1 Encapsul ation of Food Ingredients This invention rel ates % 6Chél04
preparation of food ingredients including oxygen sensitive oils or oi

sol ubl e ingredients. 5 Background to the invention Oxygen sensitive oils or
oxygen sensitive oil soluble ingredients are a significant class of food

i ngredi ents. Because of their susceptibility to oxidation the ingredients
need to be in a formthat is protective as well as enhancing their to ease
of use. Ols that are of commercial sighificance which fall into this
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- Powdered oils are generally formed by encapsulating the oil in protein forming

an emulsion and drying the emulsion to form a powdered oil, Japanese patent
5030906 discloses such a product made by mixing diacety! ester tartrate

20  monoglyceride and edible oil in an aqueous sodium caseinate solution,
emulsifying and drying to form a powdér.

Japanese patent 5098286 diséloses the encapsulation of unsaturated fatty
acids, such as gamma-linolenic acids, with hydrolysed proteins such as
lactalbumin, lactoglobulin and casein to prevent oxidation of the acids.

25 Hydrolysed proteins vary in activity according to the degree of hydolysation and
this may vary with different oils. Further the stability of the protein film
encapsulating the oils is not always satisfactory. The protection against
oxidation is primarily due to the hydrolysed protein preventing contact between
oxygen and the unsaturated fatty acids rather than an antioxidant effect of the

30 encapsulant.

USA patent 5601760 also discloses micro-encapsulation of milk fat and orange
oils using whey proteins as the encapsuiant. This patent also suggests that the
whey proteins can be mixed with carbohydrates.




been dried to forma powder and then browned to forma Nh r% ieaction
product in the encapsulating matrix. s It is an object Of p ention to
provi de an encapsul ant that has good encapsul ating propertles and is al so
an antioxidant to protect oxygen sensitive oils or oil soluble products.
Brief description of the invention to To this end the present invention
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invention the Maillard reaction is accelerated by heating within the range of 60 to
160°C. This invention is partly predicated on the realisation that Maillard

20  reaction products [MRP] can exhibit anti-oxidation activity in the presence of
polyunsaturated fatty acids. This invention also relies on the discovery that
these Maillard reaction products formed with selected film forming
proteinaceous materials produce superior encapsulants for oxygen sensitive oils
or oil soluble ingredients. Although whey protein and carbohydrate were

25 - proposed as encapsulants in patent 5601760 there was no realisation that
heating these ingredients together would greatly improve the resistance to
oxygen deterioration whilst maintaining good encapsulation properties.
Thus in one embodiment the present invention provides an oil-in-water emulsion
of an oxygen sensitive marine oil or other non-marine oxygen sensitive oil or an

30  oxygen sensitive oil-soluble substance encapsulated in a protein which has
been heated in the presence of a carbohydrate to form sufficient Maillard
reaction product to protect the encapsulated oil from oxidation.




Any protein useful in encapsulating oils can be used as h@Tp e|n
conponent of this invention. A carbohydrate with a redu wng

functional group is reacted with the protein. The protein is preferably
sol ubl e and needs to be stable in the heating range of the Maillard
reaction and includes casein, soy and whey i0 proteins, gelatine, egg

al bum n and hydrol ysed proteins with increased free amno acid groups
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The preferred carbohydrate is a sugar with a reducing group preferably selected
20 from the group consisting of monosaccharides {eg: glucose, fructose),
disaccharides (eg: maltose, lactose), trisaccharides, oligosaccharides and
glucose syrups. Any reducing sugar source may be used including honey.
The amount of Maillard reaction product in the protein-carbohydrate mixture is
critical as an amount sufficient to provide antioxidant activity for the period of the
25  product's shelf life is needed. Preferably the minimum reaction required between
the protein and carbohydrate prior to encapsulation consumes at least 10% of
the sugar present. The extent of Maillard reaction product formed can be
monitored [for a particular protein/carbohydrate combination] by the degree of
colour change that occurs. An alternative measure is to assay the unreacted
30  sugar.
In another aspect of this invention there is provided a method of forming an oil-
in -water emulsion of an oxygen sensitive oil or an oxygen sensitive oil-solubie
substance which includes the steps of:



or by mcrofluidisation. Preferably the enul sions have a {gltgngjdtedi an
particle dianmeter up to 2 mcrons and the oil phase is about 25 % by

wei ght of the enulsion. Hi gher 10 |levels of oil phase, up to 50% by

wei ght, may al so be prepared. To forma powder the emulsion is dried by any
conventional drying nmethod to a noisture content no greater than 5% Such
powders will consist of up to about 80%ww oil. The protein content in

t he agueous m xture is from5 to 15% by ‘weight with from 15 1 to 15 % by
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protein sol ubj/l i .vard ous pHs. 25 The heating period will depend on the
t enperature ?ﬂﬁmﬁé‘ﬁf‘?%g ueous mxture is heated. For heat sensitive

pr ot ei ns | ovRreférablydhatmuistorarithve @naiume hea{tanr]@rrm diadfetém)p tog appropri ate,

NI 1 ard 1 edbRTR S eelRbaee & 4P of BV wpishE TR A men g o dr ying

provi des1@ nbﬂﬁsbﬁbwﬁhaﬁmb?emQO%Q:Fy\PéIPﬁtema@%oak pi¢phly. degradation of the
oxygen sensi e oils or, oi[ soluble products useful in the

present inveh? ‘UW %P%W@?fggﬁe n ig dried &y a@M&OBYPdF'Hﬁ%‘@ﬂ'P&H@hOW@h are
suscepti bl e naistift @bhhBhbd GredRf 1 5'%t BA Cq_oﬁﬁ@s%li éodsfk‘ibﬂ&ﬁ?t&m t hat
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and 2:1, depending on the type of protein and carbohydrate used. The quantity
of protein and carbohydrate will depend on the amount of oil to be emulsified,

20  the oxygen sensitivity of the oil phase and the anticipated storage period for the
product.

The pH of the aqueous phase is between 4 and 10 preferably 6 to 8. The pH
range of the aqueous phase will depend on the isoelectric pH of the protein
used, which in turn influence protein solubility at various pHs.

25 The heating period will depend on the temperature to which the aqueous
mixture is heated. For heat sensitive proteins lower temperatures and longer
heating pericds may be appropriate. This invention is partly predicated on the
discovery that carrying out the Maillard reaction either before or after

" emulsification prior fo drying provides a more robust emuision or powder and

30. avoids degradation of the oxygen sensitive oils.

The oils or oil soluble products useful in the present invention are those used in
food and pharmaceuticals, which are susceptible to deterioration by oxidation.
The oils include those that contain polyunsaturated fatty acids.




The oils or oil soluble products useful in the present knv@iltfi @léare those
used in food and pharnaceuticals, which are susceptible to deterioration
by oxidation. 10 The oils include those that contain polyunsaturated fatty
acids such as canola oil, borage oil, evening prinrose oil, safflower oil,
sunflower oil, flaxseed oil, wheat germoil and grapeseed oil and marine
oils obtained fromfish such as tuna, herring, mackerel, sardine, cod
liver, and shark. Dai ry fats or other fats that are oxygen sensitive can
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vitamin K [quinone] and beta-carotene [pro-vitamin-A].
The oil-in-water emulsions and powders made in accordance with this invention
are suitable as ingredients in making infant formulae, yoghurts, beverages, UHT

20 drinks, pasta products, bread and bakery products, processed cheese etc. They

' - may aiso‘be used as an alternative source of oils and fats in ice cream, dairy

desserts, creamers, soup bases and filled dairy products. The encapsulants can
also be used for nutraceutical applications.
The powders can be additionally coated to improve their performance such as

25  coating with medium chain triglycerides [MCT] for nutritional benefit or with
starch to improve the flowability of the powders. Care has to be taken in
selecting the protein and carbohydrate to be used as some discolour sufficiently
and present a caramelised flavour which may not be suitable for encapsulating
some flavour ingredients.

30
Detailed Description of the invention
A number of formulations were prepared some according to the invention and
some for comparative purposes.



fat in the final powder io The protein used in these exaan t ggodium
casei nate, whey protein isolate (WPl), soy protein isolat %ﬁggﬁ$, skim

m | k powder (SMP), hydrolysed casein (HCP) and hydrol ysed whey protein
(HWP). The sugars used, alone or in conbination, were glucose, |actose,
sucrose, oligosaccharide and dried glucose syrup. A polysaccharide,

hi gh- met hoxy pectin or carrageenan, was added to 15 protein-sugar m xtures
in some fornul ati ons. Enul sion preparatfon Generally the proteins were
first dispersed in water at 50-600C and allowed to hydrate in the water
bath for at |least 30 mnutes. A portion or the whole amount 20 of the

car bohydr at eEmsdsiandexinilations portion or the whol e anount of the protein

| uti LT o i ] desi.red pH (6.5 to 7.5)., F h '
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m xt ur \e/\z weligh hmaﬂofdon@maimﬁb?matmrefddﬁa&ﬂaéid% lﬁ@gﬂféréﬁtn unBthbiool ed 50
50" C. ere . upts o r,Qt ei n.or car bohydr at es re not used,
t he remai{li n%ﬁ(g@('%%%ﬁeta%g‘? WB?%%‘?%%SBO @%‘B@ﬁ{/ﬁ&sa't's@%@ea@f?@gf\ﬁ%?ter t he heat
treat nent. Thelude evértiag pdmtascdi-(EPOT and sinagdteds ik tatiARIF).

prot ei n-car bphydrat.e solution wusing a, Si.l versaon | aboratory hi gh shear
m xer. This %f%ﬁ@rﬁfﬁgﬁﬂé&‘ﬂ@ﬂﬁ%pw&eq Y R @éﬂ‘?’lgé@@?hwt@@f@ allnd 350
bar pressur em{@iragbhedifeRaeatios. $hE fatillatibRO werd mBHESH 46 okthih 400505t ages)
using a Rann# f:_l b?reﬁt O%@hl gh- pressure 30 honopgeni ser. In sone cases, a
mi crof | ui di 28 '“JE% "B RPVEFT 800 bar was used. In some cases additional
car bohydi@t ephe\pioteiRd8elinahé &Y editpld wBS 58N @beihl, whk) ptdtéiR idd] gheat ed
pr ot ei n-car b&ﬁhlé{ rate solution. The fornmation of MRP may “al so be done after
enul si fi cat i GWPRHrsoyPretgingselateySPI), skim raitkpowder (IMB)rhygiralysedegsein enul si ons
The emul sio rdHvideshydeg with a twn
fluid nozzlr]gloz;r? 2.0 Vgg?y at oﬁ% i ﬁa%ﬁ@iﬁf}g%%mé%e%gaﬁgﬁéﬁ ed to 60C
prior to 5 atayRisaticnowerhglueosrs, fasfase, suntossuoligasagcharideapdrdiied ghsoser e 180C
and 80C re i AV ee- ySi free- tent of
powders was ta er{\ Igésly%ar?% ﬁn |¢g[glrh§ﬁe%? ;qf ﬁg&@fcﬁicglrrég%faéf‘%ﬁ%gé%%d;%sul ation.
The esti iat i pratedf-stigaranikiatesi in spoedermulationsased on the net hod by Pi secky
(Handbook of M|k Powder Manufacture, 1997, p206) except that petroleum
ether was used in place of carbon tetrachloride. Fifty ml of petroleum
Emulsion preparation

Generally the proteins were first dispersed in water at 50-60°C and aliowed to
hydrate in the water bath for at least 30 minutes. A portion or the whole amount

20  of the carbohydrate was added into a portion or the whole amount of the protein
solution. The pH was adjusted to the desired pH (6.5 to 7.5). For enhancing
formation of Maillard reaction products, these protein-carbohydrate mixtures
were heated at 90-100°C or refluxed for 30-90 min and cooled to 50°C. Where
the whole amounts of protein or carbohydrates were not used, the remaining

25 amount of protein or carbohydrate was added after the heat treatment.
The oil heated to 50-60°C was added into the protein-carbohydrate solution
using a Silverson laboratory high shear mixer. This pre-emulsion mixture was
then homogenised at 50-60°C and 350 bar pressure (single stage) or 350 and
100 bar pressure (in two stages) using a Rannie laboratory high-pressure

30 homogeniser. In some cases, a microfluidizer operated at 800 bar was used.
In some cases additional carbohydrates were added after the dispersion of the
oil into the heated protein-carbohydrate solution. The formation of MRP may
also be done after emulsification prior to drying.




ether (b.p. 40-60C) was added to 1 Oy powder. The m xture (a3 Rgiffated in a
stoppered flask for 15 minutes. The mixture was filtered and the solvent 15
evaporated at 60C using a rotary evaporator. The renmining fat residue was
then dried in an oven at 105C for 1 h. O droplet size of emulsions The
size of the oil droplets in honbgeni sed enul sions was neasured using a 20
Mast ersi zer-X laser diffraction particle size analyser. The enmul sion was
sanpl ed and added directly to the nmeasdring cell. The vol umre nedi an

di aneter D(v,0.5) was taken and used as indicator of the enulsion size.
Qui ck powder stability test 25 Ten-m vials were half filled with tuna oi
powder sanpl 8Brayrryingekemutsiansaind 35C for 3 weeks. Eight panelists were

ked t t f I
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The scores were used asS a sctee t he degree
of deteri or atespectivélyst or ed sanpl es. 1 C C T 2004 8 Propanal headspace
analysis to determne stability of the m crocapsules Propanal was used as
an indication of the oxidative stability of the prepared enulsions and the
powder ed oi IPoWHerfrew:lﬂrarm dise emul sion sanple (1 g) was sealed in a

gl ass vi al ﬁhgﬁé t he rated at 40C for, 30 mnutes. A 10 mM 5 of
t he headspac se-at &P @Qﬁgﬁl}gﬁ '$,WBs ftalsen a8 ardpdinglinn of tke effigienes phce
aﬁto stamm er eraag ; tSItHQfdfﬂ FFhE'éEﬁmah@n]‘jl@ffr%@fa@lrrﬁ cﬁﬁc%mélle,lﬂégea bhlqﬁé'maﬁgogb 0. 32
chroma ograp | used silica capillary colum 1)
i.d., 4 ni cr'ﬁﬁCW (F'ﬁ‘f‘mgé%g‘ ‘%I“Bﬁ‘d:’ "&!‘iﬁtrd\ﬂa"“ﬁ@u@n&ggﬁsﬁ'z%&@xm ed on
sanpl es spi keghroldink Bt@r%@w&ealﬁﬁlbbéksf Sdrb6th RARACRbridE P %l fﬁé‘ﬁt%l{e%hat' ve

val ues for the apalysis. sone cases an internal

3- met hyl but a#iBe" R 419%0) ma@ﬁﬁ@d fo 109 powdsiddihe nmzsklomawgs egttﬁtatrl fiag 40- 60%
fat contai ni ggpdaed fasi RRYSE ntRGteSUTH n’(iﬁ)[lFeﬂ%dﬁ er%éﬁg&h{éqsaﬁ\@n heat ed Na

casei nat e- redu0| ng sugar m xt ures an casel nate -sugar
m xt ur es las e4eparied ahB@’C usinga retarycivapothdor. Sherremainingfat peitkieatdsy obt ai ned

in the systqﬁbﬁgﬂ‘g?w%lﬂgv&pﬁﬁﬁ érf&I I,pxed 30 mn) Na caseinate-sugar

m xt ures conpare vvere not refluxed (heated

Oil droplet size of emulsions
The size of the oil droplets in homogenised emuisions was measured using a

20 Mastersizer-X laser diffraction particle size analyser. The emulsion was sampled
and added directly to the measuring cell. The volume median diameter D(v,0.5)
was taken and used as indicator of the emulsion size.

Quick powder stability test

25 Ten-ml vials were half filled with tuna oil powder samples and stored at 4 and
35°C for 3 weeks. Eight panelists were asked to rate the degree of freshness
and rancidity of the powder samples stored at 35°C by sniffing the samples
immediately after opening the vials. Each of the samples was evaluated in 4
replicates by different panelists (trained and untrained) and the rancidity scores

30 averaged and compared. The scores were used as a screening technique for
evaluation of the degree of deterioration of stored samples.



60C-30 mn). Selected exanples (40% fat, 20% protein, 40% su arz@9 of 20
powders made with refl uxed and heated (60C 30 m nutes) pf6t§'|41- éar

m xtures showed that refluxing inproved the resistance of the powders to
the devel opment of rancid odor (Table 1.1). Simlarly, trends were
obtained with powders with added pectin (60%fat:13. 3% protein: 26.6%
sugars: 0.12% pectin), with refluxed casei nate-sugar systens bei ng
superior encapsul ants than 25 those heatded at 60C-30 nminutes (Table 1.1). |

1 0 CT 2004 L Characteri,spics of. 40-60%fat .powder repar ed
from heat ed Ié'gospé"l-['%i) hgﬁ%%ﬂacfoﬁ']ﬂlfsd%& gﬁ{?\ﬂnr‘fbe ?WQHQVP %,'Te ng'ﬂﬁal??‘ﬁﬁg on powder
free fat andPsipabalwasyugdd assargimtivationotthe ekidathasstasiflgdf brf sreparelll t he
inheat od sugdPdIsiEe andde qowdsiRal; anessutotdobs erukich Samde (e -
10=strong r aselel indoglasd vidl @auhiy,ithers eqiiBrh&d e 209D by B0 MhiRdted 4 A2 at were
made usin (ai) r%fl xed Na-c%%ﬁ(l ngte_— sugar. m xtures and (b) heated

(60" C-30 i ny" (RE headsnaca yvas analyssd Using@ferkindgmer Modg headispacand wit h

or without aslitedappidriahd F?‘Srkintmﬂeﬁn]\éhéliAlﬂ§-s?§t§ﬁn®(l§8'aﬁﬁ[a‘?§ilél}ﬁs?d fine emulsions
of <2m(Tab|$fElW%¥°a%) sei n- % Sugar Heat Treat nent Ranci d der of

processi ngCofi¥e Gitedpyith @ DR 1dused silicapapiliapseatunn (3G&aw PS2(igh. 14 0g
powder) at heakd8Rndaki0D 35heR ' ol anilei0

Na- casei nate, 2. S%wﬂyoseae%%&gﬁc@%fs%ﬁ %Ee%\%giohlégﬁqus sPl&Q‘D

| act ose) - 9. gwith akapwn,gugotittiof propana te ehtain quantitativevgiups fafdhe anilysis 40% t una
oil, 20%MNa- i 9 5. - ugar) 10-0 60C- 30
minz. 13 1 TSR e LR e SRR s U8 500

Na- casei nate, 40% sucrose

Example 1
1.1 Powders
Powders containing 40-60% fat containing Na-caseinate and sugar were made
15 using (a) heated Na caseinate-reducing sugar mixtures and (b) unheated Na
caseinate -sugar mixtures as encapsulants. Lower rancid odor scores were
generally obtained in the system containing heated (refluxed-30 min) Na
caseinate-sugar mixtures compared to those that were not refluxed (heated
80°C-30 min). Selected examples (40% fat, 20% protein, 40% sugars) of
20 powders made with refluxed and heated (60°C-30 minutes) protein-sugar
mixtures showed that refluxing improved the resistance of the powders to the
development of rancid odor (Table 1.1). Similarly, trends were obtained with
powders with added pectin (60% fat:13.3% protein: 26.6% sugars: 0.12%
-pectin), with refluxed caseinate-sugar systems being superior encapsulants than
25 those heated at 60°C-30 minutes (Table 1.1).




Heat - (no sugar) 10-060C- 30 m n2. 83. 8 sugars-oil -honog Povvde%s T\A@@g O%tuna
oil, 13.3% Na-caseinate, 13.3% | actose, 10. 7% sucrose, 2.59 % e,

12% pectin Reflux (with glucose)-8.2-1.5reflux-30 mn7.41.8

oi | -sugars-honog Powders with 60%tuna oil, 13, 3% Na-casei nate, 13.3%

| act ose, 13.2% sucrose, 0. 12% pectin Heat-(no sugar) 10-0600C-30 mi n3.33.5
sugars-oil-honog 1 UT 2,094 10 Table 1.2: Characteristics of emnulsions
prepared from heated casein-sugar sol ufi ons % Casei n- Heat Treat nent

Enul si on For aqlp@ﬁa%kgéﬁgﬁs Bf@é b% @99&@%? Rp8RdHdfi heated Saseit o

Concentrati onsol ution Ernat - sugar
14. 3% t una ofygar $OIHJWM‘SM@9 ﬂﬂ&t&ﬁegt @c heatlm eh buwdél(fﬁae?f‘ét angéiﬁbldityt ose, 13.4%

210/ LAV aValaYallleYa NN no 72

SUCfOSG(VVl t tact Ube) T ;68 ; qaserfat €, —1g~00 O—
7.1% 1 act os¢ s°e QSéngp/?déblH He’atTréat@&iﬂo Na%mei nat e, %@ IBGOC 30

7. 1% sucr G
m n0. 65 14. :;(%dgrd’i BRSNS | NGCBSEERRA o it Te % dg,ly afded SpEet i n
21. 4% tuna gil, 4.7% Na-|cas#&iheiing, 8.|2- 1sdiutief | ux- 4. 7%3veei3e%e, | 3. 8%
sucrose, (Wi tﬁ‘mmﬁs%‘a@wg&wo% R e =y ‘s%%léu&os‘é' A%

Na- casei nat &-—-10-—960C-30-m-nR0.-59 4 7% | actgse 1% sucrose 0 _04% pedtin
Retlux (with — -
Exampl e 2
lactose)- 98-12 reflux-30 min 1.8 2.0

sugars-oil-homog

Powders with 40% tuna oil, 20% Na-caseinate, 20% lactose, 20% sugrose

Heat-(no sugar)
) 10-0 60°C-30 min 2.1 3.8
sugars-cil-homog

Powders with 40% funa oil, 20% Na-caseinats, 40% sucrose

Heat-(no sugar)
. 10-0 60°C-30 min 2.8 3.8
sugars-oil-homog

Powders with 60% tuna oil, 13.3% Na-caseinate,
3.3% lactose, 10.7% sucrose, 2.5% glucose, 0.12% pectin

-

Reflux (with
glucose)- 82-15 reftx-30 min 74 1.8
oil-sugars-homog

Powders with 80% tuna oll, 13.3% Na-caseinate,
13.3% lactose, 13.2% sucrose, 0.12% pectin

Heat-(no sugar)
. 10-0 60°C-30 min 3.3 35
sugars-cil-homog

Oil-sugars-homog “oil was added before all the unheated sugars were added”
Sugars-oil-homog “oil was added after all the unheated sugars were added”
5 Rancid Odour Score 1=no rancid odour, 10=strong rancid odour

1.2 Emulsions:

Emulsions containing 14-20% fat were made using (a) refluxed Na-caseinate- -

sugar mixtures and (b) heated (60°C-30 min) Na caseinate -sugar mixtures as
10 encapsulants, and with or without added pectin. All the emulsions prepared

produced fine emulsions of <2um (Table 1.2)
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Tabl e 2. 2 Onkr3iciueadilst. 1% Ya-ofsevaal sijons 1+ 0h di|f f&edd minot fl sdli2ds
concentrati on1% [h&o{esam%sadmgnt of g¢ther conponents). % Protein-% Sugar
Emul si onHeat ptm i +H-onkErglsi-on—$tzeTtotal—spH-dsef—Prefiei n
sol ution at lgo t ndg '?(w?'b Séhi@ ot una’orl, 5% TECEALE nhte, B9 gl udose,
5% | act ose 3‘6‘%"73”9'8%- 30 m n0.53 27%tuna oil,| 6.3% Na-casei nate, 6.3%
gl ucose, 6.3% 1 actose 46%dRa-Edseiaia8liganenllisPas with added pectin

21.4% tuna oll, 4,7% Na-caseinate, 82-15 reflux-30 1.74

4.7% lactose, 3.8% sucrose, {with glucose)

0.8% glucose, 0.04% pectin

21.4% tuna oil, 4.7% Na-caseinate, 10-0 60°C-30 min 0.59

4.7% lactose, 4.7% sucrose,

0.04% pectin

Example 2

5 Effect of emulsions total solids at homogemsatlon on powder

characteristics

2.1 Powders

The effect of total solids of the emulsion at the time of homogenisation on the

10 powder free fat was dependent on the type of protein encapsulant used (Table

15

2.1). With whey protein isolate-sugar systems, higher solids concentration at

homogenisation resulted in lower powder free fat but higher rancid odor score.

However, with caseinate-sugar system (Table 2.1) higher solids concentration at

homogenisation increased both powder free fat and rancid odor score.




21% tuna oil, 5% WP, 5% act ose,
tuna oil, 6.3% WP, 6.3%]I| act ose,
Ermul si on % Pr ot ei n- % Sugar

5% sucrose 36 %/-0 90C: 30 ,pin
6. 3% sucrose 46 %93@-380
Heat Treatnent Free Fat Rancid Tot al

%40-0 '

solidsConcentration of Protein solution(g/100g powder) Gdour Score at

heati ng3 wks-35C Powders with 60% tuna oil, :
13. 3% | act ose 36%40- 060-30 mi n3.52.3 46 %40- 060-30 mi n7.53.8

gl ucose,

13. 3% Na- casei nat e,

7 27%
1 n0. 77

13. 3%

Powders with 60%tuna oil, 13.3% WP, 13!3%|actose, 13.3% sucrose 36
%- 090C- 30 MyRkied21 BHAR, : ' : . 2004 12 Effect of
protein: car b_oh;/;drate ré?%%ﬁggegé%ﬁgg@dé%mﬁ@%%ggﬁ él];’rlu?r}? AB9%0% t una oi |
wer e pr epar ediffgianhtqiglisolideeencentialidm to sugar ratios. | n powder |
formul ati ong Wt the sanppgishe eipnt —the—powder—+ree—g—Fat—was—tquer
when t he ratli o Bihulgiomt ei n:g%r{:g% C Heat@®athie®t CONpaged t g V\gdgz?c'qge Lat!o
was 1:1 (tabl e 1iaBhiigsTabl e™2. r ot whebis b 116009 flat W#ees [havi ng
different prlotein toS sugar atrhagting. % Pr ot]e%n-%ggggaospg\gat) Treaksmre Free
Fat Ranci d Hrotei mp 0% tiha ol dH, L dar, 3ok gl SPhhtizonto/ 3009
powder ) Qjour‘éeg.pgo_a{_h.gaj‘_g_nqq wks-35C Powders with 40%funa oil,
Na- casei nat -1 actd%e syslt em (36% t otjal S8 o10HS) 3.5 23

46 % 10-0 80°-30 min 7.5 3.8

Powders with 60% tuna ol, 13.3% WP, 13.3% lactose, 13.3% sticrose
36 % 7-0 90°C-30 min 8.9 2.5
46 % 10-0 80°C-30 min 4.7 3.3

Rancid Odour Score 1=no rancid odour, 10=strong rancid odour

2.2 Emulsions:

5  Emulsions containing 21-27% fat were made using (a) heated protein-reducing
sugar mixtures and (b) unheated protein~sugér mixtures as encapsulants. The
emulsions were prepared at different total solids concentration. The effect of
fotal solids of the emulsion at the time of homogenisation on the emulsion size

was dependent on the type of protein encapsulant and concentration used

10

(Table 2.2). With whey protein isolate-sugar systems, the emulsion size was the

same. However, with caseinate-sugar system (Table 2.2) larger emulsion size

were observed as the total solids increased. All the emulsions prepared

produced fine emulsions of <2pm.

Table 2.2 Characteristics of emulsions with different total solids concentration

15

(same amount of other components).

. % Protein-% Sugar
Emulsion Heat Treatment . .
) Concentration ) Emulsion Size
Total solids . of Protein soluticn
at heating D (0.5) um
21% tuna oil, 5% Na-caseinate, 5% glucose, 5% laciose
36 % 7-0 80°C-~30 min 0.53
27% tuna oil, 6.3% Na-caseinate, 6.3% glucose, 6.3% lactose
46 % 10-0 60°C-30 min 0.92
21% tuna oil, 5% WP, 5% lactose, 5% sticrose
36 % 7-0 20°C-30 min 0.77
27% tuna oil, 6.3% WPI, 6.3% lactose, 6.3% sucrose
46 % 10-0 - 80°C-30 min 0.77




1:210-060-30 nm n3.43.5 1:114-060-30 m n9.8. 8.3 Powders y_vi1t ?‘quf{%gé’funa oil,
WP| - | act ose-sucrose system (36%total solids) 1:27-090C 30 m .5

1: 11 b--090C 30 m n26.42.25 10 Rancid Odour Score 1=no rancid odour,
10=strong rancid odour 2.4 Enul sions. Enul sions containing 40-60% tuna oil
were prepared with different protein to sugar ratios. Al enul sions
prepared had particle size of <2um enulsion size was smaller in

formul ati ons with protein:carbohydrate (atio of 1:2 conpared to 15 the
ratio of 1:1 éftable 2.4). Table 2.4 Characteristics of 14-21 % fat

emul si ons wi Effegbobnretein:casbohydratesiatig different protein to sugar ratio.
Enul si on % P gt@igefsSugar Heat Treatnment Enul sion Size Total

sol i dsConcentration of Protein solutionD (0.5) i mat heating 14. 3% tuna

0i |, Na- casePowdersicantaiiag 40-608nun8 Slonent piepsoid wit) diffe@ni profBdtB0 ni n0. 67

ol i doy 1: 27-5Bteatss” ey iesl Yehulons wibsie e B SHELE BRPBIEReS S Ly 1 ot
of stage of fatwaadwierivaren the SatRovicteoteinidaebotesidte svas Hahesnpdrad td weemddi ti on
Fat (tabl e 20ey St fie (L 0ME2 G ncct ot ae the S protein is not tn o

fat (Table 2.
conpetition with the carbohydrate at the tine of enmulsion formation. Table

2.5 Charact ef%@%%iﬁﬁ%ﬁ?%ﬁgg@ cf)ta ie-é’é%%%rpsow .eEshha(\j\}hIJ &ltfgr%t FSthoﬁeQne ’toof o |

addi ti on dur

sugar ratio.
% Protein-% Sugar Rancid
Protein:Sugar Ratio]. Concentration Heat Treatment Free Fat Odour Score
. of Protein solution| (g/100g powder)
at heating 3 wks-35°C
Powders with 40% tuna oil, Na-caseinate-lactose system (36% total solids)
1:2 10-0 €0°-30 min 34 3.5
1:1 14-0 60°-30 min 9.8 8.3
Powders with 60% tuna oil, WP-lactose-sucrose system (36% total solids)
1:2 7-0 90°C-30 min 8.9 2.5
1:1 10-0 90°C-30 min 26.4 2.25
10 Rancid Odour Score 1=no rancid odour, 10=strong rancid odour
2.4 Emulsions.
Emuisions containing 40-60% tuna oil were prepared with different protein to
sugar ratios. All emulsions prepared had particle size of <2um, emulsion size
A was smaller in formulations with protein:carbohydrate ratio of 1:2 compared to
15 the ratio of 1:1 (lable 2.4).

Table 2.4 Characteristics of 14-21% fat emulsions with 36% total solids having
different protein to sugar ratio.

. % Protein-% Sugar '
Emuision ) Heat Treatment . \
. Concentration Emulsion Size
Total solids . of Protein solution
at heating D (0.5} pm
14.3% tuna oil, Na-caseinate-factose system (36% tolal solids)

1:2 10-0 60°-30 min 0.67
1:1 14 -0 60°-30 min 0.88
21.4% tuna oif, WPllactose-sucrose system (36% fotal soiids)

1:2 7-0 90°C-30 min 0.77
11 10-0 90°C-30 min 0.84




10 G| was added after all the sugars were added 201, was Zg'gcﬂa@ﬁf?ore al |
t he sugars were addedHMP "hi gh net hoxy pectin carry "carr Ranci d
Qdour Score l1=no rancid odour, 10=strong rancid odour 15 2.6 Enul sions The
results showed that the addition of oil before the addition of carbohydrate
resulted in lower particle size (Table 2.6). This may be expected as the
protein is generally not in conpetition with the carbohydrate at the tine
of enmulsification % Protein- Rancid Stadfe of % Sugar Heat Treat nent Free Fat
Qdour Score gL LLion cent.rati onof Protein solution(g/100g powder) 3
wks- 35C at hgg??ﬁ‘g'dﬁiaaﬁéﬁ“ \ﬂ%rf]ﬁ'%b% tuna oil, 20% Na-casei nate, 20%

| act ose, 20% S Rowdas 0. 12% carrageenan (36% total solids)

Ncas: carra:lac:suc:oi] 12 - 060-30, m n3. 76 3 Ncas:oj|:carra;lac;sucl2 -

080- 30 1 no. e EESGsRahoted el Mecaclion ot aﬁb,ef% eradltion el FabehYdB | act ose,
20% sucr ose, régul@dinfiewer Fovidh freb @ataTabie 2. 5is Ty bbBkpaGesseiRi | 12 -
060-30 m nl.93,0Q Ncas:oil:HVP: lac:sucl2-060-30 m nl.03.3 Powders with 60%
tuna oi |, 13PPSRIRUS Rotdnrorgpeliion withdhe sarbebydratentihs time ohs@uls®ens t ot al

sol i ds) NcasfoanhtigfiyPaac: suc8- 060-30 m n3. 33.5 Powders with 60% tuna oil,
13.3% WPl , 13.3% | actose, 13.3% sucrose (36%total solids) WPIlac:suc:ofl?7
- 090C-30 mn6.92.5 WPl :o0il:lac:suc7-090C-30 mn5.33.3 - 1 OCT 2004 14
and this resTablei2:5 Chardcteristits aff0e60% fatqosvders Widh diffprept stabe bbyier at the
interface, whi.ch results in.a better enulsion. Table 2.6 Characteristics
of emul si onsaW'ﬁw WINIRIBRY 2N gi f ferent stages during s preparation.

% Protein- ,
Stage of % Sugar Heat Treatment Free Fat Rancid
Qil Addition Concentration jof Protein solution| (g/100g powder) Odour Score
at heating 3 Whs-35°C
Powders with 40% tuna oil, 20% Na-caseinate,

20% lacfose, 20% sucrose, 0.12% carragesnan (36% fotal solids}
Neas:carralacisuc:oil * 12-0 60°-30 min 3.7 6.3
Ncas:oil:carra:lac:suc? 12-0 60°-30 min 24 4.5

Powders with 40% tuna cil, 20% Na-caseinate,

20% lactose, 20% sucrose, 0.12% pectin (36% total solids)
Ncas:HMP:lac:suc:oil® 12-0 60*-30 min 1.9 3.0
Neas:oil: HMP:lac:suc® 12-0 60°-30 min 1.0 3.3

Powders with 60% tuna oil, 13.3% Na-caseinate,
13.3% laclose, 13.3% sucrose (36% total sofids)
Neas:oil:HMP;lac:suc? 8-0 60°-30 min 33 3.5
Powders with 60% tuna oil, 13.3% WP,
13.3% lactose, 13.3% sucrose (36% total solids)
WPl:lac:suc:oil” 7-0 80°C-30 min 6.9 2.5
WPEoil jac:suc 7-0 90°C-30 min 53 3.3

10 'Oll was added affer afl the sugars were added
20it was added before all the sugars were addedHMP “high methoxy pectin™
carra “carrageenan” .
Rancid Odour Score 1=no rancid odour, 10=strong rancid odour

15 2.6 Emulsions
The results showed that the addition of oil before the addition of carbohydrate
resulted in lower particle size (Table 2.6). This may be expected as the protein
is generally not in competition with the carbohydrate at the time of emuisification




Enmul si on % Prot ei n-% Sugar Heat Treatnent Enul sion Size Io? T 200
sol i dsConcentration of Protein solutionD (0.5) }gymat heati n% fﬂ t?,%tuna
oi |, Na-casei nate-|l actose sucrose systemw th 0.12% carrageenan (36%+t ot al
solids) Ncas:carra:lac:suc:oil12-060-30 mn 0.75
Ncas:oil:carra:lac:sucl2-060-30 mn 0.74 14. 3% tuna oil,

Na- casei nat e-| act ose-sucrose systemw th 0.92% pectin (36%total solids)
Ncas: HVP: | ac: suc: 0i 1.112- 060-30 m n0. 63 Ncas: oil:HW: | ac: suc212-060- 30

m n0. 53 21.4% tuna oil, Na-caseinate-|actose-sucrose systemwth 0.12%
pectin (36% & this @QUEdlsthelfwawtlonbfmmreaorfmpratahﬁlayaomrthelmtaﬁacw 4% t una
oil, WI-la %total solids) WPl:lac:suc:oill

7-090C- 30 mcﬁglégjiéﬁﬁﬁﬁiﬁlba?{%li%légﬁ?0900 30 min0.74 G| was added after
all the sugars were added, HWP "hi gh nethoxy pectin"; 2011 was added before
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char act er§ st prepanation. Casei n sugar l\/ai IT'ard reaction products (MRPs) as

encapsul ant (Pewders—eoent-ant HHRa—pH——were—prep | ard
Reaction 18 Progwmatisn pr oduc éﬁm‘el”oymsi'%é reaqgaiﬁgat@;mcasei n and sugars as

encapsul ant §. AT%%{QB at i gn ofonggrtmtianent %o SSIOE] i alfmglsionBize chosen
usi ng fractifonal actoridl deﬁﬂl@ﬂln'go i nyv 2 E ?P t ne ebf@sfmm of these
vari abl e on fthe—powder—prapgerit-es : ! ey during—stor oils

were enul siflied into the pr{fg ao;f’lga-%ag?m% R SECIIR A d been heated for
at least 90C for 30 ninutes W Gig% carageenag(36200ia/ sefls) r ef | uxi ng t he ni[xture
for 90 m nutiess:catdiess0aal S1[0NS WAEEo T Nen IONDgRB0ERd  an 0.75

Neas:oil:carra:lac:suc? 12-0 60°-30 min 0.74
14.3% tuna oll, Na-caseinate-lactose-sucrose system
with 0.12% pectin (36% total solids)
Ncas:HMP:Jac:suc:oil’ 12-0 60°-30 min 0.63
Ncas:0il: HMP:lac:sus? 12-0 60°-30 min 0.53
21.4% tuna oil, Na-caseinate-lactose-sticrose system
with 0.12% pectin (36% tofal solids)

Neas:oil:HMP:fac:suc® 8-0 £0°-30 min 0.59
21.4% tuna oif, WPI-lactose-sucrose system (36% lotal solids}

WPl:lac:suc;oil’ 70 90°C-30 min 0.77

WPloilfacisuc® 7-0 90°C-30 min 0.74

'Ol was added after alf the sugars were added, HMP *high methoxy pectin”;

204 was added jlbefore all the sugars were addsd carra “carrageenan”

Example 3

10 To illustrate the effect of different processing conditions on 60% tuna oil
powder characteristics with Casein-sugar Maillard reaction products
(MRPs) as encapsulant

Powders containing 60% tuna oil, were prepared using Maillard Reaction
15 Products produced from the reaction of casein and sugars as encapsulants. A
combination of different processing variables were chosen using fractional
factorial design to investigate on the effects of these variable on the powder
properties and stability during storage. The oils were emulsified into the protein-
sugar mixtures that had been heated for at least 90°C for 30 minutes or by



subsequently dried into powders. The free fat content of"t1h§ goWrs was
determ ned after powder production and these ranged from 1- 5/0 I'ch was
greatly affected by the conbination of processing variables used. Sanples
of 5 powder (80g) were stored in 2 litre plastic containers to provide
sufficient oxygen in the headspace to accel erate oxidation of the sanples.
These were stored at 35C for 4 weeks. Propanal, was determ ned using gas
chromat ography (GC) (static headspace &hal ysis). The encapsul ation

efficiency a PN t herefore be optjmsed by. to choosing
the ri ghtycO@Pﬁﬁwmﬁaﬁﬁé@s@ﬁg@%Qﬁ?&ﬁ'ﬁ‘ﬂ%"%‘ﬂe’%&b%ﬁ%\‘PP%%“'ﬁGQ%?CE 3).

Ef fect of pHsubBegueitiyedtiedfintpHrdvedds.t The.fhde Gt untea s thbep@wdtggaﬁas f
concentratio iL.@gni ficant <0.001 This result s St that pH o
the 15 aqueoﬁ%te}s@z'g? #?DB&W%BP{@PBW%?AQ {Rese; TrRd hﬁ'@'af‘%ﬁ%’ ngch\)@@sy

i6m§or t agt . Toreathe sifected d:lyethelqolnﬁ:ﬂrmned dfhirﬁc_:ets&*ﬂ@_?;a‘y‘iﬁ@lé@H ds@?.r Sphpigs oPH from
.5to0 7.5 e e propanal ceptratiaqn, is pH effect was

consi st en? V\ﬁ? ﬂﬁ&‘?fﬂﬁbé}i“t’%ﬁﬁ{{eg%ﬁ*}% P@é@ﬁ@%*ﬂﬁfﬁﬂﬂ@r&% 18 X% n- sugar
ratio from linfthée heht@hacend stcsleratberidatibn ef thdGapidds. Ohebbctd!9fed@s heat ed

(Table 3) Ef {.of sugar concentration at tine of heating to form VRP The
effect of suéé% @6#&5?\8‘?5& ﬁ'f%’aﬁﬁh waggledarminag ¥siag eas g ogreply (F&} was

significant (spetie HAEAIpacdialyaigar concentration at time of heating is
i ncreased fr_gm 2.5%to 12%the resulting powders had 25 | ower propanal

. LI 9 d

during st or alé® ensarsulstion efficiencyapd powgar stability capttberefara demndmised by sugar
rati o i si@l Sghasd : f ' o ef fect
of casei n-sugar fr?lgttihg"iﬁ()%{?t%%@%gﬁgﬁﬁﬁgﬁé’gsﬁiﬂ?i\%gﬁgb Sﬁgqgg%'glsﬁdmgg%feesul ts
showed Iowerf%pr opanal concentration in stored powders, when the 30 anpunt
of sugars argfféaqﬁﬂ%ed in the formulation. This suggests that powders

Wi th casein-sugar ratio of 1:2 were nore stable agai nst oxidation than
powders wi t hheefieatef pddas to Ft5)@ngfropanhal hdaddpac8poncentraticd CT 2004 16

e et honcBSEAREAA -0 b BRI BT o ot o
hormogeni &t i aqueansd chesin-sugaradaieion avéise thgof héatmgtwdspredy 035) .
important. The results clearly showed this trend where increasing
pH from 6.5 to 7.5 reduced the propanal concentration. This pH
effect was consistent with the different sugars used, with the
change in casein-sugar ratio from 1:1 fo 1:2, and also when all or
20 part of the sugar was heated (Table 3)
Effect of sugar concentration at time of heating to form MRP
The effect of sugar concentration at time of heating on powder free
fat was significant (p=0.019). When sugar concentration at time of
heating is increased from 2.5% to 12% the resulting powders had
25 lower propanal during storage. This effect is more significant when
the protein to sugar ratio is also much lower (Table 3)
Effect of casein-sugar ratio
The effect of casein-sugar ratio on propanal was significant (p=0.025). The
results showed lower propanal concentration in stored powders, when the
30 amount of sugars are increased in the formulation. This suggests that powders
with casein-sugar ratio of 1:2 were more stable against oxidation than powders
with casein sugar ratio of 1:1 (Table 3).



These results suggest that heat treatnent at higher tenper@CJr@i@#nd 5
honogeni sati on of the enulsions in two-stages (350 + 100 bar) significantly
i nproved powder stability (Table 3). Table 3: Effect of pH, honopgeni sation,
casei n-sugar concentration at tinme of heating, heat treatnent tenperature,
casei n: carbohydrate to ratio, and type of sugar, on the free fat and
stability of high-fat powders using heated casei n-sugar systens pH

Honobgeni sation % Protein- Heat Free Fat ¥Propanal at time Pressure % Sugar
Treatnment (g | ty] ncentration of Protein-
powder) 4 V\,ksnggg\gé%ﬂégg%%gﬁgg?ﬁgye%?%%% powder) Powders with 60% tuna
oi |, 13.3% plbereiwas somainte petiondietwasn Bomndgenishtigh wod beakiyeaiment. The

6. 535010- 2. 5906 ' ew - A5, 0]

7 535010 2, Sp Ty aregesicn Pt yeaBigticpal it E R0 885017, o

7. 5350/ 1006- 1hersUesoitssygnestibathaas indainseniiat Hgﬁ@%elmam;mblandZO% protein, 10%
gl ucose, 10%dr.| : : 110010 I9NG-30, minl0.84113.9

O Bam0110ba0M S agEn R e tifighs vt dada agp d T ban Selfigri 1 76

7. 035011009- BrRebvatkp@ddaristedilty 6l bler3)53509- 990C- 30 ni n5. 7710. 5 Powders with
60% tuna oil, 13.3%protein, 13.3%I| actose, 13. 3% sucrose

Table 3: Effect of pH, homogenisation, casein-sugar concentration
at time of heating, heat treatment temperature, casein:carbohydrate

10

ratio, and type of sugar, on the free fat and stability of high-fat
powders using heated casein-sugar systems

% Protein- Heat Propanal
pH Homogenisation Free Fat .
. % Sugar Treatment (with [S)
at time Pressure . ) (0/100g
of heating (ban) Concentration of Protein- powder) 4 wks-35°C
atheating | sugar solution (ng/g powder)
Powders with 60% tuna oil, 13.3% protein, 13.3% glucose, 13.3% dried giucose syrup
8.5 350 10-2.5 90°C-30 min 3.89 50.9
7.0 350 10-2.5 96°C-30 min 5.03 20.3
7.5 350 10-2.5 Reflux-30 min 4.02 15.5
8.5 350100 6-12 Reflux-30 min 5.10 17.0
7.5 350100 6-12 80°C-30 min 1.66 9.3
Powders with 60% tuna oil, 20% protein, 10% ghicose, 10% dried glucose syrup
6.5 380/100 10-2.5 80°C-30 min 10.84 113.9
7.5 350/100 10-2.5 Reflux-30 min 7.93 26.5
6.5 350 9-9 Reflux-30 min 5.00 17.6
7.0 350/100 9-9 Reflux-30 min 9.64 6.8
7.5 350 99 90°C-30 min 577 10.5
Powders with 60% tuna oil, 13.3% profein, 13.3% laclose, 13.3% sucrose
6.5 3501100 10-2.5 Reflux-30 min 3.26 377
7.5 3501100 10-2.5 80°C-30 min 4.00 245
6.5 350 6-12 80°C-30 min 5.33 121.4
7.0 3501100 6-12 80°C-30 min 4.77 257
7.5 350 812 Reflux-30 min 8.12 79
Powders with 60% tuna oll, 20% protein, 10% lacfose, 10% sucrose
6.5 350 10-2.5 Reflux-30 min 12.98 209.7
7.0 350 10-2.5 Reflux-30 min 7.18 64.7
7.5 350 10-2.5 90°C-30 min 7.42 41.4
6.5 350/100 98 90°C-30 min 10.78 169.2
7.5 350/100 9-9 Reflux-30 min 6.45 73 -




6. 5350110010- 2. 5Ref | ux-30 m n3.2637.7 7.5350110010- 2. 590_@-13
6. 53506- 1290C-30 mi n5.33121.4 7.035011006-1290C-30 m n4. 772
7.53506- 12Ref |l ux-30 m n6. 127.9 Powders with 60% tuna oil,
10% sucrose 6.535010-2. 5Ref | ux-30 mi nl12.98209.7 7.035010- 2. 5Ref | ux

| act ose,

20% pr ot ei n,

30 m n7.1664.7 7.535010-2.590C 30 m n7.4241.4 6.535011009-990' C- 30

m nl10. 78169. 2 7.535011009-9Ref | ux-30 m n6.457.3 --
with 60% tuna oil,

13. 3% protein,

3.3%

| ucose, 1

O%sucr ose,

@ CTi n0024. 5

10%

1 OCT 2004 17 Powders

13. 3% | act ose
6. 535010-2. 5Ref | ux-30 m n6.5739.5 7.0350/10010-2. 5Refl ex-30 m nl12.3019.6

7.535010- 2. 390C- 3(Pomdersvitqo2xurg 0l 1 5B r0086 di288 CoB0crome,18.38 8dA9. 4

otein,

3.3 T
0434. 2

20%
590C- 30

7. 5350/ 1006-IZ2Refsl ux-[30 m@s0Z2. 875, Ac-EOWIET Reitdab Min00 70 teFaa Ol 1, 29X pr
2. 5% gl UCOSE',—W%%_WL' 867700 L 00 H G555 T [Cremnaalinh 0P T0 250 Ref T tixye3d
m nl3. 6258. 53501106140 2-5906-30 m-nl2_ 4562 4 8 53509-990C- 320
m n4. 8954. 7 17.03509- 000C- %0 ni hs 3 '31'51 8 79955'3%5- ORef1%ix- 30 m Qr% 00
Powders wi t h_60%> unal oi¥f"'%3. 8% ptt ei r, B398 di i e8I ucose @t up
6. 5350/ 1001¢- 2. 390C- 30 WP, 631106-2 7. §350%BOORO; 2. PREf | ux 3054 n7.
6. 53506- 12Ref T ux 3B@owikm kih 663 2Ba &, 20% DDk, C-6% Fioerkd, W% sudro¥d 10t 0acse1 8. 81
7.53506- 1290C3@sm N 7. 128808 PPWOEESEs W TIREAGH L Ot sz 2090 pregaerm,
dried gl ucoge—syrtp—653g0iE 27599639 irdsndt P70 35910802
m n16. 5960. § _

6.5 350 9-9 90°C-30 min 4.89 547

7.0 350 g-9 80°C-30 min 5.20 44.8

7.5 350 9-9 Reflux-30 min 5.00 33.3

Powders with 60% funa oil, 13.3% prolein, 26.6% dried glucose syrup

6.5 350/100 102.5 90°C-30 min 17.63 110.2

7.5 350/100 1025 Refiux-30 min 7.04 34.2

6.5 350 6-12 Refllux-30 min 10.53 286

7.0 350 6-12 Reflux-30 min 10.45 18.81

75 350 6-12 90°C-30 min 7.12 247

Powders with 60% tuna off, 20% protein, 20% dried glucose syrup

6.5 350 10-2.5 90°C-30 min 13.24 149.0

7.0 350/100 102.5 90°C-30 min 16.59 60.8

75 350 10-2.5 Reflux-30 min 16.92 417

65 3507100 99 Reflux-30 min 13.88 280

7.5 350/100 9.9 90°C-30 min 20.71 124.1

Example 4

10

To demonstrate the use of MRP formed from whey protein isolate (WPI)-

sugar mixtures as encapsulants

Powders containing tuna oil were prepared using Maillard Reaction Products

produced from the reaction of WPI and sugars as encapsulants. The oils were

emulsified into the protein-sugar mixtures that had been heated for at least 90°C

for 30 minutes or refluxed for 30 minutes. The emulsions were then

homogenised or microfluidised and subsequently dried into powders. The free

fat content of the powders was determined after powder production and these

ranged from 4-8%.

Samples of powder (80g) were stored in 2 litre plastic

containers to provide sufficient oxygen in the headspace to accelerate oxidation




7,535010- 2. 5Ref l ux 30 mi nl6.9241.7 6.535011009-9Ref|ux-391an¢32@ﬁ28.0
7.535011009-990C- 30 m n20. 71124.1 Exanple 4 To denonstrate e use of MRP
formed fromwhey protein isolate (WPl)- 5 sugar m xtures as encapsul ants
Powders containing tuna oil were prepared using Miillard Reaction Products
produced fromthe_reaction of WPl and sugars as encapsul ants. The oils were
emul sified into the protein-sugar m xtures that had been heated for at

| east 90C 10 for 30 m nutes or refluxedigor 30 m nutes. The emrul sions were
then honogeni sed or mcrofluidised and subsequently dried into powders.
The free fa®f Bensamplest Tihese pusidestoratast @5f@rior Meaveaks.er Pmpadal vasoduct i on
and these r B Yo%hroRiR - r ored in 2 litre
pl astic con(?é;[igﬁﬂpéata glhélggé?cge Su{:ﬁ?gﬁ%&@‘é@ﬁa&g%@?ﬁép{%\g aﬁgggg%ace to

accel erat e oMR#atarvhe formed Ity Tearbiog ott@r podteink dothaniiaascaseing sethveaigarsst or ed

t 35C f 4 1 i_pe i At h GC
(static neadiingsed o pRRaManiocBRcantl bl ey ol o3fRef JoBIRANIRE Y, 1™
(ot her than epdiseised i tchossingrtbe dght oerebinatiore nf apreoéssines vaftaltiap saddat i on
ef ficiency %ﬁnagﬁ‘a??aﬁl@ ility can be 5 optim sed by choosing the right

conmbi nation of processing variables and formulation (Table 4). Table 4:
Characteristics of 45%fat powders prepared from heated WPI sol utions

showi ng t he t rder. of essing, and t of su used on 10
powder pr opeﬁllhg(s&‘ a(ﬁ{?r ?tgﬂ?t\cﬁtof/%/%gﬁi‘?% ﬁ@@ﬁ’&ﬁﬁ%{ﬁ?ﬁ‘@ﬁﬁ&éht Pr opanal
(with 1'S) Osidutiont showingsthe efféctng erder af paedsimy, ehgit pirsaseaind Wks- 35C
(g/ 1009 Foomder\@ﬁat heali ngs Iué}.é.on(i g/ g powder) Powders wth 45%tuna oil,
18. 3% Wpi 1REVE &S aStaBliyYr i ed gl ucose syrup (honogeni sed) Heat (with
sugar)- 8 -1690C 30 m n{so@rben-90sdgat OMRETEMWEIRTS W T N A5V prggERaiQivithis)1 8. 3%

WPI,  18. 3% || GEAS BrocekBng] 0 S3AELB5Rn (OTRARN GG Free Fat 4 wks-35°C

/1009 powder
at heating solution (/1009 p ) {ng/g powder)

Powders with 45% tuna oil, 18.3% WP,
18.3% glucose, 18.3% dried glucose syrup (homogenised)

Heat(with sugar)-

. 8-16 90°C-30 min 0.66 6.5
cil-homog

Powders with 45% tuna ofl, 18.3% W#,
18.3% lactose, 18.3% sucrose (homogenised)

Heat{with sugar)-

. 8-16 90°C-30 min 0.46 11.1
oll-homog '

Powders with 45% tuna oil, 18.3% WFI,
18.3% glucose, 18.3% dried glucose syrup (microfluidised)

Heat(no sugar)-

, 8-0 90°C-30 min 0.49 12.0
sugars-oil-homog
Heat(no sugar)-
. -0 90°C-30 min 0.30 8.3
oil-sugars-homog
Heat(with sugar)-
B-—16 90°C-30 min 0.38 3.9

oil-homog

Powders with 45% tuna oil, 18.3% WP,
18.3% lactose, 18.3% sucrose (microfiuidised)

Heat(with sugar)-
. 8§-18 90°C-30 min 0.38 12.0
oil-homog




Heat (wi th sugar)- 8 -1690C 30 mi n0.4611.1 oil-honpg Powders (Tt ROFS% t una
oil, 18.3% WPl, 18.3% glucose, 18.3%dried glucose syrup (m crofluidised)
Heat (no sugar)- 9-090C-30 mi n0.4912. 0 sugars-oil - honmog Heat (no sugar) -

9- 090C- 30 m n0. 308. 3 oil -sugars-honmog Heat (with sugar)- 8 -1690C 30

m n0. 383.9 oil-honbg Powders with 45%tuna oil, 18.3% WPI, 18.3% | act ose,
18. 3% sucrose (mcrofluidised) Heat(with sugar)- 8 -1690C 30 m n0. 3612.0
oil-homog - 1 OC T 2004 19 Exanple 5. o denonstrate the use of MRP as
encapsul ants for blends of tuna oils wth higher solid fat index Powders
cont ai ni ng tkExaemplel5.and bl ends were prepared using Maillard Reaction 5

Products pr e reacti of | and [ S apsul ants. The
oils WereloeaF ﬁ\ong n% ghe[l,;lsee éﬂgﬁg’i%ﬁgﬁﬁﬁu%ﬁg&&lgf'ﬁ%ﬁﬁﬁﬁ%&n heat ed
at  60C, 90@vrlh hi@idrtsoénll fabind@® m nutes. The enul sions were then

honpgeni sed en owder s ntent of
e Sonior s RaRfors BARMISE hink Lo ulchas wBR AR e g MlIBLEReERREE ™ ¢ o
3-5% Sagfpl eBro?tlctBCprommrfrdrBQ@é re!hlﬁ:tlei?1 of gVFeldand”lsﬁ@alrs =1 @nﬂémﬂan&; CRhet ai ne][ s
to provi esu i ci ent n t eads to .acce ate, oxjdatjion o

t hepsarrpl es. O"PhUEE 9@?’%2%%0':“@1 R pr @:sp%qrpgn)&ggﬁgﬁatﬁﬁ;ﬁbﬁgn heﬁtfg

det erm ned L@O"n:g 908G ot hefurat gar 80 Rinuté%:) The( @malbioﬁs RS SRS BoraBgEnisads) -
Powder s cont ai tuna oi l“éibi(?en S re nor. e abl e to oxidation when NMRPs

15 were used® gﬂgrmyaqiﬂ HE, B The free at content of the powders was
determined afier powder productlon and these ranged from 3-5%. Samples of

10 powder {80g) were stored in 2 litre plastic containers to provide sufficient oxygen
in the headspace to accelerate oxidation of the samples. These were stored at
35°C for 4 weeks. Propanal, was determined using gas chromatography (GC)
(static headspace analysis).

Powders containing tuna oil blends were more stable to oxidation when MRPs

15 were used as encapsulants (Table 5)

Table 5: Characteristics of 60% fat powders prepared from heated casein-
sugar formulations using tuna oil and a blend with higher solid fat index

Heat Treatment | % Casein-% Sugar Free Fat Propanal (with [S)
ree Fa
Type of il of Protein-sugar Concenfration ‘ 4 wks-35°C
. . (9/100g powder)
solution at heating {no/g powder)

Powders with 51% funa oil, 8% hydrogenated palm oil,
13.3% protein, 13.3% glucose, 13.3% dried glucose syrup

Tuna oil + HPO  [60°C-30 min 6-12 2.14 7.4
Tuna oit + HPO  |90°C-30 min 6-12 2.07 1.8
Tuna gil + HPO  |Reflux-30 min 6-12 1.43 1.3
HPO “hydrogenated palm oil’

Example 6

20 Demonstration of the minimum extent of the Maillard Reaction Products
required to protect tuna oil in powders and emulsions against oxidation
6.1 Powders
Powders containing tuna oil were prepared using Maillard Reaction Products
_produced from the reaction of casein and sugars as encapsulants. The oils were
25 emulsified into the protein-sugar mixtures that had been heated for at [east 60°C
for 10 minutes up to 100°C for 90 minutes. The emulsions were then




.
Tabl e 5: Characteristics of 60% fat powders prepared from h*e;t%l'c%\ﬂgéi n-
sugar fornulations using tuna oil and a blend with higher solid fat index
Heat Treat ment % Casei n- % Sugar Propanal (with IS) Free Fat Type of oil of

Pr ot ei n- sugar Concentrati on4 wks-35C (g/100g powder) solutionat heating(g/g
powder) Powders with 51%tuna oil, 9% hydrogenated palmoil, 13.3% protein,
13. 3% gl ucose, 13.3%dried glucose syrug Tuna oil + HPGS0C 30

m n6-122. 147. 4 Tuna oi | + HPOROC- 30 min6%122.071.8 Tuna oil + HPORef! ux- 30

m n6-121. 431 hdmbhEhis bl nstration of
the m ni num ex?negt&lg?a? Eggﬁgﬁﬂe‘%’r@?ﬂ@ﬁr{% oﬁg%}dgﬁ %(?re%gaﬁgoﬁge ﬁtoé?}é)‘? ot ect
tuna oil in powdeBEwameeterained efier payrdat prodictiomahd these. ranRaliieno.Goovder s
contai ni ng t yngy, oi " S i | ction Praducts
produced fr o?nr?/he éraergﬁl%lgocﬁ of ceggg?@ ‘g’ﬁﬁp@&g%ﬁ“(j%?ﬁ%n@s%@%|°8'ﬁ?§’?’3rﬁ% oils
were 2s enuPEVvideeguffigiest tpae & ¢he- kaagiapace o Laceslerdtat otidationesh tiheat ed

for at |east 0 ) or, 90 Ju nutes. The enul sions
wer e then§ll gérgﬁ{e EZEB%&EZWEF%%%%%%% é%(?l go?{% &V&B&q PR &faiséjt}?‘?rm"&echV\Uers.
Thg fL ee fat U%lﬂﬁigéﬁsh@ﬂnatb@“aphpﬁ%/}(stSa\ﬁaﬁfddsrthianel}}sia)‘.tgr |)oowder pr odugtion
and these ra . anpl es of po re stored in
2 litre pl as?ﬁ%g%:a%ﬂ't alﬁg&g&ﬁgo&%&g‘@? aé'g&'ﬂnf’ F‘Ei"’&ﬁ‘{a\i\%ﬁéb&ﬁqg‘f?l\fgﬁe headspace
to accel er at proprialdn tmheddsphee & sterer ipes/ders) aae dopemicht 6 Bk digréder for 4
weeks. Propa t . hed sin as,chromat ography (GC), (static
headspace anﬁ%g%g%ﬁ&gtﬁ'ﬂp?ﬁ el)%":&ﬁaéo ER3eINs® r@ﬂﬁ@smlaam%n, as
ijndi cgt e?o bymahefagtmebf tbl’efse pﬁW@;&'@iiThé &abm? d(”ft%ifbsl' ytamvdgrs tﬁ:té){icféiioﬁng,el_ (rj S'E was
ependent on, ree, o at treatpent (time/tenperature) applied to
casei n- sugar 'niﬂr}éﬁif%é ﬁ‘&ﬂ?ri hegt ?rﬁ@tn?%‘? RﬁWﬁfp&‘&tPli'r%‘%‘f MHwge Thewextant of The
stability of pioteutioniafforiedds e firfshadi phalde wiRr oved by hi gher heat
treatnent of the protejn-sugar_ m xture. ‘?’Elgy%%?gWof protection afforded

to the finished JBHgasing extedhstiieailiard Ragetienes meagsedrhy the amuenkaf | | ar d
Reaction as measyeggteR¥%ufdte anmount of
15 * Increasing the temperature of heat treatment applied to casein-sugar
mixtures from 60°C to 100°C
* Increasing the time of heating applied to casein-sugar mixtures from 10 to
90 min at fixed temperature
At least ~10% of the sugar in the protein-sugar mixtures has to be reacted to
20  obtain desirable levels of protection of the oils (Table 6.1)
Table 6.1: Levels of Reacted Sugar and Characteristics of tuna oil powders
prepared with differently heat-treated sugar-protein mixtures

FProtein:carbohydrate ratio = 1:2
Casein-sugar mixtures used in Powders with 50% tuna oil, 16.7%Na-caseinate, 33.3% glucose
Casein:sugar | Heat Treatment | Sugar reacted Free fat Propanal @ 4 wks-35°C
ratio {°C-min) {%) (% powder) (ng/g powder) with 1S*
1:2 60-30 0-1 nd nd
12 60-60 01 nd nd
1.2 60-80 0-2 nd nd
1:2 80-30 2-3 . nd nd
1,2 80-60 34 nd nd
1:2 80-90 4.6 nd nd
1:2 100-30 9-10 nd nd
1:2 100-60 12-14 nd nd




reacted sugar 15 Increasing the tenperature of heat treat m;lgb afpﬁ@fd to
casein-sugar mxtures from60C to 1100C Increasing the tT gf ting
applied to casein-sugar mxtures from10 to 90 mn at fixed tenperature At
| east -10% of the sugar in the protein-sugar mxtures has to be reacted to
20 obtain desirable |levels of protection of the oils (Table 6.1) Table 6. 1:
Level s of Reacted Sugar and Characteristics of tuna oil powders prepared
with differently heat-treated sugar-propein m xtures Protein:carbohydrate
ratio = 1:2 Casein-suygar mxtures used in Powders with 50%tuna oil,

16. 790a- caspi naf'®, 33. 394YHMcose Cadeéln: sligar Peéat Trleat mentndSugar rdact ed
Free fat Prppanal @4 wks-35C ratro(CGmn) (% (% powder)(g/ g powder) with

| S* 1:260- 3D0- 1ndnd 1: 260- 600-1 2ndnd 1: 280- 302- 3ndnd
1: 280- 603 4nid L 260904 ondnd TeBeRRAIe M 10 2100- 6012- 14ndnd 1 0
CT 2004 21 nF9UEsE YHPI%3mandoBrblareebar /gy eiese 867% dded glusosesyrls wi t h

50% t una oi 935E®.56s7é% NMeatTasabnant| Sugal @adatp gl Ubesiet, 14. Baina i@ edksdsaC gse
syrup Caseip:sug@r Heat ¢o.@af mept Sgpgar r ea b/edawggr)ee f ?&QIQPJOQ@@Mh @ 4
wks-35C r at FolC-m-n){ OA l % nowdel) (a/ a.now
12 YT Y BD30 AT B ¢ 101 476

1.2 60-60 nd 0.58 45.8

1:2 60-90 nd 0.66 447

12 80-30 nd 072 27.7

1.2 80-60 nd 1.59 20.4

12 80-90 nd 0.76 12.3

1:2 100-30 nd 0.75 3.1

1.2 100-60 nd 0.88 1.7

1.2 100-90 nd 1.54 . 0.9

Protein:carbohydrate ratio = 1.1
Powders with 50% tuna oil, 25% Na-caseinate, 25% glucose

1 Casein:sugar Treatment Sugar reacted Free fat Propanal @ 2 wks-room
ratio {°C-min) (%) {% powder) (ng/g powder) with 1S*
11 no heat 0-3 nd 8.9
11 80-10 3-6 nd 6.5
1:1 80-30 6-7 nd 27
1:1 88-30 12-13 nd 0.7

Protein:carbohydrate ratic = 2:1
Powders with 50% tuna oil, 33.3% Na-caseinate, 16.7% glucose

Casein:sugar Treatment Sugar reacted Free fat Propanal @ 2 wks-room
ratio (*C-min) (%) (% powder) (ng/g powder) with 1S*
2:1 80-30 2-6 nd 4.3
2:1 98-30 12-14 nd 1.1

*Samples wers analysed using 3-Methylbutanal as an internal standard, and assuming response
factors were similar in different matrices,
~ nd, "not determined”

5 6.2 Emulsions
Emulsions containing tuna oil were prepared using Maillard Reaction Products
produced from the reaction of casein and sugars as encapsulants. The oil was



1: 260- 30nd1. 0147. 6 1:260-60nd0. 5845. 8 1:260-90nd0. 6644. 7 1. ?E{Qgﬁ%gﬁg 7227.7
1: 280- 60nd1. 5920. 4 1:280-90nd0. 7612. 3 1:2100-30nd0. 753. 1 1:210 0.881.7
1: 2100-90nd1. 540. 9 Protein: carbohydrate ratio =1:1 Powders with 50% t una
oi |, 25% Na-casemate, 25% gl ucose Casei n: sugar Treatnent Sugar reacted Free
fat Propanal @2 wks-roomratio(Cmn)(% (% powder)(g/g powder) with |IS*
1:1no heat 0-3nd8.9 1:160-103-6nd6.5 1:160-306-7nd2.7 1:198-3012-13nd0. 7
Protein:carbohydrate ratio = 2:1 Powderg with 50% tuna oil, 33.3%

Na- casei nate, 16. 7% gl ucose Casei n: sugar Treatnent Sugar reacted Free fat
Propanal @ 2emkisified into the profdhsuganraixtitephatibad bedrgheated for at ldash60°8

2:160- 302-6 I I d

3- Met hyl but 2%§I1%a'§ nélge%l ﬁ?é&ﬁlg?féséé'Sé%é%r"iﬁﬂ%ﬁga%{\éﬁ[ﬂ?{‘ﬁ’g%%’i%&ngg‘“'ﬁq%ﬁ ors
were sim | arwere siofefldoedveehs at ¢S anddnalyseat. Eepanaliwead deterBinddirsingi ons
Enmul si ons Coéba(hfélh@ﬂe%'éb%ce anai’velsf prepared using Mallard Reaction Products

5
The stability of tuna oil emulsions to oxidation, as indicated by the level of
propanal in the headspace of stored emulsions, was dependent on the degree
of heat treatment (time/ftemperature) applied o casein-sugar mixtures during the
preparation of these emuisions. The stability of tuna oil emulsions to oxidation
10 was improved by heat treatment of the protein-sugar mixture. The extent of
protection afforded to the finished emulsions increased with:
» Increasing extent of the Maillard Reaction as measured by the amount of
reacted sugar
» Increasing the temperature of heat treatment applied to casein-sugar
15 mixtures from 60°C to 100°C
¢ Increasing the time of heating applied to casein-sugar mixtures from 10 fo
90 min at fixed temperature
At least ~10% of the sugar in the protein-sugar mixtures has to be reacted to
obtain desirable levels of protection of the oils (Table 6.2)
20 Table 6.2 Levels of Reacted Sugar and propanal from tuna oil emulsions
prepared with different degrees of reacting the sugar-protein mixtures

Protein:carbohydrate ratio = 1:2

Casein-sugar mixtures used in Emulsions with 18% tuna oil, 6% Na-caseinate, 12% glucose
Casein:sugar ratio Heat Treatment Sugar reacted Propanal @ 20 wks-4°C
(°C-min) (%) (rg/a emulsion) with 1S*

1:2 60-30 0-1 nd

1:2 60-60 0-1 nd

1:2 60-90 0-2 nd

1:2 80-30 2-3 nd

1:2 80-60 34 nd

1:2 80-80 4.8 nd

1:2 100-30 8-10 nd

1.2 100-60 12-14 ind

1:2 100-80 17-20 nd
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prot ei n-sugar i Koulyies WT?htﬁ‘VemeeoﬂtG%Na-cqse:oéteﬁ%lgﬂmosa,fa“*/odtrfdedlu&o@e &g finitshed
emul si ons i NCERAREFHaVeidT- Héét'fr‘é&ﬁubﬁtg eX e rdabied (1T | as
measured by|the anmount of éﬁ? fg sugar ncreasi ng the erature of
heat treatnpnt applied t¢ caserfi™8ugar| 15 rfr@(tures f(‘r‘ﬁfmewe'@o't)d"t*lt%c
I ncreasing the ti @ of heatlngﬁoaBplee to casel n- supar mXtwfes from{l0 to
90 m n at fx_edeerat yre Atgplegast—[10% of gtre :uEﬁ‘f—r‘ﬁ—(-hg—ﬁv-@Hﬁ-H sugar
m xt ures ha:—%—bg—eeaet-ed—t—e—etén_a;n,demm?ﬂn leviels of protection]of the
oils (Tabl e_6. ® Tabl é 6.2:°%8vel s |of Red® ed Sulgar and pfopanal firom
tuna oil enul sion%2 prepared V03 di f fler ent mdiegrees| of reactung the
sugar - prote[n m X{:@r es Plotei rgﬂsggr botydrateyatto—12-Casgin——sSugar
m Xt ures uspd— - i S it 18% t una. oil 6% Alle- caseinate, 12% ‘_l ucose
Casei n:sugar_rati at THeat ne t‘%Sugar r eact®d Proplnal @ 263 wks-4C
(CGnmin) (% (xg/g ehl sion) wthoa¥H 1:260- 300dInd 1:[260-600-dad
1: 260- 900- 2017 28Y- 30Z- 310 7gtae 003-f@md—1.786="9046nd 03

1.2 100-90 nd 0.4

10

15

20

*Samples were analysed using 3-Methylbutanal as infernal sfandard, and assuming response

factors were similar in
nd, not defermined

Example 7

different matrices.

Demonstration of the use of Maillard Reaction products as encapsulants

for tuna oil and o

7.1 Powders

ther oils

These examples demonstrate the use of MRP formed by reacting protein-sugar

mixtures as encapsulants for tuna oil and other oils. The oils were emulsified

into the protein-sugar mixtures that had been heated for 80°C-30 minutes or at

98°C-30 minutes. Homogenised emulsions containing tuna oil, evening primrose
oil (EPO) or anhydrous mik fat (AMF) was subsequently dried info powders,
The free fat in powder was determined after powder production and this ranged

from 0.6 to 2.2%.

Samples of powder (80g) were stored in 2 litre plastic

containers to provide sufficient oxygen in the headspace to accelerate oxidation

of the samples, and stored at 35°C for 4 weeks. Propanal was determined

using GC (static headspace analysis).




1:2100- 309-10nd 1:2100-6012-14nd 1:2100-9017-20nd - 1 O C E?Oé 0%3

Protei n: carbohydrate ratio = 1:2 Enul sions with 18% tuna 0| p )é

Na- casei nate, 6% gl ucose, 6% dried glucose syrup Casein:sugar rati oHeat
Treat ment Sugar reacted Propanal @20 wks-4C (C-min) (% (glg enmulsion) with
| S* 1:260-30ndna 1:260-60ndl.4 1:260-90nd1.4 1:280-30ndl.4 1:280-60nd1.1
1:280-90ridl.3 1:2100-30nd0.3 1:2100-60nd0.3 1:2 100-90nd0.4 * Sanpl es
wer e anal ysed usi ng 3-Met hyl butanal as pnternal standard, and assuni ng

response factors were simlar in different _nmatrices. nd, not determned 5
Exanpl e 7 DeRBWderrfoniiniag allinis jeded(tunaial] EPO weAWE) were mese stablato
encapsul ant soilion!hiéh RIEPsAMe@kBEts GhlhslichAa4RIATL0 These exanpl es
denonstrate the use of MRP fornmed by reacting protein-'sugar mxtures as
encapsul ants for tuna oil and other oils. The oils were enmulsified into

t he protei n- $498r7 ANCHAE &Sri l?g.@& beg,or at
98C- 30 m nutes. Hono eﬁcgerd-iﬂ'&é‘to g?@ﬂéﬁ?{gﬁ al n?ﬁn{aﬂﬁ r?ggg‘%la&l gég}r?l/ﬁaaprl nr ose
oi | (EPO)S or cageiaiR. o6t glutese, (W\ﬁf?)%mgdsgilbmswmum wivgni diffetent diepbwder s.
15 The free §aljopePonder was deternined after powder production and this
ranged

Powders with 50% tuna of,
16.67% Na-caseinate, 16.67% glucose, 16.67% dried glucose syrup
Type of Heat Free fat Propanal @ 4 wks- Propanal @ 13 wks-
Oil Treatment (% powder) 35°C 35°C
(°C-min) (ug/g) ™ (ng/g powder) **
Tuna oil 60-30 0.86 1.8 nd
Tuna oil 98-30 0.62 0.7 nd
Powders with 50% evening primrose oil (EPQ),
16.67% Na-caseinate, 16.67% glucose, 16.67% dried glucose syrup
Type of Heat Free fat Hexanal @ 13 wks- Propanal @ 13 wks-
Oil Treatment (% powder) 35°C 36°C
(°C-min) {ngf) ** (ugfg powder) **
EPO 60-30 2.15 49.5 52
EPO 98-30 1.13 13.2 28
Powders with 50% anhydrous milk fat (AMF), |
16.67% Na-caseinate, 16.67% glucose, 16.67% dried glucase syrip
Type of Heat Free fat Hexanal @ 13 wks- Propanal @ 13 wks-
Oil Treatment (% powder) 35°C 35°C
(°C-min) (ngfg) ** (ng/g powder) **
AMF 60-30 0.64 <0.1 0.4
AMF 98-30 0.62 <0.1 <01

** Samples were analysed without the use of an Internal standard

nd, not determined

10 Note:Tuna oil powders were analysed after 4 weeks sforage, whereas powders with EPO or
AMF were analysed after 13 weeks sforage as there was very low level of oxidation in the
samples after 4 weeks of storage



fromO0.6 to 2.2% Sanples of powder (80g) were stored in-2110€Fe2WBkastic
containers to provide sufficient oxygen in the headspace to accel erate
oxidation of the sanples, and stored at 35C for 4 weeks. Propanal was
determ ned using GC (static headspace analysis). 20 .. 1 OCT 2004 24
Powders containing all oils tested (tuna oil, EPO or AMF) were nore stable
to oxidation when MRPs were used as encapsulants (Table 7.1) Table 7.1
Characteristics of powders prepared containing 50%o0il, 16.67%na- 5

casei nat e, 1‘9.\%35:%&%’1‘? se, 16.67%dried glucose syrup given different heat
treatnments Powders with 50%tuna oil, 16.67% Na-casei nate, 16.67% gl ucose,
16. 67% dr i edEgiuisiersecajaining Type obf demiry pimfaat RiloERT) an@ dntwkisourmjlanal @

o1 1 60-300. 8oE: G Turee BFEEEd dRreolredn RBdeRR Heve JoSh BRI e moce

oil (EPO, l&=6idh bbcasaireamhsugard 6s eneamiulents eThel 6il @éfs enllefiedlintodise syrup

Type of Heat F . nal 3 WKks- Pr.o I 3 .wks- Q| Treat ment (%
pouter ) secanpiefn ShoBT BRRres e S nadar it Ber 0 ubliss, Adigmcieneed
EPO98- 301. 13ERWRRG Revelatcreu foh 4504k ay d°Quandridrialysad. ( AMpanall defd %

Na- casei nat e t16..678¢) g] ugﬁé% é& 67% dried gluycose syrup Type of Heat Free
fat Hexanal @93REY BFRELRG (St heatsracesn t nent (% powder ) 35C35C
(Gmn)Wg) **(g/g powder) ** AMF60-300. 64<0. 10. 4 AMF98- 300. 62<0. 1<0.1 **
Sanmpl es were alﬁe wi t hqQut \tﬁge use of an internal standard nd, not
det ermi ned 1FPAMBt .-Fﬂ?ﬁagﬁﬂs"lﬁé emylsipnsprepaiey septatnddifferenkiyres et it age,

wher eas powders wth EPO of

Emuitsions with 18% tuna ofl,
6% Na-caseinate, 6% glucose, 6% dried glucose syrup

Type of Heat Treatment Propanat @ 4 wks-4°C
Oit (°C-min) (uglg emulsion) **
Tuna oil 98-30 <0.1

Emulsions with 18% evening primrose oil (EPQ),
6% Na-caseinate, 6% glucose, 6% dried glucose syrip

Type of Heat Treatment Hexanal @ 4 wks-4°C
Oil (°C-min) {u.g/g emulsion} **
EPO 98-30 0.3

Emulsians with 18% anhydrous milk fat (AMF),
6% Na-caseinate, 6% glucose, 6% dried glucose syrup

Type of Heat Treatment Propanal @ 4 wks-4°C
Qil (°C-min) (ug/g emulsion) **
AMF 98-30 <0.1

10

15

“*Samples were analysed without internal standard

nd, not determined

As emulsions had not been oplimised for physical stability, some had separated during storage,
and samples were shaken prior io analysis.



AMF were anal ysed after 13 weeks storage as there was very | ow | evel of
oxidation in the sanples after 4 weeks of storage - 1 -CICFC3ogi2s 7.2
Ermul si ons Enul sions containing tuna oil, evening prinrose oil (EPO and
anhydrous mlk fat (AMF) were prepared using Maillard Reaction Products
produced fromthe reaction of casein and sugars as encapsul ants. The oil
were enulsified into the s protein-sugar m xtures after heating for 98C for
30 m nutes, and honogeni sed. Enul sions,gere stored for 4 weeks at 4C and
anal ysed. Propanal were determ ned using GC (static headspace anal ysis).
Table 7.2. CBsmaples8istics of enul sions prepared containing different types
of oil 10 ** e e alyse i Lhout igternal standar n not

det er mi ned AXERSIh S8 BNl RERIon Bl S HAGAE BB Ty, some
had separ at eithechrotetticst of iijtid solubile vitamihses wer e shaken prior to anal ysis.
Enul sions with 18%tuna oil, 6% Na-casemate, 6% gl ucose, 6% dried gl ucose
syrup Type of Heat Treatnent Propanal @4 wks-4C G I (G mn)(glg emul sion) **
Tuna oi | 98- 384Pdwdersl si ons with 18% evening prinrose oil (EPO, 6%

Na- casemat e, .6%.9| ucose, 6% dr] e | ucose s . of Heat
Tr eat nent Hex BRI Geemplao usta {56 o B SRRl Ryeciberodygs s
E(r;ugs! ogs Y\Aérﬁbai:&%aaﬁhwrm@ s]tcashlgk@ fv_ili_ém(nél\/ﬁ)hepﬁi’&é‘ih-llﬁa%sbié\@trgacté%\mmcose,
odried glucose s of Heat Treat ment Propana S: .
G | (G i n) ([Y§5 @W‘% gﬁ%_%m“mﬁ%-%égﬁm 1§ minpies fe@?m?%ﬂgfgv PYShpl e 8
Ext ensi on oftot figmitie tid MRildibry, d I_\Fﬁé&td:a%\teﬁ’éi@g%tﬁueé{%nﬁ%ﬁéiﬁslﬁb%éﬁdé or
10 (MCT) were emulsified into the casein-sugar reacted solution and subsequently
dried into powders. The free fat in powder was determined after powder
production and this ranged from 2.0-2.5%. Carotens contents in powders were
measured using UV-visible spectroscopy.

15 Table 8.1: Carotene contents in powders

Powders with 15% mixed carotenoids and 35% medium chain triglyceride oif (MCT),
16.67% Na-caseinale, 16.67% glucose, 16.67% dried glucose syrup

Type of Treatment Free fat Mixed carotenoids
Qil {*C-min) (% powder) after production
{mg/10g powder)
MCT + mixed carotenoids 60-30 2.1 1500
MCT + mixed carotenoids 98-30 25 1500

8.2 Emulsions
The following example illustrates the use of Maillard Reaction Products as
encapsulants for lipid soluble vitamins in emulsion systems. Emulsions
20  containing mixed carotenocids were prepared using Maillard Reaction Products
produced from the reaction of casein and sugars as encapsulants. Mixed
carotenoids were emulsified into the protein-sugar mixtures after heating for
60°C for 30 minutes or at 98°C for 30 minutes, and homogenised. Carotene
contents in the emulsions were determined by UV-visible spectroscopy.
25




the protection of lipid soluble vitanins 5 8.1 Powders Thej f{i] 1 @#fing
exanple illustrates the use of Maillard Reaction Products as encapsul ants
for lipid soluble vitam ns. The protein has been reacted with sugars at
60C for 30 mnutes or at 98C for 30 mnutes to formthe MRP, prior to
form ng the emul sions. M xed carotenoids in nmediumchain triglyceride 10
(MCT) were emulsified into the casein-sugar reacted solution and
subsequently dried into powders. The ffee fat in powder was determni ned
after powder | | .S [ .0-2.5% Carotene contents
I n powders m&l@é%%&a?ﬁéa@&?p%ﬂsmﬂ%f%q Le'q‘@%]é%?roscopy. 15 Table 8. 1:
Carotene cophtents in powders Powders with 15% m xed carotenoi ds and 35%
ngi(jg (r; ghai g tlr:'hwgdsrgwnh d.a%ohikeo(d%?é_rmid&Gncﬁié??t\lae@&zkﬂiﬁﬁfg@eeﬁ&@eﬁ%&fnghut:OSe,

: odrie ucose syr : A r xed carotenol ds
Al (Cmn) (P ggnml\dpr )af ?P?Qr’;‘,}%ﬁ%g]ﬁ {ehél/?@%?%%&dﬁeed%ésre)syx% +_m xed
car ot enoi dspo- 302. TYBU6 MCT + i xed TEaWSHenoi d$ J8xed oFOBIBHEMB PRI $i ons
The followi hg exanpl@ilillustraftes thecmsg of Muill ar ghgR@geimiigen Produgts as
encapsul ant F i Hrsdas@hdil e v taniggsg et ston—systegp—Emut-siofs 20
contai ni ng pixed-cargtenoids were prepared usihg Maillard Reaction Pfoducts
produced frprMhe MEYCEPE'ST [casei n %E¥A sugars as encap$tl ants. M xeéd
carotenoids were enulsified into the proteln-sugar mxtures after heating
for 60C for %%mgie tes or at 98C for 30 mi nutes, and honpbgeni sed. Carotene
contents in }tE mul si ons were determ ned by UV-visible spectroscopy. 25 -
1 OCT 2094 2Exi@asibmoBthd:us€afMadilzed Reattiont Rrotictd ke RAtAsbuking for thes Emul si ons
with 5.4% m xe arotenoi ds. and 12. 6% [ chain tri cer|j oil (M))
506 Na- cashi rIPEC1gY S P08 508 T ars Bertel (Lt o i soaoB oG Sk Barimusc M e
car ot enoi ds 8iilfage) production G I (Cmn)(nmy/lI Oy emul sion) MCT + m xed
car ot enoi dSGQ-'I?P054é) MGT + m xed car ot enoi ds98- 30540

.1 Powders

The following examples illustrate the use of Maillard Reaction products as
encapsulants for the protection of long chain polyunsaturated (LCP) oils with
10  added Iron salt (Ferrous Sulfate). The protein has been reacted with sugars at
80°C for 30 minutes or at 98°C for 30 minutes to form the MRP, prior to forming
the emulsions and subsequently drying. Powders containing 50% tuna oil was
dry blended with ferrous sulphate. Samples of powder (80g) containing the Iron
salt were stored in 2 litre plastic containers to provide sufficient oxygen in the
15 headspace to accelerate oxidation of the samples, and stored at 35°C for 4
~weeks. Propanal was determined using GC (static headspace analysis).
With use of MRPs as encapsulants (formed at 98C for 30min), there was more
protection of the oils in dry blends of tuna oil powders and iron salt compared to
corresponding samples with less severe heat treatment (Table 9.1)
20 Table 9.1: Characteristics of tuna oil powders with lron Salt (Ferrous Suifate)
added after powder production.

Powders with 50% {una oil blended with Ferrous Sulifate,
16.67% Na-caseinate (Ncas), 16.67% glucose, 16.67% dried glucose syrup

Type of Heat Treatment Iron Content# Propanal @ 4 wks-
Oii {°C-min}) (mg/19g powder 35°C
blend) {na’g powder) **
Tuna oil 60-30 14 - 1.8
Tuna ol 98-30 14 0.7




Exanpl e 9 Extension of the use of Muillard Reaction Produets (S 2004
encapsul ants for the 5 protection of |ong chain polyunsaturated (LCP) oils
with added Iron salt (Ferrous Sulfate) 9.1 Powders The foll ow ng exanpl es
illustrate the use of Maillard Reaction products as encapsulants for the
protection of |ong chain polyunsaturated (LCP) oils with 1o added Iron
salt (Ferrous Sulfate). The protein has been reacted with sugars at 60C for
30 mnutes or at 98C for 30 mnutes to f§gormthe MRP, prior to formng the
enul si ons and subsequently drying. Powders_containing 50%tuna oil_was dry
bl ended with ferrous sul phate. SEmskesyithfo%ptyne (80g) containing the lron
salt were StOl’ed16Wﬂwﬁdyb?&e:ﬁfs@&?d(WPQ%tﬁa%@QE@et1@Gp%eﬂéa%c&!d&)f'm;ﬁl ent ; oxygen

i n the 15 h nnnnn \v) (1\1 CI /N1 U(AI.I A\ A | \"A A3 :d at
35C for 4 weekswpéropan I Heé% r%f’tme?ﬁ ned ‘m"r?ém@#&t tlr?:paﬁe space
anal ysis). Wth us¥ of S as(gﬁ’@%}psul nt EnH108 PREEPT at| 98C FBIC 30ni n
there was npre prot ecti orh of the oils ijn dryblead}nds o (pgigapo@.ﬁér}’powjers

and iron satt CopRg d COtt wﬁdl e 1&1‘%: ﬁf w-th—t-ess Sgyere heat
t r eat nent (Tahl Lg] ?f Tahl e 1-__Charlacterisfics ofltuna ail paowder s

with Iron Salt (ﬁé‘?f’@)us Syl f at e9%-3%added |af ter pbwder pfoduct P8n. Powtler s
wi t h 50% t uniDrpbibndbd steciecbde pkdaudtien r ous Sul fate, 76. 67% Na- casel nate (Ncas),

96. 67% gl ucos 9 Type of Heat Treat nentlron
Cont ent #Pr opaﬁagfp%g@mg%ﬁé’kﬂj?éeg%tﬂbyﬁ%ﬁféy#mgg powder 35C bl end) (gf g powder)

Tuna oil 60-30141.8 Tuna oil 98-30140.7 - 1 OCT 2004 28 Powders wth 50% tuna
oil, 16.67%9%REmpsidrns n i solate (WPI), 16.67% gl ucose, 16.67%dried

gl ucose s at. Treat nt| ron Cont ent # an 4 St

& CCm vd (B iERs SR hind L AR el Bnatnbgihe N Meellich Hiiets; 1yna

oi | 98- 30140. protlead fodrakke ceafibre bf efteandds@@ne & encapsulants. The oil were
emulsified into the protein-sugar mixtures after heating for 60°C for 30 minutes

or at 98°C for 30 minutes, and homogenised. lron was added and dissolved
into the emuision after homogenisation. Emulsions were stored for 4 weeks at
10 4°C and analysed. Propanal were determined using GC (static headspace
analysis).
The higher level of secondary oxidation products, as indicated by the anisidine
value, in the sample that had been heated at 60°C for 30 min compared to that
heated at 98°C for 30 min demonstrated that MRPs afforded protection of the
15 oils. As the peroxides are primary products of oxidation, the low value in
samples heated at 60°C for 30 min coupled with the higher anisidine value
suggests that some of the peroxides had broken down to other products.
With use of MRPs as encapsulants (formed at 98°C for 30min), there was more
protection of the oil in Fe-fortified emulsions compared to corresponding
20 samples with less severe heat freatment (Table 9.2)

25




**Sanpl es were anal ysed w thout internal standard 9.2 Emul 5i{dils 280%nul si ons
containing tuna oil were prepared using Maillard Reaction Products

produced fromthe reaction of casein and sugars as encapsul ants. The oil
were enulsified into the protein-sugar m xtures after heating for 60C for
30 mnutes or at 98C for 30 m nutes, and honogeni sed. Iron was added and
di ssolved into the enul sion after honpbgeni sati on. Emul sions were stored
for 4 weeks at 10 4C and anal ysed. Propdhal - Were determ ned using GC
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(Ferrous Su|Tah£di af tedf30l WEEK sEOragq at 25gPm L ENPERG Ur e W T iz hi girt.
Enul si ons V"‘_tﬁh_]’gq/ £ q%nl —bB% na-caseinate 6% glucose  6%dried gliucose
syrup, and FeFPdUs | sttt e Type?df Tredt merRfT8 on Icont W& #DHA com?Ent Pqr oxi de
Val uep- Ani si #ironevas kdde@romaentuliph by YmikirakoReq/ L000g) val ue enul sion) Tuna
oi | 60- 302526502 41,3 4hes n-EB?E’fd’O' | 98- 302526. 7811.212.5 5 #lron was added to
the enulsion after emil Ication. DNA "docosahexanoic acid" Exanple 10

Ext ensi on*of the use of Maillard Reaction products as encapsul ants for the
protection ogxg,,%% fdai n pol yunsaturated (LCP) oils in conbination with

Extension of the use of Maillard Reaction products as encapsulants for the
protection of long chain polyunsaturated {LCP) oils in combination with
selected nutraceuticals
10
10.1 Powders
The following examples illustrate the use of Maillard Reaction products as
encapsulants for the protection of long chain polyunsaturated (LCP) oils in
combination with selected nutraceuticals. The protein has been reacted with
15 sugars at 60°C for 30 minutes or at 98°C for 30 minutes to form the MRP, prior
to forming the emulsions and subsequently drying. Powders containing 50%
tuna oif was dry blended with selected nutraceuticals. Samples of tuna oil
powder (80a) containing either calcium, folate or isoflavone were stored in 2 litre
plastic containers to provide sufficient oxygen in the headspace to accelerate
20 oxidation of the samples, and stored at 35°C for 4 weeks. Propanal was
determined using GC (static headspace analysis).
With use of MRPs as encapsulants (formed at 98C for 30min), there was
generally more protection of the oils in dry blends of tuna oil powders and other
nutraceuticals compared to corresponding samples with less severe heat
25 treatment (Table 10.1)
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r prodiicti on| Pofiferie) wi tih SOWWﬂumaMbDI, L6. Gig piavdenSei nat e
B7% BiePSE, |10- 68'&’/3(5]'“ e grucoSEsSyTup apd nutTggeuticaty Type
Pgl ctHn# )ropan:\l wks=-35C Q1 (C-mih)(ng/10g powder)(j gig
e RERG. 3070hat 5 s ot | oo 533600 5 Type of %Fr eat ment
panal @4 wk$-35C G| (C-nmin)(ng/10g powdef) (g/ g powder) *3
Type of Treaiment Folate# Propanal @ 4 wks-35°C
Oil (°C-min) {mg/10g powder) {rgfg powder) **
Tuna oil 60-30 200 1.7
Tuna oil 98-30 200 0.6
Type of Treatment Isoflavone# Propanal @ 4 wks-35°C
Oil (°C-min) {mg/10g powder) (nofg powder) **
Tuna oil 60-30 30 2.3
Tuna oil 98-30 30 0.7
Powders with 50% tuna oil,
16.67% whey protein isolate (WPI), 16.67% glucose, 16.67% dried glucose syrup
Type of Treatment Calcium # Propanzl @ 4 wks-35°C
Qil {*C-min) {mg/10g powder) {Lg/g powder) **
Tuna oil 60-30 260 1.2
Tuna oil 98-30 260 0.6
Type of . Treatment Folate# Propanal @ 4 wks-35°C
Oil {°C-min) {mg/10g powder) {ng/a powder) **
Tuna oil 60-30 200 1.0
Tuna oil 98-30 200 G.7

#Dry blended after powder production

**Samples were analysed without internal standard




Tuna oi |l 60-302001. 7 Tuna oil 98-302000.6 Type of Treat ment 4 T@@T | Agbne#
Propanal @4 wks-35C QI (G mn)(ng/l Oy powder) (glg povvder)

oi 1 60-30302. 3 Tuna oi | 98-30300. 7 Powders with 50% tuna oil, 16.67% whey
protein isolate (WPl), 16.67% gl ucose, 16.67%dri ed gl ucose syrup Type of
Treatment Cal cium # Propanal @4 wks-35C G| (C-mn) (ng/10g powder) (pgl g
powder) ** Tuna oil 60-302601.2 Tuna oil 98-302600.6 Type of Treat nent

Fol at e# Propanal @4 wks-35C G| (C m n)4{ing/ 10g powder) (pgl g powder) ** Tuna
oi | 60-302001._0 Tuna oil 98-302000. 7 #Dry bl ended after powder production

** Sanpl es weF¥aMRE 1ked without internal standard 5 1 O C T 2004 31 Exanpl e

11 Denonstr gt | ] i I ng
Nai | ard Reaoyronealll B the HRRRRoR, ooRdoeiechaibed n) Bpiitiain

Maillard Reaction products for encapsulation of oils -

5 11.1 Powders
The following examples illustrate the effectives of oligosaccharides for the
preparation of MRP’s intended as encapsulants for tuna oil and other lipids.
Raftilose P95 (Mandurah Australia Pty Ltd) an oligosaccharide from chicory
inulin was used in this example. The protein has been reacted with sugars

10 (glucose or oligosaccharide) at 60°C for 30 minutes or at 98°C for 30 minutes to
form the MRP, prior to forming the emulsions and subsequently drying. The free
fat in powders was determined after powder production ranging from 0.6 fo
3.6%. Samples of powder (80g) was stored in 2 litre plastic containers to
provide sufficient oxygen in the headspace to accelerate oxidation of the

15 samples, and stored at 35°C for 4 weeks. Propanal was determined using GC
(static headspace analysis)
With use of MRPs as encapsulants (formed at 98C for 30min), there was-more
protection of the oil compared to comresponding samples with less severe heat
treatment (Table 11.1) ‘

20 Table 11.1. Characteristics of powders with MRP’s formed by using other type -

of sugar
Powders with 50% tuna ofl,
16.67% ha-caseinete, 16.67% glucose, 16.67% dried glucose syrup
Type of Treatment Free fat Propanal @ 4 wks-35°C
Cil (°C-min) (% powder) (na/g powder) **
Tuna oil 60-30 0.86 1.8
Tunaz oil 88-30 0.62 0.7

Powders wilh 50% tuna ofl,
16.67% na-caseinate, 16.67% oligosaccharide, 16.67% dried glucose syrup

Type of Treatment Free fat Propanal @ 4 wks-35°C
il (°C-min) {% powder) (ng/g powder) **

Tuna oil 60-30 3.55 1.6

Tuna oil 98-30 2.54 0.7

**Samples were analysed without infernal standard




The follow ng exanples illustrate the effectives of oli g_ogaﬁgipagggqies for

the preparation of MRP's intended as encapsulants for tuna“oil and other
lipids. Raftilose P95 (Mandurah Australia Pty Ltd) an oligosaccharide from
chicory inulin was used in this exanple. The protein has been reacted with
sugars 10 (glucose or oligosaccharide) at 60C for 30 mnutes or at 98C for
30 mnutes to formthe MRP, prior to formng the enul sions and
subsequently drying. The free fat in pgwers was determ ned after powder
production ranging from0.6 to 3.6% Sanples of powder (80g) was stored in
2 litre pl asﬁ-gﬁmlﬂiﬁmn%rs to provide sufficient oxygen in the headspace

to accel erat Edat | ; | . weeks.
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for med bys usanmdyhombgenisgphe Enaflsisnsymerd stz forwd ek % 41 andidnalyb6d567%

na- casei nat * e . 64£% dr |. ucose Syr. Type of Treat nment
Free fat Pr g’;?ﬂfgpggﬂe\?\%g&%@ﬁddﬁ?@ﬁ(gsatlgﬁ)ﬂﬁ%s&%ﬁ Fﬁé?"gs'%g\/\der) ** Tuna

oi | 60-300. 861. 8 Tuna oil 98-300. 620. 7 Powders with 50% tuna oil, 16.67%

na- casei naf B’YQligosaccharide, .16. 67% drj e lucose syrup Type of

Tr eat nent Ff‘gaeﬁgaﬁ'ﬁcg}?ﬁ%g?n%ﬁ W@%@@SOOTE‘("O ‘:1'4 W?IE 3@%‘%@5@?%{ E?&/"bs"igv\der)

** Tuna oi | 66th80fFpébiistigaruna oi | 98- 302. 540. 7 **sanpl es were anal ysed
w t hout i nt erral—standard 1 OCT-2004

Emuisions with 18% tuna of,
6% Na-cassinate, 6% glucose, 6% dried giucose syrup

Type of Treatment Propanal @ 4 wks-4°C
Qil {°G-min) (rgfg emuision) **
Tuna oil 98-30 <0.1

Emulsions with 18% una ofl,
6% Na-caseinate, 6% oligosaccharide, 6% dried glucose syrup

Type of Treatrnent Propanal @ 4 wks-4°C
Oil (°C-min) {ng/g emulsion) **
Tuna oil 98-30 <0.1

10 **Samples were analysed without internal standard

Example 12

Demonstration of the effects of different stages of formation of Maillard

Reaction Products during Manufacture of Powders and Emuisions on
15 protection of oils

12.1 Powders

The following examples illustrate the effectives of MRP's formed either before or

after emulsification. The protein has been reacted with glucose and dried
20 glucose syrup at 98°C for 30 minutes to form the MRP, either before or after

emulsification, and subsequently drying into powders, The free fat in powder

was determined after powder production and this rangéd from 0.7 to 2.3%.

Powder samples (80g) was stored in 2 litre plastic containers to provide




32 11.2 Emul sions Emul sions containing tuna oil were prepay %@Tu%[ﬂg

Mai | | ard Reaction Products produced fromthe reaction of casein and sugars
as encapsul ants. The oil were enulsified into the protein-sugar m xtures
after heating for 98C for 30 m nutes, 5 and honobgeni sed. Enul sions were
stored for 4 weeks at 4C and anal ysed. Propanal were determ ned using GC
(static headspace analysis). Table 11.2 Characteristics of emnul sions
prepared with MRP formed by using othe#3 type of sugar 10 **Sanpl es were
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Manuf act ur e gtbrefdoati 355Cafed £nudedisonPropanal Sway Aetstiniresa Q’éin?i G& {staflc Powder s
The foll ow n%ea:ésg%l]%ia!i l.l.ustrate the effectives of MRP's fornmed either
before or alte |¥§"t°5)ati on. The protein has been reacted with glucose
and dried 20 glucose syrup at 98C for 30 mnutes to formthe MRP, either
before or_af nul si fi i, 0 and. subsequently drying into_powders. The
free fat 1n %E\%dfgfmeéﬁ‘gbgié A'mdnen egﬁgrepefgmequ%pgé{ﬁ&qagﬁn 8% MPE r anged
from 0.7 to groftion Rowesil semphred to&Rebsy@itg SarRBles With [bid 56ydib dahi C
containers to aﬂr oV %ﬁ%ﬁm(jl sions with 18% tuna oil, 6% Na-casel nate, 6%

gl ucose, 6% U @&“tn 15 2s1§)rup Type of Treat nent Propanal @4 wks-4C

Ol (CGnmn | g emul sion) ** Tuna oil 98-30<0.1 Enul sions with 18%tuna oil,

( )(glg )

0 - i 0 i char i % dri I T

o mont PSRBT B e BTGP et o

oi | 98- 3040. lafter brillléiflcadi®@l4 33 sufficient oxygen in the headspace to

accel erat e pxidati-on—ofthe sanples,—and stored at 35C for 4 weeks

Propanal wals determ ned using GC (static headspace anal ysis).
Powders with 50% funa oil,

16.67% na-caseinate, 16.67% glucose, 16.67% dried glucose syrup

Order of Processing* Heat Treatment Free fat Propanal @ 4 wks-35°C
(°C-min) (% powder) {ugfg powder) **
heat-oil-homog' 60-30 0.65 1.7
heat-oil-homog’ 98-30 1.34 0.8
Oil-homog-heat” 98-30 2.34 0.4

**Samples were analysed without internal standard

Nofes on the different stage of MRP formation:

’heat—oil—homog “protein-sugar mixiure was healed, oif was emulsified, and homogenised”

2oil-homog-heat “oil was emulsified info the profein-sugar mixture, homogenised, and heated
15

12.2 Emulsions
Emuisions containing tuna oil were prepared using Maillard Reaction Products
produced from the reaction of casein and sugars as encapsulants. The stage of
reaction (MRP formation) was either before emulsification (without oil) or after
20 emulsification (in the presence of oil). The MRP were formed by heating the
mixtures at 98°C for 30 minutes, and homogenised. Emulsions were stored for
4 weeks at 4°C and analysed. Propanal were determined using GC (static
headspace analysis).

25




5 MRP forned at 98C for 30min either before or after enulsif§ight20gh offers
nore protection to the oil conpared to correspondi ng sanples wth | ess
severe heat treatnment. (Table 12.1) Table 12.1. Characteristics of powders
prepared with MRP reacted before or jo after enulsification. Powders with
50% tuna oil, 16.67% na-caseinate, 16.67% gl ucose, 16.67% dried gl ucose
syrup Order of Processing*Heat .Treatnent Free fat Propanal @4 wks-35C

(G m n) (% powder) (pgl g powder) ** heat-é&t|-honpg60-300. 651. 7

anal ysed it hne 1 ofdpCefite AURSRERE bRt R BRIeERT e

formation: laGerensiisificationg " prot ei n-sugar ni xture was heated, oil was
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of reacti ofi (VBRief SIPrREIRY) WS € t Mggeaiefor e enmutsidisadi Cusstogt oil)
or after 20| enulsification (in|the pres tﬁgﬁt of oill). F"Ir'ﬁ)‘eaﬁéil\/gg?h\;\igigcforrred by
heating the|_nmixtures at 98C for 30 m(ncﬁ?’@ ._and honog@®HeSBYSORBmM| si gns
were stored|for hdatwibbdeoght 4Cjand analegsed. Propanal wer e<odiet er m ned usi ng
GC (static a TS| 25465 T 2004 Sanptesgere—anatysed
Wit hout integ rd Notés on the different istage of P f or matii on: 5
"heat - oi | - honBY PIRME G BPKEd "Borremdsiardeh i on”  toil honog- heat "MRP
formed af t er Nefpaandie difesant siage'of MRRARpHagd&8 Ef f ecti veness of various proteins
for prepas at ihes-orhoM} WralrsimRERekd didieatbioduct s i ntended as encapsul ants

of oils "oii-homog—heat “MRP formed affer emuisification.”

Example13

Effectiveness of various proteins for preparation of Maillard Reaction
10 Products intended as encapsulants of oils

13.1 Powdérs
The following examples illustrate the effectives of other proteins for the
preparation of MRP's intended as encapsulants for tuna oil and other lipids. The
15 different proteins used were sodium caseinate (Na-Cas), whey protein isolate
(WPI), soy protein isolate (SPI) and skim milk powder (SMP). These protsins
have been reacted with sugars at 60°C for 30 minutes or at 98°C for 30 minutes
to form the MRP, prior to forming the emulsions and subsequently drying. The
free fat in powders was determined after powder production ranging from 0.6 to
20 2.7%. Samples of powder (80g) was stored in 2 litre plastic containers to
provide sufficient oxygen in the headspace to accelerate oxidation of the
samples, and stored at 35°C for 4 weeks. Propanal was determined using GC
(static headspace analysis) - .
With all the proteins used to form MRP as encapsulants (formed at 98C for
25 30min), there was more protection of the oil compared to corresponding
samples with less severe heat treatment. (Table 13.1)




13.1 Powders The follow ng exanples illustrate the el ectdveggpfmkher
proteins for the preparation of MRP's intended as encapsul ants for tuna
oil and other lipids. The 15 different proteins used were sodi um casei nate
(Na-Cas), whey protein isolate (WPl), soy protein isolate (SPI) and skim

m | k powder (SMP). These proteins have been reacted with sugars at 60C for
30 mnutes or at 98C for 30 mnutes to formthe MRP, prior to formng the
enul si ons and subsequently dryi ng. The 3¥ree fat i n powders was determ ned

after powder_pr.oducyi 6 to 2 7%_. Sanpl es of powder
(800) nas. ot BReA 151 BARHRERYPEat fdess prarResctusind dieia piieis fo Brng
oxygen in theRfeadspace to accel erate oxidation of the sanples, and stored
at 35C for \Ann|/c Pr nnar‘:\l was -determ ned using CGC static hp:-\rIQn ce

anal ysis) Wth allP%e prdtei nS°H8&H t o [f or m N ohs -enbaPRArd@ £ ol ed  at
98C for 25| 30mi W)oteit her e (was &rein)pr ot gct i ofk refvdérhe of | confd€ed to
correspondi ng sanples wtlh Iess severe |heat treat nent ((}[@@bc@,dg@ul) 34

nrepnared w-th reacted-before

Tabl e 12. 2. G"I’al (1\;{ CI I ot I \I UI CT T OTIJ
or after efpulsification. Emul srg?l“s'devm”%'tﬂsq)é@“?ﬂﬁa oi |, 6% Na-casei nate, 6%

gl ucose, 6%dried gl U66€% nayasaiatex'@EF% ghicass d668% irgTluecse B Pr opanal| @ 4

Wi ts-4C (C-m n) ( pglogs enmul §i on) Bead - 0i [ -jhonbg988s30<0. 1 18
G | - honog- hpat98=30<0—1—1+0—C€ 120643 Fabte+3—1—Charact 90."75 S+i+-e5+ of
powders prepared using diflferenf proteins to form MPls Type of Treatment
Free Fat Prbpanal @4 wks- Prot efpdesiviipesduppibler ) 35C (919 powder) H*
Powders with 50% t una oif4.67% WPl 16.67% glucose, 16.67% dried glucose syrup
Wl 60-30 0.78 1.3
WP 98-30 0.72 0.8
Powders with 50% funa oll,
17.6% SPI, 16.7% glucose, 15.7% dried glucose syrup
SPI 60-30 0.67 29
SPI 98-30 0.63 2.1
Powders with 50% tuna of,
42% SMP (17.6% protein, 24.3% lactose, ), 8% glucose
SMP 60-30 1.98 - 25
SMP 98-30 272 0.3

*Samples were analysed without internal standard

5 13.2 Emulsions
The following examples illustrate the effectives of other proteins for the
preparation of MRP’s intended as encapsulants for tuna oil and other lipids. The
different proteins used were sodium caseinate (Na-Cas), whey protein isolate
(WP1), soy protein isolate (SPI) skim milk powder (SMP), hydrolysed casein

16 protein (HCP) and hydrolysed whey protein (HWP), These proteins were
reacted with sugars at 98°C for 30 minutes to form the MRP, prior to forming the
emulsions. Emulsions were stored at 4°C for 4 weeks, and Propanal was
determined using GC (static headspace analysis).

15




16. 67% na- casei nate, 16.67% gl ucose, 16.67% dried gl ucose, qygp? ?
Na- Cas60- 300. 861. 8 Na- Cas98- 300. 620. 7 Powders with 50% t una @% 67%
WPl , 16.67% gl ucose, 16.67% dried glucose syrup Wl 60-300. 781. 3

WPl 98- 300. 720. 8 Powders with 50% tuna oil, 17.6% SPI, 16.7% gl ucose, 15.7%
dried glucose syrup SPI 60-300.672.9 SPI 98-300.632.1 Powders with 50% t una
oil, 42% SMP (17.6% protein, 24.3% | actose, ), 8% gl ucose SMP60-301.98 -2.5
SMP98- 302. 720. 3 **Sanpl es were anal ysed36/vithout internal standard 5 13.2
Enmul si ons Th I es | trate the effectjyes of thr

pr ot ei ns forf?lﬁ% J'wegﬁ? ?egﬁ I © E‘S"?'h% RISHaERda USiag CUffsEentRIP "?SOFO tuna
oil and ot heformll\pRHs The di fferent prote| ns used were sodi um casel nate
(Na Cas) V\Ilcy plut. &R Ioo!atc \AP] SO\ nrnf_cun Lsolate (SPlL) mlk
powder (SMP), hydrol§3¥d casei 10 prBrte%tF‘ﬁ"t( HCP) endﬁﬁ?}’ﬁ?%@y%‘@ﬁ%ey
protein (HWP). Thes®%Bfoteins fere rd%ctied with sugareglaemdd®@)tor 3(
mnutes to formthe NMRP, prior t%ﬂ@nwmmmmme

stored at 4C for 4 weeks, rm ned using GC (statfic
headspace apalysis). 15 1 a,g%sogﬁ"glacos dé’ei%wcf S ¥H8racteristics of

enul si ons pf epar ed Ne%38g di f f ef ent proﬁ%fﬁfhs to f¢rm MRP ss0Tlype of
Treat ment Pyopanal @4 WKs-4C Prenmuisions v 1864 iiaa@l g enul sion) »~ Emul 3i ons

with 18% tupa oil, 6% Na-c % €., 69 i Lcose Syrup
Na- Cas98- 3001 %% WhLeH, JHfeBs: 6% gr/é’d%yucc?sg sﬂbp
WPI 98-30 | 01

Emulsions with 18% tuna oil,
6.3% SPI, 6% glucose, 5.7% dried glucose syrup
SPi 98-30 <0.1
Emulsions with 18% tuna oil,
15% SMP (6.3protein, 8.7% lactose), 3% glucose
SMP 98-30 <0.1
Emulsions with 18% tuna oll,
6% HCP, 6% glucose, 6% dried glucose syrup
HCP 98-30 <0.1
Emulsions with 18% tuna of,
7% HWP (0.4% lactose), 6% glucose, 5% dried glucose syrup
HWP | 98-30 <0.1
**Samples were analysed without internal standard

5 Example 14

Application of a secondary coating material to powders
Application of secondary coating may enhance the shelf life of the powders by
providing additional barrier to its surroundings or can be used, as an alternative
way to deliver desired ingredients. It can also change the release properties of

10 the encapsulated material by providing controlled release or delayed release,
allowing for specific target time or target place of release. Secondary coating
materials which could be used to achieve the above desired outcomes may
include a fat/oil, fat mixtures, a fat and a non-fat mixture, polysaccharides, gels,
hydrocolloids, shellac, acid crystals, proteins, gums etc. The processing

15 techniques employed to apply a secondary coating may include fluid bed




Enul sions with 18% tuna oil, 6% Wls, 6% glucose, 6% dried @{Jc@8 syrup W
198-30 <0.1 Enulsions with 18% tuna oil, 6.3% SPI, 6% glucose, 5. 7%dried

gl ucose syrup SPI 98-30<0.1 Enmul sions with 18% tuna oil, 15% SMP
(6.3protein, 8. 7% actose), 3% gl ucose SMP98-30<0.1 Enul sions with 18%tuna
all., 6% HCP, 6% glucose, 6% dried glucose syrup HCP98-30<0.1 Enul sions with
18% tuna oil, 7% HWP (0.4% | actose), 6% gl ucose, 5% dried gl ucose syrup
HWP98- 30<0. 1 **Sanpl es were anal ysed wi Bhout internal standard 5 Exanple 14
Application of a sec ndarP/ coati ng material to powders Application of
secondary coBchﬁﬁs'%aOBﬁHﬂ@éW S3RRlication) goagy coakiag. sevavegedation ansklawi di ng
addi tional bggraiag tlﬁé)rﬂat&iaiiéﬂﬁir@lﬁléﬁd]ﬁ? (fbofi®er¥@used, as an alternative
way to deliver desired ingredients. It can al so change the rel ease
properties of 10 the encapsul ated material by providing controlled rel ease
or del ayed r B! @RSS%am j i dzf A I et place of
rel ease. Secondary C(?z% Fﬁgﬁaﬁ:aoflgl?ig §§%?lmég%%ﬁys@g%g?owhgcm eve the
above des? r etpaslion shrrstaimgnd pugdrs weas sievad thyough & 800 pinksieveeand dividet! and a

non-fat m xt I i . : 0 oi ds, | id
crystals, pr %E‘g??\ds)g I%%ﬁgg@? @I gﬁﬁeﬂ'g&l@%%dseswgﬂléﬂ{éesc s%%qﬁégggﬁ%%&?gg to
apply a sec?mﬁim m@iatliﬁlng’hitrhyvasmpﬁemysih?@adluh:bhsbddryér~@?_ﬁﬁlam®mm at
processi ng a r | Lon n,.c i.n spray gel ation
rd by Spr ot R o e ety 1R-Hk R PasiBheT Rborr Ben i BRERRY | o thi o
exanpl e powderatingnt ai ning 50% oil prepared using MRP fromthe s reaction of
protein d S s _si.eved throygh a 6Q0m sie and divided into 500 g
lots. Me ?um§@%§{°ﬁe¥\?ﬂ|:ﬂ? i%@gﬂ%%e npp%vgge %&éﬁo‘ﬁ§ t he secondary

coati ng mat eAirablumehi ch was appl i ed amm’%-g'ﬁ a fluid bed dryer granul ator

(M RO STREAD BnucdS6ieSR PRkesliF Blch "3 RaFb' Oned apove the bed for top

spray
Nozzle Air Pressure 80kPa

Product Temperature 25°C

15 Qutlet Temperature 18°C

The following table demonstrates the possibility of secondary coating
applications to enhance the encapsulated powder properties. Increase in
powder free fat with each addition of the medium chain triglyceride coat show
that the fat coaling spray applied was deposited on the powder surfaces.

20 Table 14. Free fat analysis of powders with secondary coating

MCT coat addition Powder Free Fat
(% wiw) (g/100g)
0 8.9
1 0.8
2 11.0
4 121
CONCLUSION .

The formulation and preparation of oil-in-water emulsions, is the most important

step in the successful production of microencapsulated fats and oil in emulsions
25  or powders.

Very low powder free fat in tuna ofl powders even at high oil loading has been

achieved.with the use of mixed protein-carbohydrate encapsulants. The mixed

systems (protein-carpohydrate) investigated using Na-caseinate or whey protein



coating. 1lo The process conditions used in this exanple.aﬁegﬁg Joak | ows:
Air volune 80n8 hr 1 Product/Screen Pressure Drop 90 nmH0 zzle Air
Pressure 80kPa Product Tenperature 25C 15 Qutlet Tenperature 18C The
foll owi ng tabl e denonstrates the possibility of secondary coating
applications to enhance the encapsul ated powder properties. Increase in
powder free fat with each addition of the nmediumchain triglyceride coat
show that the fat coating spray applieddwas deposited on the powder

surfaces. 20, Tabl . Free fat analysis of powders with secondary coating

MCT coat addl?ﬁ‘g%ﬁﬂéﬁd%W@E@@g%wﬂﬁéﬁwﬁ)(wﬁmaw%éaoi@e.eadzqq. 0 412.1

CONCLUSI ON . gllibesd syrapl ki iofiosarehdtidep aindtih 88mefcaid wﬁﬁ‘pé}:ﬁ@éﬁch&ﬂiﬂ& sions, is
0

t he nost inportant St%ﬁéj R thg successful production m cr oencapsul at ed
fats and oi | {gREN YndansBetBexyRRRYR) gave\gqod noyrero Rgwdersfeenylaiedi n t una

oi | powders @itk heatedNabasblgdr AauRG s gRABRIY Afohd RISREaMWIS Bxililonuse of
m xed protein-car bor{é%’r ate encapsul ants. The n xed systens
t

(pr ot ei n- éar FORPAELIR fN9ssyRads eamdwhaated gnixirasasei nate or whey protein 1 O

C T 2004 38 Qitislgaheral ¥Whidludishscargbi nation with sugars (gl ucose, sucrose,
| act ose, dried_ glucose syrup and ol igosaccharide), and in sone cases with

pol ysacchar i 8le Dry &geflayinshzawdsar withgt leastinmiy tRQ% imay keastecgssfdiypowder s.

resi st ant 1o ofy dae A (e e o en Bt S U heated mxtures.
Ot her generab duredsssi lovel cfisegars Dwers theepdwdenifreg fatpbeterisonistibces | | oadi ng up
te(rzc 2803/‘:] l”g% P : SeRAEr letbldry dRHRGURRT. Mrldd thl TvaPSY BaIsH 1§ rl])g'c%?efgliy
chosen to ensure adequate powder recovery during production whilst
achieving low powder free fat.
+ Generally a lower total solids at the time of homogenisation lowers the
powder free fat.
15 = Inmixed protein and carbohydrate systems a protein: carbohydrate ratio of
1:2 is better than a ratio of 1:1, which was demonstrated by lower powder
free fat and better protection of the oil from oxidation.
» Heating ali the caseinate and sugars of the aqueous phase by refluxing or
heating at 90°C for 30 minutes afforded better protection o powders against
20 oxidation, than heating only part of the caseinate and part of the sugar used
in the system. |
¢ In heated casein-sugar systems refluxing the mixture for 30 minutes afforded
better protection to powders against oxidation, than heating at 90°C for 30
minutes,
25 = The pH of the of the casein-sugar mixture at the time of heating has
significant effects on both the powder free fat and the resistance of the
powder to oxidation during storage; with heating at the higher pH of 7.5
being better than heating at pH 7 or at pH 6.5
» The type of sugar used in combination with the protein has also some effect
30 on the degree of protection from oxidation it can offer during powder storage.
« At least about 10% of the sugar in the sugar protein mixtures should be
reacted to obtain desirable levels of anti-oxidant protection



I ncreased | evel of sugars |lowers the powder free fat, but al -Jgﬂ@ es 10
powder recovery during drying. Thus the | evel of sugars has' 6 bé! refully
chosen to ensure adequate powder recovery during production whil st
achieving | ow powder free fat. Generally a lower total solids at the tine
of honogeni sation |lowers the powler free fat. 15 in m xed protein and
carbohydrate systens a protein: carbohydrate ratio of 1:2 is better than a
ratio of 1:1, which was denonstrated bggl ower powder free fat and better
protection of the oil fromoxidation. Heating all the caseinate and sugars
of the aquesuss phase by refluxing or heating at 90C for 30 m nutes

af forded befter protection to powders against 20 oxidation, than heating
only part of the caseinate and part. of the sugar used in the system In
heat ed casei n-sugar systens refluxing the m xture for 30 m nutes afforded
better prptectjon to powders against oxidation, than hegting at 90C for 30
mnutes. Do’ PhaouRPLFSHREH: A8 Relaen eI Al Ohlatdt Y dninan EmSen
heating has significant effects on both the ?omder free fat and the

resi st ancd tg ofl haherednihg oil is encapatlated withinm fikn fermjeg watersaleklei ng at t he
hi gher pH of 7.5 being better than heating at pH 7 or at pH 6.5 The type
of sugar preteih ivhiahy phiontt dryingaiot formtike poaider rhdxlseent heatedrir sefutieat in 30 on
the degree of protection fromoxidation it can offer during powder storage.

At | east thopusc¥difa drBoRydiate tontalitng HraduEhEsBAr Jiotblfdts thaubd be
reacted to obtain desirable |evels of anti-oxidant protection 39 CLAI M5 1.

A powder (Y hid i J VA emul si on
o the. o RS Rae AR o PP NI R BiaGe ol aiR. T
soluble protein which, prior to drying to formthe powlder, has been heated
in solution, in the presence of a carbohydrate containing a reducing sugar
group, f atineto ovi.de sufficient Miillard reactigon products to
Drovi de resi sPhMIEedObIATaNAY BR Emulsian af eRRKYGENsNSENG e INGUdess an
oxygen sensitive oil which includes the steps of: a. preparing an agueous
m xture dhe gtepstefi soluble filmfornmng protein and a carbohydrate which
contains a reducing sugar group b. heating the m xture from60C to 160C for
a period to ald ow preparing an aqueous mixture of a water soluble film forming protein

and a carbohydrate which contains a reducing sugar group
b. heating the mixture from 60°C to 160°C for a period to allow
sufficient Maillard reaction products to form without coagulation consuming at least

10% of the sugar to provide resistance to oxidation

c. dispersing said oil in the aqueous phase
d. homogenising the mixture to obtain an emulsion
3. A method as claimed in claim 2 in which at least some of the carbohydrate

is added after the emulsion is formed and step b) is carried out after step d).

4, A method as claimed in claim 2 in which the total solids at homogenisation

is less than 50% and the protein:carbohydrate weight ratio is between 1:4 and 4:1.




sufficient Maillard reaction products to formw thout coagul ati on consun ng
at least 10%of the sugar to provide resistance to oxidatianicggyi gmgrsing
said oil in the aqueous phase d. honobgenising the mxture to obtain an

emul sion 3. A nmethod as claimed in claim2 in which at | east some of the
carbohydrate is added after the emulsion is forned and step b) is carried
out after step d). 4. A nethod as clained in claim2 in which the total
solids at honogenisation is | ess than j§% and t he protein:carbohydrate
weight ratio is between 1:4 and 4:1. OCT 2004 40 5. A nethod of formng a
powder containing an oxygen sensitive product which includes steps a) to
d) defined in any one of clains 2 to 4 followed by drying the enulsion to

forma p er., 6. s _obtained by the .nmethod of claim5. 7. An emul sion
bt a ned Ty« iR APl A RBS g bohlahifl rBinGsn Ses e puuding T ve
substance ,encapsulated in a mxture of a filmformng mlk protein

cont ai ni r’ﬂﬂ“&" fﬁ#%??? G}Itcbg} ‘i%lfg@%'néﬁﬂ’ %Q:afr@@ﬁ?%?g@éfoH%lW?%&yéij’BEuci ng
sugar group which has been heated for a time to formsufficient Millard

react i on the emidsiend® fermpamovgderi oxi dant activity to the encapsul ating
m xture.

6. Powders obtained by the method of claim 5.
7. An emulsion obtained by the method of claim 2.
8. An emulsion of an oxygen sensitive substance encapsulated in a mixture of

a film forming milk protein containing a major portion of casein and a carbohydrate
having a reducing sugar group which has been heated for a time to form sufficient
Maillard reaction products to impart antioxidant activity to the encapsulating

mixture.




