WO 2011/ 009843PCT/ EP2010/ 060450 A deodori zed edible oil or fat with | ow

| evel s of bound MCPD and process of naking using an inert gas. 5Field of

t he | nvernwoaniiftps3i nvention relates to refining, purifipcatEpeo/opo4eauct i on
and processing of edible oil or fat The ipvention further relates to

produci ng purified edi ble vegetable oil, such as palmoil, with alimted
anount of bound MCPD 10(nonochl oro propanedi ol esters). Background to the
| nventi on Edible oils or fats are usually submtted to a nunber of

process steps,tq trgnsf.orm 15§he, crude oid ,or fgt i nto, an gl ahog at ed

b oduct havi ) deadprdded ¢dbi ailior fatiuith dosciévels dlcbound
properties. These refining steps can include degunm ng, neutralization,

bl eachi ng, acti M@?D)raﬁdeptnmssfof iﬁ!ﬂkihgchﬁing an $nertdoars,

deodori zation. In particular”a deodorization step ustially conpl €ments the
refining of the oil or fat by renoving the majority of the volatile

subst ances. The undesired vol atil e substances, responsible for off-taste,
and of f-odours, are usually nore volatile than triglycerides and can be
renoved by a deodorizing step. In a conventional deodorizing step, steamis
i nj ect et i ntlgeldhef dyejInyentign at hi gh tenperature (usually between 175 C and
270 C) and |l ow pressure (typically under a vacuum of below 5 nbar). WO
2011/ 009843PCT/ EP2010/ 060450 -2- Refined edible oil or fat is usually used
in a nunber N f I SicARg | i i lror
fish oil ar eﬂélﬁﬁ??%t@é@iﬁ%}t%&ﬁ%&ﬂﬁ%,?u'gﬁfé% as’ g?%ﬁéﬁg}#%\?f@%ﬂn%l b
functionalitgdible éiteod 99d Fhedistnass fdethey eElatRetpERERARY purfictBedbild t he
diet while delivering a particular profile of fatty acids. XI so the oils
serve as carveigetabld anl, nsudr ags phlnpi ail,sotittble lnutted earhsuistuoli bousbMdCPD

l'i pophilic vitamns or for a nunber of desired flavours. In infant fornula,
for exiiml e, (mpagehlone prepanediod §steePr esent up to 50% of the energy of the
infant formula. 10The invention below will be described in the context of
edi bl e vegetable oils as a non-limting way of illustration. The invention

however encqgRA%36and%h the 1 dition

Edible oils or fats are usually submitted to a number of process steps to transform
15 the crude oil or fat into an elaborated product having a defined degree of purity,

and defined organoleptic properties.

These refining steps can include degumming, neutralization, bleaching, active

carbon treatment, filtering, distillation and/or deodorization.

20
In particular a deodorization step usually complements the refining of the oil or
fat by removing the majority of the volatile substances. The undesired volatile
substances, responsible for off-taste, and off-odours, are usually more volatile
than triglycerides and can be removed by a deodorizing step.

25

In a conventional deodorizing step, steam is injected into the oil or fat at high
temperature (usually between 175 °C and 270 °C) and low pressure (typically

under a vacuum of below 5 mbar).



and fats of all sources (vegetable oils, animal fat, fish oil, mlk derived
fat, etc 15Edible oils and fats, and in particular vegetable oils, are

hi ghl y suwsoeptiidobss3t o oxi dati on and may be an unf ort unatPeTERROT0AE045@

| i pophilic undesired flavors, odors or c?dor ed conmpounds. In particular it
is often desirable to obtain fully refined and deodori zed vegetabl e oil
with a low level of free fatty acids. Being highly susceptible to
oxidation, the free fatty acids, in particular polyunsaturated fatty 20
acids, are known to induce undesired organol eptic properties. Simlarly
oils and fats can conprise a nunber of undesired nol ecul es. The undesired
conmpounds caRefpRedcadiblecdil tefat fig apudlReusddufiea diumbin dfofoodRRsatictdUREAfed he
nuner ous processing steps of the oils: for exanple oils are often treated
at hi gh tenpelsatoden p“ﬁrtecwampmlrrabﬂcn‘rfés‘hbﬂgame tyeprpalr atannpd e Tle bﬂesm}eaence
of particul ar 25 conpounds gﬁggl en or precursors_of undesi
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bal ance has drdfobg nheibd opgkywanfidesis ekh @ffR Fbsmandfaraaaite Weetidiesils ed
contam nants. For exanple, in many instances it is desirable to purify the
native pal maanlrepnsmtd.qrtotiﬂ%exfnheenaggtoefnbd: cdhfent focmiuéss t hat are

responsible for a brown / orange 5 color. Indeed obtaining a linpid oil is
of ten of inportance for t he vi sual quality of the finished product
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the oil and o conta ng no n turn these

oxi di zed, nadcfaeabLalisbufded\(QESetable@ilanaeehaPrACESE dilk mifledefi9ee mecessary
to nmitigate all undesired cheniGal reactions while inducing the desired
purification...)The paraneters of such processes are of high conplexity (e.qg.
tenperature, pressure, sequence, duration, added reactants, characteristics
of the native oiIs or fats, equipnment design, etc....) 15 Monochloro

i nor ComportGiPE PH £ % aFionGuPr e es s S E R e
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20 forned, i.e esters |ng e predom’nant

i somer. Al drolyredefonieslifdt $n paski Qhlhs itGQfRInNNdiradié t3oMal fRRY @efined

however, pal mbased oils are generally oils with a relatively high content
of 2- and 3-aidRatreTes. vaifeitdtd e tohkwethax tow devdtdfdnepratessidef Betng IMSRDY

esters has not been totally understood, it has been gbserved that the
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hi gher form und
can be carried over from the crude oil and/or appear during the numerous

processing steps of the oils: for example oils are often treated at high

temperature. The combination of high temperature with the presence of particular
25 compounds (e.g. oxygen or precursors of undesired compounds) can lead to

finished oils having particular undesired compounds (generally referred to as

“contaminants”).

While the aim of some process steps is to remove some undesired compounds,

the same process steps can enhance the formation of other undesired compounds



WO 2011/ 009843PCT/ EP2010/ 060450 -4- Free 3-MCPD has been highlighted for
its potential for adverse health effects and has been a subject of concern
i n regar dsotoiffmesd3pr oducts. It has recently been hypot ireSiEPedotobeato 3- MCPD
esters could be at |east partially hydrolysed into free 3-MCPD after

i ngestion. However there is currently nodata indicating negative 5 health
effects of 3-MCPD esters (bound 3-MCPD) in food products.. Nevertheless, in
view of the potential for hydrolysis to free 3-MCPD, sone authorities nmay
regard boun | L.a I I 10§ ant
Formil a. 11 Ta P R S hEBpaller B O A SR 8L
products, esfiRetBddd/pledéietoflgideviré®cofamihaitsy it is of interest to 10
investigate neans to control the formation of bound 3-MCPD during the
process st epgorusednfley it henyumisfanceas itors désimbicke poiify dhe hative Pplrexdibnsi on,
simlar considerations could in theory be applied to_bound 2-MPCD.

15Li mi ti ng tHEChHeEERRYe sRrokg\ond melggpes thatie resromsibie 601 & bre Rt wyange
achieved by a,careful, selection.of.the.oil. or fat source or of the type of
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uncertain a il o MV I D
esters is CM§g{ﬁqe§'@3gﬁ+ggﬁg§£§8wfiamh:og«ge tH ﬁé@ggﬁngy %g\yyof%g%%}]egﬁle/ggg
during the pfadesscBikiph lempnatiner (é.?uheatbletaeh | gued. treatmeniThEhBl S a
need to obtain an oil or fat that is ['owin bound D whil e being 25free
of ot her cortmpenaurs (typicadeaboed 2001 ey &lishodgie necéssaay .nead promoém theli bl e
oil or fat that i.s low in bound MCPD while being fully refined and

deodori zed. éntion ofdhe pak andhof contpmatingsnpotequlediturmthssemelscules,

of f-tast e, and/or .a |linpid as t, angd/or, a lpwlevel jjn free fatty acids.
W0 20110 OpodReRAEms B gis0Ag 2 tord Tl fec EBrRrES o itat ol ime R iy o
fat that is [ : i ing ; : ' ]

| i po-sol ubl e&ﬁ%alr@%@?l g ag%ﬁ@;&ee\?@lsc hgre(%(%ﬁ?gi%%gilﬁ%ﬁcﬁggghfg{ﬁ;ed ro%:fgé;als?lo'?l hat
keeps the | eMed pafarhetens o¥fsBPhipgrodesieni darerof! i@l compldiatf i(Bigs hadpeiaturer
finished product. There is a need for a process of purifying an edible oil
or fat that pressovesseqoende, ditaionhadfed nmctamts, chbrdstarmdickeCthonatofe oils or
precursors of bound MCPD. 10 There is finally a need for a process of

puri fying arfats pawpnieat design. 4/6ads to a | ow | evel of bound MCPD and has no
of f-odors and/or no off-taste and/or has a |inpid aspect and/or has a
limted | evel of free fatty acids.

Monochloro propanediol esters (MCPD esters) have been identified as process-
induced minor components in fully refined fats and oils. They are mainly formed
during the deodorisation step. Two isomers at least have been shown to be

20 formed , i.e. 2- and 3-MCPD esters, the latter being the predominant isomer. All
fully refined fats and oils contain 2- and 3-MCPD esters; however, palm-based
oils are generally oils with a relatively high content of 2- and 3-MCPD esters.
While the exact formation process of the MCPD esters has not been totally
understood, it has been observed that the temperature of the process, in particular

25 the steam deodorization process, has a large impact: the higher the temperature,
the higher is the amount of bound MCPD found in the vegetable oil. In particular
temperature above 180 °C, above 200 °C, above 240 °C or above 270 °C induce
respectively higher formation of bound MCPD.



15l n conbination with the above needs, there is a need for obtaining oils
or fats as described above and processes of nmaking, that relates to a | ow
| evel s ofwbaundo®43MCPD as bound 3- MCPD has been descri lpet/E®2010/0604MCPD
conpound of highest interest. 20 Summary pf the Invention The invention
relates to a process for purifying an edible oil or fat. The process
conprises a step of deodorization for renoving off-taste, off-odours and
other 25 volatile environnental contam nants and a step of stripping the

oil with an Fr@@@t%ﬁmh-g?%eﬁﬁ%%ﬂ gh?etdr o'i’F?fs tritiat Y6 ader Eé)aflﬂf &Frderd Bgd

formati on of bou Din he oil or fat, ter the
process, COMMKI KRS zﬁ@ul%]@f@tlﬁf c@ﬁce:kﬁQﬁ ﬂe alQll’s tbet'é)ﬁdqfrob@u@dltl\@@[}e@@ﬂiﬂ)k@e@ﬁ oi |

or fat. WD 2011/009843PCT/ EP2010/ 060450 - In a first aspect the present
i nvention prhyxpodm1mdvtbg‘eBMC@IbB$t¢rspcrcnﬂé|batﬂt3leqmlpmtmlly bydrolysied into free
stearin, derived frompalm that has a_|ow content in bound MCPD while

havi ng no of%NHABDr%fterdﬂgea‘uoavoﬁg\V&ﬁ@v Ber ivsugedly sovdets/@diqagingmegating ¢ v

he pr osent TeRUBniT R Sproki rodCBEFCous, SRRLET SRR i By Sampiedie ™
formul a, babye{9eh e'sé‘flﬁnshe Fﬁ%.ﬁéte@%‘??@% h?fl'fcﬂgé sO[Baflre@?m tI‘F]e' ofhdat

COI'TpI’ISGSthe cited ol’l elrn equat e nutrition

of the targetgibiahi ma¥ rbg‘érdfﬁ(ﬁnﬁrl\/l@ﬂﬂ)QﬁtL&lde@Malﬁétrﬁﬁﬁzbﬁléstlhffobdil‘p@mu&@ can
relate to any 10type of food and beverages conprising edible oils or fats.

Det ai | ed Deswurchpsiiofanofoinmaal niyesnof antedesDed mumiomnhe ldwls of bowpkdiNICPR i on,
thefollovmngterm; have the faollow ng neanin fant" nmeans a child

under the ad8 oo mrqﬂmtﬁseswww ana&aanu ere?lélalslafla YISy EHRIEEr &
bel f.3 "inf { tend
For 1 'nf Qe < I8 il M1 aarlqTab s dint Bt Db g P TR RRF kg e provest e
COMposi ti 0NSyteds Gse@of the Jitlifithtidh! of edible oil or fat. By extension, similar

considerations could in theory be applied to bound 2-MPCD.

15 Limiting the presence of bound 3-MCPD in the refined oils might be achieved by
a careful selection of the oil or fat source or of the type of oil or fat used.
However, the supply of material with low bound MCPD is uncertain and so far,

no palm-based oil with guaranteed low levels of MCPD esters is commercially

available.
20
Limiting the formation of bound MCPD during the process steps is another route
to be explored.
There is a need to obtain an oil or fat that is low in bound MCPD while being
25 free of other contaminants or undesired molecules.

There is a need for an edible oil or fat that is low in bound MCPD while being
fully refined and deodorized. Such oil or fat has to have a neutral odour, and/or

no off-taste, and/or a limpid aspect, and/or a low level in free fatty acids.



nutritional needs of the targeted infants or babies or can be conpl enent ed
wi th 250t her food. WD 2011/009843PCT/ EP2010/ 060450 -7- nutritional needs.
Usual | y two=etialopdsdr en or infants are nost fragile pati eoctrgEreololonsss,
infection,...) and require specific nutrifjion. "probiotic" means m crobial
cell preparations or conponents of microbial cells 5 with a benefici al
effect on the health or well-being of the host. (Salmnen S., Quwehand A,
Benno Y. et al "Probiotics: how should they be defined", Trends Food Sci.
Technol . 1999:10 107-10). "MCPD' for the purpose of the present invention
the term"MCPD' nmeans 10 "nonochl oro propanediol” and any of the nol ecule
known under Thge cibedninead foangh 3diBleasihloer it that By apangdibelin@ICPD while

2- monochl oro- 1, 3- propanedi ol and/ or 1-nonochl oro-2, 3- propanedi ol . Three

i somers of NIPRramg dhibwother ddsaeble lgpdsanklecurtpentsed in the general term
"MCPD' : 3-MCPD, 2-MCPD, 1- MCPD. The 3 isoners have the chloride nolecule
on respectively the sn-3, sn-2 15 and sn-1 position of the glycerol

ngﬁéﬂ' s, UG 1y oRRRgo et St BREGR Ity %sé?%lé?V%%%flbeunEtM@D
i03uDCI% I(E \é{@gl%ﬂﬁ@g] éi’%lr glpglﬁo%lg%ﬁyy%ﬁ gs}%%?gﬁa |'qu: St vm'yt he; g(r)i ling

point of 174.3C. It is soluble in water and m scible with ethanol and
20di et hyl ether. "bound MCPD': for the purpose of the invention "bound
MCPD"' cor r esPlmards s aondddef dvizPRxr aoes$ duﬁ@slrifyimg m edede enli 61 &d thet featavwesaoi ds.
It is corresponding to the amount of ch can he rel eased from any

type of MCPDIBHES Biesfoppatign,ef ks MPCﬂeraﬁamwgpr@p bewrdMcPb. |

convenm]onally differentiated through the nmeasurenents between bound 2- MCPD
and bound 3-MCPD. "MCPD esters" are nol ecul es conprising bound MCPD

residues. V0K HANGAIREY BFAPBA8UIAiSing an oil or fat that leads to a low

level of bound MCPD and has no off-odors and/or no off-taste and/or has a

limpid aspect and/or has a limited level of free fatty acids.

15 In combination with the above needs, there is a need for obtaining oils or fats as
described above and processes of making, that relates to a low levels of bound 3-

MCPD as bound 3-MCPD has been described as the MCPD compound of highest

interest.

20
Summary of the Invention
The invention relates to a process for purifying an edible oil or fat. The process
comprises a step of deodorization for removing off-taste, off-odours and other
25 volatile environmental contaminants and a step of stripping the oil with an inert

gas. The step of stripping is such as a to limit the formation of bound MCPD in
the oil or fat. The oil or fat, after the process, comprises an amount of 1000 pg or

less of bound MCPD per kg of oil or fat.



"Bound 3-MCPD': for the purpose of the invention "bound 3-MCPD' corresponds
to the anount of 3-MCPD that can be rel eased from 3- MCPD esters

( 3- nonochWworneot1100284pr opanedi ol esters) by hydrol ysis. 5SBeamakpMiPDo@an be
determ ned by any described net hod and inqparti cul ar by the nethod

descri bed below. Al references to percentages are percentages by weight
unl ess otherw se stated. 10Process of the invention : The process of the
invention is aimed at purifying a vegetable oil or fat. The oil or fat of

the inventi i ]%1@% W? . ANl i i lpor
fat of the ﬁﬂvagﬁ{klt %ﬁpéicgttpr fg$lggpyé}ga @g%%gd% &e@mﬁsﬁg}e}%ﬂg?@r%ﬁ%@ (gs%ur ce
has been shawnoleih bpiteatia) deapd iffemall@l @dtvelsys Rivebohevieln 8buheWwid PMCPD
when 15 processed conventionally and (b) be of significant econom cal val ue
as pal m oi | wamde ihbsingend wdf-ddesrsaoé-flades yandsadhaving anlovbéevafinfioed fathd
feed products., Particularly suited for the invention is palmoil, palm

ol ei n and paciisstcsgpianle lexghofgvaropawntal kontaRigahi bit an el evated | evel

of bound MCPD in conventional processes. The inventors have shown that
various sources of oil are 20 susceptible to lead to various content in
bound MCPD. ql.t, | [ : : | 1 nel g1 es
or - cont ar nants T SRen (e fesCf in ol BARLAR § 180 Bratt AupeseRAl
enhance t heidan in@AiTebiA0lad BEbPGoSRNNRME coral opereefIrRSritibrdlToafsbsaidistiat

vari ous sources (vegetal or animal) have been shown to be of interest in

t he cont ext cinprises ghesend oilhoefitiwhile Phimg fudly adequiatsfarttic natistion o25he
interest for the present. invention conprises PalmG1l, Palmdejin, Palm
Stearin, Pa|tﬁxg@éﬁ<ﬁwzlewafm ehaaﬂenﬁsrgweﬁé@nw 19 IVRRIPN CARRGIBIDIsAN | k
Fat, Butteraqil d Fish Ol. On the.contr. ther . oils are relatively | ow
T boutly vepapl Bkl oS B off 8551 ¢ sone ani ml fats
extracted fromtissue, Borage G|, Blackcurrant Seed G I, Butteroil, Cocoa
Butter, Corn WO 2011/009843PCT/ EP2010/ 060450 -9- O, Cottonseed O I, High
Oeic Sunflower GlI, Md Aeic Sunflower G|, Peanut G|, Rapeseed G| (Ilow
erucic acid), Low Linolenic Acid High Oeic Acid Rapeseed GI, dive G,
Rice Bran G|, Safflower G|, Hgh Oeic Safflower QGl, Sesane Seed O I,
Sunf | ower G Detaflod Dustription dahbdaneddion and Wl d Fats used 5for

manuf act uri ng cocoa butter equivalents. The purification process of the

i nvent {dn cm:a Igttlyps épe@nftqqammgthteh@ﬁpwm terman hiayerthegi@dlowing
Stripping conventionally consists of contacting the oil with a gas, usally
steam in sUBfPHIay that the gas can extract or entrain the nost 10

vol atil e conponents and/or inpurities and/or contam nants fromthe oil. A
typical stripping is nmade by bubbling / injecting a gas under pressure
under the sufhRae Akahd® cRild unfOnmenkbe @fablomhgssure, time of stripping,
desi gn of equi prent and tenperature are key process paraneters. Stripping
is usually perfornmed at relatively high tenperature. Q| stripping can be
perfornmed at tenperature above 15 140 C, above 180 C, above 200 C, 240 C or
270 C 26 or dd¥abies” rusneNe refpescioniamgrdedierebelap e @ige9fér i npurities from
the oil. It is usually performed at a tenperature bel ow 270C. In one
enbodi nent of the invention the stripping is perfornmed by nitrogen as the

20i nert gas-“i%%ggokﬁgfgﬁ ig%%@rrlig{%%a‘f%the&}%ﬁt%r?%t‘é’inhé‘& Tof BEraRGORRd Pabldie

i nvention (suc
Infant formula can be complete nutritional compositions, i.e. able to fulfil all

nutritional needs of the targeted infants or babies or can be complemented with

25 other food.

“Enteral nutritional compositions” relate to nutritional products administered

enterally, orally or by tube feeding to children or adults having particular



The invention conprises a step of deodorization. Deodorization can be
considered as a particular way of stripping an oil: the deodorization is
made wi t hwd2otimeosipeci fi c ai m of reducing of f-tastes, ofCTamers/ocdisee fatty
acids and certain environnental contaninapts. Conventional |y deodori zation
of oils or fats is perfornmed by a flow of 'steam (water in gaseous formn.
Deodori zation with nitrogen has been described with the specific intend to
have m | d deodorization conditions. However deodorization with nitrogen has
not been de i t han 2 0) 0/,06 | he
specific ac?ﬁ%%ﬁo ]pgggghsg%%ﬁ¥hg&%ér%ﬁ?ﬁ%ﬁq%4 %ﬁ%d&%tggg?gh%ﬁgy%%%%%%sed
oi | or fat. (Alsgslintecionct )hed Byliregstifieadalticat i on does not mai ntain
process paraneters that are sufficiently stringent to enable an efficient
deodorization. In the process of the invention the stripping step limts
the 5 formatjon of bound MCPD in the oil or fat, such as the oil or fat,
after the proeeieticc spgsns Juicreliah el MrepRaratigsor cgmpenees of memobial gebs

| ess, 800 lig. or less, .750.lig or,less,, 500 |liqg or | . 129 i g or |egss,
100 11 g or Ul bR e e TeRt rovelithetls of 3fe (RRF gserulignty
Speci ficall d j@EPQ [ e al:l -or. S

conpri ses aﬁagﬁggﬁgygFlgz |r§?8? Fg%%?ﬂ@%&ﬂﬁ?5h@%ﬁ§?e$§§§?ﬁ§%§,f?gng?

|l ess, 700 | ifpdarSdiesschik019991®@N107893, 250 lig or less, 100 lig or Iess,
of the bound MCPD per kg of oil or fat (weight/weight). The inventors
believe that while the lower the MCPD the better, achieving a | evel of 1000
lig or Iess‘peég£g,of Qil represents a good. conproni se between the various

qual ity paranéd 801 theepprnasesefcdiedpres enbin vendeory die teraei MEBRY engansno
ff-fl c ff: 150d 1 ow i it £C. v, _ \\i,le. the strippi
atep wilh an Mordieniop S aRaTe e cisianY snufE S Eeiicvn UUEF i higB™ "
separat € profess. St ?ﬂ%?é-lﬁ-ﬁjfe(g{ea%&igﬁ”eor%gﬁér C(Qr-‘ﬁlfo%b?lﬂgr(g—tl f%ggﬁftpﬁ&lg&i%l

duration, pressure,.... one’ p rre diment o pre

i nvention comdidies-hbfiddiddidd2,30stopeedinsl. ZBieeNsbh @ ® f NP avd ikgaey151ep:
the stripping with the inert gas, preferentially nitrogen, and the
deodori zat i dheagcard aenwonptisat inythe aeral herms AMCBDYce3MCERYi2-MBD, 1-
(duration, erature, pressure, . | n that enbodi nent the

t Coa ).
deodori zat i dﬁ 'P@-rrﬁlaﬁ‘e3umﬁr&h?eve(th§ﬁbiori¢¢emplw oprespeerelydhe yrnl. tsiogen.
The d i zat, t hus . due,to the 25strippj pg-MW-th,the inert gas.
oo enboal mantl g ey fR et EpGsbT opaaTanp v ER' (5 et P25 i ng

t d/ j [ t; ' t '
Than 140 C, ThPBTS U RAT 1o harady R o By PR B oy IFIRE' Fiiti #pghifr ©
suf i ci ent | ydAx 30 2150008 #BRGTIEFROKDKASA4BAI hijgbitle inldtRandionctaind aw

viscosity and (b) a efficient renoval of contam nants, inpurities and/or
undesi red capthyhethef.r bl DOE (di3-dichldvesZ peaparolindd Vo 28819 au b disjund With @

nost instances been renpved according to their volatility. 5ln one

embodi ment tafalinadoanhebEéds Cr heisselupls %W@f@&%@mwaw@eﬁhmlz@@d on
step iz pernﬁnﬁpg &ﬁr a duration of less than 5 hours, less than 2 hours or
less than 1 HELY! g process conditions and/or fast process may help to
prevent the formation of undesired conmpounds such as bound MCPD. 10The
bound MCPD can be present in the crude oil before the refining process, can
have been fOTb@saﬁdMC'Pmn’:aoM@V;i@ﬁ@sd%@ﬁﬁiﬁv@mm BEUAVICPD” Botirédpoads k®N,
storage, etc..... Additionally the inventors have found that bound MCPD are
mai nl y f or mgte AMCPAY reshdueketdd are astiearhicpr toctasty, adids. dans icouleapounding éatthonal
st eam deodori zati on_process. Wthout being bound by the theor it has
soneti nes bedpoyst ﬁ@S@CB&Wi}é@h cAntbe rdegsedofpak apy dypatof; MQ%De@st@rrSe@m ar

i ndustj al ter) us for the conyenti t.eam deodori zati gn.ca under
ndequats prdokistingt b daritiyrel BERhggRE B RSERRER G ATY bt
This may ho f i NERVRSPEBrS: It is

i ndeed hypo?ﬁéﬁ%%ggét afﬁﬁﬁgQ@%?%§?¥§§°§?dﬁ%&gﬁ?g%@ﬁgﬁ%g goverﬁgd by at

| east 4 vari abl es:

“MCPD esters” are molecules comprising bound MCPD residues.



20- The nono- and diglyceride content The chloride content The proton
activity Carriers, e.g. carotenoids, tocotrienols, tocopherols, to
bri ng t hewohbowiogs#3i n cl ose contact with precursors to fPormprb@wc4MCPD
during 25processing. It is believed that §he rate of formation will be
based on the energy brought. If enough enérgy is brought, the reaction can
take place as the 4 variables will get enough energy to interact together
to form MCPD esters. Energy is brought according to the deodorisation

t enper at ur e.« ons eert ai li.her.at : « _ »
2011/ 009843PGHME 2&%%%4501&@19@/&“& %S%o(r?p\s\ﬁ?éér%h?ﬁg\{gt%ar%oiusndggt%dlcr})g[)i n
contact W t lporRSponds @t thBiaghoi HPSERMCPB - thdihenUserddéasa fdif B3 VIEBD et
allow to decrease the proton activity and as a result to limt the MCPD
est er for mat(Benon&dmMowné, 2emiopdnaol estérsy he hiydudpdis.on t he stri pping or
deodori zation conditions (tenperature, duration, time, pressure, equipnent
design..... ) are sufficiently stringent to form at |east partially, the

b d Di tjfi in th il..In. i Nt t d

e o LBt B BRSNS aBRE IR MR ! 1Y

enmbodi nent Bﬁgpgt?gfaéscgfbshltﬁ%}dagyenti on is characterized by a reduction of
of a ol ds,

bound 3- MCP east at least 3 folds, at least 5 folds or at

| east 10 fol ds, when conpared to a conventional purification process (of
the sanme oil) that conprises a conventional steam deodorization but does
not conpri seAll hefestreps of pdSshtagpparegpencdritagas byneetghgasless ntheneiserdtatdd.nent

of the invention the stripping step (and/or the deodorization step)
conprises a step of contacting the vegetable oil with the inert gas under a

vacuunl)(gf | ess t ha ¢ 0. rrbag., preferentially less than 10 nbar, less than 5
nbar 200r | 3&-@3&&3—5—%&}“—%@ C Hp#Os one enbodi ment the invention relates to a
process whergi hppl kor: L . | J ] .
PLocess, A Bl eSS RPN liSPAGH 4GP A SR B,
or fat. Prefgrigbbytheahdesi@Pés bé sitahddRrRmmtodinimal eoREMA L TRt y¥een
140 C and 270 C, nost preferably between 180 C and 250 C. The correct
bal ance i n tdhdapobtesmveondntis prefetahbe palmieed ved oble [idaeddsuchroibsauntahts ng
t he undesired conpounds (i.e. tenperature and/or other process conditions
suf fi ci ency bsenishgamt 10 bowhi (a@ caiirifica riatrelyflighdeydrpidrowdMCPzovhen
2011/09?843PCT/EP2 10/ 060450 L . .
processed conventionally and (b) be of significant economical value as palm oil
and its derivatives are widely used in a number of food and feed products.
Particularly suited for the invention is palm oil, palm olein and palm-stearin:
They have been shown to exhibit an elevated level of bound MCPD in
conventional processes. The inventors have shown that various sources of oil are
20 susceptible to lead to various content in bound MCPD. It is hypothesized that
some vegetable oils contain impurities or contaminants in higher amount that can
be precursors of MCPD or can enhance their formation during conventional
processes. Fats and oils of various sources (vegetal or animal) have been shown
to be of interest in the context of the present invention: The list of oils and fats of
25 interest for the present invention comprises Palm Oil, Palm Olein, Palm Stearin,
Palm Kernel, Medium Chain Triglyceride Oil (MCT), Anhydrous Milk Fat,
Butteroil, and Fish Oil. On the contrary other oils are relatively low in bound
MCPD after conventional processes: for example some animal fats extracted

from tissue, Borage Oil, Blackcurrant Seed Oil, Butteroil, Cocoa Butter, Corn



-13- undesired conpounds such as bound MCPD (that formation being usually
correlated with tenperature or stringency of the process). In one

enbodi mrenwvotzbha/dobsaw of i nert gas enabl es to establish aPoaleee@e/ ns035¢ he
process conditions that would not be ot hg§w| se possible (by lowering the 5
formati on threshold of bound MCPD). Indeed the inert gas is believed to
suppress one source of possible formation of the bound MCPD in conparison
to the steam deodorization (i.e. the formation internedi ated by the

I:or esence of (il thtgﬁsh dltl eﬂqeﬂgh"‘@fléi& Ku ﬁ%@% @1§ WHid iR féxfetr*lﬁl | PRt | on

By sone aspects or Tat o e invention relates to an oil

or fat that (8, Repdesddz€rl] (love. efubRt aeiih) Dioks Itiiglenit TACI& 1 High' @peict iARsd of a
deodori zed 0|I) and that conprises |less than 1000 |ig of bound MCPD per kg

of deodor i zeRamistedOil &ljvepDdf BienBiaal Oy, Sefbowdrdnil, 7Bz OdeioiSabidowdr MIPD

per kg, nost pref erabl Iess than 15500 ji | ess _than 250 lig or |ess_ than
100 1ig per J§aGetesRtPiled @%ﬂqwerr@él |CFRFQH’9 il Soyhegre Lik, gad th]éirﬂ:%ﬁ uset f at
that is deo(c)jtorlzedgefCtt Lﬁﬂe |ntr|n5|c properties of a

deodorized oPf JIARHEPLHLRE 8%9%]? §698%V§ n 950 lig of bound 3- MCPD per kg

of deodorized oil or fat, preferentially less than 700 |lig of 20bound
3- MCPD per kg, nost preferably | ess than 500 jig, less than 250 |ig or |ess

than 100 |i grigepukéichmbh Prbéawi ehthk.inléntien behipeiked at fiap ofRtepgihe the oil
conventional processes, the refined/purified oil or fat does nost of tine

al ways i nhenerthlay inedgas eSaippehacowedntidriagly ¢ansedts of chotartingshvoPDwithnaleed
their process condl tions (such _as the use of steam deodori zation or i nert

gas deodor i £ bR %mﬁqeaabdmbgu@t wasaﬂb?étthe g@érﬁﬂéhwféﬁeu obree&régls} AMRsy s
tri ggew t he format cant Furt
0

f,. bo
L onodelf o REop Rl RIS MR Ry Ao lrnén‘a RBmep)” Rripice!

olein fractig BRd / t he
deodori zed o plpg\?%t con@plggésl %ésﬁPt%ﬁﬂ'l% g%%é fﬁ;eesg eg%%&?g? {é}f%gér 100
g of oil or dfahe i &@n@BtivnhB§prédiare,Girdb (ﬁStﬂlﬁ?ﬁlg’[ fedigh-of eguipmgst hi@n
0.1 g or less than 0.05 g. The presence of free fatty acids and their
quantity is tarrgmalturnchre:kegfrpxﬁcelslsle)ademdmnszStmppnpg ocesslinhagerfarened lat or
fat was submtted 5 to. particul arly rel evant for oil refined
physical |y U8 &ngbohlgbﬁempﬁeter%@béwp@glg 9%b%ﬁi oyyed ghfanaperature above

et inetoi | d‘@f Lo o Pl 19adt - AT asa0h e cRRaEotor  Jon. Rl g Y

reduction ofg Eﬁf% J#F&e"si%e ?ﬂ Scligs 8t fift l?lfltl% ﬁﬁfaﬂﬁ]@ow. g%;d%%fw%%ﬁ%%@@%d by

the theory | eve at obtal n
a temperature below 270°C.

In one embodiment of the invention the stripping is performed by nitrogen as the
20 inert gas. Other inert gases are contemplated within the scope of the invention

(such as Argon or Xenon).

The invention comprises a step of deodorization. Deodorization can be
considered as a particular way of stripping an oil: the deodorization is made with
25 the specific aim of reducing off-tastes, off-odors, free fatty acids and certain
environmental contaminants. Conventionally deodorization of oils or fats is
performed by a flow of steam (water in gaseous form). Deodorization with
nitrogen has been described with the specific intend to have mild deodorization

conditions. However deodorization with nitrogen has not been described together



10fatty acid and a | ow bound MCPD content is not possible in a conventional
process. In one enbodinent the oil or fat conprises |less than 0.5 g of

noi st ur e woeroldoIsy3of vegetable oil, preferably | ess thaoTEP2H0®6@so | ess
than 0.1 g. The noisture 15 content can ﬁbso be an indicator of the
stringency of the process paraneters and obtaining both a | ow noisture
content and a | ow bound MCPD | evel may not conventionally possible, even
further with a low | evel of free fatty acid. I n one enbodi nent of the
i nvention theg j [N Ep 2001 i fir om
pal m prefepgﬁﬁaﬁggﬁﬁéggi9b%%#§¥§P§$gﬁ§%%?g$Wg%ﬁ%?@%gg”?ﬁhkhro ngg%ﬁﬁ€he

i nvention : prbfessde ofNiIOft.NERD thbelebdﬂf@altﬁimgéﬁuab@&iza@io@ dagchopiesliein t hat
conprises the deodorized oil or fat described above. The food product is
preferably gmocesbampardbettor nhht, artbabyffioed]y astdihgenti rtbarhabler eal cdhidicot
enteral nutrjtional conposjtion. The food product can however be sel ected
from any fodlBogPHEMEAN.f B thii RIRCesse Of gl IyRnHel nde MIPPIng stap iliwaifs the pe

i i ned . I | . . di h d '
amount et wagh 898l GEPGHE RS RINE) e b Br R St in BB 365 ana
30% bet % - 109% 2 -

(v oht /vt LTt CREr g TP o TR R AR ey R Tosto M bgwess

accordi ng t o70hggioiviess,i D00 gano € B! 2SO @8 o2 Medsnt1 00 1&Q80ldss, o0 thd BEEnd 900
lig or less, 750 Iig or less, 500 lig or Tess, 250 l1g or less, 100 lig or

| ess of bould(WIPPepédug dgoibfordat (weight! wieaght].i Sparalealdy the bowdd prMARE int he
anount of bound MCPD is calculated 5 over the amount of fat extracted from
the product the oilaiefat.afterdbe pupress neampdsesan amguntahlH0 sgrordese PPl e

food product accordi\ng to,the-inventiaon co i se amount qf. 950 lig
or 1 ool “gserire- sP0E b e e 185 SH068 OF s op S W2 i Toogropt

| ess, 100 Ii r S < : : atp el

conmponent s olgséj’hoeﬂ ﬁ%v%ﬁ?%ﬁyeg[?ﬁ%gg (;e}ené)%gﬁng%gt%%ﬁﬁ)ﬁghgf g&&églv%%géi ses
probiotics, yilieletiahhyhild the 1pwebtlet MCPD Tﬂi@b@ﬂt@phaiiéﬁi%?%alevbleomrmﬂ% of N
the food product at a dose of from 103 to 1012 colony formng units (cfu),
mor e pref er dbsypér bgolGhl reprte8ntsfaigped cohppoamsefbetwoen pheductous\yuahowt
bei ng bound by the theory is hypothesized that bound MCPD can_ affect the
survi val of RaaMpieyeohsieeessdion tow fresottiyrasdd eontepe Aweotitilavers ar ai-
advant ??e at eegi ng.a |(%W bound MCPD | evel in food product conprising

pr obi ot cs S, AQWITPARIISP o€lhit-a  wi t h probi oti cs. Probiotics can be those
conventional |y described for food products in the literature. 20l n one
enbodi ment the food product conprises prebiotics. Prebiotics can

syner gi st i calihyleethRas£ip pihe s feip’ Withodn i1@é1€ g@b anldether Ay detriAgion%teBrcan be
chl or opr opanol s:

performed in 2 separate process steps under different process conditions

(temperature, duration, pressure,....), one preferred embodiment of the present

20 invention combines stripping and deodorization in one single unique step: the

stripping with the inert gas, preferentially nitrogen, and the deodorization occur

concomitantly under the same process conditions (duration, temperature,

pressure,....). In that embodiment the deodorization is made under the (same)

inert gas, preferentially nitrogen. The deodorization thus occurs due to the

25 stripping with the inert gas.

In one embodiment one step of the process of the invention (i.e. the stripping
steps and/or the deodorization step) is operated at a temperature of more than

140 °C, preferentially more than 180 °C. The temperature must be sufficiently



Monochl oro propanedi ol s (MCPD) belongs to a group of chem cals called 25
chl or opropanol s. O her chl oropropanol s i nclude di-chl oro-propanols (DCP)
such as w8-2dilalbsaso- 2- propanol (1, 3-DCP) and 2, 3-di chl ecoAZ2m00pE50]
(2,3-DCP). Wthout being bound by the theory it is believed that DCP can be
formed in foods as a result of processiﬁg condi tions when edible oils and
fats are processed under stringent conditions. The nmechanismfor their
formation is however not WD 2011/ 009843PCT/ EP2010/ 060450 -16- fully

under st ood. r i e L i

VCPD. By ext aRerTor 1o B, e R B R e

processes anshpRi@idscaifd/of ndesipdd ontpdumds nrbAN tEAviRPPIMest OcdhFourdzdeed
DCP and MCPD are chemically related and can have simlar reactivity. Their

5 formati on mpolecelss aalloamdbst nesatees deos e¢moved atw@ddingitaither volatitigy.r
reduction or limtation in edible oils and fats or products nade there from
can be closely related. Simlar considerations apply to bronopropanols and
derivatjives t hereof, 10The, i,nvention will now.be further.ill,ustrated b

of er onte. t MRS PERTBIIHG T pteatotesea i WrR BEGR S0/ g5 s Fizatidn
deodori zed i I ] L PR j (NN S
stripping ne%gélwu%p%kﬁ?a egﬁgﬁ grdyﬂ;[% J(’ait %gso{ Opﬁzgéﬁﬁﬂﬁk%%aﬁ? ?(%Jci‘gs():rrklg%ﬁﬂ%lgal e

deodori zer WahouseMild fpré@Rsi @hdittSnsaad/as Fadtl e§d higdhelpt to pheseat Ithé o be
deodorized. Wth the help of a jacket heater the oil in the flask can be

heat ed up t dotihatioreqliindehind edorpaands snch esthenat ME@PDThe fl ask is connected
to a vacuum 20 punp to provide the necessary vacuum (<4 nbar). An
air-cooled glass trap is placed between the flask and the vacuum punp to

h h |l ati | [ h a1..Th i nj [ devi i I
e e L
(s!toeam o)r/ Ei}ﬁ‘%guﬁe]én F%Hlﬁ%ti Eiglgﬂ{cgeg $E?%&m£eﬁg Skgﬁse?(?%(%lkﬁg ﬁr}géﬁg%]{lgg]’eam

or nitrogen s\t‘&fage,uéﬂéd;.. OAGUeEGMAISy PicOMIvdReh isHaofduadchnt bbanhd MCPD argat er
reservoir al so connected the deodorizer under vacuum Due to the | ow

absol ut e pr essinheforatasl dievgptheateedornations ptdeass, iim pedicadhri cvne ehhendl sttaad
oif. VO 201dlelo(()18?i£z;§t?opncgr/0|§§s2sq %{tgggtdf‘t?e?ng bound by the theory, it has sometimes been
15 hypothesized that the chloride present in water (regular industrial water) used for
the conventional steam deodorization can, under adequate pressure and
temperature, trigger the formation of bound MCPD. This may however not be the
only cause of formation of MCPD esters. It is indeed hypothesized that the
formation of MCPD esters is governed by at least 4 variables:
20 - The mono- and diglyceride content
- The chloride content
- The proton activity
- Carriers, e.g. carotenoids, tocotrienols, tocopherols, to bring the
chloride in close contact with precursors to form bound MCPD during
25 processing.
It is believed that the rate of formation will be based on the energy brought. If
enough energy is brought, the reaction can take place as the 4 variables will get

enough energy to interact together to form MCPD esters. Energy is brought

according to the deodorisation temperature. Protons are certainly liberated by the



-17- a Nitrogen is provided by a gas cylinder connected to the deodori zer.
As starting vegetable oil, crude palmoil was used (ref 701062-001 from

Gol den Jowal2oniznodsased | ndustries, Sel angor Danul Ehsan, Falrap01ap6o4Fne Cr ude
pal moil 5was conventionally bl eached us 0.5% Trisyl(r) Silica
(adsorbent, WR Grace) 2% Tonsil Supr emlI HCFF (filtration aid, Sal Chem e)
Deodori zation / stripping paraneters: 10- Gl quantity: 350 g 0|I (Crude
palmoil ref 701062-001 from Gol den Jomalina Food Industries, Selangor

Danul Ehsan,%%%ll aé’rsgﬁﬁﬁnqggggér;é%g 1@% g i?la&ﬁﬁa&%iﬂé)the o hzt Sfhture,

par anet ers ea ing to the deodori zat mper af ur e:
ca. 15 mn, Teohdngr & ildieg &t éqipetosi o deerdeQh&Eprdrdn adbvity and %& hiRpilng
medi um - Steam(ll g or 0 3% based on oil), injected as long as the oil is

under vacuurto lixhit tleg®H;PDrstec tfenatson.ong as the oil is under vacuum (I ow
tenperature liquified N trogen, 20avail able from Pangas, Dagnersellen,
Switzerl and) Tabl e 1: Conparison of the content in bound 3-MCPD and bound

35'\/2[3? i %pl Elg[eached Bah{}nﬂgﬁ‘rsots {@%L;%‘%gpp QB? ﬁ&%g)dr &é(}(fo(%gzatlonrc%%e 15}1_3;/ ely.
(temperature, duration, time, pressure, equipment design, ....) are sufficiently
stringent to form, at least partially, the bound MCPD identified in the processed
oil. In one embodiment the bound MCPD is formed, at least in part, during the
deodorization step.

10
In one embodiment the process of the invention is characterized by a reduction of
bound 3-MCPD of at least 2 folds, at least 3 folds, at least 5 folds or at least 10
folds, when compared to a conventional purification process (of the same oil) that
comprises a conventional steam deodorization but does not comprise the step of

15 stripping with an inert gas.

In one embodiment of the invention the stripping step (and/or the deodorization
step) comprises a step of contacting the vegetable oil with the inert gas under a
vacuum of less than 50 mbar, preferentially less than 10 mbar, less than 5 mbar

20 or less than 2 mbar.

In one embodiment the invention relates to a process wherein the stripping and/or
deodorization is operated at a temperature sufficient to induce the formation of
25 bound MCPD in the oil or fat. Preferably said step(s) is/are performed at a
temperature between 140 °C and 270 °C, most preferably between 180 °C and
250 °C. The correct balance in the process conditions have indeed to be found for
eliminating the undesired compounds (i.e. temperature and/or other process

conditions sufficiency stringent), while minimizing the formation of other



MCPD (lig/kg) Steam (trial nl) 1340 660 Steam (trial n2) 1230 510 Nitrogen
(trial nl1) 780 420 WD 2011/009843PCT/ EP2010/ 060450 -18- Nitrogen (trial
n2) 710500wdhelt/®vs#am st ri ppi ng” sanpl es are represent at iPCe&/EPR018/060450
conventional oil or fat. The "nitrogen stkipping” sanples are
representative of the oil of fat of the invention. The starting material is
conventional ly bl eached pal moil, of 5conventional conmercial source.
Resulting oil: The oil has a clear / neutral / linpid aspect w thout

vi si bl e i ncl ygieansy chonil&?flllrdgt b6k alhBo@id MNP ARaCkEmidtO Ry Rhdny aste
as assessed by a panel o
correlated with temperature or stringency of the process).
In one embodiment the flow of inert gas enables to establish a balance in the
process conditions that would not be otherwise possible (by lowering the
5 formation threshold of bound MCPD). Indeed the inert gas is believed to
suppress one source of possible formation of the bound MCPD in comparison to

the steam deodorization (i.e. the formation intermediated by the presence of

chloride in steam water).

10 Edible oil or fat of the invention :

By some aspects the edible oil or fat of the invention relates to an oil or fat that is

deodorized (i.e. that exhibits the intrinsic properties of a deodorized oil) and that

comprises less than 1000 pug of bound MCPD per kg of deodorized oil or fat,

preferentially less than 750 pg of bound MCPD per kg, most preferably less than
15 500 pg, less than 250 pg or less than 100 pg per kg (weight/weight).

The invention also relates to an oil or fat that is deodorized (i.e. that exhibits the
intrinsic properties of a deodorized oil) and that comprises less than 950 pg of
bound 3-MCPD per kg of deodorized oil or fat, preferentially less than 700 pug of

20 bound 3-MCPD per kg, most preferably less than 500 pg, less than 250 ng or less
than 100 pg per kg (weight/weight).

It is believed that through conventional processes, the refined/purified oil or fat
does most of time always inherently acquire a relatively high level of bound
25 MCPD. Indeed their process conditions (such as the use of steam deodorization
or inert gas deodorization followed by other drastic conventional process) always
triggers the formation of bound MCPD at a significant rate. Further, conventional

fractionation can partition MCPD esters preferably in the olein fraction.



10 trai ned experts. The free fatty acid content in the oil is less than 0.1
g FFA /100 g oil expressed as palmtic acid. The oil has a noisture content
of less twerol/dgy3noi sture/ 100 g oil. The oil is accor #CHEPL@OObES

i nvention and conprises 780 ig/kg and 713 l'i g/ kg of bound 3-MCPD. O her
sanpl es have shown val ues of 220 fi g/ kg f]id 440 i g/ kg of bound 3-MCPD. 15
Exanple 2 An infant fornmula is prepared with the vegetable oil of the

invention: This conposition is given by way of illustration only. The
protein sour p ( 9 at
portion COITDI%I sﬂee:e 8% ﬁ? t% g:oﬁz S)tﬂr,\,?g)r%t %(Seﬁrlﬁlll k%g?/ot%aelffgléi Oe?%%éer gy

(keal) 100 67y ReRisqion 1(0@)g 1 83 o} 3a preferdbdy 1&s 31502514 Nedseihan act @, 18
then 0.1 g or less than 0.05 g. The presence of free fatty acids and their quantity
is a good indicator of the deodorization process that the oil or fat was submitted

5 to. It is particularly relevant for oil refined physically using for example a
bleaching treatment (so-called bleached-deodorized or “RBD”). However in one
embodiment using chemically refined oils (so-called “neutralized-bleached-
deodorized,. NBD) the reduction of free fatty acids is also of importance.
Without being bound by the theory it is believed that obtaining both a low free

10 fatty acid and a low bound MCPD content is not possible in a conventional

process.

In one embodiment the oil or fat comprises less than 0.5 g of moisture per 100 g
of vegetable oil, preferably less than 0.25 g or less than 0.1 g. The moisture
15 content can also be an indicator of the stringency of the process parameters and
obtaining both a low moisture content and a low bound MCPD level may not

conventionally possible, even further with a low level of free fatty acid.

In one embodiment of the invention the deodorized oil is a processed vegetable

20 oil derived from palm, preferably palm oil, palm olein and/or palm-stearin.

Product of the invention :

In one embodiment the invention relates to a food product that comprises the
deodorized oil or fat described above. The food product is preferably an infant
25 formula, baby food, and/or infant cereal and/or enteral nutritional composition.
The food product can however be selected from any food product for which the
level of bound MCPD is critical to be maintained at a low level. In one
embodiment the food product comprises an amount between 0.2% and 35%

(weight/weight), preferentially between 1% and 30%, or between 1% and 10%



oi -Linolenic acid (ng) 101 675 Lactose (g) 11.2 74.7 Prebiotic (100% GOS)
(g) 0.64 4.3 Mnerals (g) 0.37 2.5 Na (ng) 23 150 WD
2011/ 009 8x BRI/ m@M2010/ 060450 -19- K (ng) 89 590 PCT/EP2010/060450

-15-

(weight/weight) of the oil or fat of the invention. The food product according to
the invention can comprise an amount of 1000 pug or less, 900 ng or less, 750 pg
or less, 500 pg or less, 250 ng or less, 100 pg or less of bound MCPD per kg of
extracted fat (in case of a food product, the amount of bound MCPD is calculated

5 over the amount of fat extracted from the product to take into account that not all
fat can be extracted). The food product according to the invention can comprise
an amount of 950 pg or less, 850 pg or less, 700 pg or less, S00 pg or less, 250
pg or less, 100 pg or less of bound 3-MCPD per kg of extracted fat.

10

Other components of the invention :

In one embodiment the food product comprises probiotics, preferably live
probiotics. The probiotics can be present in the food product at a dose of from
10° to 10" colony forming units (cfu), more preferably from 10’ to 10% cfu per

15 gram of food product. Without being bound by the theory is hypothesized that
bound MCPD can affect the survival of the live probiotics in the food product.
Hence there is an advantage at keeping a low bound MCPD level in food product
comprising probiotics such as infant formula with probiotics. Probiotics can be
those conventionally described for food products in the literature.

20 In one embodiment the food product comprises prebiotics. Prebiotics can

synergistically enhance the survival rate of the probiotics.

Other chloropropanols:

Monochloro propanediols (MCPD) belongs to a group of chemicals called
25 chloropropanols. Other chloropropanols include di-chloro-propanols (DCP), such
as 1,3-dichloro-2-propanol (1,3-DCP) and 2,3-dichloro-2-propanol (2,3-DCP).
Without being bound by the theory it is believed that DCP can be formed in
foods as a result of processing conditions when edible oils and fats are processed

under stringent conditions. The mechanism for their formation is however not



Cl (ng) 64 430 Ca (ng) 62 410 P (ng) 31 210 My (ng) 7 50 M1 (pg) 8 50 Se
(jig) 2 13 Vitanin A ([tg RE) 105 700
WO 2011/009843 PCT/EP2010/060450

-16-

fully understood. The present invention has been described in the context of
MCPD. By extension it is believed that the principle, concept, embodiments,
processes and products of the present invention can apply to DCP. Indeed DCP
and MCPD are chemically related and can have similar reactivity. Their
5 formation processes can hence be closely related. Similarly their reduction or
limitation in edible oils and fats or products made there from can be closely

related. Similar considerations apply to bromopropanols and derivatives thereof.

10 The invention will now be further illustrated by reference to the following
examples:
Example 1
Process:

15 The oil is deodorized using steam and/or submitted to a stripping using nitrogen

as stripping medium. A laboratory scale deodorizer mimicking industrial scale
deodorizer was used. It consists of a glass flask filled with the oil to be
deodorized. With the help of a jacket heater the oil in the flask can be heated up
to the required deodorization temperature. The flask is connected to a vacuum
20 pump to provide the necessary vacuum (<4 mbar). An air-cooled glass trap is
placed between the flask and the vacuum pump to hamper the volatiles entering
the pump.
The gas injection device is a glass device comprising a chamber to hold water for
steam supply and a long capillary protruding into the oil through which the
25 stripping medium (steam or nitrogen) is introduced into the oil. As stripping
medium steam, or nitrogen were used:
o Steam is provided through a capillary from a water reservoir also
connected the deodorizer under vacuum. Due to the low absolute pressure

water evaporates and is thus injected into the heated oil.
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o Nitrogen is provided by a gas cylinder connected to the deodorizer.

As starting vegetable oil, crude palm oil was used (ref 701062-001 from Golden
Jomalina Food Industries, Selangor Danul Ehsan, Malaysia). The Crude palm oil
was conventionally bleached using:

- 0.5% Trisyl® Silica (adsorbent, W.R Grace)

- 2% Tonsil Supreme 110FF (filtration aid, Siid Chemie)

Deodorization / stripping parameters:

- Oil quantity: 350 g oil (Crude palm oil ref 701062-001 from Golden

Jomalina Food Industries, Selangor Danul Ehsan, Malaysia, bleached

as indicated above).

- Deodorization parameters: 235 °C, 3 h, 2-3 mbar, heating to the

deodorization temperature: ca. 15 min, cooling of the stripped oil to

50 °C: ca. 45 min

- Stripping medium: - Steam (11 g or 0.3% based on oil), injected as

long as the oil is under vacuum

- Nitrogen, injected as long as the oil is under
vacuum (low temperature liquified Nitrogen,
available from Pangas, Dagmersellen,

Switzerland).

Comparison of the content in bound 3-MCPD and bound 2-MCPD

of bleached palm oil stripped with steam and nitrogen, respectively.

Stripping medium Bound 3- Bound 2-
MCPD MCPD
(ng/kg) (ng/kg)
Steam (trial n°1) 1340 660
Steam (trial n°2) 1230 510
Nitrogen (trial n°1) 780 420




Vitamn B6 (ng) 0.075 0.50 Folic acid (ug) 9 60 Pantothenic acid (ng) O0.45
3 Vitamn B12 (jig) 0.3 2 Biotin (jig) 2.2 15 Choline (ng) 10 67 Fe (ng)
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| Nitrogen (trial n°2) | 710 | 500 |

The “steam stripping” samples are representative of a conventional oil or fat.
The “nitrogen stripping” samples are representative of the oil of fat of the
invention. The starting material is conventionally bleached palm oil, of

5 conventional commercial source.

Resulting oil:
The oil has a clear / neutral / limpid aspect without visible inclusions or
impurities. The oil has a no off-flavors or off-taste as assessed by a panel of
10 trained experts. The free fatty acid content in the oil is less than 0.1 g FFA /100 g
oil expressed as palmitic acid. The oil has a moisture content of less than 0.1 g
moisture/100 g oil. The oil is according to the invention and comprises 780 pg/kg
and 710 pg/kg of bound 3-MCPD. Other samples have shown values of
220 pg/kg and 440 pg/kg of bound 3-MCPD.
15

Example 2
An infant formula is prepared with the vegetable oil of the invention: This
composition is given by way of illustration only. The protein source is a mix of

20 casein and whey protein (60% - 40%). The fat portion comprises 30% of palm

olein.

Nutrient per 100kcal per litre
Energy (kcal) 100 670
Protein (g) 1.83 12.3
Fat (g) 5.3 35.7
Linoleic acid (g) 0.79 5.3
a-Linolenic acid (mg) 101 675
Lactose (g) 11.2 74.7
Prebiotic (100% GOS) (g) 0.64 4.3
Minerals (g) 0.37 2.5
Na (mg) 23 150




l(jig) 15 100 Cu (ng) 0.06 0.4 Zn (ng) 0.75 5 Lactobacillus reuteri DSM
17938 2.107 cfu/g of powderl A conparison between sone comercial infant

f or mul ae woaotinessaf ant formnmul ae A and B accordi ng to tRETIPZ@O6@N0 i S
shown in the bel ow table. The infant Sn;gﬁpulae A and B are based on the
above description and differ by the co cial source of the oil. The
expected val ues of bound 3- MCPD and bound 2-MCPD are provided in the bel ow
table. results ng/kg of extracted fat Description Bound 3- MCPD Bound

2- MCPD Commer @mdy T ant_rormara I 30 390
Cl (mg) 64 430
Ca (mg) 62 410
P (mg) 31 210
Mg (mg) 7 50
Mn (pg) 8 50
Se (ug) 2 13
Vitamin A (ug RE) 105 700
Vitamin D (ug) 1.5 10
Vitamin E (mg TE) 0.8 5.4
Vitamin K1 (ug) 8 54
Vitamin C (mg) 10 67
Vitamin B1 (mg) 0.07 0.47
Vitamin B2 (mg) 0.15 1.0
Niacin (mg) 1 6.7
Vitamin B6 (mg) 0.075 0.50
Folic acid (ug) 9 60
Pantothenic acid (mg) 0.45 3
Vitamin B12 (ug) 0.3 2
Biotin (ug) 2.2 15
Choline (mg) 10 67
Fe (mg) 1.2 8
I (ug) 15 100
Cu (mg) 0.06 0.4
Zn (mg) 0.75 5
Lactobacillus reuteri DSM 17938 | 2.107 cfu/g of powder

A comparison between some commercial infant formulae and the infant formulae
A and B according to the invention is shown in the below table. The infant
5 formulae A and B are based on the above description and differ by the
commercial source of the oil. The expected values of bound 3-MCPD and bound

2-MCPD are provided in the below table.

results mg/kg of extracted fat
Description Bound 3-MCPD Bound 2-MCPD

Commercial Infant Formula 1 1.73 0.50
Commercial Infant Formula 2 2.25 0.76
Commercial Infant Formula 3 3.13 1.13
Commercial infant Formula 4 3.12 1.34
Infant Formula A according to invention Total MCPD: 1mg/kg
Infant Formula B according to invention Total MCPD: 0.75mg/kg
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met hods e

Analvtical methods

Measurement of bound MCPD in fats and oils:

5 The quantification of bound MCPD is executed by capillary gas chromatography
with mass spectrometric detection, deuterated 3-MCPD as internal standard and
1-palmitoyl-2-stearoyl-3-chloropropane as recovery. The method follows the
teaching of V. Divinova, B. Svejkovska, M. Dolezal, J. VeliSek in Czech J. Food
Sci. 22(5), 182-189 (2004), “Determination of Free and Bound 3-

10 Chloropropane-1,2-diol by Gas Chromatography with Mass Spectrometric
Detection using Deuterated 3-Chloropropane-1,2-diol as Internal Standard”.
This publication describes the hydrolysis (methanolysis) procedure of the MCPD
esters. Prior to the methanolysis step the oil to be analyzed is washed with water
in a liquid liquid extraction with hexane. The derivatization of the hydrolyzed
15 MCPDs is done with heptafluoro-butyrylimidazole (HFBI) described by M-C.
Robert, J-M. Oberson, R. Stadler. “Model Studies on the Formation of
Monochloropropanediols in the Presence of Lipase”, J. Agric. Food Chem. 52,
5102-5108 (2004). The accuracy of the method for dosing bound MCPD is
estimated at about £15%. When measuring a complete food product, the
20 quantification of bound MCPD is made as out of the total fat extracted from said

food product.
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1- pal m toyl-2-stearoyl-3-chl oropropane as,recovery. The nethod follows the
teaching of V. Divinova, B. Svejkovska, ™M Doldal, J. Veligek in Czech J.
Food Sci. 22(5), 1 82-1 89 (2004), "Determ nation of Free and Bound 3- 10
Chl or opr opane- 1, 2-di ol by Gas Chromatography wi th Hass Spectronetric

Det ection ushpgmbeut erated 3- Chl oropropane-1, 2-diol as Internal Standard”.
Thi s publication describes the hydrolysis (nethanolysis) procedure of the
MCPD esters. Prior to the nethanolysis step the oil to be analyzed is
washed with water in a liquid liquid extraction with hexane. The

derivati zati-on dhe tphecdsy drfghurdgthglsn MIPDs oilsodtmeompirtsing a step of stripping
hept af | uoro-butyryli m dazole (HFBI) described by MC. Rgbert, J-M person,
R Stadl er. saib@d| whyy Briogas ped compatsitgh aciteiveh seRAOH SN Ee@ang n

the Presence of Lipase",..J.; Agric. Food.Ch 52 102-510 004). The
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When neasuri : f r: ek Aot oguaptd £i:eati : D
i's made as oflE}tgm gPB'? @tf%]?la atllgelg'fg lrég(g:'? %ald&ﬁ%’m sal %é %%1%1361&)3%&8&3&%%1&@
2011/ 009843REHLER200:0HAEEAS0amdint 6F 200G glor FHL0PIAE BBENQMOPD Hiti Kgoan
edible oil or fat conprising a step of stripping said oil with an inert gas
and conpri simbomafast ep of deodorization for renoving 5 off-taste and

of f-odours, characterized by said stripping step [imting the formation of
bound MCPD in said oil or fat, such as said oil or fat, after said process,
conprises an,anpunt of 100Q i r less.of.said nd per kg of oil or
Far 1805, “TRe Hithsessott clpis fithormEriid ouds a sl Sedibal o Veget abi e
oil. 3- The process of any of the preceding clains wherein said as said
oil or fat, after said process, conprises an anmount of 950 lig or |ess of
sai d bound 33MCPRe pRbcdsd dTfar9i df Bk grotedihd cldims W eRiinGaikbaPiaial il b1 fat,
wherein said stripping step and deodorization step are operated in one
concomi t ant gitcocesispretess, ahimpeises smathodadbdbp @ agi oressoafimasd Hoend 3-aIPD
stripping with said inert gas. 20-5- The process of any of the preceding

cl ai ms wher d1% keafPiker fabpi ng st ep and/ or said deodorization step is
operat%j at a tenperature of nore than 140 C, preferentially nore than 180
C. 6- The process of any of the preceding clains wherein said bound
MCPD is 25fa ' j: i [ : -~ The
process of any e Pingearaf clafin A3 herelh il Gurtng SRH Ao oldBR-FicHstop bre

formation ofodeemad iMoRB coficsabACHRICEZLeepWiReré@aGd dodd izt cdrdVERD of
at least 2 folds when conpared to a conventional purification process that

to said stripping with said inert gas.

20 -5- The process of any of the preceding claims wherein said stripping step and/or
said deodorization step is operated at a temperature of more than 140 °C,

preferentially more than 180 °C.

-6- The process of any of the preceding claims wherein said bound MCPD is

25 formed, at least in part, during the deodorization step.

-7- The process of any of the preceding claims wherein said step limiting the
formation of bound MCPD is characterized by a reduction of bound 3-MCPD of

at least 2 folds when compared to a conventional purification process that



WO 2011/ 009843PCT/ EP2010/ 060450 -22- conprises a conventional steam
deodori zation but does not conprise said step of stripping with said inert

gas. woRe1ifies4pr ocess of any of the precedi ng cl ai NfPCriEPr@i0O6®BIad d | nert
gas is nitrogen. 5 9- The process of an_? of the preceding clains wherein
said oil is palmoil or palmolein or pa r?h stearin. 10- The process of

any of the preceding clains wherein said stripping conprise 10the step of
contacting said edible oil or fat with said inert gas under a vacuum of

I ess than SQ:oggpgrgses %r&{n%ﬁf%ﬁv\ﬂl stdhrh ﬁééd(hjf%a{ﬁoheomes ng}L %(;)m?;i?% RAACRSS off

any of the pr Ing clains ereln sal ripplng an

deodori zat i cgmrjp%ggmﬁﬂag;ﬁd iaért @ag.enper at ure sufficient to induce the
formati on 150f Din said o'l or fat, preferably between 140 C and 270 C,

nost preferably between 180 C and 250 C 12- A deodorized edible oil or
fat conprising less than 1000 |ig of bound MCPD per. kg of said deodorized
edi bl e oi | of- fHIC PiocasseRicty &l thy precedingelaimswhergn saig ingd g9 IMIBIOLEBr Kkg.
13- The.edible oil or fat of claim12 conprising less than 950 Iig of bound
3- MCPD per kg of said deodorized edible oil or fat, preferentially |ess

than 700 |i gqof ~ : =3 [k el SN o] gt of
cl'aim 12 or 13 WRSPAC TR heeeetink tiainl R LERAESEIC B e pal L BF
aci ds per 10{1& S&inddr pad dtédrin. WO 2011/ 009843PCT/ EP2010/ 060450 -23-  15-
The deodorized oil of clains 12 to 14 wherein said edible oil conprises
deodorized palmoil or palmolein or palmstearin. 16- A food product
conprising the deodorized edible oil or_ fat of claiml1l2 to 15 5 in an
amount bet wedfl- OTopLAsEsBehANRT BIRtITRRS AL rlaimsarlagrelit said pYIDPEISERAPNISE and

30% Cugh ot/ el gL anckiuhioroh a3l 900, REAIUGY 1 QTR 888 S32:h1100¢ 950

i g of "boun
less than 50 mbar, preferentially less than 10 mbar.

-11- The process of any of the preceding claims wherein said stripping and/or
said deodorization is operated at a temperature sufficient to induce the formation

15 of MCPD in said oil or fat, preferably between 140 °C and 270 °C, most
preferably between 180 °C and 250 °C.

-12- A deodorized edible oil or fat comprising less than 1000 pg of bound
MCPD per kg of said deodorized edible oil or fat, preferentially less than 750 pg
20 of bound MCPD per kg.

-13- The edible oil or fat of claim 12 comprising less than 950 pg of bound 3-
MCPD per kg of said deodorized edible oil or fat, preferentially less than 700 pg
of bound 3-MCPD per kg.

25

-14 - The deodorized oil or fat of claim 12 or 13 wherein said oil or fat has less

than 0.5 g of free fatty acids per 100 g of oil or fat.



17- The food product of claim 16 wherein said food product is an infant
10f ormul a, baby food, infant cereal or an enteral nutritional conposition.

10
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-15- The deodorized oil of claims 12 to 14 wherein said edible oil comprises

deodorized palm oil or palm olein or palm stearin.

-16- A food product comprising the deodorized edible oil or fat of claim 12 to 15
in an amount between 0.2% and 35% (weight/weight), preferentially between 1%
and 30% (weight/weight), and wherein said food product comprises less than

950 pg of bound 3-MCPD per kg of extracted fat.

-17- The food product of claim 16 wherein said food product is an infant
formula, baby food, infant cereal or an enteral nutritional composition.



