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(54) Title: }zﬁsw VITAMIN A
(57) Abstract

A process for purifying
°C and a pressure of less than
obtained from this process is mixed with
be encapsulated in acacia gum, starch, pé
required is less, preferably from 0.05:1
Other antioxidants can be added. . . . -

vitamin A consisting of heating a vitamin A preparation in an inert atmosphere, at a temperature below 170

.4 mm of ‘mercury, said heating taking place in a vessel shielded from light is disclosed. The vitamin A
1 from 0.5:1 to 2:1 parts of tocopherol to vitamin A. The vitamin A and tocopherol mixture can
pectins or other suitable materials. When the vitamin A is encapsulated, the level of tocopherol
to about 1:1 parts of tocopherol to vitamin A is used in an encapsulated vitamin A composition.
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nore readily than the trans isoners. Commercial vitamin A
contains a nunber of inpurities which are present either due to
oxidation or as left over solvents or by products of the synthesis of Y
vitamin A One of the key reactants and/or oxidation products of vitamn A

is beta ionone. The percentage of beta ionone as well as the |evel of
cis isomers of vitamn A can be used to determne vitamn A quality.
Even when vitamin A palnmitate or acetate is prepared and purified, it
readily oxi di zes creating beta-ionone and ot her oxidation products.
Spray dried vitamn A, that i's, vitamn A which is spray dried or
partially encapsulated with pectin, starches, gum or - other suitable
nmaterial, is nore stable to oxidation, but it also can contain from
10~30@6cis isomers vitamn A and solvents renmaining fromthe synthesis or
t he transesterification reaction. Even th|s formof vitamn A-can

oxi di ze over tine. Bet a i onone key inpurity in vitamn
A has a cedar wood or raspber. and is-. used in perfunmes. It has a
very low threshold level. This is . just. one: of many odors associated with
vitam n A oxidation products. Aldehydes and ~ketones are al so forned,

particul arly hexanal, 5-nonen-2-one, 2- decenal , and octanal .

Hydr ocar bons such as hexane, cycl.opentane, ethyI ‘cycl ohexane and nonane can
al so be present. Al of these materials have unpleasant odors and
flavors. : 2
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Accor di ngl y, it is desirable to have a VI tam n A which is substantially
free of oxidation products, solvents, ~and-has | ess than 5% of the
cis-isonmer. Such a vitam n A has béen found-to be tastel ess and odorl ess.
't woul d alvi@ %@ey rable to stabilize thi's material agai NPe1RdosB418N-

It has now been und that vitamn A can be purified to renove essentially
all of the volatile materials boiling bellow 50[err]C, and, stabilized to.
prevent further oxidation. It is therefore an-object of this invention to
provi de a tastel ess, odorlessy st STABRESVAMAMIN X anin A It is also an
object of this invention to make a vitamin A which contains [err]- ionone
at levels below its threshold val ue. These and ot her objects -of the

invention will be evident from t hdBEf&SIGALFEBELPoI | owi ng.

SUMVARY O; THE | N‘ﬂﬁbrﬁeﬂ\bf this mventlol?@sﬁé) i e ilﬂfsttiliglz'eﬂz(/ﬁﬁkhino')g\ or Rit@min )t\St
aspect, t er ed vitam n A preparation
wher ei n Iess \1’6'3’ '&é‘ﬁ’jﬁf‘nﬂ é?fe \H%E%égﬁ" 'KI‘E(%'P@?'FP of the preparation

is beta-i onone’ and soI vent SBAGKGROUNE OF BHE INVENTIONbf the vitamin Ais a
L SophoomeT SO i, il GRSl hAh, fr 8y
encapsul at ed chemical synthesis ﬁom the reaction of beta i ionone and a propargyl halide. Other
syntheses include starting with beta ionone, converting it to beta iononyl, and
reacting it with 3-formylcrotonyl acetate to make retinol acetate. Alternatively, beta
ionone can be converted to the corresponding aldehyde and through a Grignard
reaction with 3 methyl-2-pentene-4-yn-1-ol and a partial hydrogenation and
rearrangement converts it to retinol acetate. Retinol acetate is converted to retinol
palirlitate through a transesterification reaction with methyl palmitate. Both retinol
acetate and retinol palmitate are commonly used for supplementation.
_ The most stable and more bioavailable form of Vitamin A is the trans isomer.
The cis isomeric forms, i.e., 13-cis retinol, 9-cis retinol, and 9, 13-di-cis retinol
- materials are less stable. Cis isomers are formed during production and they oxidize
more readlly than the trans isomers.
. Commercial vitamin A contains a number of impurities which are present
‘either due to oxidation or as left over solvents or by products of the synthesis of
vitamin A.” One of the key reactants and/or oxidation products of vitamin A is beta
" ionone. The percentage of beta ionone as well as the level of cis isomers of vitamin
A can be used to detenmne vitamin A quality. '

Even when vntamm A palmitate or acetate is prepared and purified, it readxly
ox1dlzes creatmg beta-lonone and other oxidation products. Spray dried vitamin A,
that is, vitamin A whlch is spray dried or partially encapsulated with pectm, starches,
gum,_ or other suitable material, is more stable to oxidation, but it also can contain
from 10-30% cis isomers vitamin A and solvents remaining from the synthesis or the
transesterification reaction. Even this form of vitamin A can oxidize over time.

Beta ionone which is a key impurity in vitamin A has a cedar wood or
raspberry aroma and is used in perfumes. It has a very low threshold level. This is
just one of many odors associated with vitamin A oxidation preducts. Aldehydes and
ketones are also formed, particularly hexanal, 5-nonen-2-one, 2-decenal, and octanal.
Hydrocarbons such as hexane, cyclopentane, ethyl cyclohexane and nonane can also
be present. All of these materials have unpleasant odors and flavors.




According to the invention in a second a
for renoving off-flavor and odors . '

of less than 170[err]C with
sol vents concentration is

m Xxi ng
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conpri si ng:

degassi ng dhisanaserial against pigation,;
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heati ng deg ssed vitamn I

than 4

sen t.at a pressure o
the volatile matenals rhoxh be?ow §0%C and, stabnhzed to pprevent further

oxidation. It is therefore an obJect of this invention to prowde a tasteless, odorless,
storage-stable vitamin A. It is also an object of this mventlon to make a vitamin A
which contains f-ionone at Ievels below its threshold value. These and other objects
of the invention will be evident from the descnptlon followmg

SUMMARY OF THE INVENTION

A process for purifying vitamin A consnstmg of heatmg a vitamin A
preparation in an inert atmosphere, at a temperature below 170°C and a pressure of
less than 4mm of mercury, said heating taking place in a vessel shielded from light is
disclosed. The vitamin A obtained from this process is mixed with from 0.5: 1to2:1
parts of tocopherol to vntamm A The vitamin A and tocopherol mixture can be
encapsulated in acacia gum, starch, pectins, hpld hardstocks ethyl cellulose or other
suitable materials. Other antioxidants can be added

When the vitamin A is encapsulated or sohdlﬁed the tocopherol to vitamin A
level is from about 0.05:1 to about 2:1. Preferably the ratio is from 0.1:1 to 1:1.

DETAILED DESCRIPTION OF THE INVENTION

All percentages used herein are by wetght unless otherwxse indicated.

As used herein, the term "comprising” encompasses the more narrow terms
"consxstmg essentially of" and "cons:stmg of.

‘As used herein, the term "Vitamin. A" includes retmol and the alky] esters of
vitamin A. The alkyl ester group can have from 2 to. 22 carbon atoms and can be
saturated, branched or straight cham Unsaturated alkyl groups can also be used, but
they are less preferred because of their tendency to oxldxze Dehydroretinol (Vitamin
Aj) and vitamin A aldehyde or retinene are also mcluded in the term "vitamin A",
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pect, there is provided a process
) heating degassed vitamn A in
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sparge until the beta-ionone and

(b) mxing the vitamin Awith from:
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mm Hg and a tenperature of less.than:170[err]C with an inert gas sparge
until substanially of . all the beta-ionone and sol vents are renoved; and

(d) encapsulating the vitamn A tocopherol m Xt ure. ' In the

descri bed N®8@dht, a process for purifying vitamn A is dREUSISOTHI _
consisting of heating a vitamn A preparation in an inert atnmoesphere, at a.
tenperature bel ow 170[err]C and a pressuPe of |ess than 4nm of mercury,

said heating taking place in a vessel shielded fromlight is disclosed. The
vitamin A obtained fromthis:pf ocesTHEPROCESSw t h*from 0.5:1 to 2:1 parts

of tocolohter gl to Witagii A |é\p1aI£h9de Vea el &gﬁrﬁ@@m&nﬁe&ﬁbﬁf I Itgi?:aféé&! g?ﬁiélihlbe
encapsul ated in aca rc ectins i pid ,

cel | ul ose or VEESHkSr g‘ ‘%ﬁa“m&qséﬁ P@Wérbl%kt?'o%aﬁﬁﬁln‘f’ﬁh éﬁ}ﬂa%eO'a%Q!bd.
When the vi t&xghmrﬁsmtxﬁglcmghs?doe@btﬂﬂesol | d| f i ed, the tocopherol to vitamn

A Igvel is from ahﬁﬂBnrQAoédggatssed%g%ﬁ%EéBr fe a%\lyfatéhe ratio is from

0.1:1to 1:1.
Al l per cent agaydissoivedraxygémiramdhd yitamin g‘hsmozmdm'gsn canhcause &ahemMDn ar

As used her eigBgralififont S Vtaril R ih the GnitiBNRATRE SBS JsBE BTy e Mieerial M
B Preferably vitamin A is subjected to a vacuum of less than Smm of mercury to degas
the sainple.' Usually the sample is degassed at less than 0.5mm Hg.

An inert gas sparge is then introduced into the sample. Preferably nitrogen is
used as the sparging agent. However, non-oxidizing gases such as carbon dioxide,
helium, argon or neon can also be used.

. The. sample is then heated to a temperature below 170°C, preferably in the
range of from about 95°C to about 150°C, and most preferably from about 130°C to
about 150°C. The rate of heating is not critical. Generally the vitamin A is heated
from room temperature to 150°C in 2-3 minutes.

The sample is heated and sparged with inert gas under reduced pressure, less
than Smm of mercury, preferably less than 1, and most preferably in the range of

- 0:3mm to 0.6mm of mercury. The preferred heating conditions are from about 130°
C to about 150°C, with a pressure in the range of about 0.5mm of mercury. The
sparging gas is provided to the vessel at a flow rate of 0.5 to 14 cc/min/g vitamin A.
Under these temperature and pressure conditions most of the oxidation products and
hydrocarbons volatilize and are removed with the nitrogen or inert gas sparging.

Since beta ionone is one of the key impurities and since its boiling point is
126°C at 12mm of mercury, it is used to measure the progress of the purification of
the vxtarmn A. Many of the impurities boil or vaporize with or before beta ionone
under these conditions Thus, the absence of beta ionone can be used as an indicator
fhat.mariy ‘of the hydrocarbons and lower molecular weight oxidation products have

" been removed. ' The presence of beta ionone can be detected using a gas
chromatograph to analyze the volatiles obtained by heating the sample to 50°C.

: Other analys:s techniques can also be used.

- Conventional oil deodorization or stripping equlpment can be used. Then
film' evaporators, molecular still and deodonzatnon units (batch or contmuous) are

' acceptab]e |

It generally takes up to 120 minutes to remove the impurities. The exact time -
depends on sample size and the vessel configuration and the efficiency of the system.
For a rotary evapbrator from 15 minutes to 120 minutes is required. For a wiped



"consi sti ng essentially of" and "consisting of". As used herein,
the term"Vitamn A" includes retinol and the alkyl esters of vitamn A
The al kyl ester group can have from2 to 22 carbon atons and can be
sat ur at edwobgeqaned or straight chain. Unsaturated al kyl WBEHDS5ANM]9 al so be
used, but they are less preferred because of their tendency to oxidize.
Dehyroretinol (Vitami n A2) and vitam n4A al dehyde or retinene are ‘al so
included in the term"vitamn A". WD 96/ 04243

PCT/ US95/ 0 Ailm@vaporator the removal of impurities is accomplished in less than 10 inutes and
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fromlight sourcﬁ] lyma ) vessel
bl ack or coated W€ Ruzfisg) é‘&l’“ﬂr rférF“xedIW‘E]htt°‘i°P§?f§h14“¢| degasssdt 388 ifs
accept abl e.necessary. Any Mcbpltersl ifomér elmadrsesed. b%eatﬂﬁstcﬂeféﬁ'@& li gt ldT'fHehOd I't
IS i nportan di'ssolve omt he vit. mn I nce '
oxygen can ipziﬁ %Jrﬁ{;m\f/ﬁg}? ?3%’%5‘?%‘& F\t; %c%*é‘grﬂcfﬁ S| At ntizoxidant and afsﬁ t he
initial heaedurgs thecsount off oxpganucdntacting ¢harvitaminaA.. Tocopherol oxidizes less
readily than vitamin A, and thus, is effective in stabilizing purified vitamin A.
“Generally from 0.5:1 to-2:1 parts of tocopherol to vitamin A are used. The
tocopherol can be added to the vitamin A prior to the purification step also.
Preferably the ratio of tocopherol to vitamin A is 0.75:1to 1:1.
The vitamin A prepared by the process herein is characterized by the

following composition: . o . : (
COMPONENT C PERCENT BY WEIGHT B
vitamin A, trans isomer - 331066 | |
tocopherol . 33 to0 66

beta-ionone : ' 010 0.33

cis-isomers of vitamin A : 0to 0.33

It is substantially free of beta-ionone and solvents. By "substantially free" is
meant that the levels of these materials in the vitamin A are less than 5% By weight of
the vitamin A content. The level of B-ionone and other hydrocarbon impurities are

- measured by a gas chromatographic method. These materials are volatile at 50°C
-and their concentration in the headspace of the sample tube is proportional to their
concentration in the vitamin A. Measuring the total decrease in B-ionone content in
the volatiles confirms the low levels of impurities remaining in the vitamin A,

The vitamin A and tocopherol mixture can be in the form of a liquid oil, spray

- dried or encapsulated with gums, starches, pectin, gelatin, lipid hardstocks, ethyl
cellulose or other suitable materials. Preferably, dextrin and gum acacia are used for
the encapsulation. Any conventional encapsulation technique can be used to prepare
such products. The vitamin A and tocopherol can also be admixed with other food
ingredients. '

The solidification or encapsulation of the vitamin A helps protect the vitamin
A from interaction with ultraviolet light. The suppression of ultraviolet light
absorption increases the stability of the purified vitamin A. The level of tocopherol
mixed with the vitamin A when it is solidified in a carrier either as a beadlet or a
powder or encapsulated is less than requifed in the liquid form. From about 0.05:1
to about 2:1 of tocopherol to vitamin A is used. Preferably from about 0.1 :1 to
about 1:1is used. ' :

+



Preferably vitamin A is subjected to a‘vacuum of |ess than 5mm of nercury

to degas the sanple. Usually the sanpl e ‘i s degassed at |ess than 0.5mm
An inert gas sparge is then introduced into the sanple.

Br ef erably nitrogen-is used as the sparging agent. However, non-oxidizing

gases such%%ﬁ&g‘b’on dioxide, helium argon or neon can aPSE/SISALY

The sanple is then heated to a tenperature below 170[err]C, preferably in-

the . range of from about 95[err]C to about’ 150[err]C and nost preferably

from about 130[er g ﬂtg&‘““‘ ?P%’A}edk?qmﬁr&fé‘gs r}?qb eaixo? to o %Tg'lgﬁgllf S&gglg

critical. Generally
150[err]Cin oz:datlm,nmdw essentially tastelfsseamhmpbéem Eeamhmgnﬂtesqgmlqeobﬁm th

i nert gas un i f bly
|ess than 1. ﬁﬁgé"ﬁgﬁfﬁgrﬁ ORI bs SO i Sl el oS4

mercury. The famfight QP3RS RAG gingif £9 meTahattly mﬁay&ﬁ to] prgtest it durme to
about 150[ er rsjdzageni thuﬂ IToéR3 iy tesied fblhstatsnmygmdef arabient! tefhpbratare conditionsr v .

h
ceiminl g vic AR Hetenie F PGS HRREF hols o dor ) r°2£5§8'ﬁéﬁg% ons st
of the oxidation [Dtbenantoxidants suchay BHa@r.lBﬁ'E and |as¢arbyl palmitate aarebe eddeded

th th t
\(I)Mf t he Eegl i L%&f‘?f?e bﬂﬁ& g{lﬁ aspémteagfmbodxment mate§!1|99:ﬁ tzga?;grésf%Q ol S one

of nercury, ipermeabilityi amv (dwmsmn é/tqﬁeplpﬂrdgm@we @re @dd@dplﬁorfexw Fosiem

the vitam n AjcoNBN¥arPbe ub&i frPMfs |§I_dr9§seb07['he QieaMRRRIhSEfodink . EfystEfaei@ beta
i onone under, th e conﬂ‘gttons e absence of bet'a i onone can be

used as an i ’E’h‘fv protect tv'tﬂwgypf'%"é‘;}ﬂ%ﬁlpfﬁfﬁ‘ftﬂﬁ €Gnd | ower ol ecul ar
wei ght oxidation products have beEXAMPLEN. The presence of beta ionone

bt ai ned by hoat | iy PhaSairicaf Vs BAREH 7R beb i i) e K5) Shiipl
can al so be usexork with a rotary exaporater is charged withew 4bR2i gnsarople ®f upstabiizddng
equi pment  canydifpdtefdy vithh A palmitate. The vessel is equipped with a dip tube which can
be used to sparge the vessel with nitrogen. The volatiles are collected onto a cold
finger condenser. The sé.mple is first placed under vacuum at 0.1mm of mercury to
~ degas the sample. The nitrogen sparge is then introduced at a flow rate of
~8cc/min./g seniple. The sample is quickly heated to a temperature of 150°C by
immersing the vessel in an oil bath maintained at 150°C. The introduction of the
nitrogen sparge causes the vacuum to rise to 0.5mm of mercury. The product is
heated for 120 minutes under these conditions.

The vitamin A is then cooled to.room temperature the vessel opened, and
alpha-tocopherol mixed with it. The mixture is then degassed under 0.1-0.5mm Hg.
then saturated with nitrogen. The ratio of alpha tocopherol to v:ta:mn A palmitate is

1:1byweight. =~

This matenal is then mixed vnth potato starch to a concentration of 5%
vitamin A palmitate and sprinkled on to a potato chip. When 32 panelists were asked
to evaluate the product for off flavor, acceptability, saltiness and potato flavor, 80%
of the panelists saw no difference between the control sample without vitamin A

“addition and the product containing the vitamin A and E mixture; 17% of the
panelists found less off flavor in the vitamin A and E product. The product contained
210 ppm of vitamin. A and 210 ppm of tocopherol.

A high quality commercial vitamin A powder which had not been punﬁed by
the process described herein was tested at 150 ppm level on potato chips. In this
panel only 48% of the panelists saw no difference and 36% of the panelists indicated
that the vitamin A sample had more off flavor. ‘



filmevaporators, nolecular still and deodorization units (batch or
continuous) are accept abl e. It generally takes up to 120
mnutes to renove the inpurities. The exact tine depends on sanpl e size
and t he W&x%#42430nfi gurati on and the efficiency of the sywcansesiorskor a
rotary evaporator from15 mnutes to 1%0 m nutes is requi red. For a w ped
WD 96/ 04243 ' _
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evaporator .the renoval of |rrpur|tlgwla%yorrpl [ shed in less than 10
mnutes and  ufout dhﬁ‘emnt tomelitcond erverohseﬁ&omﬁﬁnd sothmefzialvitathiasA sample

Th i fi ty agai.n if _
ccbun . Tl (B, L ool LAROP 18 gl SEBRISREAE B 1k,
the al phExp@pigdy grfpwhwa@p@dm putified tie volgtilepatFOIC weresanalyzed by

anti - oxi dags @ﬁ&n@tlogfath OSAE AR MRS AeRHBEd mowxm&aﬁglegsﬁ&ﬁgﬁgteh% vitamn

A. Tocopher,ol .oxi di zes 1ess readily than vitamn
ef fective *}?% I|2|ng purified vitamn A CGenerally fromO0.5:1 to 2:1
parts of tocoph&‘helpuhﬂed/vhmﬁhm&rasrmmwby theQame mehORNETIR! reqlls ¢ added

to the vit B\q}vﬂieﬁ iy [he%ll&v%n& I?a%lep UIB is'evfifeh Oﬂlest teaPamoutﬁ of volatiles decreased
by about 60% with all of the treatments. Importantly, the amount of B-ionone was
decreased s1gmﬁcantly in the samples -

Volatile Measurements on Vitamin A Liquids : ‘
Control 1 2 .3 4 )
Temperature . 95°C 150°C 170°C 150°C
Pressure (mmHg) - 2-3mmHg 3-4mmHg 3-4 mmHg 0.5 mmHg
Time (min.) - 120 120 120 | 120
Sample wt. grams ~ 0.102 0.136 0145 0.130 0.136
Total Peak Area 786508 160217 120578 256278 801
B-ionone Count 16373 3201 2202 4959 59
g.sample x 100
EXAMPLE III

A liquid vitamin A is purified by the method of Example I. Two different

samples are encapsulated in gelatin to form a powdered vitamin A sample. One
| sample contains 5% tocopherol, the other 50% tocopherol. The solid encapsulated
product is sprinkled on potato chxps and is tested for stability at one wegk at 100°F
(38°C) in air. The products are stable and show very little difference in taste
compared to a control product that is stored under the same conditions. No _
deterioration of Vitamin A content is observed. The products are then stored fora
second week at 100°F (38°C) in air and under constant exposure to fluorescent light.
Some loss of vitamin A occurs, but the 5% sample still tastes equal or better than the
control product under the same conditions. These are extremely stringent storage
conditions and under normal usage, food containing the solid or encapsulated vitamin
A/tocopherol of this inventions is expected to be storage stable in commercxal '
practice.



- Preferably the ratio of tocopherol to vitamin Ais 0.75:1 to 1:1.
The vitam n A prepared by the process herein is characterized by the
foll owi ng conposition: COMPONENT

* PERCENT BY V\FM Vi tam n A trans isoner - PCT/US95/0741933 10
tocoB’H . 33 to 66 bet a-i onone

0 to 0.33 cis-isoners of vitamin A 7 - © 0to 0.33

It is substantially free of beta-ionone and sol vents. By 'substantially

free" is meant t hat thelevels Aﬁgl@lspr weials inthe vitamn A are

| ess than 5% by weig he | evel of
[err]-ionone and oth T - by a gas
chr omat ogr aphi ¢ net hod. These mat eﬁiiEbmgﬁﬁ_em)l atile at .50[err]C and

their concentrati Q@gﬂl E;mﬁ@ t.j@qnal to
their concent ra??{l%ogr?&lpirrhgsy %Bﬁs(féis % gﬂb@? g}I &3ecrgads§e{ in

[err]-i onondit€d withs Siml "eef“l‘iéPVGPé'ﬂbq eEh%%mfgertHBest are impgocaldy sleanegs and
i mpurities raked itl 19°C pribhfo wdet arﬂerPnge and Trap unit 1$)re a&a%rnusé clm(i

t ocopher ol tu t he UI d oi

encapsul at edn{ %’ grﬂﬁgplgiﬁﬁ&dﬁ'é%w ?'ﬁ (8t 3, tepya }(a%"f gf?é et hyl
cel | ul ose ormiautesr Fhist cdnitiauesatntili ﬂiestralPrrefessenhhlj»y cmtdsﬂ m;arbdckgwnrﬂcam a |
are used forc ntamﬁan capsul ati on. Any conventional encapsul ation technique

can be used ¥ prepare such products. The vitamn A and tocopherol can
al so be adni xed vippioximately 0.35@ grams gf tast amtesial is weighed direntlysiotoi alicoolcat i on

or encapsul %bhr?@ e énaweaafawprseeh%ﬁﬁe ﬁér&h&qsmtt Mfhe\d l919 heatél {sz‘ll ot

mteracfuond:n‘gultgé ol. et 9 I tesu sion of ‘ultravi o g
absorption i'ndeEYE ‘E‘F%ﬁ?\“lq rlugye 'T%%mﬁtﬁ?tP &R0 59/ minute tar 4 Tpputegy el of
t ocopher ol vmmedamcbnedtdfdeomo faardpreofitaitisd) Teiaxi GC 2dbdrbédt] aMhdncomplate,r i er
either as ape ?r is'préileaféd to 100°C for 2 minute. The trap is then back flushed at a desorb
th Reag) &t
temperature of 180°C for 4 minutes. Transfer lines and switching valve are
maintained at 200°C. The sample mounting block is maintained at 100°C.

" The desorbed volatiles are flushed into. a Hewlett Packard 5890 gas
chrdrﬁatbgraph equipped with a Hewlett Packard 3396 electronic integrator. The
detector is a flame ionization type. The fused silica capillary column is 50 meters
long by 0.25 mm mtemal diameter. The capillary column is a DB-1 type.

The gas chromatograph uses a split i injection flow. Initial oven temperature is
40°C. The chromatograph is programmed to automatically change the temperature
‘of the oven at the rate of 10°C/minute to a final oven temperature of 350°C. Initial
oven hold time is 5 minutes. The mjector temperature is 200°C and the detector
temperature is 350°C. The split ratio is set at 10.to SOml/minute.
The integrator is set at ‘manufacturer's recommendations so the peak
mtegratlons are optnmzed . _ '
- The recorder is a linear recorder which did not change the attenuation
accordmg to peak hexght
Food Uses
The shelf stable purified vitamin A can be used in any food product. It can be
added to oils, breads, baked goods, confections, snacks, beverages and other oil
_ containing foods. It can also be used in cosmetics and in vitamin supplements. It is
| particula_rlg} useful in liquid supplements where taste and odor are a problem..




0.05:1 to about 2:1 of tocgpte used. Preferably from
about 0.1 :1 to : &iedmmmullmmmfmmMC% S :
PCT/ US95/ 07419 g1 W2 The
product pwqmows is stable for up to threePﬁfr’Hﬁ?ﬁé""é{?al nst
oxidation, and is y tastel ess and odorless. To prolong the
s:abilihty of pur ‘teg vit?rﬁnﬁ_ihis@ould be -st(lzreq in an oxy?rte)nflge?tl
can bo used WERBEOMIEER: during  storage. Liquid product |s fested for -
stability under aArshetfstables pprfied vitamin wmparm chardcfén‘&é‘rﬁmﬂhﬁﬁﬁllCe of air
and exposur ; cent Q her
ant i oxi dant guésg% gzhﬁéﬁp&%ﬁmg %Ig'ztg%og‘FE" a‘f) rF'é‘tlﬁssé@W So/éogmfed to the
conpos 13 t : ongitamin 4 ipz eis-dsomen comprisingra mixtireet aftbedpherohand wm As theoaygen |
per neabi | it xture are adde For exanpl e,
%f&él{?gpérﬁﬁto ifafhii Rﬁ%%&ﬁr g B Plo i

st earyl can e use I's purpose. The stearyl al cohol forns
a crystal lattice which will protect the vitamin A by providing a

protective Izayer.A shelf stable, purified vitamin A preparation which is substéntilfrée of
beta~ionone and solvents ‘and wherein less than 5% of the vitamin A is a cis-isomer

‘

comprising a mixture of tocopherol and vitamin A, the ratio of tocopherol to vitamin
A being from 0.05:1 to 2:1; said vitamin A being encapsulated.

3. A vitamin A according to claim 1 or 2 wherein the vitamin A is an alkyl ester - ‘
of retinol, preferably retinol acetate or retinol palmitate and wherein the tocopherol is
alpha tocopherol. I .

4. A vitamin A according to claims 1, 2 or 3 which contains less tha_n.3% beta-
ionone and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

5. A vitamin A according to Claim 2, 3 or 4 wherein the vitamin A is
encapsulated with a member of the group selected from gums, starches, pectin,
gelatin, lipid hatdstocks ethyl cellulose or mixtures thereof.

6. A process for removing off-flavor and odors from vitamin A compnsmg

- (a) degassmg a sample of vitamin A

(b) heating degassed vitamin A in the absence of light at a pressure of less
than 4 mm Hg and a temperature of less than 170°C with an inert gas sparge until
substantially of all the beta-ionone and solvents are removed, |

(c) mixing the vntamm A with from 0.5 to 2 parts of tocopherol/part of
vitamin A.

7. A process for removing off- flavor and odors from vitamin A comprising;

(a) degassinga sample of wtamm A;

(b)  heating degassed vitamin Ainthe absence of light at a pressure of less
than 4 mm Hg and a temperature of less than 170°C with an inert gas sparge until
substantially all of the beta-nonone and solvents are removed;

(c)  mixing the vitamin A with from 0.05:1 to 2:1 parts of tocopherol/part
of vitamin A, and '
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A 500 vessel whi ch has bee Shl eI ded fromlight and equi pped
to Wor Jg"gm&mwvaporat or: |3 PRI a.41.2 gm sarrpl e of

ynst abi ki ze tency vitam rrHAa aedsmmmsm he vessel is equipped -
with a di p tube which can ‘be usqgd tohsamoga t he [vessel with nitrogen.
The vol at i W@ 9604340l | ect ed onto a ‘et geswgondenser . pOESSAMIbE | S

first placed under vacuum at 0. 1nm of nercury to degas the sanple. The
nitrogen sparge is then introduced at a Plow rate of . ~8cc/mn./g sanple.
The sample is quickly heated:to a tenperature of 150[err C by i_mrer si ng

the vessel in an &) bampﬁtdwﬁgaﬁnﬁwaramPampehqr?lcmxmew- tarraemRariofheof t he

ni trogen Spargsiptieer FdiegMAs $tiitHes, fechi deRtifl; Byl istaBsC bthyl ceTmesdor oduct
is heated for, 120 /m n es under these conditions. he vitam n

Ai's then coOf BWHEESIRIERY enperat ure, the vessel opened, and
al pha-tocopherol mxed with it. The mxture is then degassed under

0.1-0.5mm Hg g mnﬁx%c%@a%&ﬁﬁg t(‘{“cl%a Blok Y%Bem IH%%{%@H R ifhi@iRid the.

t ocopher ol to Vi t
material is tOROP Wk@ﬁomtbhhwnsﬁep@émr%thavetmmemsfmteérat 8f 5%

vitamn A pahghierraditaR 30 @A 0°C aPa redlrabPoiib 0.6 MheHg 34 RAGE St S

wer e asked to eval uate the product for of | avor, acceptability,
sal tiness andhéPAEARE 2448 pitrogerh o, of the panel i sts saw no difference
bet ween the control sanple without vitamn A addi tion and the product

o1 1avor 9t ne 4 PiokeASoEraine TSl B0 S Wiers] B e RS b il 80, 0700
of vitanin Aofiretinell @ng the toéopherod gsadphal tocopherol and wherginithe ImtiqmaIA tgntains
commer ci al Vil 36 B&‘éﬁ don\é"&hg Thg??xﬁ n39} cx?%%e?yéf\fdaﬁ% ﬁ ased M‘t‘ﬁe process

descri bed herein was test m | evel on potato c this
panel only 48%‘%@”@“@‘&%I ists saw no difference and 36% of the panel ists

i ndi cat ed that the vitamn A sanple had nore off flavor.

10. A food product comprising the composition of claims 1, 2, or 3.
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D96/ 04243 . - L _' -
“PCT/ u595fﬁ7ztf9——“——"”‘”—" .
EXAVPLE | |

| fferent conditiongTWer
comer ci al U@Hﬁl\““ﬂ having 1.8 m | Iii on
Units). reatrrent was as in g Exa ef or e sa
purified the vol-atiles at 50[err]C were anal yzed by ;ﬁ &Jf: ggﬁa""f

usi ng the nmethod described below. This sanple is desi ed as t he
Control . WHATIBﬂELEDI vitami n A was anal yzed by the sane nethod.
The results are provided in the following table. As is evident, the total
anmount of volatiles decreased by about 60%w th all of the treat ment s.

| nportantly, the anbshalf ss4bl¢, purified vitamin Apreparatibmowltcls maubstaptially frendfi y i n

}_Pgu? ggpl €S.  peta-ionone and solvents, and whe\(gttl%sk bfin M%aéf’t'ftg RAhD Agﬂ 2 G- RBhEr A

4  Tenper at urS@mprising a mixture of tocophegg[agg fv]t@un A, the PRLO [oE tqcppherol to vg_tm{ner r]C
150[err] C  PrAebsidg EoOBE)! to 2:1; said vitamin?A Beifgthtapsidatbdtg 34 g 0.5

mrHg

2. A vitamin A according to claim 1 wherein the ratio of tocopherol to vitamin
Aisfrom 0.10:1 to 1:1.

3. A vitamin A according to claim 2 wherein the vitamin A is an alkyl ester of
retinol.
4. An encapsulated vitamin A according to claim 3 wherein the vitamin A is

encapsulated with a member of the group selected from gums, starches, pectin,
gelatin, lipid hardstocks, ethyl cellulose or mixtures thereof.

5. A vitamin A according to claim 2 wherein the tocopherol is alpha tocopherol.

6. A vitamin A according to claim 5 which contains less than 3% beta-ionone
and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

7. A vitamin A according to claim 1 which contains less than 3% beta-ionone
and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

8. A process for removing off-flavor and odors from vitamin A comprising:

(a) degassing a sample of vitamin A;

(b) heating degassed vitamin A in the absence of light at a pressure of less
than 4 mm Hg and a temperature of less than 170°C with an inert gas sparge until
substantially of all the beta-ionone and solvents are removed,

(c) mixing the vitamin A with from about 0.05:1 to0 2:1 parts of
tocopherol/part of vitamin A; and

(d) encapsulating the vitamin A tocopherol mixture.

9. A process according to claim 8 wherein the vitamin A is mixed with the
tocopherol before the heating step.
\_

This Sheet Has Been

LT




Time (min)__.__ 120 120

02136 Tot o WEH Y EE iggos “l60217 1 “;%l%%géz\ 8
o rerr) | NI ea7s 5201 (P93 Zags
59 g.sanple*x 900+ " s+ : EXAMPLE | I |

Aliquid vitamn Ais purified by the met Bod of Exanple |I. Two different
sanpl es are encapsulated in gelatin to forma powdered vitanin A sanple.
One sanpl e contai ns 5% tocopherol, the other 50% tocopherol. The solid
encapsul at ed 10pr oduptocess aspordinklte dlaimn 8 peHerdiothevitpminaA @k heatedashed f or

Stabl o and shanRaTa o DG o sl PACE R o ek or o O30T " ©

product that (0 8d under the sane conditions. No deterioration of
Vitamn A content is observed. The products are then stored for a second

week at 100[err]F (38[err]C in air an nder .constant .exposure to
fluorescent |ildht. AP Fﬁgqcz:)g.rgmgftog‘q@ﬁi\ﬂleygtb@@lypgguno%ﬂs %(%Eed!#;’c?'sanpl e still
tastes equal temperatues off fram 1B0RC to LSMICradk ppussute of about 013 tolabodt01® mm Hg.
conditions. These are extrenely stringent storage condi tions and under
normal usage, food containing the solid or encapsulated vitamn

Al t ocopher ol dR- t hisprasessraceerdingite clajmd& mdwreinthissparginggge isiitadges. i n

conmer ci al practi ce. :

13. A process according to claim 8 wherein the ratio of tocopherol to vitamin A
is from 0.1:1 to 1:1. | |

14, A process according to claim 13 wherein the vitamin A is an alkyl ester of
retinol. '

15. A process according to claim 14 wherein the vitamin A is encapsulated with a
member of the group selected from gums, starches, pectin, gelatin, lipid hardstocks,
ethyl cellulose or mixtures thereof.

16. A process according to claim 13 wherein the tocopherol is alpha tocopherol.
17. A process according to claim 15 wherein the vitamin A contains less than 3%
beta-ionone and less than 2% cis-isomers of vitamin A based on the weight of

vitamin A.

18. A process according to claim 11 which contains less than 3% beta-ionone and
less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

19. A food product comprising the composition of claim 1.
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\A“mmrlm"ﬂ ' REPL@\ TSHERN b, ggg,_d. Vi fAMTA preparation
gﬂﬂrﬂl 5 o by wei gh f it he VI tam,;@?,g.w“ht'étft of the preparation
i s betati ofone and ol ¥ dn Aﬁ reiln_less fhan 5%% eV|tamnA|sa
ci s-isomer conprisijng a m xture of ﬁocoph%rol and vit f

t ocopherol to vit ari s md.05:1to 2:1; said V|tamnA elng

encapsyl at ed. 2. ~stabfEVitamn A preparation according to claim

1 wherg¢in thewmqo[sqf;merol to vitamn Ais from0.10:1 to 1:1. 3.
A shelf stable vitam n A preparation according to claim2 wherein the

vitamp Ais an alkyl ester of retinol. 4. An encapsul ated shelf stable
vitam n A pr enar at lmmmmnedl naﬁédomaha;h Y ﬁxe;ydaﬁml WhiERR svbdi@iflally fied 8f

encapsyl at ed sel.ec om starches,
bect ] gel at PR pRofEcA S T TN
5. As Fnel f st &binprising amiixture pff tepaphatdl and sitanin &\, nige fatio oIf @dodpReroh@ vlamid he
tocopherol is Abdiifrom 0.05:1 to 2:1; said vitamin A being encapsulated.

2. A vitamin A according to claim 1 wherein the ratio of tocopherol to vitamin
Ais from 0.10:1 to 1L:1,

3. A vitamin A according to claim 2 wherein the vitamin A is an alkyl ester of
retinol.
4. An encapsulated vitamin A according to claim 3 wherein the vitamin A is

encapsulated with a member of the group selected from gums, starches, pectin,
gelatin, lipid hardstocks, ethyl cellulose or mixtures thereof.

S. A vitamin A according to claim 2 wherein the tocopherol is alpha tocopherol.

6. A vitamin A according to claim 5 which contains less than 3% beta-ionone
and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

7. A vitamin A according to claim 1 which contains less than 3% beta-ionone
and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

8. A process for removing off-flavor and odors from vitamin A comprising:

(a) degassing a sample of vitamin A;

(b) heating degassed vitamin A in the absence of light at a pressure of less
than 4 mm Hg and a temperature of less than 170°C with an inert gas sparge until

- substantially of all the beta-ionone and solvents are removed;

(c) mixing the vitamin A with from about 0.05:1 to 2:1 parts of
tocopherol/part of vitamin A; and

(d) encapsulating the vitamin A tocopherol mixture.

9. A process according to claim 8 wherein the vitamin A is mixed with the

tocopherol before the heating step.

—_—
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of vitd
9. A pr

t han 3% bet a- nex ﬁ;miAtms th > \of

F‘lﬂ{ﬂﬂg‘!@m e wei ght of the Vit amiugerA: ifttam n
rat v ng to claim| which conta| ns Ies tlaa i pnone
s than 2% cis-isonmers of vitamn A %ased on th
ocess for removing off-flavor and odors fromvit I hg:

assing a sanple of vitamn A (b) heating
ence of 4 i ghj péceds %c%ﬁﬁhg f Qiml £sRerkinaRe ditdfih wls%@ﬂe@ ai&‘”per ature

5 Qﬁﬂcéé%[p%#%ﬁ o omabut b8 by 30d ot Bpresmaraat om0 B shogy

the vit@ginimAgv th fromabout 0.05:1 to 2:1 parts of tocopherol/part

mn A, and (d) encapsulating the vitamn A tocopherol m xture.

ocess for renoving off-flavor and odors fromyvitanmn A conpri sing:
11. A process according to claim 9 wherein the vitamin A is heated ata

temperature of from 130°C to 150°C at a pressure of about 0.3 to about 0.6 mm Hg.

12, A process according to claim 11 wherein the sparging gas is nitrogen. -

13. A process according to claim 8 wherein the ratio of tocopherol to vitamin A
is from 0.1:1 to 1:1.

14. A process according to claim 13 wherein the vitamin A is an alkyl ester of
retinol.

15. A process according to claim 14 wherein the vitamin A is encapsulated with a
member of the group selected from gums, starches, pectin, gelatin, lipid hardstocks,
ethy! cellulose or mixtures thereof.

16. A process according to claim 13 wherein the tocopherol is alpha técopherol.
17. A process according to claim 15 wherein the vitamin A contains less than 3%
beta-ionone and less than 2% cis-isomers of vitamin A based on the weight of

vitamin A.

18. A process according to claim 11 which contains less than 3% beta-ionone and
less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

19. A food product comprising the composition of claim 1.
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. [ it
fa) degassing a sarrpl e of vitamn A - (b) ni‘xing t msﬂmmmsmm from
about ;0.05:1 to 2:1 parts of tocopherol/part of vitamin
degassed vitamn Ain the absence of |ight at a pressur
Hg and a tenperature of less than 170[err]C with an i
t he beta-ionone and solvents are renoved; and (-d)
vitam n A tocopherol m xture. 10. A process accordin

the vitam n A jficeardinghp)it is deérablsdthhava 3 éﬁﬁ'@ﬂht“uﬂ’é‘“@f ist substantiadly; free of !
130[err] C £ 0440 C;;roé‘-?c% %{)fvlzrgls aatndei'gﬂ %‘?&1%%‘#0{%%5 9[9-190&4 %u%ﬁ’g%targt 1)\%‘2&

11. A process ac

heated at wecheowmed @twtestaésédnamdﬁa%euf\}z&xm Qlsa lbe desitdbl R stabiizaithis niM&@ RS Ur €
of from0.3 to about 0.6 nm Hg. 12. A process according to claim1l :
~wherein t hegagphoyidatiolas in step (c) is nitrogen. 13. A process according
‘to claim8 wherein the ratio of tocopherol to V|tamn Ain the vitamn A
and tocopherol mxture is fromO0.1:1 to 1:1.

It has now been found that vitamin A can be purified to remove essentially all of

the volatile materials boiling below 50°C, and, stabilized to prevent further oxidation. It
is therefore an object of this invéntion to provide a tasteless, odorless, storage-stable
vitamin A. It is also an object of this invention to make 2 vitamin A which contains B- -
ionone at levels below its threshold value. These and other objects of the invention will

be evident from the description following.
SUMMARY OF THE INVENTION

According to the invention in a first aspect, there is provided a shelf stable, purified
vitamin A preparation wherein _l.ess than 5% by weight of the vitamin A content of the
preparation is beta-ionone and solvents, and wherein less than 5% of the vitamin A is a cis-
isomer comprising a mixture of tocopherol and vitamin A, the ratio of tocopherol to

vitamin A being from 0.05:1 to 2:1; said vitamin A being encapsulated.

According to the invention in a second aspect, there is provided a process for
removing off-flavor and odors from vitamin A comprising:

(2) degassing a sample of vitamin A;

(b) heating degassed vitamin A in the absence of light at a pressure of less than 4
mm Hg and a temperature of less than 170°C with an inert gas sparge until the beta-ionone
and solvents concentration is less than 5% by weight of vitamin A;

(c) mixing the vitamin_ A with from about 0.05:1 to 2:1 parts of tocopherol/part of
vitamin A; and

(d) encapsulating the vitamin A tocopherol mixture.

According to the invention in a third aspect, there is provided a process for

removing off-flavor and odors from vitamin A comprising:



%

i4. ‘A process accor di ng to claim 13 wherein the vit %gﬁmgﬁtspsﬁfail s an

al kyl ,ester of retinol. 15. A.process according t ere t he
vifam n A and tocopherol mixture is encapsul ated wi é-grOup
sel ected from gums, starches, pectin, gélfatin, |ipi.

cellul ose or m g depssinBer Qafple of Heamifh AF 0Cess accorid : :
wherein the tocopherol I's al pha tocopherol . 17. Alprocess according to
cl ai m 15 wher ei (b) mhizing] the ivitamin 8 ovithafrom 4beut0.0hdrio %01 weephsralfpdrtiofs s

than 2% cis-isoners of vitam n A based on the weight of vitamn A 18. A
process actHYPAY to claim 11 which contains |ess than 3% beta-ionone and

| ess than 2% Ci &) ihsfumRY Segfseld Vi AAnRAS abkeRte BEIightat @f pr¥dshRBMed thdd4 A
food product conprising the conposition of Claim1l. _
- mm Hg and a temperature of less than 170°C with an inert gas sparge until substanially of
- all the beta-ionone and solvents are removed; and

~ (d) encapsulating the vitamin A tocopherol mixture.

In the described embodiment, a process for purifying vitamin A is described
consisting of heating a vitamin A preparation in an inert atmosphere, at a temperature
below 170°C and a pressure of less than 4mm of mercury, said Heating taking place in a
vessel shielded from light is disclosed. The vitamin A obtained from this process is mixed
with fromi 0.5:1 to 2:1 parts of tocopherol to vitamin A. The vitamin A and tocopherol
mixture can be encapsulated in acacia gum, starch, pectins, lipid hardstocks, ethyl cellulose

or other suitable materials. Other antioxidants can be added.

When the vitamin A is encapsulated or solidified, the tocopherol to vitamin A level

is from about 0.05:1 to about 2:1. Preferably the ratio is from 0.1:1 to 1:1.

DETAILED DESCRIPTION OF THE INVENTION
All percentages used herein are by weight unless otherwise indicated.

As used herein, the term "comprising" encompasses the more narrow terms

"consisting essentially of" and "consisting of".

As used herein, the term "Vitamin A" includes retinol and the alkyl esters of
vitamin A. The alkyl ester group can have from 2 to 22 carbon atoms and can bé
saturated, branchéd or straight chain. Unsaturated alkyl groups can also be used, but they
are less preferred because of their tendency to oxidize. Dehyroretinol (Vitamin A,) and

vitamin A aldehyde or retinene are also included in the term "vitamin A".
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A 1is a cis-isomer comprising a mixture of tocopherol and vitamin A, the ratio of tocopherol to

vitamin A being from 0.05:1 to 2:1; said vitamin A being encapsulated.

2. A shelf stable vitamin A preparation according to claim 1 wherein the ratio of tocopherol

to vitamin A is from 0.10:1 to 1:1.

3. A shelf stable vitamin A preparation according to claim 2 wherein the vitamin A is an alkyl

ester of retinol.

4. An encapsulated shelf stable vitamin A preparation according to claim 3 wherein the vitamin
A is encapsulated with a member of the group selected from gums, starches, pectin, gelatin, lipid

hardstocks, ethyl cellulose or mixtures thereof.

5. A shelf stable vitamin A preparation according to claim 2 wherein the tocopherol is alpha

tocopherol.

6. A shelf stable vitamin A preparation according to claim 5 which contains less than 3% beta-

ionone and less than 2% cis-isomers of vitamin A based on the weight of the vitamin A.

7. A shelf stable vitamin A preparation according to claim 1 which contains less than 3% beta-

ionone and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

8. A process for removing off-flavor and odors from vitamin A comprising:

(a) degassing a sample of vitamin A;

(b) heating degassed vitamin A in the absence of light at a pressure of less than 4 mm Hg
and a temperature of less than 170°C with an inert gas sparge until the beta-ionone and solvents
concentration is less than 5% by weight of vitamin A;

(c) mixing the vitamin A with from about 0.05:1 to 2:1 parts of tocopherol/part of vitamin
A; and

(d) encapsulating the vitamin A tocopherol mixture.

9. A process for removing off-flavor and odors from vitamin A comprising:
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(c) heating degassed vitamin A in the absence of light at a pressure of less than 4 mm Hg
and a temperature of less than 170°C with an inert gas sparge until the beta-ionone and solvents
are removed; and

(d) encapsulating the vitamin A tocopherol mixture.

10. A process according to claim 8 wherein the vitamin A in step (b) is heated at a temperature

of from about 130°C to about 150°C at a pressure of from 0.3 to about 0.6 mm Hg.

11. A process according to claim 9 wherein the vitamin A in step (c) is heated at a temperature

of from 130°C to about 150°C at a pressure of from 0.3 to about 0.6 mm Hg.
12. A process according to claim 11 wherein the sparging gas in step (c) is nitrogen.

13. A process according to claim 8 wherein the ratio of tocopherol to vitamin A in the vitamin

A and tocopherol mixture is from 0.1:1 to 1:1.

14. A process according to claim 13 wherein the vitamin A of step (a) is an alkyl ester of

retinol.

15. A process according to claim 14 wherein the vitamin A and tocopherol mixture is
encapsulated with a member of the group selected from gums, starches, pectin, gelatin, lipid

hardstocks, ethyl cellulose or mixtures thereof.
16. A process according to claim 13 wherein the tocopherol is alpha tocopherol.

17. A process according to claim 15 wherein the vitamin A contains less than 3% beta-ionone

and less than 2% cis-isomers of vitamin A based on the weight of vitamin A.

18. A process according to claim 11 which contains less than 3% beta-ionone and less than 2%
cis-isomers of vitamin A based on weight of vitamin A. |

19. A food product comprising the composition of Claim 1.



