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Samples cf inedible bulk mutton tsllow were collected
nonthly thrcughout two xiliing seasons from one mesat ldlling
plant, Thesse samples plus one sample from ancother plant, were

analysed fo
samnles, four fatty acids
3

1
ds, anc there vwas an aversg

fatty acids ge of 16 trissturated
triglycerides, 38 disaturated triglycerides ancd 4L6% of
triglyceriaes with a greater cdegree of unsaturaticn. Overall,
there vwas a significant decreasse in the proportion cf 1L4:0, and a
eignificant increase in the proportion of 1&:0, from November
toc Jdune; and there was a significant difference in the zean
vropertion ¢f 16:0, and alsc 186:7, between the two seascnzs. There
i fie

gnificant decrease in the proportion of 2-0leo
disaturated Ltriglycerides from November t e, wiih a range from
10.0% (ilay, 1978) to 20.5% (Ncvember, 197%).
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An acetcne fracticnation scheme was dgcvelooed with the nmain

aim of concentrating these 2-0leo disaturated trigiycerides Znlo
one fraction (the intermediate fracticn) which may be useful zas |

a cocoa butter replacer The first precipitate (fthe hard fraction)
viags separated by filtratison, and the filtirate wzs |
solvent : fat ratio and then fur €

intermediate fraction. After sesparation o

S
“cetons was distilled from the filtrate to.produce a firnail

—

-;actwon {the scft fraction). -

xperiment showed that the solivent : fatl ratio
I c

e
isation, the temperature
e

at 2ach crystall 0 whicha the fat
selution was cooled at each crystallisation, the watel content
of the acetone and the desgree 0f sgitation during crystailisaticon
all affected the fractionation., The effect of these variszbles
uron one samnl

ole ¢f mutton tailow was studied, and nathemaiical
1 P
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sractions and the melting vropertiies ot the intermediate fraciidn.
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Yne model predictiag the melting properties of the intermediats
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fraction was used to estimate the fractionation conditions which
would ‘give an intermediate fraction with melting proverties most
similar to those of cocoa butter. From this, a fractionaticn
was performed with first and second crystallisation temperatures
of 9. 2°¢ and 5.2 ¢ respectively, solvent to fat ratios at the
first and second crystallisations ot 1,0:i =znd 10,0:1
respectively, a water concentration in the acetone of 0.6€5% and

a defined agitation condition. The yields of the hard,
intermediate and soft fractions were 34.5 wt %, 2.5 vt % and
63.0 wt % of the tallow respectively. The intermediate fraction
contained‘51.0% of 2-0leo disaturated trigiycerides (compared

to 68.9% in cocoa butter) and had very similar melting
prOperﬁies to cocoa butter. Then the fractionation scheme

vas modified to give a greater yield of the intermedizte fracticn
(8.3 wt %) but the melting proverties of this interrediate

fraction were less similar to those of cocoa butter. his latter
fractionation scheme was scaled up (from 20 g tallow to 200 g
arrd 1 kg). On each scale an intermediate fraction with consistent
yield and melting properties was ootained., The yiclids ©of the

i
other two fracticns varied, however, and overall there was a
considerable difference in tie vehavicur of the fractionastions
on each scale. Attenmpts on the 1 kg scale to prcduce an

intermediate fraction with propverties similar to those Sf the
best 20 g intermediate fraction (i.e. similar tc cocsa butter)
ortant

were unsuccessiul, The highest proportion of the imp
2-0leo disaturated triglycerides atteined in a 1
intermediate fraction was 36.3%, and this fraction melted over

a wider temperature range than cocoa butter., Thie intermediate
fraction may be useful as a cocoa butter csubstitute in a ccating
chocolate, but is unlikely to be able to replace cocoa butter in
chocolate, The hard fraction produced from this 1 kg fraction-
ation (23.0 wt % of the tallow) showed prcmise in a oaking
shortening blend with butter, but was too hard tc be
pastry shortening. The soft fraction perrormed well as a deep—
frying medium and in mayonnaise,.
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CHAPTER 1
_PRELUDE

In the year ending June 1979, New Zealand exported
90,000 tonnes of tallow, Ninety-seven per cent of this
vas inedible mixed vegf and muiton tallow which.was sold

at an average price of only #4735 per tonne.

In the same period, totsl imports of oils and fats were
about 22,230 tonnes at an average price of approximately
$760 per tonne (New Zealand Official Yearbook, 1980). Thus
it would be advantageous if New Zealand could exploit tnis
large domestic fat resource of tallcw to a greater extent
to reduce the need to import fats and oils,

Tallow has a great numter of component triglycerides
which exhibit a variecty of properties. This makes tallow a

product with very lirzited uses (Luddy, Hampson % hHerb, 1977).

Fractionation of fats is a well-establigshed industrial
practice., TFractionation of a fat can give products with a
triglyceride compositicn and physicel properties wanich dif
markedly from those of the starting material (Swern, 1964).

1

but there is little information on the nature of the products
obtainable from fractionating New Zealand mutton tallow. Tne
aim of this wcrk was to study the nature of the fats which

could be produced by fracticnating New Zealand mutton tallow.

Tallow fractionation overseas, particularly beef tallow
fractionaticn, has given products suitable for a wide variety
of uses {Dobson, 1967; Weiss, 1370; Luddy, Hampson, Herb &
Rothbart, 1973). Tallow or tallow fractions have been used
in the typical edible fats discussed in the following sectiouns.

11 PLASTIC SHORTENINGS

The original subject of the term shortening was any sclid
fatty material which exhibits a shortening effect in baked

products, However, in the U.,S.A, all fats and o0ils are now
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called shortenings to distinguish them from margarines and

other high fat content products which also contain non-fat
materials, and this terminology will be used here. Shortenings
may also contain emulsifying agents (Weiss, 1970).,

Plastic shortenings are usually prepared by blending a
relatively large oil fraction {the base stock) with a minor
proportion of a hard fat (plasticiser). The softening action
of the base stock is balanced with the nardening action of the
plasticiser to obtain a shortening of the desired consistesncy
and plastic range (Thompsou, 1963).

The plasticiser is ucually prepered by fractionaticn or
hydrogenation, The latter process produces a nigh proportion
of trans isomers, and because nutritive value of these has
been questioned it{ may be prudent to minimise their levels in
foods (Melnick and Gooding, 1960; Mishkel and Spritz, 1969;
Luddy et al, 1973). For this reason, fractionation is often
the preferred process,

1.2 LIQUID SHORTENINGS

Liouid shorteningc are pourable and clear (Weiss, 1970).

They are convenient to use and are zenerally suitable for all
3

shortening requirements except where plasticity is regquired

(Swern, 1964).

15 FLUID SHORTENINGS

An ideal fluid shortening is a stable suspension of solid
discrete particles of fats in 0il at a temperature of 150 to
AOOC. The suspension shculd remain fluid throughout this
temperature range without any significant change in viscosity
and without setting of the solid fraction (Swern, 1964).

1.4 FRYING SHORTENINGS

Frying shortenings must have low free fat acidity and
high smoke poirnt, and should not prcduce objectionable odours
during frying (Weiss, 1970). They are normally deodorised
vefore use (Swern, 1964). Liquid frying shortenings have the
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advantages that they can be poured and filtered when cold and
can be heated without the danger of burning on hot coils.
However they generally have lower resistance to oxidation
than plastic shertenings.,

1.5 MARGARINE SHORTENINGS

Margarines are shortenings in emulsion form. The purvose
for which the margarine is used determines the properties re-
quired of the shortening. The shortening in a table
margarine must be plastic and spread easily at room temperature,
but shculd melt completely in the mouth.,

Bakery margarines are used in baking in the szame manner
as shortenings, but usually impart more flavour and odour tc
the product. Taey are not required to melt at body
temperature, and a shortening with a wide plastic range is
generally used (Swern, 1964; Weiss, 1970).

1.6 SALAD OTLS

Salad oils are 1liquid at room temperature and do not
cloud or solidify at normal household refrigeration
temperatures (4.,5-10°C). An o0il which becomes solid in the
refrigerator is inconvenient to handle and less suitable for
mayonnaise manufacture (¥%Weiss, 1970).

The standard test for evaluating saiad oils is the
cold test of the American 0il Chemist*s Society which reguires
the 0il to remain clear after holding at 0°C for 5% hours

<

(Swern, 1964; American Cil Chemist's Society, 1973).

Salad oils are normally déodcrised, and both dark and
light coloured o0ils are produced (Swern, 1964).

1.7 COCCA BUTTER REPLACER FATS

Cocoa (or cacao) butter is a pale yellow solid fat
obtained by hydraulic expression or solvent extracticn of the
whole beans, or the nib (cotyledon), of ‘the tropical plant
Theobroma cacac. Cocoa butter has very unique physical
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prcperties for a fat. It melts very sharply at a temperature
just below body temperature, but at lower temperatures is
quite firm, coes not feel greasy to the touch, and exhibits
a distinctly brittle fracture below 20°C. The main use of
cocoa butter is in the manufacture of solid chocolate
confectionery and coatings for chocolates, candies and baked
goods (Swern, 1964; Minifie, 1970; Weiss, 1970) where it
binds the other ingredients and imparts desirable melting
properties upon the product (Feuge, 1964; Soeters, 1970).

The high price of cocoa butter relevant to other fats,
price fluctuations and unstable supply have resulted in many
attempts to produce cocoa butter alternatives from cheaper
fat sources, either for part or total revplacement (Farr, 1954;
Feuge and Lovegren, 1958; Crossley, Paul, Pardun and Soeters,
1960 A & B, 196i A & B; Eest, Soeters, Davies and Paul, 1951;
Landwann, Lovegren and Feuge, 1961; Spadaro, Lovegren, reige
and Patton, 19671; Sinnema, 1962, 1963, 1967; Tecossss,
Koltun, Spadarc, Feuge, Pollard and Patton, 1962; Arnold,
1963; Loders and Nucoline, 1964; Kawada and Matsui,
1968; Akiya, 1970; Babayan, i970; Ryberg, 1970 & 1971;
Errboe, Braemer-Madsen and Andersen, 1971; Kassabian, 1971;
Eheambani, Shitole and Kane, 1972; Feuge, Gajce and Lovegren,
1973; Lovegren, Gajee, Gray and Feuge, 1973; Luddy, Hemnoson,
Herb and Rothbart, 1373, 1976, 1978; Hasman and Zielinski,
1974; Wolf, 1975; Luddy, Rothbart, Hampson, Miller and
Alt, 1976; Thomas and Paulicka, 1576; Anonymous,; 1977;
Minowa, Masyoshi, Toyoshima, Yasuo, Yasuda and Nozomi, 1977;
Luddy, Hampson and Herb, 1977; Luddy, Hampson and Koos, 1975;
Baliga and Shitole, 1981). A fermentation process has even
been developed to produce a cocoa butter replacer (Fuji 0il
Coe, 1975, 1976), It has been predicted that the cost of
cocoa butter will continue to increase dramatically untiil
at least 1990 (Kooyker and Gustafson, 1977).

The principal ingredients of chocolate and chocolate
coatings are chocolate liguor or cocoa powder, sugar and
additional cocoa butter,
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In many countries, including New Zealand, the use of cocoa
butter alternative fats in chocolate is prohibited by law,
However, they can bte utilised to produce chocolate-like products,
particularly for coatings (Feuge, 196L; Minifie, 1970; New
Zealand Department of Health, 1973).

The extra added cocoa butter in chocolate is the fat for
which an alternative is desired. The presence of some cocoa
butter in chocolate or chocolate coatings is unavoidable
since the desired flavour can only be achieved by the use of
chocolate

5

liquor or cocoa powder (Johnston, 1572). While cocca
powder from which the cocoa pbutter is removed dy solvent
extraction can be used with a cccoa vutter alternative to produce
a '"chocolate" containing no cocoa outter, and this avoids the
problem of fat compatability (Sheppard Iverson and %eihrsuch,
978), the extraction process removes ouher compounds,

3

especially anti-oxidants, from the cocce powder. This leads
to flavour deterioraticn, and such prcduct 1

53 are odour

of the lack of cccoa butter (Minifie, 1970; Veises, 1570).

Three different types of cocoa tutlter alternative fats

auivalent - this can e mixed wit

€ h
ter in any propartion without zlterin
ting characteristics, and has itsel

melt¢ng properties;

(ii) an extender - this can be used as a part

repl acement’ for cocoa butter, but does not
necessarily result in similar wmelting properties
over the whole range of addition, and

(idi) a substitute - this alters the melting properties

cf cocoa butter and may iiseif have different

melting characteristiics, but can be used as a

coating fat in certain circumstances (Paulicka,
7

a
197C, 1972; <Chapman, Akehurst and Wright, 1971).
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Coatings made with fats scfter than cocoa butter are

required for cakes, frozen desserts and ice creem where the
cocoa butter ingredient of chocolate sets too hard and produces
a brittle coating which flakes off,

Coatings made with fats harder than cocoa butter also
have some uses., A coating fat with a large prorortion of
high-melting triglycerides extends the plastic range tooc far
above body temperature and a waxy sensation on the palate
results, However these may be used in candy products where
the primary eating sensation is derived frem the centres and
the coatings are relatively tnin, or for candy bar and biscuit
enrobing where fhe melting point of chocolate is too low,
especially in summer, Here it is not necessary for the coatings
to melt completely in the mouth as *hey are masticated with
solid components (Veiss, 1970; Dallow, 1974).

Hence, as well as demand for a cocoa butter equivelent,
cocoa butter extenders and substitutes are useful in some
circumstances.

1.8 DEVELGPMERT OF NEW ZEALAND MUTTON TALLOW AS A SQURCE
OF EDIBLE CILS AND FATS

New Zealand tallows, especially vpeef tallow, are used
directly in frying and are also used on a2 small scale in blends
of fats as margarine and frying fats. They are not particular-
ly suitable, however, because of their high melting points,
and New Zealand imports large quantities of vegetable oils.

From overseas experience in fractionating tallows, it
might be possible to separate New Zealand mutton into an oil
fraction which could replace at least part of the imported
vegetablie oils; soft and hard fractions which could be blended
to give margarines and shortenings for baking and table use;
and a cocoa butter replacer which could replace some of the
imported cocoa butter. As well as import substitution, export
of these specialist fats, alcne or blended with milkfat or
other fats, could develog.
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To galn insight into the composition of New Zealand mutton
tallow, and hence the possible composition of products from it,
mutton tallow samples were collected from throughout two
seasons and analysed for fatty acid and triglyceride composition,
From this study, a laboratory-scale fracticnation scheme was
developed to produce three fractions from New Zealand muttcn
tallow., The process was optimised for the yield and melting
properties of the fraction which was likely to prove the most
valueble -~ a fat with melting properties similar to those of
cocoa butter.

To produce sufficient quantities of the three fractions
for testing of their properties in different commercizl
applications, attempts were made to increase the scale of
the prccess to fractionate 1 kg of tallow per run., Sufficient
of each of the three products from this scale were produced
for further testing as cocoking and baking fats by the Food
Technology Research Centre (Massey University) and as a cocoa

butter substitue by Cadbury Schvweppes Hudson Limited (Dunedin).

specific uses.



CHAPTER 2
LITERATURE REVIEY

2.1 TNTRODUCTION

The aim of this literature review was to study the
relationship between the chemicel composition and the phase
behaviour of fats in general as a bacizground to understanding
the behaviour of the triglycerides in tallow. The first
section describes the melting and solidification properties
of fats and how chemical composition and polymcrpnism affect
these préperties. The fatty acid and triglyceride compositions
of mutton and bteef tallows from around the world were studied
to determine the factors that cause differences in their
composition and properties, and to evaliuate the feasibility
of preducing vroducts with specified compcsitions and
properties Irom tallow,

The methods by which fractionation cen prcduce fats with
ic melting properties, by concentrating triglycerides
able composition in the various fractions, weres

d; and in particular fractionation schemes already
used on tallovis cverseas were stucdied to see if they were
applicable to Hew Zealand mutton tallow,

2.2 MELTING AND SOLIDIFICATICH OF FATS

This section reviews the effects of chemical structure

n the melting of pure triglycerides, the differences between
the meiting of triglycerides separately and in mixtures;
polymorphism of triglycerides, triglyceride crystal hatit
and how these effects are transmitted to natural and commercial
fats,

The unusual composition and corresponding unusual melting
properties of cocoa butter are also reviewed,

emical Structure Uvon the Meltiing
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The melting point of a pure triglyceride depends upon:

(1) degrec of saturation of the constituent fatty acids,



(2) 1length of the fatty acid chains,
(3) cis-trans isomerism of unsaturated fatty acids,

(4) positioning of the fatty acids within the triglyceride

molecule,

(5) positioning of the double bonds within the fatty acid
(Litchfield, 1972).

For simple triglycerides (those containing only one fatiy
acid species) there is a decrease in the melting point with
increased unsaturation and decreased chain length, Trans isomers
melt at higher temperatures than the corresponding cis isomers.

With mixed triglycerides, the pattern is very complex.
In trisaturated mixed triglycerides, the melting point is
generally lowered as either the difference between the length
of the terminal chains ¢r the maximum difference in chain length
betvween the middle and terminal chains is increaczed. A similar
attern exists for the mixed unsaturatved triglycerides, but the
number, nature and positioning of the double bonds are also
significant factors, with an unsaturated acid in a terminal
position lowering the melting point more than a similar fatty
acid in the 2-position, |

This great number of interacting factors mekes the
prediction of melting point from triglyceride structure very

difficult (Bailey, 1950).

22,2 S0lid/Liguid Phase Behaviour of Mixtures of Triglycerides

In a mixture of triglycerides, the melting point of any one
triglyceride component is affected by the other compcnents and
' may deviate considerably from that of the pure triglyceride
(Bailey, 1950). If the solubilities of individual triglycerides
in mixtures even approached those of the pure compounds, then
excellent separation would be possible by either selective
crystallisation or solubilisation (Brown, 1955; Brown and Kolb,

1955) .
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Crystallisation of complex triglyceride mixtures produces
crystals containing more than one kind of molecule. There are
three processes by which this may occur (Bailey, 1950; Sambuc,
1964; Rossell, 1973; Jacobsberg and Jacamain, 1976): solid
solutions, crystalline compounds and layer crystals,

2eleclel So0lid Solutions

Solid solutions, in which molecules of one constituent
enter the lattice of the other and are uniformly distributed
throughout it, occur when there is chemical similarity between
the molecules involved and there is no great difference in their
sizes (Maron and Prutton, 196G).

In a complex mixture of triglycerides, such as a natural
or commercial fat, there are many triglycerides capable of
forming solid solutions, and the formation of a pure triglyceride
crystal is not possible, Similarly, the partial solubilisation
of such a fat does not produce a liquiae phase containing =z
pure triglyceride species, but produces a mixture of
triglycerides.

The phase diagram for triglycerides which form ideal
liquid and solid solutions is shown in Figure 2.1.

If a 1liquid mixture of compcsition x is cooled from a,
solidification will begin, in the absence of supercooling, at b,
vith the first so0lid having the composition represented by c,
and will end at d, with the last material solidifying having the
composition do If the system is cooled to point f, the
separating so0lid and liquid will have the respective ccmpositions
h and g only if cooling is rapid enough to avoid crystallisation
in the interval bf, If it is cooled slowly, only the last
material solidifying will have the composition h - the rest will
vary in composition from h to c. If such fractionation occurs,
the system will not be in equilibrium at f. The two phases will
eventually approach g and h in composition, but the attainment
of this equilibrium may take a long time to occur - months or
even years (Bailey, 1950; Sambuc, 196%4).
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A system where complete intersolubility occurs is rare

for fatty substances (Bailey, 1950), though mixtures of ESS
and SSS and POS and S0S (E = elaidic acid, S = stearic acid,

P = palmitic acid, O = oleic acid) do show continuous solid
solubility (Rossell, 1967; Jacobsberg & Jacamain, 1976), The
occurrcence of limited solid solubility is more common and

has two main effects:

(i) the formation of a solubility gap;

(ii) depression of the solidus and liguidus

linesy causing a minimum for each.

A phase diagram for a simple 2-compcrent system exhibiting
incomplete solid solubility, and the occurrence of these
characteristies, is shewn in Figure 2.2.

A system of compositicn x brought to the temperature

[=} S
represented by b will separate intc twe solid phases of
compositions ¢ and d.

A more common system for triglyceride mixtures exhibiting
limited solid solubility is where the solubiiity gap extends ugp
into the'liquidregion - this is known as the eutectic system.
The phase diagram for a binary eutectic system is showin in
Figure 2.3.

The point E in this figure is called the eutectic point,
and it is the lowest temperature for appearance of the liquid.
A mixture of composition corresponding to the eutectic point
nelts as a pure compound, For all compositions between y and z,
melting bhegins at this point. Outside this zone, heating or
melting proceeds as for a system showing ideal solid sclubility.,.

Binary triglyceride mixtures which exhitit eutectic
behaviour include PPP and SSS, EEE arnd SOS, POS and PSO, PPP
LLL and PPP and SOS (P = palmitic acid, S = stearic acid,

E = elaidic acid, O = oleic acid, L = lauric acid), (Rossell,
1967 and 1973; Jacobsberg and Jacqmain, 1976).
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With triglyceride mixtures a special case of eutectic, the
monotectic, in which the eutectic point coincides with one of
the components, is often encountereds A monotectic phase
diagram for a binary mixture is shown in Figure 2.4, Binary
triglyceride mixtures which show monotectic behaviour include
SSS and 000, SSS and LLL, FPP and POP and SOS and SSS (Rossell,
1973; Jacobsberg and Jacqmsin, 1976).

A further type of behaviour in triglyceride mixtures in
which incomplete solid solubility occurs is peritectic behaviour,
where a solid solution of one type is transformed to a solid
solution of another type at a definite temperature (Bailey,

1950; Hannevijk, Haighton and Hendrikse, 1964). Binary mixtures
of SOS and SO0 exhibit peritectic behaviour (Rossell, 1967).

Ce2e2.2 Crystalline Compound Formation

This unusual behaviour has been obscrved betvieen some
triglyceride pairs. Chemicsal compounds are nct envisaged, tut
rather crystalline interacdons and preferentiai crystal
structures. In each case where this effect has bteen observed
between triglyceride pairs, a fatty acid at the 2-position in
one molecule is repeated at the 1- and 3-positions of the other
moclecule, and equal proportions of the two molecules have been
required to obtain the effect., This suggests that there is
some underlying cause, such ac chain pairing, to explain the
behaviour (Rossell, 1973). It can cause the inclusion of
higher than expected proportions of relatively unsaturated
triglycerides in stearine fractions produced by crystallisation
e.ge. 1n solvent fractionation of palm oil, compound formation
between sn - OPO and sn - POP causes high propcrtions of sn-0PO
to be crystallised with the stearine fraction (RBerger, 1977).
Compound behaviour has also been observed in a mixture of
SSO and SOS (Rossell, 1973),

2elesled Layer Crystals

Because of the similarity in structure and properties
of different triglycerides it is possible, when a fat is
cooled slowly, for the layers of one to deposit readily on
the crystal surfaces of another, thus producing crystals with

a layered structure, The high melting point triglycerides will
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tend to the inner layers, and the low melting to the outer
layefs, even if solid intersolubility prevents the separation
of the different members in pure form.

2e2+3 Phase Behaviour of Natﬁral and Commercial Fats

The types of phase behaviour observed between triglycer-
ide pairs are transmitted to natural and commercial fats in
which these triglycerides are major constituents (Berger, 1977).
However the mixture of triglycerides present in any natural
or commercial fat is too complex to allow accurate prediction
of their-phase behaviour from their triglyceride composition
(Rossell, 1973; Berger, 1977)., For instance tallow, with ten
major fatty acids, can have a theoretical maximum of 550
triglyceride types (not including optical isomers). Assuming
65% of these occur, there will be about 350 different
triglyceride species present (Litchfield, i972). The attainment
of physical data for such a system is cbviously impractical.
Even if phase data were available for triglycericdes of a natural
fat, its applicability to any real situation would be severely
limited because of the difficulty of obtaining equilibrium in
fatty substances. Phase diagrams are only applicable to systems
in equilibrium, but this is very difficult to obtain with fats.
Once mixed crystals are formed, equilibrium can only be
established by molecular diffusion, but the diffusion of lcng
chain molecules in a solid is very slow and complete homogenica-
tion may take months or even ycars. The very poor thermal
conductivity of fats and their tendency towards polynorrhism
add to the difficulty of obtaining equilibrium (Bailey, 1950) .

2e243s1 Phase Behaviour and Composition of Cocoa Butter

Cocoa butter has very unique physical properties for
a fat (see section 1,7). The differential scanning calorimeter
(DSC) melting profiles of two samples of cocca butter are
presented in figure 2.5. The temperature melting range of cocoa
butter is very small compared to other fats.

The distinctive physicallproperties of cocoa butter are
due to its unique triglyceride composition (Hilditch, 1964;
Soeters, 1970; Chapman, Akehurst and Wright, 1971; Huyghebaert
and Hendrickx, 1971; Padley, Paulussen, Soeters and Tresser,
1972; Dugan , 1976; Gordon, Padley and Timms, 1279). While
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(b) pressed from shell-free Erazilian cocoa



4.
the fatty 2cid composition (see Table 2.1) is similar to that
of some other fats, including tallow, (Luddy et al, 1973) the
triglyceride compcsition (see Table 2.2) is unusuel. It has
a high content 0f disaturated triglycerides, and in particular
2-0leo disaturated triglycerides. A cocoa butter sample analysed
by Sampugna and Jensen (1969) contained 74.1% of disaturated
triglycerides, and 93% of these had olecate at the 2-position
(see Table 2.3).

There is almost identical thermal behavicur between a
cocoa butter cample and a ternary mixture of the main 2-o0leo
disaturated triglycerides, (Chapman et 2l, 1973)., The quality
of inferior cocoa butter can bte imprcved by the addition of
2-0leo disaturated triglycerides (Padley et al, 1972).
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Table 2.1: Fatty acid composition of cocoa butter
SOURCE FATTY ACID (MCIE % IN COCOA BUTTER)

14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 OTHERS

1 1 an
i Tioms (1964)- 2602 = 3hak 37.3 2.0 - - -
Thomas and
Paulicka

(1976) O.] 2508 O.j 5405 5503 209 - - 101
Chapman,

Akehurst and

Wright (1971) = 2444 - 35,0 36.3 2.8 - 1@ >
Willie and

Lutton (1966) = 25.5 - 36.5 35.0 2,0 1.0 - -
Lovegren, Gray

and Feuge

(1976) tr 28.4 O,
Ryberg (1970) tr 26.0 1.
Gordon,

Padley and

Timms (1972) tr 25.0 = .0 37.0 3,0 - - 1.0
Hampson,

Luddy and

Rothbtart

(1975) 1.0 24,0 - 35,0 38.0 2.0 - - -
Sheppard,

Iverson and

Weihrauch

(]978)* Oc] 25.1-} O.L:— §5.2 j2.6 2.8 0.2 009 =
Brockerhoff

and Yurkcw-

ski (]966) == 247-,177 004755007376.70 -

Average
(calculated) 0.1 2505 0.2 5%D 35.8 2,8 6.1 055 DL

36:1 340

1 0 Br
.0 31,0 4.0 -

].O

1
n O

owuw

\ N
.
L=
1
—
[ ]
—
1

* Mean of 158 analyses.

Table 2.2: Triglyceride ccmposition of cocoa butter

TG GROUP (MOLE % OF COCOA BUTTER)

SOURCE TRISATURATED DISATURATED MONOSATURATED TRIUNSATURATEZED

Kawada and

Matsui

(1968) 1.9 771 16,5 .5
Hampscn,

Luddy and

Rothbart

(1975) 2.0 84.0 12,0 2.0
Jurriens and

Kroesen

(1965) 2ol 78.3 16.0 5D
Swern (1964) 2.5 76.9 20.4 e
Hilditch and 2.0 77.0 21.0
Williams(!96h£} 2.5 83.0 15.5 1.0
Average

C l—l- 16- 1'8

(calculated) Eal 79.
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Table 2.3: Composition of the disaturated triglycerides in cocoa
; - butter (Sampugna and Jensen, 1969)

TG (MOLE %
of cocoa butter)

SL=SOP  +e e ce e e e e 16.5%
5n~-P0OS .o .o oo .o oo oo oo e A5

POP - oo oo oo oo oo oo 121

S0S oo .s o oo oo oo oo 2he2
sn-0PP oo .o oo o oo oo .o 0.0
sn-PPO .o oo oo oo oo oo »e Tel
sn-PSO 50 o ore o ogé o e 0.3
sn-0SP B oo .o o oo oo .o 0.0
gen-0PS oo oo oo oo oo oo ce 0.0
sn~-SPO o .o oo os oo .o oo 2l
sn-SS0 s oo ve oo oo oo “s 0.8
sn-0S5S - 2. 23 % 5. . X O]
C.lols Polymorvhism

Fatty acids and g‘ycerides in common with virtuslly all
long chain compounds and many other substances, exhibit the
phenomenon of polymorpul sm or existence in more than one crystel
form (Bailey, 1950).

Polymorphism arises from different patterns of molecular
packing in the crystal.

The packing of the hydrocarton chains in a triglyceride
dominates its solid state structure. The chains are arranged
in the triglyceride molecule in an extended planzar zig-zag
conformation with their axes aligned parallel to one another
(Norris, 1977). The relative orientation of these zig-zag
planes between adjacent molecules is an important factor in
differentiating polymorphic forms (Lutton, 1972). A more cdetail-
ed account of triglyceride polymorphism is given in Appendix I,

Although fats are complicated mixtures of triglycerides
they often display polymorphic behaviour similar to that of
the component triglycerides (Bailey, 1950).
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Polymorphism in natural fats is generally most pronounced
when they are relatively simple in ccmposition and consist
predcminantly of one triglyceride or one class of closely-related
triglycerides, -For instance cocoa butter, which consists
predominantly of 2-o0leo disaturated triglycerides with very
similar structures, is a strongly polymorphic fat. Six
polymorrhic states, named T to VI in order of increasing melting
point, have been observed for cocoa butter (Willie and Lutton,
1966; Viitzel and Becker, 1569; Huyghebaert and Hendrickx, 1971).
Polymorphic behaviour is observed to a lesser extent in beef
fat, which has a more heterogeneous triglyceride structure, but
is obeerved to a greater extent after the fat has been
fractionally crystallised to yield an oleo 0il of much more
uniform compositicn, Similarly, whereas partially hydrogenated
cottonseed 0il chows little polymorphism, highly hydrogenated
cottonseed 0il is quite marked in polymorphic benaviour, and it
is even more pronounced in hydrogenated o0ils consisting
precominantly of 18 carbon acids which fcrm mostly tristearin
after complete hydrogenation (Bailey, 1950),

In fats, the end groupr may be distorted to allow
accommodation of chains of different lengths., The longer
chains may be bent near the ends of adjacent shorter chains or
they may penetraté into other layers of molecules. In complex
triglyceride mixtures, the B' form is more stable than in pure
monocid triglycerides, Fats in which the chain lengths show
little variation are B tending (Norris, 1977) «

The polymorpnic form in which a fat crystal is obtained
from the melt depends upon the temperature at which crystallisat-
ion occurse. If cooled quickly, the melt can be super-cooled to
a temperature just below the melting pocint of the lowest
melting form, but only by very little. For practical purposes,
the point at which solidification begins is the melting point
of the lowest polymorphic form. If the melt is cooled slowly,
crystallisation in other forms occurs., Crystals of a low
melting form can be transformed by holding the material at a
teuperature above the melting point of that form and allowing
melting and re-solidificaticn to occur. Transformation will
also occur without melting, the rate of transformation being

greater the closer the temperature is to the melting point of
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the polymorphic form, and increasing with decreasing chain
length ot the moclecules, At temperatures well below the melting
point of an unstable form, transition proceeds very slowly,
and the unstable form may persist almost indefinitely., Because
of the low rate of heat trensfer in fats, it is usually
impossible to get pure unstable forms except in thin layers.
Crystallication of fats from solvents almost always produces
crystals in the most stable form (Bailey, 1950).

A polymorphic transition can be considered as a resl phase
change lilie melting or vaporisation as it involves reconstruction
of the crystal lattice and is accompanied by discontinuities
i the leat confent, the specific volume snd certain cther
properties of the materisl, Hence a measure of any of these
properties over a range of temperatures can be usea to study
the phase behaviour (inciuding polymorphic behaviour) of a
substance (Bailey, 1950; Mullin, 1961; Chapman, 1962).

Since the composition of mixed cryctals, as well as their
polymorphic form, is dependent upon the rate of cocling, the

thermal behaviour of fats is very compiicated (Norris, 1977).

2e2+s5 Crystal Habit

Although triglycerides normally only pack in the above
forms, the relative sizes of the faces of a particular crystal
can vary considerably, causing great variance in the external
shepe or habit of a crystal., The crystals may grow more rapidly,
or be sztunted, in one direction; thus an elongated grovth of the
prismatic havit gives a needle-shaped (acicular) habit while a
stunted growth gives a flat plate-like crystal (tabular, platy
or flaky hebit)., The c¢rystals of fatty acids and glycerides
. usually appear as rather elongated needles, though this can
vary considerably depending upon such factors as the nature of
the solvent or the presence of impurities. Many fatty compounds
grow as fans or spherulites consisting of needles radiating
outwards from a common centre, Crystals usually assume their
most nighly developed and characteristic forms when they are
grown slowly frocm a melt or solution only slightly supercooled,
and in which there is free circulation of the liquid about the

crystals. Rapidly formed crystals tend to grow without the
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development of all faces, as there are usually mechanical
restrictions upon growth in all directions (Bailey, 1950;
Mullin, i961).

2.2.6 Conclusions

The melting behaviour of natural and commercial fats is
extremely complicated and it is not possible to accurately
predict the behaviour of any such fat from the properties of
the individual component triglycerides. However chemical
composition of a fat does give a broad indication of the type
of behaviour which can be expected., In order to get a cocoa
butter substitutes from tallow, the fraction must contain a
high proportion of 2-oleo disaturated triglycerides; oils must
contain a high proportion of unsaturated fatty acids; and
very hard fats must contain a high proporticn of saturated fatty

acids,

2e3 FRACTIOINATIGCH METHEODS

Any conmponents of a fat that differ considerably in melting
point can be preferentially separated by crystallising out the
higher melting component or diesolving the lower melting '
component and separating the two phases,

Three methods by which this is achieved are:
(1) fractional crystallisation;
(2) fractional extraction;

(3) 1liquid/liquid extraction,

2s5¢1 Fractional Crystallisation'

Fractional crystallisation is a separation process where
some component triglycerides are prefzrentially crystallised and
then separated from the liquid phase,
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Three fractional crystallisation processes are used:

(a) dry fractionation - this involves cooling the fat
to a temperature which allows the desired fraction
of higher melting triglycerides to crystallise and
then separating it from the melt,

Ton 5 . i 3
(b) solvent fractionh- the fat is dissolved in an organic

solvent and cooled to precipitate the desired
triglycerides, “There is no particular distinction
between the processes of melting and solution., Both
are processes of dissolution governed by the principles
applying to all solid -~ liguid rhase transformationes.
Hence a triglyceride fraction crystallised from

solvent at a hign temperature viill have a aigher

melting point than a fraction crystallised at a lower
temperature”(Bailey, 1950).

(c) detergent fractionation - the partially crystallised

fat mass 1s mixed with an aquecus solution of a surfesce
active agent which replaces the oil phase on the surface
of the crystals. The crystals and the aqueocus

solution form a suspension which can be separated fronm

. the liguid oil phase by centirifugation (Seug and
Vinconneau, 1975; Braae, 1976). The water may be
replaced by an ammonia solution adjusted to a density
betwveen the densities of the s0lid and liquid phases
(Poot, Dijkshoorn, EHaighton and Verburg, 1975).

2+%«2 Fractional Extraction

Instead of crystallising the higher melting fraction from
a nelt or'organic solution of the fat, it is possible to
preferentially dissolve the lower melting fraction of the solid
fat and separate the two phases (Sinnema, 1963).

Mo

e3¢3 Liguid - ILdiguid lxtraction

In the liquid - liguid extraction process a fat is brought
to equllb?lum in contact with a solvent with which it is
incompletely miscible and the two phases are zallowed to serarate,

The portion of fat dissolved in the solvent phase will be

different in composition from that remaining in the fat phase,
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Liguid - liquid extraction might offer possibilities fcr
futuré devéLOpments, but the only imzortant method of fat fract-
ionation on a commercial scale up to now is by fractional
crystallisation (Kreulen, 1976). The application of liquid -
liquid extraction with fatty products has been very limited
(Naudet, 1964) and recent literature does not reveal any
further substantial development of liquid - liquid or

fractional extraction processes.

Hence fractional crystallisation apprears to be the most
promising process for fractionating tallow in this work where
good separation of a specific group of triglycerides is required
in order to produce a cocoa butter replacer,

2¢3%¢5 Comparison of Fractional Crystallisation lMethods

Solvent fractionation gives betier separation than
detergent fractionaticn, and detergent fractionation gives betiter
separation than dry fracticnation (Berrardini, 19€8; Kassabian,
1974; Loncin, 1976; Berger, 1977). Crystallisation from
solvents can produce a number of fat procucts which are
impossible to obtain by dry fractionation (Bailey, 1950).
Detergent fractionation gives poorer separation of palm oil
than does solvent fractionation (Construzioni Meccaniche
Bernardini; Kassabian, 1974).

Wilth centrifugation zan escential operation in detergent

3)e. Other disadvantages of detergent fractionation over
vent fractionation are that the solid fraction in detersgent
icnation is crystallised from the melt, which enhances the
of mixed crystal formation (Bailey, 1950; Kreulen, 1976),
pite extensive washing it is impossitle to completely
ate detergent from the fractions (Koslowsky and Letan,
1975). Commercial problems have occurred in the disposal of

€

fats corntaining even traces cof detergent (Construzioni
Meccaniche Bernardéini). Detergent fractionation has been used in

some other processes (Unilever, 1966; Taylor, 1973; Poot,
Dijkshoorn, Haighton and Verburg, 1975; Stein and Hartmann

3 H b} ?
1975; Rek, 1977; Bussey, Ryan, Gray and Zabik, 1981) to give



adequate separation; but it apprears that none of these have
led to commercial application

Disadvantages of solvent fractionation are that complex
and thus expensive equipment is required, comprising leakproof
and flameproof installations, and safety eaquipment when the
golvents are inflammable (Taylor, 1973; Societe Pour
L'Equipment des Industries Chimiques Speichim, 1975). Organic
solvents are also generally exnensive, and if they have high
vapour pressure (as does acetone) gh losses occur (Aarhus
Oliefabrik, i1964). Hence while solvent fracitionation gives
better resolution of fractions than detergent or dry
fractionations, it is also probably the mcst expensive
fractional crystallisation process.

However because it was desired in this work tc concentrate
a very specific group of ftriglycerides into the intermediate
fraction, it was thought that it was probably necessary to
use the most efficient fractionation process. Thus solvent

Tio r\

frac 1onA chosen as the method for further study in this work.

2oLy SOLVELT FRACTIONATION

Tvio successive stages can be distinguished in the solvent
fractionation process:

(1) formation of the solid phase
(2) cooling of the liquid to supersaturation
(b) progressive growth of the crystals,

{2) separation of the liquid and solid phases.

2.i,1 Formation of the Sclid Phase

The object of this step is to produce a crystalline phase
of the desired triglyceride ccomposition which can pe handled
easily and which separates clearly from the mother liquor
containing the liguid triglycerides, Tne nature of the crystals

rom the first stage affects the degree of separation cf the
crystals possibie in stage two. The ﬁriglycerid; purity of

ne crystals formed in stage one is severely limited by the
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phase characteristics of triglyceride mixtures which prevents
the growth of pure crystals - see section 2.2,

Lelte2 Separation of the Liquid and Solid Phases

Because fat crystals are voluminous and entrap large
quantities of the mother liguor, mechanical separation of
the two phases in step two is difficult and this also restricts
the degree of separation possible (Magnusson and Hammond, 1959;
Coppa-Zucarri, 1971), The higher the solvent:fat ratio, the
less mother liquor is entrapped because of dilution (Brown, 1955).
Jashing of the separated crystals with fresh solvent also
helps to decrease the degree of mechanical entrainment
(Stevens, 1952; Pratt, 1556).

Filtration, centrifugation and decantation are all used to
H

separate the precipitated triglycerides from the liquid, The

form which the crystels must be in to achieve the bnest

separation depends upon the separation method used,

For filtration to be used successfully, it is essential
to grow distinct large crystals through which the licquid will
flow in the filter., This allows for fast filtration rates
wvithout blocking the filter (James, 1943; Viarengo & Pascdli, 1973 end
also for adequate vashing of the crystals (Muckerhéiae, 1950).

Centrifugation has been used with some solvent fractionation
processes (James i943; Rubin, Teasdzle and Mertens, 1959;
Kassabian, 1972; Cavanagh, 1976; Tatsumi, Hashimoto, Terashina
and Matsuo, 1977) but filtration is the method usually used
with solvent fraction (Kreulen, 1976). Xoslowsky (1975) and
foslowsky and Letan (1975) used isopropanol with a
"matural additive" (unspecified) to fractionate palm oil. The
solvent was incorporated in the crystals (like water is in
organic compounds as the water of crystallisation) and decreased
the density of them to such an extent that they floated on the
surface of the oil and were removatle by decantation, The
sclvent: fat ration was 1:1 (v/w).
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However Kassabian (1974) found that this was suited only
to small scale operation. The resolution was not good enough
for large-scale, continuous, commercial operation,

In some cottonseed o0il winterisation processes, settling
of the crystals was achieved by using high cooling rates to
produce small crystals and by using high solvent to fat ratios
to reduce the viscosity of the oil. The crystals were thus
able to be separated by decantation (Cavanagh, 1959). However,
centrifugation gave more efficient separation (Cavanagh, 1976).
Farr's (1954) processes utilized both filtration and
decantation with fractionations, using acetone, of winterised
cottonseed oil bottoms, but filtration was the preferred
method. McGuine and Moss (196C) used a combined filtraticn/
decantetion process.

2.l4e> Factors Influencing the Nature of the Fracipitate

There are several factors which can influence the nature
of the precipitate:

(1) nature of the solvent - both sclvent type and
vater content of the solvent.

(2) solvent to fat ratio.
(3) cooling rate.

(4) degree of agitation during crystallisation.

2.4.5'1 SOl’U‘Cnt Type'

Many solvents, both polar and non-polar, have been
used for solvent fractionation - see Appendix 2,

The crystals obtained from polar solvents are generally
granular, needle-like crystals with gocd filtering and solvent
washing properties, while those from non-polar solvents are
flat, pearly, plate-type crystals or amorphous slimy preciditates
not suitable fer separation by filtration (James, 1943;

Demmerle, 1947; Muckerheide, 1950; Boucher and Skau, 1952;
Subrahmanyan and Achaya, 1958; Aarhus Oliefabrik, 196%4).
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When Muckerheside (1950) fractionated lard from isoonropyl
acetate, filtration was achieved in 1 minute compared to 13 hours
when a non-pclar petroleum solvent was used,

While a precipitate of distinct large crystals such as
that obtainred from polar solvents is suitable for normal
filtration, it is not suitable for separation by continuous
centrifugation as such crystals will pack or interlock and not
flow through the centrifuge. Ior this purpose the solids are
regquired in a flowable form analagous to a very viscous liquid
so that they flow through the centrifuge. This can be achieved
by using non-pclar solvents (which are generally cheaper) or by
adjusting other crystallising conditions (especially rate of
chilling and degree of agitation) with polar solvents
(James, 19L3). However such crystals are not in the best form
for szutseguent washing (iiuckerheide, 1950),

in advantage of polar solvents is thav triﬂlyccrides ar

D

less soluble in them then in non-polar sclvents and hence
higher crystallisation temperatures can dbe used, thus reducing
refrigeration costs, By adding isoprcpanol to acetone, the
latterts sclvent acticn is diluted and fractionation can occur
at higher temperatures (Kassabian, 1971).

As well as producing crystals in a form suitable for the
separaticn method to be used, a solvent must be cavable of giving
good separation of the desired triglycerides, Hilditch (1964)
verforned and reviewed a vast number of solvent fractionation
processes upon a wide variety of fats mainly as an analytical
technique. He concluded that acetone generally gave the best
fractionating power, Acetone is the solvent most often used
in practice (Cording, Villard, Edwards and Eskew, 1953;
Kreulen, 1976)., However petroleum ether is better than acetone
for the separation of the saturated and unsaturated fractions
of kusun oil (Kundu, 1970). Construzioni Meccaniche
Bernardini obteained the highest yield and best quality of
liquid cil from pelm o0il fracticnation using hexane, but
Kassabian {1974) found that this gave poor resolution. Boucher
and Skau (1951) found that acetone was more suitable than
hexane in every way for the fractionation of cottcnseed oil.,
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Thus overall acetone is the most widely recommended solvent
where filtration is tne method of separating the phases.
However, there are certain fats for which other solvents appear

to be more suitable,

Celis3.2 tater Content of the Solvent

The water content of a solvent is very important
because even small zmounts can dramatically change a solvent'!s
proprerties, Those solvents which give fat crystals suitable
for filtering are generally capable of dissolving water from 1 to
15% by weight at 20°¢ (Muckerheide, 1950), High water
concentraticns 2llow the crystallisation to be carried out at
higher temperatures, thus reducing refrigeration costs, but
this may be detrimental to the crystallisation. In the
fractionaticn of white grease (a product similar to tallow but
of lover melting point) from acetone, separation was
seriously impaired with water concentrations in excess of 2%,

though acetone with a water concentration less than this gave

.

the best separation of a number of solvents (Cording, Villard,
Edwards and Esrew, 1953)., A decrease in resolution with
increasing water concentration is general for most solvents
(Cording et 21, 1953)., Cavanagh (1959) claimed that minute

P

guantities of moisture may act as crystal muclei for the hard

V)

aid

0

froction and hence be berneficial. However McGuine {1960)
that water in the solvent slows dovin crystal agglomeration and
hinders the operation of a crystalliser, The presence of water

does nct affect the type of crystal formed (Muckerheide, 1950).

McGuine (1960) reccmmended that the water content of the
solvent should not exceed 5%, while Rubin et sl (1959) said
that 4% was the upper limit., Demmerle (1947), Hilditch end ViDdiams (1924)
and Ludady et a8l (1973) all recommended the use of "anhydrous!"
acetcne, vwith Demmerle defining "anhydrous" as being less than
&4 water,

Acetore is capable of dissolving water at levels much
higher than those recommended and hence the water content must
be carefully controlled, It would be preferable from this point
of view to use a solvent in which water is less soluble (e.g.
methyl iscbutyl ketone, isopropyl acetate, ether acetate).

When thege solvents beccie water saturated, further water
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settles out in the oil-solvent solution, thus automatically

controlling the water concentration once saturation is
achieved (Cording et al, 1953; Rubin et al, 1959).

20’-{-.3-3 SOlvent/Fat Ratio

Solvent to fat ratio also has an important effect
upon the nature of the precipitate obtained. Crystal habit
is altered under conditions of high fat concentration as
there are usually mechanical restrictions upon growth in all
directions (Bailey, 1950), and this may inhibit the
efficienby of the separation process. The polarity of the
solvent is also affected if too great a concentration of
fat in solvent is used. The solid triglycerides are thern
precipiteted from a solvent containing a iarge proportion of
dissolved ligquid triglycerides; such a mixture is different
in polarity from the solvent itself (lMuckerheide, 1950).
Similarly, too great a concentration of fat increases the
amount of liquid triglycerides entrapped within the =zolid
precipitate. Low solvent to fat ratios may cause randling
problems, if the volume of precipitate is sufficient to
produce a thick pasty slurry which is difficult to pump. Hence
the meximum fat concentration is dictated to a certain degree
by the solid triglyceride content of the fat being processed.
The lower the concentraticn of fat, the more selective is
the fractionation, though this may only be because of
dilution of the entrapped o0il (James, 1943). High solvent:
fat ratios decreass the viscosity and allow for faster
filtration rates (Pratt, 1956; Swern, 1964).

The upper limit of solvent ratio is dictated by economics.
Capacity of the equipment and refrigeration and solvent
recovery costs all increase as the solvent to fat ratio
increases.,

Solvent to fat ratios which have been used range from
Oe1:1 (v/w) (Rubin et al, 1959) to 20:7 (v/w) (Pramuk, Whiting
and McLaren, 1953; Sinnema, 1962; Luddy et al, 1973) though
most fracticnations operate at ratios of 2:1 to 5:1. Rubin
et al (1959) and Mertens, Rubin and Teasdale (1G61) used a
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O.1:1 ratio for the winterisation of ccttonseed o0il with
acetone, and this resulted in very short crystallisation times,
However Vieiss (1967) found that this produced a viscous
miscella which was not much better than a solvent-free system.

Kawada and Matsui (1968) found that the best beef tallow
fractions were obtained with a solvent to fat ratio of 3:1,
Muckerheide (1950) recommended a 3.3:1 ratio and Spadaro,
Lovegren, Feuge and Patton (1961) who used acetone to produce
a confectionery fat from hydrogenated cottonseed 0il, found
that a 4:1 ratio was optimum. Spadaro et al (1961) experimented
with ratios as high as 30:1, but no appreciable difference in
iodine values or yields of their fractions was obtained with
ratios greater than L:1. Hilditch -ndWiliams (1964) edvises 10:1, but
this was meinly for small-scale analytical purpocses where
resolution was the main criterion,

In any crystallisation where filtration is the means
of separation, the aim is to produce a small number of nuclei
around which the crystal formation grows larger in size as
cooling is continued., If a vast number of nuclei are formed
then filtration will be difficult due to the mass of small
crystalse On the other hanc if the crystals group together in
clumps, then the liguid phase will be occluded, the result being
poor separation and yield. To enable proper growth to take
place, the cooling rate must be commensurate with the growth
rate and mobility of nuclei (Vieiss, 1967; Tayior, 1973).

The readiness with which the different polymorphic forms
crystallise is in reverse order of their stability, hence the
least stable form appears in a strongly undercooled material
as less entropy of activation is involvec¢ in the formation of
the less stable, less highly ordered crystals (Bailey, 1950).

In the presence of a suitable solvent the tendency for a fat
to supercool is very small, at least partly because of the
reduction in viscosity, and crystals of the most stable poly-
morphic form, which are large and easily-geparable, are usually

procauced even at relatively high cooling rates. This decreases
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the retention time in both the crystalliser and the filter
(Bailey, 1950; HKreulen, 1976).

Triglyceride sclutions in polar solvents can be cooled
very rapidly and still produce precipitates which can be
easily filtered (Muckerheide, 1950). Supercooling is
observed to a greater extent in cottonseed oil/hexane
solutions than in cottonseed oil/acetone or cottonseed oil/
acetone/hexane solutions (Boucher and Skau, 1951) and this
may at least partly explain the generally poorer filtering
properties of fatty materials crystallised from non-polar
solvents, Gee (1948) claimed that chilling fats at 1.1 to
1.5°¢ min~ |
precipitates suitable for {filtering, and Lacey and Leadﬁrs

in both polar anc non-polar sclvents gave

(1951) found that cooling fats in propane at 0.9°C min~
produced casily-filterable crystals.

Muckerheide (1950) recommended a cooling rate of
o

1

greater than 0,75°C min~' to minimise holding time and

nechanical damage to the crystals, The ccoling rate is &l

4]
O

important economically as it determines the size of equipment
(Demmerle, 1947).

Cooling rate also affects the compositicn of the crystals
formed (Balley, 1950; Hinnekens, 1976).

The surface area to volume ratio of a crystalliser may
also influence the crystallisation not only because the
increased surface area will allow the solution to be cooled
more quickly, but because solid surfaces can present points
favourable for the initiation of crystallisation. The
material of which the crystalliser is made may also be
important (Bailey, 1950; Hinnekens, 1976).

2elie3.5 Degree of Agitation During Crystallisation

If during cooling a crystal is broken up, then each
of the fragments may act as a nucleus for further crystal
grocwth, Shattering of crystals intc many pieces produces a
large numver of nucleli and a large number of small crystals
which are difficult to filter are formed,
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Agitaticn during crystallisation is important as il helps
ccntact all of the oil with the crystal nuclei to produce
uniform and fast crystallisation and aicds heat transfer.
Hoviever it is important tc use low shear rates or crystal
attrition and an unfilterable precipitate results
(Demimerie, 1947; Muckerheide, 1950; Rubin et al, 1959;
McGuine, 1960; Taylor, i973; Viarengc and Pasculli, 1973),
To maintain good heat transfer throughout the crystaellisation,
scraped-surface crystallisers are required (Demmerle, 1947;
Muckerheide, 1650)., Muckerheide (1950) reccummended that the
cooling surface be scraped no more than once every three to
siz seconds to minimise the amount of mechanical working.

Agitation also reduces the degree of supercooling regquired
befocre nuclecation occurs (Berger, 1977).

haly 00 5 on Solvent Fractionation
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Solvent fractionation seems to bLe the most promising
process to produce useful fracticans from iiew Zealand nutton
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1fluence upon any prccees developed in this work.
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2.5 TALLOYW COMPOSITION

Tallow is a triglyceride mixture produced as a by-product
of the meat industry by the rendering of meat tissuc.

There are several main types of tallow produced in New
Zealand - inedible beef, inedible mutton, iredible mixed,
edible beef and edible mixed., As well, several minor tallows
are produced, including margarine grade, neatsfoot oil, K
grade and edible mutton., Each of the main inedible tallows is
further graded according to colour.

The composition of tallow is influenced by both the
composition of the depot fats on the animals entering the
meat killing plant and the practices followed during processing
of the aninal,

The body fat of animals entering meat killing plants
is influenced by season, the species of animal, the positicn
of the fat on thes animel, diet, age and sex of the animal
(Shorland, 1953%; Cramer and Marchello, 1964; Hilditch, 1964;
Duncan and Garton, 1967; Gazarton and Duncan, 1965, 1969).

2«9:1 Fatty Acid Composgition of Mutton Tallows

The fatty acid compositions of mutton tallows from
various countries are presented in Table 2.4, t can be seen
that there is wide variation in the prcportion of some fatty
acids between tallows of the different counctries, but also
betvieen different teallow samples from Australia,

The effects of season, breed , position on the body,
diet, age and sex upon the fatty acid composition of sheep
depot fats are discussed below:
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Table 2.4: Fatty acid composition of mutton tallows from
various countrics

FATTY ACID (MOLE % IN TALLOW)

Q.

COUNTRY
OF ORIGIN 12:0 14:0 16:0 18:0 20:0 14:1 16:1 18:1 18:2 = 20 Others
unsatd

india® m 249 2748 27.7 1.5 0.4 2.7 33,0 3.4 0.6 -

South -

America“ - 1.0 21,0 30.0 - - - 43,0 5,0 - -

North

America 502 0.8 23,6 245 0.8 0.3 2.5 35.3 4. - 3,0

Australia® = 2.0 25,0 23.0 = - w 27,01 B = 1.0
5.6

Australia® 0.1 2.6 20.L 25,6 = 0.8 2.5 37.7
Australia® - 4.0 25,0 31.0 = - - 36,0

o I =
WM OwWwWO O
e
[ ]
-

[i‘.lstraliae e 3.8 25.5 22.2 - - L+07 38'3 [} 1.6 _-_
England® - 4.6 24,6 28.1 2.4 - - 36,0 4. - -
Average O 2a7 Lol 265 Oné Wy2 Wb 38m3 BEmd om3 1 a2
a~ Hiditch & VAlliams (196); b - Swern (1964); ¢ - Thomas and Paulicka

(1976); d - Craske and Edwards (1970); e - Herbert and Kearney

(1275) .

2¢5.1.1 Breed

Fatty acid analysis o{f subcutaneous and perinephric fats
from sheep grazed cn Hew Zealand pastures shows small veriaticn in
the content of individual fatily acids from corresponding tissues
tetween animals of the same and of different breed ’ gges*ing
that environmental factors are more 1mporuant than breed i
determining the composition of sheep depot fats (Hansen and

Czochanska, 1976).

2.5s1.2 Body 3ite

Variation in fatty acid composition between different
tiseues within the same adult animal is well illustrated
(Duncan and Garton, 1967; Christie and Moore, 1971; L'estrange
and Mulvihill, 1975; Hansen and Czochanska, 1976) with a general
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tendency towards unsaturation in the fats on the outside of the
body., In the most exposed tissues (legs, ears) oleic acid can
account for as much as 60 to 70% of the total fatty acids present,
Heviecver regardless of their location in the body, all sheep
triglycerides have saturated fatty acids preferentially distributed
to the 1- and 3%- positions, and unsaturated (mainly oleic)
predominantly in the 2- position (Duncan and Gartcn, 1967).

Fatty acid analysis of triglycerides from thirteen different
body sites of sheep showed the oleic acid content to range from
27.0% (adrenals) to 41.25 (liver), the elaidic acid content from
1.6% (plasma) to 4.6% (heart), the palmitic acid content from
29.6% (testes) to 21.4% (perineal fat) and stearic acid from
12.25 (liver) to 34.7% (perineal fat) (Christie and Moore, 1971).

ce9:1:s5 Diet

ileww Zealana sheep fed cn ryegrass have a significantly
higher percentage of total unsaturated fatty acids in their
subcutaneous fat and their lcgiszsius dorsi muscle fat than sheep
fed on white clover (Shcrland, Rarion, Creamer and Czochanska, 1967).
Sroups of sheep fed diets leading to high proportions of irans
fatty acids or polyunsaturatec fatty acids in the lipids of their
rumen content have similarly high proportions of these fatty
acids incorporated into the triglycerides of their depot fats
(Garton and Duncan, 1969; Herbert and Kearney, 1975; Hauvke,
Morrison and Vood, 1977).

_2_.2.] -L} Age

Triglycerides from the perinephric and subcutansous tissues
¢f neonatal lambs are very similar in fatty acid composition to
each other and also to the composition of the subcutanzous tissue
of the grovn animel, As an animal matures, there is an
increasingly selective deposition of saturated and trans unsaturated
fatty acids to the perirenal rather than the subcutsneous fat,
and inside subcutaneous rather than outside subcutaneous.
"(Callow, 1958; Sink, Watkins, Ziegler and Miller, 1964; Garton
and Duncan, 1969),
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However the distribution of fatty acids within sheep
triglycerides is similar irrespective of age, with saturated
acids predominantly in the 1- and 3%~ positions, and
unsaturated (almost entirely oleic) predominantly in the
2- position (Garton and Duncan, 1965, 1969).

Scott, Setchell and Bassett (1967) said there was a
lower concentration of oleic acid in the heart, liver and kidneys
of edult sheep tissue than fetal tissue, but the opvosite with

brain tissue.

2+541«5 Season

Season influences sheep fat composition, with maximum
iodine number occurring in Summer and the minimum iodine number
and maximum melting point occurring in Winter. The oleic
acid content of lamb fat decreases by 14% from Spring to VWinter
for perinerhric fat, and 10% for subcutaneous fat. The
concentration of stearic acid increases correspondingily, and
ralmitic acid remains aboui constant. The melting point of
both subcutsaneous and perinephric fats increases pregressively
from Spring to Winter (L'estrange and Mulvihill, 1975).

2:0s a6 Sex

Sex algso influences fatty acid composition, with
female sheep having greater amounts of all fatty acids
containing siiteen acyl carbon atoms, regardlessc of degree
of saturaticn, and lower percentages of all acids with less
than sixteen carbon atoms (Cramer and Marchello, 1964).

‘

.

2.5.,2 Triglyceride Composition of Mutton Tsllows

The properties of a fat depend not cnly upon total fatty

acid content, but also uporn the distribution of the fatty acids
within the triglycerides,

Few mutton tallowe have been analysed for triglyceride
compositicn, and there is considerable disparity between the
results pudlished. The triglyceride compositions of a number
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Table 2,5: Triglyceride composition of mutton tallows I{rom
various ccuntries

COUNWRY OF TRIGLYCERIDE GROUP (MOLE % CF TALLOW

ORIGIN Tri- Di- lMono-

saturated saturated saturated Triunsaturated

Japan® 18.0 47,1 24,3 10.6
Indian? 28,0 29.0 40,0 3,0
Englieh® 26,0 30-52 O~LiL4 -
North American? i 5410 46,0 36.8 2,2
North American® 15.0 L2, 38.0 50

Average 19.0 41,0 34,8 B2

(excluding
English tallow)

a - Hilditch and Williams (19€4);
b - Swern (1964);
¢ - Kawada and Matsui (19€8).

of tallows are presented in Table 2.5, These results show
there to-be about 4{0% of disaturated triglycerides in mutton
tallow, It is a common feature of most animal fzts that ocleic

acid is preferentially (tut nct exclusively) distriduted to

=

the 2- position of the triglycerides (Hilditch =and Williams, 19¢€

Brockerhoff, 1966; Brockernoff, loyle and “olmark, 1966;
Litchfield, 1972) and Garton and Duacan (1965, 1969) and Duncan
and Garton (1967) have showvn this to hold for sheep fats
irresrective of their position in the body cr age of the animal,
Hence the disaturated triglyceride fraction of mutton tallow
probably contains a significant quantity of 2~o0leo disaturated
triglycerides.



Table 2.56: Tatty acid composition

countries

37

f beef tallows from various

(@)

COUNTRY OF FATTY ACID
ORIGIN

(MOLE % OF TALLOW)

12:0 14:0 16:0 18:0 20:0 14:1 16:1 18:1 18:2 20-22
unsatd,
North America® = 6.3 27.4 141 - v @ MO 285 W
England® 0.2 3¢l 24,9 2Lyl 0.8 Ouh 2.4 L1.8 1.8 0.5
IndiaP 002 3.7 371 2944 1.2 0.4 1.0 25.9 C.9 0.2
India® - Su? 25k 209 @45 149 29.0 1.5 0.1
India® - 5.9 40.8 25.5 0.7 2.8 22.9 1.1 0.3
Nlopth fmericat 2.0 W0 27.0 0D = 2.0 5.0 £2.0 200 =
ITOI‘th AIIIGI‘iCa - 5.0 30.0 2500 1.0 o i 37.0 2.0 —
Average 0?3 LB 3145 22,9 0.6 Vb 17 555 1s7 Du
a= I72ditch ad Uilliams, ¥GL 5 b - Svern, 1904; ¢ - Kawada and Matsui,
1968; d - Luddy et al, 1973,
Table 2.,7: Triglycerice comrposition of beef tallcws from varicus
countries
TRIGLYCERIDE GROUP (MOLE % OF TALLOY)
CGUNTRY OF
ORIGIN Tri Di- liono- Tiies
saturated saturated saturated unsaturates.
Japan® NZNE 1,3, 3 26.9 16,0
North America% 8.0 L0.0 40.0 12.0
North fnerica 13.9 22--5L 0-6L 0-3
England® 15.5 31,0 53,0 -
India® 28.0 51.0 20.0 -
Tndia® 36,0 52.0 i2.0 -
India? 18.0 41,0 41,0 -
Average 19.0 D Siie 1 by 2




38.

2s9,3% Comuarison of Beef and llutton Tallows

The compositions of beef tallows from various countries
are presented in Tables 2.6 and 2.7. The range of concentrations
of fatty acids and triglyceride groups in mutton and beef
tallcws overlap each other, so there is no consistent
difference in their composition. However, beef tallow appears
to be generelly slightly richer in palmitic acid, and generally
mutton tallow has a slightly higher melting point than beef
tallow (Swern, 1964; Pattinson, 1975; Patterson, 1976).

Beef tallow is expected to have a significant amount of
2-cico disaturated triglycerides for the same reasons as
mutton tallow, and significant amounts of these triglycerides
have been determined in beef tallow (Luddy et al, 1973;

Patterson, 1976).

—

e Staly, ‘Vardesbien in Tallow Composition
—

The published anzlyses of tzllows from various countries

ct

(see Sections 2,5.1. and 2.5.2) show that there is considerable

variation in the composition of both mution and beef tallows.

There is no published information on the composition of
Nevi Zealanda tallows, though some zanalyses of individual tody
fats of lew Zealand sheep have been published (Shorlend, 1948;
Hansen and Czochansgka, 1976; Hawke,; Morrison and Wocd, 1977).
Howvever Swern (1984) found no consistent differences in
either iodinc number or firmness among edible tzllcows from the
United States, South America, Australia or MNew Zealand. Thus
it scems likely that New Zealand tallecw has a similar
composition to overseas tallows, and thus similar fractions
would be able to be separated from it.

From the studies on sheep depot fats which showed that
the composition of some depot fats varied with the age of the
sheep, it would be expected that the composition of mutton
tallows procduced early in the killing season, when young (10
week or so) lambs are being killed, would be different from the
mutton tallows produced later in the secason when older lanbs
and zheep are veing killed., Similerly, the trimming practises
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follovied in any particular establishment affect to z considerabl

extent the composition and consistency of commerciali tallovs

(Swern, 1964).

Becausc of the large number of variables which affect both
the composition and incidence of raw materials to rendering, it
would be expected that variation in the composition of tallows
even wilhin one country viould be quite large, and Ashton
(1975) claims that there is little standardisation of tallows
produced in New Zecaland., This 1s coniirmed by the variation
in the fatty acid compositions of different Australian
mutton tallow sampl s (see Table 2.4) and in the variation
in fatty acid and iriglyceride compositicns of different
Indian beef tallow samples (see Tables 2.6 and 2.7). Swern
(1S64) said there was considerable variation in the hardness
of different lots of commercial North American edible tallow,
and it is impossible to maintain the level of tallow constant
in blended shortenings and still meaintain a precducti of uniform

ccnsigtency.

Becaucse there are seasonal changes in ths compositicn
13

P

L)

of some sheer depot fats (see Section 2.5.1.3), therse is
possibly a cnange in diet throughout a scason as grass growing
conditions change, and the lamb to sheep ratio alters througho
a killing geascn, it seems likely that t

omposition follows some seasonal pattern, but there is far
toc little information available to be able to predict the
nature of any overall seascnal effect on tallow comvosition.

Luddy et _al (1973), however, claimed that North American
peef tallcw was '"a reasonably uniform product® with not much
difference in the differential scanning calorimeter (DSC}

iy

dENSEEEIe

(.)
(D

B
iles of various tallows., Solvent fractionation o

H

i
tallovis preduced similar proportions of the wvarious fractions.
Normzl variation in the composition of palm 0il has a
considerable effect on soivent fractionation of palm cil
(Rerger, 197Y). Any variation in taillow composition may have

sinilar recultis,
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2.6 SOLVENT FRACTIONATION SCHEMES FOR TALLOW

2.6.1 Introduction

Tallow is composed of a great number of constituent
triglycerides which exhibit a wide range of physical properties
(Luddy et al, 1973). Solvent fractionation can partially
separate these triglycerides, and the literature cites several

fractionation schemes for tallow,

These fractionation schemes have been developed for one
of two purposes:

(1) To concentrate groups of similar triglycerides
as an aid to arnalysis;

(2) To produce fractions with properties suited to
specific uses;

Riemernschneider, Luddy, Swain and Auvlt's (19L46) scheme
used successive solvent fractionations with acetone to produce
seven fractions from edible mutton tallow as a means of analyesi

0

(see Figure 2.6). The triglyceride composition of the fractions
is given in Table 2.8. It was assumed that each oi the
fractions contained only two of each of the triglyceride

classes of trisaturated, disaturated, monosaturated or
triunsaturated triglycerides,

Fraction Pq had a yield of 38% of the original tallow
(w/w) and contained 92 disaturated triglycerides and 3%
monosaturated triglycerides, This is a composition very
similar to that of cocca butter, but no analysis of the fatty
acids at the 2-position of these triglycerides was given.

Hiditch and Shrivastava's (1949) crystallisation scheme
used acetcne and diethyl ether at different steges to produce si:i:
fractions of widely different iodine values from sheep body
triglycerides. The solvent: fat ratio was 10:1 (v/w) at each
stags. See Figure 2.7 for the crystallisation sequence,'and
Teble 2.9 for the triglyceride composition of the products.



TALLOW (edible mutton) -1000g

8:1
18-19°C
(solvent (acetone) :
fat, v/w)
- r P = precipitate
T 2 F = filtrcte
! 18-1 C
26:1 8-19°C F2
I 81 3°C
P2(190.2g)
P3 F3
72:1 E1IE F
l 111 =132 L
PL (381.29) |
PS5 FS
6:1 =13°E Fé
p ‘ 135 | -28%C
{3
P6(209.1g) |
Pl'f F7
171 ) =28°(C F8
’ ‘ 43:1 | -35°C
PB(179.4g) |
P9 F9
! l .acor
i B S
| 30:1 -L5°(C
P10(17.5g) ’
P11 F11
100:1 l -45°C £12
P12 (9.5qg) F11-F12
(13.1g)

Figure 26 : Fractionation scheme of Riemenschneider et al

(1946)



302-9q. A =acetone
) 3% [42:}}/ E =diethyl ether
| 1
7-6q. 295-3g.
97.1v 39.8.1V
l Eloe -
81.3g. 21L.0g.
13.0.1.V. 50.0.1.v.
- E|j0°
|
210.4g.
50.3.1v
A| 300
I 1
195.7g. 1479,
T 47.8.1V. 86.3.1.v
1.0q. _30°
it '_Aho_‘ |
ADD TO
FRACTION V 191.3g. L43.
47.1.0V 84.8.1V.
N Al-150
| i
162.6g. 287g.
4381V 68.0.t.V
A|-15°
-
152.3q. 10.3g.
42.2.1V. 67.2.1V
E} -15°
! ] I v \ VI FRACTION
b2 222 349 50.0 679 859 I0DINE VALUE
LeL L33 819 70.4 400 19.1  GRAMS

Figure 2-7- Crystallisation sequence f

or separafing sheep body

Triglycerides info six fractions of widely different

iodine value.
(Hilditch and Shrivasta

va, 154G)
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Tablg 2.8; Triglyceride composition of fractions by the scheme
of Riemenschneider et al (1946)

Triglyceride group (mole % of fraction)

Mole %
of Tri- Di- Mono-
Fraction No. tallow saturated saturated saturated Triunsaturated
Py 19.0  77.5 28,5 - -
P, 38,1 - 92.3 747 -
Pe - 20.9 - 28.6 71.4 -
Pg 17.9 - 2.8 75,2 .
Pio 1.8 - - 63.9 361
P> 1.0 - - 45.5 54e5
Fi11-F12 1.3 - - 14.0 86.0
Total tallow 149 46.0 36.9 el

(mole %)

Tavle 2.9: Triglyceride composition of fractions by the scheme
of Hilditch and Shrivastava (i949)

Triglyceride group (mole % of fraction)

Mcle %
of Tri- Di- Mono-
Fraction No. tallow saturated saturated saturated Triunsaturasted
I 16.0  8L4.4 15.6 # -
11 4.5 35.2 564 8.4 -
ITI 27.1 25%.2 23 3L.5 =
IV 23.0 13,0 23.4 63.9 -
\Y 22 - 8el 91.9 -
VI 6.2 - - She6 LS54
Total tallow 28.0 28.5 40,7 2.8

(mole ¢)
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2¢6¢3 Schemes to Froduce Fractions for Specific Use

The scheme of Farr (195L) entailed crystallising tallow
in acetone (3:1, acetone: tallow (v/w)) at room temperature
then filtering'and washing the precipitate, The filtrate was
then held at -1°C for four nours and filtered to give a
crystalline fraction suitable as a coating fat.

Unilever's process (Crossley, Paul, Pardun and Sceters,
1960) fractionated mutton or beef tallows by the scheme shown
in Figure 2.8. With mutton tallow, the precigritate Ps comprised
17.3% (w/w) of the initial tallow and it was claimed that it
could be used in chocolate to replace 41% of the added cocoa
butter (15 total fat) without adversely affecting appearance,
taste or snap. A similar fractionation of beef tallow produced
a fraction with a yield of 2G% of the tallow by weight und which
was claimed to be able tc satisfactorily replace 68% of thne
added cocoa butter (25% total fat) in chocolate.

Kawada and Matsui!s (1268) frectionaticn method to produce
a fraction with a high concentration of 2-0leo di
triglycerides from Japanese mutton taliow involved crystallising
the fat from mcetone, i- or 2- nitropropane or hexane and
filtcriné off the crystals as a first fraction, then further
cooling the filtrate to form more crystals and removing these as
the seccnd fracticn, This seccnd fraction had a high
concentration of 2-0lso disaturated triglycerides, The best
results were obteined using 2- nitronrovane and a solvent:
fat ratio of 3:1 (v/") and crystallisaticon temperatures of
10 tc 11°C and 3 to 4 C for the first and second crystallisations
respectively, This produced a second fraction with a yield of
33.,5% of the original tallow (w/w) and containing 77.7% of
disaturated triglycerides, OCf these disaturated triglyceridecs,
6441% had oleic acid in the 2-position and 3.0% had palmitoleic
acid in the 2-positicn., With acetone under the same conditions
the second fraction had a 30,2% yield and ccntained 69.3% of
disaturated triglycerides, 56.1% of which had cleic acid in the
2-poisition, and 3.0% had vpalmitcleic acid in the 2-pcsitiomn.
With n-hexane, the yield of the second fraction was 28.5% and
this contained 75.837% disaturated triglycerides, 52.5% of which

Pad oleic acid in the 2-position, and 2.47% had palmitoleic =acid



P=precipitate
TALLOW (mution) - 6709 £ F =lf)irltru$e

50:1 0°C

{solvent (acetone): fat, v/w]

P1 {331q) F1 (329q)
229 losses - :
6:1 23°C
P2 (1369} F2 (173q)
3q losses
“ 54 | 2o
{
P3E116gl F3 {S4g)

Figure 2:8 : Unilevers fractionation scheme for mutton tallow.
(1960}



in the 2-position.

Changing the crystallisation temperatures to 1@ Pumd MO°E
and using 1~ nitropropane and acetone prcduced the following
results (see Table 2.10)., 'The fat soluticn was held for 30
minutes at the first crystallisation temperature and 60 minutes
at the second. It was proposed that fraction 2 could be used
as a cocoa butter replacer in chocolate, but there was no
mention of tests to determine its effectiveness as such,

In the process of Luddy et al (1973, 1976, 1978) North
Amerlca beef tallow was separated into five frasctions by solvent
fracticnation using acetone. The fractionation scheme is
snowvn in Figure 2.9.

Fraction 3 had a triglyceride compcsition and thermal
properties very similar to cocoa butter. It contained 9C%

*.J

disaturated triglycerides, 87 monosaturated and 2% irissturated,
and shcwed excel

lent compatability with cocoa butter over zall
.on A test coating where the tailcw fraction

€
ranges cf additd
comprised 93% of the total fat, with ihe remaining 7% coming
from the cocca butter in the cccoa powvder, had excellent
flavour, gloss, snap, mculd release and btloom reeistancs,
Blending of fraction 3 with other fats produced =z ccating fat

with softer or harder properties for specialty uses,

Fractvions 1 and 2 were hard fats which could be used,
vithout hydrogenation, for hardening shortenings and margarine
fats, and fraction 5, which accounted for 60% of the tal
was a liquid fat which could be used in formulations of
oils, margarines, liquid and plastic shortenings as well as
for non-food uses such as the manufacture of synthetic sperm
0il, foam rlastics, lctions, creams and ointmentes in cosmetics

+
and pharmaceuticals, It remained liquid at 7°C and at L.SO
fur

('T' (@)

after the addition of a crystal inhibitor. 1t could be

V]

to 3% of the

higner meliing triglycerides or by trans-esterification.

improved as a salad oil by the removal of
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1000g tallow
crystallization femp,25°C
time 18hrs.

solvent -acetone
solvent ratio 10:1

l filter 1

Precipitate Filtrate
Fraction1 crystatlization temp,2°C
yield 759 " time 18hrs

solvent acetone
solvent ratio 10:1

filter 1
Precipitate ’ Filtrate
crystallization temp., 15°C Fraction 5
time 18hrs yield 6509

solvent-ccetone
sclvent ratic 20:1

1 filter '

Precipitate Filtrate
Fraction 2 crystallisation temp., 2°C
yield 759 " time 18hrs

solvent —acetone
solvent ratio 15:1

1

fitter |
recipitate Filtrate
Fraction 3 Fraction &
yield 200g yield S0g

Figure 2-9: Fractionation scheme of Luddy et al
(1976, 19777, 1978)



Table 2.,10: Composition of products from solveut fractionation of Japanese mutton tallow
(Kawada and Matsui, 1968)

Triglyceride Composition
(mole % of fracticn)

Experiment Solvent:fat Fractiion Yield Jodine
o, Solvent (v/w) Dio. % tallow, w/w) value Trisatd. Disatd. Monosatéd. ilore
Unsatd.
1 l-nitro- 10,0 1 28.7 23.7
propane 2 25.9 37.9 2l 79.1 11,0 58
3 14O ¢ 4 60.9 (OeLf4*) '
2 l-nitro- 7.5 1 2849 25 37
propane - 2 2?-() 36.2 Oo8 ?605 1502 705
3 43,7 58.2 (0.56%)
3 l=nitro- 3,0 1 35.0 L2
propane e 26, 7 38.6 0.8 75.6 16,3 7.3
<) a5 o0 (0.69*)
L acetone 10.0 1 2l .6 15.5
2 55-] 56-8 5.9 7507 1203 6’1
5 v r 59,2 (0.48*)
5 acetone '7.5 1 2l 6 15.5
a 31,1 5646 SV 70 J8 1263 Le2
3 L1.7 DN (0.52%)
6 acetone 3.0 1 5017 22k
a 32.0 L{»OQL}- 5:7 72.2 ]3.8 803
5 5249 61.4 (0.51%)

* Proportion of disaturated triglycerides which have oleic acid in the 2-position,.
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More recently, this four-step process has been reduced to

two steps with a simultaneous reduction in process time and
solvent: fat ratio (Elias, 1979; Luddy, Hampson and Koos,
1979). Three products vere obtained: a solid fraction, a con-
fectionery fat and an oil. The yield of the ccnfectionery fat
was 40% higher than by the four-step process, but it had a
vider melting range. A satisfactory chocolate coating has

been made using the fraction., Details of the process have

not been published,

2.7 GENERAL COICLUSIONS FROM LITERATURE SURVEY

The literature survey has shown that there are meny factors
which influence the composition of tallow, Tallows from
different countries had a wide variation in their compositicns,
and thrnre was a similar variation in the compositicns cf
different tallow samples from witnin the same ccuntry. There
vere no rexvorted analyses of New Zealend nutton tellow, so
it was not pogssible to ascertudin definitely if it is similar
in composition to tallows from other countries. Howvever %
iodine number and firmness of liew Zealand tallows have
found to be similar to those of overseas tallows., All
tallows with analyses reportsd in the literature conteai
significant quantity of disaturszted triglycerides, A high
proportion of the disaturated triglycerides found in tai
are likely to have oleic acid at tne Z-position,

Seasonal trends in the compositions of certain individual
gheep body fats have been discovered, but there was no similar
information on seasonal patterns in tallow composition.

. The compositicon of llew Zealand mutton tallcw must be
rtain

determined in this work to confirm the occurrence of ce
desirable triglyceride types, especially the 2-oleo disaturatec
triglycerides, and hence determine the feascibility of producing
fractions with specific compositions. It is also important to
determine if there is a seasonal trend in the proportion of

any triglyceride tyre.



46.

However the degree to which any desired triglyceride type
can be concentrated into a specific fraction is limited by the
complicated phase characteristics of triglyceride mixtures and
the efficiency of separation of any fractionation method,
Solvent fractionation is the method mcst likely to give the
best separation of any specific triglyceride type, and
acetone is the most widely used and recommended solvent.

Four reported solvent fractionation schemes have been
applied to tallows overseas to produce fractions with specific
properties., All wvere designed to produce a cocca butter
alternative fat as a priority beczuse of the high demand (and
hence price) for a cocoa butter alternative fat and because of
the concentration of 2-0leo disaturated triglycerides in tallovi,
Harder and softer fractions wvere alsc produced. Two of these
schemes involved 2-stage fractionation procedures (i.e., two
crystallisations), one a 3-stage and cne a L4-stage, though the
Lh-stage process vias subsequently modified to a 2-stage grocess,.

(i)

It was claimed that each of these processes could procduce a
fraction capable oif replacing at least pvart of the added cocoa
butter in chococlate~like products. Other uses were found

for some of the other fractions,
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CHAPTER 3
METHODS OF ANALYSIS

The methods described in this chapter were used to determine
the fatty acid and triglyceride structures of tallows

(see Chapter 4) and their fracticnation products (see Chapter
o

The method of Differential Scanning Calorimetry _
(DSC), used to examine the thermal properties of selected

fractions, is also presented here,

5.1 CHEMICAL ANALYSIS

A summary of the scheme used tc analyse whole tallow or
fractionation products is given in figure 3.1.

3,7.1 Thin Layer Chromatograghy

o 1 IR

—~
=
E

o

Preparative TLC was used %0 isdolate triglycerides from
tallow samples.

Argentation TLC was used to resolve itriglycerides on the
tasis of unsaturation and cis-trans iscumerism,

3elelsl Preparation and Develovment of Piates

Silica gel G suspended in either aistilied water or
10% AgNOB solution in the ratio cof 1:2 (w/v) was spread on %o
the plates (20 x 20 cm) to a thickness of 0,5 mm (for analytical
plates) or 0.7 mm (for preparative oeparatlons).

The layers were left to dry (AgU03/011103 gel in the dark)
for 15 minutes then activated for two hours at 120°

The appropriate solvent was added to a depth of 0.5 cm to
chromatographic tanks, lined with filter paper, 30 minutes before
chromatography to saturate the tank space with solvent vapour.
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2s141e2- Preparative TLG

The tallow sample was dissolved in hexane (1:3 w/v) and
applied with a 100 pl syringe as a series of over-lapping spots
about 2 cm from thé edge 0f the adsorbent layer. A standard
triglyceride was run to help identify the triglyceride band.

The layer was developed by allowing the hexane : diethyl
ether (4:1, v/v) solvent front to rise to 2 cm from the top of

the adsorbent layer. After drying at room temperature, the
edges of the plate containing the standard were sprayed with
a 0,05% (w/v) 2'7' dichlorofluorosceinfethanol solution and
viewed under U,V, light to locate the position of the
triglycerides,

The triglyceride band was scraped into a centrifug:z tube
and extracted from the silica gel with 10 ml diethyl ether by
slurrying on a Vortex mixer. After briefl centrifugation, the
solvent layer was drawn off with a Pasteur pipette., The

residue was extracted twice more with 5 ml diethyl ether.

341413 Argentation TLC

- Triglycerides viere resolved on the basis ¢f unsaturation
and cis-trans isomerism on layers cf silica gel impregnated with
20% ( W/'\'.') AgHOB .

The basis of separation was the weak interaction vetween Ag+
and the M-electrons of douvble and triple bonds. The Ag+/olefin
complex is of sufficiently lov energy that it can be made and
broken during standard lipid chromatographic procedures,
Exposure. to AgN03 does not produce any chemical alteration of
normal triglycerides; hence the fractions separated can be
recovered unaltered from the impregnaied adsorbent for further
use, Trans double bonds form weaker M-complexes than cis double
bonds, hence cis-trans iscmers can oe separated by silver icn
adsorption chromatcgraphy (Litchfield, 1972).

About 10 mg of triglycerides, dissolved in CHClB, vere
applied as a series of over-lapping spots to the plate, The

—

developing solvent was chloroform/methanol (99.5:0.5, v/v).



49.

Triglyceride bands were revealed as for preparative TLC, and
were identified by reference to standard triglycerides
(glycerol tripalmitate, sn-glycerol-l-palmitate-2-oleate~3-
stearate, sn-glycerol-3-stearate-i,2~oleate and glycerol
trioleate) used as markers.,

After removing the flucrescent bands from the plate into
centrifuge tubes, 1% NaCl in methanol/water (9:1, v/v) was
added until the red colour of the silver-dichlorofluoroscein
complex disapveared (abcout 1.5 ml)., Ten ml diethyl ether/
methanol (9:1, v/v) wac added, followed by slurrying on a
Vortex mixer. After brief centirifugation and removal of the
solvent layer with a Pasteur pipette, the residue was extracted
twice more with 5 ml portions of diethyl ether/methancl
(9:1, v/v) (Hill, Husbands and Lands, 1968; Morrison, 1576)

Solvent was removed under a stream of N. and the residuc

2
redissolved in hexane and washed several times with small
volumes of water to remove traces of dichlorofluoroscein and
AgNOB pricr to gas liquid chromatogrephy (GLC) analysis.

3.1,1.4 TLC of 2-}Monoglycerides

2-monoglycerides were separated from fatiy acids and
glycerides bty dissolving in CHClj, applying to a thin layer of
silica gel G, and develcping in nexane: diethyl ether

Gz T

The monogiyceride band was identified by comparison with
a standard mcroglyceride after spraying with aqueous Rhodamirne
6G (0.01% vi/v). The monoglycerides were recovered from tne TLC
plates as described above for triglycerides.,

3,1.2 Fatty Acid Analysis

Fatty acidz were converted to fatty acid methyl esters

before being snalysed by Gas Liquid Chromatography (GLC)
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3.1.2.1 Prevaration of Fatty Acid Methyl Esters

One ml of 0,54 methanolic NaOH was added to 2-5 mg of
triglyceride (or monoglyceride) in a 25 ml roundbottom flask,
The flask was attached to a water condenser and heated on a sand
bath, to gently reflux the contents, for two minutes. One ml

(w/v) boron trifluoride in methanol was added through
the condenser and the reflux continued for a further two minutes,
after which 2 ml hexane was added followed by refluxing fcr a
further 30 seconds. After cooling the flask in iced wvater,
sufficient water was added to bring the hexane layer into the
neck of the flask, The hexane layer vias transferred to a glasc-
stoppered centrifuge tube using a2 Pasteur Dipette, and
concentrated by evaporation under N2.2 o5 Pl of the sample
wvere used for GLC (Van %ijngaarden, 196/, Morrison, 1978).

3e1e2.2 Gas Liguid Chromatogranhy (GLC)

Fatty acids were analysed as their methyl esters cn a
raph fitted with a hydrogen flame

Packard gas chromatogr
r (Jamieson, 1%70). The glassz column (130 cm
o

ionication detecto

o 0.25 cm i.,d.) was packed with 1205 diethylene glycol succinate
polyester (DEGS) (Hi - ZBff 1B 530-G) or 10% EG55-X on Chromoscro
Q. The "funnel coating method" (licliair and Ronelli, 1968) was

3
used for the preparation of the column packing. Cclumn
conditioning was carried out at 200°C for 12 hours with & N
flow of 10 ml/min,

During normal operation the chrcmatograph was run with
column and inlet temperatures of 160 and 205°¢C r espectively, and

a nitrogen flow of 25 ml/min,

%e1.3 OQuantitetive Measurement of Triclyceride Bands

The relative quantities of each of the triglyceride bvands
separated by AgN05/81¢1ca gel TLC were determined through the
use of an internal standard, A knovn quantity of heptadecancic
acid was added to each of the triglyceride samplec before
methylation, and the sum of the areas of each ot the fatty acid
peaks from GLC was compared with the peak area for the
heptadecanoic acid to give an estimate of the relative proportion
of each triglyceride band.
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3.1:.4 Preparation of 2-Monoglycerides

The fatty acid compoesiticn at the 2-position of some
triglycerides was determined by selective enzymatic hydrolysis
of the fatty acids at the 1- and 3-positions tc procduce the
representative 2-monoglycerides, The specific action of
pancreatic lipase for the ester groups at the 1- and 3-positions
of triglycerides is nearly absolute (Riemenschneider, Luddy,
Barford, Herb and Magidman, 1964).

About 40 mg of triglycerides were dissolved in O.1 ml
hexane and incubated for 70 seconds at 57OC, with vigorcus
shaking, with 15 mg pancreatic lipase (previously extracted with
diethyl ether -~ Sampugnz, Jensen, Parry and Krevison, 1964)
dispersed in 1,0 ml C.0S5M-tris buffer (pH £.0), 0.2 ml 0.2%
(vi/v) sodium cholate and 0.1 ml 22% (w/v) baCln, The

eaction was stcpped by the addition of 1.5 ml ethancl. The

pii of the solutiou wvas adjusted tc 4.0 with 1H-HCLI and the
mixture extracted vith three 20 ml porticns of disthyl ether.

The total ether extract was washed with 2 ml portions of water

until the washings were neutral, The ether was evaporated at

chloroforn {Taylor and Havwke, 1975; Morrison, 1276).

s

room temperatur:2 uncer h; and the lipid residue re-dissolved in
(o

3.2 TUERMAL ANALYSIS - DIFFEREMTIAL SCANNING CALORIPETRY (D3C.

—

A differential scan

o

Mo

A5
O
2]
e
-
=
k=
—
=
L
=

n SC e
1E) was used tc carry out the th ced
fracticnaticn products.

Diffesrential scannin lorimetry is a technique whereby

5 ca

the sample and an inert reference material are subjected to a
ontrolled heating vrogramme (iinear witn time), and the
differential energy requlred to keep the two samples at the

same temperature is measured., This is achieved througnh the usze,
for sample and reference, of nearly identical copper holder
cups containing a platinum recistance thermometer, a temperature
programmed heater and an auxiliary neater. The temperature
programmer heats the holders at a constant, pre-selected, rate.

L temperature averaging network detecie any differences in

temperature bewveen the holders and supprlies current to the

-
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auxiliary heaters to maintain a zero differential. When an
endothermic transition occcurs in the sample the energy absorbed

is replenishted by this network. This energy input is a direct
measure of the transition energy of the sample as a functiion of
time., The net enthalpy flow rate and the average temperature
of the two cups are plotted on a recorder as the ordinate and
abscissa respectively, When only sensitle heat changes occur
in the sample as it is heated, the DSC plot appears as a
relatively straight, horizontsl, iine. Any exothermic or
endotheriaic change in the sample causes deviation from this
base-line, and peaks are obtained on the plot. The area of the
peak is proportional tc the enthaipy change of the szample
(O'Neill, 196L; Driscoll, Duling and Magnotta, 1968;
Perkin-Xlmer; 1969; Rek, 1972; Daniels, 1973; Vendlandt, i974).

The temperature axis of the instrument was calibrated using
diphenyl, diphenylamine, indium, n-octane and tiny; znd the
aifferential temperature network wae calibrated using twin

camples of indium and then diphenylamine,

of about 9 mg (Luddy et al, 1273; Deroanne
1977; Kau Nard, 1979) pan
e instrument. An enpty <lurginium pan servad
as the rcference (Daniels, 1973; Gray, Lovegren and Feuge

wae sealed in an aluminium sample

Luddy et al, 1973). The low temperature Dewer flasl sample

Py

cover \as put in place and the =ample area {

ny

The H2 flow-rate throughout was 15 ml,min

The sample cover was filled with Iiguid H
reference viere cooled to 240K. After equ ilibriaticn they were
heated to 325K at a rate of 6K .min"}(Lovegren, Gray and
Feuge, 1971; Luddy et al, 1973).

It was particularly desired in this work to produce a
fraction witn melting properties, and hence a DSC prcfile,
similar to that of cocoa butter (see section 2.,2.3.1). There

are two distinguishing features of the cocoa butter DSC profile -

. . s ; . -
its narrow melting range 2and its '"melting point" of 36°C

(see Fig 29504
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Thus a peak parameter, the 'cocoa butter likeness factor”

(C.B.L.F.,), was develped to cxpare the DSC profiles of the tallow
fractions to that of cocoa butter.

=

n ;
eBLF (°C) = i{ 36 = Tipl) + (T11 - Tip)} e
i=1 (I lLl) ( i LE) ﬂT
n = nurmber of separate peaks on the DSC curve of the sample

Ty1
base-line,

vhere,

= temperature of final deviation of peak i from the

Ti2 = temperature of initial deviation of peak i from the

base-~iine,

T = '"melting point" of peak 1 - taken as the temperature

P
in

at which peak maximum occurs.

A

i area of peal: i,

Am swa1 of areas of all peaks for the sample.

See Figure 3,2 for an example of determining the CEBELF
of a sample giving a DSC profile viith only one peak.

The CBLF is the sum of the temperature range (in °C) over
wthich the sample melts and the absolute value of the difference
in temperature (in OC) between the temperature of DSC peak maximum
and 56OC, the temperature of DSC peak nmaximum for a sample of
cocoa butter obtained from a N,Z, chocolate manuiacturer. A
portion cof this cocoa butter sample was analysed'on the D:iC
immediately after each tallow sample so that a comparison of their
melting properties could be made under near-identical ccnditions.
The CBLF of this cocoa butter sample was 6.5, but there is
variation in the properties of different batches of cocoa butter
(Johnston, 1972). VWhen a tallow sample gave a DSC profile with
more than one peak, the CBLF of each peak was calculated, and
the overall CELF for the sample was determined by summing the
product of the CEBLF for each peak and the area of that peak
expresscd as a fraction of the sum of peak areas for the sample.
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T
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[36 -30] + (316 -26)
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1

Figure 3-2 : Calculating the C.B.L.E of a fat sample giving
a DS.C profile with only one peak.
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CHAPTER 4

TRIGLYCERIDE AND FATTY ACID ALALYSIS
CF SLLILCTED NN ZEALAND MUTTOR TALLOW

L, NTRODUCTION

This chapter studies the overail seascnal changes in
mutton tallow from onc meat killing plant, but makes no attempt
to elucidate the effects ot the individual variables (see
Section 2.5), influencing tallowvi composition,

A knowledge of the fatty acid and triglyceride composition
and how it varies throughout a season was needed to determine
the feasibility of producing fracticns with a specified
compocition from liew Zealand mutton tallow, and if there is
a time of year when tallow with a maximum concentration of any

particular triglyceride type or fatty acid is produced,

.~
L2
AV}

METHODS OF COLLECTICK AND ANALYSTS OF THE TALIOWS

The samples fcr analysis were inedible mutton tzllows
from two meat killing plants -- one in Canterbury and the other
in Southland - which were only killing sheevp. Therefore,
mutton tallow was collected free from any beef tallew, Sampl

0}
0]

from the Smithfield meat killing plant in Cantertury were
collected throughout the 1976/1977 and 1377/1978 seasons. The
sanple from the Ocean Beach meat killing plant in Scuthland vas
collected in Hay, 1977. A wet rendering process was used at the
Canterbury plant and a dry rencdering process at the Southland
plant, All of the tallow samples were collected frcm the molten
tulk tallowv immediately prior to its being transferred to
railway tankers.

Tallows are graded according to colour by matching with
colour standards., Two grades of tallow are produced at the
Smithfield meat killing plant -~ & R and 13 R. The fatiy ac
analysis of the lovember, January and March 1977 Smithficld
tallows was performed upon both 13 E and ¥ R graded samples to
d
di

©

'4) (‘l

termine if there was any difference in the composition of the
ferent grades.
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The tallow samples were purified by TIC (see Section

3.1.17.2) and then separatad into triglyceride groups, according
to degree of unsaturation and cis-trans isomerism, by argentation
TLC (see Section Z.1.1.3). Lhe relative proportion of each
triglyceride group and their overall fatty acid compositions, as

well as the fatty acid composition of the whole tallows, were
determined by the methods cutiined in sections 3.1.3 and 3.1.2
respectively. Some selected iriglyceride groups vere analysed
fer fatty acid compositicn at tne 2-position using pancreatic
lipase hydrolysis (see Section 3.1.L)., The overall scheme for
the tsllow analysis is shovm in Figure 3,1,

4,3 FATTY ACIDS IN THE TALLOWS ANALVSED

al fatty acid composition of the tallow samples is
LL,,1 and 4,2, The fatty acids were calculated
>s of the total taliow. Four asnslyses were
ta r

erimental variance was used to test the significance of
1§ ference in proportions. eof the fouw mein fatk

6 18:0 and 18:1) in different tallows from throughout
the same sgason and between scasons., Because only one samgple
of each tallow wes taken, it was not possible to determine
the variation due to sampling.,

It wvas found in both seasons that the concentration of
each of the four wmain fatty acids (14:0, 15:0, 12:0 and 13:7)
in differeant tallows from the same sesason varied significantly
at the 5 per cent level, The ceoncentration of 14:0 appeared

)
decrease as the season progressed, and tle concentration of 15:C
10 increase., The concentration of each of these fatty acids
was linearly regressed, by the least gquares method; against
the month in which tne tallows were procuced. The nmonths viere
numbered from 1 (November) tc 8 (June), All of the analyses
frem both cf the seasons were included in the regre

m
0]
0
|.J
9)
o]
"
L ]

-3
=
o

regression equation for the proporiticn of iL4:0 {(mole %) in the
tallovis vias

proporticn of 14:C in the fallow = (7.4 - 0.7 (month))
(mole %).
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Total fatty

acid composition of mutton tallows from the 1976/1977 season

Tallow

Fatty Acid (mole

in tallow)

Smithfield Smithfield Smithfield Smit

hfield Smith

field Sm

ithfield Smithfield Ocean Beach,

_1ER iR, 12R 11R, iR, 11D, IR, May 1977
Novemﬁer Noverber Decemﬁer January January March March

1976 1976 1976 1977 1977 1977 157
Fatty
fedid
14:0 5.9 4,8 7.6 Bal L5 2.8 2o 3.0
isc
1);‘\)“‘1[1- 1 O.? O.? 008 005 008 005 Oo? 005
15:0 0.9 0.9 1.2 0.8 G.7 Oy 162 0.3
150
16:0 @2 O 2 0.2 Q.1 Q.1 O e b 0.6 0.1
16:0 22N 2 20.8 RS 20.5 19.8 20.8 20.6 20.4
1631 4.9 6.1 Sl -~ k.2 L5 beD o1
17:0 2% 3 B, 1.5 2.7 od B, d 2. 2.1
17:“1 1,0 ].h O«\) O-\") Gclr 007 0.7 O-L{>
16:0 20,2 21,0 16.5 Ripeg O 2lpei2 26 2641 26.3
18:1 40,6 38.93 39.0 e .6 LO.2 7.6 5 lasa) 25 o'
18 ) o v B 2
18:2 0.5 1.9 40 5,2 3.5 3.5 3.2

*9¢
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The slope of this line was found to be significantly
different from zero at the 0.2% level, so there was a
significant overall decrease in the proportion of 14:0 as the
seasons progressecd.

The regression equation for the proportion of 18:0 (mole %)
in the tallows was:
proportion of 18:0 = (20,5 + 0,9 (month))
in the tallow (mole $%).

The slopec of this line was found to be significantly
different from zero at the 0.25% level, so there was a
significant overall increase in the prcoportion of 18:0 as the
seasons progresscd,

A plot of the proportion of each of these fatty acids
against the month of production of the tallow, and the regression
lines for each fatty acid, ars shown in Figure 4.1. The
regression lines appeared to fit the cbserved data well. The
linear correlation coefficient between the proportions of 14:0
and 18:0 was -0.77. This was sigrnificznt at the 0.2% level

There did not seem to be any overall seasonal pattern in
the variation of 16:0 or 18:1., The slope of the regression
lines for the proportion of each of these fatty acids in the
tallows against the month of producticn c{ the tallows were
not significantly different from zero at the 5 per cent level,

There was no significant linear correlatioﬁ found at the
5% level between the proportion of 16:0 with 18:1, 14:0 or 18:0;
nor between 18:1 with 14:0 or 18:0 - i.e¢. the changes in
proportions of these fatty acids throughout the secasons were
unrelated.

The mean proportion of each of the four main fatty acids
in the 1976/1977 tallows was tested against the mean proportion
of the same fatty acids in the 1977/1978 tallows, There was
not found to be a significant overall differencc in the mean
proportion of 14:0 tetween tallows of the different seasons
the 5% level (L4.4% for 1976/1977, 5.6% for 1977/1973); nor
for 18:0 (23.3% for 1976/1977, 24.2% for 1977/1978).

¢
¢
ct
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Figure 41 : A plot of the propcrtion of 14:0 and 18:0 in the
tallows analysed against the month the
tallow was produced, and the least squares
regression for the same.



59

Howvever there was a significant difference (at the 5%
level) in the mean proportion of 16:0 in the tallows from the
two seasons (21,0% for 1976/1977, 24.4% for 1977/1978); and
also for 18:1 (39.2% for 1976/1977; 34.9% for 1977/1978).

The four fatty acids considered above comprise, on
average, 83.6% of the total fatty acids found in the tallows
Of the other seven faliy acids quantified in the tallows,
16:1 was the most abundent with an average proporticon of 4.0%
and then 18:2 with an average proportion of 2.7%6. As well as
the eleven fatty acids taoalate“, traces of iwc fatty acids whkich
were eluted from the GLC column before 14:0 were precent. These
vere tentatively identified as 12:0 and iso - 14:0. Trace
amounts of two fatty acids which were eluted from the GLC column
after 15:2 were also precsent., These were tentatively identified
as 18:3 and 20:0, or an unsaturated 20 carbon chain length
fatty acid.

There was a significant difference in the propertion of

14:0 between the different c¢olour grades of Canterbury Novemter
1976 and January 1977 tallows - higher in November 1976 ?% |
than November 1976 * R, and lower in January 1377 13 R,

Gt
D
"‘S

January 1977 ¥ R. There vas also a significant difference in

the proportion of 15:0 and 15:1 between the two grades of
November 1976 tallow. There were no other significant

di fferences in the proportions of the main fatty acids between
any of the comparable I+ R and 1} R grade tallows. There iz no
deliberate selection of raw materials entering the two grades
of {tallow at the Smithfield meat killing plant {Stedman, 12

sO0 these differences would te as a result of random variati
in the incidence of raw materiaise.

The minimum, maximum and average proportions of the six
main fatty acids in the tallows analysed are given in Tavle 4,3
with similar data from published fatty acid analyses of mutton
talliows (see Section 2.5).

Overall, there is close sgreement in fatty acid compozition
tetween the Smithfield tallows analysed and the published
analyces, with the average proportion of each of the six fatty
acids considered in the Smithfield tallows being within the

range of proportione reported in the literature,



Table 4,3: Comparison of the nminimum, maximum and average proportion of selected
fatty acids in the Smithfield tallows with published values

Fatty Acid (mole % in tallow)

Smithfield Tallows Publlisned values

(from Tables L4.) and d4,2) (from Table 2.4)
Fatty Minimum Maximum Average Minimumn Maximum Average
Acid
14:0 27 7.6 L4e5 0.8 L6 2.7
16:0 19.8 2543 22eh 204 27.8 2Ny
16:1 oI 6ol L,0 0.0 L7 3.1
18:0 118519 28.8 2l 22,2 31.0 26.5
18k 2341 406 37.3 25.0 47,0 38.3
jome 0,9 4.0 2p7 2rya 0] 3,8

'nQ
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L,y IDEWMTIFICATICH OF TRIGLYCERIDES IN MUTTON TALLOW

Argentation TLC resolved the tallow triglycerides into
five groups f{see Figure L4,2).

Fatty acid analysis shovied that group one triglycerides
contained only saturated fatty acids - i.e, they were tri-

saturated triglycerides,
Fatty acid anzlysis of group 2 and 3 triglycerides revealed

a composition of approximately one-third monounsaturated fatty

acids and two-thirds saturated fatty acids, consistent with

the triglycerides in thesec groups containing one moncunsaturated

y acid and tvo saturated fatty acids. The monsunsaturated

t
fatty ecid in each of the group 2 trigiycerides was probavly a
n g r

acids and zapproxzinately two-thirds mcnounsatu

H
)
ct
)
(o
Lo
ct -y
t+ O
(< e
A
(@]
-

j= I o)}
n
L)

a

Thus nost of the triglycerides in these grcoups would have beer
diunsaturated - i.,e. they would heve contained one saturated

fatty acid end two monounsaturated fatty acids. Cne or both of
the unsaturated fatiy acids in the group 4 trigiycerides was
probably trans unsaturated to separate them from cis unsaturzted
fatty acids in the group 5 triglycerides on the silver-~imuwregracted
plates.

Groups 4 and 5 also contained a small prcportion of
triglycerides containg polyunsaturated fatty acids. The
polyunsaturated fatty acids from group 4 probably contained
one or two trans double bonds, as rormally the affinity of Ag+
for triglycerides with more than one double bond is greater
vhen the double bonds are concentrated in one fatty acid
(Litchfield, 1972), and thus without considering the effect of
cig/trans icsomers, the polyunsaturated fatty acids would be
expected to be in triglyceride group 5.
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roup 5 triglycerides from all the tallows contained, on
average, 0,74 double bonds per fatty acid. The group 5
triglycerides of each tallow analysed had greater than 0,66
double bonds per fatty acid, the value for triglycerides
containing one saturated fatty acid and two monounsaturated
fatty acids. Thus group 5 includes some triglycerides with
greater than two double bonds per moiecule,

Details of the fatty acid analysis of each of the
triglyceride groups from each of the tallows are given in
Appendix 3.,

As a check cn the analytical and separation procedures,
the fatty acid composition of the tallow was calculated from
the fatty acid analysis and proportion of each triglyceride
group and compared with the fatty acid composition obtained by
direct analysis of the tallow., As an example, the fatty acid
conposition of the Smithfield llovember 1976 1% R mutton ta

i_J

lew
as deternined by each of these methods i1s presentied in Tabtle

IO'I'!'I

e

Table L.,4: Comparison of the fatty acid compesition of nmutton
tallow (Smithfield lovember 1976 14 RB) dete
by direct anelysis and oy czlculation from the
amount cf cach triglyceride group separated dy
argentation TLC and their respective §
compositions

Fatty Acid (mole % in ‘tallow)

Direct analysis | Calculated from analysis
of fractions

Fatty Acid

1440 5.9 6.3
iso = 15:0 + 14:1 0.7 e
15:0 0.9 1e2
iso - 16:0 0.2 0.2
16:0 2242 E95s0
1631 L9 3.8
17:0 2o -
17:1 1.0 1.2
18:0 2008 21.8
13:1 LO.6 39.1
18512 0.9 Te5
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Each of the other tallows analysed showed similarly good
agreement between the fatty acid compositions determined directly
and indirectly (see Appendix 3).

As 17:0 was the internal standard used to determine the
proportion of each of the trigiyceride components this minor
component has been omitted,

4.2 _PROPOPTION OF TiEF DIEFERENT TRIGLYCERIDE TYRES Tl THE
TALLOWS ALALYSED

The proportions of triszturated, cis monounsaturated,
trans monounsaturated and the more unsaturated triglycerides
in Smitnfield tallovis from throughout the two seasons are
plotted in Figure 4.3. The proportion of trisaturated
triglycerides ranged from 13,325 (January 1977) o 19.775 (June
1973), trans monounsaturated triglycerides Ir¢ ( Konr e
1976) to 12,15 (December 1976), cis monounssturated triglycerides
frou 22.8% (Marcn 1977) to 33,05 (Lcvamber 1976) =2nd more
unsaturated triglyccrides from 39.67% (March 1973) to &
(}arch 1977).

The .triglyceride anslysis of the Smithiield
tallecw was du I

varience in the lriglyceride analyses, and a t-te

nis was used

‘_\

€
to determine if there vias a significeant difference between ine
r

’L

extrene concentrations of the different tri

3

Le

1 JcC
However as the analysis cf the Hovemizr 1976 tallow was the
only triglyceride analysis repeated, there wves on (2
of freedom available for the t-test,

The d¢L‘orcnces between the measured proportions of
trisaturated triglycerides in different tallows were not
significant at the 5% level. Similarly, the differences between

the measured progorticns of trans mecnounsaturated triglycerides
in differcnt tazllows were not significant at the 3% level.

Hewever, there was a significant diflcreance betweexn the
extreme measured levels of ¢is mornounsaturated triglycerides
(22.8% for arch 1277 tallow, and 335.0% for Hovember 1976 tallow)

and the extreme measurcd levels of thé mere unsaturated
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triglycerides (39.6% for larch 1978, and 53.2% for March 1977),
Although there was a month to month increase in the
proportion of the most unsaturated triglycerides as the
1976/1977 killing season progressed, and a siuwilar but less
distinct trend in 1977/i1973, the slope o1 the regression line

for the combined data frem weotl: seasons was not significantly
different from zero at the 5} level,

Similarly there appeared to be a month to month decrease
in the proportion of cis monouncsaturated triglycerides for btoth
seasons as the 52asSONS progresse y with thig trend bedng mos
apparent in the 1976/1977 tallows, but again the slope of the
regression line for the combined data was not significantly
different from zero at the 55 level., Iovwever, there was a
significant inverse correlation between the proportions of
these two triglyceride groups at the 1% level (correlation
coefficient = =0,74).

There was not a significont overall differcnce in the

i3
®
W)
12
=

c
ccncentration of any of the four itriglyceride groups between
tallovws of the different seasons at the 55 level,

ﬂ

The pinimum, maxinuwi and average values for the proxoriion
of trisaturated, dloavurat ed and unsaturated iri
the Smithfield tallows analysed are given in Tab
with similar datae from published triglyceride an
mutton tallows (see Section 2.5).

The Smithfield tallows analysed had a similar overall
composition to that already putlished, but had a slightl;
lower than average concentration of trisaturated and disaturated
triglycerides and a higher concentration of triglycerides with
more than one double bond. tHowever, the number cf samples
analysed (both in this work and in the literature) is too small
to alliow any firm conclusions to be drawn,

Assuming that the unsaturated fatty acids in the group 2
triglycerides wvere all trans unsaturated, and that each of the
trigiycerides in group 4 contained one trans doutle bond, this

gave an average proportion of trans fatty acids in the tallows



Table L,5: Comparison of the minimum, maximum and average proportion of the different
triglyceride groups in the Smithfield tallows analysed with published values

Preportion of Triglyceride Group (mole % of tallow)

Smithfield Tallows

Fublisned Values
(from Table 2.5)

Triglyceride|Minimum Maximum Average! Minimum Maximum Average
Group

Trisaturated 14.0 (Jan. 1977) 19.7 (June 197%) 16.2 15.0 (Hth 28.0 (Indian 19.0
American tallow)
tallow)

Disaturated 29.9 (March 1977) 41.4 (March 1978) 37.5 29,0 (Indian 47.1 (Japanese 41,0
tallow) tallow)

More

unsaturated 39.6 (March 1978) 53.2 (March 1977) 46.%5  34.9 {(Japanese 43.0 (Indian and 40.0
tallow) Nth American

tallows)

*69
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Tatle 4.6: ratty acid comnosition at the 2-pesition of tallow
triglycerides (Ocean Beach, May 1977) determined
by direct analysis and by aralysis of the

triglyceride groups separated by argentation TLC

Direct Analyesis Calculated Composition
Fatty Acid
14:0 5.0 S
iso - 15:0 + 14:1 2ol 1.6
15:0 1.3 0.8
isc - 16:0 0.3 0.2
16:0 12,0 12.9
16:1 L.k T
17:0 2ec Te6
17:1 0.8 1.3
15:0 4,6 15,7
18:1 52.0 52,1
18:2 5.3 6.l

There was =z marxed decrease (from 20.5% tc 11.2%) in the
proportion of 2-0led disaturated triglycerides in the
Canteroury tallows as the 1976/1377 scason progressad,.

-

However an isclzsted HMay tallow from Southland contained
15.77% of 2-0leo disaturated triglycerides. This increase may
have been due to a number of factors as the tallow was from a
different meat killing prlant in a different area and =&

different rendering prccess was used.

Such a marked cverall trend in the proportinon of 2-oleo
disaturated triglycerides was not ggparent in the 1977/1973

tallows although therc was a decrease in the proportion of

these triglycerides in the late-seascn zamples. The overall
range (10.,0% to 16.3%) was less than for the 1976/1977 tallows.

The proportion of Z-oleo disaturated triglycerides in tne
Smithfi=ld tallcws for the two seasons was regressed linearly

by the least squares method against the month of production
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of the tallow, The months were numbered from 1 (November) to

8 (June).

The regression eqguation was:

proportion of 2-o0leo disaturated _ _ !
triglycerides in the tallow (mole %) ~ (18.8 1.0 (Month))

This regression line is plotted in Figure 4.4 with the
measured results. It appears to fit the observed data well,

The slope coefficient of the regression equation (-1.0)
vas found to be significantly different from zero at the 0.2%
level, Thus overall for the two seasons, there was a significant
decrease in the proportion of 2-o0lco-disaturated triglycerides
in the taliows as the seasons progressed,

4.7 CONCLUSIONS

(m) Ipour Mt acEdE (L0, 1605 80BN i SEn)
comprised, on avcrage, 88.6% of the total fatty acids in the
taliows. There were significant differences in the proportions

of these fatty acids in different tallows from the same season.

(2) The combined data for analyses upon tallows from
btoth seasons showed:

(a) There was a significant decrease in the
proportion of 14:0 and a siganiticant increase in the concentraofion
of 18:0 from Novemter to June.

(b) There was a significant difference in the mean
proportion of 16:0, and also for 18:1, between the two seasons.

(c) There was a significant difference in the

proportion of cis-monounsaturated triglycerides and the more
highly unsaturated triglycerides between some of the different
tallows analysed.

(3) The average proportion of each of the six most
abundant fatty acids in the Smithfield tallows was within the
range of proporticns reperted in the literature. Also, the
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average proporticn of the trisatuvrated, disaturated and nmore
unsacturated triglycerides in the Smithfield tallows was within
the range of proportions reported in the literature.

(4) Bach of the tallows contained a significant proportion
0of 2-0leo disaturated triglycerides, and thus New Zealand mutton
tallow has potential as a cocoa butter replacer fat if these
triglycerides can be separated.

(5) There was a significant decrease in the proporticn of
2-0leo disaturated triglycerides in the Smithfield tallows from
November to June, with a range from 10.0% (May 1978) to 20.5%
(lovember 1976).

(6) =Rach of the tallows also contained more highly
saturated and more highly unsaturated triglycerides. Separation

p]

of these would produce fractions with properties very diffe
()

e
from thcse of the original tallow, and these may be useful Jfor

a variety of gurposes,
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CHAPTER 5

DEVELOPMENT OF A SOLVENT FRACTIONATION
SCHEME FOR NEW ZEALAND MUTTON TALLOW

5.1 INTRODUCTION

Several methods for the solvent fractionation of tallow
to produce fractions with desirable melting properties heve
been reported, (see 2.6.3) but none svecifically for New
Zealand mutton tallow, These methods all produced a fraction
intended for use as a '"cocoa butter repiacer" fat, plus other
higher and lower melting fractions,

When the four-stage solvent fractionation method of
Luddy et al (1973 , 1976, 1978), developed for North Amsrican
beef tallow, was applied to New Zealand mutton tallow the
vields and melting properties of each of the fractions obtained
were widely different from those reported by Luddy et al. The
scheme was considered not to be suitable for New Zesland
mutton tallow,

Hence, it was decided to develop a new solvent fractionation
process'for New Zealand mutton tallow, Kawada and Mzatsui
(1968) successfully used a two-stage solvent fractiocnation
scheme to produce a fraction from Japanese mutton tallow which
contained a high proportion of 2-0leo disaturated triglycerides
and it was suggested that it could be used to replaece rpart of
the cocoa butter in chocolate; and Farr (1954) also used
a two~stage solvent fractionation scheme with tallow to produce
a coating fat (see Section 2.6.3). Because of the éimplicity
and thus reduced costs of a two-stage solvent fractionation
process, and because of the success of the above two-stage
solvent fractionation methods, it was decided to develop a
trvo-stage solvent fractionaticn process for New Zealand
mutton tallow, A study was made of the different variables -
crystallisation temperatures, solvent to fat ratios, tallow
source, agitation, water content of the acetone and crystal-~
lisation time -to find the optimum conditions for a two-stage
fractionation of New Zealand mutton tallow, Acetone was the
only solvent used, and filtration was used to recover the
crystals,
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5.2 OUTLINE OF THEE FRACTICNATION METHOD

An outline of the fracticration process is shown in
Figure 5,1

Fifty g of tallow were dissoived in the appropriate amount
of acetone in a stoprered 250 ml conical flask, heated to
AOOC and then cooled by hoiding for the desired period in a
constant temperature room,

The crystals were filtered under vacuum on a Buchner
funnel at the temperature of crystallisaticn, and were then
vashed on the filter with 100 ml of acetone at this tempzsrature
and with the same water content as the acetone used for
the crystallisation,

53 THE INDEPENDENT VARTIABLES

Variables which are likely to affect the nature and
proportion of each of the fractions produced by a two-stage
solvent fractionation process include:

- temperature for first crystallisation

~ temperature for second crystallisation

-~ soivent to fatv ratio at {irst crystallisation
~ solvent fto fat ratio at second cry:talilsﬁ 10
= proverticn of water in the solvent

- degree of agitation during crystaliisation

n

-~ time of holding before filtering
- tallow composition
- rate of cooling the fat soluticn,.

The rate of cooling the fat solution was difficult to
contrcl as an independent variable because it was aifected by
the degree of agitation and the crystallisation temperature,
Hence its effect was not considered at this stage.

A full investigation of each of the remaining eight
prccess variables and their interactive effects would still
have reauired considerable experimental work. Thereicre a
screening experiment in which the variables were studied at
two levels was conducted to determine which of these were

important for further study.
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Figure 5-1:0Outline of the fwo-stage solvent frectionaticn
process. ‘
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5.3.1 First Crystallisation Temperature (T,)

Kawada and Matsui (1968) produced a cocoa butter
replacer fat from Japanese mutton tallow using a two-stage
solvent fractionation process with acetone and a first
crystallisation temperature of 10-11°C. Their alternative
scheme used a first crystallisation temperature ot 180C, and
by adjusting other variables the intermediate fraction was
still suitable as a cocoa butter replacer fat.

Farr (1954) performed the first crystallisation at room
temperature in a similar process to produce a coating fat
(see Section 2.6.3).

The analytical solvent fractionation scheme of
Riemenschneider et al (1946) used two initial crystallisations
at 18-190C to remove all of the trisaturated triglycerides and
a portion of the disaturated triglycerides from mutton tallow
(see Section 2.6.2).

Therefore for this screening exreriment 11°C and 20°C were
chosen as the first crystallisation temperatures,

5¢3%.2 Second Crystallisation Temperature (Ta)

Second crystallisation temperatures of 0°C and 8°C were
chosen (cf. with 3 to qoc and 0°C used by Kawada and Matsui
(1968) and Farr (1954) respectively).

5.3.3 Solvent to Fat Ratio at Each Crystallisation (S; and Sa)

Although solvent to fat ratios from O.1:1 (v/w) to 20:1
(v/w) have been used, most fat fractionations work at ratios
of 2:1 to 5:1 (see Section 2.4.3.3). These were the levels
set for the screening experiment,

5.3.4 Water Content of the Acetone (V)

Several workers have recommended the use of acetone
with a water content of less than 2% (Section 2.4.3.2). This
was used as the high level for the screening experiment, and
the low level was set at 0.5%.



5.3.,5 Agitation Speed (A)

There is 1little quantitative data as to the optimum
agitation speed for solvent fractionation and it was not
possible to select a constant agitation speed as this
decreased as the deposition of fat crystals increased the
viscosity of the solution. The applied voltages of 180 and
160 volts to the stirrer motor were used as the independent
variables.,

5.3.6 Crystallisation Time (t)

Preliminery experiments showed that there was no further
crystallisation of the fat solution after €0 minutes in the
constant temperature room. '

The holding times for this experiment were set at 30
minutes and 60 minutes.

549 T- Tallow Source. M)

A Smithfield tallow (Novemver 1976 1%+ R) containing
20.5% 2-0leo disaturated triglycerides and an Ocean Beach
tallow (May 1977) containing 15.5% 2-oleo disaturated
triglycerides were chosen for this experiment.

The eight independent variables selected for the screening
experiment, and their levels, are summarised in Table 5.1,
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Table 5.,1: Definition of independent variables selected
for the screening experiment

CODED LEVEL

VARIABLE SYMBOL

- =1 +1
First Crystallisation T 11°¢ 20°c
Temperature (°C)
Second Crystallisation To 0°c 8°¢c
Temperature (°C)
Solvent to Fat Ratio S1 201 Sk
(v/w) - First Crystallisation
Solvent to Fat Ratio (v/w) - So 2:1 5]
Second Crystallisation
Water Content of Acetone W 0.5 , 2.0
(% v/v)
Agitation Speed (volts) A 160 180
Crystallisation time (minutes) t 30 60
Tallow Source M Smithfieid, Ocean Beach,

Nov. 1676, May 1977

5.4 DEPENDENT VARIABLES

The major aim of the fractionaticon was to produce a
satisfactory cocoa butter replacer fat - i.e. a fraction with
a triglyceride composition similar to cocoa butter which would
melt like cocoa butter and be compatible with cocoa butter.
Ideally, the triglyceride composition of each of the fractions
should have been determined to fully understand the effect of
the variables upon the fractions produced.

Such analyses were prohibitively time-consuming, and
consequently the dependent variables chosen were the yield of
the three fractions and the similarity between the DSC profile
of the intermediate fraction and the DSC profile of cocoa butter.
This similarity was quantified using the cocoa butter likeness
factor (CBLF) - see Section 3.2.

The yield of each fraction was measured by weighing the
recovered crystals after drying in a vacuum dessicator.



5.5 SCREENING EXFERIMENT

The aim of this experiment wae to determine whkich of the
preceding eighﬁ independent variables were important for
further study.

5.5.1 Experiment Design

A fractional design of resolution IV was chosen to
screen the eight vsriables, A resolution IV design has the
properties that no main effect is confounded with any other
main effect or two -~ factor interaction, but two - factor
interactions are confounded with one another. Thus a resolution
IV design could determine which of the eight main effects
were significant as well as determine the significant groups
of two - factor interactions.

It is a general principle of fractional factorial designs
that if any fractional is replicated with reversed signs, then
all alias links between main effects and two - factor
interactions are broken (Box and Hunter, 1961)., Hence by
switching the signs of all the variatles in a 235% aesign
(a seven - factor, 1/16th replicated design of resolution III
with each of the variables tested at two levels) and adding the
resultant design to the original fracticn an agzregate design
is produced which uses sixteen rurns and makes it pcssible to
estimate all main effects clear of the two - factor
interactions. This is a 2;;3 design., (A resolution III design
has the properties that no main effects are confounded with any
other main effect, but main effects are confounded with two -
factor interactions and two - factor interactions with one
another)., The above 2%65 design can be further improved to
a 2%;4 decign by switching the signs of the elements
corresponding to the identity column and associating the
resulting set of eight positive and eight negative signs with

an eigth factor,

Such a design is called a '"fold over" design (Bex and
Hunter, 1961). See Table 5.3 for the experimental design.

Ignoring interactions tetween three or more factors, which
are confounded with the main effects, the sixteen quantities

which can be estimated from the experimentsl design are shown
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in Table 5.2:

Table 5.,2: Effects determined using a 2?64 fold-over design

Average

T,

T,

Sy

S

W

A

t

M

T1T2 + S1t + SEM + WA

T1S] + Tat WM + 52A
T152 + TZM + SIA + Wt

T1W + slm + TZA + Szt
T]t + TES] + AM + SZW
T]M + T252 + s]w + At

5.9.2 Results of the Screening Experiment

The yields of each of the three fractions, adjusted
to 100% total yield,; are given in Table 5.3. The CBLF of the
DSC profiles of each of the intermediate fractions azre also
presented in Tabie 5,3.

5¢5.3 Empirical Equations Relating Dependent and Independent

Variables

The data for the yields of the three fractions and the
CBLF of the intermediate fractions were read into the Massey
University Burrough's B6700 computer and analysed using the
Minitab statistical package. This was done by multiple
regression of the coded linear terms and chains of tvo -
factor interactions of the independent variables to the dependent
variables.



Table 5.3: The experimental design used and the responses to the independent variables

DEPENDENT VARIABLES
T] 'I‘2 51 S2 v A i M Yield of hard _ Yield of - Yield of soft _ CBLF of
fraction intermediate fraction intermediate
(wt % of tallow) fraction (wt % of tallow) fraction
(wt % of tallow)
-1 =1 =1 =1 =1 =1 =1 =] 2l 18.6 S4.3 11.0
+1 =1 =1 41 41 =1 41 =1 13.6 59.8 26.6 18.5
=1 +1 =1 +1 =1 +1 +1 =] 278 3.8 68.4 14,0
+1 41 =1 =1 41 41 =1 =1 13.0 40,0 47,0 2L 3
-1 =1 +1 =1 +1 +1 +1 -1 21.8 30,2 48,0 2L .8
+1 =1 +1 41 =1 41 =1 =1 Ok 22.6 77 .0 2645
=1 1 #1411 #1 =1 =1 =] 254 7.6 67.0 13:¢
+1 +1 41 =1 =1 =1 +1 =] 1161 1Be2 el 7 2045
-1 =1 =1 41 +1 +1 =1 1 PR 11.6 3L.6 13%3
+1 =1 =1 =1 =1 41 +1 +] S.4 Lol 50,2 21.3
-7 41 =1 =1 +1 =1 +1 +1 L4L8.6 22.0 294 Ts'?
+1 +1 =1 +1 =1 =1 =1 +1 lrg® 18.0 77.2 1855
-1 =1 +1 41 =1 =1 +1 +] 18.2 9.6 7242 1.9
+1 =1 41 =1 41 =1 =1 +] 1142 52.0 36.8 29.2
=1 1 41 =1 =1 +1 =1 +] 20,0 1.4 68.6 1445
+1 +1  +1 +1 H1 41 41+ Tuai6 47.6 L8 25610

‘Ll
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Because fifteen effects (eight main effects and seven
chains of two~factor interactions) plus the constant were
estimated from the sizteen runs it was not possible to apply a
statistical test to the coefficients of each effect to
determine their significance (no degrees of freedom to estimate
error). Hence a half-normal probability plot was used to
estimate the significance of each of the terms.

A half-normal plot is a plot of the magnitude of each
effect against its order number on half-normal probability
paper. The null hypothesis is that each of the fifteen treat-
ment effects is a normal variate with zero mean and constant
variance, If this was true, all of the points weculd 1lie on a
straight iine, Any effecte which are significant would violate
the null hypothesis and would not be on this etraight line
through the other points (Daniel, 1959; BRBelz, 1273).

Each of the four dependent varisbles were then regresscd
against those terms which appeared, from the half-normal rlots,
to be significant. By relegating all other terms to the
residual, there were then sufficient degrees of freedom
available to test cignificaence of the remaining terms by the
t-test.

5¢5¢%.1 Yield of the Hard Fracticn

The regression equation for the yield of hard fraction
is shown in Table AL4,1, Appendix 4, The half-normal plot of
the regression coefficients is shown in Figure 5.2. Frcom this,
Ty, W, S, and the (T1S1 + Tat + WM + SaA), (TiM + Ta_S2 +5,W 4+ At)
and (T1W t SM ¢ THA 4+ Sat) chains of two-factor interactions
appear to lie off the straight line through the other points.,
The yield data were regressed against these six terms. The
resulting eguation was:
Yield of hard fraction (%) = 19.4 - 11,0 (T4} - 4.9 (S})
+ 5.0 (W) + 4.1(T1S1 + Tot o+ Wi + SaA) - 2.1
T Sat)

+ 3.6 (T]M + Tasa + S]w 4 At)

Fach of these six terms vere significant, by the t-test,
at the 5% level,
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The regression statistics for this equation are presented
in Table A4.1, Appendix 4,

While it is impossible to say which of the individual two-
factor interactions were regsponsible for the significance of
the chains of tvo-factor interactions, each of the three
significant chains contained an incteraction of two of the
three significant main effects (T1S1, TTW and S]W respectively).
It seems probable that these three interactions were
responsible for the significance of the chains,

5¢5¢3%+2 Yield of the Intermediate Fraction

The regression equation for the yield of the intermediate
fraction is shown in Table A4.2, Appendix L. The half-normal
plot of the regression coefficients is shown in rigure 5,3.
From this, T,, T,, S5, W, T and the (T,W + 5;M + T,A + Szt) and
(TyS, + T_M + S,A + Wt) chains of two-~factor interactions
appear to lie off the straight line thrcugh the other points.
The intermediate fraction yield data were regressed
against these seven terms. The resuvlting equation was:

Yield of Intermediate Fraction (%) = 2641 + 11.7 (7,)
= 5.0 (Tp) - 3.5 (55) + 7.8 (W) + 3.4 (t) + 2.7 (T,5, + T M
+ 51A + WE) + 43 (TW + SiH o+ ToA + S,t)

Each of these seven terms was significant, by the t-test,
at the 5% level,

The regression statistics for this equation are presented
in Table A4.2, Appendix 4,

Bach of the significant chains of two-factor interactions
contained two interactions of the significant main effects
(15, and Wt in one chain, and T W and S,t in the other chain).
It is protable that one or both of these interactions in each
chaln were responsible for the significance of the chains.

Fraction

cr

58553 Yield of the Sof

on for the yield of the soft
fraction is shown in Table A4.35, Appendix 4., The half-normal

O

plot for the regression ccefficients is shown in Figure 5.4,
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From this, W and S1 were the only terms which appeared to lie
off the line through the other points. The soft fraction
yield data viere regressed against these terms. The resulting
equation was:
Yield of soft fraction (%) = 54.6 + 6.1 (8;) = 12.3 (W)

Both of these terms were significant, by the t-test, at
the 5% level,

The regression statistics for this equationr are presented
in Table A4.35, Appendix 4,

Though only two terms were shown toc be significant by this
method, it seems likely that all of the terms affecting the
yield of the first two fractions would influence the yield of
the soft fractiony; as it is the final filtrate from the
fractionation, If this was so, then a great number of the
terms in the soft fraction equation should be significant.
Unfortunately, a half-normal piot is not suitable for
determining the significant terms of an equation where most of
the terms are significant as there are not enough terms left to
give an accurate linear graph for the smaller constraints,
Hence, it is possible that a much greater number of these
fifteen terms were significant than are apparent from the half-
normal plot,

It is also possible, though, that the terms affecting the
yield of the two precipitated fractions, but not of the soft
fraction, only influenced the relative proportions of the two
precipitated fractions and did not affect the quantity of the
soft fraction,

5e563sl4 CBLF of the Intermediate Fracticn

The regression equation for the CBLF of the intermediate
fraction is shown in Table A4.4, Appendix 4., The half-normal
plot for the regression coefficients is shown in Figure 5.5.

From this, Ty, Ta, S], 82, W, A and the (T]t + T8, + AM +
52W), (TiM + TS5, + 5,0 + At) and (T]A + tM + 5,55 + TZW)
chains of two-factor interactions appeared to lie off the
straight line through the other points. The CBLF data were

regressed against these terms. The resuliing equation was:
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CBLF = 1847 + 4.3 (T;) = 0.9(T,) + 2.1 (5}) = 1.2 (5,) + 1.4 (W)
+ 1,7(A) = 0.5 (TqA + tM + S;55 + ToW) = 1.3 (T4t + T8, +
AM + S,5W)
+ 8

- 1.2 (TM + Tas W o+ At)

2 1

Each of these terms was significant, by the t-test, at
the 5% level,

The regression statistics for this equation are presented
in Table A4.., Appendix L,

5-5.5.5 Residual Plots

Plots ©@f the residual ®e¥sus ¥ for the simplified
regression equations for each of the four response variables
are given in Figures 5.6 to 5.9.

The apparent random distributicn of the points in each of
the graphs indicates that there were nc gross errors in the

regression equations fitted to the data (Chatfield, 197C).

5s5.4- Main Effects

It was possible to study the effect of each independent
variable alone and therefore obtain some indication of the
region where the optimum level of each independent variable
might be, However this does not account for interactive
effects between the variables, and each independent variable
was only studied at two levels,

The highest yield of the hard fraction was obtained with
T, and Si set at their low levels, and with W at its high level,
The highest yield of the intermediate fracticn was obtained with
Ty W and t at their high levels, and with T, and 82 at their
low levels, S, at 1vs high level and W at its low level gave
the best yield of the scft fraction., Tne best CBLF values were
obtained with T,, 59 Yi and A at their low levels, and with T, and
S, at their high levels,

The monthly source of the tallow (M) was the only main
effect which was not shown to significantly affect either the

- a R . . 1 - S a

vield of the fractions or melting properties of the intermediate
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fraction, This was a surprising result, as it was suspected
that the composition of the starting material would affect the
products to some extent. However the two tallows chosen, despite
being from the .beginning and end of the season, did not differ
in composition as much as some of the mid-season tallows
differed in composition from the November tallow (see Chapter 4).
It may have been better to use one of these mid-~seascn tailows
and the November tallow to study the effect of tallow composition
as the difference in composition would have been greater,
However at the time that these experiments were commxenced, the
November 1976 and May 1977 mutton taliows were the only ones
available in sufficient quantity.

In a fold-over design, the main effectz are confounded with
three~factor and nigher-order interactions, It is possible that
the apparent significance of a main effect was actually due to
one of these higher-order interactions,

5.5.5 Interative and SQuadratic Effects

While significent chains of two-fector interactions
vere found for three of the four response variables, there is
a possibiliity that some of the two-factor interactions in other
chains méy have been significant, It is conceiveble that =
significant two-factor interaction could have been cancelled
out by another significant two-factor interaction, or similar
magnitude but opposite sign, in the same chain,

In each of the regression equations where significant
chains of two-factor interactions were discovered, there was at
least one interaction in each of the significant chains between
two main effects which were also shown to be significant in
that equation. This does not necessarily imply that these were
the terms causing the interactive chain to appear significant,
however., Some of the other independent variables in the chain
which did not have a significant main effect may have had a
gignificant interactive effect.

The design used cannot predict quadratic effects as each
of the variables are examined at only two levels, It is
possible that some of the variables which were not shown to
significantly affect one cr more of the response variables may
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have had quadratic terms which would have appeared significant
if the independent variables were examined at more levels. 1In
the example in Figure 5,10, examination of the response
variable from a two-level design with the independent variable
set at the -1 and 1 levels only would have predicted that the
independent variable did not influence the response, however
there is a latent guadratic effect. |

Thus it is possible that some of the variables which have
not appeared significant in these experiments may have
significant quadratic effects which would influence the
response if the independent variables were set at different
levels in later experiments,

5.5.6 Choosing Variables for Future Experimentation

The aim of the nexti stage of exrerimentation was to
exanine in more detail the effect of those variabies shcwn from
the screening experiment to significantly affect the yields of
the fractions produced and the melting properties of the
intermediate fraction.

T1, Ta, S1, 52’ W and A vere all shown to significantly

affect the melting properties of the intermediate fraction, and
all except A have been shown to also affect the yield of one or
more of the fractions. Hence all of these variables were
considered worthy of further study.

The variable t was shown to affect only the yield of the
intermediate fracticn, and was kept constant for the next
stage of experimentation., For further experiments it was set
at the upper level used in the screening experiment (60
minutes) as this produced the highest yield of the intermediate
fraction.

While the main effect of M was not shown by this experiment
to affect any of the response variables, the possibility of it
having an effect in future experiments could not be ignored -
this may occur either through interactive effects not shown to
be significant in the screening experiment, through quadratic
effects or when set at levels different from those chosen for

the screening c¢xperiment.
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Thus in future experiments the tallow source was identical
for all runs,

5¢5.7 Conclusions from the Screening Experiment

(1) The first crystallisation temperature (T]), the second
crystallisation temperature (Ta) s the solvent to fat ratio at
the first crystallisation (Si)’ the solvent to fat ratio at
the second crystallisation (82)’ the water content of the acetone
(W), the degree of agitation during crystallisation (A) and the
(Tt + To5.7 AM + SEW), (T]M + TS5, + SyW + At) and (T]A +
tM + S152 + Taﬂ) chains of two-factor interactions were shown
to significantly affect the melting properties of the
intermediate fraction.

(2) T}, 51, W and the (T1S] + Tat + W+ S;A),
(T]M + QZSE + S]W + At) and T]w + S]M + T4 + Sat) chains of
tvio~-factor interactions were shown to significantly affect the

yield of the hard fraction.

and (T1S1 + T+ SA + Wt) chains of two-factor interactions
were shown to significantly affect the yield of the intermediate

fraction,

(4) S, and W were found to significantly influence the
vield of the soft fraction.

(5) The variables Ty, Tp, Sy, Sp, W and A were chosen
for more detailed study of their infiuence upon the response
variables,
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CHAPTER 6

OPTIMISING THE MELTING PROPERTIES
OF THE INTERMEDIATE FRACTICN

6.1 INTRODUCTION

This experiment was designed to further investigate the
effect of the six variables vhich the screening experiment
showed to affect the yield of the three fractions and the
CBLF value of the intermediate fraction, and hence to produce
an intermediate fraction with a very low CBLF value (i.e. with
melting properties similar to cocoa butter).

A mathematical model was fitted for each of the four
response variables to predict the crystallisation scheme's
response to changing levels of the six independent variables.
The CBLF model was optimised to produce a fraction with a low
CBLF value,

6.2 FRACTIONATION METHCD

The fractionations were carried out as for the screening
experiment except that 20 g of tallow were used, and the fat
solutions were held in the constant temperature room for 60
minutes before filtering.

The November 1976 Smithfield mutton tallow was fcund to
nave a high level of 2-oleo disaturated triglyceries (20.5%)
so a large quantity of November 1977 Smithfield mutton tallow
vas obtained for these experiments. The bulk tallow was melted
before sampling.

6.3 EXPERIMENTAL DESIGN

It was felt that a model of at least second order would be
required to adequately represent the crystallisation scheme., To
fit a second order response surface, each variable must be
examined at three levels at least., A full factorial Ek design
would have reguired, in this case, 36(= 729) experimental runs
(Myers, 1971), Box and Wilson (1951) have devised a workable
alternative to the Bk factorial gsystem with the development of
composite designs, a spccial case of which are the central

compcsite designs. These are first order factorial designs
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augmented by additional "star" or "axial'" points which allow
estimation- of the coefiicients of a second order surface. The
choice of value of the "star" points determines the properties
of the experimental design.

Central composite designs are composed of three sets of
points (Myers, 1971):

(1) the cube points (nc) at x3 =+ 1. Six independent

variables were considered and a design consisting of a half-

6

replicate 2

(nC = 32)0

was chosen, giving thirty-two cube points

(ii) the star or axial points (na) are located two ver
axis at a distance + of from the origin, Vith six dependent
variables, six axes arelrequired and therefore n, = 12, To
achieve rotatability,o-(“+ = n,s; SO a iotatable hal f-replicate
26 central composite design has <= */32 = 2,378;

(iii) the centre points (no) located at the origin. To
achieve orthogorality,

_ L;oqa(nc + o(a)

g

14,62 = 15

o
n

Hence to achieve the properties of rotatability and near-
orthogonality the design required NT tctal runs, where

NT = Bt N+ = 59

See Table 6.2 for the design layout. Such a design has the
benefits of economy, orthogonality and rotatability while
estimating the second order effects (Davies, 1978). ©No main
effect or two-factor interaction is confounded with any other
main effect or two-factor interaction., Effects higher than
second order cannct be estimated due to confounding.

Orthogonality means that the design has an X'X matrix where
all terms off the leading diagonal are equal to zero, providing
an ease of computation and uncecrrelated estimates of the
response model coefficients,

Rotatability means that the variance of the estimated
response is a function only of the distance from the centre of



the design and not of the direction.

6.4 LEVELS OF THE INDEPENDENT VARIABLES

The central composite design required each variable to be
set at five levels; =-2.378, -1, O, 1 and 2.378 in coded terms.

From consideration of the levels of the independent
variables used in the screening exveriment and their effect upon
the dependent variatles, and from the literature survey, the
following levels of the independent variables were chosen
(see Table 6.1).

Table 6,1: Levels of the independent variables

CODED LEVEL

78 =1 0 1 +2.3%78

SYMBOL -2.3

T, (°C) 9.2 12 14 16 18.8
T, (°C) .2 4 6 8 10.8
81 1.6 3 & g 6ok
S5 1.6 3 4 5 6.k
W (%) 0.15 0.7 1.1 145 2.05

A (volts) 146,22 160 170 180 i93.78




Table 6.,2: The experimental design and the responses of the dependent variables

RUN |Ty T, 8 5, W A YIELD OF HARD YIELD OF YIELD OF SOFT CBLF OF

- FRACTION INTERMEDIATE FRACTION INTERMEDIATE
(WT % OF TALLOW) FRACTION (WT % OF TALLOW) FRACTION
(WT % OF TALLOW)

1 +1  +1  +1  +1  +1 +1 k2.5 Ze0 80.5 ; 15.5

2 =1 41 +1 +1 +1 =1 23.0 3.0 7440 14,0

3 @l =l %) @i G e 21.0 18.5 | 60.5 18,0

L =1 =1 41 +1 +1 +1 2605 15.5 58.0 17.0

S 41 4+l =1 41 41 =1 17.0 16.0 67.0 17.0

6 =1 +1 =1 +1 +1 +1 41,0 ci'D 5645 18.0

7 41 =1 =1 +1 41 41 14.0 18.0 68.0 14,0

8 =1 =1 =1 +1 +1 =1 41,5 15.5 43,0 4.0

9 41 +1 41 =1 41 =1 13,0 12.5 74e5 21.0

0 =i #0 @ =0 & 31,0 0.1 68,9 19.0

11 +1 =1 41 =1 +1 +1 1345 2745 59.0 18.0
12 =1 =1 +1 =1 +1 =i a0 5 ) She5 20,0
13 41 +1 =1 =1 +1 +1 27.0 5.0 68.0 16.5
1 =1 +1 =1 =1 +1 =1 595 1.0 ' 59.5 1245

15 +1 =1 =1 =1 +1 =1 15.0 11.5 73.5 4.0

16 =1 =1 =1 =1 +1 +1 Z0.5 11.0 61.5 20.5
17 41 +1 +#1 41 =1 =1 245 6.0 69.5 23.5
18 =1 +1 41 +1 =1 =1 21.0 2.0 7740 19,0

15 +1 =1 +1 41 =1 +] b5 6.5 89.0 235
200 < =1 -8 =l =i =N 20.0 15.0 65.0 14,5
2’] +1 41 =1 #1147 10.5 6.5 83.0 22.5 &
22 =1 +1 =1 41 =1 -] 20,5 *

1.0 78.5 13.0



TABLE 6.2 (continued)

RUN T, T Sy Sa W A YIELD OF HARD YIELD OF YIELD OF SOFT CBLF OF
FRACTION INTERMEDIATE FRACTION INTER-

(WT % OF TALLOW) (WT % OF TALLOW) (WT % OF TALLOW) MEDIATE

: FRACTION
23 +1 -1 -1 +1 -1 -1 2440 10.5 6545 15.0
24 =1 -1 -1 +1 -1 +1 26.5 2.0 71.5 W)
25  +1 +1 +1 -1 -1 +1 18.5 12.5 69.0 24,0
26 -1 +1 +1 -1 -1 -1 11.0 2.0 87.0 15.0
27  +1i -1 +1 -1 -1 -1 9.5 31.0 59.5 20.0
28 -1 -1 +1 -1 -1 +1 175 2l e5 58.0 18,0
29  +1 +1 -1 -1 -1 -1 16.0 20.5 63.5 22.5
30 ~1 +1 -1 -1 -1 +1 24 .0 041 75.9 21.0
31 +1 -1 -1 -1 -1 +1 2203 20.5 5750 17,0
32 -1 -1 -1 -1 -1 -1 25.5 9.0 65.5 13.0
33 =2.,378 O 0 0 0 0 38.5 0.3 61.2 11.0
3 2,378 O 0 0 0 0 75 16.0 76.5 19.0
35 0 -2.378 0 0 0 0 190 19.0 62.0 2.5
36 0 2.378 0 0 0 0 20.0 1.5 78.5 25.0
37 0 0 -2.378 0 0 0 25.0 2.0 73.0 16.5
38 O 0 2.378 O 0 0 27.5 65 66.0 9% 5
39 0 0 0 -2.378 0 0 19.5 2% 73.0 18./0
40 0 0 0 2.378 0 0 17.5 8.5 7440 16.5
41 0 0 0 0 -2.378 0 15.0 11.0 74,0 2445
L2 0 0 0 0 2,378 0 599 20.0 40,5 22.0
4% 0 0 0 0 0 -2.378 27.0 7¢% 65,7 13,0
S E 2 0 0 0 2.378 9.5 13.5 77.0 20.5

- o
PRI Ty e



Table 6.2: (continued)

RUD T, T, 8; 5, W A YIELD OF HARD YINLD OF YIELD OF SOFT CBLF OF
FRACTION INTERMEDIATE FRACTION INTERMEDIATE
(WT % OF TALLOW) FRACTION (WT % OF TALLOW FRACTION
(WT % OF TALLOV)
45 0 0O 0o 0 0 O 14.0 1805 70.5 17.0
6 O O O 0 0 O 1.5 15.5 ?5.0 21.0
7 @ © 6 @@ 0 @ 21.5 11,0 67.5 16.5
48 0 0 O O 0 © 25.0 4.5 60.5 13+8
49 o 0O O 0 0 O 20L5 5.5 74,0 17.0
e © 0 © @ @ @ 25.0 e 68,0 18.0
51 © ©O .0, ©® 0 O 2245 12.5 62.0 17.0
52 0 0 O O 0 O 0.5 - 12.5 68.0 1705
5 0 O 0 O 0 © 4.0 A 78.5 18.5
56 O O O O 0 O 21.5 4.5 g0 16.5
55 @ @ O © 0 © 20.5 5.0 72UNE 1645
56 0 O O O 0 O 18.5 440 77,5 15.5
52 0 O O O 0 O 23,0 10,0 67.0 14.0
56 0 0 O O O O 19.0 7.5 73.5 1Ze0
59 0 O O 0 .0 O 23.5 w5 64,0 13%@

*06
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6.5 RESULTS

The measured yields of each of the three fractions and the
CBLF of the intermediate fractions are presented in Table 6.2,

6.6 EMPIRICAL EQUATIONS RELATING DEPENDENT AND INDEPENDENT
VARIABLES

An empirical mathematical model was fitted to each of the
dependent variables by multiple regression, using Minitab, of
each of the coded linear, quadratic and first order
interaction terms. ’ '

The computer print-out for each regression contained a
regression cozfficient for each variable, the standard
deviation of each coefficient and the Student's t-statistic of
each coefficient, Coefficients with t-statictics not significant
at the 5% level were discarded and only those with significant
t-statistics contributed to the final model,

The models developed for each of the response variables
arc presented in Table 6.3.

The adequacy of fit of each of the models to the observed
data wss assessed using the F-ratio between the lack-orf-fit
mean square and the experimental error mean square.

Thus,
F _ mean sum of scguares due to lack of fit
n]’na T mean sum 0f squares due TO pure error

_ MSl1of

19

pe
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Table 6.3: Fitted models for each of the response variables

Yield of the hard fraction:
Yy (% by wt of tallow) = 21.37 - 5.51(T;) - 2.01(s;)
+ 3.63%) - 2.91(T,W)

Yield of the intermediate fraction:
YI (9{) by wt of tallOW) = ]O.ZO + 3.46(‘1‘]) = L+0L+8(T2)

+1.32(5;) - 1.25(5,) + 1.27(W°) = 1.48(T;S,) - 1.92(T,8,)
= 1.36(5,S,) + 2.6L(5%)

Yield of the soft fraction:
YS (% by wt of tallow) = 68.43 + 2.06(T]) + L,22(T

)
2
- 4,32(W) - 2,41 (W8 + 2,07(T;5,) + 3.05(5¥) - 2.36(8,4)
+ 2.52(52A)

CBLF of the intermediate fraction:
CBLF = 17.69 + 1.31(T]) + 0.51(T2) + 0.94(51) . 0.58(52)

- 0.76(W) + 1,07(A) - O.54(T]2) + 1.36(T22) + 1.01(w2)
+ 0.77(T,T5) = 1.23(T,W) - 1.02([a) - 0.55(T,5,) -~ 0.92(T¥)

If this ratio was not significant, the conclusion was
that the erfors about the fitted model (lack-of-fit) were
of the same order of magnitude as those accounted for by errcr
of observation (experimental error) and the model was
considered an adequate representation of the data (Myers, 1971).

The Mspe for each of the models was calculated by
considering the variation between observations at the replicated
centre-points, This was achieved by performing a one-way
analysis of variance upon the data for each of the four response
variables,

Tests for goodness-0f-~-fit of each of the models are
presented in Tables AS5.1 to AS5.4, Appendixz 5, along with the
regression statistics for each model,
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For each model, the F-ratio of Mslof to MS o Was not
significant at the 5% level, so it was concluded that the
models all adequately represented the observed data.

Residual plots for each of the four models are presented
in Figures 6.1 to 6.4. In each case, the points apoear to be

randomly distributed,

6.7 DECODING THX MODELS

The above equations all predict the response values using
the coded values of the independent variables. These equations
can be manipulated to produce models which give the predicted
responsc using uncoded independent variables (e.g. temperature
in OC). Decoded nodels are generally easier tc apply in
practice,

The decoding was periormed as outlined by Beiz (1973)
using Table XXIII of Fisher and Yates (1963),

The decoded models are given in Table 6.4,

Table 6.L: Decoded models for each of the response variables

Yield of the Hard Fraction:
Yy = 2,07 + 1.24(T¢) = 2.01(5;) + 59.93(W) - 3.63(T,W)

Yield of the Intermediate Fraction:
Yy ==49.39 + 4.69(T,) + 1.60(T,) + 12.52(8,) + 7.29(S,) - £3.86(%)

Yield of the Soft Fraction:
Yq = 276.40 = 3.11(Ty) + 2.11(T,) - 8.39(S;) - 51.52(8,) +
15.44(W) - 1,02(8) - 15.06(W2) + 1.04(T152) + 7.63(Sqw)
- 5.9O(SZW) + 0‘26(52A)

CBLI® of the Intermediate Fraction:
CBELF = = 161.25 + 15.62(T]) - 4.15(T2) + 2.58(51) - 0.58(52)
> 2
+ 12.78(W) + 0.82(A) - 0.14(T]2) + 0.34(T2%) + 6,29(W)
T 0.19(T4Tp) = 1.54(TyW) ~ 0.05(T, A) - 0.27(T58, ) = 1.15(T,¥)
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6.8 INTERPRETATION OF THE MODELS

6.8.1 Isolated Effect of the Variables

The simplest manner of interpreting the results was to
examine the effect of one variable at a time., This was
achieved by plotting the isolated effect of the independent
variables on the dependent variables (see Figures 6,5 to 6.10).
Such plots are also useful in visually assessing the adequacy
of fit of the model to the data (McFarlane, 1979).

This presentation represents only a small proportion of
the total information available from the model - it does not
take into account any interactive effects in the models though
some of these have been shown to be significant. Changes in
the levels of the other independent variables occurring at the
same time as the change in the isolated variable will affect
the observed response anc therefore it may differ from the
predicted response,

By calculating the predicted response from the models
for the variables at their various levels considered one at
a time, and plotting this in figures 6.5 to 6.10, a
visualisation of the degree of fit of the models was obtained.

An example calculation for the derivation of these effects
is shown in Table A5.5, Appendix 5.

Figure 6.5 presents the isolated effect of T, on the
yields of the three fractions and the CBLF of the intermediate
fraction, In each case, good agreement was shown between the
observed and the predicted data. The intermediate fraction
with the best melting characteristics (CBLF = 11,0) was
produced with T, set at its lowest level (5,256 . This gave
a yield of 39% hard fraction, 60% soft fraction and a very low
yield of intermediate fraction. (see experiment 33).

The highest yield of intermediate fraction (i16%) was
obtained with T, set at its highest level.

The isolated effect of T, upon three response variables,

as 'I‘2 obviously cannot affect the yield of hard fraction, is
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ghown in Figure 6.6, Again, good agreement between the
observed and predicted responses was obtained. The best CBLF
vaiue of the intermediate fraction (CBLF = 16.5) was obtained
with T, set at about L4 to CrC., T, at this level gave average
yields of about 11% and 68% of the intermediate and soft
fractions respectively. The highest yield of intermediate
fraction (19%) was obtained with T, set at its lowest level

(1.6°C).

The isolated effect of S5; upon the dependent variables is
shown in Figure €.7. The predicted response curve for the
yield of the hard fraction fails to follow the observed increase
in the yield of this fraction at the highest S5y value., Similariy,
the predicted curve for the yield of the intermediate fraction
fails to follow the observed decrease in the yield of the
intermediate fraction at the extreme S, Leigelis,, The £igted
mocel for the yield of the soft fraction c¢ontains no main or
quadratic effects for Sqs and hence the predicted respcnse curve
for the isolated effect of 5, upon the yield of the soft fracticn
is an invariate line through the average yield. There appears
to be poor agreement with the observed data at some levels
(see Figure 6.7 c). However, the expanded ordinate scale in
this plot exaggerates tunese discrepancies. The best CBLF
value (16.5) was obtained with 51 set at its lowest level
(146:1). The hard, intermediate and soft fractions produced
with S] = 1.631 led yields of 25%, 2% and 73%
respectively. The best yield of intermediate fracticn (13%)
was obtained with 5, set at 5:1.

The observed and predicted response curves for the
isolated effect of S, on each of the three response variables
are shown in Figure 6.8. The coded model for the yield of
the soft fraction shows no main or quadratic effects for 3.,
and hence the predicted curve for the isolated effect of So
upon the yield of the soft fraction is an invariate line through
the average values, This fails to account for the high observed
yield of soft fraction at the extreme S2 levels, but the broad
ordinate scale exaggerates the difference, There is good
agreement between the observed and predicted curves ror the
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isolaﬁed effect of S2 upon the yield and CBLF of the intermediate
fraction with the exception that the predicted curve for the
yield of the intermediate fraction fails to follow the
observed low value at the low 52 value., The best-melting
intermediate fraction(CBLF = 16.5) was obtained with S, at TR A
highest level (6.4:1). 5, at this level gave
yields of the intermediate and soit fractions of 8.5% and 74%
respectively. The highest yield of intermediate fraction (12.5%)

was obtained when S, was set at 3:1.

The isolated effect of W is shown in Figure 6.9. There
is good agreement between the observed and predicted curves for
each of the response variables with the exception that the
predicted curve for the yield of the intermediate fraction fails
to allcw for the low observed yield of the intermediate fraction
at the low level of W. The best CBLF value (17.0) was obtained
with W set at about 1.1%. V at this level gave average overall
yields of the hard, intermediate and soft fractions of 20},
9% and 71% respectively. The best yield of the intermediate
fraction (20%) was obtained with a ¥ value of 2.0%.

The fitted models for the yieids of the three fractions
do not show any significant main or quadratic effects for A.
Figure 6.10 compares the observed and predicted curves for the
isolated effect of A upon each of the response variables., There
is poor agreement between the observed and predicted values of
the yields of the hard and intermediate fractions at the extreme
values of A, There is close similarity between- the observed and
predicted curves for the CBLF of the intermediate fraction, and
also for the yield of the soft fraction, though the predicted
curve for the yield of the soft fraction fails to account for the
high observed yield at high agitation speed., The best CBLF value
(13,0) was obtained at the lowest agitation speed. The yields
of the three fractions at this agitation speed were 27%, 7% and
66% for the hard, intermediate and soft fractions respectively.

6.8.2 Consideration of the Combined Effect of the Six Independ-
ent Variables ‘

In Section 6.8.1, the isolated effect of each of the
independent variables upon each of the dependent variables

was considered, This failed to account for the effects of

.
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models have shown some of these to be significant. Such
interactions will affect the predicted optimum conditions, and
hence to find the overall process optimum it was necessary

to consider the combined effect of all six variables,

This was achieved by finding the overall optimum point on
the response surface as predicted by the fitted empirical
equations., The optimum area was deduced using a sequential
search tehcnique for solving non-linear objective functions with
the variables constrained (Rosenbrock and Storey, 1966; Box,
Davies and Swann, 19€¢9; Kuester. and Mize, 1973).

The major .aim of these experiments was to produce an
intermediate fraction with a low CBLF value (i.e. with melting
properties similar tc those of cocoa butter). Thus the model
for the CBLEF of the intermediate fraction was minimised with
each of the independent variables constrained within the
extreme experimental limits used in these experiments. This
procedure predicted the following optimum levels for the six
independent variables:

T] 9:200’ T = 5.20C’ S-| = 106:1

0.6%, A

6uli:1, u

46,2 volts

So

The optimum levels of Ty, S;, S, and A are at the extreme
values studied in these experiments, and have the same cptimun
values as was predicted by consideration of their isolated
effects, However, the optimum Ta value predicted above was
5.200, whereas the predicted optimum from consideration of the
isolated effect of T, was 5.6°C. Similarly, study of the
isolated effect of W predicted an optimum for the CBLF of the
intermediate fraction with W set at i1.25%. However, consider-
ation of interadive effects predicted an optimum CBLF value
with W set at 0.6%.

A fractionation was performed under these predicted
optimum conditicns. This produced an intermediate fraction
which melted at a slightly lower temperature and over a wider
temperature range than cocoa butter (see Figure 6.11).
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Figure 6-11: DSC profile of the intermediate fraction produced
under the predicted optimum conditions and the OSC
profile of a cocoa butter sample.
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The measured yields of the three fractions produced in
this fraction, and their predicted yields from the coded
equations, as well as the mecasured and predicted CELF of the
intermediate fraction, are presented in Table 6.5.

Though the models for‘the yields of the intermediate and
soft fractions do appear to give reasonable estimates of the
measured yields of these twc fractions, the mcdels for the yield
of the hard fraction and CBLF of the intermediate fraction do
not. The predicted CBLF is a negative value, but it is
obviously impossible in practice to have a fraction with a
negative CBLF value, Similarly, the sum of the predicted yields
of the three fractions is only €6.€%, whereas in practice they
must obviously add to 100%.

Table 6.5: Predicted and measured values of the four response
variables at the predicted optimum of the CELF mocdel

Variable Measured Value Predicted Value
CBLF of intermediate fraction 10.5 -3.1
Yield of hard fraction 37.0% 264 1%
Yield of intermediate fraction 6.6% 5.1%
Yield of soft fraction 56 . 4% 55.4%

However, the optimum conditions predicted by the CBLF model
placed four of the six variatbtles at the extreme levels at which
they were studied in these experiments, Thus if the mecdel is
used to predict in this area, it is working at an extreme corner
of the experimental area. And because of the nature of the
central composite design, when a variable is examined at its
extreme levels (+ 2.378 in this case) all of the other variables
are set at their centre-points; so the interactive effect with
more than one variable set at the extreme level is not examined,
but is predicted from the interactive effects observed from the
cube part of the experimental design,
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6.9 COMFARISON .OF RESULTS OF THE SCREENING EXPERIMENT AND THIS

EXPERIMENT

In Table 6,6, the significant terms in the models fitted to
predict each of the four response variables for both the
screening experiment and this experiment are presented.

Table 6.6: Comparison of the significant terms in the
fitted empirical models for the screening experiment
and the central composite design.

. Model Significant Variables
Yield hard Screening TiS]W (q g B8 % WM + SEA)
fraction Experimeant (T]M + D5, + SW + At)(T]w + S.M

+ THA + Sat)
Central composite T] S1 W (T1W)
Design
“[ield . Screeping T] T2 52 i t(T]S + TZM + S]A +
intermediate Experiment Wt) (TW + s + ToA + Sot)

fraction

Central composite

Ty T5 Sy S5 (W9)(T4S5)

Lomlgn (T251) (5,55) (5,W)
Yield soft Screening Sy W
fraction Experiment

Central composite T Té W= ) (¢152) (SIW) (82W)

Design (S A)

2
CBLF of Screening Ty Tpo Sy S5 W A (T4 + tM +
intermediate Experiment S.S. + é W) (T, 1 ! W
fraction 1S5 + TH(T t + Tp85; + AM + S W)
(T1M + T8, + S;W + At)
: 11 m< me la
Central composite T, T, S; S, W A (T7)(T5)(W )

design

(T,T,) (T, WXT, )5, XT W)
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For each of the response variables, one or other of the

models contains terms not shown to be significant in the other
model, This is probably because the ievels at which the
independent variables were studied were different for the two
experiments, The screening experiment has shown some chains

of two-factor interactions to be significant which do not contain
a corresponding significant two-factor interaction term in the
model from the central composite design. It is possible that

in the screening experiment, two or more non-significant
interaction terms in each chain may have added to make the chain
as a whole appear significant, It is also possible that the
apparent significance of such a chain was due to an interactive
effect wvith one of the two variables studied in the screening
experiment but not in the central composite design (e.g. T-t

or T]M). -

Similarly, some of the models from the central ccmposite
design contained two-factor interactions which were not shown
to be signiiicant in the screening experimeat. This may have
peen at least partly due to cancelling cf coefficients in the
two-factor interaction chains in the screening experiment. For
instance, in the model from the central ccmpcsite design for the
yield of the intermediate fraction, voth the TES1I and S5t
interactions were shown to be significant, but not so with the

screcening experiment. In the central composite design model,
these two terms had coefficients of -1.92 and 2.64. These are
approximately equal in magnitude but opposite in sign, and thus
if they appeared in the screening experiment in similar form
they would tend to cancel each other and make the chein as =
whole appear not significant, It is possible that some other
gignificant two-factor interactions in the screening experiment
may have been similarly masked by interacticns containing t or
M terms.

However, there is generally good agreement between the
mcdels, For the models for the yield of hard fraction znd CELF
of the intermediate fraction the same main effects were shown tc
ve significant from each set of experiments, And similarly
with the yield of intermediate fraction, the main effects in
cach of the models are the ssme except that W has appecared as a
quadratic term in the central composite design model and the
screening cxperiment has failed tc show the sigrnificance of Sy
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6.10 EXTRAPOLATION OF SOME CF THE INDEPEWDENT VARIABLES

In an attempt to improve the CBLF value of the intermediate
fraction, S, and S, were extrapolated outside their previous
experimental limits to 1:1 and 10:1 respectively. The other
variables were set at their levels predicted from the
optimisation of the CBLF model, The fracticnation conditions
were thus:

O
T, = 9.2°C, = 2 5. 280 S 1= T, S, = 10:1,

W 0.6% A = 146,22 volts

After holding in the constant temperature room at the second
crystallisation temperature for 60 minutes; no crystals had
formed, It was necessary to hold for three days at this
‘temperature to obtain crystal formation.

The intermediate {raction produced melted very similarly
to cocoa butter (see Figure 6.12).

The yield of this intermediate fraction was 2.5% of the
total tallow. The yields of the hard and soft fractions were
34.5% and 63.0% respectively,

No attempt vias made to compare these results with the
predicted values of the response variables at this point
because the fitted models cannct be expected to predict
accurately outside the experimental area over which they wers
determined,

6,11 FURTHER STULY OF THE EFFECT OF ALTERING S, AND S,

Because of the success of the fractionations wicth S1 and
So extrapolated to 1:1 and 10:1 respectively, it was decided %o
investigate the effect of further varying S1 and S, As an S1
ratio of 1:1 was considered to be the lowest feasible without
incurring handling proolems, the effect of S, at lower limits was
not considered. However, the effect of raising S, to 2.5:1, and
of raising S, to 30:1, was considered. The levels of S5, and S,
and the yields of each ct the fractions obtained, are presented
in Table 6.7. The intermediate fraction produced in each case
melted identically to the intermediaté fraction produced in

Section 5.10, the DSC profile of which is presented in Figure £.12.
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Table 6.7: Levels of S; and S, and yields of fractions produced

Run S] S2 Yield of Yield of Yield of soft
hard fraction intermediate fracticn
(wt % of tallow) fraction (wt % of tallow)
(vt % of tallow)
1 1:1 20:1 3405 205 63.0
2 2.5:1 10:1 3645 5.8 57.7
3 1a1 B0 37.0 * BEe 59.8
4 2,5:1 30:1 3445 5.0 60.5

Increasing 52 has not affected the yield of the hard fraction
produced (an overall average of 35.8% at the high level, and
35.5% at the low level) nor the yield of the intermediate
fraction produced (L4.1% at high level, #4.2% at low level).

Similarly, increasing S1 has not affected the yield of the
hard fraction (35.5% at the high level, 35.3% at the low level)
but has increased the yield of the intermediate fraction. Wit!

i

o

i
S] at 1:1, the average yield of intermediate fraction was 2.95
vhile with 5, at 2.5:1, the average yield was 5.4%.

No interactive effect between S, and S5, while set at these
levels, is apparent.

6.12 STACES OF FRACTIONATION

In the successful fractionation of Section 6.11, the
average yield of the hard fraction was 35.5%.

It thus appears that to produce an intermediate fraction
with good melting properties, it is necessary to remove about
36% of the total tallow in the first crystallisation.

In the screening experiment, no intermediate fraction was
proauced with melting properties close to those of cocoa butter,
and similarly none of the hard fractions produced in any of the
screening experiment fractionations had a yield clcse to 36%,

613 CONSIDERATION OF FURTHER EXPLRIMENTS

Though optimisation of the model for CBLI® appears to have
successfully predicted the best region, within the range of

independent wvariables studied, for producing an intermediate
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fraction with good melting properties, the prediction of the
actual value of the responsc variables at the predicted optimum
was not good.

Also, extrapolation of two of the variables to levels beyond
which they were studied in the central composite design
experiments produced an intermediate fraction with better
melting properties than was produced at the predicted optimum,

For these two reasons, it was decided to further
study the system within an experimental area surrounding the
optimum conditions predicted by this experiment.

6,14 CONCLUSIGIHS

(1) A central composite design was performed and
empirical response equations for the yields of the three
fractions and the CELF of the intermediate fractions wiere fitted
to the obscrved data, By the ratio of MS]of tal :MB these were
shown to adequatcly repressnt the data,

(2) Examination of the isolated effects of the indevendent

variables snowed that the best-melting intermediacte fraciion

~
E

was obtained with the first crystallisaticn tempcrature

-~
~ot

at its low level (9.200), the sccond crystallisation temperature
(T,) at 4 to 6OC, the solvent : fat ratio at the first
crystallisation (S]) at its low level (1.6:1), the solvent : fat
ratio at the second crystallisation (SZ) at its high level
(6.4:1), the water content of the zcetone (W) at 1.1% and with
slow agitation {(A),

(3) The CBLF model was optimised and the following
optimum conditions predictead:

Ty = 9.2°C

(0]
T2 = 5.2 ©
S] = 106:]
Sa = 604:]
W = 0.6%
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A fractionation performed under these conditions produced

an intermediate fraction which melted at a lower temperature

and over a slightly greater temperature range than cocoa butter.
A further fractionation under these conditions, but with S,

and 52 extrapolated outside the experimental area to 1:1 and
10:1 respectively, produced an intermediate fraction which
melted on the DSC identically to cocoa butter, The yields of
the hard, intermediate and soft fractions were 34.5%, 2.5% and
63,0% respectively.

(4) Increasing S2 to 30:1 appeared to have no significant
effect upon the yields of the three fractions nor the melting
properties of the intermediate fraction.

(5) Increasing S5, to 2.5:1 significantly ircreased the
yield of the intermediate fraction, but appeared to have no
effect upon the yield of the hard fraction nor the melting
progperiies of the intermediate fraction,

(6) It was decided to further study the response surface
about the area of the optimum predicted from the CBLF model.
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CHAPTER 7.
FURTHER STUDY OF THE INDEPENDENT VARIARLE

AROUND THE PREVIOUS PREDICTED OPTIMUM

7.1 INTRODUCTION

In Chapter 6 it was shown that there are fractionaticn
conditions which can produce an intermediate fraction melting
very similarly to cocoa butter. It was decided to investigate
more closely the effect of altering the levels of some of the
independent variables, around the experimental region whexre this
fracticn was produced, upcn the yield and prcperties of the

fractions,

Four independent variables were chosen for further study -
the two crystallisation temperatures and the solvent : fat
ratio at each crystalliszation. The viater content of the
acetone and the agitation speed were set at the optimum levels
found in the previous expsriment (C.6% and 146.2 volis input to

the stirrer, respectively).

The intention was tc fit a mathematical model describing
the influence of each of the independent variables upon the
values of the dependent variables within the experimental

range of the independent variables studied.

7.2 METHODS

The fractionations viere carried out as in Chapter 6 except
that the fat solutions were held in the constant temperature
room at the second crystallisaticn for three days to ensure

complete crystallisation,
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7.3 EXPERIMENTAL DESIGN

A design which would allow second order models to be
fitted was chosen because the results of Chapter 6 showed that

second order effects were important,

This design was based on an incomplete 54 design by Box
and Behnken (1960), consisting of three blocks, each of nine
runs, with one centre-point per block but no replication within
blocks (Bacon, 1970). This lack of replication within blocks
made it impossible to estimate the pure error to test for
lack-of-fit of the fitted models, However, by running the
whole experiment randomly (i.e. by ignoring blocks) three
centre-points were obtained., By adding two more centre-pcint
runs, a 29-run design with 4 dzgrees of freedom for estimating

pure error wvas obtained, This design was chosen becauss:

-}

(1) it required fewer runs than a four-factor centra

composite design;
(2) it can fit a second order model;

(3) each factor only needs to be set at three levels =~
this was advantageous for this experiment where
the levels of the independent variables néeded to
be set close to each other as the approximate

optimum area had already been ascertained,
The design is presented in Table 7.2,

7.4 LEVELS OF THI INDEPENDENT VARIABLLS

Following the results of Chapter 6, the independent

variavles were studied at the levels shown in Table 7.1.



107,
Table 7.1: Levels of the independent variables

CODED LEVEL
VARIABLE

-1 0 1
7, °C 8.2 9.2 10.2
T, °C 4.0 502 6ol
Sq (acetone : fat, v/w) 1.0 2¢5 4,0
S, (acetone : fat, v/w) 6.0 9.0 12.0

The yields of the three fractions and the CBLF of the

intermediate fractions are presented in Table 7.2,

M
5!

7.6 EMPIRICAL ECUATIONS RELATING DEPENDENT TO THDREEENDENT

—

VARIABLES

Kach of the response variables was regressed, using
finitab, against each of the main effects, tvwo-factor inter-

actions and quadratic terms., Coefficients with t-statistic

N

not significant at the 5% level were discarded, and only those

with significan® t-statistics contributed to the final model,

The models thus fitted for the yields of the hard and

intermediate fractions, and the CBLF of the intermediate fractioas

are presented in Table 7.3. No terms were found to be

significant at the 5% level for the yield of the soft fraction,

The adequacy of fit of each of the models was tested by

the ratio of MS,,p to MS The tests for leck-of-fit, and

pe’
the regression statistics for each model, are presented in
Tables AS.1 to A6.3, Appendix 6. In each case, there was not
shown to be significant lack-of-fit of the model at the 5%

level,
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7.6e1 Residuals frcm the Fitted Models

The residuals from each of the fitted models are
presented in Table 7.4 in the same order as the experimental
design order of the runs (even though the runs were performed
in random order). Inspection of this table shows that
residuals of opposite sign do not appear to be randomly
distributed throughout the experiments -i.e. residuzls of
similar sign appear to be grouped together. This indicates
that higher-order interaction terms are likely to be significant
and would improve the fit of the models (Chatfield, 1970).
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Table 7.,2: The experimental design and the values of the
response variables obtained
DEPENDENT VARIABLES
Run T, T2 S] So Yield of Yield of Yield_of CBLF of
hard interme- soft interme-
fraction diate fraction diate
(wt % of fraction (wt % of fraction
tallow) (wt % of tallow)
tallow)
1 -1 =1 0 O 39.7 5.6 S54.7 2
2 1 =1 0 0 32.7 4.0 63.3 10.5
3 -1 1 0 0 38.0 7.0 55.0 15
4 1 1 0 0 Sholt 10.8 SLe6 9
) 0 0O -1 =1 32.5 3.0 64,5 9
6 O 0 1 = 27 o4 17.2 55+l 13
4 0 0 -1 1 oy W 5.8 61.8 €eH
o) 0 0 1 1 29.2 8e3 6245 10
9 0 0 0 0 2649 17165 61.6 1
10 -1 0 0 -1 5.9 81 56.0 L
11 1 0 0 -1 31.08 9.6 58.6 12
12 -1 0 0 i 36.4 4,9 BonIt T4
13 i @ ©® 1 34,8 6.3 58.9 )
4 O -1 -1 0 3596 998 54 .6 13
15 O 1 -1 0 30.7 6.7 €2.6 1
16 0O -i 1 0j 26.6 12.8 60.5 i3
W7 0 1 1 0 271 12.6 6Ce3 14
18 0 0 0 0 29.9 1552 Shed 1
19 0 -1 0 -1 2L 1 129 63.0 14
20 "0 1 0 =1 2.7 7e3 68.0 16
21 0 -1 0 1 25.9 19,0 55.1 18
22 0 1 0 1 2545 TigS 63.2 19
23 -1 0 =1 0 3362 6.8 60.0 12
2l 1 0 =1 0 5509 L.y 60.1 14
25 -1 0 1 0 26,0 Thoh 59.6 17
26 [ 0 1 0 19 A 19.e? 61.3 24
27 0 0 0 0 3044 158 55.8 11
28 0 0 0 C 3043 10.7 59.0 13
29 0 0 0 0 27.0 1161 61.9 14
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Table 7.%: Empirical models for the response variables

Yield of hard fraction:
Yy (wt % of tallow) = 30.07 = 1.83 (Ty) - 3.75 (5,)
+ 443 (1,°)

Yield of intermediate fraction:
YI ('\-'i't % Of tallO‘.'l) = 9.48 + 4.20 (S]) — 2056 (T]Z)

CBLF of the intermediate fraction:
CBLF = 13.41 + 2.13 (S;)
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Table 7.4: Residuals from the fitted models

Run To. Fitted Model
Yield of hard Yield of CBLF of
fraction intermediate intermediate
(% of tallow) fraction fraction
% of tallow)
1 Le> -3.0 L4
2 1.3 -3.9 -2.9
2 3¢5 -0.8 1.6
b4 Blar? 2.0 1.6
> 0.0 =33 -2.2
6 2eD 24> =25
7 2.0 =245 -4.8
8 Lhe5 -6oh4 =59
9 -2.2 0.5 -2.4
10 0.5 0.0 0.6
i 0.3 1.0 -1k
12 .5 -L.2 0.5
13 33 -2.2 -0l
4 5.0 2e3 1.7
15 -2.0 -0.3 -0.3
16 1.5 -3.2 243
17 ) -2.7 -1e5
18 0.8 a3 0.6
19 4.2 .5 0.6
20 -4.2 =345 2.6
21 -3.2 8eD L.6
22 =3.2 0.5 5.6
23 =23 2e2 0.7
2L O.4 0.2 2.7
25 -4.8 1.5 145
26 -8.1 7l 8eD
27 1.8 2e5 -2.4
28 1.8 -0.5 -0.4
29 -1.2 0.5 0.6
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Higher-order terms could not be fitted using this experimental
design because of confounding. '

7.6.2 Isolated Effect of the Variatbtles

The observed response of each of the dependent variables
to different levels of each of the independent variables
considered one at a time are presented in Figures 7.1 to 7.4,

The predicted values of each of the response variables at
the different levels of the independent variables considered
one at a time are also presented in Figures 7.1 to 7.4. In
each case, the predicted response curves appear to adequately
represent the observed data.

The greatest yield of hard fraction was shown, fron
consideration of the isolated effecte of the independent
variables, to occur with both T, and 5, at their low levels
(8.2°C and 1:1 respectively). The lowest yield was shown to
occur with T] at its centre-point level (9.20C) and S] at i
high level (4:1). However these results failed to account
the fact that the lowvest yield of hard fraction in the
experimental runs (197) was obtained with both T. and S; at
their high levels., It is possible that the inclusion of
higher-order interaction terms in the model would have alliowed
this trend to be more accurately followed by the model,

T, and 5, were not shovn to have a significant effect upon
the yield of the intermediate fraction over this range of
conditions., The isolated effects of Sy and T, show that the
highest yield of intermediate fraction occurs with T, at its

centre-point (9.200) and 3, at its high level (4:1).

1

None of the four independent variables were shown to
significantly affect the yield of the soft fraction. This
appears reasonable, as under the conditione where a high yield
of hard fraction was produced, a low yield of intermediate
fraction was obtained - i.e, the sum of hard and intermediate
fractions produced remained approximately constant, and thus
the yield of scft fraction produced must remain constant.,
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This is also verified by the fitted models for the yields

of the hard and soft fractions:

Yield of the soft fraction 100 - /yield of hard fraction
(Wt % of uallOW) % of tallow)

<+

yield of intermediate fraction
(% of tallow)/

100 - /30, -58(5)*44(T‘)
58(’1’))

(9.5 + 4.2(Sy) - 2.6(T,9))]

+

The coefficients of S, almost cancel out, and the
2
coefficients of 'I‘]L partially cancel, The main and quadratic
effects of T] also tend to cancel at some levels of T].

Sy is the only independent variable which has been shown
to significantly affect the CBLF of the intermediate fraction,
The fraction with the best melting properties was produced at
the lowest S, value (1:1)s This was in contrast to the S4
value necessary to cbtein a high yield of the intermediate
fraction.

As no two-factor interaction effects have been shown to be
jmportant over this range of conditions, study of the isolated
eftcct of the variables above should predict thes optimum value
of each of the independent variabies, However, there is the
possibility that higher-order interaction terms may be
important.

7.7 INTERPRETATION OF THUE RESULTS

The intermediate fraction with the best melting
characteristics in these runs (CBLF = 6.5) was obtained with
T1 = 9, 2 (o T2 it 2 s S] = 1:1 and S2 = 12:1, These are the
same conditions as viere used in Section 6.10 to produce a
satisfactory-melting intermediate fraction except that 82 is
increcased from 10:1 to 12:1 - however, in Section 6,11 it was
shown that increasing S-. to above 10:1 had no effect upon the
intermediate fraction, ;nd this appears to be the case from
these experiments., However, the yield of the intermediate
fraction was only 3.8% (2.5% in Section 6,10)., The fitted mocdel
from these experiments predicted a yield of the intermediate
fraction of 6.3%.
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The model for the yield of intermediate fraction from
these experiments showed that a greater yisld of intermediate
fraction would be obtained if S] was increased (it also predicts
that T, should be set at 9.2°C for the best yield of
intermediate fraction, and this was the condition used above).
From the models, increasing S, increases the CBLF of the
intermediate fraction as well as increasing its yieild,

During execution of the experimental design, a run was
performed under the above conditions but with S; increased to
L:1, The yield of the intermediate fraction was 8.3% (14.7%
predicted) and the yields of the hard and soft fractions were
29.2% and 62.5}% respectively. The predicted yield of hard
fraction frcm the fitted model was 24.5/5. The DSC profile of
the intermediate fraction in this run is presented in Figure
7.5+ \While the peak maximum occurs at the same temperature as
that of cocoa butter, the melting range is greater, with a
significant portion of the triglycerides melting at a lower
temperatiure, Howvever, the yield of the intermediate fraction has
been increased, and thc melting properties of this intermediate
fraction may be sufficientliy similer to those of cocoa butter for
it to be useful.

In the atove fractionation, S, was set at a high level. A=
these experimentis nave failed to show that SE significently
affected either the yield or melting properties of the
intermediate fraction over the range of levels studied, it was
decided to investigate the effect of decreasing 52' During
execution of these experiments, a fractionation was run with So
decreased to 6:1, but with all other conditions as above (i.c.
with T, = 9.2°, T, = 5.2°C, and 5, = 4:1). This greatly
affected the fractionation, The yield of the intermediate
- fraction was 17.2%, and the yields of the hard and sott
fractions were 27.4% and 55.4% respectively. The predicted
yields of the hard and intermediate fractions were 24,5% and
14,77 respectively. The D3C profile of the intermediate fraction
is presented in Figure 7,6. This shows that the maximum point
of the melting peak was QOC lower than that for cocoa butter,
Examination of the yields of the fractions for the last two
runs shows that decreasing 52 has forced more of the lower-melt-
ing fraction intc the intermediate fraction, and while this has
increased the yieild of the intermediate fraction it has reduced
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and the BSC profile of a cocoa butter sample.
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the '"melting point" of the fraction. However, the model for
CBLF of the intermediate fraction failed to predict that
altering S2 would affect the melting properties of the
intermediate fraction.

Thus, while the fitted models have not shown S2 nor
interactive effects to be important, the above results suggest
otherwvise, It therefore seems likely, especially with
consideration of the residuals, that higher-order interactive
effects are important.

These results are summarised in Table 7.5,

These results confirm the irend found in Section 6.11, where
increasing S1 to 2.5:1 significantly increased the yield of the
intermediate fraction., However, S, was still held at a high
level, s0 the good melting properties of the intermediate
fraction were maintained. These experiments have shovwn that
further increasing S] to 4:1 increases the yield of the
intermadiate fraction still further, but there is broadening
of the melting range, even with 52 maintained at a high level,

Table 7,5: Summary of the effect of altering S, and S, around
the optimum {with T] = 9.200, TZ = 5,200)

S1 52 Yield hard Yield Yield DSCLoE
. fraction intermediate soft intermasdiate
(% of tallow) fraction fraction fraction
(% of tallow) (% of tallow)

izl w2zl 3l 3.8 61.83 Very similer
to cocoa
butter

HEm 2R 29,2 8¢5 - 6245 Greater melt-

ing range
than cocoa

butter %see
Figure 7.5)

L:1 6:1 27«1t 17.2 55.4 Softer than
cocoa butter
(see Figure

7.6)

7.8 STAGES O THE FRACTIONATION

+

‘ne intermediate fraction with the bvest meliing character-

istics from the Box and Behnken design was produced in a
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fraction where the yield of hard fraction was 34%. This confirms
the results of Chapter 6 where it was found that to produce an
intermediate fraction with satisfactory melting properties about
36% of the tallow had to be removed at the first crystallisation.

From observation of the isolated effects of the
independent variables and the fitted models for the yields of
the hard and intemediate fractions, it was shown that within
the conditions used in fractionations of this chapter only the
proportions of the tﬁo‘harder fractionations and not of the soft
fraction were altered. |

This was-also the case in a fractionation wvhere S] = *
and Sa = 12¢1s This increased the yield of the intermediate
fraction to 8.3%, and decreased the yield of hard fraction to
29%, while the yield of the soft fraction remained approximately
the same as when S, was set at 1:1, In a fractionation with
S = L4:1 and S; = 6i1, the yield of intermediate fraction vas
17%. This extra vroportion of intermediate fraction vias
removed from the soft fraction (yield = 56%), and the
intermediate fraction was predictably softer than in the previocus
fractionation.

7.9 TEMPERATURE HISTORY OF THE FAT SOLUTION DURING
CRYSTALLISATICH

During all of the previous crystallisations, agitation
speed, crystallisation temperature and the volume of the fat
solution will have affected the cooling rate of the fat
solution, but no attempt was made to control the cooling rate
as an independent variable,

Hence in the crystallisation of Section 7.7, with
Sq1 = L4:1 and S, = 12:1, the temperature history of the fat
csolution during the two crystallisations was studied. The
cooling curves are presented in Figure 7.7.

It is apperent that the temperature of the fat solution
does not reach the air temperature of the constant'temperattre
roorn, This is probably due to heat input from the stirrer.
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7.10 CONCLUSIONS3

(1) An incomplete BL+ design was performed and empirical
response cquactions for the yields of the hard and intermediate
fractions and the CBLF of the intermediate fraction were fitted
to the observed data., By the ratio of MSy5¢ to MS these

pe
were shown to adequately represent the data,

(2) It was found that altering the temperatures and
solvent : fat ratios at tne two crystallisations, within the
limits of the design, only affected the relative proportion of
the hard and intermediate fractions, and did not significantly
affect the yield of the soft fraction,

(3) The intermsdiate fraction with the best melting
icisl (CELFE = 66.5) wos obteined with m finst

ion tenmperature (Ta) of 5.2OC, a solvent to fat

characterist
crystallisat
ratio at the first crystallisation (S]) of 1:1 and a solvent to
fat ratio at the second crystallisation (52) of i12:1, The
yields of the hard,intermedizte and soft fractions were 345, L%
and 62 respectively.

4
v

(4) Increasing the solvent tc fat ratio at the fir

[0}

crystallisation (51) to 4:1 increzased the yield of the
intermediate fraction to 8.3%, decreaced the yield of the hexrd
fraction to 29%, and causeé¢ the melting range of the intermediats
fraction to increase at the lower end.

(5) with 5, = L4:1 and 5, decreased to 6:1, the melting
point of the intermediate fraction was lowered but its yield
wvas increased to 17%. The yield of the hard fraction was 27%.

(6) A further increase in the yield of the intermediate
fraction could only be obtained, within the conditions studied,
with a corresponding deviation of the melting prcperties of
the intermediate fraction from those of cocoa butter.
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CHAPTER 8

SCALE-UP OF THE FRACTIONATION

8.1 INTRODUCTION

Fractionation conditions have been described in Chapter 7
to give an intermediate fraction, with a yield of 8.3% of the
total tallow, which melts over a slightly wider temperature
range than cocoa butter. Intermediate fractions which melted
over the same range as cocoa obutter were obtained in an
average of 4.1% yield, It was decided to scale-up using the
conditions which gave the higher yield of intermediate fraction,
in the hope that the properties of the intermediate fraction
would be sufficiently similar to those of cocoa butter for it to
be useful,

There were two main reasons for scaling-up the process:

(1) to produce a greater quantity of each of the
fractions so that their properties and suitability f
uses couild be determined, and

(2) to elucidate the critical scale-up criteria for this
process,

The fractionation was first attempted with 206 g of
tallow, i.e. a ten fold increase in scale, and then with 1 kg

of tallow,

8,2 FRACTIONATION OF TWO HUNDRED GRAMS OF TALLOW

8.2.1 Methods

The fractionations were performed in a sealed, 2.5 1,
conical flask,

Cooling was achieved by holding in a ccnstant temperature
room or by partially immersing the flask in a refrigerated water-
bath,

Agitation was provided by a magnetic stirrer when
crystailisations were carried out in the constant temperature
room. When a refrigerated water-bath was used, mixing was by

an overhead Caframo electric stirrer. In each case, the
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impeller dimensions were adjusted in proportion to the scale of

the equipment in an attempt to maintain overall geometric
similarity between the 20 g and 200 g scale equipment.,

However, the nature of the agitation achieved with each
type of stirrer used on the 200 g scale was quite different,
The impeller with the magnetic stirrer was simply a flat rod
lying on the bottom of the flask. This gave a predominantly
radial flow pattern in the flask with some vortexing. The
propeller of the overhead stirrer was held at a distance above
the bottom of the flask and gave much more vertical mixing and
less vortexing.,

The fat solutions at the second crystallisation were
seeded, when cooled to the final crystallisation temperature,
with 0.1 g l'] of crystals produced in an earlier talliow
fractionation and which melted similarly to cocoa butter., This
allowed the total holding time at the second crystallisation
to be reduced from 72 to 24 hours.

The final solution temperatures for the first and second
crystaliisation were 12.5°C and 8°C respectively when 20 g had
been fragtionated. Therefore two hundred g cf tallow dissolved
in acetone (4:1(v/w), acetone : tallow) were cooled in the
constant temperature room to 12.5°C before filtering. Because
of the lower surface area : volume ratio of the larger vessel,
the cooling rate of the fat solution was much slower., Similerly,
the fat/acetone solution at the second crystallisation
(12:1(v/w), acetone : fat) was cocled to SOC, but at a slower
rate than for the smaller scale. The cooling curves. for this
fractionation of 200 g are presented in Figure 8.1.

Agitation was provided by a magnetic stirrer., It was
difficult to duplicate the stirring conditions for the 20 g
fractionations exactly because no quantitative data was obtained
for the stirrer speed on the 20 g scale, and the stirring rate
changed with changing visccesity of the fat solution. However,
visual assessment of the conditions used on the smaller scale
showed that the agitation was not quite sufficient to keep all
of the crystals in suspension at the end of the crystallisation,
which resulted in some settling. Thus, the stirrer speed for the

200 g fractionation was adjusted to provide similar conditicns,
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8.2.2 Results

The yield of hard fraction was 38.0%, and the yields of
the intermediate and soft fractions were 4,.,8% and 57.2% respect-
ively; cf. 29.2%, 8.3% and 62.5% obtained from 20 g tallow,

The DSC profile of the intermediate fraction produced on the
200 g scale is presented in Figure 8.2. It can be seen that it
melts similarly to cocoa butter, but with a proportion of the
fraction melting at a slightly lower temperature,

The above fractionation was repeated with the fat solution
cooled in a water bath. This allowed the fat solution to be
cooled at a rate similar to that achieved with the 20 g
fractionation - see Figure d.1. Stirring speed was set to 130
rpm to give a degree of agitation similar Lo that achieved witn
the magnetic stirrer. However, as mentioned above tne f{low reginme
with this stirrer was quite different from that obtained with
the magnetic stirrer., Fractionation under these conditions
gave yilelds of the hard, intermediate and soft fractions of
30.55, 10.5% and 59.0)5 respectively. The DSC of the
intermediate fraction was very similar to that of the intermediate
fraction produced on the 200 g scale with air cooling.

As both cooling rate and the tyce of stirrer were altered
for the above run, a further run was perfdrmed with slow ceoling
(i.e. cooled in the constant temperature room) but with the
overhead stirrer at a speed of 150 rpm. The cooling curves for
the fat solutions were identical to those for the first air-
cooled run using 200 g tallow, The yields of the hard,
intermediate and soft fractions obtained were 27.3%, 12.5% and
60.2% respectively.

The DSC profile of the intermediate fraction obtained was
virutally identical to that of the intermediate fractions
produced in the previous 200 g fractionationz., The results of
the 200 g runs, and the 20 g run using similar temperatures and
solvent : fat ratios, are presented in Table 8.1.
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produced by fractionating 200g of tallow with ar
cooling; and the DSC profile of a cocoa butter sample.
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Table 8.1: Yields and characteristics of fractions obtained

from 20 g and 200 g tallow using similar temperatures
and solvent : fat ratios (T, = 12.5°C, T, = &°C,
Sy = 41, 55 = 12:1)

c
Weight Cooling Stirrer Hard Interme-~ Soft DSC of

of rate fraction - diate fraction intermediate

tallow (wt % of fraction (wt % of fraction

(g) tallow) (wt % of tallow)

tallovw)

20 Fast Magnetic 29.2 8.3 62.5 Similar to
cocoa butter,
but a smalil
amount of the
fraction melts
at a lower
temp, (Fig.
745)

200  Slow Magnetic  38.0 4.8 57.2 Slightly
sharper than
the above
fraction
(Fig. 8.2)

200 Fast Cverhead 30.5 10.5 59,0 "

* 200 Slow Overhead 273 12.5 60.2 il
* The products from this fractionation were analysed in Chapter 9.

8.2.3 VYields of the Three Fractions

In Chapter 7, it was found that altering the fractionation
conditions over the range studied was only influencing the
relative proportion of the hard and intermediate fracticns, and
not of the soft fraction. Simiiar results were obtained with
the 200 g fractionations, i.e. about 40% of tallow went into
the hard and intermesdiate fractions, and about 60% of the

bl

An increase in the yield of the intermediate fraction,
while meintaining similar melting properties, was accompanied
by a corresponding decrease in the yield of the hard fraction.

8;2 FRACTIONIATION OF ONK KILCGRAM OF TALLOW

8.3.1 Methods

The fractionations were performed in a jacketed, stain-
less steel, stirredq crystelliser, A built-in filter allowed
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filtration of the crystals to be performed at the crystallisation
temperature, Agitation was provided by a close-clearance anchor
impeller driven by a variable-speed electric motor, to reduce
the amount of crystal encrustation upon the cooling surface,

Cooling was achieved by pumping chilled water through
the external jacket and the cooling rate controlled by varying
the temperature and flow-rate of the cooling water., A solid
state controller maintained the water temperature within a range
of + 0,1°C of the set point.,

Seeding at the second crystallisation was performed as in
Section 8.2.1. A diagram of the apparatus is presented in
Figurc 8.3.

The temperatures and solvent : fat ratios were T; = 12.500,
T, = 800, Sy = 4:1 and S, = 12:1 as in the smaller scale
fractionations. The coolirg ratc was adjusted to approximate
that attained with the air-cooled 200 gz fractionations (see
Figure 8J4#), although the shape of the ccoling curves differed
slightly. ilaintenance of an impeller tip specsd in the large
crystalliser similar to the impeller tip speed of the overhead
stirrer in the 200 g fractionations required a stirrer speed of
20 rpm in the large crystalliser, Hcwever, the minimum speed
achievable with the stirrer motor cn the large crystalliser was
25 rpm, and the different types of stirrers and the different
shapes 0f the crystallissrs meant tiat the flow regimes within
each crystalliscr were very different.

The response variables were the yields, by weight, of the
three fractions and the DSC profile of the intermediate fraction.
Because of the close similarity in the DSC profiles of the
intermediate fractions produced on the 1 kg scale, and in the
DSC profile of cocoa butter, the CBLF was not a valid indication
of the relative melting properties of the fractions. Fractions
were produced which had similar melting ranges and similar DSC
peak maxiamum temperatures, but vhich had DSC peaks that differed
in shape within these limits., Thus a descriptive comparison of
the DSC profiles of the intermediate fractions was used.
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8.%.2 Results

The yields of the hard, intermediate and soft fractions
produced vere 24.0%, 10,1% and 65.9% respectively. The DSC
profile of the intermediate fraction is shovn in Figure 8.5. It
can be seen that while the DSC peak maximum for this fraction
occurred at the same temperature as for cocoa dbutter, the
melting range was greater than for cocoa butter, but similar to
that of the intermediate fractions produced on the 200 g scale.
The yields of the hard and intermediate fractions were less
than in the most desirable 200 g fractionation.

VVhen the stirring speed was increased from 25 to 50 rpm
yields of the hard, intermediate and soft fractions were 23.0%,
9.8% and 67.2% respectively, In addition the DSC profile of
the intermediate fraction was very similar to that produced
using the clower agitation speced,

Since the cooling rate was lower than used in the
ractionation of 200 g tallow, a further fractionation using a
more comparable cooling rate (see Figure 8.4) was carried out
with a stirrer spced of 25 rpm. This produced hard, intermediate
and sott fractions in yields of 24.0%, 9.8% and 66.2%
respectively., The DSC profile of the intermediate fraction was
very similar to that of the previous intermediate fractions
produced by fractionating 1 kg of tallow,

Increasing the agitation speed to 50 rpm ancd uszing the
faster cooling rate gave 23.6%, 10.2% and 66.2% of the hard,
intermediate and soft fractions respectively., The DSC profile
of the intermediate fraction was very similar to that of the
other intermediate fractions produced by fracticnating 1 kg of
tallow,

These results are summarised in Table 8.2.
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Fiqgure 8-'5: DSC profile of the intermediate fraction produced by
fractionating 1kg of tcllow with stirrer speed of 25rpm;
and the DSC profile of a cocoa butter sample.



Table B8.2: The effect of agitation speed and cooling rate
upon the fractionation of 1 kg of tallow

Cooling Stirrer Hard Interme- Soft DSC of the
rate speed fraction diate fraction intermediate
(rpm) (wt % of fraction (wt % of fraction
tallow) (wt % of tallow)
tallow)
Slow 25 cL.0 10,1 65.9 DSC peak maximum

occurs at the same
temperature as
cocoa butter, but

a proportion of the
fraction melts at

a lower temperature
(Figure 8.5)

Slow 50 23,0 9.8 67.2
Fast 25 24.0 9.8 66.2 M
Fast 50 23,6 10.2 6.2 M

Thus overall, varying the stirrer speed and/or the cooling
rate between the above levels did not significantly affect the
fractionation.,

8.3.3 Comnarison of the one kilogram fractions with those 5f

the smaller scsle fractionations

Lach of the fractionations performed on 1 kg of tallow
gave an intermediate fraction vith a melting curve which was
very similar to that of the intermediate fraction produced by
fractionating 20 g of tallow using similar crystallisation
temperatures and solvent : fat ratios (see Figure 7.5).
However, the sizes of the intermediate fractions obtained fronm
1 kg tallow were slightly greater than from 20 g tallow
(average of 10.0% compared to 8.3%). The average yield of
hard fraction from 1 kg tallow was 23.7% compared to 29.2% from
20 g tallow. More of the hard and intermediate fractions, and
less of the soft fraction, were produced on the 200 g scale
than the 1 kg scale,

A comparison of the yields of the three fractiorns cotained
on the different scales, using T, = 12.500, TE £ 800, S, = L1
and S, = 12:1, is presented in Table 8.3, The 1 kg fractionation
using a slow cooling rate and stirrer speed of 50 rpm was
repeated, at a later time, 15 times to produce sufficient of
gach of the three fracticns for further testing. From the
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standard deviation of the yields of each of the fractions

obtained from the 15 runs, the differences in yields obtained
on each of the three scales (as shown in Table 8.3) were
found to be significant at the 5% level,

Table 8.3: A comparison of the yields of the three fractions
producec from the fractionations c¢f different
amounts of tallow (with T, = 12.5°C, T, = 8°C,

Sy = 4:1, 55 = 12:1) using a slow cooling rate,

Weight Hard fraction Intermediste Soft fracticn
tallew (g) (wt'% . of tallow) fraction (wt % of tallow)
(wt % of tallow)
20 29.2 8.3 62.5
200 27 5 12.5 60.2
1000* 23.0 2.8 67.2

* average of 19 fractionaticns

In the fractionation of 1 kg taliow, variation of cooling
rate and/or the agitation speed did not significantly affszsct
either the yields of the three fractions or the melting
properties of the interxzediate fraction, Similarly, changing
the cooling rate over a comparable range did not influencs t
fractionation of 200 g tallow. iowever, with 20 tallow
roperties of
f the three

fractions (see Figure ©.10). However, the range of stirrer

varying the agitation speed affected the melting

O W 09

the intermcdiate fraction but nct the proportion

speeds used on the 20 g scale was much greater than fer the 1 kg
scale, and the nature of the agitation quite different.

8.3.4 Further Attempts to Fractionate 1 kg of Tallow

The intermediate fractions produced frcm 200 g and 1 kg
tallow melted less sharply than cocoa butter, but similarly to
the 20 g intermediate fraction produced using similar solvent
vo fat ratios anda crystallisotion tempcecratures. Intermediate
fractions melting similarly to cocoa dutter were obtained by
fractionating 20 g of teallow, but these were obtained in lower
yields (see Section 6.11). The yield of the hard fractions
from the 20 g fractionations where the sharpest-melting
intermediate fractions were produced averaged 35.6%, compared to
only 23% hard fraction when 1 kg of tallow was fractionated.
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Thus, it was probably necessary to remove more of the tallow

in the first crystallisation if the melting properties of the
intermediate fraction produced from 1 kg of tallow were to be
made more similar to those of cocoa butter,

Altering the cooling rate and/or the stirring speed did
not alter the yield of the hard fraction, so the effect of
altering the first crystallisation temperature (T1), the
solvent to fat ratio at the first crystallisation (S;) and the
water content of the acetone (VW) were studied to determine their
effect upon the yield of the hard fraction and the melting
properties of the intermediate fraction. The stirrer speed
was set at the previous high level of 50 rpm because, even
though agitation speed had not been shown to significantly
affect the 1 kg fracticnaticns performed previously, it may
have had a significant effect at diifferent levels of T, ard Sqe

Two fractionations were performed with S, = 4:1, T, = 12.500
and the fast coocling rate used in the previous 1 kg fraction-
ations. Changing the water content of the acetone from 0.6%
to 0.5% and 0.7)5 did not significantly affect the fractionations.

A summary of the fractionations where T] or S, were altered
is given in Table 3.4. Two 1 kg fractionations were verformed,
as above, but with T1 decreased Dby 1°C to 11.500. The cooling
rate was set at the slow and fast rates used in the previous
fractionations upon 1 kg of tallow, Five further fractionations
were performed with Ty = 12.500, a stirrer speed of 50 rpm, and
cooling at the fast rate used previously. S, was set at
different levels for each of these fractionations. The values
of §, were o, 0580, Wy 200 and 2uSs .

The overall effect of lowering T; was to soften the
intermediate fraction, (see Figure 8.6), even though by
also using a fast cooling rate the yield of the hard fraction
was similar to that obtained with the best fractionations on
the 20 g scale.
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fractionating 1kg of tallow with T1=115°C and slow

and fast cooling rates; and the DSC profile of a
cocoa butter sample.



127.
With T, set at 12.5°C, altering S, had a great effect upon
the yield of the hard fracticn, and a slight effect upon the
yield of the intermediate fraction. See Figure 8.7 for a plot
of the yield of hard fraction against Sy It can be seen that
up to a critical ratic of approximately 2:1, the yield of hard
fraction was very sensitive to the level of S].

8.4 COMPARISOIl OF ALL [RACTIONATIONS

The effect of 54 upon the yield of the hard fraction fronm
fractionations upon 20 g of tallow with T] = 12.50C are also
plotted in Figure 8.7. Overall there is close similarity betwe=an
the two curves except at low S, values. The difference
between the 1,0:1, 1.,6:1 and 2.3:1 values for the 20 g
fractionations cannot be said to bte significant as there wac

-

only one run performed with Sy = Teoile 1

1

ne cdiscrepancy
bestvieen the 20 g and 1 kg fractionations at low S] velues is
important as the intermediate fractions with the vest melting

.

properties frem 20 were obtained with S] = 1:1. Obviously,

<

o
=

1

(@)

qrr
i

the eystem using 1 kg was responding quite differently at 1

S.I It was necessary to increase 51 to =SBl o
1¢7:1 to obtain similar yields of the hard fracticn. £lthough
this adjustment did not produce intermediate fractions which
melted as sharply as those of the bvest 20 g fractions, they
melted more like cocoa butter than the fraction of Figure 8.8
which was produced in a fractionation where the yield of hara
fraction was 44.0%. This was obtained by setting Sy o= Ty
the same as vas used for the best 20 g fractionations,

The intermediate fracticons produced on the 1 kg scale with
T] = 12.50C and S] values of 1.5:1 or mreater 2ll m=lted
similarly to the fraction analysed in Figure 8.9. This was ina
contrast to the 20 g scale fractionations, where altering S
over a similar range altered the melting properties of the
intermediate fraction (see Figure 6.7d).

There vias close similarity between the melting of the
intermediate fractions produced by fractionating 200 g of
tallow with Sy = 421 and those produced on the 1 kg scale with
Sy = 1.5:1 or greater., The yiclds obtained on the 200 g scale

were similar to those obtained orn the 1 kg scale with Sy = 250,



Fractionation of 20g tallow

— — — Fractionaticn of 1kg tallow

- 454

401

35-
Yield of hard
fraction (% of
Jliew)  ap

257

20+

T v 1 Ll T

1 2 3 ' A

S1 (acetone : tallow, v/w)

-

Figure 8-7: The effect of varying S1 upon the yield of hard
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by fractionating 1kg of tallow with S1=15:1; and
the DSC profile of a cocoa butter sample.



Table 8.4: The fractionation of 1 kg of tallow with different levels of T, or S1

T Sy Cooling Stirrer Hard Intecrme- SOIf & DSC profile of the intermediate
(°C) rate speed fraction diate fraction fraction
(rpm) (wt 5 of fraction (wt % of
tallow) (wt 9% of tallow)
tallow)
1225 WJoia Fast 50 L4 ,0 WRE 4348 Peak maximum occurred at the same
temperature as cocoa butter, but
a proportion of the fraction melt-
ed at a lower temperature
(Fig. 8.8)
12,5 1.5:1 Fast 50 37.3 8.6 5S4, Similar to above, but a smaller
: (Fig. 8.9) proportion of the
fraction melted a2t a lower
temperature.
18,5 W, 71 Fast 50 52.C 7.9 60.1 "
12.5 2.0:1 Fast 50 23.0 - - "
265 2adii Fast 50 26.6 S.4 6.0 L
il s 5 21 Slov 50 22,0 7.0 71.0 DSC peak slightly broader than for

cocoa butter, and peak maximum at
a temperature 2°0C below that of
cocoa butter (Figure 8.6)

11.5 421 FFast 5C 34,0 11,0 55.0 DSC peak slightly broader than
above, and peak maximum at a
temperature 49C below that of
cocoa butter (figure 8.5).

‘el
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Increasing S; on the 1 kg scale slightly, but significantly,
increas=d the yield of the intermediate fraction. Increasing
Sy on the 20 g scale also significantly increased the yield
of the intermediate fracticn (see Figure 6.,7b), These
results are summarised in Table 8.5,

Overall;

(i) The intermediate fractions produced which meclted
most like cocoa butter were those from the 20 g scale which had
small yields (2.5% to 5.8%). A higher yield of an intermediate
fraction (8.3%7%) was obtained on.the 20 g scale, but the melting
range of this fraction wes sligntly grecter than that of cocoa
butter. The process was scaled up for this latter fraction,
because of its greater yield, in the hope that the melting
properties of the fraction viere sufficiently similar to those
of cocoa butter for it to be useful,

(ii) An intermediate fraction was produced from 200 g
tallow, with a yield of 4.8%, which melted similarly to %
8.3% yield 20 g intermediate fraction mentioned aktove - i.e.
which nelted over a slightly greater temperature range than
cocoa bucttesr, The yield of this fraction was increas

12,5%, without affeciing ils melting properties, by adjusting
agitation conditions,

(iii) A similar intermediate fraction was produced fron
1 kg tallow, but it had a slightly lower yield (9.83%). Attempts
on the 1 kg scale tc produce an intermediate fraction which
melted more like cocoa buiter were unsuccsssfiul.

There are several possible reasons why fractionations on the
different scales behaved differently:

(1) a different surface area to volume ratio on cach scale -
it is probable that the cooling surface influences
nucleation, and hence changes in the surface area to
volume ratio with scale may alter the nature of the
products precipitated;

(2) different materials of constructicn of the crystaliiser -

this may also have an effect upon nucleation and hence
alter the nature of the products precipitated.



Table 8.5 Comparison of the results of selected fractions from each of the three scales

= - o _

12:1 or 10:1)

Weight S Hard fraction Intermediate Soft fraction DSC profile of the intermediate
of (wt % of tallow) fraction (wt % of tallow) fraction
tallow of tallow)
(&)
20 1: 34.5 2e5 63.0 Very similar to cocva butter
(see Figure 6.12)
20 20 3645 5.8 57 .7 g
20 L: 29.2 8.3 62.5 A higher proportion of the
fraction melts at a temperature
lower than the temperature of
maximum melting than it does
with cocoa butter (Figure 7.5)
200 L% 38.0 Sk 2 v (Figure 8.2)
(magnetic
stirrer)
* 200 L 27.3 60.2 i
(propeller
agitator) _
* 1000 L 23,0 9.8 67.2 " (Figure 8.5)
1000 2.5: 26.6 9.4 64.0 L
1000 1.7: 32,0 7.9 60.1 "
* 1060 1.5: 37.3 8.6 Sl " (Figure 8.9)
1000 1 90 Ll .0 7 48.8 Melting range greater than for

any of the above fractions
(Figure 8.8)

* The three fractions from cach of these fractionations were analysed in Chapter 9.

‘NnCi
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(3) different flow regimes - it was shown on the 200 g scale

that changes in the flow regime within the crystalliser
(caused by using different impellers) had a vast effect
upon the crystallisations., Thus, different flow regimes
between the different scales are likely to similarly
influence the crystallisations, especially with the
crystalliser used for the fractionation of 1 kg of tallow
where a completely different type of impeller was used.

As this was a close-clearance jimpeller, crystal

deposition upon the cooling surfaces was inhibited relative
to the smaller scale fractionations.,

Differences in shape of the various crystallisers would
also influence the flow regime.

8.5 CONCLUSIONS

(1) Fractionation of 200 g talliow with a first crystal-
lisation temperature (T]) of 12,5OC, a second crystallisation
temperature (TZ) of 8°C, a solvent to fat ratio at the first
crystallisation (S]) of 4:1 and a solwvent to fat ratio at the
second crystallisation (52) of 12:1 produced zn intermediate
fraction which mclted similarly tc the intermediate fraction
produced under similar conditions on the 20 g scale, but nct
as sharply as the 20 g intermediate fractions with the melting
properties most like those of cocoa butter. Replacing the
magnetic stirrer with an overhead stirrer greatly increased the
yield of the intermediate fraction without altering its melting
properties, and decreased the yield of the hard fraction,
Changing the cooling rate within the limits used did not
affect the fractionations on the 200 g scale.

(2) Fractionation of 1 kg of tallow using the above
temperatures and solvent to fat ratios produced an intermediate
fraction which melted similarly to that produced in the 200 g
fractionations. Altering the stirrer speed and/or the cooling
rate did not affect the fractionations upon the 1 kg scale.
Decreasing T, to 11.500 produced an intermediate fraction which
melted at a lower temperature than cocoa butter. The yield of
the hard fraction was very sensitive to S1 values less than
2,0:1, Altering S1 to 1.5:1 cr 1,7:1 produced intermediate
fractions which melted similarly to those produced with
Sy = L:1, but the yield of hard fraction was greater, and the
vyield of soft and intermediate fractions less,



(3) The intermediate fraction produced from 20 g tallow
(see Chapter €) which melted similarly to cocoa butter could
not be reproduced on the larger scales,

(4) There was a great difference in the response of the
fractionation system with changes in the scale (and hence
equipment) of fractionation,

8.6 DISCUSSIQII AMND CONCLUSIONS OH THE FRACTIONATION METHCDS

s

The 2-stage solvent fractionation process used nas been at
least partially successful in producing a fraction with melting
properties more similar to those of cocoa butter than the
original tallcw., VWhile fracticnating 20 g of tallow produced
intermediate fractions with mel%ing properties similsar to those
of cocoa butter, the yield of these averaged only L.0 wt 7% of
the tallow, A fractionation scheme involiving 2 zreatsr nunber
of cryztallisation stens may have achieved a gr eater yield of

icreased the
complexity and cost of the process, Any attempt to increase the

a sinilar fraction, however this would have in

yield of the intermediate fraction in this work was only
achieved with a consequential reducticn in the similarity of the
melting properties of the fraction to those of cocoe butter,

2

This suggests that the degree of separation being achizved wa:
the maximum obtainable with this 2-stage fractionation process,
at least within the range of levels of the independent

variables which were studied.

The different scales of fractionation all responded
differently to variations in the levels of the independent
variables, and attempts on the 1 kg scale to produce an
intermediate fraction with melting properties similar to those
of the best 20 g intermediate fraction were unsuccessful.
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Because of the difficulties in attempting to scale-up the
process, it may have been advantageous to use crystallisation
equipment for the 20 g fractionations which was similar to
that used for the 1 kg fractionations as it is obviously not
possible to reproduce on a large scale the equipment used for
the 20 g fractionations., However even this may not have been
successful as the 200 g fractionations used equipment similar
to that used in the 20 g fractionations, but the smaller-scale
fractionation could still not be duplicated exactly. However
here it was not possible to copy the flow regime and cooling
rate ¢f the smaller scale fractionation simultaneously.

Because of the large differcnces in the behaviour of the
crystallisations on the various scales, and the inability to
determine the critical factor(s) causing this, it is not possible
to accurately predict scale-up criteria for future work, and
it may be very difficult to reproduce the fractionaticn on a
larger scale,

A further difficulty is the extreme sensitivity of the
system to some of the process variables. On the 1 kg scale,
a change in the first crystallisation temperature (T1) of 1°C
caused large changes in both the yields of the three fractions
and the melting properties of the intermediate fracticn.
Similarly, slightly changing the solvent to fat ratio at the
first crystallisation (51) over some ievels on the 1 kg scale
caused large changes in tne yields. In this work it was
necessary to carefully control each of these variables in
order to obtain consistent results, and cereful control will
be required in any future work on a larger scale. The
sensitivity of the system to changes in these variables may
have been at least partly responsible for some of the difficulties
in scale up,

Apart from the fractionations performed in the screening
experiment, all fractions were upon Smithfield 1% R November
1977 tallow, Thus the effect of variation in tallow
composition upon the fractionation process has not been
determined in the work, Before any larger scale work or
commercial feasibility study can ve implemented, it will be.
necessary to make a further study of this,

The crystals produced at each crystallisaticr. were in a form
suitable for filtration, and filtration rates viere very high
in every case,



CHAPTER 9

EVALUATICN OF THE FRACTICNATICH PRCDUCTS

9,1 INTRGDUCTION

The aims of this chapter are:

(i) to study the composition and melting properties of
some of the fractionation products, and to determine how changes
in various process parameters affect these characteristics,

(ii) to determine the suitability of some of the
fracticration products for specific applications,

Samples chosen for further analysis were:

(i) the best-melting intermediate fraction produced on
the 20 g scale (sze section 6.10).

(ii) the three fractions produced in the 200 g scale
fractionation where the highest yield of intermediate fraction
was obtained (see section 8.2.2).

(iii) the three fractions from the 1 kg scale fracticnation
where a solvent : fat ratio at the first crystallisation (S]) of
4L:1 was used (see table 8.5).

(iv) the three fractions from the 1 kg scale fractionation
where a solvent : fat ratio of 1.5:1 at the first crystailisation
was used (see Table 8.5).

Each-of the above fractions was analysed as foliows, and
the results comvared with other fats:

(i) fatty acid composition

(ii) the prcportion and fatty acid composition of each
of the triglyceride groups separated by argentation TLC.

(iii) the fatty acid composition at the 2-position of
the cis monounsaturated triglycerides,

Representative hard and soft fractions were also analysed
by DSC,



135

Details of the chemical analysis of each of the fractions
are given in appendix 7,

The hard and sott fractions from the 1 kg fractionation with
'S] = L4:1 were tested in specitfic applications, The hard fraction
was assessed for performance as a baking fat, both in g blend with
butter and in a blend with the soft tallow fraction., The hard
tallow fraction was also tested as a pastry fat, and the soft
tallow fraction was tested as a itrying medium and in the
manufacture of mayonnaise, The melting behaviour of the
intermediate fraction from the 1 kg fractionation with S] = 421
was studied by nuclear magnetic resonance (NMR) and compared with
cocoa butter, a cocoa butter substitute (Nucca) and a blend of
cocoa butter and the intermediate tallow fracticn (99% cocoa
butter/10% tallow intermediate fraction).

9.2 FATTY ACID COMPCSITION OF THE FRACTIONS

The overall fatty acid composition of each of the fracticns,
and of the original tellow, are presented in tavle 9.1.

9.,2.1 Hard Fractions

The proportion of 14:0, 16:0 and 18:0 was higher in each
of the hard fractions than in the original tallow, and the
proportion of 16:1 and 18:1 less.

The fatty acid compositions of the two hard fracticns
produced from 1 kg of tailow were quite different., However the
yields of these two fractions were also quite different
(37.3% and 23,0%). The higher yield fraction contained a lower
proportion of saturated fatty acids and a higher proportion of
- 18:1 than the lower yield fraction (27.7% of 18:1 in the higher
yield fraction ccmpared to 19,3%).

The hard fraction produced from 200 g of tallow had a
yield of 27,3%, which was similar to the yield of the hard
fraction produced from 1 kg of tallow with Sy = Lz (23.,0%) .
The fatty acid composition of these two fractions was very
similar,



Table 9,1: Fatty acid composition of tallow and fractions obtained by solvent crystallisation

Fatty Acid (mole % in the fraction)

41 + iso-

14:0 iso- 15:0 T6:0 16:0 16:1 17:0 17:1 18:0 18:1 18:2
T5:0
Scale of .
frac%ionation Fraction
20 g (5 = L:1) Intermediate 501 0.4 0¢5 061 224 1.6 149 0ol 5668 3243 045
200 g (54 = 4:1)  Hard 8ol Ge? 1e1 1,0 33,6 2,8 2.6 0.2 30.6 18.7 0.7
Intermediate 6.0 0.5 Oe7 0.2 252 2¢9 244 046 3043 3067 045
Soft 9.8 1.0 069 1.0 2140 5.0 Toli 141 1640 4143 1.5
1 kg (with " Hard 10.8 0.7 1ol 05 33.5 3¢l 2.6 0ol 27.6 19.3 0.4
Sy = 4:1) Intermediate 7.0 0.8 0.7 0.2 24.3 2.8 1.7 0.5 28.2 33.4 0.4
Soft 7.8 1ok 1.9 0.6 19.8 5.4 1.5 1,0 12,9 45,7 2.0
1 kg (with Hard 8.6 0.9 1e1 0.5 28,3 342 2.5 0.5 264 27.7 0.5
Sy = 1.5:1) Intermediate 6.4 1.1 0e8 043 22.9 3.2 2.3 1.0 29.0 32.4 0.6
Soft 7e7 1.8 Wl G 19aF bl W e Thed wée© Tab
November 1977 -
Smithfield tallow 8ol 1.0 142 0ok 23.8 3.9 1.4 0.8 20,0 36.1 3.0

*9¢t



9.,2,2 Intermediate Fractions

The fatty acid composition of each c¢f the intermediate

fractions was much more alike.

Fractionation decreased the proportions of 14:0 and 16:1
in the intermediate fractions compared to the original tallow,
and increased the proportion of 18:0, The proportion of 16:0
appeared relatively unchanged, and the proportion of 18:1 was

only slightly decreased.,

9.,2.2% Soft Fractions

The soft fractions all showed an increase in tne
proportion of unsaturated fatty acids relative to the originel
tallow, and a corresponding decrease in the vroportions <2f 16:0

and 18:0,

9.5 PROFORTION OF EACH OF THE TRIGLYCERIDE GROUPS

ive

[0

Argentation TLC separated each of the fracticns into

trigiyceride groups. Fatty acid analysis of the groups, anc
comparison to triglyceride standards run simultzaneously on the
TLC plate, showed the five triglyceride groups to be the same
as those separated by argentation TLC of the whole tallows
(see section 4.4).

The analyses for each of the fracticns are summarised in
table 902.

The hard fractions showed an increase in the provortions
of the trizaturated and trans monounsaturated triglyceride groups
compared with the original tallow, and a decrease in the proportion
of the two most unsaturated triglyceride grougs.
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The intermediate fractions showed an increase in the
proportion 6f the cis monounsaturated triglyceride group with
a decrease in the proportions of the trisaturated triglyceride
group and the tvio most unsaturated triglyceride groups,

The soft fractions showed a decrease in the proportions of
the trisaturated and trans monounsaturated triglyceride groups
compared to the original tallow, and an increase in the
proportions of the two most unsaturated groups.

Table 9.2: Proportions of the different triglyceride groups
" in each of the fractions and the original tallow

Triglyceride Group (mole % of total)

1 2 3 L )
Scale of Fraction (wt % Tri- Trans Cis Diun- Diun-
fraction- of satur- mono- mono-~ satur- satur-
ation total ated un- un = ated ated
tallow) satur- satur- ¥ "
ated ated ‘ :
20 g Inter" 205 905 808 72.2 601-} 3.]
mediate
200 g Hard 27.3 3305 28.5 2305 L+03 ]Oo
Inter- e izsel 12sd9 | 5Ln 9.1 10.6
mediate
Soft 60,2 4,0 rai B120E 15.0 L7
1 kg Hard 23.0 3643 203 28,1 668 8.5
(with S= 1.4 9.8 10 1 10 1440
4:]) n (?I‘- ] OLI' 03 53.9 ) oLi» |LI>0
mediate
Soft 67.2 Bare 1.6 30,3 15.6 49.3
1 kg Hard 3703 2605 11.7 27.9 9.4 2405
5‘%’??)51= Inter- 8.6 10.0 7.5 57.1 9.7 i5.7
e mediate
Soft 5S4 1 b O) 665 28.0 1445 L7¢5
November
1977
Smithfield
tallow 1446 TsgAl 29,9 1576 31.3

%o contin  Trans  dowble  bonds

-:K?. {‘u \’\T(}'._f‘\ Cq’"‘lf C—"j J C \J‘l"k L) on .J_j
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The proportion of cis monounsaturated triglycerides in the
intermediate fraction from 20 g tallow was 72.2%, compared to
29.9% in the original tallow. However the total proportion of
cis monounsaturated triglycerides from the original tallow
which entered the intermediate fraction was very low. ©Only 6 %
of the total cis monounsaturated triglycerides in the original
tallow were concentrated into the intermediate fraction because
of its low yield (2.5%),

The proportions of each of the triglyceride grouvs in the
intermediate fractions from 200 g and 1 kg of tallow were very
similar, and these fractions also had similar yields. Compared
with the 20 g intermediate fraction the cis monounsaturated group
was consistently smaller (average of 55.3%).

In the 200 g scale fractionation, 21.0% of the cis
monounsaturated triglycerides in the originel tallow were

ered

ct

concentrated into the intermediate fraction, while 15.6% en
the hard fraction and 59,4% the soft fraction, VWhaen 1 kg of

tallow was fractionated with S, = 4:1, 16.5% of the cis
monounsaturated triglycerides in the original {zallow were
precipitated in the intermediate fraction; 20.,1% in the hard
fraction, and 63.4% were left in the soft fraction. In the 1 kg
scale fractionation wita 5, = 1:5, 16.,1% of the cis wmonounsaturateqd
triglycerides in the original tallow entered the ZIntermediats
fraction, 34,1% the hard fraction and L49.8% the soft fraction.

The yields of the hard and soft fractions from the 200 g and

W)

1. kg scales varied, and similarly there were differences in the
proportions of each of tne triglyceride groups in these fractions,

In the two 1 kg scale hard fractions analysed, one had a
yield of 57.3% of the total tallow, and the other 23.0%. The
fraction with the highest yield contained the lowest proportions
of trisaturated and trans monouncsaturated triglycerides, and
the highest propocrtions of the two most unsaturated triglyceride
groups., The twec fractions contained similar proportions of cis
moncunsaturated triglycerides,
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The 200 g scale fracticnation had a yield of hard fraction
intermediate to that of the two 1 kg scale yields (27.3%) and
had similarly ranked proportions of the trisaturated and the
most unsaturated triglyceride groupse

Thus it appears that any increase in the yield of the
hard fraction was accompanied by a corresponding increase in the
heterogeneity of the triglyceride groups in the fraction, with
an increase in the proportions of the two most unsaturated
triglyceride groups, and a decrease in the proportion of the
triglyceride group which was predominant in the low yield hard
fraction - the trisaturated triglycerides, This was also
reflected in the fatty acid composition of the hard fractions,
with the highest yield hard fraction having the highest
proportion c¢f 18:1 and the lowest of 16:0 (see section 9.,2.1).

Ol  HATTY RCTD COMBOSITION OF THE TRIGLYCERTDE GROUPS

The proportion of 14:0 in the trisaturated triglycerides
vas higher in the soft fracticns (average = 25.2%5) than the
intermediate fractions (23.1%) or the hard fractions (i4.9%).
The proportion of 16:0 in the trisaturated triglycerides of the
hard fractions (average = LL,1%) was higher than in the
intermediate fractions (39.7%) or the soft fractions (36.3%), and
the concehtration of 13:0 was also higher in the trisaturated
triglycerides of the hard fractions (average = 38.0%) than in
the intermediate fractions (29.9%%) or the soft fractions (23.3%).

In the most unsaturated triglyceride group, the concentraticn
of 18:0 was lower in each of the soft fractions analysed than in
their corresponding nard and intermediate fractions. There was
an average of 13% of 18:0 in the most unsaturated triglyceride
. group of the three soft fractions analysed, compared with an
average of 21% in their corresponding intermediate fractions and
20% in their corresponding hard fractions.

Thus the nature of the triglycerides entering the different
fractions during cyrstallisation was dependent upon the chain
length of the constituent fatty acids as well as their degree
of unsaturation.
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9,5 PROPORTION OF 2-0OLEC DISATURATED TRIGLYCERIDES IN THE
INTERMEDIATE FRACTIONS

It has been shown that a high concentration of 2-o0leo
disaturated triglycerides is required in a tallow fraction for
it to have composition and properties similar to those of cocoa
butter, The proportions of cis monounsaturated and 2-oleo
disaturated triglycerides in the intermediate fractions analysed,
and the tallow, are presented in Table 9.3,

Table 9,3: Proportion of 2-oleo disaturated triglycerides in
the intermediate fractions analysed, and the
originel tallow

Fat Proportion of Propcrtion of 2-01leo
cis mono- oleic acid at isaturated
unsaturated the 2-position triglycerides
triglycerides of the cis mono- in the fat
in the fat unsaturated (mole %
(mole %) triglycerides

(mole % of *total
feaels at
2-positicn)

Tallow (Smithfield

November 1976) 29.9 Skt 15.4
20 g intermediate

fraction 72.2 70.5 51.0
200 g intermediate '

fraction 54,8 SIS 28.2

1 kg intermediate
fraction (with

Sy = 4:1) 53.9 68,2 36,8

1 kg intermediate
fraction (with

S] = 1.5:1) 57.] 60.2 jZ,LoL}

These results show that the proportion of 2-o0leo disaturated
triglycerides in the intermediate fractions was greater than in
the original tallow., There was an increase in the proportion of
cis monounsaturated triglycerides in all of the intermediate
fractions, and also an enrichment of those cis monounsaturated
triglycerides with oleate in the 2-position in the intermediatse
fractions produced from 20 g and 1 kg tallow, but not when 200 g
was fractionated,



The intermediate fraction from the 20 g scale had a much
higher concentration of 2-0leo disaturated triglycerides than
any of the other intermediate fractions,

9.6 DIFFERENTIAL SCANNING CALORIMETRY (DSC)

9.,6.1 Hard Fractions

The DSC profiles of the hard fractions from the 1 kg
scale fractionations are presented in figure 9.1, The melting
properties of the two fractions were only slightly different from
each other, but their compositions wers very different (see
tables 9.1 and 9.2). The fraction produced with S; = 4:1 had
a slightly higher melting range, but contained 56.6% of tri-
saturated and trans monounsaturated triglycerides compared to
only 38.2% in the other fraction,

The DSC.profile of the 200 g hard fraction was identical
to thet of the 1 kg rard fraction procuced with S] = L:i, These
two fractions had very similar compositions (see tabies 9,1 and

9.2) ()

9.,6.2 Intermediate Fractions

The 200 g and 1 kg scale intermediate fractions all showed
similar DSC profiles even though the 200 g scale intermediate
fraction had a lower concentration of 2-olec disaturated
triglycerides, It appears that there was no selection tetween
2-0leo disaturated triglycerides and other cis monounsaturated
triglycerides entering the 200 g scale intermediate fraction
(see table 9.3), It is possible that the composition' and
proportion of the other triglycerides in the 200 g scale
intermediate fraction may have acted to give the fraction a DSC
profile similar to that of the 1 kg intermediate fracticns, or
that the melting properties of the fraction may not be very
sensitive to changes in the concentration of 2-0leo disaturated
triglycerides over the range between the 1 kg scale and 200 g
scale intermediate fractions (35.6% and 28.2% 2-oleo disaturated
triglycerides respectively).
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9.6.3 Soft Fractions

The DSC profile of the soft fraction produced by
fractionating 1 kg of tallow with Sy = 4 is presented in
figure 9.2,

9,7 COMPARISON WITH OTHER FATS

9.7.1 Hard Fractions

The fatty acid compositions of the 200 g scale hard
fraction and the 1 kg scale hard fraction produced with S] SR
vere very similar to that of a fraction produced from North
American beef tallow (fraction & in figure 2.9). The fatty
acid compositicn of each of these fractions is presented in
table 9.4, The DSC profile of each of these three fracticns
is presented in figure 9.i. There is close similarity between
the melting properties of each of these fractions.

Table 9,4: T[Fatty acid composition of the 200 g hard frzction,
the 1 kg hard fraction with 5, = L4:i1, and fraction
2 by Luddy et aX (1977) from North American beef
tallow (see f{gure 2e9)

Fatty Acid (mole % cf total)

Fraction 14:0 16:0 16:1 18:0 18:1 Others
Hard fracticn from 200 g
tallow 80LI> 33.6 2.8 3006 1807 509
Hard fraction from 1 kg
tallow (S] = Lshp 10,8 33.5 25l 2746 W93 SO
North American beef tallow
fraction 6.0 36,0 1.0 34.0 21,0 2.0

The North American beef tallow fraction was successfully used
to harden shortening and margarine stock, and was also combined
with another North American beef tallow fraction, a fraction with
properties similar to those of cocoa butter (Fraction 3 of
figure 2.,9) to produce a fat with a higher melting range than
cocoa butter for certain confectionery uses (Luddy et al, 1977).



—— 1kg hard fraction {S1=4:1)
"= —=— 1kg hard frection (31=15:1)

------- fraction of Luddy et al (1977)
d_H .
dt
€
T T i T . :
45 50 55 30 40 50

Temperature (°C)

Figure 9-1 : DSC profiles of the hard fractions produced from 1kg
of tallow, and of a fraction of Luddy et al, 1977



14t

9.,7.2 Intermediate Fractions

The fatty acid compositions of each of the intermediate
fractions analysed, cocoa butter and several fats used to
partielly or completely replace cocoa butter in chocolate or
chocolate-type products, are presented in table 9,5,

Similar data for triglyceride composition is presented in table

9.6

The intermediate fractions analysed all had a fatty acid
composition much closer to that of cocoa butter than did the
original tallow, though they all had less 18:1 anrd more 14:0 and
16:1 than cocoa butter. The intermediate fraction produced on
the 20 g scale had the fatty acid composition most like that of
cocoa butter,

Coberine is a ccmmercial cocoa butter equivalent produced
by the solvent fractionation of palm, illipe and shea fats with
acetone (VWolf, 1975), Illipe butter is a natural fat which
is very similar to cocos butter znd is perfectly miscitble
wvith cocoa butter in ail proportions (iiinifie, 1980). The
beef tallow fracticn (fraction 3 of figure 2,9) was preocducsd
by solvent fractionation (see section 2.6.3) ana shows good
compatability with cocoa butter (Luddy et al, 1975 , 1977, 1972).
The intermediate fractions produced in this work had fatty
aclid compositions which were at least as similar to the fatty
acld composition of cocoa butter as any of the cocoa Wmutter
replacer fats presented in table 2,5,



Table 9,5: " Fatty acid compositions of each of the intermediate fractions analysed, cocoa butter

and several fats which have been used to replace all or a portion of cocoa butter in
chocolate or chocolate-type products

Fat Palm Tllipe Coberine Cocca North 20 g 200 g 1 kg 1 kg
kernel Dbutter *2 butter American intermediate intermediate intermediate intermediate
oil i (from beef tallow tallow tallow tallow
stearine section tallow fraction fraction fraction fraction
* ] 2.2.5.1) fraction (S] = 1.5:1) (5, = 4:1)

(fract-

ion 3 of

figure

2.9)

FFatty
acid
(mole %
in fat)
12:0 55.5 1.0 Tret?2 - - - = = =
14:0 21,0 0.5 0.9 061 100 3.1 6.0 belt 7.0
16:0 8.0 1655 3665 2%eY 32.0 22444 25.2 2249 2he
16:1 - 002 -~ 002 2.0 ].6 209 502 2.8
18:1 0s5 30.9 29.5 35.8 D0 Sslp 3047 32.4 334
18:2 - ]us 005 208 - 005 005 O.6 Ool+
Others 6.0 601{- 503 103 d.O 505 L‘,.L} 505 .509

*¥*1  Gordon, Padley & Timms (1979)
*2  Sheppard, Iverson & Weihrauch (1978)

*Shy
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Cocoa butter has 79.4% of cis monounsaturated triglycerides(se
section 2.2.3.1), so the intermediate fraction prcduced an the 20 g scale, which
contained 72.2% of cis monounsaturated triglycerides, was the
only intermediate tallow fraction produced which had a
composition comparable to this (table 9.6)., However this
fraction had slightly different proportions of the other
triglyceride groups, with 9.5% trisaturated triglycerides
(compared to 2.,2% in cocoa butter) and 9.5% polyunsaturated
triglycerides (compared to 18.4% in cocoa butter). It also
had 8.8% trans monounsaturated triglycerides whereas cocoa
butter, like all vegetable fats, contains no trans unsaturated
fatty acids (Eckey, 1954; Swern, 1964).

Table 9.6: Triglyceride composition of each ot the intermediate
fractions analysed, cocoa butter, and some cocoa
butter replacer fats,

Triglycgr@deﬁgroup
(mole ¢ in fat)

Triglyceride group Trisaturated Disaturated More
unsaturated
Fat

Cocoa butter (from
2.2.3.1) 2.2 79.1}(1000) 18‘4
20 g intermediate
fraction 9.5 81.,0(*8.8) 9.5
200 g intermediate
fraction 1266 67.7(*12.9) 19,7
1 kg (S = L{-:]) .
intermediate fraction 10. 4 65.2(*11.3) b iy
1 kg {8s = 1a581)
intermediate fraction 10,0 6L4.6(*7.5) 25.L
Illipe butter
(Minifie, 1980) 1.0 83.,0(*0,0) 16,0

North American bpeef

tallow fraction

(Ha pson, Luddy &

Rothbart, 1375) *1 2.0 90.0 8.0

Fraction from Japanese

mutton tallow (Kawada

and Matzui. 1968) 0.8 75.6 23.6

¥ = percentage 0f disaturated triglycerides in the total fgt waich
contain a trans double bond,

*1 = fraction 3 oy the scheme of Luddy et al (1973, 1976, 1977,
1978) - scee figure 2.9.
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The proportion of disaturated triglycerides in the 20 g
intermediate fraction was slightly greater than in the cocca
butter substitute produced from Japanese mutton tallow by Kawada
and Matsui (1968), but slightly less than in Illipe butter or the
North American beef tallow fraction (Hampson, Luddy & Rothbart,

1975) «

In section 9,5 it was shown that 70.,5% of the cis
monounsaturated triglycerides in the 20 g intermediate fraction
had oleic acid at the 2-position. The other intermediate
tallow fractions from this project had less oleic acid in the
2-positicn of the cis monounsaturated triglycericdes (cee table

9¢3)

Sampugna and Jensen (1969) analysed a cococa vutter sample
and found it to contain 74,1% of cis monounsaturated
triglycerides, and about 93% of these had cleic acid at the
2-position (see section 2.2.3.1, table 2.3). Thus there is
abcut €9% of 2-oleo disaturated triglycerides in cocoa butter,
compared to 51.0% in the best 20 g intermediate fraction.

Though the importance 0f 2-0leo disaturated triglycerides h

©
0

been well-estatlished, (see section 2.2.3.1), there is little
information on their actual concentration in various cocoa buiter
replacer fats, In the best intermediate fraction of Kawada and
Matsui (1968), £8.65 of the disaturated triglycerides had 18:1

at the 2-position. As there was 75.6% disaturated triglycerides
in the fraction, this gave a total concentration of 51,9% of
disaturated triglycerides in the fat with 18:1 at the 2-position.
This was very similar to the conceniration of 2-oleo disaturated
triglycerides in the 2C g intermediate fractiocn (51.0%),

Hoviever in the fraction of Kawada and Matsui, no allowance was
made for the presence of trans 18:1 acids. As the fraction was
made from mutton tallow, it is very likely that it contained a
significant quantity of trans acids,

The higher concentration of 2-0leo disaturated triglycerides
in the 20 g intermediate fraction compared to the other
intermediate fractions anelysed was reflected in the DSC profiles

of the fractions, The 20 g intermediate fraction had the DSC
profile most like that of cocoa butter.
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9.7.% Soft Fractions

The DSC profile of the soft fraction produced by
fractionating 1 kg of tallow with S1 = L4:1, the DSC profiles
of two North American beef tallow fractions, and the DSC profile
of a commercial salad oil (Luddy et al, 1973) are presented in
figure 9,2 The North American beef tallow fractions were
products 4 and 5 by the scheme shown in figure 2.5. They
comprised 5 wt % and 60 wt % of the beef tallow respectively.

It can be seen from figure 9.2 that the soft fraction
produced by fractionating 1 kg of New Zealand mutton tallow
with Sl = Uyl melted over a much higher temperature range than
the North American beef tallow fractions or the salad oil, The
coemmercial salad oil was completely melted at 0°C. The North
American teef tallow fractions still had a significant
proporiion of solid triglycerides at this temperature, and only
a small proportion of the soft fraction produced in this project
had melted at 0°C,

Similar results were obtained when a salad oil test was
applied to the soft fraction produced in this work, The American
0il Cheuist's Society (AOCS) salad oil test requires an oil to
remain clear after holding at 0°C for 5% hours {acCs, 1973). The
60% yield beef tallow fraction remained clear for 3 hours at
OOC, tuv when mixed with a high linoleic commercial salad oil
at the 40% levzl it remained clear for over 16 hours at OOC.

The unmodified 60% yield beef taliow fraction remained clear

when held overnight at 6.70C, but solidifiesd when held overni

ght
at A.QOC. Random re-arrangement of the fatty acids altered the
properties of the fraction such that it would not solidify when

held overnight at 4.4°C (Luddy et al, 1977).

The soft fraction produced in this project from 1 kg of
New Zealand rutton tallow (S] = 4:1) solidified completely after
being held for 1 hour at OOC, and also solidified after being
held overnight at 7°C. Thus, it failed by e wide margin to

reach salad oil specifications,



Commercial Salad Oil
(Luddy et al, 1973)

Fraction of Luddy et al
(1973) (60% of fctal
tallow)

dH
dt

Fraction of Luddy et ai
(1977) {S% of total
tallow)

Soft fraction prodiced
ty fractionating 1kg
of tullow

] L) [ 1

415 -10 0 0

Temperature (°C)

Figure 9-2 : OSC profile of the soft fraction produced by fractionating
1kg of tallow with S1=4:1, the two softest fractions
nroduced by Luddy et al {1977) and a commercial salad
oil. {Luddy et al,1977) '
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Comparison of the fatiy acid composition of the sott
fraction produced in this work (with 3, = 4:1) and the fatty
acid composition of a soyabean salad 0il (see table 9,7) shows
that the salad 0il contained a much higher prorcrtion of
polyunsaturated fatty acids. The average concentration of 18:1
in five household and commerical cooking and salad oils
(Sheppard et al, 1978) was 42.1%, ccmpared to 44.3% in the soft
iraction from this work presented above, However the average
concentration of 18:2 in the published analyses vas 34.4%,
compared to only 2,0% in the soft fraction from this wcrk,

The unmodified soft fraction procuced in this work may be
useful a2s a frying or baking shortening. Because of the low
concentration of polyunsaturated fatty zcids in the soft fraction
it is likely to be relatively resistant to oxidation, and hence
have a long life in frying. Soft fractions procduced by solvent
frectionation of North American beef tallow of similar yield of
the total tallow have shovwn extremely high resistance to
oxidation (Luddy et al, 197%). The fatty acid composition of
a commercial shortening produced for heavy-duty frying is
presented in table 9.7 (from Sheppard et ail, 1978). It contains
about 3% less 18:1 than the soft fraction produced in this work,
abcut 8% more 18:0, and only slightly mcre polyunsaturated acids.

The soft fraction produced in this wecrk may bte mcdified
by blending with other harder (possibly the hard fraction
produced in this work) or softer fats, or possibly by fatty acid
re-arrangenent.
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Table 9,7: Fatty acid composition of the soft fraction produced
by fractionating 1 kg of tallow (S, = L:1), two
North American oveef tallow fractioﬁs (fractions 4 &
5 from figure 2.9), a commercial soyabean salad oil,
zero-erucic acid rapeseed oil and a commercial
shortening for heavy-duty frying (Sheppard, Iverson
and Veihrauch, 1978).

Fatty Acid Composition (mole % in fat)

Fatty acid 14:0 16:0 16:1 18:0 18:1 18:2 18:3 Others
Fat
1 kg scale soft
fraction 7.8 19,8 5.4 12,9 45,7 2.0 Tr. 6ol
Beef tallow
fraction 4 hwi® 2450 Bro im0 5256 2 2 4.0
Beef tallow
fraction 5 Rt 2R 2.0 Baf S8R0 ? ? Ole ®
Soyabean salad oil - 8.9 - 568 9.6 20.L 0.9 L4
Zero-—c-rucic acid
rapeseed oil = L8 0r5 e SDed 22 1@ Hue

Commercial shortening
for heavy-duty frying 2.9 22.2 4«3 20.8 35.9 5,7 1.0 7.2

The combined yield of the two North American ueef tallow
fractions vresented in table 9.7 was 65 wt % of the talliow, The
concentration of 18:1 in a blend of these two fractions would be
57e5%, compared to 45.,7% in the soft fracticn produced in this
project by fractionating 1 kg of tallow with Sy = L:1, The
ratio of these two concentrations was very similar to the ratio
of 18:1 concentrations in the two starting materials - u44% in
the North American beef tallow (Luddy et al, 1977), and
3661% in the New Zealand mutton tallow, Thus the fractionation
of Luddy et al (1975, 1976, 1977, 1978}, on a different tallow,
has procduced two soft fractions with a combined yield very
similar to that of the soft fraction produced in this work,
but with a higher proportion of 13:1 which is directly
proporticnal to the higher gquantity of 18:1 in the startirng
material, In both cases, sclvent fractionation from acetone was
used, but the fractionation schemes were quite different,

All of the soft fractions analysed in this chapter had very
similar triglyceride and fatty acid comrositions,
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9,8 SUMMARY OF COMPOSITION OF THE FRACTIONS

(1) The hard fractions produced by solvent fractionation
contained a greater proportion of trissturated and trans mono-
unsaturated triglyceride groups than the original tallow, and
a smaller proportion of the two most unsaturated triglyceride
groups. The soft fractions contained a smaller proportion of
the trisaturated and trans monounsaturated triglyceride groups
than the original tallow, and a greater proportion ot the two most
unsaturated triglyceride groups,

(2) The hard fractions contained more 16:0 and 18:0 than
the original tallow, and less 16:1 and 13:1. The soft fractions
contained more unsaturated fatty acids than the original tallow,
end less 16:0 and 13:0, The intermediate fracticns had less
14:0 and 16:1 than the original tallow, and more 18:0,

(5) The nature of the triglycericdes entering the different
fractions during crystallisation was depsndent upon the chain
lengih of the constituent fatty acids as well as their degree
of unsaturation,

(4) The cis monounsaturated triglyceridez present in the
original tallow were concentrated in the intermedizte fractiorn in
each of the three fracticnation nrccedures. The 20 g and 1 kg
fractionations also selectively concentrated the cis
monounsaturated triglycerides vith oleate in the 2-position into
the intermediate fractions,

(5) The highest proportion of 2-0leo disaturated
triglycerides (51.09%) was obtained in the intermediate fraction
from 20 g tallow and this had a DSC profile with the closest
similarity to that of cocoa butter, The other intermediate
fractions had lower proporiions of 2-o0leo disaturated
triglycerides, and their DSC profiles showed less similarity to
that of cocoa butter,
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(6) The DSC profile and fatty acid composition of the 200 g
scale hard fracticn and the 1 kg scale hard fracticn produced with
Sy = L:1 were very zimilar to that of a fraction produced
from North American beef tallow (Luddy et al, 1977) which was
successiully used to harden shortenings and margarine stock,
and these tallow hard fractions may be suitable for similar
applications,

(7) The soft fraction produced in the fractionation of 1 kg
of tallow with S1 = 4:1 did not reach salad oil specifications
(AOCS cold test). However the fatty acid composition of this
fraction was very similar to the fatty acid composition of a
heavy duty frying oil, and the tallow soft fraction may be
suitable for this purpose.

9.9 FURTHER TESTING Or THE FRBACTIONS

The fractionaticn performed upon i kg of tallow with S, = 4:1
vas repeated 15 times to produce sufficient of each of the thres
fractions for further testing,.

The fractions were deodorised prior to testing in an
attempt to remove traces of acetone and other flavour and odour
compounds. The deodorisation method was to distil thne fracticn
in a current of steam (50/% by wt of fat) under vacuum
(29 + 0,5 inkEg vacuum) with the fat held at 220°C over a
period of 5 hours (Shearon, Seestrom and Hughes, 1950; Andersen
and Williams, 1962; Cocks and van Rede, 1966; Weiss, 1970;
Gavin, 1977; Young, 1978).

The soft fraction was tested as a frying medium, in
mayonnaisé and as a base stock in a baking fat. The hard fraction
was tested, in blends with various base stocks, as a baking fat.
It was also tested, without other fats added, as a pastry fat. The
melting prorerties of the intermediate fraction were compared,
using N.,M.R., with the melting properties cf cocoa butter, a
cocoa butter substitute and a cocoa butter/intermediate tallow
fraction blend,

The tests on the hard and soft fractions were carried out

by the Food Technology Research Centre, Massey University



(Food Technology Research Centre, 1981), and the NMR tests
by Cadbury Schweppes Hudson Limited, Dunedin, New Zealand.,

9.,9.,1 Evaluaticn of the Soft Tallow Fraction as a Frying Medium

The suitability of the soft fraction for deep frying was
evaluated using a method similar to that of Defouw, Zabik and
Gray, 1981,

One kg of the soft tallow fraction, rapeseed oil (Sunfield
Vegetable 0il, Fletcher Industries Ltd) and Chefade, a commercial
frying shortering ( Abels (N,Z.) Ltd) were each used to fry 500 g
of raw sulphited potato chips. The cooking time was 7-10
minutes, and the cooking temperature 125—1300C. The frying was
repeated on 24 batches of chips, and the chips from every fourtn
fry were presented to a trained taste panel,

The soft tallow fraction was found to be an acceptavie fryin

Cy

medium fcr up to 24 fries, but the fat did have strong odour

and flavour characteristics, It was thus recommended that tne
fraction ve subjected tc further deodorisation treatment, The
fraction showed acceptable but not outstanding stability during
frying. However the fraction had no anti-oxidants added during cr
after decdorisation.

9.9.2 Evaluation of the Soft Tallcw Fraction for Mavonnail

—~
=

m

Manufacture

Samples ¢of mayonnaise were prepared from both the sof
tallow fraction and rapeseed cil, These were compared by a panei.

The soft tallow fraction mayonnaise vias deemed to bte
.acceptable in terms of both pourability and texture, and was
judged better in these two characteristics than the mayonnaise
made from rapeseed oil, However the colour, odour and flavour
of the fraction were considered to be unacceptable in mayonnaise.
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9,9.3 Evaluation of Tallow Fractions for Use in Baking

Baking tests were performed using =z blend of 25% tallow
hard fraction/75% tallow scft fraction and a blend of 20%
tallow hard fraction/80% butter., These ratios were calculated
from the prroportion of trisaturated and trans monounsaturated
triglyceriaes measurea in the fats., The two fat blends were
used to make both cakes and biscuits, and were compared by a
taste panel to similar cakes and biscuits made using butter.
The fat biends were prepared by finely fiaking the hard fraction
and blending it through the base fat. Heating was not used for
blending because of the marked aiteration in the prcperties of
butter on melting,

The biscuits and cakes made with the hard tallow fraction/soft
tallow fraction blend were of very poor guality ccompazred to when
butter alone was used. The hard tallow fraction/butter blend
produced biscuits of much better quality than when the all tallow
fat blend was used, and the biscuits made with this tlend were
judged acceptable by the taste panel. However the czke made
with the hard tallow fraction/butter tlend was mucn censer and
heavier than that made with butter alone,

The results of the hard tallow fraction/butter blend,
especially in biscuit manufacture, suggest that the hard tallow
fraction has some potential as a component in baking rats. These
results are especially encouraging when it is considered that
the hard tallow fraction was simply grated and mixed through
the fat in its soiid state., An improvecd blending process, and
the addition of emulsifiers, mey give a better product for
baking (Food Technology Research Centre, 1981),

Similarly, while the soft fraction was not suitable in
baking fat at a 75% concentration, it may be useful at lower
concentrations and/or when blended with fats other than the
tallow hard fraction,
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9,9.4 FEvaluation of the Hard Tallow Fraction as a Pastry Fat

The hard tallow fraction was used to make pastry, and
this was compared by a taste panel to pastry produced using a
commercial pastry margarine (Abels (N,Z,) Ltd),

The tallow nard fraction proved very difficult to use., It
was too nard to be blended directly with the rlour during pastiry
manufacture, and it had to be grated and then sieved to produce
fines which were mixed with the flour. The tallow hard fraction
pastry gave an unacceptable result on baking, with very little
rising occurring, and the baked products had very poor eating
qualities., They produced a waxy coating on the inside of the
mouth due to the high melting range of the tallow hard fraction,

Thus the melting range of the tallow hard fraction is too
high for the fraction to be useful in pastry. The hardness of the
fat creates proviems in both the food preparation and eating
stages,

9.9.5 Nuclear Magnetic Resonance (IME) of the Intermediate Fractinn

The melting properties of the intermediate fraction were
compared, using NMR, with cocoa butter, a cocoa butter substitute
(Nucoa) and a blend of 90% cocoa butter/10% tallcw intermediate
fraction, These tests were performed by Cadbury Schweppes Hudson
Limited, Dunedin, New Zealand, and the exact methods are not
known,

The cocoa butter/tallow intermediate fraction blend gave NMR
results, under the conditions of the tests, identical to the
results of the cocoa btutter sample., The intermediate tallow
fraction alone gave slightly different results, but gave results
nuch closer to those of cocoa butter than did Nucoa.

Nucoa is a cocoa butter substitute produced by solvent
fractionation and hydrogenation of palm kernel oil (Wolf, 1975)
and is used in N,Z,., as a cocoa butter substitute in non-chocclate
coverings (Brown, 1981).
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9,10 DISCUSSTION AND CONCLUSIONS ON USES FOR THE FRACTIONS

The tests on the three fractions in this chapter have shcown
that they each have potential for some specific application,
However further testing of each ot the fractions is required
before their absolute effectiveness in any situation can be
determined,

The hard fraction showed promising results

when blended with butter for baking applications,

but the baking performance of this blend was ctill inferior to
that when butter was used alone., The method used to blend the
two fats, however, may have impaired the performance of the

fat blend, Modifications in the blending procedure, and trials
with the additicn of emulsififers, may result in improvements
in the performance of the hard fraction in this appiication.

The hard fraction was also tested as a pastry fat, dut its
high melting range made it totally unsuitable for thi
There seems to he little point in further testing of
unmodified hard fraction for this purpose., 1Hovever
the tallow hard fraction and otner softer fatis may produce a
more useful pastry fat.

The soft fraction proved very successful as a deep frying
medium., It has excellent stability when it is considered that
no anti-oxidants were added o the fat., The suitability of this
fraction for deep frying was predicted in cection G.,7.3 from
consideration of its fatty acid composition, However the flavour
and odour of the fraction were quite strong, despite the
deodorisation proceaure, and this detracted from its overall
performance, The soft tallow fraction was also successful in
mayonnaise. This is an sncouraging result because it is
convenient, particulariy to the household consumer, if one fat
can be used for both frying and mayonnaise manufacture. However
in these trials the mayonnaise was not refrigerated, If the oil
in mayonnaise crystallises, then the mayonnaise emulsion breaks,
Thus the commercial mayonnaise manufacturer normally chooses zan
0il which meets AOCS salad o0il specifications (Weiss, 1970) so
that it does not crystallise in the refrigerator. However an cil
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with a higher melting range may be satisfactory in mayonnaise
that does not need to be kept for a long period.,

Testing of the mayonnaise made with the tallow soft
fraction was largely thwarted by the strong odour and flavour
of the fat., This precluded mouth testing of the mayonnaicse, and
the samples were judged on appearance {texture and colour) and
pourability only, Thus it is probably desirable to carry out
taste testing of the mayonnaise, as well as trials on the
effect of refrigeration, once the method of deodorising the
fraction has been improved. The colour of the soft fraction
was also considered by the testers to be unsuitable for
mayonnalse, so bleaching may also be required,

The odour and flavour problems with ihe soft fraction may have
been due to inadequate processing conditiong, air leaks in the
deodorisation equipment or poor storage conditions after
deodorisétion. Zven very minute air leeks in decdoricsation eguiz-
ment can cause serious flavcur problems (Viilliems, 1950;, so
this cannot be overlocied as a possitle cause of flavour
deterioration, However wnen the soft {raction was used for
frying, the odour and {lavour of the fat improved considerably
after the fourth fry. As the frying conditicns wers far less
severe than those used for deodorisatiocn, this suggests that at
least some of the flavour and cdour compounds formed after
deodorisation., The flavour and cdour of the soft fraction
deteriorated again after the 20th fry, as they alsc did in the cther
two frying fats tested. It may be possiblie to imprcve the
stability of the soft fraction by adding anti-oxidants to the
fat either during or after deodorisation (Weiss, 1970).

The soft fraction gave very poor performance as a baking
fat when blended with the tallow hard fraction (25% hard
fraction/?5% soft fraction). However altering the ratio of
the two fats may improve the properties of the blend for baking
purposes,

The chemical composition and DSC profile of the intermediate

fraction produced from i kg of tallow with Sy = 4:1 suggest

that this fraction is probably only suitable as a cocoa butier
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substitute rather than as a cocoa butter extender or equivalent.
Hovever the NMR results indicate that cocoa butter can
accommodate at least 10% of the tallow fraction ir admixture
without affecting its melting behaviour. No other cocoa
butter/tallow intermediate fraction blends were examined, so
the degrec of compatability between the two fats at higher
concentrations is unknown, It is necessary to determine this
before the potential of the fraction can be assessed, In order
to fuily determine the comptability, bocth the solid/liquid

phase behaviour and the phase behaviour below the solidus line
must be examined (Paulicka, 1973). Legal and market requirement
largely affect the possible uses of this fraction irrespective
of its physical properties., It is illegal to use such a fat in
chocolate in New Zealand (N.Z, Dept,of Health, 1973), so the
product is limited to use in chocclate-type vroducts., The market
demand for such a fat in New Zealancd must be carefully aszessed,
probably in conjunction with further pnysical testing of the
fraction,

Thus while each of the three fractions produced in this werk
does shovw promise in certain applicaticns, further worx is
necessary before the full potential of any of the fractions can
be determined,

A fraction containing a higher proportion of 2-oleo
disaturated triglycerides than the intermediate fractions
produced in this work and/or with a greater yield may be able
to be produced if a fractionation scheme involving a greater
number of crystallisations was employed, Hcwever any increase
in the conmplexity of the process would increase the processing
costs, and this must be balanced against any increase in the
value of the products, i

All of the work in this thezis has been with inedible
mutton tallow, An edible mutton tallow source is necessary
before any commercial application of this work can be considered,
Consideration of some aspectis of this, as well as some discussion
on the effects which variation in tallow composition may have
upon the fractions, 1s presented in Appendix 8,
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CHAPTER 10

GENERAL CONCLUSIONS AND CONSIDERATIONS
FOR #UTURE WORK

The inedible New Zealand mutton tallow analysed contained
four main fatty acids (myristic, palmitic, stearic and oleic);
trisaturated, disaturated and mo:e unsaturated triglycerices,
and a significant proportion of 2-oleo disaturated triglycerides.
The variation in composition over each season, and in some
cases between seasons, was significant, with the most dramatic
variation being the decrease in the proportion of 2-o0leo
disaturated triglycerides from November to June in each season.
This variation in composition may cause raw material problems for
industrial fractionation as the yields and/or the composition
of the fractions, and the process conditions required to
produce consistent fractions, are likely to be affected by any
large variations in tallow composition, This is particularly
important if one of the objectives is to produce a cocoa butter
replacer. The variation in composition of tallows from different
meat killing plants was not studied. Differences between plants
may lead to even greater overall variation in the compossition of
tallow available throughout New Zealand. Only inedible mutton
tallow was studied in this work, but edible grade tallcw must be
used for any commercial application and this could introduce
further variations.

Acetone fractionation was used to separate the tallows into
three fractions with widely different properties: a hard, a
soft and an intermediate fraction. However it was not found
possible to ccncentrate all of any specific triglyceride type
from the tallow into any one fraction.

The 20 g intermediate fraction contained a hign
proportion (51.0%) of 2-oleo disaturated triglycerides, which
are of primary importance in cocoa butter, but the yield of this
fraction was very low (2.5 wt % ot the tallow) and only a small
proportion (8.3%) of the 2-oleo disaturated triglycerides in the
original tallow ended up in this fraction., Most of the 2-0leo
disaturated triglycerides in the tallow still remained in the

hard and soft fractions in low concentrations where their melting
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properties were not utilised in the unique way they are in cocoa
butter or some cocoa butter replacer fats. Any large increase
in the yield of the intermediate fraction was only achieved

with a corresponding decrease in the proportion of 2-o0leo
disaturated triglycerides in the fraction and with a decrease in
the similarity of the melting properties of the fraction to
those of cocoa butter.

The purely empirical approachyusing different experimental
designs in sequence to study how the various process variables
affected the properties and yields of the fractions, was
successful in that an intermediate fraction with melting propserties
very similar to those of cocoa butter was obtained. Thus the
model developed to compare the melting properties of the
intermediate fractions with those of cocoa butter adegquately
represented the fractionation scheme, and the cocoa butter like-
ness factor (CBLF), which was based on the differential scanning
calorimeter profiles of cocoa butter and the tallcw intermediate
fractions, was shown to be a satisfactory dependent variavle in
this model,

The fractionation scheme was especially sensitive to changes
in the temperature and solvent to fat ratio at the first
crystallisation,

It was not found possible to predict scale-up criteria
which will ensure that the fractions can be reproduced on a
larger scale, Variations were found on scale-up from 20 g to 1 kg

which could not be explained, and there may be other unknown
factors in further scale-up.

It appears that three commercial fats can be produced from
tallow using this fractionation method., Of the fractionation
products, the composition and melting properties of the 1 kg
scale hard fraction were very similar to a fat used as a
plasticiser in shortenings and margarines. A blend of the tallcw
hard fraction with butter (20% tallow hard fraction/80% butter)
was adequate as a shortening in biscuits, but less successful in
cakes, The melting range of the hard fraction was too high for

use as a pastry shortening. Further study on the compatability
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of cocoa buiter and the iniermediate tallow fraction is required
before the potential of this fraction as an alternative to cocoa
butter in chocolate-type products can be assessed. The soft
tallow fraction'performed very well as a deep-frying medium, and
mayonnaise made with it had near-ideal pourability and texture.
It was unsuitable as a base-stock in baking shortening.

There are a number of topics which require further study
before commercial application of this work can be considered,
These include:

(1) nmore intensive study of each of the fractions in
specific applications.

(2) market demand for these products,
(3) a cost estimate of the process,

(4) the effect upon the process of variabiliity in tallow
5

compcsition,
(5) the problems of further scale-up.

(6) . improved refining and storage procedures for the
fractions.
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Appendix 1: Polymorphism of Triglycerides

In monoacid saturated triglycerides, three main
polymorphic states occur. These areoX, /#' and £ in increasing
order of melting point,

The cross-sectional structure of each of these
different types of packing is shown in Figure Al.1, where
each of the ellipses represents the orientation of the zig-zag
plane of the hydrocarbon chains in a triglyceride,

In the § state the zig-zag planes of the hydrocarbon
chains in different molecules are parallel. The subcell
structure of this, where the subcell is the smallest
repetition unit within the chaia structure, is triclinic
parallel (T ). In the #' state the zig--zag planes of the
hydrocarbcn chains in alternate rows of triglycerides are
oppositely orientated. The subcell structure of this is
ortharhomoic perpendicular (O 1) as every chain plane is
approximately perpendicular to its four nearest neighbours
(Norris, 1977).

In the £ state, the hydrocarbon chain planes are randomly
orientated. The chain packing is hexagonal (H) (Lutton, 1572).

Trilaurin molecules in the ﬁ form have a "tuning fork"
conformation, with chains 1 and 2 being extended in a straight
line, and chain 3 being packed close to chain 1. The molecules
are arranged in double chain layers with the glycerol residues
at the centre and the methyl groups at the layer boundaries.,
See Figure Al1,2 (Larsson, 1963), It is probable that the
"tuning fork" configuration also occurs in the ofandlﬂ' forms
of simple triglycerides. Cooling the &« form to a sufficiently
low temperature results in the formation of an O 1 subcell
known as the sub-<X form, At least one other polymorphic form
for simple triglycerides has also been proposed (Norris, 1977).

Unsaturated triglycerides show similar polymorphism
to saturated triglycerides except that the double bond causes
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Figure A1-1: Cross-sectional structure of differant polymorphic
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Figure A1-2: Double chain length “tuning fork” structure of
trilaurin.
(Larsson, 1563)



chain distcrtion which decreases the chain packing density
and melting point., Trans double bonds can be more easily
accommodated in the zig-zag structure than ¢is double bonds.
The only major difference between a fully saturated
triglyceride and a trans unsaturated triglyceride is that
the ﬂ' form frequently does not occur in the trans
triglyceride.

The greater degree of chain disruption caused by
cls double bonds causes additional polymorphic complexity.
Triple chain length structures (denoted by the suffix '"-3"
following the chain packing designation - Luttcn, 1950) occur
in 2-0leo disaturated triglycerides., The trivle chain length
structure for the,g-B form of SOS is shown in Figure Al,.,3
(Larsson, 1372).

SO0S is isomorphous with the stable forms of POS, POP and
cocoa butter (Willie and Lutton, 1966).

The distinguishing feature of this structure is that the
chains are sorted into two equivalent saturated layers with
the unsaturated layer between.

Disaturated triglycerides with oleic acid at the i- or 3-
positions also show triple chain length structures, tut their
stable form is 8' rather thanﬂ . These molecules do not have
the tuning fork conformation. The saturated chains pack
alongside each other leaving the oleic acid chain in the 1 or
3- position extended in the opposite direction. This is the
"chair" conformation.

Although the mono-oleo disaturated triglycerides
predominantly form triple chain length structures, double chain
length structures may also occur (donated by the suffix "-2'")
with the)g' subcell,

In triglycerides containing two oleic acid mclecules, chain
sorting occurs to produce a layer of saturated -chains between
two equivalent layers of unsaturated chains. If both of the
oleic acid molecules are at the terminal positions,o(,*g’-a
and stable -3 forms occur, If one of the oleic acid
molecules is at the 2-position, only &« and stahheﬂ'-}-forms
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of SOS.
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occur (Norris, 1977).

Di-acid saturated triglycerides normally show polymorphism
similar to the simple saturated triglycerides, but this may
vary quite considerably depending upon the relative chain
lengths of the acids concerned and upon the symmetrical or
unsymmetrical nature of the triglyceride molecule (Chagman,

1962) .

Polymorphism in substances may be either monotropic or
enantiotropic. 1In the latter, inter-conversion between the
different forms is possible at certain temperatures. For
monotropic substances, the same sequence of stability in
the different forms is maintained throughout the range of
temperatures in which they are solid, and transformaticn can
only occur to produce stable from unstable forms. Triglycerides
are virtually always monotropic. (Bailey, 1950; Maron and
Prutton, 1969).



Appendix 2: Solvents which have been used for
Solvent Fractionaticn of FFat Substances

Acetates: Farr, 1954; Rubin, Teasdale and Mertens, 1959;
Akiya, 1970.

Acetone: Kistler, Muckerheide and Myers, 1946; Riemenschneider
and Luddy, 1946; Riemenschneider, Luddy, Swain and Ault,
1946; Demmerle, 1947; Towne, 1949; Skau, Dopp, Burleigh
and Banowetz, 1950; Boucher and Skau, 1952; Morris,

Gordon, Brenner, Meyers, Riemenschneider and Ault, 1952;
Texaco Development Co., 1952; Cording, Willard, Edwards and
Eskew, 1953; Pramuk, ¥hiting and McLaren, 1953; Farr,

1954; Luddy, Fertsch and Riemenschneider, 1954;
Riemenschneider, 1954; Ayres, 1957; McGuine, 1960; Best,
Soeters, Davies and Paul, 1961; Spadaro, Lovegren, Fsuge

and Patton, 1961; Sinnema, 1962; Aarhus Oliefabrik, 1964;
Loders and Nucoline, 1964; Chen and de Man, 1666; Akiya,
1970; Beresford and Rossell, 1971; Unilever, 1971; Kawada,
Suzuki and Matsui, 1972; Luddy, Hampson, Herb and Rothbart,
1973, 1976, 1978; Viarengo and Pasculli, 1973; GSherbon and
Dolby, 1973; Taylor, 1973; Martinenghi, 1974; Zondek, 157L;
Baliga and Shitole, 1981,

Ethencl: Demmerle, 1947; Subrahmanyam and Achaya, 1958;
Krishnamurthy, Ramalingaswamy, Banerjee and Achaya, 1965.

Hexane: Pramuk, Whiting and McLaren, 1953; Ayres, 1957;
Bernardini, 1968; Akiya, 1970; Errboe, Braemer-Madsen and
Anderson, 1971; Lovegren, CGray and Feuge, 1973%; Martinenghi,
1974; _Fuji 0il Co., 1975 & 1976; Bernardini and
Bernardini, 1976.

Isopropanol: Ayres, 1957; Koslowsky, 1972, 1973, 1975;
Kowlowsky and Letan, 1975,

Ketones - other low mclecular weight ketones: Texaco
Development Co., 1952; Cording, #illard, Edwards and Eskew,
1953; Ayres, 1957; Farr, 1954; Rubin, Teasdale and
Mertens, 1959,



Methanol: Kistler, Muckerheide and Myers, 1946; Demmerle,
1947; Feldpush, 1950; Zondek, 1973 s | F97 s

Methyl formate: Blaney, 1972.

Mixtures - certain solvent mixtures have also been used:
Boucher and Skau, 1951, 1952; Texaco Develcpment Co.,, 1952;
Pramuk, Whiting and McLaren, 1953; Ayres, 1957; Akiya, 1970;
Kassabian, 1971,

Naptha: Bailey, Feuge and Kraemer, 1943.

Nitropropane (1- and 2-): 2ilch, 19€7; Kawada and Matsui,
1968; Kao Soap Co., 1971,

Petroleum ether: James, 1943; Hilditch and Williams, 1964;
Kundu, 1970; Litchfield, 1972,

Propane: Rayshich, 1953,
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Appendix 3: Results of the Triglyceride and Fatty

(1)
(2)

(3)

(4)

(5)

(6)

Acid Analyses c¢f Selected XNew Zealand
Mutton Tallows

For each tallow, the following analyses are presented:

Total fatty acid composition.

The proportion of each of the five triglyceride groups
separated by argentation TLC,

The fatty acid composition of each of these
triglyceride groups.

The fatty acid composition of the total tallow as
calculated from the proportion and composition of
each of the triglyceride groups.

The fatty acid composition at position 2 of the
cis monounsaturated triglycerides,

The fatty acid composition at the 2-positicn c¢f eacn

of the triglycericde groups and of the whole tallow are
given for the May 1977 tallow sampie obtained fronm

Ocean Beach, as well as the ratty acid compositiion at

the 2-position of the whole tallow as calculated from the
proportion, and fatty acid composition at the 2-position,
of each of the triglyceride groups.



Table A3,1

Tallow: Smithfield Mutton Tallow, 1%R, November 1976

Triglyceride Group

Fatty Acid (mole % of tallow)

1 2 2 L 5 Dot sianed . Qa}culaped from
% of tallow 5.8 7.9 —35.0 0.4 33,9 niglycemidel Sroups
Fatty Acid Mole % Mole % Mole % hotf % ST F-l:i® Mole % Mole %

14:0 14.8 8.3 6ol 7.0 L6 2.6 549 6.3
iso 15:0 + 1421 3.1 0.7 0.5 = - 0.9 0.7 1,0

15:0 2.6 1o 1.2 0.7 0.7 0.7 0.9 1.2
iso - 16:0 0.l 0.2 0.2 0.2 = 0.5% 0.2 0.2

16:0 39.7 28.6 26.0 15.2 17.5 15.3 22.2 23,9

16:1 363 3.6 L,2 3.3 5.9 ko9 BiiO

17:0 1.0 245

1721 1.0 0.9 1.7 2.1 1.0 1.2

18:0 39.4 26.1  25.7 8.5 1641 10,7 20.2 21.8

18:1 olad BOnt 63.5 56.2 57.1 4O.6 990611

18:2 L4 0.9 1.5

*g91



Table A3.2
Tallow: Smithfield Mutton Tallow, 1}R, November 1976

Triglyceride Group Fatty Acid (mole % of tallow)
‘ z : 5 b 2 e Calculated from
% of total tallow 17.0 5.8 S0 10.2 33,5 petermined triglyceride groups
Fatty Acid Mole % Mole % Mole % how8 # gfpgéﬁiign Mole % Mole %
14:0 |28 7% 7.8 5.8 7.0 o2 Hoi 4,8 6ol
iso - 15:0 + 14:1 1.4 0.8 0.4 1.2 0.8 0.7 0.7
15:0 2ol 1 bt 1.2 1.0 0.7 0.8 0.9 1.2
is0 =~ 16:0 0.3 02 0.2 0.3 Gy 0.2 0.2
16:0 41,0 26.6 2643 14,0 17.6 1646 20.8 2ha7
16:1 - 2.2 L.6 ol Lo5 5.9 Gl Lo
17:0 _ To4 3ok
17:1 0.8 1.6 1.0 1s2 Tolt 0.8
18:0 L2,5 26.6 25.4 8.2 155 9.9 . 21050 22.2
6N - 4.4 35.3 61.2 5645 55.9 38.8 38.3
e 5.5 1.9 1.8

‘691



‘Table A3.3
Tallow: Smithfield Mutton Tallow, 13R, December 1976

Triglyceride Group Fatty Acid (mole % of tallow)
1 2 5 % % Determined Calculated from
% of total tallow 14.0 12,1 284 11,9  33.6 o triglyceride groups
Fatty Acid Mole % Mole % Mole % Mole % of F.,A.'s Mole % Mole %
at the 2-position
14:0 20.7 /&% 8.4 7ol 65 3.0 7.6 8.0
iso - 15:0 + 14:1 3.3 0.7 O.4 0.7 C.4 0.3 0.8 0.8
15:0 2e3 14 0.2 0.3 0.7 1¢3 l.2 1e1
iso - 16:0 0.6 0.5 0.2 0.4 0.3 - 0.2 0.2
16:0 38.8 21.5 29.9 15.0 15.8 4.3 22.8 23.2
16:1 - 4.6 3.1 5.2 6.0 5.4 54 ) 4.0
17:0 - - - 1.0 - - 1.6 -
™ - - 1o 1.0 Tl 1.8 0.9 1.2
18:0 34,3 32.3 23.1 . 8.4 12.5 9.8 18,5 20,1
8% - 31.3 33.2 60.9 56.9 57.6 39.0 )0 55)
18:2 - - - - - 6.5 Ce) 2.2




Table A3 tﬁ
Tallow: Smithfield Mutton Tallow (13}R, January 1977)

Triglyceride. Group Fatty Acid (mole % of tallow)
, e : —— peternined  Jalculated fron
% of total tallow 13,3 Talt 27.2 151, % 36.7
Fatty Acid Mole % Mole % Mole % Mole % of F.A.'s Mole % Mole %
at the 2-position

i4:0 9.0 5.7 L2 5.3 2ol 2ol 3el4 509
iso - 15:0 + 14:1 1.9 0.7 0.5 2.7 0.6 0.5 0.7

15:0 2.9 1.0 1.1 0.3 0.5 0.7 0.8 1a1
iso - 16:0 0.2 Ooly 0.1 0.1 0.3 Oel 0.2

16:0 38.8 27.0 Blal 13.3 16.5 Thel 20.5 22.4

16:1 asal] 1.8 Dyard 2el} 3.8 ion) 2ely

17:0 0.8 2l

17:1 0.6 0.9 0.6 2e3 0.9 1.0

18:0 2 52k 29.1 10.9 4.9 i, 7 24.0 23,2

18:1 314 35.4 60.4 259.1 56.3 LO.6 Li,7

1832 5e 748 4,0 3.4

*Lal



Table A3.5

TalloW:

Smithfield Mutton Tallow ({gR, March, 1977)

Triglyceride Group

Fatty Acid (mole % of tallow)

1

=

)

L

5

% of tallow

1649

71

22,8

10.5

Le,?

Determined

Calculated from
triglyceride groups

o Mole % of F,A.'s

Mole % Mole %

Fatty Acid Mole % Mole % Mole % 2t the 2sposstion
14:0 8.0 Bl 4.8 Le5 2% 1.8 a7 524
iso - 15:0 + 14:1 1,3 1.1 0.6 0.7 0.5 1.0 0.7 0.9
15:0 2e7 1.6 1ol 0.6 1.2 I 1e2 1.5
iso = 16:0 0.6 0.8 0.5 0.3 0.8 0.4 0.6 0.5
16:0 55,9 24,8 26.3 1534 16.9 W7 20.6 214
16:1 BrelC 5.0 3.5 L4 52 L5 3¢5
17:0 Tol Clapl
1741 1.3 T4 0.5 0.7 28 0.7 To4
18:0 515 342 29.2 2l 7 16.5 Il 5187 261 25.4
18:1 28,9  33.5 49,1 52N 50.9 570> 36.8
18:2 o2 9.9 3¢5 Lo7

e A



Table A}c 6
Tallow: Ocean Beach Mutton Tallow (May, 1977)

Triglyceride Group Fatty Acid (mole % of tallow) |
‘ = > 4 2 Whole . e
% 2§lfgﬁal 14.9 6.7 26.5 4.6 37,3 Tallow trlgigggglde
Fatty Acid Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole % Mole %
at 2- at 2- at 2- at 2- at 2- at 2- at 2-
posit- posit- posit- posit- posit- posit- posit-
ion ion ion ion ion ion ion
14:0 7.6 20.0 346 7.8 Lok 5.0 lesd 2¢5 1¢5 340 5.0 34 5.2
82 - }2? 7.g 2E o@ W8 &, o 0.2 oWl @ 2.1 AR N6
15:0 ot 29 e 1.3 0.9 0.5 1.0 Oult 0.8 1.3 1.0 0.8
iso - 16:0 Okt 0.9 Ol 0«5 Oely Ol Oe 1’ 0.3 0.2 Qpid
16:0 39..1 30.9 231,16 2043 25.7 1361 1644 7.9 14,0 6+ 20. 4 12,6 21.8 12,9
1611 5.2 8.0 1.8 4.0 3.3 4,0 6.0 5.2 Lal  Luh 3.5 Lo
17:0 5.6 3.7 Tel Wl o7 2ol 2e2 e
17:1 1¢2 0.7 0.5 2e2 2.0 1¢5 165 1.3 Oelt 0.8 0.9 163
18:0 4846 37,3 29.6 17,5 52.6 12e" 17.1 9.0 154 6ol 26.3 1446 25.4 13,7
18:1 4.7 LOW 4 321 59.4 56.8 69.4 53.6 63.1 3941 52.0 - 39.1 52.1
182

2.0 3.0 Imd  15K9 342 2.3 3.8 6ol

YA



Table A3.7
Tallow: Smithfield Mutton Tallow (1%R, November 1977)

Triglyceride -Group Fatty Acid (mole % of tallow)

1
1 - ’ + ’ Determinedq , Ccalculated from
% of tallow 4.6 11,1 29.9 13,7 31,3 triglyceride groups

Mole 9% of I ,A.'s

Fatty Acid Mole 7% Mole % Mole % 1™ ¢y 2-position Mole % Mole %
14:0 13.4 9.0 Bl 9.7 b9 3l 8oLt 7.0
iso = 15:0 + 1421 2.0 1ok 0.3 0¢5 O.4 0.6 1.0 0.8
15:0 1.7 0.5 1.6 15 0.6 0.9 1.2 1ol
isc - 16:0 045 0.6 Ol 0.5 O.1 Ol Ooh Oolt
16:0 43.8 28,9 25.2 18.8 7.4 17.8 23.8 25.0
161 Loy 3.8 b5 Lol 5.3 349 349
17:0 ' 0.8 Tolt
17:1 0.8 0.9 .9 Tel 1.9 0.8 Te1
18:0 3846 2640 28.1 1.4 15.1 1440 20.0 . 233
8%l 28.4 31.6 1.4 Slhed 5347 36.1 36.5
liewi2 las? 2.5 3.0 0.9

*hll



Table AB s 8
Tallow: Smithfield Mutton Tallow (13R January 1978)

Triglyceride Group Fatty Acid (mole % of tallow)

1 2 2 L 2 Calculated from

% of tallow 159 8.5 32.3 2.7 30,6 o ned eriglyceride groups
Fatty Acid Mole % Mole % Mole % gilih% gfpgégéiin Mole % Mole %
14:0 11.6 Le5 6.0 71 Blerd 2ol 5.3 543
iso - 15:0 + 14:1 1.9 1.3 Ol 0.3 0.1 0.4 0.5 0.7
15:0 1.7 0.6 1.0 1.2 0.2 0.7 12 0.9
iso - 16:0 0.3 0.9 Ol 0.9 0.1 0.1 0.3 0.3
16:0 41.3 24,9  28.4 19.5 20.7 18.5 2643 2641
16:1 %t N 5.9 6.8 L,7 Skt Lo
210 0.6 e 2
17:1 4.5 0.8 0.9 5.6 1.2 1.7 N7
18:0 h3.2 22.9 27 k4 15.0 17.0 1185 -~ 2541 V- 1%
8K 3502 Bl 5046 LS5  55.2 Shely 35.7
18:2 Ta? 500 1.6 1.9

*Gll



Table Aj &E
Tallow: Smithfield Mutton Tallow (1¥R, February 1978)

Triglyceride Group Fatty Acid (mole % of tallow)

1 2 3 &4 2

Determined Calculated from
triglyceride groups

% of tallow 17,2 1042 56,6 11,7 343
Fatty Acid Mole % Mole % Mole % Lo1¢ % Oafpgsﬁtign Mole % Mole %

14:0 13,4 5.0 5.5 5.0 1.8 2.5 5.6 5.3

ise = 15:0 + 1421 3.5 O.h4 0.3 O3 0.2 0.1 0.8 0.8 -
15:0 1.7 0.7 0.9 B 0.7 0.4 1.2 0.8

iso - 16:0 0.6 1.3 0.8 0.5 0.6 0.6 0.5 0.7
16:0 L8.4  30.1 2641 20.1 25.7 18,7 26.0 27.8
16:1 Blenl 3.5 2oly 5.7 Sel4 2.6 2.9
17:0 0.8 0.2
12a1 14t 1.6 | 155) 0.6 1.9 0.7 1.3
18:0 32.4 29.8 28.5 15.9 21,1 15.6 22,5 22,0
18:1 27.6 32.8 50.6 45,6 S0k > 37.8 56 2
18:2 6.5 2.1 2.2

*94L



Table A3%,10
Tallow: Smithfield Mutton Tallow (1R, March 1978)

Triglyceridé Group Fatty Acid (mole % of tallow)
— R < L Dotermined , falculated fron
% of tallow 19,0 11,6 29.8 126l 2l
Fatty Acid Mole % Mole % Mole % 1101€ %6 O FehelS 410 o Mole 9
at the 2-position

14:0 6.6 4,9 3.0 3.6 2.7 2el4 33 Brit
igo = 15:0 + 1431 1,2 0.6 0.4 0.7 0.3 0.2 0.5 0.5

15:0 | 3 el 1.0 0.6 0.7 0.8 O 1.0
igo - 16:0 0.4 0.8 0.5 1ol 0.3  C.1 0.k Ok

16:0 4Lo.7 :35.0 27.2 23.2 18.5 19.2 23,8 2761

S 0.8 2.5 ) ) el 3.5 2 il

17:0 0.6 2.0

17:1 1.1 1.2 1.5 O.4 1.3 1.0 0.9

18:0 49.8  %6.4 29.2 e 18.5 15,7 28.8 2940

18:1 19.3  35.0 52905 53,1 50.9 331 33.0

18lg2 Ere (s 2.9 2e3

.Z-'dl:v



Table A5.11
Tallow: Smithfield Mutton Tallow (13R, May, 1978)

Triglyceride Group Fatty Acid (mole % of tallow)
1 ° > o 4 Determined , Calculated from
% of tallow 15.9 8.7 25.3% 1.2 38.9 , triglyceride groups
Fatty Acid Mole % Mole % Mole % g%l%h% gfpgéﬁiign Mole % Mole %
14:0 21 5.0 4,0 ly o5 2,0 1.3 2 | Dad
iSO = 15:0 + 1421 O.4 0.6 0.9 148 O.4 0.3 Ool 0.5
15:0 1.2 | 0] 0.5 0.7 0.7 0.6 0.8 0.7
iso - 16:0 1e5 0.7 0.3 2oy 0.3 O 0.5 0.5
16:0 40.0 30.0 2649 2.2 20.0 15.3 22.6 2L4.0
16:1 3.9 1.9 5.8 3.5 4,0 3.6 2.8
17:0 1.2 1.8
17:1 0.9 0.7 . G55 1.0 147 =0 0.9
18:0 49.8 34,9  32.1 19.4 18.0 15.7 26,7 27.2
1831 23.0  32.7 3945 51.0 2e 3643 36e4
18:2 ori 83 349 3.6

4l



Table A3,12
Tallow: Smithfield Mutton Tallow (1}R, April 1978)

Triglyceride Group Fatty Acid (mole % of tallow)
! - 5 . > Determined Calculated from
erm : ;
% of tallow 15.8 8.5 31.0 9.7  35.0 YREsLyeeride (SHOURS

o Mole % of F.A.'s

Fatty Acid Mole % Mole % Mole % ab Ehe 2posttion Mole 9% Mole %
14:0 il 1149 5.4 4,0 Toly B2 22 (155 L,7
10 - 15:0 + 14:1 3.8 1.1 0.6 (O 0.5 0.5 0.8 181
15:0 2e5 1,0 0.9 0.8 0.9 0.5 0.8 1.0
iso - 16:0 0.6 0.7 0.3 2.5 0.3  Ou.4 0.5 Oult
16:0 41,8 29.3 26.6 18.5 17.5 17.9 23.4 28
16511 2.0 2.3 6.7 4,1 5.% 3.2 3.1
17:0 e 1.7
17:1 1o4 0.8 1.6 1.6 1 g2 0.8 0,9
18:0 39.4  34.8 30.2 1557 17.9  14.8 249 2995
18:1 2he3  3hL43 504! 51.8 49,5 3646 35.0
18:2 : 2oly s 2.8 5.0




Table A3.13
Tallow: Smithfield Mutton Tallow (13R, June 1978)

Triglyceride Group Fatty Acid (mole % of tallow)

1 £ 2 ; 2 . Calculated from
% of tallow 19.7 8.5 A, 9.7  35.0 Petermined triglyceride groups
Fatty Acid Mole % Mole % Mole % 2zlih% gfpgéﬁéign Mole % Mole %

14:0 10,0 1.9 5.0 3.9 1.8  1%6 2.9 3.7
is0 - 15:0 + 14:1 2.5 0.4 0.6 1.4 LB 02 0.7 0.8

15:0 2.4, 0.4 0.8 0.4 0.8 0.7 0.8 1.0
iso - 16:0 0.9 - 0.5 Odb 2.3 0.3 0.5 0.4 0.5

16:0 35.4 29k > 2775 2he3 2l. 4 16.9 R&rid 25.0

16:1 &5 5 Vo 5 55 4.0 5S>

17:0 2.8 2ol

1721 Q:2 0.8 0.5 149 2 0.8 0.8

18:0 48,8 52.9 326 17.2 2L.8 1555 2649 291

18:1 NS Skl 39.7 L1 52.5 B30 7 33.7

18:2 T4 5.6 149 2gl




Appendix 4: Regression Eguations and Regression Statistics

from the Screening Experiment (Chapter 5)

Table A4.1: Regression Equation for the Yield of the Hard

Fraction

Yield of Hard Fraction (%) = 19.L - 11,0 (T1)

+ 0443 (Tp) = 4.90 (59) + 0411 (Sy) + 5.01 (W) - 0.42 (A)
0.80 (t) + 0.23 (M) = 0.13 (T T, + S;t + SoM + Wa)

4,09 (Tls1 + Tot+WM + SaA) - 1.38 (T1S2 + T M + S,A + Wt)
2.05 (T]W + SM + THA + Set) - 1,15 (TlA + tM + 5,5, + TZW)
0455 (Tqt + TpS; + AM + S;W) + 3.58 (T;M + To5; + SqW + At)

+

+

Simplified Equation for the Yield of the Hard Fraction and

Regression Statistics

Yield of the Hard Fraction (%) = 19.4 - 11.0 (T])
- 4.90 (S]) + 5,01 (W) + L4.09 (T]S1 + TZt + WM + SZA)

- 2.05 (T1W + S]M + TZA + Sat) + 3,61 (T]M + T,8, + 5,W + At)

2= e i

Correlation Coefficient:
R = 97.8%
R = 96.3%, adjusted for d.o.f.

Analysis of Variance Summary:

Source Al o Tle SO MS
Regression 6 3256,1GC SL2.7
Residual 9 73.42 8.2

Total 15 -3329.52
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Table A4.2: Regression Eauation for the Yield of the

Intermediate Fracticn

Yield of Intermediate Fraction (%) = 26.1 + 11,7 (T9)

= 5.01 (T5) = 1.19 (57) - 3.51 (5,5) + 7.76 (W) + 0.36 (A)

+ 3,36 (t) +0.99 (M) - 1.86 (TyT, + S;t + S,M + WA) - 1.54
(T1S; + Tot + WM + S,4) + 2,69 (TS, + ToM + S1A + Wt)

+ 4,26 (TqW + S|M + ToA + Spt)+ 0.46 (T(A + tM + 5,5, + T,W)

+ 1,31 (Tqt + T58) + AM + S;W) + 1,69 (T(M + T55, + S;W + At)

o

Simplified Eouation for the Yield of the Intermediate Fraction

and Rezrcssion Statistics

Yield of Intermediate Fraction (%) = 26.1

N
ct
~7

+ 2,69 (T]S2 + T M + S.A + Wt) + Lb.26 (TyW + SM + Toh + Sat)

Correlation Coefficient: R-s3quared per cent

95.4
R-squared = 91.4 per cent, adjusted

for degrees of freedom.

Analysis of Variance:

Source ©lo©0 2 3 SS MS
Regression 7 4355.0 62241
Residual 8 210.1 2613

Total 15 4565,1
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Table AL4.3: Regression Equation for the Yield of

the Soft Fraction

Yield of Soft Fraction (%) = 54.55 - 0.76 (Ty) + 4.59(T5)

+ 6,09 (54) + 3.70 (S,) - 12.78 (W) + 0.18 (A) - 2.96 (t)

= 2,13 (M) + 1.74 (T T, + Syt + S5l + WA) - 2,55 (TS, + T,t

+ WM + SaA) - 1,31 (T1S2 + T_-M + SqA + Wt) - 2.21 (T]W & Baqll e

T.A + Sat) + 0.69 (T]A +tM + 5,5, + T W) - 2.19 (T]t + T,8, +

2 ‘e
AM + SaW)' 1,55 (T{M + T55, + S.W + At)

Simplified Fquation for the Yield of the Scft Fraction and
Regression Statistics

Yield of Soft Fraction (%) = 54.55 + 6.09 (81) - 12.78 (W)

Correlation Coefficient: R-squared = 71.6%
R-squared = 67.2%, adjusted for d.o.f.
Analysis of Variance:
Source d.0. f. SS MS
Regression 2 5204, 1 1602, 1
Residual 13 1270.2 97.7

Total 15 L474.3
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Table AL.4: Regression Eguation for the CBLF of the

Intermediate Fraction

CBLF = 18467 + 4,51 (T;) ~ 0.89 (T,) + 2.09 (5;) - 1.17 (S))

+ 1,39 (W) + 1,72 (A) + 0,03 (t) + 0,06 (M) + 0.15 (T,T
Sit + S,M + VA) + 0.23 (T]Si + Tat + WM + SaA) + 0,14 (T]S

+

+

+

4

TESE ] S1W + At)

T M + SiA + Wt) = 0.12 (T1

W+ SM+ T

2 |
2

tM + S;S, + TEW) - 1.24 (T]t + T55, + AM + saw) - 1,25 (T]M

Simplified Fouation for the CBLE of the Intermediate Fraction

and Regression Statistics

CBLF = 18.67 + 4.31 (T]) - 0.89 (TE) + 2.09 (S]) - 1.16 (SE)

+ 1,59 (W) + 1.72 (A) - 0.49 (T1A + tM + 5:Ss + TzW)
- 1.25 (T1t + T55, + AM + SoW) - 1.23 (T4M + TpS55 + 59W + At)

Correlation Coefficient: R-squared = 99.7%
)
R = 99,2%, adjusted for d.o.f.
Analysis of Variance:
Source deo. f, SS MS
Regression 8 536.06 59.6
Residual 6 14728 0.3
Total 15 537.84




Appendix 5: Regression Egquations and Regression Statistics

from the Central Composite Design (Chapter 6);

and an Example of the Method used to comvare

Observed Responses with Responses Predicted

from the FFitted Eouations

Table A5,1: Empirical Model and Regression Statistics for
the Yield of the Hard Fraction

Empirical- Model:

Yield of hard fraction (%) = 21.37 - 5.51 (T;) - 2.01 (S;)
+ 3.63 (W) - 2.91 (7,W)

Ccefficient:
959. 38
56

¢/
[+]
« 3%, adjusted for degrees of freedom

Correlation

R-squared
R-squared =

Analysis of Variance:

pegrees of

Source of Variation Sum of Squares Mean Sum of Sguares

freedom
Regression L 290261 - 583.0
Residual SL 1600,.7 29.6
TOTAL 58 3932.8

Test for Goodness of Fit:

Source of Variation D€8Te€e€S Of gyn of Squares Mean Sum of Squares

frzedom
Residual SL 1600,7
Pure error (from 14 288.9 20.6
one-way analysis
of variance)
Lack of fit 4O 151 a8 32.56
= = 0 3 = . 1pl T
MS e = la2F  WR e iy g5 = BuSis GERUSE [Bcelh

pe
the hypothesis that there is significant lack of fit of the

model at the 5% level.
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Table A5.2: Empirical Model and Regression Statistics

for the Yield of the Intermediate Fraction

Empirical Model:

Yield of intermediate fraction (%) = 10.20
+ 3,46 (T)) = b4 (T,) + 1,32 (5;) = 1.25 (5,) + 1.27 (%)

Correlation Coefficient:
RS & 72.0%

R® = 66.8%, -adjusted for degrees of freedom.

Analysis of Variance:

Source of Variation Degrees of Sum cf Squares Mean Sum of Squares

Freedom
Regressicn 9 2102, 1 233.6
Resicdual L9 818.L 16.7
Total 58 2920.5

Test for Coodness e f 'Bhdt:s

Source of Variation Degrees of Sum of Squares Mean Sum of Squares

freedom
Residual 49 8i8.4
Pure error (from 14 23441 1647
one-way analysis
of variance) -
Lack of fit 35 58443 167

MS
1of 16.7
= =1,
MSpe 6.7 00

As F35,14,.05 = 2.28, cannot accept the hypothesis that

there is significant lack of fit of the model at the 5% level.
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Table A5.3: Empirical Model for the Yield of the Soft Fraction

Empirical Model:
Yield of soft fraction (%) = 68.43 + 2.06 (T]) + 4,22 (T

)
2
= 932 (T =125 (wa) + 2,07 (T1Sa) + 3,05 (S1W) - 2.36 (SEW)
+ 2.52 (SaA)

Correlation Coefficient:

RS = 60.0%

RZ

53.6%, adjusted for degrees of freedom.

Analysis of Variance:

Source of Variation Degrces of Sum of Squares Meen Sum of Squares
freedom

Regression & 2950.8 56849
Residual 50 1970.4 39,4
Total 58 4921.2

Test for Goodness of Fit:

Source of Variation Degrees of Sum of Squares iean Sum of Squares

freedonm
Residual 50 1970. 4
Pure error (from 14 430 .4 30.7
one-way analysis
of variance)
. Leclke of fit 36 1540,0 42.8
10 _ u2.8 _ | 25
HE;;" - 307 7

As F36,14,.O5 = 2,28, cannot accept the hypothesis that

there is significant lack of fit of the model at the 5% level.



e
(7]
[ ]

Table AS5.4: Empirical Mcdel for the CBLF of the Intermediate
Fraction

Empirical Model:

CBLF = 17,69 + 1.31 (Ty) + 0.51 (T,) + 0.94 (S;) - 0.58 (S,)
- 0,76 () + 1.07 (&) - 0,54 (T5) + 1.36(T,%) +1.00 () +0.77 (} )

= le23 (T]W) = 136 (T1A) - 0.55 (TZS1) - 0.92 (Taw)

Correlation Coefficient:

R = 7687

69.4%, adjusted for degrees of freedom

2

A

Analysis of Variance:

Source of Variation Degrees of Sum 0f Squares Mean Sum of Squares

freedom
Regression 14 S o (. 39.4
Residual L 167.3 3.8
Total 58 719.0

Test for Goodness of Fit:

Source of Variation Degrees of Sum of Squares Mean Sum of Squares

freedom

Residual LL 1673
Pure Error (from 14 56.9 L1
one-way analysis
of variance)
Lack of fit 30 - 1104 St

MS

10f _ 3e?
WS, = Fer = 0%

As F30,14,.05 = 2.31, cannot accept the nypothesis thap

there is significant lack of fit at the 5% level.



189,

Table A5.5: Example Calculation of the Data Used to

Compare the Observed and Predicted

Responses of the CBLF of the Intermediate

Fraction to the Isolated Effect of W

(1) Predicted Response

The empirical mocdel that best predicts the CBLF of the
intermediate fracticn from the levels of the six independent
variables is given in Tabie AS5.4. From this, the isolated
effect of W is:

17,69 - 0,76W + 1,01 (W2 - average coded level of WZ)
17.69 - 0.76W + 1.01 (W2 - 0.73406)

=<
"

By substituting coded values cf W into this equaticn, the
predicted Y was calculated. The results of this are:

il -2.578 =1 V) i 2,578
¥ 2L .5 187 155 17.2 20.9

Y is the predicted CBLF of the intermecdiate fraction ard
is plotted in Figure 6.G.

As an aid to plotting the predicted response curve, the
minimum pcecint of the function was calculated:

4 = _0.76 + 2,028 = 0 at the minimum
W = 0,38 at minimum (in coded terms)

1.25% of water in the acetone.

(2) Observed Response

The observed response of the yield of the hard fraction
to the isolated effect of W was calculated by averaging the
yields observed at each of the coded levels of W.



Appendix 6:

Regression

190,

Equations and Regressicn

Statisthies

from the Box and Behnken

Design (Chapter 7)

Table A6.1:

Empirical Model for the Yield of the

Hard Fraction and Regression Statistics

Y = 30.07 - 1.83 (T,) - 3.75 (5;) + hat3 (7;°)

Correlation Coefficients:

RS = 5L4.1%
.

Analysis of Variance:

= 48,6%, adjusted for d.o.f.

Source deioryfte SIS MS
Regressicn ] 7.2 115.7
Residual 25 294 ,6 11.8
TOTAL 28 641.8

Test for Lack cf Fit:

Source dOk £ . SS MS
Residual 25 294.6
Pure Error L 13,2 2%
Lack of fit 21 281 .4 15.L4

M5y0f 13,
WS o i
As Foy i e0s

level.

= 5-799

that there is significant

L.l

cannot accept the null hypothesis

lack of fit of the model at the 5%



1 Shls

Table A6.2: Empirical Model for the Yield cof the Intermediate
' Fraction and Regression Statistics

Y = 9.1-}8-1' 4.20 (S'l) = 2.56 (T]a)

Correlation Coefficient:

2

R™ = 45.5%
R = 41.1%, adjusted for d.o.f.

Analysis of Variance:

Source dlaoreif's SS MS
Regression 2 2 &7 128.9
Residual 26 31,2 12.0
TOTAL 28 568.9

Nefsit, feir Lasizcpf [t

Source Al oL iffe SIS MS
Residual 26 211.2
Pure error L 16.0 4,0
TOTAL 22 .295,2 13.4

MSlof

e 550

As F27 L,05 = 5.78, cannot accept the null hypothesis
919
that there is significant lack of fit of the model at the 5%
level,

3.4
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Table A6.3: Empirical Model for the CBLF of the Intermediate

Fraction and Regression Statistics

Y = ]3041 + 2.15 (S])

Correlation Coefficients:

R2

R2

16.9%
13.8%, adjusted for degrees of freedom.

Analysis of VYVariance:

Sourcz d.s[OF fie MS SS
Regression 1 5419 54.2
Residual 2 266435 9.9
TOTAL 28 320,454

Test_ for Lack off Eits

Source drloN it MS SS
Residual 7 266.4
Pure Error L 9.2 2.3
Lack of fit 23 257.2 1.2

MS150 11,2

Mspe = 2B

4.9

As Fj3 g, 205 = 5.78, cannot accegt the null hypothesis
? D :
that there is significant lack of fit of the model at the 5%
level,
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Appendix 7: Results of the Triglyceride and Fatty Acid Analyses

(1)
(2)

(3)

(4)

(5)

of Some Selected Tallow Fractions

For each fraction, the following analyses are presented:
Total fatty acid composition.

The propcertion of each of the five triglyceride groups
separated by argentaticn TLC.

The fatty acid ccomposition of each of these triglyceride
groups., ‘

The fatty 'acid composition of the total tallow as
calculated from the proportion and composition Oof each
of the triglyceride groups.

The fatty acid composition at position 2 of the cis-
monounsaturated triglycerides.



Fraction: The soft fraction produced by fractionating 1 kg of tallow with S1=1.521
= (see 8.3.3 (5441 wt % of total tallow))

Triglyceride Group Fatty acid composition
(mole % of fraction)
1 2 3 L D
%fggcgg§il e Badl 2EeQ el 47.6% Determined C%%igigéﬁgiggom
Fatty Acid Mole % Mole % Mole % Mole % of Mole % Mole % & P
F.A.'s at the
2-position
14:0 28.1 12,6 11.9 67 b 2 4,0 e 7 7.6
is0=15:0+14:1 7ol 2.7 1.8 Sl 0.7 Oely 1.8 1.2
15:0 2oy 1¢5 Tet 1.0 0.6 O.4 1.1 0.9
is0-16:0 ) 1.0 0.6 1.5 0.2 0.1 0.5 O.4
16:0 SR8 126.31 2.2 20.7 16,4 18.1 19.3 21.6
16:1 61 L9 6.7 4,8 6w 1 hoh S
17ne 2.0 1.5
1741 1.3 Te1 1.9 0.8 1.9 1.5 Teh
18:0 25%.0 20,1 e 8.7 15.2 152 4.8 15.4
18:1 28.4  33.9 48.4 55«4 53.0 46,0 L .5
18:2 077 2.8 1.6 1ol

ot



Fraction: The hard fraction produced by fractionating 1 kg of tallow with S]=1.5:1
((see 8.3.3) - (37.3 wi % of tallow))

Fatty acid composition

Triglyceride Group Gelic P o G Terion)

1 2 B L Z
% of total 2645% 11.7% 2749% 9.4% 24 .5% Calculated from
fraction Determined triglyceride
groups
Fatty Acid Mole % Mole % Mole % Mole % of Mole % Mole %
F.A.'s at the
2-position

Hy:O 14.0 10.1} 70? 9.? I‘lua I+03 806 805
239—15:0"'][-};1 ].5 006 008 109 005 002 009 008

15:0 1e7 x> 1ol 1.0 0«5 0.3 1ol 161
£§9-16:O O.4 Oeo4 0.3 1.0 0.5 OE2 0.3 0.3

16:1 2.9 Dler> 5.9 L. Loy Sl 2.8

17:0 20 2.5

]7:] Ool-{' 009 106 105 1.3 005 008

18:0 39.] 26.5 29.5 ]2.9 ]6.3 ]5.2 26.l|~ 2609

]8:2 ’ 1.11] 1.6 005 0.5

*G61L



FRACTION: The intermediate fraction produced by fractionating 1 kg of tallow with S]=1.5:1
, ((see 8.3.3) - (8.6 wt % of tallow))

Fatty acid composition

Triglyceride Group (mole % of fraction)

1 2 3 b 5
0 r : Calculated 1from
/inictggil R ik il Leld o Determined triglyceride
Eroups
Fatty Acid Mole % Mole % Mole % Mole % of Mole ¢ Mole %
Bropllys RS tett e
2-position

14:0 21.0 . 9.4 Bee 8RB Oul del4 6.4 el
is0-15:0+14:1 4.3 0.8 0.7 0.1 0.5 0.3 1.1 1.0

15:0 2a1 1.6 0.7 0.3 0.6 0.6 0.8 0.9
252-16:0 0.6 0.5 O.1 0.2 Ouh O.h4 0.3 0.3

16:0 L2.4 5047 23.0 13.9 17.4 18.8 22.9 2>

16:1 2e7 1.9 1.6 3.0 3.6 ) 2.1

17:0 i 2e3

17:1 0.7 0.3 0.8 1.2 1.4 1.0 0.6

18:0 29.6 2797 Bh.s 13.4 2149 20.4 29.0 31.1

18:1 25.9 33.8 60.2 524 47.9 52.4 53.8

18:2 2P B2 0.6 0.7




FRACTION: The hard fraction produced in the fractionation of 200 g of tallow with the
propeller agitator (see 8.2.2) - (27.3 wt % of tallow))

Fatty acid composition

Iriglyceride Group (mole % of fraction)

1 2 5] L 5

% of total 33.5% 28.5% 23.5% L443% 1042%
fraction Calculated from
Determined triglyceride
Fatty Acid Mole % Mole % Mole % Mole % of Mole % Mole % groups
Bala'ys at [the
2-position
1[}:0 ]5.9 602{- L}o] 7.5 408 L}.? 8.’-{ 808
E—]5:O+]L+:1 0.3 ].] O.LF O.? 002 009 005 006
15:0 1.8 2e9 1.0 0.8 0.9 e Te1 1.8
359716:0 0.5 3.0 Ol 0.7 0.3 0.3 1.0 12
16:0 43,4 29.7 29.0 2449 21.8 2449 33,6 3583
16:1 2.4 203 30‘ q’oo 3.0 2.8 107
17:0 Br 2 2.6
W 0.4 0.7 0.7 A 1.3 0.2 0.5
18:0 38.1 271 29.5 19.1 18.3 26,2 30.6 30.9
18:1 27.0 32.6 39.3 43.0 36,0 18,7 20.9
18:2 L]o6 ]o? Oo? OQL{'

*l61



FRACTION: The intermediate fraction produced in the fractionation of 200 g of tallow with
the propellor agitator (see 8.2.2) = (12.5 wt % of tallow)

Fatty acid composition

Triglyceride Group (mole % of fraction)

1 2 3 L >

% ot total 12.6% 12.9% S« 8% 9.1% 10.6%
fraction Calculated from
Determined triglyceride
Fatty Acid Mole % Mole % Mole % Mole % of Mole % Mole % groups
IF,A.'s at the
2-position
]4:0 2’-[-.6 ]]-6 209 ]1.L|> 2.3 3."{' 6.0 6.8
_j;E\_'(l-]S:O+1L+:] 6.6 1.0 Oo/+ 0-3 0.2 003 005 12
15:0 2e2 1.7 0.8 0.8 Ol 0.5 0.7 1.0
£§9-16:O 1.0 0.6 0.4 0.6 Oy 0.2 0.2 0,5
16:0 '37.4 24,5 23,8 17.9 16,8  21.9 25,2 24,8
16:1 2,8 1.9 .5 2.6 3.8 249 2.2
]7:1 0.9 0.5 0.9 1.0 ].3 006 006
18:0 28,2 27.4 34,8 13.4 20.4  24.0 30.3 30.6
18:1 28.5 3445 9 & S5Le5 L 3e7 30.7 ge.2

18:2 1.7 0.9 0.5 0.5

*g61



FRACTION: The soft fraction produced by fractionating 1 kg of tallow with S]=4.0:1
(see 8.3.,2) = (67,2 vt % of tallow)

Triglyceride Group Fatty acid composition
(mole % of fraction)
1 2 B b >
ey O] ot 3.2%  1.6% 30. 3% 15,60 49.3%

fraction Calculated from

Determined triglyceride
Fatty Acid Mole % Mole % Mole % Mole % of 1lole % Mole % groups
FeA.'s at the
2-position

14:0 19.4 778 1.4 1@, 1 3.8 L2 78 Y
is0-15:0+14:1 7.6 3.9 2.0 0.8 1.0 0.8 Tol 1.5
15:0 2.1 2.3 1.7 0.5 0.6 0.7 1.9 i
150-16:0 0.8 1.4 0.6 0.6 0.3 0.3 0.6 Oul
16:0 36.7 26,0  27.4 18.5 17.8 4.4 19.8 19.8
el orRie E574 51 .2 L o5 Sl Le2
17:0 0.8 1.5
17:1 1.2 11 e 0.9 1o4 1.0 1.2
18:0 23.4  17.8  19.3 10.8 13,5  11.8 12.9 14,8
0% 2L 32.8 51.1 53.6 58.53 45,7 L7 4
18:2 a3 3.6 2.0 2.0

*661



FRACTION: The soft fraction produced in the fractionation of 200 g of tallow with the
propellor agitator (see 8¢2.2) = (60.2 wt % of tallow)

Triglyceride Group Fatty acid composition
(mole % of fraction)
1 2 3 L )
% of total o/ o/ [ 0/
fraction 4e0% L% 32e2% 15.0%  bhe 7% Calculated from

Determined triglyceride
Fatty Acid Mole % Mole % Mole % Mole % of Mole % Mole % groups
F.,A,'s at the
2-position

14:0 31,2 8.0 11,7 10,7 6.1 5.6 9.8 8.8
is0=15:0+14:1 7.8 Sat 143 0.6 0.7 1.0 1.0 1ok
15:0 2.0 1.6 1.3 2,9 0.7 0.8 0.9 1.0
i§g~16:0 1.0 e/ 0.7 Il Qlles2 0.3 1.0 0.5
16:0 4.4 30.8 27.8 1641 20.9 1851 21.0 22.8
16m1i 155 4.8 13.0 g 4.9 5.0 L7
17:0 | 3l 1.4
17:1 0.6 0.9 2.3 1.3 b 1.1 .4
18:0 23,6 20.9 18.0 7l 16.0 13.5 16.0 16,0
18:1 27.7 335 42,6 48s1 51,0 41,3 )
18:2 0.8 3¢5 i3 9.

*002



FRACTION: The hard fraction produced by fractionating 1 kg of tallow with S — IS0
(see 84342) = (23,0 wt ¢ of tallow)

Triglycefide Group Fatty acid composition
(mole % of fraction)
1 2 > L >
) Of oI 36.3%  20.3% 28. 1% 6.8% 8.5%

tfraction Calculated from

Determined triglyceride
Fatty Acid Mole % Mole % Mole ¢  Mole % of Mole % Mole % groups
F.A,'s at the
2-position

14:0 14..9 8% 6.0 8.2 5.4 4,0 10,8 9.4
i§9—15:0+]4:1 0.8 0.2 Coly Ol Ol 0.3 0L @, 5
15:0 1.5 0.9 0.8 0.7 0.8 C.8 11 Tl
150-16:0 0.3 0.5 0.3 0.4 0.3 0.2 0.5 0.3
16:0 45.7 32,7 32.0 25,1 27.8  29.6 3345 36.6
16:1 3elt 2.9 2 o2 349 546 3.1 2.5
17:0 Ol 2e6
171 0.3 0.8 1.5 iz 1.7 Oelt 0.5
18:0 36,8 27.7 28.9 She 23,4 20.6 276 3044
18:1 2602 120D 41.8 347 37.5 19.3 118107
18:2 1.6 st Ol 0.3

‘1oz



FRACTION: The intermediate fraction produced by fractionating 1 kg of tallow with S]=4.0:1
: (sce 8.3.2) - (9.8 wt % of tallow)

Fatty acid composition

o Ll e L SRt (mole % of fraction)

1 2 3 L 5

/
o O tRtol 10.4%  11.3% 53.9% 10.4%  14,,0%-

fraction Calculated from

Determined triglyceride
Fatty Acid Mole % Mole % Mole % Mole % of Mole Y% Mole % groups
Ir;,A.'s at the
2-position

14:0 253 N9 Bl o7 28 BmB 7.0 6.6
i50-15:0+14:1 2,3 0.7 0.4 0.4 0.3 0.8 0.6
15:0 1.8 15 0.8 0,7 0.7 1.2
is0-16:0 10,9 0.6 0.2 Oui 0.3 0.2 Ol
16:0 f2m pe.2 2548 14.6 20,2 20.5 2.3 26.7
16:1 3.0 1.9 el 5.8 L .0 248 23
17:0 15 17
17:1 0.5 0.8 IRe 1.1 1.6 0.5 0.8
18:0 27.6  26.8 33.9 P 21.1 20,5 28.2 29.2
18:1 240 32.6 68.2 46.6  L45.4 33k 31.5
18:2 1.8 2.9 0.k 0.6

v
A})



FRACTION: The intermediate fraction produced in the fractionation of 20 g of tallow
(see 6,10) = (4,1 wt % of tallow)

Fatty acid composition

Triglyceride Group (el G o Trastion)

1 2 5 b >

& B el 9.5%  8.8% 72,25 6.4%  3.1%

fraction Calculated from

Determined triglyceride

Fatty Acid Mole 9% Mole % Mole % Mole % of Mole % Mole % groups
F.A,'s at the
2-position

14:0 21.5 8.6 w5 8.0 0,1 4,0 RN 3.9
180-15:0+14:1 14,7 0.5 0.1 0.1 Oul 0.5
15:0 2.2 |52 0.5 0.2 0.7 0.7 0.5 0.7
is0-16:0 0.6 O.l4 0.2 0.3 0,1 0.1
16:0 37.0 29.6 21.6 9.1 16,3 25.1 22,4 azns
16:1 el 0.9 1.2 150 545 1.6 g |
170 0.7 1.9
17:1 0.6 ORE 0.7 1,0 1.6 O.h4 Oul4
18:0 34,0 33.9 40.9 9.6 26,2 33,2 36.8 384
18:1 22.1 34,5 70.5 49,9  30.8 7= 31.0
18:2 a5 0.6 0.5 0.3

*¢oc



Appendix 8:

Further Aspects of Tallow Quality

a) Edible Quality

A survey of New Zealand meat killing plants was carried

out to determine their tallow production statistics.
Unfortunately, approximately 50% of the meat killing plants did
not reply. However, of the 21 plants from which replies were
received, none were producing edible mutton tallow (or margarine
grade mutton tallow) apart from a very small amount
(approximately 230 tonnes/year) of a special edible mutton tallow
produced from caul and kidney fats, and this would not be
representative of the overall mutton tallow composition. Thus
the studies in this thesis were made upon inedible mutton tallow,
However before this tallow can be used commercially for purposes
such as those suggested in this work, it is necessary that il

be made suitable for edibtle purposes, Edible grzde tzllow
must be produced from clean, scund, wholesome rfa%t, usually
trimmings, but excluding mesenteric and intestinal fats, and it
must be produced in facilities up to full edible standards
(Tulloch,- 1975). Thus to improve the type of tailow studied in
this work to edible standards, further selection of tne raw
materials may be required and this may aiter the composition of
the tallowse. In New Zealand a further tallow type, margarine
fat, is produced. This is an inedible fat when produced, but it
can be used in margarine after re-sterilisation. It may be
poscsible to use a similar tallow grade for commercial
fractionation because of the sterilising effect of the acetone
recovery -and deodcrisation processes, Some raw materials are
not permitted in New Zealand margarine fat {Tullocn, 1975) -
condemned materials, trotters, pelt or hide by-~products and
save-all and trap grease - but these products are all likely to
be minor constituents in any tallow anyway, so their exclusion
rom inedible tallow to produce a margarine grade tallow would
probably have little effect upon the composition of the tallow,
It has been estimated that approximately half of the total
production of tallow in New Zealand cculd be either edible fat
or margarine fat if the raw material was properly selected
(Department of Riotechrology, 1975).
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Thus before any commercial application of this work can be
considered, it is necessary to determine if and how present
inedible mutton tallow prcduction can be modified to meet edible
requirements,

b) Variation in Composition

The main factor aifecting tallow composition is the make-up
of the body fats on the animals entering the meat killing plant,
However the practices followed within the plant can also affect
the composition of the tallow, Tallow from only one meat killing
plant was extensively studied in this work, so the effect of
different plants upon tallow composition in New Zealand has not
been studied,

Variation in tallow compcsition means that different yields
of the three fractions may ve obtained from different batches
of tallow, For instance, the prorortion of 2-oleo disaturated
triglycerides was found to decrease significantly throughout
the killing seasons (November to June) with an overail range
from 10,0% (May, 1978) to 20.5% (November, 197€)., Thnus if a
fraction containing a specified proportion of 2-0leoc disaturated
triglycerides is required from these tallows, the November fallow
has the potential to produce twice as muchk of such a fraction.
However it seems likely that fractionation of these two tallcws
under identical conditions would not produce fractions with
similar compcsitions, irrespective orf their relative yields.
The characteristics of the taliow/solvent system may be altered
to such an extent by changes in the composition of the tallow
that different fractionation conditions are reguired to give
products with similar compositions.,

If the variation in tallow composition is found to seriously
affect the fractionation process, it may be necessary for any
large scale operation to bulk sufficient mutton tallow, from one
period of the year, to supply the fractionation plant over an
entire operating season. However this presupposes that a
sufficient quantity of suitable tallow would be available at any
ons period, it would require large storage facilities and it
would not overcome tne problem of variation in composition between
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seasons, Alternatively, the process conditions may be able to

be varied to allow for changes in the composition of the tallow,
This would require further experimentaticn to firstly determine
how and if the process variables can be manipulated to compensate
for changes in compcsition, it would necessitate constant and
detailed monitoring of the incoming tallow, and it would probably
lead to variation in the yields of the various fractions with
consequential economic considerations,
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ABBREVIATIONS AND NOMENCLATURE

agitation speed
area of DSC peak
sum of areas of DSC peaks for one sample

American 0Oil Chemist's Society

cocoa butter likeness factor
differential scanning calorimetry
elaidic acid

gas-liquid chromatography

heat content

internal diameter

iodine value

mean sum of squares due to lack of fit

mean sum of squares due to pure error

month in which a tallow is produced

number of separate pealts on the DSC curve fcor one sample
number of axial points in central compcsite desig

n
number of cube points in central composite desizgn
nunber ¢f centre points in central composite design ;
total numter of points in central composite design

2 r &

nuclear magnetic resonance

oleic acid

palmitic acid

stearic acid

solvent to fat ratic at the first crystallisation

solvent to fat ratio at the second crystallisation
stereospecific number

time _

first crystallisation temperature

second crystallisation temperature

temperature of the final deviaticn of DSC peak from
base-line

temperature of the initial deviation of DSC peak from
base-line

temperature of DSC peak maximum

triglyceride
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TLC thin-layer chromatograrhy

Tris tris (hydroxymethyl) aminomethane

W water content of the acetone

X independent variable in experimental design

Y dependent variable in experimental design

YCBLF CBLF of the intermediate fraction

YH yield of the hard fraction

YI yield of the intermediate fraction

YS yield of the soft fraction

o distance of axial points from the origin in a central

composite design
ot 4B',B polymorphic states of triglycerides

Pure stereospecific triglycerides are abbreviated as
by Litchfield (1972) e.g. sn- glycerol -1- palmitate ~2- oleate

-5-stearate = sn - POS

Fatty acids are designated by the number of carbon
atorms: number of double bonds, e.g. Octadecancic acid

(stearic acid) = 18:0.
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