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INTRODUCTION

e 00d] 0ils and [ats all have the same basic
chemical siruclure, being eslers ol Talry
acids with glycerol. The physical and
chemical propertics vary however,
depending on the aclual [ally acids and the way in
which they are combined, When selecling a [al Lor
use in g particular food product, it s necessary lirsl
lx establish some information on lhe physico-
chemical Tunclions of the mgredients, so Lthal the
gorrect choige may be made, In ige ¢ream and
whipped cream the lipid components play a key role
in the formation and slabilily of the structure. This
paper therefore first presents general information on
the siructure of the products and then develops the
specifications of the fat component.

COMPOSITION

Typical compositions of milk, ice cream and cream
produets are given in fable 1.

Inilially these products are emulsions of oil in water,
The aquenus phase conlaing milk solids in solulion
or in the colloidal state and, in the case of ice cream
and whipping cream, a carbohydrate-type stabilizer
15 alsno in solution,

The linal product 15 a [oam, with an emulaion of

somewhal modihied composition as the conlinuous
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phase. The ice cream foam is requires] (o be slable at
about -5°C, when some 50% of the waler 15 in Lhe
tfrozen state, whercas whipped cream s reguired
be stable, at least for a limited peried, al room
lezm pesra lures.

NATURE OF THE EMULSION

The natural emulsion of milk, as produced by the
cow, consisls of [l particles ranging in size up 1o 20
migrons, with an averape diameler ol aboul 4 microns
(pm). The surface al the al globules 15 covered by a
layer of absorbed milk proteing, which is not very
firmly held. The emulsion is only moderately stable,
and on standing a cream with an enbanced content of
fat forms an upper layer. In modem dairy practice
cream is obtained by ccntrifugation, and the fat
content can be controlled as indicated in Table 2. lec
cream mix, processed cream and synthetic cream are
usually homogenized, resulting in a much smaller
particle sizc, averaging 1 wm or less, and therefore a
much greater stability. During homogenization, a
large new arca of fat surface is created and the
originally absorbed protein, the ‘natural milk fal
globule membrane’ i3 removed,  Aller
homogenization protein 15 again absorbed 1o the
surface, but this is now mainly the casein componenl,
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STRUCTURE OF ICE CREAM

The homogenized ice cream mix is stored at 5°C lor
thress hours or more and s then ready for the
combined [reexing and aerating slep. This akes
place in a scraped surface heat exchanger where the
mix is rapidly chilled to -5°C at the same time as
about S0% by volume of air is introdoced, with
strong agitation. The produoct leaving the freezer is
essentially in the tinished form, but for slorage it is
chilled further to -18°C or lower.

The dimensions and nombers of some of the
components of froeen joe cream are given in Teble 2,
Under the eleciron microscope, i can be seen thal
the surlace ol each air cell is coales wilh a conlinuous

TABRLE 1. COMPOSITION OF ICE CREAM AND RELATED PRODUCTS (%)

STRUCTURE OF WHIPPED CREAMS

Microscopic examination of whipped creams shows
thal the slructure is essenlially the same as thal
described above. The air cells have a continuous
surface laver of fal, where some traces of ervstallinity
have becn observed, while the conlinuous phasc
contains numcrous unchanged fat globules, Some of
the fat has however agglomerated into regions of
crystalline fat,

The factors contrelling slructural stability  are
somewhal different by comparison with the case ol
e cresm. Cream has a much higher [al content, it is
ool fmoren, and i needs o be stalle al room
temperature. Conlinuous regions of free fal n a
parily crysialline slate
are important in the
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eream are offered to the

laver af liguid oil and that this is surrounded by an consumer in a number of different forms, for
outer layer ol discrele [al globules wilh the size examples:

distribution of the original emulsion,

This formation plays an impoetant role in ensuring
the stability of the ice cream struciure. The continuous
phase of the frozen ice cream containg, aparl [rom
ice crystals, numerous fat globules, either single or
lixose]y clumped together, In addition cascin micelles
and micellar sub-units can be idendified,

Il a convendional jce cream formula is made using a
ligguic ol a different microscopic stroctare is o btained.
There are no discrele [al globulaes w be seen, All the
emulsion has been broken during lreezing and all the
il has migrated to the air hubhle interlace, Such an
icc cream is not stable.

= MNatural fresh cream

* Homogenized canned cream

* Imitation cream — pasteurized

= Imitation cream — UHT treated

* Cream in acrosol packs

* Frozen whipped cream

* Toppings or ¢reams in the [orm of sprayv-dred
prowedler,

In order 10 gel satislaclory whipping properties and
struciural stahility, the formula and processing require
adjustment for cach of these product types.

Before being acrated, the cream and ice cream mix
cmulsions need to be stable. The structure at the
surface of the tat globules is complex, The surface
active materials, natural or added, arc oricnted at the
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TAHRLE 2. IMMENSIONS AND NUMBERS OF FROZEN ICE
CREAM COMNOMNENTS

Dizeler [ ATITTHLT S
pm PEr i
At cxlls 5 - 300 8,33 x 10
{mcan G0
Fut globules 1001 < il .53 x 50"
lce arystals {rnesm A% T&x 10
Cascin nicsiles up bl

surtace wilh polar functional proups lowards the
aquenus phase. Prolein 15 absorbed and paetly
depatured at the f[at globule surface. Some
hydrophobic regions of the protein probably peneteate
the fal surface. The more saturated glycerides are
partly erystallized at the interface. This crystallization
is promoicd by the prescnec of satrated surfactants
such as glyceryl monostearate,

However, during Lhe whipping process the emulsion
15 requires] o destabilize parlially, This is achieved
parily by the mechanical sction of the rotary beaters
and partly by lhe action ol the emulsilying agent
The extent ol deslabilizalion can he controlled 1o
some degree by selection ol the emulsiher  Lyvpe
and ils  congentration.  Howeser, bolth omooige
cream and in whipped cream the fat and ils hehaviour
during processing are among the most imporiant
parameder for & satisfactory product.
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REQUIREMENTS OF THE FAT
INGREDIENTS

| The biroad specification of the tat for ice cream is:

13 Partly solid at +3°C and at -5°C
2) Subatantially liguid at 37°C
3) Good ‘melt in the mouth” propertics

The corresponding requirements o the case of
whipped cream are:

Ly Parily solid at +5°C

2} Solids content at ambicnt temperature related to
stability requirements

3} ‘Melt in the mowth’ properties particularly
important due 1o the higher fat content.

The solids conlents of some vegelable oils suitahle
[or ige ¢ream are compared wilh data for hutlerfal in
Tabie 3. Figures [or hardened palm kernel oil are
also ipcluded [or comparison,

Compared with bulterlat, palm oil has a very similas
solids contents, while palm kernel o1l melis more
sharply.

While all three fats have been and are used
commercially in ice cream manufaciure, it has been
found that some [reczing processes, which use lower
lemperalures, cause oo much destabilization of the
emulsion when the palm oil is used, In these processes
eilher palm kernel oil or a blend of palm oil with
some hydrogenated palm oil have been given
mmprosved resulls,

The higher fat content of creams makes the melting
characteristics of the fat very imporiant. A solids
content of & few per cent sl mowlh lemperature
resulls inoa greasy residue on the palate, which
consumers do not like. For this reason palm kernel
producls are superior. However, [Ju[:rn kernel o1l and
bullerfal give aeraled creams that are somewhal
lacking in structural stability at ambienl lemperaiures.

In this respect the wse ol partly hydrogenaled palm
kernel ofl gives an improvement. The extent ol
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hydrogenalion can he carefully adjusted for stability
al higher ambient temperaturcs, but increascd
hydrogenation incvitably raiscs the solids content at
37°C and leads to some reduciion in palatability.
Recent research has found that for hotter climates an
economic fal Blends tor creams with acceptable

mouthfec] and good whipping properlies can be
made by interesterifying 66 parls of hydmgenated
palm kemnel oil (iodine value 1.1) wilth 34 parls palm
stearin {iodine value 19, The solid contents of this
blends at 37°C was very similar o that of the
hardened palm kermel oil, hut hetween 37°C and
25°C it was somewhal higher, conferring greater
stability on the whipped crean.

To sum up - the traditional lal in i¢e ¢ream and
whipped cream is patural butler. Where it is desired
to use a vegelable oil, il has been found that palm and
palm kernel oil are salisfactory in ice cream, and
bolh these oils have been use extensively in
commercial products. In most cases they are
inlerchangeable depending on price. In whippesd
cream products additional stability is oblained by
using hydrogenated palm kernel oil, Palm o1l is less
suitable in these products because of its slower “mell
inn the mouth® behaviour.
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