One group of compounds that
has shown antioxidant potent-
ial but are neither totally syn-
theticor totallynatural arethe
Maillard Reaction Products
{MRP) formed by the heat in-
duced reaction of a reducing
sugar, such as fructose or glua-
cose, with an amino acid
(Hodge, 1953). Yet the Maill-
ard reaction may be consider-
ed natural in the sense that it
occurs to some extent in al-
most all manufacturing pro-
cesses utilising heat when
sugar and free amino groups
are available. The overall reac-
tionisexceedingly complexand
produces a wide range of com-
pounds eventually forming
dark brown pigments known
as melanoidins (Hodge, 1953).
Antioxidant activity has heen
identified at almost all stages
of the Maillard reaction with
colourless early stage products
{Eichner,1980), through tothe
long chain dark melancidins
{(Yamaguchi ef af, 1981), all
showing antioxidant potential.
In many instances, ex-
periments investigating the
Maillard reaction for antioxid-
ant potential have only invol-
ved one type of amino acid and
one reducing sugar in a model
system. Lingnert and Eriks-
son (1980a) examined a range
of amino acid-reducing sugar
combinations, and noted that
many combinations exhibited
antioxidant activity in a model
system econtaining methyl lin-
eclate. Kirigaya et al. (1969),
utilising nondialisable mater-
ial from various amino acids

and reducing sugars, found a
strong inhibition in the forma-
tion of peroxides in a mixture
oflinoleic and linolenic acid. In
a similar system to Kirigaya et
al. (1969), Tomita (1971) ex-
amined MRP formed by heat-
ing mixtures of glucose and
various amino acids at 120°C
for onehour, and found several
combinations, notably histid-
ine-glucose, possessed strong
antioxidant potential.
Pureamincacids are not
the only source of amino groups
for the Maillard reaction. Sev-
eral investigations have also
utilised either whole proteins,
or protein hydrolysates, as the
source of amino groups for the
Maillard reaction. Lingnert
and Eriksson (1980b) examin-
ed MRP from the hydrolysates
of malt sprouts, brewers' grains
and haemoglobin reacted with
D-glucose, and found a consid-
erably improved antioxidant
effect over that of the hydroly-
sates alone., Whole proteins
have been investigated by
Vandewalle and Huyghebaert
(1980) who reacted lactose and
ovalbumin and noted substan-
tial protection against oxidat-
ion in a soya oil model system,
One difficulty with food
systems is that the Maillard
reaction occurs to some extent
in a wide variety of processed
foods and there may alreadybe
an anticxidant effect in many
food products from the MRP
produced during normal proc-
essing. Thishasbeen shown by
Josephsonand Dale (1945) who
heated butter and found a
protective influence against
oxidative rancidity. A similar
effect has been noted for full
cream milk powder receiving a
high heat treatment prior to
drying (Boon, 1976). Toasting
of whole cerealsby Andersen et

al., (1963} showed an improv-
ed oxidative stability of wheat,
oats and corn, Zisper and Watts
(1961)have demonstrated that
‘overcooked’ sterilised beef is
also less sensitive to lipid oxi-
dation than beef receiving a
normal heattreatment prior to
sterilising.

Whilst they are efficient
antioxidants, there are alarge
number of factors that have a
pronounced effect on the form-
ation of MRP. The type of sug-
ar (Ashoor and Zent, 1984:
Lingnert and Eriksson 1980a,
Pomeranz et al., 1962), type of
amino acid (Ashoor and Zent,
1984; Lingnert and Eriksson,
1980a), source of amino acid
(Lingnert and Eriksson,1980b;
Wolfet al., 1977), initial pH of
the system prior to heating (Fox
etal.,1983; Lingnert and Exik-
gson 1980a; Wolfrom et al.,
1953), water content of the
system (Fox ef al., 1983; Woll-
rom and Rooney, 1953; Labuza
et al., 1970), time and temper-
ature of heating (Fox ef al.,
1983) as well ag several other
minorfactors (Katoetal ,1981;
Bohartand Carson,1955; Song
and Chichester, 1967; Yoshi.
mura et al., 1969) may all in-
fluence the Maillard reaction
and, as a consequence, the
antioxidative effectiveness of
the MRP produced.

Antioxidant efficacy of MRP
from the casein-sugar system

Taylor and Richardson (1980h)
found cazein to be antioxidat-
ive and also found that easein,
heated in the presence of lact-
ose, has a greater antioxidant
effect than casein alone. Stud-
ies on the antioxidant potent-
ial of casein and heated casein-
lactose mixtures in model sys-
tems have been carried out at
this laboratory, and confirm
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the findings of Taylor and Rich-
ardson (1980b). This has been
extended further to the exam-
ination of the antioxidant pot-
ential of heated casein-glicose
mixtures (McGookin and Aug-
ustin, in press).

One of the major limit-
ations of the model system is
that it is not a food system.
This means that any findings
regarding the efficiency of the
MRP can not be assumed to
directly apply to a food system
as the MRP may act in a
different manner in a food
system. It is therefore of
paramount importance to test
the MRPin afood where it may
find practical usage. Studies
on the effect of incorporation of
MRP on the oxidative stability
offull eream milk powdershave
indicated that MRP products
can retard fat oxidation and
increase shelf life of these
powders {McGookin,
unpublished results).

Considerations for
Use of Casein-Sugar

MRP in Foods

Given that the MRP from
casein-sugar reactions have
been shown to be effective
oxidants, there are several
factors to be considered
regarding the use ofthese MRP
in foods, Perhaps the most
important of these is the
question as to whether thereis
any possibility of a toxic or
mutagenic effect of the MRP
from this type of system.
Although compounds formed
in some Maillard reaction sys-
tems appear to be mutagenic,
inmany instancesthis question
is still not resolved (O'Brien
and Morrissey, 1989). In a
recent study by Hosono et al.,
whole casein was shown to be

antimutagenic at a pH similar
to that used in the model
gystem in this laboratory.
Whilst heating the casein
caused a loss of antimutagenic
activity, Hosono et al., did not
find thatthe heated casein had
developed any mutagenic
activity.

Another factor to be
considered is the flavour
characteristics which may be
contributed to the food by MRP.
As the Maillard reaction can
not be truly arrested, many
products where MRP are used
may continue to brown over
time. However the rate of
browning can be made
negligible by such factors as
sufficiently lowering the water
activity of the system (Labuza
et al., 1970) or the addition of
sulphites (McWeeny et al.,
1969). A further consideration
is the necessary chemical char-
acterisation of MRP and the
need to have the material
approved for food additive use.

Conclusions

It has been found that MRP
derived from the reaction of
casein and glucose are effective
antioxidants in both model
systems and full cream milk
powder. However, there are a
number of questionsboth econ-
omi¢c and manufacturing in
nature that must be answered
before this type of MRP may be
safely and correctly used as an
antioxidant in foods.

Acknowledgement
B.J. McGookin would like to
thank the Dairy Research and
Development Corporation for
the provision of the post-
graduate studentship,

References

Anderson, D.V., Moran, D.H.,
Huntly, T.E. and Holahan,
J.L. (1963). Responses of
cereals to antioxidants.
Food and Technology, 17:
115-120.

Aghoor, 8. H. and Zent, J.B.
(1984). Maillard browning
of common amino acids and
sugars. Journal of Food
Science, 49:1206-7.

Bohart, G.S. and Carson, J.F.
(1955). Effect on trace
metals, oxygen and Light on
glucose-glycine browning
reaction. Nature, 175: 470-
1.

Boon, P.M. (1976). The effect of
pre-heat treatment on the
storage stability of whole
milk powder. New Zealand
Journal of Dairy Science
Technology, 11: 276-80.

Dugan, L.R. (1980). Natural
Antioxidants. In Autoxid-
ationinFood and Biological
Systems (Simic, M.G. and
Karel, M., Eds.) Plenum
Press, New York.) pp. 261-
82,

Eichner, K. (1980). Antioxi-
dative effect of Maillard re-
action intermediates. In
Autoxidation in Food and
Biological Systems. (Simic,
M.G. and Karel, M., Eds.)
Plenum Press, New York.)
pp. 367-85,

Eriksson, C.E. (1982). Lipid
oxidation catalysts and
inhibitors in raw materials
and processed foods.
Journal of Food Chemistry,
9: 3-19.

Food Research Quarterly Volume 51 Nos. 1 & 2, 1991

57



Fox, F.M., Loncin, M. and
Weiss, M. (1983). Invest-
igations into the influence
of water activity, pH and
heat treatment an the
velocity of the Maillard
reactions in foods. Journal
of Food Quality, 6: 103-18.

Greenbank, G.R. {1948). The

oxidised flavourin milk and
dairy products: a review.
Journal of Dairy Science,
31: 913-33.

Hodge, J.E. (1953). Chemistry

of browning reaction in
model systems. Journal of
Agricultural and Food
Chemistry, 1: 928-43.

Hosono, A., Shashikanth, K.N.

and Qtani, H, (1988). Anti-
mutagenic activity of whole
casein on pepper-induced
mutagenicity to streptomy-
cin-dependent strain SD510
of Salmonella typhimurium
TA 98. Journal of Dairy
Regearch, B5b: 435-42,

Josephson,D. V. andDale, C.D.

{1945) Heating makes
butterfat keep. Food Ind-
ustry, 17: 630-3.

Kato, Y., Watanabe, K. and

Sato, Y. (1981). Effect of
somemetals onthe Maillard
reaction of ovalbumin.
Journaiof Agriculturaland
Food Chemistry, 29: 540-3.

Kieseker,F.G., Clarke,P.T. and

Aitken, B. (1984)}. A com-
parison of recombination
and reconstitution process-
es for the preparation of
dairy products. Australian
Journal of Dairy Tech-
nology, 39: 145-53.

Kirigaya, N., Kato, H. and
Fujimaki, M. (1969). Stud-
ies on antioxidant activity
of nonenzymie browning
reaction products. Part 11.
Antioxidant activity of non-
dialyzable browning react-
ion products. Nippon Nogei
Kagaku Kaishi. 43: 484-91,

Labuza, T.P., Tannenbaum,
S.R. and Karel, M, (1970).
Water content and stability
of low-moisture and inter-
mediate-moisture foods.
Food and Technology, 24:
543-50.

Lingnert, H. and Eriksson,
C.E. (1980a). Antioxi-
dative Maillard reaction
products 1. Products from
sugars and free amino
acids. Journal of Food
Processing and
Preservation, 43 161-72,

Lingnert, H.; Eriksson, C.E.
{1980bL). Antioxidative
Maillard reaction Products.
11. Products from sugars
and peptides or protein
hydrolysates. Journal of
Food Processing and
Preservation, 4:173-81.

Lundberg, W.0. (Ed). (1962).
Autoxidation and Antioxid-
ants, Vol 11. (Wiley Inter-
science, New York).

MeGookin, B.J, and Augustin,

M.A. (1990) Antioxidant act-
ivity of casein and Maillard
reaction products from
casein-sugar mixtures.
Journal of Dairy Research
(in press).

McWeeny, D.J., Bilteliffe, D,0.,
Powell, R.C.T. and Spark,
A A (1969). The Maillard

reaction and its inhibition
by sulphite. Journal of Food
Science, 34: 641-3,

National Health and Medical

Research Council {1990).
Food Standards Code.
Australian Government,
Publishing Service, Can-
berra.

(¥Brien, J. and Morrissey, P.A.

(1989). Nutritional and
toxicological aspects of the
Maillard browningreaction
in foods. Critical Reviewsin
Food Science Nutrition, 28:
211-49.

Pomeranz, Y., Johnson, J A,

and Shellenberger, J.A.
(1962). Effect. of various
sugars on browning,
Journalof Food Science, 27:
350-4,

Sanderson, W.B. (1978).

Instant milk powders:
manufacture and keeping
quality. New Zealand
dJournal of Dairy Science
Technology, 13: 137-43.

Song, P.S. and Chichester, C.O.

(1967). Kinetic behaviour
and mechanism of inhib-
ition of the Maillard reac-
tion. IV. Mechanism of the
inhibition. Journal of Food
Science, 32: 107-15.

Taylor, M.J. and Richardson,

T, (1980a). Antioxidant
activity of cysteine and pro-
tein sulfhydryls in a lineo-
late emulsion oxidised by
haemoglobin. Journal of
Food Science, 45: 1223-7.

Taylor, M.J. and Richardson,

T, (1980h). Antioxidant
activity of skim milk; Effect
of heat and resultant sulf-

Food Research Quarterly Volume 51 Nos, 1 & 2, 1991

58



hydryl groups. Journal of
Dairy Science, 63: 1783-95.

Tomita, Y. (1971). Studies on
antioxidant activity of
amino-carbonyl reaction
products-l. Antioxidant
activity of amino acids and
browning solutions of amino
acids with glucose. Kago-
shima Diagaku Nogakabu
Gakujutsu Hokoku. 21:153-
60.

Vandewalle, L. and Huyghe-
baert, A. (1980). The anti-
oxidant activity of the

non-enzymatic browning
reaction in sugar-protein
systems. Mededelingenvan
de Faculteit Landbouw-
wetenschappen Rijksuniver-
siteit Gent. 45:1277-86.

Webh, B.H., Johnson, A H. and
Alford, J.A. (1974). Funda-
mentals of Dairy Chemistry.
(AVI Publishing Inc., West-
port, Connecticut).

Wolf,J.C., Thompson, D.R. and
Reineccius, G.A. (1977). In-
itial losses of available Iys-
ineinmodel systems. Journ-
alof Food Science, 42:1540-
4.

Wolfrom, M.L., Kolb, D.K. and
Langer, A W.(1953). Chem-
ical interactions of amino
compounds and sugars.VIL
pH dependency. Journal of
American Chemical Society,
75: 3471-3.

Wolfrom, M.L. and Rooney,
C.8.(1953). Chemicalinter-
actions of amino compounds

and sugars, VIIIL. Influence
of water. Journal of Ameri-
can Chemical Society, 75:
5435-6.

Yamaguchi, N., Koyama, Y.
and Fujimaki, M. (1981),
Fractionation and antioxi-
dative activity of browning
reaction products between
Dxylose and glycine. Pro-
gress in Food and Nutri-
tional Science, 5: 429-39.

Yoshimura, ., Funabashi, M.
and Simon, H. (1969). On
thecatalysis of the Amadori
rearrangement; Carbo-
hydrate Research, 11: 276.

Zisper, M.W. and Watts, B.M.
(1961). Lipid oxidation in
heat sterilised beef. Food

and Technology, 16: 445-7.

Foud Research Quarterly Volume 51 Nos. 1 & 2, 1991

59



Bacteriocins as Food Preservatives

Alan J. Hillier' and Barrie E. Davidson?
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Victoria 3190. 2Russell Grimwade School of Biochemistry,
University of Melbourne, Parkville, Victoria 3052

Introduction

Tage et al. (1976) defined a
bacteriocin produced by gram
positive bacteria as an ‘essen-
tial biclogically active protein
moiety possessing ‘a bacterici-
dal mode of action’, i.e. bacter-
iocins are small bacterial prot-
eins or peptides with bacteri-
cidal properties. Bacteriocins
are produced by both gram
positive and gram negative
bacteria and vary widely in
their molecular weight, meode
of action and host range. They
are generally active against
bacteria closely related to the
producing organism and prob-
ably function in nature by giv-
ing producer strains a growth
advantage over strains which
are sensitive to the hacterio-
cin. This review will concent-
rate on bacteriocins produced
by lactic acid bacteria. This
class of bacteria is widely used
in food fermentations and it is
likely that bacteriocins prod-
uced by these bacteria would
be suitable for use in the food
industry. Bacteriocins produc-
ed by lactic acid bacteria eould
be used to inhibit the growth of
pathogenic gram positive org-
anisms such as clostridia,

staphylococei, bacilli and list-
eria in various foodstuffs.

The bacteriocin could be
added directly to the food as a
purified product or, alternat-
ively,bacteriaused in theprod-
uction of the feed (e.g., cheese
orfermented meats) may prod-
uce sufficient of the bacterio-
cin to prevent the growth of
gpoilage organisms.

Nisin

The best known and studied
bacteriocin produced by lactic
acid bacteria is nisin. The
mature nisin molecule is a
peptide of 34 amine acids,
which is produced by some
strains of the cheese starter
organism, Lactococcus lactis
subsp. {actis (formerly known
as Streptococcus lactis). Nisin
is synthesised in the cell as a
prepraotein, which contains an
additional 23 amino acids at
its amino terminus. This lead-
er peptide region is cleaved
from the remainder of the
molecule, presumably during
secretion of the molecule from
the cell. The mature nisin
molecule also contains anumb-
er of unusual amino acids not
normally found in proteins.

These unusual amino acids are
produced by modification of
serine, threonine and cysteine
residues in the pre-nisin mol-
ecule{Ingram,1970; Buchman,
etal.,1988). The unusual amino
acids are lanthionine, methyl
lanthionine, dehydroalanine
and dehydrobutyrine (Fig. 1).
It has been suggested (Gross
and Morell, 1967,1971; Gross,
1975, 1977; Liu and IHansen,
1990) that at least part of the
antibacterial activity of nisin
is due to the interaction of the
dehydro residues of dehydro-
alanine and dehydrobutyrine
with sulphydryl residueson the
bacterial surface.

Specificity

of nisin action

Nigin is active against a wide
range of gram positive bacter-
ia including streptococci
(groups A, B,E,F, G, H, K, M,
and N) staphylocoeci, Micro-
coceus lysodeikticus, pneumo-
cocel, bacilli, clostridia, cory-
nebacteria, mycobacteria, lac-
tobacilli and actinomyces
{(Mattick and Hirsch,1947)and
Listeria monocytogenes (Benk-
erroum and Sandine, 1988). Of
particular interest regarding
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itz use as afood preservative is
the ahility of nisin to inhibit
the outgrowth of Clostridium
and Bacillus spores and its
activity against Listeria
monocytogenes. Moreover, the
use of nisin with other food
preservation techniques (such
as heat and nitrite) allows the
severity of these treatments to
be reduced yet siill maintain
the preservative quality of the
product (Eapen et al., 1983;
Tsai and Sandine, 1987). The
use of nigin producing strains
of L. lactis subsp. lactis has
also been used to prevent the
clostridial ‘blowing’ of swiss
type cheeses (Hirsch, 1951;
Hirsch et al. 1951). The use of
nisin as a preservative can
thereforebeby addition of nisin
toparticular products or by the
use of bacteria which produce
the bacteriocin in the foodstuff
itself.

Propetrties of nisin

The solubility and stability of
nisin is pH dependent, with
both solubility and stability
being greater at pH2 than at
pH5 (Hurst, 1981). At pH2,
nisin can be boiled withoutloss
of activity. At pH values great-
er than 7, nisin is inactivated,
even at room temperature.
Nisin is generally considered
to be non-toxic to humans and
is degraded by o-chymotryp-
sin, an enzyme producedin the
pancreas and released into the
small intestine, These proper-
ties have lead to the extensive
use of nisin as a food preserv-
ative, particularly dairy prod-
ucts and in some canned foods.

Other bacteriocins

produced by lactococci

Kozak et al. (1978)identifled a
number of bacterioeins, term-
ed lactostrepeins, which inhib-

CH,

H,N-C-COOH

Dehydroalinine (DHA)

COOH

H,N-CH

H,N-C-COOH

Lanthionine

Figure 1.
Structure of unusual amino acids present in nisin.

ClI-13
)
H,N-C-COOH

Dehydrobutyrine (DHB)

COOH

H,N-C-CH,

H,N-C-COOH

p-Methyllanthione

ited the growth of other strains
of lactococei, group A, C and G
streptococei and selected
strains of Lactobacillus helvet-
icus, L. citrovorum and L,
paracttrovorum. Noneofthese
lactostrepcins exhibited inhib-
itory activity against a broad
range of gram positive bacter-
ia. Geiss et al. (1983) screened
280 strains of lactococci for
their bacteriocin producing
potential. Fifty six ofthe strains
inhibited the growth of at least
one indicator strain in an agar
test. Sixteen of these strains
excreted proteinaceous inhib-
itory substances into a liquid

growth medium. On the basis

of theirchemical properties and
inhibitory spectra, the bacter-
iocins were divided into eight
types. Most of these types show-
ed narrow range inhibition of
gram positive organisms,
However, one class of bacter-
iocin could be considered for
use as a food preservative as it
inhibited a range of gram pos-
itive organisms including
Clostridium spp.

Bacteriocins produced
by lactobacilli

In general, the bacteriocing
that have been characterised
from lactobacilli exhibit only a
narrow range of activity again-
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st closely related species with-
inthe Lactobacillaceae and are
therefore, at thisstage, unlike-
ly to be of much use as preser-
vatives in the food industry.
However, Schillinger and
Lucke (1989)in a survey of 221
strains of Lactobacillus isolat-
ed from meat and meat prod-
uctsidentified six strains which
produced bacteriocins. The
bacteriocin produced by Lacto-
bacillus sake Lb706 was shown
to inhibit the growth of Lister-

ia monocytogenes. Similarly, a
strain of Carnobacterium
pisciola (formerly Lactobacill-
us carnis) was shown to prod-
uce a bacteriocin which is act-
ive against enterccocci and
Listeria monocytogenes,

Bacteriocins produced

by pediococci

Pediocacei are found as sapro-
phytes on vegetable material
and are used in the ferment-

ation of vegetables and meat.
Bacteriocins exhibitingbacter-
icidal activity againsi a wide
range of gram positive bacter-
ia have been isolated from
Pediococcus acidilactici (Gon-
zalez and Kunka, 1987: Pucci
et al. 1988) and P. pentosaceus
(Daeschell and Klaenhammer,
1985). The bacteriocins from
both of these organisms are
active against Listeria

monocytogenes (Klaenhamm-
er,1988; Pucciet al., 1988) and

Nisin

Bubtilin

Epidermin

Nigin

5
Subtilin

25

s |

Met-Lys-ABA-Ala-ABA-Ala-His-Ala-Ser-Ile-His-Val-DHA-Lys-COOH
* E * * *

Fig. 2. Primary structures of nisin, subtilin and epidermin.
The structures of nisin and epidermin are from Gross (1977} and that
of epidermin is from Allgaier et al. (1986). ABA, aminobutyric acid;
Ala-S-Ala, lanthionine; ABA-8-Ala, B-methyllanthionine,
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the pediocin A isolated from P.
pentosaceus is active against
Clostridium spp. Pucci et al,
(1988) studied the effect of
bacteriocein PA-l isolated from
P. acidilactici on the growth of
L. monocytogenes inoculated
into cottage cheese, half and
half cream and cheese sauce.
The addition ofbacteriocin PA-
lcaused arapid decrease in the
number of viable listeria in all
the foods. In non-acidic foods,
(cheese sauce and half and half
cream) the numbers of listeria
increased within a week.
However, thisincrease wasnot
observed in the acidic (pH5.1)
cottage cheese.

Future directions

There is world wide interest in
isclating from lactic acid bact-
eria, bacteriocins which are
active against a wide range of
pathogenic bacteria. In addit-
ion to screening programmes
aimed at identifying new bact-
eriocins, various researchers
are looking at (i) altering the
specificity of existing bacterio-
cins, (ii) increasing the level of
bacteriocin production in cells
and (iii) procedures to introd-
uce bacteriocin production and
immunity into previcusly non-
producing, bacteriocin sensit-
ive cells.

Nisin belongs to a group
of bacteriocins termed lantib-
iotics (Schnellet al. 1988) which
also includes the bacteriocing
subtilin (Gross et al. 1973),
epidermin (Schnellet al. 1988),
cinnamyecin and duramycin
(Gross, 1977) and gallidermin
(Kellner ef al. 1988). These
lantibiotics allhave similar size
and structures and are charac-
terised by the presence of the
unusual amino acids lanthion-
ine, B-methyllanthionine and
dehydroalanine described ear-

lier (Fig. 2). Thesebacteriocing
have quite different target
species. It is likely therefore
that the host range of bacteri-
ocing such as nisin can be alt-
ered by selective mutation of
particular amino acids within
the nisin molecule.

Modern genetic techni-
quescould alsobeused tocreate
strains of bacteria which over-
produce the bacteriocin. These
strains could then be used in
the manufacture of naturalpro-
ducts (eg, cheese) or toincrease
the yield of bactericcinin ferm-
entations designed to produce
the purified bacteriocin. In the
latter case, an alternative to
inereasingtheyield of bacterio-
cinper cell would betoincrease
the yield of bacteria per volume
of fermentation medium,

Finally, genes encoding
nigin resistance and product-
ion can be transferred between
different species and genera of
bacteria by conjugation (Gass-
on, 1984; Gonzalez and Kun-
ka, 1985; Tsai and Sandine,
1987). Indeed, as genes encod-
ing bacteriocins are often loc-
atedin plasmid DNA, it maybe
possible to transfer genes for
bacteriocin production and
immunity to commercially
useful strains. For example, it
may be possible to introduce
genes encoding pediocins into
cheese starter bacteria to help
prevent the growth of Listeria
in that product,
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Trends in the Production &
~Utilisation of Dairy Protein Products:
Functional Properties & Utilisation

D.M. Mulvihiil

Food Chemistry Department, University College, Cork.

The utilisation of dairy protein
products as food ingredients is
dependent on their physico-
chemical and functional prop-
erties, therefore a brief over-
view of some of the important
functional characteristics is
included here. More extensive
reviews on these topicsinclude
Fox and Mulvihill (1983), Kin-
sella (1984), De Wit (1989a)
and Mulvihill and Fox (1989).

Solubility

A typical solubility-pH profile
for casein shows that close to
its isoclectric pH, ie, pH 4.0-
5.0, the acid form of casein is
completely insoluble, while at
pH values »5.5, it is converted
to the cationic salt (Na, K, NH,)
and is completely soluble. Sol-
utions containing 10-15% of
these latter caseinates can be
readily prepared at pH 6.0-7.0.
At pH <3.5 casein is also sol-
uble but at this pH it is more
viscous than at neutral pH
values and gel-likesystemsare
formed.

When rennet casein is
dispersed in water, the natur-
al pH of the dispersion is 7.0,
however, rennet casein is in-
soluble because of the high

calcium content. It can be sol-
ubilised by either raising the
pH above 9.0 or by adding cal-
cium chelators, normally food-
grade polyphosphates and/or
citrates. Sodium forms of con-
ventional 'co-precipitates' are
also somewhat insoluble at pH
6.0-7.0, but the sodium forms
of casein-whey protein co-pre-
cipitates prepared from milk
heated at alkaline pH values
(i.e. SLP and TMP) have sol-
ubility characteristies similar
to caseinates,

Calcium caseinates and
medium and high calcium co-
precipitates form coarse colloid-
al dispersions rather than sol-
utions,

Na-, NH,- and K-Casein-
ates are remarkably heat stab-
le, eg, a 3% (w/v) solution of
sodium caseinate, pH 7.0, may
be heated at 140°C for 60 min-
utes without coagulating, Cal-
cium caseinate is less stable
and a 1% (w/v) solution gels at
50-60°C. Whey proteins are
unique among the proteins
used in food applications as in
their native form they are sol-
uble at low ionic strength over
the entire pH range required
in food applications. However,

being globular proteins, their
solubility decreasesathigh salt
concentrations due to salting
out and they are susceptible to
thermal denaturation at tem-
peratures >70°C. Solubility at
pH 4.6 is widely used as an
index of the extent of denatur-
ation caused by processingand
storage of protein-rich whey
products. The level of denatur-
ation and subsegquent inselub-
ility at pH 4.6 depends on
heating temperature and time,
whey pH and ionic calcium
concentration (Donovan &
Mulvihill, 1987; Mulvihill &
Donovan, 1987).

Gelation & Coagulation
Gels are systems in which a
small proportion of solid is
dispersed in a relatively large
proportion of liquid but have
the property of mechanical
rigidity or the ability to supp-
ortshearing stress at rest(solid
properties). Milk undergoes
gelation when subjected to one
of several treatments and
usually casein is the gelling
component involved,

Gelation or coagulation
occurs when milk is subjected
to limited proteolysis by acid
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proteinases, eg, rennet, which
hydrolyse the micelle-
stabilising x-casein producing
para-k-casein-containing mic-
elles which coagulated at the
level of Ca?F in the milk serum.
This forms the basis for the
manufacture of rennet casein
and most cheese varieties. On
mixing equal volumes of milk
and 80% (v/v) ethanol, the
casein micelles are destabilis-
ed and gels or precipitates are
formed.

Acid (isoelectrie) gelat-
ion/coagulation of milk is ex-
ploited in the manufacture of
fermented milks, acid cheeses
{Cottage and Quarg) yoghurt,
and acid caseins, Depending
on the pre-heat treatment of
the milk, acid gels may or may
not expel whey (synerese).

The viscosity of casein-
ate is much higher at low pH
(2.5-3.5) than at neutral pH
and gel-like structures are
formed with >5% protein at
temperatures <40°C, which
may be exploitedin theprepar-
ation of milk protein-contain-
ing fryit gels.

Concentrated Ca-casein-
ate dispersions (>15% protein)
gel on heating to 50-60°C.
Gelation temperature increas-
es with protein concentration
from 15-20% and with pH in
the range 5.2-6.0. The gel lig-
uefies slowly on cooling but
reforms on heating; calcium
caseinate is the only milk pro-
tein system reported to exhibit
reversible thermal gelation.

Although thermal sens-
itivity isundesirable when one
is seeking to prepare a soluble
whey protein-enriched product,
this property can be exploited
in the production of thermal
gelsfrom whey proteins, which
have excellent thermal gelling
properties. The minimum

protein concentration and
heating regime required for
gelation and gel characterist-
ics such as opacity, strength
and elasticity or brittleness
depend on characteristics of
thewhey protein produet, such
as method of production, cont-
ents of protein, total ash, sel-
ected minerals and other non-
protein components, the ext-
ent of whey protein denatur-
ation during production of the
whey protein product, solution
conditions such as pH, ionic
species present, other non-
protein components added and
the presence of reducing
agents. Whey protein concent-
rates (WPCs) and isolates with
a range of gelling properties
can be produced by selection of
whey type and variations in
processing conditions during
manufacture.

Hydration Properties
Many of the functional food
applications of dairy proteins
depend on their ability to hyd-
rate and thus bind or entrap
water. In this context water
binding or hydration is defin-
ed as the grams of water assoc-
iated with or occluded by lg
dry protein. Hydration values
for casein micelles calculated
from voluminosity data rang-
ed from 1.4-6.4g H,0/g. Hyd-
ration values for 68 caseinate
samples calculated from vise-
ositydatarangedfrom0.7-3.8g
H,0/g. Hydration of acid cas-
ein was reported to be relativ-
ely independent of temperat-
ure while hydration of Na-
caseinate decreased from 3g/g
at 25°C to Ogfg at 80°C.,

The level of hydration of
proteinsis strongly influenced
by the level of available water
and it is commen to relate
degree of hydration to the rel-

ative humidity of the environ-
ment to which the protein is
exposed. A plot of bound (sorb-
ed) water as a function of rel-
ative humidity, P/P, or a_,
yields a water sorption isc-
therm which gives useful infor-
mation on the water binding or
hydration characteristics of
proteins. Isotherms for sodinum
caseinateand acid and micellar
caseins show that the hydrat-
ion of acid casein is higherthan
that of ultracentrifugal
(micellar) casein; the differen-
ces are small when aW<0.6 but
at aW>0.6, acid casein sorbs
much more water than micell-
ar casein. High hydration val-
ues for Na caseinate at higha
values reflect swelling and sol-
ubilisation.

Hydration wvalues det-
ermined for individual native
whey proteins ranged from
0.32-0.60g H,0O/g depending on
methods used for determinat-
ion. However, when whey pro-
tein solutions of sufficient pro-
tein content and suitable sol-
ution conditions (pH, ionsg, etc)
are heated thermal gels result
and the water holding capacity
of such gels makes a signific-
ant contribution to the texture
and rheology of a number of
processed foods.

Using a method based
on wateruptake by flourdoughs
to which various milk protein
products were added, the water
absorption capacity of several
milk protein products have
been determined by Knights-
bridge and Goldman (1975); the
value reported ranged from
0.96-3.45g H,0 per g product.

Viscosity

Owing to hydration, swelling
and polymer-polymer inter-
actions, caseinatesformhighly
visecous solutions at concen-
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trations >15% and even athigh
temperatures, the viscosity of
golutions containing >20%
protein is so high as to make
them difficult to process. Spray-
dried sodium caseinate there-
fore has a low bulk density.
The effects of solution
conditions on the viscosities of
caseins/caseinates have been
extensively investigated. The
viseosity of sodium caseinate
is strongly dependent on pH,
with a minimuam at pH 7.0. The
viscosity of casein is much
higher at low pH (2.5-3.5) than
at neutral pH and, as already
noted, gel-like structures are
formed with >5% protein at
temperatures <40°C, The vise-
osity of sodium easeinate is
logarithmically related to con-
centration, while there is a
linear relationship between log
viscosity and the reciprocal of
absolute temperature. Casein-
ates exhibit pseudoplastic
rheological behaviour and are
thixotropicathigh shearrates.
The cation present has a sign-
ificant effect on the viscosity of
caseinates, but this in turn is
dependent on pH, temperat-
ure and protein concentration.
Limited proteolysis by
indigenous milk proteinase
reduces the viscosity of casein-
ate solutions and may explain
the low viscosity of caseinates
produced from late lactation
milk, which has a high level of
indigenous proteinase. The
viscosity of caseinates can also
be reduced by treatment with
disulphide-reducing and/or
sulphydryl blocking agents.
Calcium level influences
the viscosity of caseinate; the
viscosity of caseinate contain-
ing 1% Ca was reported to
decrease sharply in a curvilin-
ear fashion from 30-38°C, then
remain constant up to 57°C,

above which the solution gell-
ed at pH 5.4 but not at higher
pH values. The shape of the
viscosity-temperature curve
was strongly dependent on
protein concentration, pH and
[Ca?]. Low levels of Ca ine-
reased the viscosity of Na cas-
einate >pH 7.0 but at <pH 7.0
viscosity decreases due to mic-
elle formation.

The effects of various
manufacturing conditions on
the viscosity of casein/casein-
ates have also been studied.
Excessive heating of milk prior
tocasein manufacture of casein
curd during drying leads to
increased viscosity of the re-
sulting caseinates. Precipitat-
ion at lower than normal pH
values (eg, 3.8) and especially
at higher pH values (eg, 5.05)
also increased the viscosity of
caseinates. The viscosity of
roller dried caseinateis higher
than that of spray dried casein-
ate. Solubilised conventional
co-precipitates are more vis-
cous than sodium easeinateand
their viscosity increases with
increasing calcium concent-
ration. Solutions of total milk
proteinshave viscosities inter-
mediate between those of sod-
ium caseinate and convention-
al co-precipitates.

Due to their compact
globular shapes, undenatured
whey proteins form much less
viscous solutions than casein-
ates. They exhibit minimum
viscosity around theisoelectric
point (pH 4.5) and relative to
water their viscosity decreases
between 30-65°C, thereafter it
increases because of protein
denaturation. WPC solutions
containing 4-12% w/v protein
were reported to exhibit New-
tonian flow while at higher
concentrations flow became
more pseudoplastic and at 18-

20% yield values were observ-
ed.

Surface

Active Properties

The strongly amphipathic
nature of proteins, arising from
the mixture of polar and non-
polar amino acid residues,
causes them to concentrate at
interfaces. Because milk prot-
eins havebeen availablein pure
form and have good surface
activity, the surfactant proper-
ties have been extensively
studied (for review see Mul-
vihill & Fox, 1989).

Sodium caseinate is a
more effective interfacial ten-
sion depressor than whey prot-
ein, blood plasma, gelatin or
goy protein. It diffuses more
quickly to an interface and on
reaching the interface absorbs
more quickly than the other
proteins, probably because of
direct and rapid anchoring of
freely available hydrophobic
segments. The order of surface
activity reported for the indiv-
idual milk proteins is B-casein
> monodispersed casein mic-
elles > serum albumin > o-
lactalbumin > o -casein = -
casein > B-lactoglobulin > eu-
globulins.

The effectiveness of
whey proteins as surface-act-
ive agentsis enhanced by part-
ial heat denaturation, The
surface activity of whole and
individual caseins may be
modified enzymatically; de-
phosphorylation or treatment
of sodium caseinate with plas-
min (to produce y-caseins and
proteose peptones) greatly
increased its surface activity.
Y,/V,-caseins are small and very
hydrophobicpeptides and thus
have increased surface activit-
ies.
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Surface films of Na cas-
einate or f-casein are much
more flexible and less wvisco-
elastic at both oil/water and
air/water interfaces than films
of B-lactoglobulin, o-lactalb-
umin or bovine serum album-
in,

Emulsifying &

Foaming Properties

In studies on the emulsifying
and foaming properties of milk
proteins as reported in the lit-
erature, a widerange of appar-
atus type and environmental
conditions {pH, ionic strength,
temperature, protein concent-
ration) have been used to pre-
pare emulsions and foams in
model and pilot scale studies.
Also, different terms were used
to express the results of these
studies. Terms commonly used
in relation to the emulsifying
properties of food proteins are:

¢ Emulsifying capacity {g oil
emulsified/g protein)

* Emulsion stability (rate of
creaming, globule coales-
cence, flocculation)

* Emulsifying activity index
(area of interface stabilised
per unit weight of protein,
m?/g)

« Interfacial area (m%ml
emulsion)

* Protein load (mg/m?)

Soyabean oil emulsions pre-
pared in a valve homogeniser
and stabilised by sodium cas-
einate were found tohave lower
creaming stabilities than sim-
ilar emulsions stabilised by
either whey protein concent-
rate or soy isolate. The emuls-
ifying properties of highly dis-
persed sodium, ammonium and
low calcium caseinates and

more aggregated high calecium
caseinate and ethanol precip-
itated and ultracentrifugal
(micellar) caseins have been
studied (Mulvihill & Murphy,
1991). Although the highly
dispersed caseinateshad high-
er emulsifying capacities than
the more aggregated caseins/
caseinates, emulsions formed
using the apggregate caseing/
caseinates were more stable
than those formed by the high-

ly dispersed caseinates. Fat
surface area formed on emuls-
ification increased (ie, globule
size decreased) as the power
input during emulsification
was increased for all the prot-
eins and the extent of the inc-
rease was inversely related to
the degree of aggregation of
the emulsifying caseins/ cas-
einates. The protein loads (mg/
m?) of the emulsions formed
using aggregated caseins/cas-

Bakery
Dairy
Beverages
Desserts
Pasta
pasta.
Confectionery

Meat

Dietary,
Pharmaceutical,

Medical

Convenience

Textured

Table 1

Food uses of dairy protein products

Biscuits, bread, cakes, pastries.

Processed cheese, cheese analogues,
coffee ereamers,yoghurts, milk
shakes, imitation milks, dairy spreads.

Milk based beverages, fruit juices, soft
drinks, cream liqueurs, wine aperitifs.

Ice creams, mousses, whipped
toppings, frozen juice bars.

Maearoni, pasta, noodles, imitation

Toffee, caramel, fudges, meringues,
sponge-type cakes.

Comminuted meats, injection brines for
whole and cured meats.

Infant formulae, dietary preparations
for weightreduction, enhanced athletic
performance, therapeutic needs and for
infants with special dietary needs,
intravenous feed solutions, drugs for
control of sleep, hunger and insulin
secretion, cosmetic and therapeutic
creams, toothpastes.

Gravy mixes, sauces, dry and hydrated
soups, salad dressings.

Snack foods, meat extenders.
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einates were greater than for
the dispersed caseinates and
protein load was directly relat-
ed to emulsion stability. In
general, milk protein products
and especially caseinates are
very good fat emulsifiers and
are widely used in emulsifying
applications in foods.

In relation to foaming
properties,important charact-
eristics arefoam velume (over-
run) and foam stability. Cas-
einates generally give higher
foam overrunsbut produceless
stable foams than egg white
solids or whey protein concent-
rates. Whey protein enriched
products are widely used in
foaming applications in food
and factors such as protein
concentration, level of denatur-
ation, ionic environment, pre-
heat treatment and the pres-
ence of lipids all influence
whipping properties.

Food Uses of

Dairy Protein Products
Details of many ofthe food uses
of dairy protein products are
proprietary information used
by food processors and not re-
ported in the literature. How-
ever, reviews on the food use of
dairy proteins include South-
ward and Goldman (1978), Int-
ernational Dairy Federation
(1982), Southward and Walker
(1982), Hugunin (1987}, de Wit
{1989b) and Southward (1989).
Thefollowing are briefoutlines
of some reported food applic-

ationsof dairy protein products
(Table 1).

Bakery Products

Milk proteins donothave prop-
erlies close enough to those of
wheat gluten to enable them to
completely replace the latter
protein in bakery products.

However, their use as a nut-
ritional supplement in cereal
based products has consider-
able potential. The limiting
amino acid in most cereal pro-
teins is lysine and since cas-
eins are particularly rich in
lysine they make excellent
supplements for cereals. Only
about 4% casein in a casein-
wheat flour mixture ig requir-
ed to increase the lysine cont-
ent by 60%. The protein effic-
iency ratic (PER) of white
wheat flour is cnly 1.1 comp-
ared with 2.5 for casein and on
mixing casein and wheat flour
to give a 75% wheat protein
and 25% casein protein cont-
aining mixture, the PER is
increased to about 1.8. Anoth-
erimportantfunctional charac-
teristic of dairy protein prod-
ucts in bakery applications is
water binding, which affects
dough consistency.

Casein/caseinates are
addedtobreakfastcereals, milk
biscuits, protein-enriched
bread and biscuits, high prot-
ein bread and cookies as a
nutritional supplement and to
frozen baked cakes and cook-
ies as an emulsifier and to
improve texture. The type of
casein/caseinate hastobecare-
fully chosen fo be compatible
with the particular bakery
applications. Co-precipitates
are used in pastry glaze to
improve colour; in milk bis-
cuits, cake mixes for diabetics,
high protein biscuits and cock-
iesasanutritional supplement
and in fortified bread to imp-
rovedough consistency, sensor-
ic properties and to increase
volume and yield.

Whole whey protein
products generally have a loaf
volume depressing effect which
has been agsociated with prot-
eose peptone components.

When whey is concentrated by
ultrafiliration the depressant
appearstobe removed as dough
fortified with 1% UF-whey
protein concentrate resultedin
only a small loaf volume dep-
ression. The concentration of
whey lipids during UF also
contributed to good baking
characteristics.

Replacement of eggs by
whey protein in cake manu-
facture would have eeonomic
and nutritional advantages.
However, simply replacing
whole eggs by WPC in mad-
eira-type cakes results in poor
quality cakes but much better
results are obtained when the
fat and WPC are pre-emulsif-
ied.

Various types of WPC
have been used in convenience
typebreakfastbakery products
like muffins and croissants to
increase their nutritional val-
ue.

Dairy Products

Dairy protein products are
widely used to supplement the
protein content and enhance
sensory characteristics of con-
ventional processed dairy con-
sumer products and are also
used in the production of a
range of imitation dairy con-
sumer products. Imitation
cheeses (cheese analogues)are
made from vegetable fat, cas-
eing, zalts and water and are
used in pizza, lasagne and
sauces and on burgers, grilled
sandwiches, macaroni, ete, at
a significant cost saving comp-
ared to the use of natural
cheese, The functional proper-
ties of casein which favour their
use inimitation cheeseinclude,
fat and water binding, texture
enhancing, melting properties,
stringiness and shredding ab-
ility. While caseins (both acid
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and rennet) and caseinates
have been used most common-
ly for cheese analogues, co-
precipitates also have potent-
1al in this area.

Sodium caseinateisused
in powdered coffee creamers,
which also contain vegetable
fat, a carbohydrate source and
added emulsifier and stabilis-
ers. These creamers are cheap-
er, have a longer shelf life and
are more convenient to use (eg,
they require no refrigeration)
than fresh coffee creams. In
these products, sodium casein-
ate acts as an emulsifier/fat
encapsulator and whitener, it
imparts body and flavour and
promotes resistance to feather-
ing(i.e. coagulation of creamin
hot coffee solutions).

Sodium caseinateisused
to increase gel firmness and
decrease syneresisin yoghurts
and is added to milk shakes for
its emulsifying and foaming
properties. In the manufact-
ure of imitation milks the
principal ingredients used are
caseins/caseinates, vegetable
fat and carbohydrate, such as
corn syrup. The main advant-
ages associated with imitation
milk products are the low cost
and the absence of lactose to
which some people are intoler-
ant, There is also interest in
the fortification of liguid milk
with casein products such as
sodium, calcium and potass-
ium caseinates and co-precip-
itates. )

Sodium caseinateisused
as an emulsifying and fat en-
capsulating agentinthemanu-
facture of high fat powders for
use as shortenings in baking or
cooking. Dry whipping fats or
whipping ¢reams contain cas-
ein products. A number of
butter-like dairy spreads are
manufactured using milk and/

or vegetable fat and various
casein products. In these app-
lications casein acts mainly as
an emulgifier and in the case of
dairy spreads, it also enhances
texture and flavour.

Whey protein products are
widely used in yoghurts and
various cheeses to improve the
yield, nutritional value and
consistency. Up to 20% of the
casein in Quarg cheese can be
replaced with thermally mod-
ified WPC, resulting in an inec-
rease in the yield and nutrit-
ional value. The use of sweet
UF-WPC in Ricotta cheese
manufacture increases the
cohesiveness of the curd.
Emulsions prepared using
heat-denatured whey proteins
and fat are used as a protein
base for formulated cream
cheeses and cream cheese
spread.

The viscogity and stabil-
ity of yoghurts are improved by
fortification with WPC to rep-
lace skim milk solids, Sliceable
and squeezable cheese-type
products, based on the emuls-
ifying and gelling properties of
whey proteins have been prod-
uced by heat treatment of skim
milk and WPC solids dispers-
edin an emulsion of milk fatin
WPC. Whey protein concent-
rates are also used in cheese
filling and dips as they tend to
complement cheese flavour and
produce a soft end product.

Beverages

Casein products are used as
stabilisers or for their whipp-
ing and foaming properties in
drinking chocolate, fizzy drinks
and fruit beverages. There is
also a large market for sodium
caseinate as an emulsifier in
eream ligueurs and to a lesser
extentin wine aperitifs. Cream
liqueurs typically contain 16%

{(by weight) milk fat, 3.3% sod-
ium caseinate, 19% added
sugar and 14% ethanol. Tri-
sodium citrate is also added to
inhibit ealcinm-induced age
gelation. Casein productshave
alsobeen used in the wine and
beer industries as fining
agents, to decrease colour and
astrigency and to aid in clarif-
ication. '

Fruit juices, soft drinks
or milk based beverages supp-
lemented with whey protein
concenirates are highly nut-
ritious products. Forusein soft
drinks, defatted WPC with a
low ash content, good solubil-
ity at pH 3.0 and a bland flav-
our are required. The WPC
must also be resistant to phys-
ical deterioration or flavour
changes on storage of the prod-
uct and it must not mask the
typical soft drink flavour via
protein-flavour component
interactions. WPCs are added
to milk-like flavoured drinks
to impart viscosity, body and
colloidal stability and they have
been included as protein
supplement in powdered
orange beverages and in froz-
en orange juice concentrates.

Dessert Type Products

Sodium caseinate is used in ice
cream substitutes and frozen
desserts to improve whipping
properties, body and texture
and to act as a stabiliser. It is
also extensively used in mouss-
es, instant puddings and whip-
ped toppings for similar reas-
ons and also because it acts as
an emulsifier and film former.
The basic ingredients of whip-
ped toppings are vegetable fat,
sugar, protein (sodium casein-
ate), emulsifier, stabilisers and
water. After blending the in-
gredients together at 38-46°C,
the mixture is pasteurised and
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homogenised and then either
cooled rapidly to below freez-
ing point or spray-dried.

In the manufacture of
ice eream, up to 10% of the
skim milk solids can be replac-
ed by whey powder. A higher
level of replacement (up to 25%)
may be possible by using delaec-
tosed, demineralised whey
powder or UF-WPC with no
adverse effect on flavour, text-
ure or appearance. WPC has
also been used in frozen juice
bars and in compound coat-
ings, especially chocolate coat-
ings, for frozen desserts.

Pasta Products

Mitk protein products are oft-
en incorporated into the base
flour for pasta manufacture for
the purpose of enhancing nut-
ritional quality and also to
improve texture, Products fort-
ified by addition of sodium or
calcium caseinate, low calcium
co-precipitate or WPC prior to
extrusioninclude macaroni and
pasta.

Undenatured whey pro-
tein products produce a strong
final cooked noodle which is
also more freeze-thaw stable
and is suitable for microwave
cooking. 'Imitation’ or 'synth-
etic' pasta-type products con-
taining a substantial proport-
ion of milk protein have also
been manufactured.

Confectionery

Caseins are used in toffee,
caramel and fudge as theyform
a firm, resilient, chewy matrix
onheating. WPCshave limited
use in these products as they
resultin a softer coagulum and
the high lactose content tends
to cause crystallisation during
storage. However, whey prot-
eins areverysuitableforusein

aerated candy mixturesandare
incorporated as afrappe which
isahighly aerated sugar syrup
containing the whipping
protein. Egg white replacement
by WPC in the manufacture of
meringues only results in
acceptable products when
defatted WPCs are used while
acceptable sponge cakes
manufacture requires fat cont-
aining WPCs rather than de-
fatted WPCs.

Meat Products

Milk proteins are used mainly
in comminuted meat products
rather than prime cuts. How-
ever, they are also used in in-
jection brines for uncommin-
uted products like cooked
hams.

Caseins in comminuted
meat products contribute tofat
emulsification, water binding
and improved consistency as
they release meat proteins for
gel formation and water bind-
ing. While sodium caseinate is
the preferred additive in meat
applications, various types of
co-precipitates have also been
used.

In frankfurters and
luncheon rolls up to 20% of the
meat protein may be replaced
by whey proteins. In these
systems whey proteinsareused
to prepare pre-emulsions of
part of the fat and to support
network formation, via gelat-
ion, during subsequent cook-
ing.

Soluble, low viscosity
whey protein concentrates are
suitable for use in injection
brines for fortification of whole
meat products. Fresh and cur-
ed meats fortified with 10%
whey protein sclution may
inerease by as much as 30% in
weight.

Dietary, Pharmaceutical
& Medical Applications

Since milk protein products are
high quality proteins, they are
extensively used in dietary
preparationsfor peoplewhoare
ill or convalescing, for mal-
nourished children in develop-
ing countries on a therapeutic
diet and for people on weight-
reducing diets. Caseins are
used in special preparations to
enhance athletic performance
and have been incorporated
into formula diets for feeding
astronauts.

While casein products
are not generally used in in-
fant formulae they are used
extensivelyin specialised prep-
arations for infants with spec-
ifie nutritional problems. Cas-
einates and co-precipitates are
used in low-lactose formulae
for lactose-intolerant infants
while various types of casein-
ates have been used in infant
foods with a specific mineral
balance, eg, low sodium infant
formulae for children with
specific renal problems. Cas-
ein hydrolysates are used in
specialised foods for premat-
ure infants, in formulae for
infants suffering from diarrh-
oea, gastroenteritis, galacto-
saemia and malabsorption. A
special casein hydrolysate, low
in phenylalanine, has been
prepared for use in formulae
for feeding infants with phenyl-
ketonuria. Casein products are
also added to various children
and infant foods and drinks as
a nutritional supplement.

Modified low mineral
whey powders areused to prod-
uce improved infant formulae
which have a whey protein-to-
casein ratio close to that of
human milk, Hypoallergic,
peptide based formulae have
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been developed based on whey
protein hydrolysates. Selected
individual caseins and whey
proteins have been proposed
as possible ingredients for the
'next generation’ of improved
infant formulae.

Milk protein hydrolys-
ates are used for intravenous
nutrition for patients suffer-
ing from intestinal disorders,
protein metabolism disorders
and for post-operative patients,
Special casein preparations
have been used as food for
patients suffering from cancer,
pancreatic disorders or anae-
miga,

Specificdrugshaveheen
produced from casein; B-casein
is used as raw material for
production of B-casomorphins,
penta- to heptapeptides which
can regulate sleep, hunger or
insulin secretion. Sulphonat-
ed glycopeptides prepared from
casein have been used for the
treatment of gastric ulcers. It
is claimed that the use of cas-
ein in toothpaste prevents
dental caries, in cosmetics it
conceals facial wrinkles andin
special therapeutic creams it
heals wounds.

Convenience Foods

Dairy protein products are
widely used in convenience
foods, ie, foods which require a
minimum ofpreparationby the
consumer. Gravy mixes use
either skim milk powder or
whey/caseinate blends as whit-
ening agents. Whey solids are
used in dehydrated soup mixes
and sauces to impart a milky
or dairy flavour, as flavour
enhancers and to provide
emulsifying and stabilising
effects, Caseinates are used as
emulsifving agents and viscos-
ity controllersin canned cream

soups and sauces and for pre-
paration of dry emulsions for
use indehydrated cream soups
and sauces. Gravies and sauces
containing whey proteins are
reported to be less prone to
cook-on toutensil walls, require
minimum agitation and have
stability infreeze-thawcycling.
In some convenience foods
caseinate-whey protein blends
areused ascheapreplacements
for skim milk powders. Whey
pratein products have potent-
ial as a replacement for egg
yolk in salad dressing and
modified whey protein based
products, with potential to
replace lipid in a variety of
convenience foods, have been
developed. Milk protein prod-
ucts have been proposed as
texture, stability and flavour
enhancers in microwaveable
foods.

Textured Products
Textured milk protein based
foods in the form of cheeses
have been manufactured from
milk for thousands of years.
However, milk protein enrich-
ed products have been used in
thepreduction of textured foods
only recently. Rewetted acid
caseins or acidified rennet
casein or co-precipitate have
been mixed with carbonates or
bhicarbonates of alkali metals
or alkali earth metals and ex-
truded toproduce puffed snack
foods while caseinates have
been co-extruded with wheat
flour to produce protein enrich-
ed snack type food products.
Meat-likefibrous structures
formed from caseins by fibre
spinning techniqueshavebeen
produced for use as extenders
in comminuted meats. Whey
proteins may be co-spun with
the casein to produce stronger

fibres than those containing
casein alone. Meat-like struct-
ure can also be formed from
casein or co-precipitates by
renneting followed by thermo-
plastic extensions which invol-
ves acombination ofheat treat-
ment and extrusion or work-
ing. Microwave heatingof whey
protein solution results in
gimultaneous expansion and
gelation to give textured prod-
ucts with possible applications
in comminuted meats.
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Applications for Cheese
Whey Protein Fractions

R.J. Pearce

CSIRO Division of Food Processing, Highett, Vic. 3190

Introduction

Proteins act, or show activity,
in a maaner which is a direct
consequence of their struct-
ures. Activities such asenzym-
atic catalyses or the provision
of structural networks as in
skin or tendons are readily
recognised and in recent years
the relationships betwesen
structure and function of such
proteing has, in many cases,
been well demonstrated, The
activity of proteins as food
ingredients should also be
clearly related to the ‘function-
alproperties’ they may display.
Unfortunately for food tech-
nologists, the protein science
associated with such function-
al activity is poorly developed;
only in a minority of systems
can food protein structures he
directly related to their speci-
fic functional properties.

The reasons for this def-
iciency are largely twofold.
Firstly, functional properties
are diffusely defined (Pour-El,
1981) relative to specific reac-
tion catalysis., Secondly, the
majority of food protein sys-
tems represent a mixture of
proteins operating in a comp-
lex environment permitting
interactions between proteins

and non-protein components.
The consequences of such in-
teractions may be advant-
ageous as in egg white where
the foam stability of ovalbum-
in is enhanced by other egg
white proteins (Stadelman and
Cotterill, 1986} or disadvant-
ageous as in whey protein
concentrates (WPC) in which
the presence of a complex
mixture of proteins appears to
reduce certain functional perf-
ormarnce levels and hence the
applicability of these whey
proteinproducts asfood ingred-
ients.

Against this back-
ground, studies at our labor-
atory are attempting to:

¢ Establish methodology for
evaluating functional prop-
erties;

*+ Establish techniques for
manufacturing whey prot-
ein products with improved
functional properties;

* Develop and demonstrate
applications for whey prot-
ein products,

For this paper, emphasis will
be placed on the first and last
of these objectives.

In assessing protein
products as food ingredients
the question may be asked: why
do more than evaluate funct-
ional properties? Surely applic-
ation studies are for end-prod-
uct manufacturers? The dist-
inction musthe drawn between
‘applications development’ and
‘product development’. Perhaps
this is best demonstrated by
an example.

Itis well known that egg
white protein is used to prod-
uce a stable foam. This funct-
ional property may be modul-
ated by variation of factors
including pH, temperature,
inorganic environment and
methodology. Similar function-
al activity may be demonstrat-
ed for certain whey protein
products. Such an egg white
foam may be used to aerate a
cake batter containing flour.
Onemight expect a similar use
for the whey protein foam but
experimentation has shown
that interaction between whey
proteinsand, presumably, flour
proteins results in loss of foam
stability and reduced cake vol-
ume, Thus, functional proper-
ty data may suggest a food
application but demonstration
ofthe required functionalactiv-
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ity in a system containing all
the normal components of the
food type and assembled in the
normal manner, that is applic-
ation development, is also ess-
ential. By contrast, manufact-
ure of a specific product with
defined colour, flavour and
textural qualities, thatis prod-
uct development, is not essen-
tial.

Whey Protein Fractions
That it is the presence of a
mixture of proteins in WPC
that limits its value as a func-
tional food ingredient, may be
concluded from previous stud-
ies on igolated or partially
purified whey proteins which
have been shown fo be more
functional than WPC (Wit
(1984), Amundsenetal. (1982)).
Thus, improvements in
the functional properties of
whey protein havebeen sought
through whey protein fraction-
ation. Two distinet protocols
have been recently deseribed
and compared (Maubois et al.,
1987, Pearce, 1987, Modlerand
Jones,1987). Nevertheless the
whey protein fractions result-
ing are broadly similar. Three
major fractions are produced,
namely ‘enriched beta-lacto-
globulin’, ‘enriched alpha-lact-
albumin’ and ‘enriched lipo-
proteins’, Specific terminology
for these products is still lack-
ing and for this paper only
terminology associated with
the Australian process will be
used and applications for Aus-
tralian products described.
Figure 1 depicts schem-
atically the technology used for
producing whey protein fract-
ions. Since the emphasis in
this paper is on applications
for products, only the products
arising need to be identified. A

product containing principally
beta-lactoglobulin and casein
derived peptide (CDP) {glyco-
macropeptide from k-casein)
is termed ‘beta- fraction’. The
co-product, ‘alpha-fraction’,
containsprincipally alpha-lact-
albumin and lipoproteins and
is subfractionated into ‘enrich-
ed alpha-lactalbumin’ and
‘whey lipoproteins’. Function-
al properties and product app-

licationsfor each of these whey
protein fractions continue to
be investigated.

Specialised
Applications for

Whey Protein Fractions
Whey powder and WPC cont-
inue to be used widely as in-
gredients in foods not requir-
ing special functional propert-
ies of the whey product. In the

Figurel

Schematic depiction of methodology used to prepare
whey protein fractions from cheese whey

Chease Whey

ultrafiltration

Whey Concentrate

pH adjustment

heat treatment

clarification

alpha-fraction

pH adjustmant

microfiltration

beta-fraction

lipoprotalng

alpha faetalbumin
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following examples of special
product applications being
developed for whey protein
fractions, specific functional
properties are demanded of the
whey protein product. These
functional and other demands
willbe considered together with
an assessment of the degree to
which existing whey profein
products and novel whey prot-
ein fractions meet these re-
quirements.

Example 1. Protein-fortified
fruit juice-based or fruit
flavoured acidicbheverages.

Objective: To provide enhan-
ced nutritive value to existing
types of fruit juice-based or
flavoured acidic beverages.

Whey-based beverages have
been deseribed extensively in
the published and patenied

literature. In these essentially
flavour is added to whey to
make it more palatable.

For the application des-
eribed here the aim is to prov-
jde the enhanced nutrition with
minimal change to the appear-
ance, flavour or texture of the
existing beverage. This places
stringent functional demands
on the whey protein product
ingredient, The special require-
ments of the protein are listed
in Figure 2.

1t may be seen that exis-
ting commodity whey protein
products such as whey powder
and WPC-75 do not meet a
number of the functional dem-
ands, nor do the ‘enriched al-
pha-lactalbumin’or ‘whey lipo-
protein’ fractions. The novel,
enriched beta-lactogiobulin
fraction, beta-fraction, meets
these most stringent demands

because of the special func-
tional properties of the const-
ituent major proteins. The
casein derived peptide (CDP)
is highly soluble over a wide
pH range and by virtue of its
non-globular form is highly
heat stable, but it has some
nutritional shortcomings.
However, beta-fraction protein
derived from cheese whey is
about two-thirds beta-lacto-
globulin which is nutritionally
very high quality protein and
thus compensates in this res-
pect for the CDP. Beta-lacto-
globulin is an albumin, a glob-
ular protein presenting high
solubility over a wide pHrange
but it is unstable to heat treat-
ment, beingdenatured at about
71°C (Rueggetal.,1977). Inits
denatured statebeta-lactoglob-
ulin shows insolubility over
quite a wide pH range around

Figure 2

Summary of special requirements for whey protein products to be
utilised as ingredients in protein fortified acidic beverages

Whey Protein Product Options
Special requirements for food applications as protein
fortiffed acidic heverages Whey wWee - 75 beta- alpha-
Powtder fraction { fraction
1. Nutritional value X 4 v s
2. Camplete solubility at low pH X X v X
3. Stability to pasteurisation/sterilization at low pH X X 4 X
4, Absence of free fat (no fat ring on standing) x X v X
5. Clarity in solution {specific applications) X X v x
6. Stability to carbonation {specific applications] s '4 v '
7. Bland flavour in prepareﬂ beverage X X ' X
8. Acceptable mouth feel of prepared beverage X X v X
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its isolectric point (pH 5.2) but
fortunately it is completely
solublebelowpH 3.7 eveninits
denatured state (Jelen and
Buchheim, 1984). Thus beta-
fraction proteinis ‘stable’ (non-
coagulating) to pasteurisation
and sterilisation at the pH of
fruitjuice-based and flavoured
acid beverages usually having
pH values about 3.5,

The unsuitability of
whey powder and WPC in this
roleis explained in termsofthe
accentuated unsuitability of
the other whey protein fract-
ions. Briefly, alpha-lactalbum-
in is unstable to heat at temp-
eraturesgreaterthan 55°Cand
especially at pH values less
than 4.5, when it aggregates
due to partial denaturation
associated with loss of the
structurally essential calcium
ion. Similarly, the whey lipo-
proteins aggregate at low pH
and with gentle heattreatment
as used in the whey protein
fractionation protocol.

Thus, purified beta-
lactoglobulin or beta-fraction
appears to bring all the funct-
ional properties necessary for
a protein-fortified acidic bev-
erage applications, but what of
their behavior in actual or
model product formulations?

Beta-fraction at approp-
riate concentrations and pH
has been formulated, both
separately and combined, with
levels of citric acid, sugar and
pecting likely to be encounter-
edinpotential products. Form-
ulations have been subjected
to UHT sterilisation and eval-
uated spectrophotometrically
and visually as shown in Fig-
ure 3a and 3b. It was found
that clarity was highly pH
dependent(as anticipated) and
that UHT treatment in most
instances resulted in improve-

Figure 8a

Evaluation of formulations containing beta-fraction
for acidioc beverage modelling with UHT sterilisation-
specirophotometric assessment

Absorbance at 400nm

pH 3.2 pH 3.5 pH 3.8
1% Protein
Unclarified/unheated 0.797 0.998 1.11
Unclarified/heated 0.335 0.648 1.37
Clarified/unheated 0.371 0.410 0.423
Clarified/heated 0.161 0.254 0.536
4% Protein
Clarifiedmnheated 0.886 ND ND
Clarified/heated 0.632 ND ND
+5% sucrose
Unheated 0.815 ND ND
heated (0.485 ND ND
+0.1% pectin
unheated 0.160 ND ND
heated 0.464 ND ND
+5% sucrose+01.% pectin
unheated 0174 ND ND
heated 0.525 ND ND

ment of clarity relative to the
unheated sample, presumably
due to greater solubility of
denatured beta-bactoglobulin.
Results showed that it was
advantageous to start with a
well clarified beta-fraction sol-
ution. Increasing the concen-
tration of protein from 1 to 4%
w/w resulted in inereased abs-
orbance values, as expected.
Comparison of the data in
Figure 3a with visual assess-
ment of the same samples in
Figure 3b suggested that on
thehasis ofthe stability ofbeta-
fraction in solution acidified
with citrie acid, formulations
containing perhaps 1-2% prot-

ein in the pH range 3.2 t0 3.5
might be appropriate for acidic
beverages fortified with beta-
fraction.

However, for such an
application, other components
needed tobe considered in mod-
elformulations. Addition of suc-
rose enhanced clarity a little
as shown in Figure 3a. A low
level of pectin improved the
clarity of the formulation cons-
iderably prior to UHT treat-
ment, butin thisinstance heat-
ingresultedinreduced clarity.
Combinations of both sucrose
and pectin yielded data comp-
arabletothatfrompectin addit-
ion, butinthe absence of sugar.
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Figure 3b
Evaluation of formulations containing beta-fraction for acidic beverage
modelling with UHT sterilisation/visual assessment

A Unclarified/heated B. Clarified/heated

C. Unclarified/unheated D. Uneclarified/heated

Note: each sample treatment at pH values 3.2, 3.5 and 3.8

Figure 4. Summary of special requirements for whey protein products to be
uiilised as ingredients in cold- and heat-stabilised aerated foods

Whey Profain Product Qptions
Special requirements for food appiication
It aerated products Whey | WPC - 75 bota At
Powdar fraction | fraction

High foam expansion {overrun/foam tapacity) x x ' b
High foam stability at low temperature x X e x
High faarn stabifity at high temparature x x v x
Foam stabillty in the presence of a high sugar X x ' X
concentration
Foam stability in the presence of sugar at high
temperature X x v x
Foarn stability in protein stabilised emulsions x X X X
Foam stability in the presence of flour X x b4 X
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Subsequent  trials
including fruitjuice concent-
rates and flavourshave proven
that beta fraction at eoncent-
rations up to 2.5% protein w/w
isideally suited to protein fort-
ification of fruit-juice-based
and flavoured acidicbeverages.

Example 2. Protein
stabilised aerated foods

Objective: To provide a protein
stabilised foam, stable to cold
setand heat set conditions(egg-
white replacer).

Proteins have been used wide-
ly to stabilise aerated foods.
Foaming products used as
ingredients have included cas-
einates, non-fat milk powders,
WPC and egg white. The func-
tional demands on proteins for
these types of foods are high as
shown in Figure 4.

A simple functional test
for foaming or whipping cap-

acity may include the use of a
mechanical beater to incorpor-
ate air vigorously into an agu-
eous suspension of the protein
product under defined condit-
ions and followed by the deter-
mination of overrun. Subs-
equently a test of the stability
may include measurement of
the rate of breakdown of the
foam back to lquid suspens-
ion. Figure 4 shows that with
the exception of whey powder,
most whey protein products
will foam to varying degrees of
capacity and stability, WPC
may sometimes fail to foam if
free fat was inadequately sep-
arated from the original whey.
Similarly most whey protein
foams show enhanced stability
at sub-ambient temperature
indicative of their potential
application in cold whipped or
mousse-like desserts,
However, all finished
aerated products are formul-
ated withingredients addition-

al to protein hence applicat-
ions models mustbe evaluated
incorporating componentslike-
ly to be encountered. Many
whipped dessert products are
substantially sweetened with
sugar. Experience has shown
that in most whey protein foam
systems, addition of sugar re-
sults in at leastloss of overrun
and sometimes complete foam
collapse. Conversely non-foam-
ing protein product suspens-
ions may generate a weak foam
due to the increased viscosity.
The effect of sugar on foam
stability is at present unpred-
ictable particularly for WPC.
Such sugar sweetened
foams form the basis of merin-
gue-like products produced
after heat-setting of the ‘sugar
foam’. Figure 4 indicates that
WPCs are not appropriate for
this application. As has been
shown by de Wit (1978) and
others, the residual liquid con-
taining components (lipo-prot-

Figure 5. Replacement of egg white by beta-fraction from
cheese whey in a model meringue system.
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Figure 6.

Summary of special requirements for whey protein products to be utilised
in food applications as a thermally set gelling, coating or binding agent.

Whey Protein Product Options
Special requirements for food application as a thermally
set gelling, coating and hinding agent :
geding g nding agen Whey | WPC-75 bata- alpha-
Powdor fraction | fraction
Formation of a uniform gel on heating at neutrak X X v x
pH values
Gel breaking strength commensurate with or greater X x v x
than that of egg white protein
High wvater binding capacity X b3 v X
High water binding stability {minimat water leakage X X v X
over time)

Figure 7.

The effect of beta-fraction concentration and non-protein solids
content on the breaking strength of heat-induced uniform gels.

Solvent System

Breaking strength of beta-fraction gels at different concentrations of protein

at pH 6.8 (g

Protein Concentration 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
(% wiw)

Water o c ) 112 218 424 632 776
Lactose solution 0 4] 0 204 280 458 474 662
Cheese whey

UF permeate 51 160 2386 425 540 630 746 730
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B Lys Phe
21

*Tle-Ala
41

Asp
61

81

*Asp *Tle
101

121 123
Glu-Lys-Leu.OH

= Brow at al. (1970)

Figure 8.

Amino acid sequence homology in
bovine (A)* and human (B)* alpha-lactalbumins

A H.Glu-Gln-Leu-Thr-Lys-Cys-Glu-Val-Phe-Gln-Glu-Leu-Lys-Asp-Leu-Lys-Gly-Tyr-Gly-Gly-

Leu-Ser *Leu

Val-Ser-Leu-Pro-Glu-Trp-Val-Cys-Thr-Thr-Phe-His-Thr-Ser-Gly-Tyr-Asp-Thr-Glu-Ala-
*Leu-lie

*Met

Ile-Val-Glu-Asn-Asn-Gln-Ser-Thr-Asp-Tyr-Gly-Leu-Phe-Gln-Tle-Asn-Asn-Lys-Tle-Trp-

Glu

Cys-Lys-Asn-Asp-Gln-Asp-Pro-His-Ser-Ser-Asn-Ile-Cys-Asn-lle-Ser-Cys- Asp-Lys-Phe-
Ser-Ser *Val

Gln Arg *Asp

Leu-Asn-Asn-Asp-Leu-Thr-Asn-Asn-Tle-Met-Cys-Val-Lys-Lys-lle Leu-Asp-Lys-Val-Gly-

*Ala

Ile-Asn-Tyr-Trp-Leu-Ala-His-Lys-Ala-Leu-Cys-Ser-Glu-Lys-Leu-Asp-Gln-Trp-Leu-Cys-
*Glu

*Thr

b Findiey & Brew (1872)

*Tle-*Asp

*Gln

Ser Leu

*[le-*Liys

eins) effectively eliminate the
potential heat setting propert-
ies of the other whey proteins,
Also in Figure 4 it may be seen
that the whey protein fraction,
beta-fraction, being produced
essentially fat-free, now satis-
fies this demanding functional
property of forming stable heat
set foams. In meringue model
system beta fraction yields
products comparable to or
better than those produced
from egg white as shown in
Figure 5. In this type of applic-
ation beta-fraction may totally
replace egg white.

In the preparation of

whipped dairy desserts and
moussesitisneceszary to prov-
ide stable aeration to emuls-
ions. Since free lipid has a
negative effect on foam stabil-
ity, fat must be effectively
homogenised with protein prior
to aeration.

In this type of system
clearly the foam destabilising
effect of free fat is minimised
by coating micro-fat droplets
with protein in the formation
of the emulsion, since most
whey protein products, show-
ing good foaming properties,
can be used to manufacture
cold aerated emulsions.

WPCs and enriched
whey protein fractions may be
used satisfactorily but beta
fraction is advantageous
through consistency of perfor-
mance since the residual free
lipid has been ehminated.

An extension of the aer-
ated emulsion model involves
the addition of flour as in the
preparation of batters to be
baked to produce cakes,
sponges etc, The aerated emul-
sion must accommodate the
visco-elastic properties of hyd-
rated flour and subsequently
heat set to yield the finished
product. Egg white protein is
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Figure 9. Summary of special requirements for whey protein products to
be utilised as an ingredient in improved infant milk formulations.

Whey Protein Froduct Optians
Special requirements for food application
as an Infant mifk ingredient Peminer | WEC - 75 beta- | aloha-
-alised fraction | lactal-
Whey bumins
Powder
Alpha-lactalbumins content greater than 85% of X X X /s
total protein
Total solubility at near neutral pH v s v
Bland Flavour v v v v
Stability to heat sterilisation at high whey v Vs v v
protein to casein ratios
Positive/neutral ihfluence on emulsion stability v s 4 v

most frequently used for this
fanction and on the basis of all
other funectional properties
enriched whey protein fract-
ions might be expected to sub-
stitute for egg white protein.
However, experiments have
shown that the whey proteins
in beta fraction appear to in-
teract strongly with flour pro-
tein, so that the foam collapses
when flour is added to the
aerated beta fraction during
preparation of the batter.

Example 3.
Heat set uniform gels

Objective: To provide an adhes-
ive, continuous proteinaceous
matrizwith high elasticity ond
breaking strength and which
also has high water binding
capacity (egg white replacer).

Egeg white protein is used in
the meat and fish products
industries to achieve desired
textured gqualities in manufac-
tured meat and fish products.
To replace egg white protein
stringent functional demands
are imposed, &s shown in Fig-
ure 7.

Asimplefunctional prop-
erty test is used to provide
indicative data on whey prot-
ein produet suitability for such
food structural applications. In
this test a suspension of whey
protein product under defined
conditions of protein concent-
ration and pH is subjected to
heating at 90°C for 30 minutes
before cooling and measure-
ment of textural properties. In
addition, measurements of
opacity and colour coordinates
provide information on protein

organisation and measure-
ments of liquid leakage yield
water holding capacity data.

Figure 7 shows that, as
might be expected, gel stren-
gth increases with protein
concentration. However, the
relationship is not simple. A
critical minimum concentrat-
ion is required before a uni-
form protein matrix can form
and hold together. Small fur-
ther increases in protein con-
centration result in major in-
creases in gel strength.

The effect of non-protein
components can also be discer-
ned from Figure 7. By the
addition of lactose or cheese
whey UF permeate solids a
constant total solids content, of
12.5% w/w was maintained.
The presence of lactose up to
5.5% w/w had relatively small
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effect on gel strength, but
similar quantities of permeate
solids reduced the critical con-
centration for gel formation and
increased the overall gel
strength. Since permeate sol-
ids are predominantly lactose,
clearly minor components can
significantly modulate the
formation and strength of the
resulting heat-set gel.

From Figure 6 it may be
seen that, of the whey protein
products, only beta fraction
satisfies all the functional
demands for application as a
heat-induced gelling agent for
applications such as manufac-
fured meat and fish products.
Detailed studies of the gelat-
ion of purified beta-lactoglob-
ulin in aqueous buffer were
conducted by Mulvihill and
Kinsella (1987) who showed
that the protein was able to
form a uniform clear gel and
that gel strength was depend-
ent on mineral content,
particularly the concentrations
of sodium and calcium ions.
Gel strength data obtained
using WPC and whey protein
fractions reflect this depend-
ency but, in addition, indicate
that it is only the beta-lacto-
globulin amongst the several
whey proteins which contrib-
ute positively to the gel
strength.

Toreplaceegg whiteasa
gelling agent, comparable gel
strength would be necessary.
Since egg white contains 9-10%
protein and typically yields a
gel strength of about 250g, the
resultsin Figure 7 indicate that
beta-fraction may demonstrate
gel strength as much as three
times greater than that of egg
white protein at the same con-
centration.

Consequently, on the
basis of functional property

evaluation, beta-fraction app-
ears well suited to replace egg
white as a heat-induced gell-
ing agent. However, applicat-
ion studies ofbeta-fractionasa
gelling agent are still at an
early stage,

Example 4. Improved
infant milk formulation

Objective: To provide a whey
protein ingredient more closely
resembling human whey prot-
ein for inclusion in infant milk
formulation.

Infant milk formulations bas-
ed on cow milk have been pro-
gressively modified to render
the product composition more
similar to that of human milk.
Thus the current formulation
isimproved with respect tofat,
protein, lactose and minor
agsential nutrient contentsy, the
balanee and levels of minerals
and the ratio of caseins to whey
proteins. Major differences still
exist in the proteins thems-
elves. Human milk casein is
predominantly beta-casein;
alpha-g casein represents the
largest properties of cow milk
casein. Nevertheless, all cas-
eing are present. However, cow
milk whey protein contains
mostly beta-lactoglobulin
whereas this protein is absent
from human milk. The pred-
ominant whey protein of hum-
an milk is alpha-lactalbumin,
Thereis considerable structur-
al homology between human
and bovine alpha-lactalbumins
as shown in Figure 8. There-
fore, highly enriched alpha-
lactalbumin fractionated from
bovine whey provides an oppor-
tunity for significantly further
improving infant milk formula.
While the ingredient spec-
ifications relate substantially

to compositional and nut-
ritional compatibility, certain
functional properties are also
necessary as shown in Figure
9.

The enriched alpha-lac-
talbumin fraction produced via
the thermal fractionation pro-
cedure applied to bovine whey
followed by microfiliration to
remove the lipoproteins, satis-
fies fully the specification for
an ingredient to replace the
currently widely used deminer-
alised whey powder. Further
advantage is gained through
the high protein content of the
enriched alpha-lactalbumin
ingredient since less lactose
and minerals accompany the
protein and therefore permits
greater scope in formulation.
While human milk has a high-
er content of lactose than bov-
ine milk, a low lactose ingred-
ient containing desirable prot-
ein permits special formulat-
jons to be prepared for infants
with low lactose tolerance,
energy being provided from an
alternative source such as
maltodextrin.

The major functional
requirements for infant form-
ulations are total solubility
during preparation and after
thermal sterilisation to enable
bottle feeding. In a milk prot-
ein system containing about
60% of whey protein, protein
instability is more likely when
the majority of the protein is
beta-lactoglobulin. While
alpha-lactalbumin has a lower
denaturation temperature as
measured by calorimetry,ithas
long been recognised that
alpha-lactalbumin is more
stable than beta-lactoglobulin
to heat processing in the
presence of easein; that is, it
remains more substantially un-
complexed in solution (Shukla,
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1973). Thus, enriched alpha-
lactalbumin fractionated from
bovine whey appears to be well
suited for the formulation of
improved infant formula in
respect of both nutritional and
functional properties and for
flexibility of formulation.

Conclusion

Cheese whey proteins have
intrinsically excellent fune-
tional properties, but advanced
manufacturing methods are
needed to reap their advant-
ages.

Functional properties dem-
onstrated by simple physico-
chemical procedures provide
useful indicators for potential
food applications for whey
protein fractions. Never-
theless, applications develop-
ment must follow through
evaluation of model systems
containing all major comp-
onents and prepared with
appropriate methodology.

Special food applications
demand protein ingredients
with stringent functional and/
ornutritional properties. Whey
protein fractions enahle the
intrinsic value of whey to be
realised. Applications enabling
more expensive and less vers-
atile egg white protein to be
totally replaced have been
described together with novel
applications unigque to whey
protein fractions.

Applications development
for whey protein fractions as
food ingredients is still at an
early stage.

Opportunities for new food
forms utilising whey protein
fractions await food technol-
ogists with vision and imag-
ination.
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Casein Macropeptide From Whey -
A New Product Opportunity

S.C. Marshall

CSIRO Division of Food Processing, Highett, Australia 3190

Introduction

Casein macropeptide (CM) is
one of a number of names for
thepeptide splitofffromkappa-
casein by the enzyme chymos-
in (or rennin). This peptide is
also known as glycomacropep-
tide (GMP) or casein-derived
peptide (CDP). It occurs in
sweet wheys, for example ched-
dar cheese and rennet casein
wheys, at about 0.12-0.15%
(1.2-1.5 g/I) and as such com-
prises between 15 and 20% of
theprotein in these wheys. This
may seem a small concentrat-
ion but because the production
of cheddar type wheys in Aus-
tralia is so large, about 1,500
tonnes of CM is potentially
available per annum.

Work on isclation and
characterisation of CM has
been in progress at CSIRO
Dairy Research Laboratory
(DRL) since 1986.

Investigations have
centred on increasing the
purity of CM prepared using
an ion exchange process
developed and subsequently
patented by Skudder and co-
workers (Skudder, 1985; Bur-
ton and Skudder, 1987) and on
developing alternative process-

es not covered by this patent.
Work on uses of this product
initially involved measurement
of basic properties such as sol-
ubility and viscosity. Thiswork
was then extended by examin-
ing the effects of incorporating
CM into a range of food sys-
tems.

Relatively little research
has been done on CM. Until
recently, onlybroad features of
its composition and properties
were known. CM has a molec-
ular weight {(MW) of about 7000
and so compared to most pept-
ides, eg, endorphins whichhave
MW <1000, it is quite large. In
factit comprises almost 40% of
the kappa-casein molecule
from which it is derived, and
may therefore be more accur-
ately described as a small pro-
tein.

It has long been known
that CM is unusually soluble
in acids.

Once the amino acid
sequence became known (Fig-
ure 1, Ernstrom and Wong,
1974), confirmation ofthe pres-
ence of an unusually large
number of acidic side chains
and relatively few basic side
chains was available.

Production of

Casein Macropeptide
Ion Exchange Process

This process involves the sel-
ective adsorption of CM from
various forms of whey onto an
appropriate anion exchange
medium under carefully cont-
rolled conditions of pHandionic
strength. Subsequentrecovery
is achieved by desorption with
dilute acid or salt zolutions.
The preferred ion exchange
medium, called ‘Spherosil
QMA’, consists of highly por-
ous silica spheres coated with
ion exchangers of strong base
functionality. These silica
spheres have anumber of tech-
nological advantages over the
more well known organic poly-
mer ion exchange media but
are very expensive.

The amino acid profiles
of products made at this lab-
oratory using this simple pro-
cedure is fairly close to that
calculated from the actual
amino acid sequence. However,
as shown in Table 1, they con-
tain some aromaticamino acids
not present in pure CM at
concentrations high enough to
limit their usefulness in some
dietary applications to be dis-
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Figure 1.

Amino acid sequence of bovine kappa-casein

PyrGlu - Gin - Gln - Asn -

E Val - {Iyr - Gin -~ He - Pro -
.5 1~ Ser — Arg - Tyr - Pro -
a ﬁ Lys — Ala — Tyr - Tyr - (Pro -
¥
E Pro — Ala ~ Ala — Val - Arg -
& | Met— Thr - Thr - Pro - Gln -

Ala - Arg - His - Pro - His -

.

- Asp — Glo — Asn - Lys — Lys -
=
& | Lys- Thr- Glu- Ile-Pro-
@
=
3 Glu - Leu — Thr — Ala - Val -
S‘ 2
§ Algr—Sr—Pn:v-(}lu--"i'a!—
= Asp 1

Giu - Glu - Glu ~ Pro - Ile - Arg - Cys - Glu - Lys - Asp - Glu
Hle - Tyr - Lys — Ala - Tle - Lys — Asp — Ser — Phe - Phe — Arg
Ser — Tyr — Gly - Leu — Asn - Tyr - Tyr - Gln - Gln - Lys - Pro
Tyr — Pro) - Leu - Phe — Gln — Asn — Asn — Tle — Lea — Ala —-Val
Sar — Pro- Ala - Gln - lle - Leu — GIn - Trp - GIn - Val - Leu
Ala -~ Gln - Cys -~ Ser - Lys ~ Aia— Pro — Val - Thr - Asn — Ser
Pro - His = Leu - Ser.<:Fhe

Probable bonding site

Rennin for N-acetylgalactosamine

+ galactose + terminal
N-acetylneuramini¢ acid.

Pro ~ Pro - [le - Ala - Met

Thr ~ Ile - Asn — Thr - Ile - Ala - Ser - Gly - Glu - Pro - Thr

2
Thr - Ser - Glu - Val - Ala - Gly - :}Slr- Thr - Pro - Thr - Ser
r

Tle ~ Glu - Ser - Pro~ Pro— Glu — lle - Asn - Thr — Val - Gin
HO-Val - Ala — Thr — Ser - Thr - Val'

*Pyrralidonecarboxylic acid.

2Genetic variant xA-casein contains Thr and Asp in residues 136 and 148, xB-casein contains Ile and Ala,
Sources: Jolles at. al, 7368 Jolles ef. al,%™2 Jolles ef. al,®? and Mercier ef. ol

cussed later.

Various further purific-
ation steps developed at this
laboratory have reduced these
concentrations of aromatic
amino acids to between one-
third and one-half of their or-
iginal values (Table 1) and
several further avenues of
investigation are being purs-
uved in order to simplify the
overall process and to improve
the purity of the CM products
still further.

Other Processes

CSIRO is actively developing a
process not covered by the
British patent, This process
does not require the use of
expensive and specialised ion
exchange media and has prod-
uced CM of equivalent or better
purity, The CSIRO process is
now subject to patent action.

Table 1.

Amino acid profiles of casein macropeptide

% Composition

Amino Acid Calculated ex CM ex CMex
A A sequence ion exchange ion exchange
purified
Methionine 1.97 0.95 1.87
Alanine 7.06 4.25 4.94
Iscleucine 10.39 8.59 10.00
Proline 12.16 9.48 1013
Lysine 5.79 7.50 6.16
Asparagine ) -
Aspartic Acid } 6.99 9.04 781
Glutamine } ‘
Glutamic Acid ) 19.38 21.83 21.94
Threonine 17.30 10.80 12.84
Serine 6,94 7.45 710
Valine 9.28 718 7.2
Leucine 1.73 5.90 419
Glycine 0.99 1.34 1.03
Phenylalanine o 2.02 1.19
Arpinine 0 2.62 2.07
Tyrosine 0 1.02 0.52
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Properties of

Casein Macropeptide
Nutritional properties
Several features of the amino
acid profile of CM indicate its
possgible usefulness in a num-
ber of special dietary applicat-
ions,

Firstly, six of the twenty
common naturally occurring
amino acids are abseni. In
particular all the acids with
aromatic side groups, that is
phenylalanine (Phe), trypto-
phan (Try) and tyrosine (Tyr)
are missing. CM is therefore a
suitable protein substitute for
those suffering from heredit-
ary disorders of aromatic am-
ino acid metabolism such as
the various forms of phenyl-
ketonuria (PKU) (Passmore
and Eastwood, 1986). Alsc CM
is rich in amino acids with
branched side chains such as
valine and isoleucine and is
low in methionine. This, com-
bined with the absence of aro-
matic amino acids, makes CM
particularly useful in the
management of severe liver
disease. Finally CM is rich in
some nutritionally important
amino aeids, especially lysine.

In summary, CM forms
the basis of a natural protein
sourcefor the treatment of PKU
and severe liver disease. It
requires only minimal fortific-
ation with synthetic amino
acids and has the additional
advantages of having more
acceptable flavour and likely
lower production cost compar-
ed to the currently available
mixtures of amino acids.

Functional properties

The functional properties of CM
prepared using the CSIRO ion
exchange process were invest-
igated in two ways. First, aqu-

ecus solutions of CM were used
to determine the foaming and
gel forming properties. Then
the effects of incorporation of
CM into food systems were
investigated by preparing a
range of food items including
meringues, biscuits and fruit
jellies. In this work, emphasis
was on production of a range of
food items containing CM
which would be attractive to
infants and children, as the
effects of untreated PKU are
most severe between birth and
adolescence.

Gel formation

In their patent, Burton and
Skudder (1987) claim that a
solution of CM containing 9.3%
protein at pH 4.5 would form a
gel on standing at 20°Cbutnot
on heating to 90°C. Despite
numerous attemptsithasprov-
ed impossible to reproduce the
claimed gel formation at 20°C
with locally preduced CM. At
present this major diserepan-
¢y in behaviour cannot be exp-
lained.

Foaming and

foam stability

The foaming and foam stahbil-
ity properties of CM were
measured by whipping a 10%
protein solution in a domestic
food mixer for eight minutes,

Tmmediately after whip-
ping the increase in volume
due to whipping, or overrun,
was measured by weighing a
known volume of foam. A
further weighed portion was
placed in a funnel and the
drainage after one hour was
measured as an estimate of
foam stability.

The performance of CM
is shown in Table 2 along with
results for egg white and a
locally produced commercial
whey protein concenirate
(WPC).

CM gave by far the best
overrun but was inferior to egg
white in foam stability. The
very poor performance of WPC
was probably due to the rel-
atively high fat content typical
of such products.

Table 2
Foaming & foam stability of proteins

Overrun Foam Stability
Protein % wiw % drainage
after 1 hr
CM 1019 83
Egg white 637 57
WPC 148 100

NOTE: All proteins present at 10% w/w in water at pH 6.0
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Meringues -

Meringues were prepared us-
ing either CM, egg white, or
WPC as the protein source.
(Recipe details: Table 3.) The
stability ofthe whip beforebak-
ing and a large number of att-
ributes of thebaked meringues
were measured, in particular
their appearance and density.

The foam stahility test
was modified by measuring the
time taken for 10 ml of drain-
ings to appear because of the
much greater stability of the
meringue foams. The CM foam
in this real system was the
least stable (Table 3). In prac-
tical terms this was of little
significance however because
of the very high stabhility obs-
erved. As before the CM gave
the greatest overrun which
resulted in the lowest cooked
meringue density.

All meringues were for-
med by extrusion of the whip-
ped mixture through a six poin-
ted star nozzle to produce a
conical shape with a markedly
rippled surface and a sharp
peak on top. The appearance of
the meringues made with CM
and WPC was quite different
and generally inferior to those
made with egg white after
cooking. The egg white merin-
gues maintained their rippled
surface and sharp peaks and
had a smooth, dry and glossy
surface. Both the other typesof
meringue lost all or most of
their ripples and sharp peaks
and tended to spread and flat-
ten a little on baking. Surface
texture was glossy and smooth
but slightly sticky for CM and
dry but rough for WPC. Desp-
ite these differences the CM
and WPC products were inst-
antly recognisable as mering-
ues. No attempt at organolep-
tic assessment was made,
however,

Table 3.

Stability of meringue mixture & density
of cooked meringues

Protein Stability Density
sec/10ml g/ml (cooked)
CM 5,900 0.135
Egg white >50,000 0.208
WpPC 18,000 to 50,000 0.276
MERINGUE RECIPE

Ingredient Mass (g)

Caster sugar 200.0

Protein 18.0

Plain flour 4.0

Vanilla essence 24

Vinegar 48

Water 100.0

Table 4.
Viennese biscuit recipe

Ingredient Mass (g)

Plain flour 146.0

Margarine 118.0

Caster sugar 45.5

Protein (in 12% dispersion) 12.2

Vanilla essence 5.0
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Viennese biscuits

The normal recipe for Vienn-
ese biscuits is shown in Table
4. Biscuits low in Phe were
produced by replacing the plain
flour, which contained 11%
protein and was rich in Phe,
with a mixture of corn starch
(cornflour) and CM of the same
protein content. Biscuits were
also prepared in which the
plain flour was replaced with
corn starch only or a mixture of
corn starch and egg white. After
preparation of the different
biscuit mixtures the various
biscuits were formedby extrus-
ion into a shape similar to the
meringues described above.
Biscuits containing plain flour,
corn starch or corn starch and
egg white baked normally,
retaining their shape and
having the expected soft crum-
bly texture. However the bis-
cuits containing corn starch
and CM completely lost their
shape only two minutes after
baking commenced, becoming
thin discs approximately twice
the diameter of the other bis-
cuits. Their texture was hard
and brittle. Although the CM
biscuits in no way resembled
traditional Viennese biscuits
they were considered to be a
not unattractive product, a
little reminiscent of the well
known brandy snaps or butter-
nut snap type biscuits.

Apple gel

Most fruits and fruit juices are
low in Phe and are acidic and
most infants and children will
eat fruit jellies with little or no
encouragement. Hence fruit
jellies fortified with protein low
in Phe and having good acid
solubility such as CM would
appear to be an ideal protein
source for juvenile PKU suffer-
ers.

5.0 (no protein) 126

Table 5.
Firmness & appearance of protein-fortified
apple gels
Energy Requirement Appearance
pH for 25% compression
mdJ
3.8 37 Opacque-flocculent ppt.
4.0 42 Opaque-flocculent ppt.
4.5 54 Translucent, yellow
5.0 46 Translucent progressively
B.5 51 Translucent increasing
6.0 20 Translucent brown
7.0 29 Translucent colour

Yellow, transparent

APPLE GEL FORMULATION
Ingredient Mass (g)
Apple juice 79.5
Kappsa carrageenan 0.5
1 % KCI solution 10.0
Sugar 90
Protein 1.0

Apple gels were prepar-
ed from apple juice using carr-
ageenan as a gelling agent. At
the natural pH of apple juice,
which was 3.6, relatively poor
gelfirmness was observed with
CM fortified gels, and the CM
formed a floceulent precipit-
ate. A range of gels with pH
between 3.6 and 7.0 were pre-
pared and their appearance
and gel firmness evaluated
(Table 5). The best gels were
produced at pH 4.5, and these
were translucent with a simil-
ar colour to gels prepared with-
out protein. At lower pH the
protein formed flocculent pre-

cipitates and at higher pH the
colour of the gels intensified
and became progressively more
brown.

Attempts to fortify the
gels with other proteins such
as WPC and whey protein frac-
tions were unsuccessful. All
these gels were either comple-
tely opaque or contained floce-
ulent precipitates.

The gels fortified with
CM were considered to be by
farthemostacceptable in terms
of appearance and would prob-
ably only be at a small disad-
vantage in the market place
compared to unfortified gels.
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Conclusions

It is possible to produce CM by
a process not covered by the
British patent of Burton and
Skudder. The CM preparations
made so far are almost but not
quite pure enough to replace
synthetic amino acid mixtures
inthe management of PKU and
severe liver disease. However,
we are confident that we will
be able to produce CM of the
required purity in the near
future.

By virtue of its protein
functionality CM ecan be
presented in a number of
interesting food forms, in
contrast to synthetic amino
acid protein substitutes which
are only available in the form
of relatively unpalatable
beverages.
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New Casein Products:
Fresh Opportunities for the Dairy Industry*

Geoffrey W. Smithers & Rachel S. Bradford
CSIRO Division of Food Processing

Highett, Victoria 3190

Introduction

The preparation and charact-
erisation of two new casein-
derived products are outlined.
First, a membrane processing
procedure for the preparation
of micellar whole casein, as an
alternative to acid or rennet
casein, is described. The pro-
cessinvolves physical separat-
ion of casein micelles from the
substantially smaller whey
proteins and other whey com-
ponents and is based upon the
established principles of ultra-
filtration and microfiltration.
Physical separation of micell-
es from whey proteins results
in a casein product with prop-
erties more reflective of the
natural micelle structure.
Properties of micellar whole
casein, when compared with
acid or rennet casein, include
improved dispersibility and
whitening ability and anticip-
ated increased heat stability
and hydration ecapacity. Sec-
ond, a membrane processing
procedure for the isclation of B-
casein, following physico-
chemical-mediated fractionat-
ion of the total casein protein,
is described, The processinvel-
ves cooling and slight acidifie-

ation of non-fat milk to encour-
age dissociation of B-casein
from the casein micelle, follow-
ed by membrane processing at
low temperature. Under these
conditions the B-casein-deplet-
edmicelles remainin thereten-
tate while the substantially
smaller free B-casein appears
in the permeate. The B-casein
product has the potential to
enter the specialised food ind-
ustry, as an ingredient in
improved infant formulae, or
the pharmaceuticalindustry as
the source material in the
preparation of biologically-act-
ive peptides, such as PB-caso-
morphinegs,

Milk - A Valuable

Raw Material

Development of new dairy
products, as well as improve-
ment of presently available
products, for ever more discer-
ning and competitive local and

¥ This work was supported
by o grant (CSt 53) from
the Dairy Research and
Development Corporation
of Australia.

foreign markets currently pro-
vides the Australian dairy
industry with many challeng-
es (Cassar, 1989). In order fo
meet these challenges our re-
search and development must,
be designed to maximise the
efficiency of current processes
to improve the quality of est-
ablished products and to seek
out new and innovative ways
to utilise the myriad of milk
components. The latter object-
iveprobably offersthe greatest.
potential rewards.

Work from our labor-
atory has focussed, in partic-
ular, on new initiatives in the
utilisation of milk protein
components. In this endeav-
our, we have taken the view
that milk, the most basic com-
modity of the dairy industry, is
not merely a consumable but
rather a very valuable raw
material, rich in a variety of
proteins that in various forms
of isolation will yield new
‘value-added protein produets.
These products will have pat-
entially increased nutritional,
functional and biclogical value
to the food and related indust-
ries and increased commercial
value to the dairy industry.
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Various protein fract-
ions have been recovered from
whole milk since ancient times
and are nowadays considered
essential constituents of a
variety of manufactured food
products. The casein proteins
havetraditionally provided the
food industry with ingredients
important to the nutrition,
structure, texture and appear-
ance of many processed foods
and confectioneries. Caseins
accountfor approximately 80%
of the total protein in bovine
milk and are represented by
four primary gene products:
os,-casein, oOs,-casein, [-cas-
ein and x-ecasein. These gene
products aggregate to form
large oligomeric complexes
termed submicelles. In the
presence of calcium, inorganic
phosphate and other minor
inorganic components, the
submicelles further aggregate
into large macrostructures
called micelles (Schmidt, 1982),
Solutions of these micelles
appear ‘milk-like’ and repres-
ent a stable colloidal dispers-
ion. A schematic representat-
ion of this structural hierarchy
is shown in Figure 1.

In the absence of dis-
ease, essentially all the casein
secreted into bovine milk is
found associated in the mic-
elles. Thus, as would be expec-
ted, functional and biological
attributes of casein-derived
fractions will be governed pri-
marily by the molecular struc-
ture and associated physical
and chemical properties of the
micelles. Nevertheless, only
two basic properties of the
casein micelles are currently
utilised in the dairy industry
to yield protein products for
the food and other industries.
Specifically, these properties
are isoelectric precipitation of

Figure 1.

Schematic representation of the structural hierarchy of the
casein proteins in bovine milk. The four primary casein gene
products (o5, os,, B and ) associate to form submicelles
(approx. 30 casein monomers}, which in the presence of
inorganie components further associate to form casein micelles.
Partially adapted from Schmidt (1982).
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the micelles at pH 4.6 and
enzyme-induced coagulation of
the micelles following proteo-
Iytic treatment with rennet
(Muller, 1982). Indeed, the
commercialmethodology assoc-
iated with the preparation of
casein productsusing these two
properties has not changed
significantly over the past 20-
30 years.

Recent advances in
membrane technology for the
large-scale manipulation of
milk and milk proteins provide
a climate within the dairy

industry conducive to exploit-
ation of other inherent proper-
ties of the casein micelles in
the preparation of new casein
products with expanded comm-
ercial applications.

Micellar Whole Casein
Production:

Physical Manipulation

of Total Milk Protein
Irreversible chemical alterat-
jon of the natural casein mie-
elle structure through the act-
ion of proteolytic enzymes or
acid forms the basis of estab-
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lished proceduresfor the manu-
facture of edible easein and
caseinate from non-fat milk
{Muller, 1982). Acid or enzyme
treatment of milk induces coag-
ulation of the casein micelles
and facilitates their separat-
ion as curd material from the
soluble whey proteins. By con-
trast, an alternative proced-
ure for the preparation of ed-
ible casein, currently under
development in ourlaboratory,
relies upon physical separat-
ion of the whey proteins and
other whey constituents from
the casein proteins in their
natural micellar form. Indeed,
present-day commercial tech-
niques for the manufacture of
casein destroy the casein mic-
elle, while the current process-
ing procedure is designed to
maintain the micelle structure
along with its unique propert-
jes. The new casein-derived
product has been termed mie-
ellar whole cagein.

The rationale for the
process resides in the stark
physical differences between
the caseins and whey proteins
as they exist in milk (Table 1).
(Caseins are present as a coll-
oidal dispersion of micelles with
molecular weights substantial-
ly greater than 10 million
(Figure 1, Table 1), whereas
the whey proteins existasmuch
smaller, globular and soluble
species. The major whey prot-
eins (B-lactoglobulin and (o-
lactalbumin) have molecular
weights < 50,000. The process
for the preparation of micellar
whole casein exploits these
differences, particularly the
gize differential (Table 1) and
is based upon the established
principles of ultrafiltration and
microfiltration, separation of
the cagein micelles from the
whey proteins being effected

Table 1. Some Physical Properties of Caseins versus
Whey Proteins as found in Bovine Milk,

Milk Protein Class Nature in Milk Molecular Size

(daitons)
Casein Colloidal micelle =107
dispersion
Whey Soluble, globular << 108

L

Table 2. Chemical Analysis of Dried Products
following High Porosity Membrane Processing
of Bovine Non-Fat Milk.

Product Protein Fat Ash
(%, wiw)

Micellar whole casein 73.2 1.3 8.3

Protein permeate® 73.8 0.5 6.1

2 Prior to lyophilisation the permeate was subjected to
diafiltration (3:1) with demineralised water.

]

Figure 2.
Visual appearance of non-fat feed material and whey
protein-enriched permeate and casein-enriched retentate
following high porosity membrane processing of bovine
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through the use of appropriate
‘porous’ membranes. This pro-
cedure has been termed high
porosity membrane processing
(HPMP).

Recent trials of the
suitability of HPMP in the
manufacture of micellar whole
casein, using a commercial
pilot-scale microfiliration plant
have demonstrated that mem-
brane-based physical separat-
ion of whey from casein micell-
esinmilkis commercially feas-
ible. The visual appearance of
the whey-enriched permeate
and casein-enriched retentate
following HPMP of non-fat
bovine milk using the plant
are compared with the feed
material in Figure 2, Analysis
of both product streams by
polyacrylamide gel electro-
phoresis (Figure 3) indicated
that the retentate was highly
enriched in casein and sub-
stantially depleted in whey
proteins; while the permeate
was rich in whey proteins,
including both major (8-
lactoglobulin, o-lactalbumin)
(see also Smithers et al., 1990)
and high molecular weight
minor (e.g., lactoferrin) spec-
ies (see lane WI, Figure 3).
Casein contamination of the
permeate (Figure 3) most like-
ly reflects the presence of some
small micelles.

Utilisation: chemical ana-
lysis, functional properties
& potential applications

Results of gross chemical ana-
lysis of micellar whole casein
and the protein permeate co-
product are presented in Table
2. Both products have protein
contents in the region of 75%,
coupled with low fat levels,
particularly the protein perm-
eate powder. The high ash
content of micellar whole cas-
ein most likely reflects inorg-

Table 3.
Some Physical Properties of B-Casein versus ff-Casein-
depleted Micelles from Bovine Milk,

Milk Protein Nature Molecular Size
(daltons)
B-Casein-depleted Colloidalmicelle >108(7)
micelles digpersion
Free B-casein Soluble 2.4x10¢
(monomer)
Table 4.

Some Structural Properties, and Projected Funectional
Attributes and Applications of Fractionated B-Casein

Structural Properties

Functional Properties/
Applications

Small amphipathie molecule...
* 24,000 daltona
* polar N-terminal domain
* hydrophobic C-terminal
domain

Primary casein econstituent of
human milk=...
* gequence homology between
bovine and human proteins

Regions of sequence corresponding
to 'biologically-active’ peptides

2gee Table 5.

Surface active ingredient...
* foaming
* foam stabilisation

Nutritional ingredient...

* 'humanised’ infant
formulae

Therapeutic product...
* morphine-like peptides
* immunostimulant peptides
* mineral absorption

* anti-hypertensive peptide

anic material (e.g., ealcium,
magnesium, phosphate) assoc-
iated with the micellar nature
of this product.

Functional properties
of both products, as assessed to
date, are reflective of the nat-
ure of the preparative proced-
ure and the results of chemical
analysis(Table 2, Figure 3)and
can be used to forecast potent-
ial applications, Thus, micell-

ar whole casein should find use
as an ingredient in manufact-
ured foodstuffs where the ex-
cellent dispersibility and whit-
ening ability (gualitative ass-
essment), good solubility (data
not shown) and anticipated
heat stability and hydration
capacity of the product would
be of value. Such foods include
low-fat or non-fat coffee whit-
ener, yoghurt, ice-cream and
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manufactured meats, The
foaming ability of the protein
permeate (570%foam overrun)
compares favourably with a
commercial whipping agent
{All Whip™, 580% foam over-
run) and reflects the low tat
content and high protein level
of the co-product {Table 2).
Thus, this by-product of the
manufacture of micellar whole
casein should find application
as an ingredient in aerated
confections, The protein perm-
eate may also prove a valuable
source material in isolation of
the individual whey proteins,
For example, purified o-lacta-
Jhumin will command a high
price as the major whey prot-
ein ingredient in improved
infant formulae (see Table 5).

Fractionated Whole
Casein: Beta-Casein

Production:Physico-
chemical-mediated
fractionation of casein
Intact casein micelles can be
manipulated through simple
chemical or physical treat-
ments, such as mild acidificat-
ion or a reduction in temperat-
ure or a combination of both
(Creamer et al., 1977; Dalg-
leish and Law, 1988). These
treatments disrupt the integ-
rity of the native micelle resul-
ting in dissociation of individ-
ual casein constituents and
provide a facile and novel app-
roach to casein micelle manip-
ulation and fractionation.

In practical terms,

Dalgleish and Law (1988)
showed that by simply lower-
ing the pH (5.3 - 5.2) and tem-
perature (4°C) of bovine milk
up to 80% of micelle-bound -
casein (and other B-casein-
derived species termed ycas-
eins) could be solubilised.

The development of a
commercial process for isolat-
ion of the dissociated B-casein,
currently being pursued in our
laboratory, has exploited the
stark physical differences bet-
ween free f-casein and the p-
casein-depleted micelles (Table
3). While there is doubt as to
the exact structural nature of
the B-casein-depleted micelles,
evidence suggests that these
species still exist in micellar
form (Creameretal., 1977) with
molecular weights most likely
below one million. On the oth-
er hand, free monomeric [3-
casein is a relatively small
molecule (Table 3). Exploitat-
ion of the substantial size diff-

— erential between dissociated B-
casein and the modified mie-
elles, together with the use of

) Table 5. . . HPMP (see above) atlow temp-
Comparlson'of the Protein Con.'nposmlon erature, has resulted in the
of Bovine and Human Milk® isolation of small quantities of
. . B-casein-enriched whey per-
Protein Composition (g/L) ; B ;

Bovine Milk Huraan Nilk meate from non-fat milk,
Utilisation: structural/
Casein 28 3.2 functional properties and

o, 10.0 negligible potential applications
as, 2.6 negligible The unique structural attrib-
B 9.3 2.2 utes of B-casein provide an
Y 0.8 indication of the functional
K 3.3 0.9 properties and potential areas
B-Lactoglobulin 3.2 negligible of application of a P-casein-
o-Lactalbumin 1.2 2.8 enriched product, notonly asa
Serum Albumin 0.4 0.6 foodingredientbutalsoinnon-
Immunoglobulins 0.7 1.0 traditional dairy protein mark-
Lactoferrin =(.1 2.0 ets, such as the pharmaceutic-
Lysozyme negligible 0.4 alindustry. Structuralfeatures
of B-casein and predicted fune-
2 Tabulated from data presented in Jenness (1982} tional properties and areas of
and Farrell and Thompson (1988). application, are summariged in

L Table 4.
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Functional Food In-
gredient. [-casein is a small
amphipathic molecule cont-
aining a highly polar N-term-
inal domain, distinctly separ-
ate from the C-terminal hyd-
rophobie region (Swaisgood,
1982). Such a detergent-like
nature confers upon the mole-
cule‘surface-active’ attributes.
Associated properties, of part-
icular relevance to the food
industry, include foaming,

foam stabilisation and emulsi-
fication (Table 4).

Nutritional Food Ing-
redient Contrary to popular
belief, of the total protein found
in human milk approximately
30% is casein (Table 5). B-cas-
ein represents the vast major-
ity of this casein protein (70%)
followed by x-casein (27%) with
only negligible quantities of o-
casein present. By contrast, of
the casein protein found in

bovine milk approximately 50%
is o-casein (Table 5). Thus,
efforts to develop a baby food
that more closely matches the
protein makeup of human milk
must not only address the iss-
ue of whey protein content (e.g.,
levels of o-lactalbumin, B-lacto-
globulin, lactoferrin), but also
the question of total casein
content and the relative levels
of individual casein constit-
uents (Table 5). Availability of

Figure 3.

Sodium dodecyl sulphate polyacrylamide gel electropherograrn of the whey-enriched
perrneate (W) and casein-enriched retentate (C) following HPMP of bovine non-fat mitk.

Electrophoresis was carried out using a Pharmacia PhastSystem and a gradient (10 - 15%)
PhastGel. Lanes W1 - W3 contained 2.0, 1.0, and 0.5 llg protein, respectively; and lanes Cl - C3
contained 2.4, 1.2, and 0.6 ~g protein, respectively. Subunit molecular weight standards (S)
include alactalburnin (14,400), soybean trypsin inhibitor (20,100), carbonic anhydrase (30,000),

¢ High
mol. wt.|

ovalbumin (43,000), bovine serum albumin {67,000), and phosphorylase b (94,000).

o-lactalbumin
8-lactoglobulin -

casein
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a bovine B-casein product will
allow development of ‘tailor-
made’ infant formulae that
more closely match the casein
makeup of human milk (Table
4),

Therapeutic Product.
The primary structure of B-
casein ig rich in a2 number of
short amino acid sequences
that correspond to peptides
with established biclogical and
physiological activities (Migli-
ore-Samour and Jolles, 1988;
Maubois and Leonil, 1989). For
example, various penta-,
hexa-, hepta- and octa-
peptides, corresponding to
regions of the amino acid
sequence 60 - 68 in f-casein
(Tyr - Pro-Phe- Pro-Gly - Pro
- Tle - Pro- Asn), express both
opioid (B-casomorphilles) and
immunostimulatory activity.
In addition, the highly
phosphorylated sequence 14 -
20 (Glu -SerP - Leu - SerP -
SerP - SerP - Glu) corresponds
to a peptide that may play a
roleintheintestinal absorption
of minerals (e.g., Ca?*) and the
region 177-183 (Ala- Val - Pro
-Tyr - Pro - Gin - Arg) appears
to possess antihypertensive
activity (Table 4). The
availability of abovine B-casein
isolate will not only provide
the pharmaceutical industry
with a source material suitable
for isolation of these peptides,
but also the means for a dairy
protein to enter a non-
traditional market.

Conclusions

The Australian dairy industry
can meet the challenges of
industry deregulation and inc-
reased competition on anation-
al and international level, at
least in part, through develop-
ment of ‘value-added’ dairy
protein products. The bovine
casein proteins offer tremend-

ous scope for the development
of such products. Rather than
depend solely on established
casein-derived preparations,
such as cheese and acid or
rennet casein, the industrynow
has the opportunity to develop
high value, ‘tailor-made’ cas-
ein products with applications
pot only in the food industry,
but in non-traditional dairy
protein outlets. Two such prod-
ucts are currently under dev-
elopment in our laboratory.
Micellar whole casein, prepar-
ed using a process designed to
maintain the natural micelle
structure, should find use as
an alternative to acid orrennet
casein. f-casein, prepared
using a simple fractionation
process, should find use as a
functional and nutritional in-
gredient in the food industry
andin the preparation of phys-
iologically-active peptides by
the pharmaceutical industry.
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Lactose Utilisation

J. G. Zadow,

CSIRO Division of Food Processing,
Highett, Victoria, 3190, Australia

Introduction

This paper addresses the use
of lactose in a range of food-
stuffs. The structure, chemieal
and physical properties of lae-
tose are discussed and comp-
ared with other saccharides.
The utilisation of lactose in a
range of foods, including in-
fantfoods, confectionery, meat,
packed goods and biological
media, are outlined. Some
hutritional aspects are also
congidered. Ifig concluded that
increased utilisation of lactose
will probably be the result of
developments in infant food
and confectionery, together
with its application as a feed-
stock for the production of lac-
tose hydrolysed products and
fermented products.

General Considerations
The utilisation of the lactose in
by-product streams from
cheese and casein manufact-
ure remains one of the dairy
industry’s most difficult prob-
lems. Until recently, the major
source of lactose hasbeen whey
from the manufacture of cas-
ein and cheese. However, the
development of ultrafiltration
(UF) technology for the proc-

essing of milk and whey is
resultingin a rapid increase in
the production of UF permeate
high in lactose content. This
trend is certain to continue as
UF technology continues to be
more widely applied to cheese
making and to the production
of whey protein concentrates
{WPC). The increased volume
of permeate so produced will
have important implications
regarding the utilisation of
lactose.

In the past, the process-
ing of wheys has generally
aimed at utilisation of the
protein fraction, as this att-
racts the highest economic
return. Thus, WPC manufac-
ture is aimed at maximising
utilisation of the protein in
whey, To date, the utilisation
of the protein-free permeate
from the UF of milk or whey
has to a large extent been ig-
nored. However, with the inc-

reased use of UF in cheesge

Reprinted by permission
of Kluwer Academic Publishers.

Milk - The Vital Force, pp. 737-48
© 1987 by D. Reidel Publishing
Company.

making resulting in the prod-
uction of larger volumes of
permeate rather than whey,
increased emphasis is likely to
be given to permeate utilisat-
ion. Because permeate is virt-
vally protein free, potential
returns for the product are
significantly lower than for
whey and applications within
the food industry are more
restricted.

Theincreasingrole of UF
in the production of permeate
has been outlined by Teixeira
et al. (1983a). These authors
reported that whilst the pot-
ential market for whey protein
concentrates in the USA is
about ten times the 15 thous-
and tonnes used in 1981, by
1986 the demand for lactose
would haverisen by only about
25% over the 1981 production.
They strongly suggested there-
fore that new applications be
developed for the utilisation of
lactose permeate from UF.,

World cheese whey sol-
ids production is currently at
least 9,000,000 tonnes per
annum, These solids contain
gbout 4,000,000 tonnes of lac-
tose. Currently, commercial
utilisation of lactose is about
200,000 tonnes per year. Much
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of the residual lactose is util-
ised directlyin the form of whey
- as animal food, in spray dried
whey or disposed of ontheland
or by sewage treatment.

There is little informat-
ion available regarding the
utilisation of lactose by indiv-
idual countries, or on a world
basis. However, it is likely that
major users include the man-
ufacturers of infant foods and
the pharmaceutical industry,
where the ability of lactose to
be meulded into tablets and
pills is beneficial.

World demand for lact-
oseisconsidered to beinelastic
and thus any significant inc-
rease in production would like-
ly result in a sharp reduction
in price. For this reason, there
hasbeen some tendency for the
dairy industry to utilise lact-
ose as a raw material for the
manufacture of other more
valuable products. However,
this approach often requires
the injection of considerable
capital, as well as the assess-
ment of alternative technolog-
iesandthe development ofnew
markets.

However, there are still
many useful applications for
lactose within the food induost-
ry and these continue to be
developed. Some of these app-
lications are outlined in review
articles by Teixeira et al.
(1983b); Cotonetal. (1982) and
Mann (1984).

Many of the uses of lact-
ose by thefood industry rely on
its particular characteristiesin
comparison with other sugars.
Forexample, lactoseis auseful
carrier for flavour and colours
and this has led to its utilisat-
ion in produects such as sachet
wafers, seasonings and baked
goods. The confectionery ind-
ustry uses lactose to obtain

desired end products propert-
ies, relying on lactose to alter
the crystallisation character-
1sties of other sugars. The red-
ucing nature of lactose, coup-
led with the fact that it is not
fermented by bakers’ yeast
means that it offers unique
properties to the baking ind-
ustry. The addition of lactose
will increase the browning of
the crust and, since lactose is
not fermented during bread
making, any other functional
properties conferred by the
lactose will not be lost during
manufacture. In beer, lactose
may be also used as a means
for improving organoleptic
gquality, as it is not fermented
by beer yeasts.

Lactose may alsobe used
as a substrate in the product-
ion of penicillin, as seed mater-
ial in the manufacture of con-
centrated and condensed milks
and as a raw material for the
production of specialty chem-
icals and in some fermentat-
ions,

Properties of Lactose

Structure

Essentially, the sole source of
lactose is the milk of mammals
{other sources arerare,butitis
also found as a component in
the polysaccharides of some
flora). Itis adi-saccharide that,
on hydrolysis, yields D-glucose
and D-galactose. The two
mono-saccharides are linked
through the aldehyde group of
d-galactose; thus the aldehydic
portion of lactoseis attached to
the glucose moiety. The struc-
ture of lactose is shown in
Figure 1.

" Lactose exists in two
isomeric forms (anomers),
alpha and beta, which differ
only in the configuration of the
substituents on thenumber one
carbon atom of the glucose
residue (Figure 2). The solub-
ility of these two forms is sig-
nificantly different - the sol-
ubility of the alpha form is
about 7g/100g at 15°C, where-
asthatofthebetaformisabout

CH,OH

OH o
OH H

H H
H OH

Figure 1

Structure of Lactose

CH,OH
H o H
H
OH H
OH
H OH
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50g/100g. On dissolution of
lactose, mutarotation oceurs,
yielding a solution containing
about 63% beta-lactose. On
concentration, some alpha-lac-
tose will precipitate and fur-
ther mutarotation will occur,
with conversion of soluble beta-
lactose to alpha-lactose. As
crystallisation proceeds, this
process continues, yielding a
product mainly composed of
alpha-lactose monohydrate.
The composition of the product
so obtained will therefore de-
pend on the rate of two com-
peting equilibria, the rate of
conversion of soluble beta-lac-
tose to soluble alpha-lactose
and the conversion of soluble
alpha-lactose to alpha-lactose
mono-hydrate crystals.
Alpha-lactose crystallis-
es as a hydrate; however, beta-
lactose contains no water of
crystallisation. When lactose
solutions are dried rapidly,
there may be insufficient time
for erystallisation of the alpha-
lactose to alpha-lactose hyd-
rate to occur. The dry lactoseis
then in a form similar to that
present in the liquid. A num-
ber of studies have confirmed
that lactose in rapidly dried
dairy products is in the form of
a mixture of beta-lactose,
alpha-lactose mono-hydrate
and amorphous alpha-lactose.
Neitherbeta-lactosenoralpha-
lactose mono-hydrate are hyg-
roscopic. However, anhydrous
alpha-lactose is highly hygro-
scopic and absorbs water from
the air, forming the hydrate
that occupies more volumethan
the anhydrous form. This is
the cause of the caking and
lumping observed in many
dried dairy produects.
- These characteristics
need to be taken into account
during manufacturing process-

—O H
H OH
OH
Alpha form

Figure 2
Alpha & Beta Forms of Lactose

— O\ _OH
H /|
H
OH
Beta form

esifdifficulties are to be avoid-
ed. Normal procedures for the
manufacture of ‘non-hygro-
scopic’dairy products generally
involve the conversion of much
of the lactose into a crystalline
form prior to drying. This can
be achieved by holding the
concentrate under fixed con-
ditions to allow for the form-
ation of alpha-lactose hydrate
crystals. As an alternative,
technigues similar to “instant-
ising’ can be employed, where
the surface of the product is
humidified or the particles
dried partially to permit
crystallisation of the lactose
before final drying.

Sweetness and solubility

Lactose is much less soluble
and much less sweet than sue-
rose. These properties subs-
tantially restrict its range of
applications in the food indus-
try as an alternative sweeten-
er. The relative sweetness and
solubility characteristies of
lactose, glucose, galactose and

sucrose are shown in Table 1
(Pazur, 1970; Shah and Nick-
erson, 1978). However, relat-
ive sweetness varies with con-
centration and thus the values
shown in Table 1 should be
taken only as a guide. The
sweetness of lactose increases
with concentration more rapid-
ly than does the sweetness of
sucrose, although there
appears to be little difference
in the effect of concentration
on the sweetness of lactose,
glucose or galactose. It is gen-
erally accepted that beta-lac-
tose is sweeter than alpha-lac-
tose, but atlow concentrations,
it is not significantly sweeter
than the equilibrium mixture.
The development oflact-
ose crystallisation in frozen
foods may lead to undesirable
calcium-protein interactions
and instability (Muir, 1985). A
number of options to improve
freeze-thaw stability of lactose
containing frozen products are
open to the food formulator,
including lactose hydrolysis.
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Manufacture of Lactose
Itisnotmy intention to discuss
the manufacture of lactose in
detail. The principles for the
manufacture of lactose were
outlined aslong ago as 1895 by
Zirm (1895) and then by Aufs-
berg (1910). The principles
described by these authors for
the mannfacture of lactose
remain relevant today. Teday,
the technology for production
of lactose can be purchased
from a number of experienced
equipment supply companies.
In general, production of lac-
tose involves protein removal
(for example by liming, heat
treatment and filtration), con-
centration of the mother lig-
uor, refiltration, further con-
centration, induction of crys-
tallisation and removal of erys-
tals by centrifugation. Contin-
uous systems have not been
successfully developed to com-
mercial application as yet.

In the batch crystallis-
ation procedures, about 50%
recovery of the lactose is ach-
ieved and the mother liquor
may be sold as delactosed whey
powder. It should be noted that
permeate from the UF of milk
or whey is an ideal raw mater-
ial for this process, as it does
not require removal of protein.

Lactose Utilisation

Infant foods

The only source of carbohyd-
rate in mammalian milk is
lactose and lactose is also a
major contributor fo energy
requirements during infaney.
Lactose is hydrolysed only
slowlyin the intestines, result-
ing in a steady energy supply
and a comparatively constant
blocd glucose level between
feedings. The replacement of
lactose by glucose (for exam-

ple) in infant diets would re-
quire a greater response from
the insulin system, with risks
of over secrefion of insulin and
consequently low blood sugar
levels. It is also believed that
lactose assists in the develop-
ment of a favourable environ-
ment in the intestine, result-
ingindevelopment oflacticacid
flora, which may inhibit the
growth of pathogenic flora and
also has a useful effect of cal-
cium absorption.

Some of the differences
between human and cow milk
are outlined in Table 2 (Visser
et al. 1986). It is common prac-
tice to fortify infant foods bas-
ed on cow milk with lactose

because of the difference in
lactose content between hum-
an and cow milk.

There is extensive liter-
ature available on the formul-
ation of infant foods, including
useful reviewsby Mann (1977),
Mathur and Shahani (1979)
and Ulrich (1976). The prepar-
ation of a food for premature
infants based on whey protein
concentrate, lactose, malto-
dextrin, vegetable oils, glycer-
ol mono-stearate, lecithin and
oil vitamin concentrate has
been outlined by Lucas and
Barr(1985). The processinvol-
ves clarification, pasteurisat-
ion, homogenisation and heat-
ing. The food contains more

Table 1
Sweetness and solubility of lactose
Relative Solubility
Sweetness* 00 lution)®
weetnes {g/100g sclution)
10°C 30°C 50°C

Sucrose 100 66 69 73
Lactose 16 20 30
D-Galactose 32 28 a5 47
D-Glucose 74 40 54 70
D-Fructose 173 — 82 a7

“Pazur 1970, *Shah and Nickerson, 1978.

Table 2
Some attributes of human and cow milk

Human Cow

Solids (%) “Tatal 12.4 124
-Lactose T2 48

Calorific Value -Total 263.7 272.1
(kJ/10OmL) -Lactose i21.4 77.4
Osmotic Pressure -Total 239.0 221.0
{mOsm/L} -Lactose 210.0 134.0

Adapted from Visser, Van den Bos and Ferguson (1986).
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than 160 microg/100u ribo-
flavin and may be beneficial to
infantsundergoing photo-ther-
apy.

Confectionery

The confectionery industryisa
major user of lactose (Spurg-
eon 1976; Riedel and Hansen,
1979; Mann, 1982; Estelmann,
1984)., Recent reports have
outlined the use of lactose in
fondant at Meggle Milchind-
ustrie (Anon, 1984). The incor-
poration of lactose into fond-
ant (usually comprising suc-
rose, glucose syrup and water)
and the use of microfine lact-
ose in fondant fillings were
studied by these workers.
Manufacture of a lactose cont-
aining fondant was achieved
by bringing the lactose and
sucrose into solution and erys-
tallising them together. Alter-
natively, microfine lactose,
could be introduced to prepar-
ed fondant with further mix-
ing. Inclusion oflactosein fond-
ants resulted in control and
reduction of sweetness, intens-
ification of whiteness in fond-
ant and economies in operat-
ion. Meggle Milchindustrie
(Anon, 1985) have also report-
ed a lactose containing a spec-
ial ingredient for toffee and
fudge.

Boesig and Pritzwald-
Stegmann (1981) have dese-
ribed the use of a mixture of
sucrose and lactose for sugar
coating of cores (e.g. chocolate
buttonsorhazelnuts), The ratio
of sucrose to lactose examined
covered the range 80:10 to
50:60. Lactose suppressed
sucrose crystallisation allow-
ing the coating tobe effected at
lowertemperatures and redue-
ing the sweetness of the coat-
ing.

Baked goods

The applications of lactose
within the baking industry are
determined to a large extent
by the reducing nature of lact-
ose, coupled with the fact that
it is not fermented by bakers
yeast. The addition of lactose,
for example, will increase the
browning of the crust, which is
often highly desirable. Luksas
(1984)hasreviewed the applic-
ations of lactose-based prod-
ucts in the baking industry.
Harper ef al. (1984) examined
the use of whey-based prod-
ucts in breadmaking and con-
cluded that lactose concent-
ration was not related to the
loafdepression associated with
use of some whey-based prod-
ucts.

Meat

Although the application of
lactese in meat products would
appear to have considerable
potential, there iscomparative-
ly little information concern-
ing such uses in the literature.
Pinel (1981) has considered
various possibilities in a re-
view article. Lauck and Mela-
chouris (1983) have outlined
the manufacture of a deprotein-
ised whey-based product con-
taining 40t0 50% lactose which
is particularly suitable for
addition to comminuted meat
products as a flavour enhanec-
ing and binding agent.
Scharner et al. (1981) have
described a lactose-containing
product which may be added to
raw sausage formulationsasa
carhohydrate source for the
starter culture.

Cultures and

biological materials
Lactose fractions derived from
whey UF permeate have been
recommended as aningredient

for a wide range of culture
media for bacteria or fungi
(Keggins et al., 1984).

The use of milk-based
powders for the drying of start-
erbacteria hasbeen studied by
Harju et al. (1983). Dried mitk
products were used to absorb
the water and this technique
was compared with freeze
drying and spray drying. Prop-
ionibacterium freudenreichii
and Lactobacillus helviticus
were dried successfully by the
sorption method, with surviv-
al rates of more than 50%.
Freeze drying was more suce-
essful fer Streptococcus lactus.
Spray drying was unsuitable
for all three organisms.

Miscellaneous
Lactosehasbeenrecently sugg-
ested for as an ingredient in
coffee creamers (Moran and
Halstead, 1981), dietetic agents
(Kowalsky and Scheer, 1981),
edible gel products, (Le Grand
and Paul, 1981), food release
agents (Noborio and Maeda,
1981), ketchups and sauces
{Dordevicet al., 1981), a water
miscible starch based product
(Gasser and Badertscher,
1981).

The firming of veget-
ablesby addition of lactose was
studied by Jelen and Chan,
1981). Blanched carrots, green
beans and peas were retorted
at121°Cin 2% sodium chloride
brine containing 0-15% lact-
ose. After 37 and 68 days, hard-
ness of the vegetables was
evaluated. Inereasing lactose
content correlated significant-
ly with average hardness of
peas and beans and, to alesser
extent, carrots. All samples
from brines containing more
then 8% lactose showed higher
average hardness than those
containing less or no lactose.
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The increase was noticeable to
an untrained panel.

Eisenstadt (1981) has
sugeested the use of lactose in
di-peptide sweetener formul-
ations to give a product app-
roaching thenatural sweetness
of glucose and requiring the
minimum addition of di-pep-
tide sweetener,

Nutrition

Lactose malabsorption
Lactose malabsorption and its
implications for the develop-
ment of lactose hydrolysed
products has been recently
reviewed by Hourigan (1984),
amongst others.

Calcium absorption

There is much evidence that
dietary lactose assistz the
absorption of calcium {(Allen,
1982; Schaafsma, 1983). The
enhancement of calcium
absorption by lactosze is due to
increased passive diffusion
(Allen, 1982), but beyond that,
the mechanism is uncertain,
The effect is thought to be due
to the metabolic by-product of
lactose,lactic acid (rather than
lactose itself), as consumption
of sour milk also improves cal-
cium absorption, The mechan-
ism may involve a decrease in
pH in the intestinal tract as a
result of fermentation result-
ing in increased solubility of
caleium increasing transport.
Part of the effect may be due to
the formation of soluble com-
plexes between calcium and
lactose (Renner, 1983). Other
work has not supported these
suggestions however. Experi-
ments with rats showed that
the effect was not due to a
lowering of pH by fermentat-
ion or to stimulation of intest-
inal metabolism by lactose
(Wasserman and Lengemann,

1960). Further, the suggestion
that lactose forms a complex
with caleium increasing absor-
ption (Charley and Saltman,
1963) is not supported by the
lack of the necessary detailed
structure in lactose (Angyal,
1974), It is does remain clear
however that milk is the most
concentrated and available
form of dietary calcium.

Intestinal flora

During digestion, lactose is
virtually unhydrolysed in the
stomach and little is absorbed
in theupper section of thelarge
intestine. However,inthenext
portion of the intestine it is

cleaved by the enzyme lactase
and the resulting mono-sacch-
arides provide a useful subs-
trate for the body’s flora. The
lactic acid so produced results
in development of acid condit-
ions believed to be desirable to
inhibit the growth of many
putrefying bacteria, allowing
their replacement with acido-
philic flora.

Conclusions

Increasing markets for the
utilisation of lactose as such
willremain difficult. Its applic-
ations are limited by its low
sweetness and low solubility
and, as such, lactose has little

Table 3

Some options for lactose utilisation

Hydrolysed lactose
Itaconic acid
Lactase

Lactic acid

Lactic polymers
Lactito]
Lactobionic acid
Lactose erystals
Lactose foams
Lactase polymers
Lactosyl urea
Lactulose

Melic acid
Oligosaccharides
Polysaccharides
Single cell protein
Vitamins

L

Product Applications
Acetic acid Foods
Acetone Various
Aleohol Foods, energy
Amino acids Various
Antibioties Medical
Butanol Various
Citric acid Foods

Food oils Animal feeds
Fuel gas Energy
Galactaric acid Various
Galatonte acid Various
Gibberellic acid Plant hormones
Glucaric acid Varicus
Gluconic acid Various

Sweetener, lactose malabsorbers
Various

Enzyme applications

Foods

Biodegradable plastics, prosthetics
Non-nutritional sweetener
Chelating

Food, tablet binder

Insulation

Surfactants

Ruminant feeding

Infant nutrition

Various

Medical

Food gums

Various

Food fortiflcation
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in the way of specific advant-
ages to offer to the food manu-
facturer.

Increased utilisation of
lactose is more likely to come
about through a development
of further applications in the
fields of infant foods, confect-
ionery and meats. Other app-
lications are unlikely to be of
major significance on a world
scale, However, it 1s more like-
ly that increased utilisation of
lactose will be through its
application as a raw material
for further processing, such as
the feedstock for a range of
chemical products.

There is extensive liter-
ature on the manufacture and
utilisation of lactose derivat-
ives. Reviews of particular
valueinclude those of Thelwall
(1985), Andrews (1986) and
Pritzwald-Stegmann (1986).
Many of the options available
to the lactose processor for
conversion of lactose are shown
in Table 3. Whilst virtually all
ofthese options are technically
feasible, it is probable that
many would be uneconomic in
practice (Hobman, 1984},
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Uses for Lactose-Hydrolysed Dairy Products

I.R. Mitchell

CSIRO Division of Food Processing

Highett, Victoria, 3190

Introduction

Of the solids in cows’ milk,
lactose, comprising approxim-
ately 39%, is the most abund-
ant. Dairy by-productssuch as
wheys and permeates contain
even greater proportions of
lactose. To enhance the sale of
dairy products the lactose can
be converted into its constit-
uentmonosaccharides, glucose
and galactose (Figure 1), This
is particularly true of wheys
and permeates which often
have limited markets. After
lactose hyhydrolysis (LH)
wheys and permeates are able
to be used as food ingredients
due to the properties of the
monosaccharides. In the food
industry lactose is hydrolysed
using the enzyme beta-galact-
osidase or lactase. Typically,
lactase-catalysed lactose hyd-
rolysis shows a nonlinear rel-
ationship for lactose convers-
ion versus time, characterist-
icallyarectangularhyperbola.
Often a greatly diminishing
rate of hydrolysis occurs after
70% conversion is achieved.
This translates to greatly inec-
reased costsin achievinglevels
of hydrolysis greater than this
level. The kinetics of the enz-

yme-catalysed lactose hydro-
lysis reaction will usually
depend on the type of feed and
the source of the enzyme tog-
ether with temperature and
pH conditions.

Advantages of

Lactose Hydrolysis

The advantages of LH prod-
ucts over the non-hydrolysed
product can be categorised as
functional and nutritional. LH
products exhibit improved
functional properties due to the
increased sweetness and sol-
ubility of the monosaccharides,
glucose and galactose (Table
1). Many people maldigest
lactose due to lactase defic-
iency. Therefore, after a meal
containing lactose they can
experience discomfort and pain
and the potential nutritional
advantages of LH products are
a function of the decreased
lactose content and an associ-
ated decrease in lactose diges-

tive problems,

Costs

This article aims to show a
wide range of market opport-
unities from the many uses for
LH products. The price set by

the LH produet manufactur-
ers will heavily affect market
demand. To assist manufactur-
ers in establishing product
prices it is useful to know that
the likely hydrolysis costs in
Australian currency for milk
and whey are 1-20¢/L for an
unconcentrated product (Zad-
ow 1986; Mitchell, Muller and
Weinert, unpublished report).

Processing & Storage
of LH Products

One of the more economical
methods used to manufacture
LH products is based on the
use of immobilised lactase.
CSIRO has assisted in the
development of such a process
— which is also capable of
hydrolysing a wide range of
dairy products, including
milks, wheys and permeates.

LH mitks can bhe spray
dried in conventional dairy
driers. However, the greater
concentration of moncsacch-
aridesinthe solids of LH wheys
and permeates makes this
difficult. For prolonged stor-
age of hydrolysed wheys and
permeates, concentration to a
syrup of around 70% total sol-
ids is more suitable. Hydrol-
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ysis of such syrups to 85%
conversion would maximise
the saccharide solubilities
{Bourne et al., 1983}

Uses for

Hydrolysed Products
LH products have been
manufacturedin Australiaand
uses of these products have
included areduced lactose milk
and as a combined humectant
and sweetener used by the pet
food industry. More detailed
uses are now described:

Hydrolysed milks
Hydrolysed milkscan alleviate
the discomfort associated with
lactose maldigestion in the
lactase deficient person.
Hydrolysis levels of 60-70% are
necessary for milk to be well
tolerated by such people
(Hourigan, 1984). An example
of a situation where a LH milk
would be beneficial is in food
aid programs where many of
the recipients have a reduced
ability to digest lactose and
could be subject to deter-
jorationinhealthiffed normal
milk,

Milk can be frozen to
increase the shelf life. On
thawing, a coagulum can form,
givingthe milk anunpalatable
appearance, Hydrolysed milks
show more stable freeze-thaw
characteristics which may offer
some marketing advantage
(Tumerman et al., 1954;
Woychik and Holsinger, 1977,
Free and Hayes, unpublished
data).

Milk is often flavoured
and sweetened to increase its
appeal. Hydrolysed milks
require less added sweetener
than normal milks and this
can alsobe used asa marketing
advantage.

Figure 1,

Structural formulae of lactose,
glucose & galactose.

GH_OH
aH 2
Q
QH
OH
QH OH
0
CH20H OH
 lactose
Molacuiar Welght = 342
OH GH 50H
0
OH
OH 6 OH O©OH OH
CH,,OH OH

ﬂ D -Galactose
Moleoular Welght = 180

& D - Glucose
Molecular Welght = 180

Table 1

A comparison of sweetness and solubility
measurements of different sugars.

Sweetness® Solubility®

{comparative) (g/100g solution at 30°C)

Sucrose 100 69
D-Fructose 173 82
D-Glucose 74 b4
D-Galactose 32 36
Lactose 16 20
@ Pazur (1970)

® Shah and Nickerson (1978)

Note the low sweetness and solubility of lactose
compared to glucose and galactose.
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Hydrolysed wheys

and permeates

LH wheys and permeates can
be used as sweeteners. How-
ever, the minerals contained
in wheys and permeates tend
toimpart a salty flavour which
becomes particularly unpleas-
ant after concentration. De-
mineralisation is therefore an
important adjunct to hydrol-
ysis of wheys and permeates,
Concentrated wheys which
have been demineralised by
50% have been reported to be
without noticeable salty flav-
ours (Salmon, 1981). The use
of hydrolysed wheys as ferm-
entation feedstock may also

benefit from demineralisation. .

Food companies often
require a continuous supply of
product. Production of hydrol-
ysed whey and whey perme-
ates in Australia would be
variable, following the season-
al production of cheese, Stor-
age to even out supply may
however be economically un-
viable.

Ice-cream

When lactose hydrolysis tech-
nology is used in ice-cream
manufacture the increased
sweetness and solubility of
glucose and galactose and the
reduction in lactose may re-
duce the body defect referred
to as ‘sandiness’ as well as
reducing the amount of added
sweetener. The resultant ice-
cream is softer which should
also appezl to consumers.

It appears possible to
manufacture an acceptableice-
cream using LH whey to re-
place up to 50% of the non-fat
milk solids and sucrose. Typ-
ically the level of hydrolysis
should be 70%. Table 2 is a
summary of the effects of lact-
ose hydrolysis on ice-cream

Summary of the effects of lactose hydrolysis
on ice-cream manufacture

Table 2

Replacements Additons Flavour Body/ Reference
texture
Hyd syrup ++ ++ Huse et al.
MSNF WPC - 4 (1984}
Hyd-whey 0 + Patel
& Mathur (1982)
MSNF Hyd/dem. 1) Trzecieski
whey (1982)
lactase 0 0 Miller (1977)
Hyd-whey + + Bray (1987)
Sucrose + Newshawy
et al. (1988)
Sucrose + + Coton (1979)
Hyd-whey +/- ¢ Guy (1980)
Hyd-whey 0 Martinez and
and dem, Speckman (1988)
Hyd-whey + + Gregory (1982)
MSNEF/ Hyd-demin. Reigsmann (1982)
fat whey
MSNF Hyd-whey 0 0 Loewenstein et al.
{1975)
MSNF Hyd-whey 0 0 Bhursi et al. (1976)
Hyd-whey + Guy ef al. (1974)
Legend:
Hyd = Hydrolysed
MSNF = Milk Solids-Not-Fat '
WPC = Whey Protein Concentrate {The following cornments
refer to a comparison with the normal product):
0 = No significant differences reported
+(+) = Hydrolysed product (much) preferred
- = Product less preferred
+- = Variable results
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manufacture (adapted from
Mitchell, 1990).

Yoghurt

The benefits of lactose hydrol-
ysis of the base to be used in
yoghurt manufacture are:

* Less sour flavour

» Reduced level of added
sweetener reguired for
flavoured yoghurts

¢ Increasedrate ofacid prod-
uction, and

* Wider choice of starters.

The optimum level of hydrol-
ysis is approximately 70%, as
at this level the acid product-
ion and costs of hydrolysis are
optimised. Table 3 is a summ-
ary of the effects of lactose
hydrolysis in yoghurt manuf-
acture (adapted from Mitch-
ell, 1990).

Other uses

Table 4 summarises some of
the other uses for LH prod-
ucts.

Markets

Many dairy companies have
the opportunity to utilise LH
products ‘in-house’. The LH
product could be used to rep-
lace bought-in sweetener or
increase the market appeal of
existing products. ‘In-house’
uses such as replacement of
bought-iningredients would be
maost economical.

However, it may not be
possible to utilise all LH prod-
ucts ‘in-house¢’. Many dairy
products are sold as ingred-
ients to general food manufac-
turers. The marketing of such
products may be facilitated by
the increased sweetness and
reduction in the likelihood of
sugar crystallisation conferr-
ed by lactose hydrolysis.

Table 3.
Summary of the effeets of lactose hydrolysis in
yoghurt manufacture
Replace- Addit-  Flav- Body/ Reference
ments ions our texture
Sucrose Hyd + 0 Whalen et al. (1988)
Asp/ 0 0 Botha et ol. (1987)
Hyd
Hyd 0 0 Kreuder (1987)
Hyd + Hilgendorf (1981)
Hyd 0 0 Engel (1973)
Lactase + + Dariana et al. (1982)
Hyd + Antila et al. (1978)
Legend:
Hyd = Hydrolysed (The following comments refer to
a comparison with the normal product):
0 =  No significant differences reported
+ =  Hydrolysed product better
Asp. =  Aspartame
Table 4
Examples of uses for hydrolysed
wheys and permeates
Use/Product References
Humectants
Beverages Amnon, 1982
Breads, cakes and biscuits Bouvy 1975; Holsinger 1976;
confectioneries, sweeteners QGueriviere 1978; Guy and
Edmondson1978; Holsinger1978;
Moore 1978; Mann 1982; Coton
1980,
Fermentation feedstock, Brule 1981; Heyneman and
beer production and Hourigan 1981; Rydar 1988;
animal feeds Coton 1980
Cheese (Thompson and Brower 1976;
Thakaret al. 1887; Gyuricsek and
Thompson 1976; Aron 1977)
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Market advantage may alsobe
gained if the LH product is
part of a blended product
(Morris, 1985).

Other opportunities
mayinclude reductionin taxes
or tariffs paid on ingredients.
There have been cases where
it has been advantageous to
replace sucrose in flavoured
milks with a dairy-based
sweetener, Such opportunities
need to be carefully
investigated together with the
regulatory restrictions that
might apply to the use of LH
products.

Conclusion

Of the many possible uses for
LH products mostrelate to the
increased sweetness. In
America and the United
Kingdom corn starch syrups
are commonly used as
sweeteners, but in Australia
LH products would be
competing with sucrose from
cane sugar. The likelihcod of
successful competition
depends on many factors, of
which price has major
importance. However if LH
products confer cost as well as
functional and nutritional
advantages then profitable
returns for LH manufacturers
appear possible.
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New Cheese Products As Food Ingredients

B. J. Sutherland

CSIRO Division of Food Processing

Highett, Victotia, 3190

Introduction

Cheese may almost be describ-
ed as the boom product of the
dairy scene, enjoying great,
popularity, It has an excellent
image, being perceived asheal-
thy, natural and nutritious.

Increasingly cheese is
being appreciated by consum-
ers for the great interest and
variety it adds to the eating
experience. Textures range
from smooth and creamy to
hard and erumbly; flavours
from subtle to robust and tastes
from mild to piquant.

Cheese consumpiion is
still rising in Australia after
two decades of steady growth.
In the last year, domesticsales
of both Australian and import-
ed cheese varieties rose by 6%,
the inerease coming prineipal-
ly in the non-cheddar and low
fat categories (Australian
Dairy Corporation, 1989),

How is cheese

being consumed?

Ofthe 126,600 tonnesofcheese
sold in 1989 on the domestic
market, 88,200 tonnes went to
the retail sector, mostly in
portion packs for table use or
for food preparation in the

home. Approximately 30% of
this amount was processed
cheese, mainly in the form of
individually wrapped or stack-
edslices. The remaining 38,400
tonnes went to the industry
and food service sectors which
are growing in importance as
outlets for cheese, reflecting
greater consumption of pre-
prepared meals and conven-
ience foods, and a trend to-
wards more meals being eaten
away from home (Australian
Dairy Corporation, 1990).

Cheeseisthus an impor-
fantdairyingredient which has
the potential to add sales
appeal to many food categor-
ies, These include:

* Processed cheeses

¢ Cheese dips and spreads
+ Bakery goods

* Snack foods

¢ (Canned foods

What does cheese offer
the industrial user?
Firstly, cheese may be used
simply as a source of dairy fat
and protein. However, good
quality cheese is a fairly exp-
ensive way to buy fat and prot-
¢in. In past years there have,

attimes, been significant quan-
tities of downgraded cheese,
but the amount of low-priced
cheese available to reprocess-
ors and other industrial users
is presently quife limited, and
it will probably become very
small in future as modern
methods of total quality man-
agement take effect.
Secondly, cheese may be
the ingredient of choice in or-
der to provide the structural
matrix of the prepared food.
This is an important function
which is brought to all the
processed cheese products, as
well asto dips, spreads, cheese-
cakes and other foods contain-
ing cheese. For some of these
products it may be desirable
for the cheese protein to be
substantially intact, whereas
in others, a significant degree
of proteolysis may be required.
Some product formulations
dictate that the fat and protein
of the cheese are present in
proportions quite different
from those normally found in
cows' milk. Satisfying these
special requirements can add
significantly to the cost of
cheese as an ingredient,
Thirdly, cheese offersthe
food processor a source of flav-
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our and taste sensations which
can withstand the rigours of
processing treatments and give
much consumer appeal to the
finished product.

Cheese therefore i3 a
convenient and readily mark-
eted foodingredient. However,
cheese is an expensive ingred-
ient; it 1s not shelf-stable; and
it may be a somewhat variable
ingredient.

Therefore 1 wish to dis-
cuss tworelatively new ‘cheese’
products which may be usedin
the food processing sector and
the cheese processing industry
to provide the desirable attrib-
utes of cheese with fewer of the
drawbacks.

Enzyme Modified
Cheese (EMC)

One of the factors which adds
to the cost of cheese as an ing-
redientis the time required for
the cheese to develop typical
flavour. For some varieties this
may bhe greater than one year.
Cheese maturation also carr-
ies an element of risk that
undesirable flavours may dev-
elop. Furthermore, for some
cheese types, a large quantity
of cheese is needed to impart
sufficient of a cheese note to
the flavour of the finished food
product. The use of enzyme
treatment technology to prod-
uce controlled, intense cheese
flavour concentrates is a com-
paratively modern innovation
which overcomes some of the
problems of cheese as a food
ingredient.

The impetus for the
development may have come
partly from the pioneering
work of Kristoffersen, Mikol-
ajcik and Gould (1967). They
suggested that cheese-curd
slurries, incubated under con-
ditions which favoured rapid

proteolysis and lipolysis, may
provide the flavour component
for processed cheese manufac-
ture in a cheaper and more
reliable way than afforded by
the use of matured natural
cheese. Sutherland (1975) ext-
ended the work to produce a
range of rapidly ripened slurr-
ies and demonstrated the pot-
ential for positive control over
the course of flavour product-
ion, These slurries were made
from unpressed salted chedd-
ar cheese curd which was
macerated with added water
and salt to give a finely ground
slurry with 40% total solids
and3.2% salt. The slurries were
incubated at 25°C as prepared
or after addition of rennet,
glutathione, a lipolytic enzyme
or provision of additionalhead-
space oxygen. Flavour devel-
opment proceeded differently
in each of the slurry preparat-
ions, yielding rather intense
flavours, some of which were
likeblue cheese, Italian cheese
or unbalanced cheddar. The
ripened slurries were used for
manufacture of processed ched-
dar cheese and were found to
give most acceptable products
when used in combinations of
three types at a total addition
rate of10-20% of the processed
cheese blend.

Later work by Jameson
and Shanley (unpublished)
showed that this slurry tech-
nique was not sufficiently rel-
iable to be applied directly in
industrial practice. However,
this basic idea has been taken
up by commercial suppliers of
enzymes to the dairy industry
who have developed propriet-
ary processes for rapid, cont-
rolled development of highly
flaveured slurries through
controlled enzyme curing.

Developments in EMC

technology have recently been
reviewed by Moskowitz and
Noelck (1987) and a consider-
able amount of utilisation inf-
ormation is available from the
present suppliers of enzyme
preparations to the dairy/food
industry.

EMCs are available with
flavours claimed to provide the
essential notes of Cheddar
{mild tomature), romano, prov-
clone, parmesan, Swiss, gouda/
edam, blue cheese and others.
The EMCs may be supplied in
a cheese-like form or as heavy
pastes which are stable under
refrigeration for at least six
months. Some EMCs are avail-
able in powder form which
makes them well suited to the
bakery and snack food indus-
try. EMCs are more intensely
flavoured than the cheese
which they replace and so the
level of incorporation is corres-
pondingly lower. For example,
liquid types of Dariteen ched-
dar cheese flavours (Miles
Laboratories Inc., Elkhart, In,
USA) are claimed to have from
five times to twenty-five times
the cheese flavour of quality
cheddar cheeseand spray-dried
types are c¢laimed to have an
eight-fold concentration.

A wide range of cheese-
like flavours for food formul-
ation are available from dairy
supply companies and food
flavour suppliers, some of
which are synthetic mixtures
but some are ‘natural’ prod-
ucts, being the result of enz-
yme treatment of natural sub-
strates such as lipids (of ani-
mal or vegetable origin), prot-
ein-lipid or protein-lipid-carbo-
hydrate mixtures. These prod-
ucts are considered outside the
scope of this review but read-
ers are referred to thereview of
Kilara (1985).
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Over the last ten years
or so there has been much res-
earch carried out on the use of
enzymes to reduce the ripen-
ing time of natural cheeses.
This work does not seem to
have led to any ‘new’ cheese
products at this stage, being
more concerned with maint-
aining trueness-to-type of the
cheese variety under study. For
reviews of this field see Law
(1978) and the reports of the
International Dairy Federat-
ion Expert Group (IDF, 1983,
1987, 1990).

Utilisation of EMCs
Commercial enzyme modified
cheese have a flavour profile
which may be quite different
from a table cheese and yet, on
dilution with a suitable bland
or nearly bland base, do prov-
ide the cheesey note which is
desired in the end product.
The principal usage of
EMC is understood tobe in the
processed cheese industry asa
substitute for some or all of the
expensive matured cheese
component of the blends. As
early as 1974 inthe USA, EMC
became a legally approved
optional ingredient for manu-
facture of processed cheese
(40% moisture max.,50% FDM
[fat in dry matter] min.), proc-
essed cheese food (45% moist-
ure, 45% FDM) and processed
cheese spreads. EMC is also
used as the flavour source in
manufacture of imitation
cheese products, a product
range with a small but signif-
icant niche in the US market.
Other typical applicat-
ions of EMCs include cheese
sauces, spaghetti sauces, soups
and dips which require a
stronger cheese flavour, As a
flavour booster, the inclusion
of 1-6% of EMC can increase

the total cheese flavour of a
formulated food without add-
ing greatly to the cost. A typ-
ical recipe for cheese sauce
using EMC as 50% replacer for
cheddar cheese is shown in
Table 1.

Cheesebase

Cheesebaseisthe genericname
for a comparatively new range
of cheese products developed
specifically as food ingredients
and coming from the research
activities of the CSIRO Dairy
Research Laboratory. The ear-
ly phase of the research was
conductedin collaboration with
Professor Tony Ernstrom of
Utah State University (Erns-
trom, Sutherland and James-
on, 1980) and further develop-
ment to pilot and commercial
scale took place in collaborat-

ion with Schreiber Foods Ine.
(SF1) of the USA. The process
is protected by patents in all
major cheese processing coun-
tries.

The cheesebase process
hasbeeninoperationonalarge
commercial secale (22,000
tonnes per year) at Tempe,
Arizona for just over five years
and a substantial body of exp-
erience now exists with resp-
ect to both manufacture and
utilisation. The process is now
available for licensing to local
manufacturers.

While the EMC was
developed as a low-cost rep-
lacer for the mature cheese
component of processed cheese
foods, the cheesebase range
was developed as a replacer for
the mild or young cheese com-
ponent. The young cheese in

without EMC as

Table 1,
Cheddar Cheese Sauce - Formulations with and

an Ingredient®

Ingredients Control Plus EMC
% %
Milk 52.30 60.30
Mild Cheddar Cheese 28.00 14.20
Water 8.90 9.90
Margarine 7.20 7.20
Flour 3.00 5.00
EMC* _ 2.80
Salt .50 0.50
Mustard 0.056 4.056
Cayenne Pepper 0.05 0.05
100.00% 100.00%

* Derived from Miles Technical Bulletin L-406-4

b Miles Daniteen NCF 130 - 50% of the mild Cheddar has been
replaced by EMC on a ratio of one part EMC to five parts cheese.
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processed cheese blends is
needed to provide the structur-
al matrix and much of the
nutritional value of the finish-
ed products.

Manufacture

of Cheesebase

Cheesebase products are man-
ufactured using a combination
of membrane filtration, ferm-
entation and high-viscosity
evaporation. A typical flow
sheet for a cheddar cheese
replacer is shown in Figure 1.

The raw material for
cheesebase is standardised
milk, with the fat/protein ratio
adjusted to give any desired
FDM content in the finished
product. The milk is pasteur-
ised on the way to a continuous
ultrafil{ration plant where it is
concentrated from 4.5- to 8-
fold (total solids in the range
30-45%). As the concentration
proceeds, the lactose/protein
ratio of the concentrate is con-
tinucusly regulated by cont-
rolled addition of water to sel-
ected stages of the ultrafiltra-
tion plant. In this way the pH
of the concentrate after ferm-
entation of the lactose can be
accurately controlled.

Starter cultures are
added to the milk concentrate
(retentate) and fermentation
proceeds to complete utilisat-
ion ofthelactosein12-16hours.
Normally such retentates
would undergo an acid coagul-
ation at pH values below about
5.3 but this is prevented by
adjustment of the ionic stren-
gth, preferably using common
salt.

The moisture content of
thefermented retentateisthen
reduced to any desired level
(but commonly in the range 35-
40%) in a specially engineered
swept-surface vacuum evapor-

Figure 1.

Cheesebase Manufacturing Process

MILK
1000 kg

U[ifuﬁlliﬂlon (5x)

RETENTATE
180 kg

T M—

Fermentation (batch)

| FERMENTED RETENTATE

Heat freatment

Conllnuous Evaporation

CHEESEBASE
162 kg

—— Slandardised
— Pasteurised

Permeale
1120 kg

Table 2.

Comparative Retention of Milk Solids - Cheddar
Cheese and Cheesebase

Component of Milk

Fat
Protein
Total Solids

% Retention )
Cheddar Cheese Cheesebase
89 100
77 98-99
51 60
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ator. The high viscosity prod-
uct is pumped from the evap-
orator to a packing staticn
where it may be formed into
blocks or filled into drums for
long-term storage. Alternative-
ly, the cheesebase may be
pumped directly to a processed
cheese manufacture line for
immediate use. On cooling, the
cheesebase becomes practical-
ly solid and can be stored and
handled in the same manner
as conventional cheese.

A feature of the process
is the ability to vary the funct-
jonal properties of the cheese-
base products by a controlled
heat treatment following fer-
mentation and before evapor-
ation. For example, it 1s poss-
ible to produce cheesebases
which will yield processed
cheese with high or low re-
melting properties, a signifi-
cant factor in acceptability of
cheese supplied to major fast-
food outlets.

The cheesebase process
is one of the highest yielding
cheesemaking methods in
terms of fat and protein recov-
ery (Table 2). Lactose is the
only major milk component
which is lost during the proc-
ess, and the yield advantage
over conventional cheddar
manufacture is in the range
16-18%.

Composition

of cheesebase

By varying the fat/protein rat-
io of the milk and the produe-
tion parameters it is theoret-
ically possible to manufacture
cheesebase with the composit-
ion of practically any known,
or imaginable, cheese type.
Experience hasbeen gained at
commercial scale with a mod-
est range of eompositions, e.g.
total solids from 32% to 45%

and FDM from 45% to 58%. At
pilot scale, considerahle work
has been done to expand the
proven range of compositions
with FDM levels as low as 5%,
total solids in the range 27%to
55% and pH valuesin therange
4.4 to 5.4. Reduced mineral
content cheesebase has also
been produced by acidification
of the milk prior to ultrafilt-
ration. US research (Anis and
Enrstrom, 1984) suggests that
the reduction of calcium cont-
entmayyield acheesebase with
improved functionality for the
production of processed cheese
with a high re-melt capacity.

Cheesebase variants
Cheesebase may be produced
with an increased content of
undenatured whey proteins by
incorporation of a liquid whey-
protein concentrate. Thisyields
a cheese with the capacity to
undergo heat gelation,

Cheesebase,instandard
form, is a storage stable prod-
uct since the enzymes norm-
ally responsible for cheese
maturation are inactivated by
the heat treatment which foli-
ows fermentation. However by
reducing the severity of heat-
ing during evaporation, or by
re-inoculation after evaporat-
ion, it is possible to have a
cheesebase variant with pot-
ential for protein and lipid
breakdown and associated flav-
our formation,

Properties

of cheesebase

Cheesebase, in its standard
form, lacks the body and
texture of conventional cheese.
Although it appears solid at
temperatures below 1 5°C it is
actually a very high viscosity
paste which can be readily
redispersed in water to a cons-

istency similar to milk. Ithasa
mild lactic flavour and a pleas-
ant smooth creamy mouthfeel.

Cheesebase is a stable
form of'young cheese solids with
the same functional properties
in cheese processing as young
cheese. Stability in storage of
high pre-heat cheesebase has
been demonstrated, with the
product still acting as young
cheese after more than 12
months storage at refrigerator
temperatures. This attribute
may prove most useful as a
means of overcoming the prob-
lem of lack of young cheese
during the Australian season-
al periods of little or no cheese
production.

Withits lowflavour,lack
of a yield point under comp-
ression and its tendency to
‘digsolve’ in the mouth, cheese-
base is unlikely to be a consu-
mer product in its own right.
Nevertheless, because of the
relative simplicity of the proc-
ess, the excellent composition-
al control and the favourable
economics offered by cheese-
base manufacture, there is a
considerable incentive to work
towards a new family of dairy-
based cheese products by such
technology. Since the casein in
cheesebase is still intact it
should be possible to induce
structure formation by mech-
anisms known to generate a
protein matrix in other prod-
ucts, e.g. by the rennet react-
ion, Preliminary research is
underway in this area.

Conclusion

In an address to a meeting at
the Australian Society of Dairy
Technology aslongagoas1976
(SButherland, 1976), it was
proposed that processed cheese
products of the future might be
made by a combination of a
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high-yield base material and
cheese flavour concentrates.
The technology tomanufactare
these new ingredients is now
available for the enterprising
food processortousein creating
profitable new foods.
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Fermented Dairy Products as Food Ingredients

by Allan Main

New Zealand Dairy Board, Wellington, New Zealand

Introduction

The scope of this topic is too
extensive to enable anin-depth
review of the total subject. I
propose to focus on the market
and application aspects of the
topic. In particular, this paper
will attempt to use the histor-
ical context to project a scen-
ario for future development of
cultured milk products as food
ingredients.

It is proposed that there
have been four stages to the
adoption of fermented milk
products asingredients in food
production. These are presen-
ted in Table 1. The four phases
represent an evolution of tech-
nology reacting to market
needs. Each will be dealt with
in turn.

Traditional Fermented
Dairy Products in Foods
Fermentation of milk to prod-
uce different foods, pre-dates
history. Traditional fermented
dairy products, such as yog-
hurt, cheese, sour cream and
innumerable local variants,
were the product ofharnessing
the coincidental fermentation
that occurred on storing milk.

With time and experience, the
art was mastered and prog-
ressively became science,
though old hand cheese mak-
ersmay like to dispute the level
of science.

These traditional ferm-
ented dairy foods were natur-
ally used as ingredients in
home cookingin regions where
they were endemic. As food
manufacture moved to cottage
industry, and ultimately full
industrial status, the use of
traditional fermented milk
products infood processing was
a natural consequence of their
domestic use.

Today a wide range of
food products taken home from
the supermarket feature trad-
itional fermented dairy foods
in their ingredients lists. Some
examples of these are given in
Table 2.

The role of these ingred-
ients in the formulation rel-
ates principally to flavour and
texture, although secondary
functionalities (e.g. microbial
control) are occasionally impor-
tant. Nevertheless such uses
offermented dairy products are
mere extensions of the domes-
tic use of these ingredients.

Form-ModifiedFerm-

ented Daily Ingredients
The dairy industry, respond-
ing to needs of the broader food
processingindustry, has devel-
oped more convenient forms of
traditional fermented milk
products, enabling wider use
of these as ingredients. Fore-
most among these are spray-
dried powders. Products like
cheese powders, yoghurt pow-
der and sour cream powder
have entered the ingredient
trade as aconsequence, A point
recognised by the industry, but
frequently not by intending
users of these ingredients, is
that they donotre-hydratewith
any of the physical or textural
properties typical of their feed-
stock. Their practical contrib-
ution is primarily flavour,
Theintroduction of these
ingredients had twoconsequen-
ces for food manufacturers,
Firstly, they have simplified
the manufacturing process for
some food products based on
traditional fermented dairy
ingredients. This is a conseq-
uence of replacing unstable,
biologically active ingredients
with dry powders, stable for
many months. This has obvi-
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Table 1.
Historical phases in fermented dairy products as food ingredients
PHASE DESCRIPTION TYPIFIED BY
TRADITIONAL FERMENTED USE OF TRADITIONAL
DAIRY PRODUCTS FERMENTED DAIRY FOODS (EG
CHEESE, YOGHURT) IN FOOD
MANUFACTURE.
2 FORM-MODIFIED TRADITIONAL FERMENTED
FERMENTED DATRY DAIRY INCREDIENTS IN MORE
INGREDIENTS STABLE/CONVENIENT FORM (EG
SPRAY DRIED.
3 FLAVOUR-MODIFIED FLAVOUR INCREASED TO
FERMENTED DAIRY ENABLE LOWER USE RATE,
INGREDIENTS USUALLY THRQUGH
BIOTECHNOLOGY (EG ENZYME
MODIFIED CHEESE).
4 FUNCTIONALLY TOTALLY NEW PERFORMANCE
ENGINEERED FERMENTED ATTRIBUTES THROUGH
INGREDIENTS FERMENTING DAIRY
SUBSTRATE WITH
NON-TRADITIONAL ORGANISMS,

ous benefits in stock manage-
ment, storage costs and prod-
uction planning. Less obviocus
arethe gainsfrom using stand-
ardised, readily controlled raw
materials.

Significant as these
gains are, they are over-shad-
owed by the second eonseq-
uence of the development of
powdered, fermented dairy
ingredients. This is the devel-
opmentoftotallynew consumer
products which could not exist
without the dried form of the
fermented milk products. Ex-
amples are cheese-flavoured
extruded snacks, powdered
gour cream dip mix and yog-
hurt-coated confectionery.

Traditional fermented milk products as ingredients
in processed foods.

—

Table 2,

INGREDIENTS

FOODS USED IN

HARD CHEESES

PIZZAS, CHEESE SAUCES, BREAD
TOPPING, SAUSAGES, PASTA DISHES,
MICROWAVE MEALS.

SOFT CHEESES

CHEESECAXES, FLANS, CHILLED
DESSERTS.

YOGHURT SALAD DRESSINGS, FROZEN
YOGHURT, ETHNIC FOODS
{ESPECIALLY INDIAN), CHILLED
DESSERTS.

SOUR CREAM DIPS, BAKERY PRODUCTS, CHILLED

DESSERTS.
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The manufacture of
dried, fermented dairy prod-
ucts is amply detailed in the
literature (Societe Laitier,
1969: Avleson et al.,, 1979:
Noznick et al.,1974.) and lit{le
purpose would be achieved in
outlining these here. It is not-
able however that manufact-
urers are increasingly taking
account of the functional de-
mands of such ingredients in
specific food systems and opti-
mising these in ingredients
tatlored to the final applicat-
jon. This approach is enabled
by the greater understanding
of how manufacturing condit-
ionsimpactonfunctional prop-
erties of the resulting powder
and accelerated by customers
who appreciate the value of
reliagble performance within
their process. As a consequence,
today’sreputahle suppliers are
likely to offer a range of (say)
cheese powders formulated to
tight performance specificat-
ions rather than using the food

ingredient market as the
means to dispose of fermented
dairy products that failed to
meet standards required for
direct sale.

Tahle 3 provides an ex-
ample of how desirable prop-
erties for yoghurt powder diff-
er between two major applic-
ations and indeed cannot be
optimised for both applications
in one product. The fact that
one system has a continuous
fat phase in which particles
are suspended and the otheris
primarily an aqueous product,
determines the essential perf-
ormarnce needs.

Flavour Modified
Fermented Dairy
ingredients

Recognising that the critical
determinant in using a ferm-
ented dairy ingredient is its
flavour contribution led to the
development of flavour-modif-
ied dairy ingredients. The pri-

mary application of this is

enzyme modified cheese (EMC)
manufacture. By exposing the
cheese to carefully selected
enzymes under well controlled
conditions, the flavour cont-
ribution canbeinereased dram-
atically. Claims as high as 50
times theflavour of cheese have
been made, but levels between
5 times and 25 times are more
reasonable (Moskowitz et al.,
1987).

The manufacture of
enzyme modified cheese is
achieved by enzyme addition
at almost any point in the
cheese manufacturing process.
The resultant product may
have a texture similar to that
of the cheeseitis derived from,
or if extensive hydrolysis is
encouraged, it may be in paste
form. Selection of the extent of
flavour development is deter-
mined by balancing the cont-
rary aspects of flavour streng-
th (and type) against the logs of
texture. The flavour profiles
developed in enzyme modified

Table 3.

Desirable attributes for yoghurt powders in two applications.

—
APPLICATION IMPORTANT UNIMPORTANT
ATTRIBUTE ATTRIBUTE
CONFECTIONERY LOW LIPASE ACTIVITY SOLUBILITY
COATINGS EVEN PARTICLE SIZE DISPERSIBILITY
FLAVOUR VIABLE CULTURE
SMALL PARTICLE SIZE
SOFT SERVE SOLUBILITY LIPASE ACTIVITY
VIABLE CULTURE
DISPERSIBILITY
FLAVOUR
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cheese are not totally repres-
entative of the flavour comp-
lexity of traditional cheese but
show heightened flavour notes
of some aspects of the cheese
flavour. For this reason they
are generally used as extend-
ers or enhancers for natural or
powdered cheese in processed
food products such as sauces or
snack sprinkles.

The primary benefit of
EMC produects is economy. The
process used allows the prod-
uction of a product with typic-
ally ten times the flavour of the
equivalent natural cheese, but
in considerably less time than
it takes to produce a fully
matured cheese. Thus the prod-
uction economics favour EMC,
yielding substantial savings to
the users where the applicat-
ion enables its use. Typical
usage rates of EMC are in the
range of 0.1% to 2.0% of finish-
ed food.

Similar flavour effects
are to be had by enzyme treat-
ingbutter fat. Whilst not strict-
ly a fermented dairy product
{unless of course lactic butter
is the substratel) enzyme
modified milkfat is so closely
allied to enzyme modified
cheese in its biotechnology and
marketing that it ought to be
dealt with at the same time.

In both cases the intent
is to mimic the biochemistry of
flavour development that
occurs more slowly in a micro-
bial fermentation and to drive
the reaction beyond where it
would normally stop. In so
doing greater concentrations
of the flavour compounds are
produced.

By exposing butteroil
emulsions to lipase from micro-
bial, fungal or animal sources
increased ‘buttery’ or ‘creamy’

notes are observed. The flav-
our concentrate made in this
way 1s heat deactivated and
used either in the il form or in
a spray dried powder, Comm-
ercial products of this type are
used in chocolate, sugar conf-
ectionery, popcorn, cockingoils
andbaked goodstogive enhan-
ceddairynotes (Dziezak,1986),

Functionally
Engineered Fermented
Daily Products

Whey, the by-product of cheese
or casein manufacture, haslong
been used as the substrate for
fermentations for producing
food and non-food chemicals.
Ethanol and lactic acid have
been extensively commercial-
ised, but more exotic materials
such as carotene (Friend et al.,
1979}, Vitamin B12 (Crow,
1988) and microbial oil have
been suggested. Howeverthese
technologies do not, of necess-
ity, require dairy substrates.
Nor does the dairy content
carry through to the finished
product due: to purification
steps designed to isolate the
desired chemical in its purest
form,

A more creative app-
roachhasbeen patented, yield-
ing ingredients which (at least
in the USA) can be declared as
‘eultured whey' or ‘cultured
non-fat milk solids’ yet contain
functional chemicals as a con-
sequence of a mierobial ferm-
entation. Two examples canbe
taken here, both recently com-
mercially marketedin the USA
and elsewhere.

In the first case an anti-
mycotic agent, propionate, is
produced by fermenting sweet
whey to lactic acid and in turn

to propionic acid using approp-
riate bacteria (Ahern et al.,
1987). The resultant broth is
dried asis(i.e. without extract-
ion or purification of the prop-
ionate) allowing the descript-
ion‘cultured whey'. When used
in baked goods at 0.5% to 3.5%
of the flour weight to replace
milk solids, shelf life is exten-
ded by the anti-mycotic effect.

In the second example,
whey isfermented with a spec-
ified strain of Xanthomonas
eampestris in order to produce
a thickening polymer, xanth-
an (Schwartz et al,, 1984),
Again, thetotalproductisdried
without purification and the
resultant powder used as afood
ingredient. Functions of text-
ure improvement and creamy
mouthfeel arethe major claims
for the product, which is rec-
ommended for cupcakes, pudd-
ings, Tnousses, SOUpPS, sauces
and gravies (National Starch,
1589),

An allied product based
on the same fermentation, but
using skimmilk as the subs-
trate is recommended for ice
cream where emulsification
and stabilisation are the objec-
tives (Stauffer, 1286).

In each of these cases
the raison d'etre for the ferm-
ented dairy ingredient is purs-
uit of a ‘clear’, that is additive-
free, label through providing
the functional performance of
propionate or xanthan while
only labelling ‘cultured milk
solids’ or a similarly friendly
declaration. Time alone will
determine if this approach is
seen as serving the consumer
interest, but should it continue
to be condoned, further funct-
ional additives mightbe expec-
ted to be developed by similar
technologies.
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Prospects for
Fermented Dairy
Ingredients in Foods
The current mood of the cons-
umer market is favouring the
use of fermented dairy prod-
ucts as food ingredients. As
these products, and most not-
ably yoghurt, have moved into
the main stream of western
food habits, and are seen as
‘healthy’ rather than ‘health’
food there is a proliferation of
new food products which capit-
alise on this consumer demand
for variants based on these
healthy ingredients. A recent
issue of a new product monitor-
ing servicein thc United States
recorded 19 new product rel-
eases in August 1990, which
obviously used a fermented
dairy food as an ingredient
{Friedman, 1990).

Frozen yoghurthasbeen
the success story of 19901in the
TInited States. While the prod-
uct sold now bears little relat~
ionship to the early, fully cult-
ured versions which had limit-
ed suecess, the proliferation of
frozen yoghurt launches in

1990 confirms the mainstream
acceptance of eultured milk-
based new food concepts.

The market eonditions
which have lead to the situat-
jon can only continue and are
summarised in Table 4. It is
fair to say that these market
forces are consistent through
all developed regions of the
world in markets as diverse as
Japan, Europe and America,
This situation will ensure the
growth in opportunities for the
first three groups of fermented
milk ingredients outlined in
this paper. Indeed, there will
probably be new opportunities
for niche ingredients such as
acidophilus milk or kefir-bas-
ed ingredients as the consum-
er continues to pursue new
interests.

What is less clear
though, is what direction the
fourth group, the functionally
engineered fermented dairy
products will take in the fut-
ure. At this point they appear
toexploit aregulation loop-hole
which could be closed at a
stroke of a pen. This willnothe

determined in any way by the
technology, butby political and
moral judgement. Should these
products’ econtinued existence
be supported by the regulators
then products of this type will
proliferate. In that environ-
ment. it is likely that ferment-
aticnyielding products of every
functionality of food interest
will appear, Colours, antioxid-
ants and emulsifiers will
appear by this route and the
current limited range of stabil-
isers and preservatives will be
added to. There are indicat-
ions from the scientific literat-
ure that this is already an act-
ive area of research.

Conclusions

In this paper the historical use
of fermented dairy products as
food ingredients has been re-
viewed. Use of fermented dairy
products in this way is show-
ingincreasing momentum and
it is expected that this trend
will continue. The future can
only be bright for food ingred-
ients manufactured by the fer-
mentation of dairy substrates.

Table 4.

Market forces favouring continuing use of fermented
milk products as food ingredients.

MARKET FORCE EXAMPLES

BRCADENING INTEREST IN BIOLOGICALLY ACTIVE FOODS

‘HEALTHY FOODS' REDUCED FATS WILL FLAVOUR
YOGHURT

INCREASING ETHNIC FOODS

INTEENATIONALISATION OF FOOD EXOTIC ‘'NEW' FLAVOURS

TASTES

CONTINUING INTEREST IN 'CLEAN'

MINIMUM NUMBER COF ADDITIVES
INGREDIENT LABELS

POSITIVE IMAGE INGREDIENTS
FAVOURED
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- Hydrolysed Protein Products
As Food Ingredients

F.M. Fenwick

New Zealand Dairy board, Wellington, New Zealand

The technology of hydrolysis
of milk proteins is gaining in
importance with the recognit-
ion that technological modific-
ation to proteins can assist the
human digestive process. The
reasons why a consumer might
preferahydrolysed protein are
various. One group of potential
customers consists of those who
are concerned with rapid and
efficient nutrition, such as
sports minded people, and
those who are concerned with
healthyfoods. Amorechalleng-
ing group of consumers are
those whose ability to utilise
proteins is in some way com-
promised. In recent yearsfoods
which are ‘hypo-allergenic’,
particularly those targeted for
infants, and foods which are
designed for recovery of pat-
ients after hospitalisation have
been developed and are now
being commercialised. These
product. developments coincide
with, and are dependent upon,
an understanding of the tech-
nology and science of enzymol-
ogy, the commercial availabil-
ity of adequately pure enzym-
es and an understanding of the
nutritive impact of protein
hydrolysates.

The technology of man-
ufacture of hydrolysed milk
proteins appears at first sight
to be simple. An enzyme is
added to a protein suspension,
acts for a while, then is inact-
ivated. The idea is simple but
the control of the hydrolysis
process in order to obtain re-
peatedly a precisely defined
product can require very soph-
isticated seientific support. The
issues that mustbe resolved in
designing a processinclude the
following:

a) The selection of

a raw material

Firstly, the amino acid profile
of the final product may be
important in a dietary food
ingredient. If so, milk proteins
are commonly very satisfact-
ory when compared with vege-
table proteins.

However, this compar-
ative advantage may not be
significant in practice because
a manufacturer of hydrolysed
protein can add selected amino
acids to the ‘soup’ of peptides
which, in its final form, can no
longer be distinguished as
having the properties of any
particular native protein.

Secondly, and perhaps
more importantly, the original
protein will create character-
istic flavours after hydrolysis.
Some proteins give rise to flav-
ours described as ‘yeasty’,
‘brothy’, ‘astringent’, and, very
significantly for milk proteins,
‘bitter’. Casein creates a spec-
ially difficult flavour profile
becausethe end peptide ofbeta-
casein, which is quickly releas-
ed, is intensely bitter. For
example, the peptide Arg-Gly-
Pro-Pro-Phe-Ile-Valis 20times
more bitter than caffeine. In
some foods, bitternessis accep-
table, but thisis seldom truein
foods where hydrolysates are
used as ingredients. Technol-
ogical means to reduce bitter-
ness are available, but are of
limited utility (Roy, 1990).
Whey proteins tend to be the
dairy raw material of choice as
a consequence.

b) The Nature Of

The Final Product

Those products that will he
used for general nutritive pur-
poses can be designedtohavea
broad range of peptides with a
variety of molecular weights.
They are comparatively easy
to manufacture.
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(Other products that are
designed for convalescent pat-
ients usually contain a high
proportion of di-peptides and
tri-peptides. This requires a
thorough hydrolysis which may
require a high level of enzyme
addition and a long period of
reaction, Both of those factors
will push up the cost.

Perhaps the most chall-
enging end use is the prepar-
ation of a product which will
avoid allergic response. This is
particularly importantinfoods
designed for infants.

Allergic response is
triggered in a number of ways.
The mechanism of protein all-
ergy is a response to protein
fragments, known as epitopes,
which are recognised as “for-
eign’, so that the immunoclog-
ical system of the body mounts
a defence against them. Enz-
yme hydrolysizs which will
break up those epitopes will
avoid the process of recognit-
ion. An extensively hydrolysed
protein, with fragments less
than six amino aeids in length,
will likely be safe. Longer
peptides may, or may not, cause
an allergic response, depend-
ing on the sensitivity of the
individual. In either situation,
hydrolysates need to be check-
ed for clinical response and
cannot simply be assumed to
be non-allergenic.

At atruly criticallevel, a
response from the intestine in
which Immunoglobulin E(IgE)
is involved may result in the
bodily release of histamines
and other reactive compounds
initiating shock, which can be
life threatening. Fortunately
that response is rare, but the
manufacturer of products that
are labelled ‘hypo-allergenic’
must ensure that those prod-
ucts will not trigger the Igk

response. Very carefully hyd-
rolysed proteins have been
defined for this market sector
(Knights, 1985). Nutramigen
and Pregestimil in the USA
and Morinaga’s MA1 in Japan
are designed to meet these
threats to health.

At a less eritical level,
the body may respond in a
generalised way with symp-
toms developing slowly. It is
more likely that the response
of the body is Immunoglobulin
G (IgG) mediated. These aller-
gies are much more difficult to
diagnose (Institute of Food
Technology, 1985; Butkus and
Mahan, 1986). Consequently,
the estimates of incidence of
allergy vary widely from 0.3%
to 20% of adults. Less comp-
letely hydrolysed proteins may
be adequately digestible to
avoid, or ameliorate, such res-
ponses. Nestle's ‘Beba HA' in
Europe and Carnation’s ‘Good
Start’ in USA, are designed to
meet the needs of infants with
this level of problem.

Other products for sens-
itive individuals utilising hyd-
rolysed protein are beginning
toreach the market and can be
expected to provide variable
levels of effectiveness depend-
ing on the thoroughness of the
hydrolysis and the sensitivity
of the individual consumer. An
alternative for the consumeris
to not use milk protein at all.
Soy-basedformulae are widely
available and do help some
infants, but soy proteinis more
foreign to the human infant
than cow’s milk protein and
allergic response to soy freq-
uently occurs. Breast milk is
preferable but it too can
(though less frequentily) carry
allergens,

Not all sensitivities are
protein related, so while prot-

ein hydrolysis will assist many
infants, informed supervision
of any dietary experimentat-
ionis desirable and the useofa
protein hydrolysed infant food
is not a sure method of avoid-
ing a reaction,

Enzyme modification
has also been used to alter the
physical propertiesof a variety
of proteins so that the function-
ality of those proteins in food
ortechnical uses willbe enhan-
ced. (Kilara 1985). Modificat-
ion of solubility, heat stability,
pH stability, emulsifying prop-
erties, and foaming has been
achieved.

¢) Enzyme Selection

& Process

A wide variety of enzymes, of
varying levels of purity, are
available. Some have broad
specificity and are useful for
initial hydrolysis of the total
protein molecule. Others spec-
ifically hydrolyse individual
bonds in the molecule and are
useful for precisely controlling
thelength of the peptides prod-
uced. (Loffler, 1986, MAFF,
1982). Peptidases which hyd-
rotyse only the end groups of
peptides are offered by many
suppliers. Both amino peptid-
ases and carboxypeptidasesare
available and are claimed to
reduce or to eliminate bitter-
ness.

Details of the preparat-
ion of trypsin-hydrolysed whey
proteins to produce an infant
formula ingredient has been
published (Pahud, et al., 1985)
and the process patented {Jost,
et al., 1988).

d) Measurement

The measurement of extent of
hydrolysis of proteins can be
readily achieved by chemical
procedures, such as non-prot-
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ein nitrogen, amino nitrogen
and degree ofhydrolysis. These
measurements provide only a
gross measure of the progress
of hydrolysis and are more
useful to control the process
than to characterise the prod-
uct, Forhypo-allergenic applic-
ationsitis necessary to ensure
that no lengthy peptide rem-
ains which could precipitate
an allergic response. Chemical
test methods can not provide
that level of assurance. Cons-
equently, HPLC methods of
determining the moelecular
weight profilehavebeen devel-
oped. While these are helpful
in characterising a hydrolysed
protein product, they do not
guarantee that an allergic
reaction will not occur,
Confirmation of the success of
a hydrolysis requires either
animal tests or clinical tests on
humans.

Conclusion

If it is to be successfully used,
the apparently simple techno-
logy of protein hydrolysis re-
quires an intensive level of
scientific support. The process
conditions, oncetheyhavebeen
selected, must be precisely
observed in the manufactur-

ing plant and characterisation
of the end product must be
precise. As an ingredient, a
protein hydrolysate is not eas-
ily designed and a satisfactory
product requires the closest of
co-gperation between the
supplier and the customer.
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Microbiological Considerations
in the Production of Dairy Ingredients

Ron Hull

CSIRO Division of Food Processing, Highett, Vic. 3190

Introduction

The commercial success of new
processes developed for manu-
facture of food ingredients or
to improve the efficiency of
manufacture of existing prod-
ucts is dependent upon many
factors. One factor thatis often
underestimated is the problem
of proliferation of undesirable
micrebes in the new process.
Each food process provides a
unigue set of circumstances
that determines the type and
number of microbes capable of
proliferation. Proliferation of
pathogens renders the food
product unsafe for consump-
tion, while proliferation of other
non-pathogenic microbes may
adversely affect product qual-
ity. Control of unwanted mic-
robes in a new process may
require;

* The application of new crit-
eria in selecting raw mater-
jals.

* The development of new
cleaning and sanitation
programs to reduce initial
contamination ofequipment
used in the process and.

* Modification of the process
in order to control prolifer-

ation of undesirable mie-
robes during manufacture
of each batch.

Since the effects of undesirable
microbes may not become
apparentin anew processuntil
after commercial production
has commenced, research and
developmert in this area is
often carried out under crisis
conditions. This paper discuss-
estwo examples of the problem
of proliferation of undesirable
microbes in new dairy food
processes. The first is in prot-
ein-rich whey powders and the
second in anew cheddar cheese
making process.

Protein-Rich Powders
In addition to the importance
of proteins as structural com-
ponents in many foods, prot-
eins are also used as food ing-
redients because of their phys-
ico-chemical properties and nu-
tritional value (Kinsella, 1976,
1982; Morr 1984). In the UBA,
168,000 tonnes of whey powd-
ers are used annually as funct-
ionalingredientsinfoods, mak-
ing whey proteins the major
functional ingredient protein
in human foods (Table 1).

Thepotential market for
functional ingredient protein
is expected to increase world-
wide as the food industry inc-
reases the trend to formulat-
ion of new foods from basic
ingredients. In order to satisfy
this demand food processors
require protein-rich ingred-
ients with consistent function-
al properties that act in food
systems in a reproducible
manner.

Unrefined whey powd-
ers are used mostly as inexp-
ensive filler ingredients, for
example toincrease the level of
essential amino acids, where-
as refined whey powders en-
riched in protein are marketed
for their specific functional
properties such as gelling,
foaming and emulsifying act-
ivities. However, commercial
protein-rich whey powders dis-
play a highly variable range of
functionalproperties whichhas
been attributed to differences
in composition (Morr, 1979;
Marshall, 1982; Melachouris,
1984; and Mathews, 1984),
variation in the basic compos-
ition of the raw milk as influ-
enced by stage of lactation
(Morr, 1982), and the quality
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of the raw milk as influenced
by mastitis and the growth of
psychrotrophic  bacteria
(Schmidt et al., 1984).

Research in our laborat-
ory has found high levels of
thermophilic bacteria in some
commercial preparations of
protein-rich whey powders. The
bacteria were shown to he
predominantly species of
Bacillus and Enterococcus
(Dimopoulos, 1990; Solomon,
1990). The presence of therm-
ophilic bacteria might be exp-
ected since the membrane
processing to enrich for whey
proteinsis carried out at temp-
eratures of 50°C or greater.
Further research was there-
fore initiated to determine the
significance of contaminating
microbes in the variation in
functional properties of comm-
ercial protein-rich whey powd-
ers.

The gel strength and
foam stability of ten samples of
commercial protein-rich whey
powders obtained from one
manufacturer, containing 570
to 200,000 cfu of thermophiles
per gram, were measured in
simple model food systems. A
log-log plot of the data showed
an inverse straight-line relat-
ionship between both function-
al properties, gel strength and
foam stability, and the conc-
entration of thermophiles
(Solomon, 1990). The observed
relationship between lost fun-
ctionality and the number of
thermophiles suggeststhat the
bacteria were capable of chang-
ing the structure of the whey
proteins, which caused a deg-
enerative effect on function-
ality. This conclusion high-
lights the importance of cont-
rolling these bacteria if prot-
ein-rich whey powders are to
be used successfully by the food

Table 1,
Sources of protein-rich ingredients used in food
manufacturing in USA.
Ingredient Estimated Market!
Source {tonnes)
Milk 136,060
Whey 168,000
Egg 6,800
Meat
Fish ?
Cereals 14,000
Oilseeds 145,000
Yeast 1,400

1Adapted from Kinsella and Whitehead, 1989.

industry for their functional
properties. Consistent func-
tional properties can only be
achieved if the number of
thermophilic bacteria are kept
at a consistently low level in
the protein-rich whey powd-
ers.

The thermophilic bact-
erig isolated from these prot-
ein-rich whey powders were
shown to be resistant to mild
heattreatmentsapplied toraw
milk for cheese making and to
cheese whey prior to manufac-
ture of protein-rich whey pow-
ders. In addition, the typieal
plant cleaning (1% caustie at
70°C) and sanitation system
(200 ppm hypochlorite solut-
ion) used by the dairy industry
do not remove or destroy all of
these bacteria when in contact
with stainless steel surfaces
(Solomon, 1990). Introducing
the use of an acid wash maybe
required to avoid build up of
thermophilic bacteria in whey
processing plants (Dimopoulos
and Hull, unpublished).

The same species of ther-
mophilicbacteriaisolated from
protein-rich whey powders
have also been isolated from
raw milk and from residues
present on cleaned whey pro-
cessing equipment {Dimopoul-
08 and Hull, unpublished).

Thisresultindicatesthat
the source of thermophilic
bacteria in protein-rich whey
powders originate from raw
milk supplies and/orin-process
contamination. Kinsella and
Whitehead (1989} have pointed
out the need for rapid reliable
methods to quantify the vari-
ous protein components and to
assess the level of protein
denaturation as these are
importantin determining funec-
tional properties,

Thefinding that thermo-
philic bacteria have a degen-
erative effect on functionality
points up the need for rapid
reliable methods to monitor
these organisms in the raw
milk supply and in the
manufacturing process.
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New Cheesemaking
Processes

The introduction ofnew cheese
making technologies hasled to
the continuous operation of
cheese/milk pasteurisers and
ultrafiltration (UF) plants for
periods of up to 22 hours,
Continuous operation of dairy
food processing equipment
allows microbes to multiply to
high numbers with possible
adverse effects on product
quality. For example, Hup et
al., (1979 reported off flavours
and excess openness in Gouda
cheese caused by heat resist-
ant streptococci originating
from a pasteuriser that had
been operated for an extended
peried of time without clean-
ing. A build-up of bacteria in
pasteurised milk has been
reported after 7-12 hours of
continuous operation (Hup et
al.,, 1979; Driessen and Bou-
man, 1979; Bouman ef al.,
1982).

Research in our laborat-
ory in collaboration with a
cheese manufacturer has
shown that the total bacterial
ecount of pasteurised cheese-
milk can increase rapidly after
8-15 hours of continuous oper-
ation of a commercial cheese-
milk pasteuriser. Theincrease
is not observed in pasteurised
milk sampled after the holding
tube section, but is seen in
pasteurised milk sampled aft-
er the regenerative section of
thepasteuriser{(Lehman, 1990,
Lehmann ef al., 1990).

A miniwash of the past-
euriser after approximately 10
hours of operation, usinga 15
minute cold water rinsge, a 20
minute 1% caustic solution
(70°C) wash and a 10 minute
hot water rinse was found to
prevent or delay the increase
in total bacteriain pasteurised

cheesemilk (Lehmann et al.,
1890, Figure 3.)

In UF cheesemaking
pasteurised milk is fed to a UF
plant to concentrate the milk
prior to cheesemaking. The UF
plantisusually operated at 50-
55°C, conditions suited to the
multiplication of thermophilic
bacteria. The species of therm-
ophilie bacteria most common-
ly isolated from pasteurised
milk and UF concentrated
cheesemilk were Bacillus spec-
ies (Solomon and Lehmann,
1990). The source of these org-
anisms was shown to be raw
milk supplies (Russell and
Lehmann, 1980) and that the
two main sites for bacterial
multiplication in cheese proc-
ess plant are the cheese/milk
pasteuriser and the ulirafilt-
ration plant (Lehmann, 1990).

Preliminary results of
cheesemaking trials, in which
thermophilic bacteria isolated
from UF concentrated milk
were added to UF concentrat-
ed cheesemilk, indiecate that
some can produce flavour def-
ects in UF Cheddar cheese
(Lehmann, Mayes and Hull,
unpublighed). In addition, UF
concentrated milk containing
high levels of thermoduric
bacteria is unsuited for the
production of lactic starter
culture. The spores of these
organisms require very high
temperatures to inactivate
them and survivors have been
shown to be capable of multip-
lication in lactic starter cult-
ures.

The finding that therm-
ophilic and thermoduric bact-
eria can have adverse effects
on new cheesemaking process-
es again points to an urgent
need for rapid reliable meth-
odstomnonitorthese organisms
in raw milk supplies and in the
manufacturing process,
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