% pol ymers, chol esterol, pignments, pesticides, PCB' s heavy ﬁ%TQPE’éK&Zj

i xtures thereof; and recovering the treated fﬂl—______—e A process as

Yescribed in cIa|n15 wher ei n sai d vacuuwmr-—ste3 14§§3¢3N1| on precedes said
~ absorptiom 7. ocess for treaurwgsﬁﬁg",p'goas dgscribed in claim

5, wher tillation is garri cQERYR at—tefrper at ur es bet ween

60 C. and 100[efr] c 8. A proces "“”EEFTEQ fish oil as descri bed
in claim5, wherein said vac 3 till n carried out at a
pressure no greater than aboﬁ#ﬁggi?i § 6% ?iéﬁ Oii 9. A process.for

treating fi st}, o | gésé’ﬁécgh%ﬁn%nc'raéﬂ ps | egrgl ﬁr%@:'e@sal?ff’r@xegétlﬁfé Ol&csa

gel . cess of treaf an e oli'l" contai ni ng

DHA cong Stat '19,1%{5 cohbghLy %fatsctgmae&fagg 3ch dd EPsAeRI9Y 2Pk MBYnhaden

vacuunlgP
oil, sardine oil, salmon oil and other 0115, tc produce odorless

and flavorless oils which contain only insignificant amounts of
undesirable minor constituents, such as thermal and oxidative

'polymers of unsaturated glycerides, trans-isomers, positional

iscmers, conjugated dienes and trienes; cholestercls, pesticides,
PCBs ana hea?Y metals, and-which'have reasonably good flavor and
oxidative stabilities. This inQention also relates to a.coméosi-
.tioh of matter, comprisiné the treated Omega-3 fatty acid cén-.
‘téining_oils in.combiﬁation with ée:tain antioxidants and/or éom;
bfnation with other oils, in order to produce a compositién hav-
iﬁg iﬁproved stability.' Antioxidants derived by the e#traction
of'Roéemary have been fcund to be particularly effective.
|  BACKGROUND
Almost 30 years ago, polyﬁnsaturated'fétty écids (PUFAs) of

vegetable origin (Omega-6) were fcund to have a hypochblestero—
leﬁic effect when substituted for saturated fat in the diet. 1In
thé early 1970'5, Bang and Dyerbérg'obsérved a relative scafcity
of coronary thrombosis among Greenland Eskimos wh1ch they were
able to correlate to the d;et of those Eskimos. The diet con-
sisted of meat from Arctic maﬁmals'(seal_and whéle) as well as
some fish. This_p:évided them with a diet which.includéd_ap-

proximately 7 grams'of'Omega—s'fatty acids daily{ These findings
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distillation at tenperatures in exceﬁE{ és;@ﬁT¢u§fBEHa1tlne sufficient to

reduce volatile flavor conpounds; coftactipggpmtEddeoddfize oil with an
absorbenht selected fromthe group co (sisttpg—et—sFtTt gel and silicic acid
to reduce velatile flavor conpounds and undesirable ninor constituents
sel ect gd iimAAtdE FeserreANSiatonatind dmpaatr sof clOmesyt €3 olf attiygrneaids on
pesticides, PCB's, heavy netals and m xtures thereof; and recovering the
treate%gajth in bhneﬁkmrocamasﬁﬂd®5t0|mme|dus¢ayary0thwmrera Cmiega-3
absorbent is silica gel. 3

unsat ursaireiceS abfy fiattly aaclidag ciaa@rpamulc@rlaxfl)pretmqmtaenmc acid

(herelnafter' called" EPA) (20:5 Omega-3) and docosahexaen01c
acid (hereinafter called DHA) (22:6 Omega-3), have high phar-"
racological and d:i etary potentlal.

Recently, the potent1a1 advantages of the Omegasfat acids
derived from fish scurces were-reported in the New England Jour-
naltof Medicine, Volume 310, No; 19,'paQes 1205 thfough 1223, in
pepefs by Kromhout et el.,.Philiipson et al. and Lee et'al., May
9, 1985.

‘Fish oils ccntzining EPA and DHA are manufactured by first
mincing or cutt1 o up'the fish,'cdoking it for app;oiimately 15
_mlnutes at 90° C, and then separating the crude oil, which can
‘then be alkaline refined and bleached. The oil so prcduced may
be lwihterized .or hydrogenated-'depending upon its final use.
Finally, the oil =zy be deedofized by vacuum steam distillation
at high temperatures, usually above ZOO‘C.- |

Fish oils nay te reeovered from fish organs as well as from
the meat of the fish. One such fish organ oil is cod 1livw rer oil,

.which has been used to improve_health for decades, even though
such oils are usually high in:chelesterol, pesticides and.heavy
metals. | |

The flsh 0115 hrocessed as descrlbed above usually have a

strong, -highly objectlonable fishy odor, plus a ranc1d odor and

- fishy flavor which are probably due to the autox1datlon of poly-

i



materials. In order to use the oil for _edible and certain other purposes,

it is necessary that the oil be deodqf : Gpwel)t i ona
Ch , IEET HAS BEEN : ,
deodori’zation processes involve the gﬁﬁ%%?@&ﬁ@@pdlstl'latlon of the oils

t ot t i f .-200 C. ' L atil
B s bheareh PESEES e Cefi, O caRt e o r Ton  OF 2ol fLBbkous
Sueh SPaERETAd et A ST ORE Shonse dhE Aok oBOR, BRIDLS MR FERfaI 8 Bhper

Sue LTe Ry Lty _ ' _
(E)};Aei npﬁﬁ"ég'&?%%vs'ﬁ?%%%%e%%ﬁ R e Rido fin, S0P 288,01 | 55 due to
t ti 2 . M .1 - t1 Nae. . :

LB Al GAREE. BEIERe AP Vi TOARNEL 8 PR
U”des'PSPLSmF'Q?SEﬁﬁi%ESQﬁla%? WRLUE1s at temperatures in excess of

200°C. .While this process removes volatile flavor compounds, the

" _high temperature to which the oils are subjected during the de-

- odecrization process createS'undesirable side reactions, such as

the formation of polymers, cohjhgated dienes, trans-isomers'and

othef positional isomers. Most impertant of all, the content of

EPA and DHA in the oil is decreased dee to thermal decomposition
as well as due to the fermetion of poiymers.' Moreover, the re-
sulting product has poor flevor stability and poor resistance to
oxidation.  Aithough such undesirable side reactions are avoided

if the products are distilled at 1ow. tempefatﬁres,. e.g., 60-

'1oo'c, such low temperature processes do hot'remoye the higher
boiling volatiles and more bolar_flaﬁcr cohpbunds.' Moreover, the

low temperature vacuum sfeam distillation will'hqt femove the un-

desirable'minof constituents, sueh as choleéterols; pesticides,

etc. .

When Omega;3'fatty acid-containing oils, such as fish oil,
are deodorized according to the prior art at high temperatures
in excess of 200°C, cerfain chemicai reacﬁions will take place

.~ which would decrease the biological benefits offtheloils. More--
over, the pfoduets of such'chehical reactions mey have adverse

biological effects.

' This Sheet Has Been Replaced




If the products are distilled at | ow {
| ow t enperature processes do not reno
more polar flavor conpounds. Moreover
distillationh will not remgve the un-

chol est erol s,ITekhecPgestigaous Tufts Bﬁveﬁﬁﬁﬁié'ﬁﬁﬁyﬁﬁé ﬁugﬁt sucgegs
| h fish | deod di h

: :en;er2§;&%z(s qiq;sg&gég ofigoéﬁgvg%tzigéﬁc)ﬁt Ic"ﬁn to%ﬁtwffe“eg” 2ha¥ | 2Pafe-

t he bi | | s. '

ver .t RaSprtcPE BF - sBERectiont o AeTEBEeFontimy Tiie SAiEh8e LR 1 JrEap-

ef f ect s.

60- 100 C, such
ng volatiles and
re vacuum st eam

olism Laboratory at the New England Medical Center, 10 major
brands of fish oil cacsules only contained an average of 38% of
‘the EPA and 85% of the DHA that the companies clalm are p*esent.
.This 1s probably due to the loss of the blologically bereficial
'Omega 3 fatty ac1ds Wi th the formation of biologically *arrful
- polymers durlng storage. |
Another interesting obseryation is that during the ceodori-
zation according to grior art processs, at high te"peratures,
there is a tendency tc form geometrical or p051tional iscrers.
The biological effects of these isomers to human health has been_
questioned in the literature.
| The damages of pr-or art deodorization to fish oil are de-
~scribed quantitatively in detail in the Ph.D. dissertaticn sub—
mitted to Rutgers, The State Unlversity of New Jersey, in Janu-
~ary, 1988, by Timothy J. Pelura. The title.of the thesis ‘is
"The Effect of Deodor-‘ation Time and Temperature ‘on the Chemi—

cal, Physical and Senscry Characteristics of Menhaden oiln.

ADVANTAGES OF THE PRESENT INVENTION
- The process of the_present invention overcomes the foregoing
problems by combining a low temperature yacuum'steam distillation
~ of the 011 with a treatzent of the 011 w1th 5111c1c acid or other
adsorbing compounds. The process of the present 1nvent1on produ-

' ces oils which are odorless and flavorless, containing insignifi-

-
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In the prestigious TuftsHaivet ' and Nutrition Let-
ter (Vol. 5, NO 11, January 1988) ' e ' { in analy- sis led
by Dr. ‘Ernest J. Schaefer, MD, Chie i ollsn1Laboratory
at the New Engl and Nbdlcal Center, 16 o bran of fish oil sul es
only coardi rRICANt 8y Ofayadss i3E0Ls t‘PﬁEmEMxYan’d‘ B%fmfﬂerDﬁR t‘f%‘cs
conpanies claimare present. This_is probably due to the | oss of t

bi 0l 0gEEaH 1A ap@l YRPEF, CRBINIALPd: By eRGR SFARST hEOPSF Anprth Ry 1t tonal

bi ol ogi cal I y harnf ul .
isomers. More importantly, the process of the present invention

also removes such undesirable components which are orlglnally
present in the 0il and are known to be hermful to health such as
cholesteroi pesticides; PCB_ s  and heavy metals, including lead.
In addition the oils so produced have 1mproved flavor and oxida-
tive stab111t1es, partlcularly w1th the addltlon of suitable na-
~ tural anticxidants. |
In summary, the resulting'oils pfoduced by the Frocess'of
the present 1nventlon have the follow1ng advantages:
1. no significant decrease in the content of EPA ‘or
DHA from the originel oil;
2. no formation of thermal polymers, oxidative poly-
1 mers oOr thermal-oxidative polymers: |
| 3. essentially free from cholesterols (less than 1 mng
per 1 g. of o0il): | | | | |
4. nrno signifioant increase of'conjhgateo_diene fatty

esters;

5. no formation of tféns-isbmers_or positional isomers
of fatty esters: |
6. free from pesticide residues and PCBs;
7. signifioantly'reduoed amount of heavy metals; and
_ 8. improved-flavor and oxidative stabilities'as com-
pared to fish oils which are normally deodorized at hiéh tempera—

tures of 200 C or higher.
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pol ymers during storage. Anot helffFFrterestd g0l

during the deodori- zation according I'CNS[B’HEHT R4S BREQCE
fornﬁgénmeﬁmlcal

Lﬁv‘-v I

ation is that
sss, at high
r p05|t|onal

tenperatures there is a tendency tf
i soners. Thé bi ol ogi cal effects of
N SCRIPTI

gi n health has been

questioned in the |EBRBES : ey BRESENT | INVENTIONydori zat i on
to fish oil are de- scrlbed quantltatlvel in detall i n.the Ph.D.

d|ssertatlonT§8bPrQﬁqQ§xﬂ$YﬁP&%@ér§°“ﬂﬁ?9§%ﬁ%§Lﬂl9é§§??y9ﬁ°¢@§@J§Ps@wr-
i n-Janu- _ ary, 1988, hy .Ti not Pelura. The title of the thesis is
The- BrFEX: AHLooBRDERARIRGn Brbe 200 TihpeRALK ACHIRTHE dioh . 0ids,  one

Physi cal . and ,Sensory Characteristics_of. N?Phaden al".
ADVANTAERP Of NP VSRESERFU PRVENGRAEN d1stillation of the oils at low tem-

peratures, for a short period of time. It has been found that
the vacuum steam distillatioh.ie adapted to remove the lew boil-
ing and less polar volatlle flavor compounds from the 0il without
creating polymers and cther un_e51rab1e materials.

The other step of the process 1nvplves passing the low teﬁ-

'perature deodorized cil through a silica gel column. The silica
gel treatment is eaap*e to recove the high b0111ng and more pol-
ar volatile flavor co-nc_ﬁds'from the 011 wlthout creatlng poly--'
mers or cther unae51rab-e materials. In addition, the silica

- gel column also removes other undesirable materials which are
originally present in the -oil, such as-polemers, eholesterol,
pigments, pesticides, PCEe; and heavy ﬁetals..

Further it has been found.that the_oiis produced by the pro-.
cess of the present invention have improved oxidative and.flavor
stabilities. Such stabilities can be further impreved if antiox-
idants,.particularly antioxidants deriﬁed from Rosemary, a:e'add~

- ed thereto. Still further, it has been found that'oil composi-
tions having“increesed'and i:p:eved stability may-be created by

. blendinq the fish oils treated by the'process of.thelpreSent in-
.ventlon with selected vecetable clls, partlcularly corn 011.

In another embodlment, the present invention contemplates

the treatment of fish oils, which have been deodorized according

-
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The process of the present invention puercomes—t gpi ng probl ens by

conblnlng a |l ow tenperature vacuunlst.anm@sHEHH%HSBEEN ‘the oil with a
tteatnent of the oil with silicic acig or ogRBRLACEMdsorbilhg conpounds. The
process of the present invention prodd EE€5—0 are odorl ess and
flavorless pra@it aaptngprosegBeki -at - elevated temperatures. It has beén
cant annunts of undesirable thermally induced m nor constituents such as
pol ymertousdnthgat ethahi epesort mants-o sheecsnabe pasirii phebntly improved by

passing them through the silica gel column, as described in the

present invention. The damage done to the fish o0il by the prior

‘art high temperature process, can be partially eliminated, though-

not completely eliminated by this-adsorhent treating. Moréover,
it is unexpected to flnd that pa551ng the prior art fish oils
th*ough the 5111ca gel column can 51gn1f1cant1\ 1~prove thelr ox-.
1dat1ve and_flavor stabllltles, partlcularly;when a suitable na-
tural antioxidant is added.

Moreover, the silica gel treatment will significantly reduce

the amount of the harmful. heavy metals which might be present 'in

fish oils. For example, a refined, bleached asd deodorized (260'
C, 2 hrs.) sardine oil which Cbntained 14 ppb of iren, and 170
ppb of lead was passed thréugh a silica gel column according to
the preseht invention. The iron content of fhe purified oil was
reduced to 3 ppb (a reduction of 79%) and the lead content was.
reduced to 44 ppb (a reduction of 75%)._ | |

- Another examplé is a refined'and.bléached M¥enhaden oil (cal-
led SPMO as ﬁanufactured by Zapata Haynie Ccrpofation of Reed-
villé,_Virginia), which confained.ll.Bo ppn of total PCBJs'and
0.54 ppm of total DDT. After the 611 was_treatéd by the prgcééss
as described in the -prlelsent invention_; only <0,04 ppm of. total
PCB s andlless than <0.01 ppm of'total DDT were left in the dii;
Therefore, the possible tokicity of these oils werelreharkably

reduced'by the present invention.
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i somers. More inportantly, the process of the-p [ al so
renoves,such undesirabl e components whi ch afletars SHEET HES sgnt in the
dil and are known to be harnful to health s‘“; as REPRACES: er ol || pesti ci des,
"PCBs and hedvy netals, including |ead. In dgdFofthe oifs so produced
have inproved flavor and oX)ESeRIPTYONSORDTHE! DRAWIpS i cularly with the
addition of suitable na- tural antioxidants. ~  In sumary, the .
resul ting oi ithepa@utrthdus tAwd PAGELSSsObE the present iinveshtoBnhavq 1t he-
fol |l owi ng advant ages: 1. no significant decrease in the content

of EPA ebmeDHbgaent heromi ginwl follecwing descriptiomowhenmaidlenoin con-
thermal pol yners, oxidative poly- ners or thernmal-oxidative polyners;
junction with the accompanying drawings, in which:

FIGURE 1 ié a gas chromatogram of volatile flavor'éom-'

_ poUnds'isoiated from a refined,lhleaéhed and partially winterized
Menhaden oii,.which is not deodq:i;ed: | | |

fIGURE 2 is a gas.chromatograj of volatile flavor com-
pounds isolated from tHe oil of fIGURE 1 after beiné passéd
through a siliéa gel column:'

FIGURE 3 is a gas]chroﬁatogram of volatile flavor conm-
pounds isolated from the oil cf FIGURE 1 after being vacuunm stéam
distilled at 100°C for 4 hours: | '

FIGURE 4 is a gas chromatogram of volétile flavor com-
‘pounds isolated from the oil c¢f FIGURE 1 after being vacuun steam
distilled at 160'C for 4 hours and then béing passed through a

_:silica gei column; and '
FIGURE 5 is a diagraa of an apparatus set up and ‘used
'in the laboratory for the vacuum steam distillatioh.
DETAILED DESCRiPTION OF THE INVENTION
Vacuum Steam Distillati¢n at Low Temgeréture - Step 1
This process is'desighed to remove the low boiling and less
.poiér volatile.flavor compounds. .The vacuumn §teaﬁ distillation’
step should bé carried out under mild conditions in_order to
avoid the formation of undeéiredlcomponents.' Although tempera-

tures in the range of 30-150'C may be used, it is préferable to

- 8 - :
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3. essentially free fromchol esterols ( —l Egerl'1 g. of oil);
4. : no significant increase of conjugatgd '
no formati on of trans-isomers or positi atty esters;
6. free from pesticide residues and PCBs; - 7. significantly
reduced asawtemﬁetm@uyesenm:;hewﬁb 100°C range. i Mhevemdcirdvoofatdme re-
oxidative stabilities as ccm pared to fish oils which are normally
deodor i zediatedhiwil 1 ebpercependerns sbmeebatr onC thehtghgperature range cho-
sen, and the cesign of the'apparatus used, but it iS;generally.
preferred to carry_out this deodorization process for frem about
.2 to about 5 hcurs, and preferably_abodt 2 hours. |
The oil :ay te vacuum steam distilled in an epparafus as
'showh in FIGURE 5. In order to.use this apparatus, the o0il is .
plaeed-in Flask S."Excess.water is placed in Reservcif 2,_which
is heated by radiant'Heaﬁ.Laﬁp 1, to facilitate steam ceﬁeration.
Safety Flask E'-s 1ﬂstallec between Flask 2 and Flask §. 'Flask 5
is heated by e.temperature-controlled, two-piece heating mantle
(not shown in FIGURE g). 'Cold-finger traps 10 are cocled by -dry
ice, while Cclé-coil tfaps-ll and 12 are cooled by dry ice~ace-
.tone-slurries. These traps are used to condense the stripping
steam and the distillate. %echanlcal ‘Pump 14 is used to create a
vacuum which cculd range from about 0.02 to 0.05 mn of cercury in
the laberatory, tut may be dlfferent in the plant. |
Silica Gel Treatment - Step 2
The sil- a cel purification process is de51cﬁec To remove
high boiling and more polar flavor compounds, as e‘l as other
undesirable =ninor constituents. This purification process is
h carried out by passing the deodofized'oils_froﬁ Step 1 through.a
.celumn peckea with active sorbenﬁs;'such as siliCa gel, silicic
acid, activated alumih;, activated carbon, activated clay and the
like. Generaily, it_is preferable to use silica'gel and/or sili-

- cic acid, because they are most effective and cause no side reac-

-9 -
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present .nvention contenplates a 2-%
containing EPA and DHA, particularl s )
steamdistilTation of the oils at |lowtem peratures,

| ON The

ify oils

step invol ves vacuum
for a short period

BRI EF DESCRI PTI ON

of tinmetiohs.haTHmesotbentst hat preactivatedtkafodestsd.at i Preferadpt ed
to renove the low boil- ing and |ess polar volatile flavor: conpounds from
_the oilcoltihnutis @ackedgwpthyserbeakd efiiarh uadesithairien fitsterf hished with

an inert gas, such as nitrogen, in order to remove any cxygen en-
ﬁrapped in the column prior-to'running the o0il through the sof—
bents;

.. The silica gel purification process may belcpnduqted at room
temperature, although highér_and_Icwer texperatures may be used;
Pfeferébly the oil is.protected by an étmosphefe of inert agas,
such as nitréggn, befofe, auringland after the paséage cof tﬁe oil
thrcugh the column:to prevent oxidation. Flow rates ranging from
1 ﬁo 3 milliliters pef minute per square centireter are p;eférred
when the particle size of the ;ilida gel is.70 to 230.mesh ASTM.
Greater or lesser flow rates may ke established, depending upon
the dimensions of the column,'the particlé size of the sorbent
and the nature of the éorbent. |

| . Even though the use of a.colu:n of silica gel or other sor-
bents is most_effective, aﬁbépch prCCesé can also be_used{ The
vacuum steam distilled oil may be cixed with 1% to 20%, and pref-
erably 10% to 20%, by weight of activated carbon, stirred vigor4
ously for one hour and then filtefed.to'obtain a purifiéd oil.
Siliéic acid,.silica gel or other.ad$orbents can be uéed to_ré-
place the activated carbon. | o
The'superibr.quality of the fish oil debdorized and purified

by the pfesent invention is summarized and shown in Table 1.

- 10 -
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The other step of the process involves passing the oy tem perature
deodori zed oil through a silica gelf=6 AthT’§BEHW|a. gel treatnment is
adapted to renove the high boiling ' ﬁgﬂ& £D ar‘JoIatlle flavor
conpounds fromthe oil wthout crea per-s—or ot her undesirable

mat eri al s. I n addition, th@a?ikt' sg@f(yydggggjso renoves ot her
undesirable material s mhlch are Y presen in the oil, such as

pol ymers, il g5t &ég of EhQ”GQEEumPEEEh?u' @qsstﬁ%u@ﬁdahsawe O,T jca-

Further it has be ound that the oils produced by the pro- cess

present jigpvesihobdayevierRic@ved @xi dad i peeded rfddVonowstali,! i tdegecdith 2o
stabilities can be further inproved if antiox- i ‘dant s, partlcularly

-anti oXigdahs sledi eadnf rode FORRBRMECGYY 224 0i BAthReugho tr¥ i Lh1iuthereidt
has been found that oil conposi -

column. This will remove any trace amounts of impurities formed

by oxidation durlng the vaquum_steam dlstlllatlon,step.
| ‘Enhanced Oxidative and Flavor Stabilities

Thé oils of the present inVentioh have improved stabilities
over prior'art oils. Mdreover, they may achieve enhanded stzbil-
ities by éombining':he oils with: |

1. selected'antiOXidants:
2. one cr nore selected vegetable oilé; and
.3.. a cortination éfISelected antiékidants and selected

vegetable oils. |

As is shown 3in Table 2;,a'Variety of antioxidants =2y be
used tonenhance the stability of the'oil produced by the pr:;éss
of the present invention.' of the'éntioxidahts tested, HerkaloxTH
"0" showed particularly’ effectlve results. Herbalo is an ex-
tract of Rosenary -1th antioxidant act1v1ty made acco*dlng tz the
process described in U.S. Patent No. 3,950,266, manufactnrea by

. Kalsec, Incorporated of Kalaﬁazbo, Michigan;__ | |

The quantity cof ahtioxidant used may vary over Qide ranges,
depehding upon the.type of antioxidant used and the conditions
undef ﬁhich the fish oil is to be'stored.' For example, for a
fish,oil stored in a loosely capped bottle, o,10%_by weiéht of

Herbalox "O" is an optimum amount to preventfdeterioration cf the

-11 -
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tions having increased and inproved st abjty y d by blending
- the fish oils treated by the process of |f MeiPBEEENHASBEEN@Nti ON With
sel ected vegetable oils, particularly cqin oi IREPLACED | n afjot her

enbodi nent, the present invention conterf nt of fish oils,
whi ch praodiuctn ddiexeverd fororfdishy oil in soft gelatin capsules, only
7 to prior art processes at elevated tenperatures. |t has been

0.03% of Herbalox "o" is suff1c1ent to prov1de a stabilized
product.

Different antiOxidants'heve differenﬁ effectiveness toward
peroxide'formetion; gum'formetion and fishy'odor-redevelopnentﬁ
It has been found that about 0.1% by welght of Herbalox now gen-
erally provides acceptable properties. | |

It has also been discovered that the_fisﬁ 0il of the present
invention may be stabilized by blending the fish oil with certain
anmounts of Vvegetable oils. in particu;ar, it has beeh found that
blending the fieh o0il with as little as 10% Ey weighﬁ of a vege-
table oil and preferably 20% by weight of the vegetabie.oil, pro-
duces a composition of enhanced stability, as is shoWn in Tables
3, and 4. This stability mey be'enhanced further'thfough ﬁhe use

-~of antioxidants. Although borage oil, sunflcwer oil, cenola oil
and soybean oil have been used, the corn oil has been found to be
partlcularly effectlve.. |

EXAMPLES

The folloulng Examples will serve to ill"strate f“e process
of the present invention and the 1nproveo 01ls formed thereby,
.but it is unde;stood that these'Examples are set forth merely for
illustrative purposeS'and'that many other variations on the pro-

cess may be used.

\
This Sheet Has Been R

H"!lll !lllll i Iill

.12 -



i
found that such prior art oils can be significantly |nproved by passing
them t hrough the silica gel colum, as descrihed oresent I nventi on.

The danage done to the fish oil by the prior
can be partially elimnated, though not co

adsorbent treating. Mreover, it isExaembetled=te-frnd-that passing the
prior art fish oils through the silica- gel ‘col um can—grﬁﬁTflcantly
improve their ox- i daWw TempetdtuerVacabnl Stees, Digtt Rdaltddry when a
suitable na- tural antioxidant is added. Mor eover, the silica gel
treatment will significantlymummmmharmm heavy netal s

whirch m ght be present in fish oils. For exanple, a refined, bl eached and

deodori zed (2Rfly @Gpparatsis @arnLaetomaqunﬁrxomhamheds1$Up¢@hﬁe|f@n vacge

'170 uum steam distillation of oil, commonly known as deodorlzatlon,';

- can be used. FIGURE 5 -1lustrates apparatus used 1n the labora-
tory for this purpose. .

The raw mafefial was a -specialiy proces-sed Menhaden o0il,
supplied under the tradename of SPMO, by Zapata Haynie Carpora-
tion. This Menhaden cil has been refined and bleached, but not
deodorized, alfhough ihe oil has seen'partly winterized. _2;300'
grams of SPMO was placed in Fiask 5 of thé apparatus shown in
FIGURE 5. Water was placed in Reservoir 2, which was heated by
Heat Lamp 1, to generate steam. The cold-finger traps_lo were
cooled by dry ice, and cold;QCil traps 11 and 12 were cooled by al
dry ics-acetone slurry in_ordér to'spndense the stripping steam
and the distillaﬁe. The vacuum of the closed system was held in
thelrange of 0.02 to c.os mm of mercury. Sﬁeam was bubbled_
through the.oii at a raze of.45 to 48 grams per hour; The degree
of vacuum and the ahount of steam may be varied,'depending upon
the design and construction of the apparatus,fparticularly for

" machinery in the-manufaCturing'plant. | -

The oil was vacuun steam dlstllled at a predetermlned tem-
perature for a predeternlned length of tlme. After the process
was completed, the oil was cooled down to room temperature as
rapidly as possible and tha'vacuum was released to nitrogen., The

- 13 - .
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ppb of lead was passed through a silica gel to the
‘present ,invention. The iron content of o Wal$ reduced to 3
ppb (a reduction of 79% and the lead co . Reguced 50'44 ppb (a
reducti on of " 73%. - Anot her exanpl elj ' &t eached Menhaden
oi | (cphroddcad &Pl\/@caﬁﬁnan A Wt Ped HEBT Aot ¥ PRE AN OfeREEFa -
ville, Virginia), which contained 11.30 ppnlof total PCB s and 0.54 ppm of
total PUbe Adsdotiged®idbiygs.treated by the processs as described in the
present invention, only <0,0[err] ppmof total PCB s and less than <0.01
ppm of tot alTH¥de wekpakate ibatidie®i bf tHeer E6Wr €empled atamsé bhvacuin Cit¥aRf
these oils were i;aparkably reduced by the present 1 nvention. : _
distillatg§, each with 2,300 g. of the specially processed Men-

haden oii, were carrieq'0ut according to the following tempera-
. tures and timés.

Exacple 1 --aA, - 60°C for 2 hours

Exaxzple 1 - B, o 80°C for 2 hours
: Exa:?le 1 -C, 100°C for 4 hours
Example 2

Treatment with Adsorbents
Present Invention - Step 2
1,520 gracs of silica gel (70-230 mesh ASTM, EM Science, a
Division oflEM Industries, Iﬁc.,'Cherry Hili, New Jersey, which
. had been activated at 200°C for 24-36'houfs), were packed into a
Staihlesststeel column (2 in. x 38 in. I.D. Q_Iéngth, custonm-
- made). .Nitroge: gas (3-5 psi) Qas used to flush through the col-
umn for 30 minutes. The deodorized oil of Exarples 1-A, 1-B and
1-C were each delivefed by a-positive-displacement pump-(Milroyal 
D4-1-117SM, Miltcn Roy Company, St; Fetersburg, Florida), into a
.separate ;olunn, with a floQ rate of 36~38 grams of oil per min-
ute. The eluate from eaéh of the three columns was collected
separately in a vessel covéred Vifh nitrogen gaé.' Thé process
was continuedjuhtil 2,426 Qrams of the eluate were collected as
2-A, 2-B and'z-C,'respectivéIy. The eluate of Example 2.is re-
ferfed to hereinafter ﬁs "Adsorbent Treated Oils“.. -

- 14 -
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8 DESCRI PTI ON OF THE DRAW NGS The advant ages

and details of the present invention will b &6 omthe
fol |l owi ng description when taken in con- jJnumgﬁnaﬁnmﬁsﬁgEﬁc onpanyi ng
drawi ngs, in“which: FIGURE 1 is & gas REPOABERBgr am jpf vol atile
flavor com pounds isol ated fronma-gfgﬁﬂgg, rally _
w nterized Menhaden oil, which is no eodori zed; FIGURE 2 is a°

gas chronatogran1§T_Vﬂéaé}gg thaverdedmof ste 1land Step 2
B_rﬁe_ni:_l_rl\_cenw_ﬂ
4,800 g. of tﬁe (SPMO)'specially processed Menhaden oil was.
treated with a column.of siiica gei in the manner described'inl
Example 2, and 2, 400 g. were ¢ollected. The "Adsorbent Treated
Cil" thus obtained was then vacuum steam dlstllled at 60°C for 2
?:Jrs in the manner as descrlbed in Example 1.l
| Example 4 .
High Tepperature Vacuum Steam Distillation
| | Prior Art Oil
2,300 g. of the specially.processed Menhaden cil was vacuus
steam distilled in the same'manner as'deseribed in Example 1, at
200°C for 2 hours, as Example 4—AL Another batch was carried out
Iat 250°C for 2 ﬁours to produce'a'high tempefature vacgﬁm dis-
tilled-oil;-as Example 4-B. The products are hereinafter re-
ferred to as "Prior Artloil".

Adsorbent Treatment of "Prior Art 0il"
Preeenﬁ Invention | |
The "Prior Arﬁ 0ils" obtained'from Examples 4-A and 4-B were
each pumped through a separate new 5111ca gel column in the sane
manner as descrlbed in Example 2, to obtain 2,420 g. of eluate,'
'respectively, as Examples 5-A and 5-B. The_oils'thus'obtalnei
are herelnafter referred to as "Adsorbent Treated Prior Art

Oils".
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1

pounds i sol at ed fromthe oil of FI GURE 1-a t hrough a

silica gel colum; . FIGURE 3 i of volatile
flavor com pounds i sol ated fromthe oif bei ng vacuum
steam distillied at 100 C for 4 hour's; ' EEGORE=—-1 S a gas

chronatogran1Ehevmemdnkabl%véndc§mmeqﬂmﬁﬂkﬂng%ﬂewéﬁdfﬂ@mnﬂﬂﬁwﬂmtsfof the
FIGURE 1 after being vacuum steam distilled at 100[err]C for 4 hours and

then bei Wydpasbeatt (Fxrafrd Faiprcdnfel Otbstinareasspown in TabIRSGURE 6 asd
-a diagram of an apparatus set up and used . in the |aboratory for the vacuum
steam di tillation. ' DETAI LED DESCRI PTI ON OF THE INVENTION '

Vacuum Steam Di stillation at Low Tenperature - Step 1
EVALUATION OF PRODUCTS OF EXAMPLES

.The'pfoducts cf the above examples were evaluated fdr vari-':

'qus parameters'to detefmine the effect of the prc;eéses of the
present inventioﬁ cn thé'oil produced thereby. The results of
the e?aluation éls:-demonstraﬁe the benefits in biclbgical ef-
fects and stabilities of the oil produced by the.p resent inven-
tion. The followirz analytical procedures were used:
1. . stability of the 0il

Stability cf the éroducts wete'evaluated.ty keeping!lso
grams of the freshly made oil in a narrow-moutheid amber'glass
bottle. _The_surface—to-volume_ratio in the begiﬁning'ﬁas 0.16
cmz/ml; ~ The screw cap was closed tightly and then-locégned a
half-turn to ailéw some air citCulation.' The bottles were placed
in an oven maintairned at 35 + 0.2°C for foﬁr weést Tﬁe follow-
ing analyses were ccne periodically. o

A. Gum Formation

As a consequence of oxidative polymerization,'thé

oil may form_a 1aye: of gummy materiél on the Qall ctf the bottle.

The foilowing symkols were used to describe the amount of gum

formed:
o | - | ' No visiblé gun;
V- -- | _ﬁarély visible;
\' — : o ' Very small amount;

-_—

“‘ﬁii‘iiﬂ‘ii‘i‘ilﬁm il
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This process is designed to renove the | dw L olar volatile
flavoP conpounds. %he vacuum st eam di st {$ﬁ§° E’ “\f&gﬁgﬁlg be carried
_out under -mild conditions in order to avoid tﬁ Lon gf undesired

conponent s. Al t hough tenpera- tures in the range of 30- 150[err]C may be
used, it is preferabl -- Moderate amount; 9 use

tenmperatures in the 60- 100[err] C range. The arount of tinme re- quired
wi |l be dependent sdwhat on the t enper at ur B2FERgaTEHARL -

B. Perox1de Value
| :Perexide values of the samples were measured on
the 0, 14th'and'28th day of their sterage at BS‘C, according to-
the American O0il Chemists' SbcietY's officiel Process cd_8;53.
In this analysie, the bottle of the oil was usually flushed Qith |
- nitrogen and then closed tightly with a screw cap. In all the
data reasﬁted in this pat t,'however, the screw cap was turned
'back oneiggrn to allcw leakage of air 1rto the bottle, in'order
to.si*ulate crdinary hcusehold use. This will glve a higher per-
oxide value after storage when the bottle was tightly clcsed un-
~der nitrogen. | o
The products,;both immediately prepared and after
_ four-weeks of storage at 35°C, were seneorially evaluated by'a
trained panel corprised of 5-7 people. The panelists were asked
to rank the test samples in terms of overall imbfessidn end per-
ception of fishy odor_and flavor. A Hedonic scaie of 1-10 was
used for the overall odor and flavor in whieh 10 was assigned.to
"compiete blandnees", and llto ﬁstrong‘obnoxiousness". The high-
er score indicates better oil inetefms-of flavor.
Another Hedonié'scele was used fo inaiCate the ex-
tent of fiehy odor_and'flevor('ih Vhieh.o.representsfno fishy
odor 6: fia&dr,.while 6 stands'fb; the most strong fishy flavor

and odor. The lower the score, the better the oil.

- 17 -
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sen, and the design of the apparatus
‘to carry out this deodorization proce sTﬁ@;omE@mmﬁgquN to about 5 hours,
and preferably about 2 hours. - Thie OI|RW&¥AbﬁbvaCUU- steamdistilled
~in an apparatus as shown in FlI GQURE -t hi s appar at us,

the oil is placed i nTheaokls. WeEﬁbéﬁﬁ”Mﬁt%¢dl§°pth€eaah#lR@§érm@|¢ 2, The
which is heated by radiant Heat Lanp 1, to facilitate stean1generat|on

Saf et PiFl awRs imain%abneddagettideh FeAPRI2tae Mpyskusting deke 501ils fmaked.
by a tenperature controlled, two-piece heating mantle _(not shown in Fl GURE.
5). em%ﬁ#|b©@¥EFrHbécmowaﬁe5660ma$qnﬂcﬂ918|éﬁllﬁﬁﬁléne@l@4&ﬁ¢g%raé§N¢1
and 12 are cpol ed’ b*ﬁdry i ce-ace- _ tgne slurries. These traps are used to

condeﬁﬂ?@fﬂg%?¥rpp § aéPEénPQn&%ﬂﬁ¥(ﬂ%ﬁlPF%FéateﬁbEHaﬁlc * Punp 14 is

used to create a
2. Cholgsterol

rally preferred

The cholesterol was determined by HPLC using an analy-
tical silica column (25,qm. P:}tisil 5 silica, by Whatrman, Iné.,
Clifton,fNew'Jersey); |
3. Intermolecular Polymers -

Interzolecular polymers of'triglyCerides were anélyzed
by gel_perneation.chromatography, using an Ultrastwrazzel 500 A
Gel Permeation Column, 7.8 mm I.D. x 30 cm - (Waters Ch:omatoé%
raphy Division, Millipore Corporation, Milford, MA). |

The peaks were detected by a Mass Detector {Mcdel 750/~
1§L Applled Chromatography Syatems, Peris indus;ries, State Colf
lege; Pennsylvaﬁza). - | |

In the Tables which follow, the Menhaden o0il (SFMZ) was re?

was the same Menhaden oil used as the startlng raw ~aterial for

Examples 1, 3 and 4 referred to as Menhaden qil.

//II Wi



vacuum whi ch could range from about 0.02 to 0.05 nmof nmercury in the

| aboratory but may be different in the plant. Silica Ge
Treatment - Step 2 The silica gel purr&FGaFFﬁﬁzﬁbeés “ designed to
remove high boiling and nore polar flavor oﬁﬂéﬂndst" s ot her
undesirabl e m nor constituents. ?ﬁ@ catldﬁﬂg SS_i carried out
by passing the deodorized oils from §5£ ough a Colunh packed with
active sorbents, s C | um na,
activated car bon §§?§(%t gégé%%qggg &%ﬁlﬁé 6% %Eé%&%%t&‘
~preferable to use silica ¢ Po | Cld ecause they are nost.
effecti ve and cause no side reac-

Present
Invention 0il
(Deodorized
o Prior at 8o0°cC,
* Menhaden 0il Art 0il followed by
. (before (deodorized . silica gel
Arialysis ~deodorization) - at ZOQ‘C) treatment)
‘As described in'- - -~ Exarrle 4-A Example'z—B
I. No Loss cf the Effective Components
EPA (%) | 12.8 1.7 12.8
DHA (%) | 8.6 | 7.4 - 8.4
II. Removal and Frevent Formation of
Minor Constituents Which May
Be F-*r‘ul to Health
Dimer (%)1,2 0.7 1.0 <0.1
Trimer (%)1,2  neg. = "~ neg. . neg.
Trans o _
Isoners (%) 3.4 : S - 5.0 3.5
Cholesterol (%)3 0.36 0.24 neg.

1 The cel perweation chromatogfaphy analysis only measures
the dimers and tricers formed between different triglyceride
molecules. ' -

2 leferent batches of Menhaden 011 may contain dlfferent
amounts of polymers. The samples received ranged from 0.2 to
0.7%. All the Examples were prepared using Menhaden o0il contain-
ing 0.7% of polymers.

: 3 "Calculated according to the peak area corresponding to
- free cholesterol by HPLC analysis.

}1_5-_ - \
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27 tions. The sorbents are preactivated befor Preferably, a
colum is packed with sorbents whic et hereat, %&£N shed with ‘an inert
,gas, such as nitrogen, in order tor =ah “trapped in the
colum prior to running the oil thr : The silica
gel purification process may be con at room tenperature, although

hi gher and | ower tenperatures nay be used. Preferably the oil Reegentect ed

by an atnosphere of inert gas, Invention 0il
= , (Deodorized
Prior ~at so-°cC,
Menhaden 0il Art 0il . followed by
(before (deodorized silica gel
Analysis deodorization) at 200°C) treatment)
As described in - . ‘Example 4-A Exarple 2-B

III. Improvement of Oxidativé Stability4,5

Conjugated Dienes and Trienes

(Eém) |
233 rmnm 7.82 ' 15.23 8§.22
269 nn _2.24 14.82 2.5
Feroxide Value
(neq./kg)
After 4 weeks 35°C - 43.9 . 39.8.
Gum Formation
(35%)
- After 2 weeks -V o]
After 4 weeks : o | v . v

4 All samples contain 0.10% Herbalox_ﬁO“ as an antioxidant.

5 Example 2-C oil was used instead of 2-B.

_—
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such as nitrogen, before, during and after the passage of the oil through

the colum to prevent oxidation. Floptates—+tangag—{frs 7 1to 3
mililiters per m nute per square cent|ﬂmee§*anehm$BEeNrrd_ when t he
particle size of the silica gel is 70jto 23QnﬁE$ﬂEEEHWA G eater or |esser

flow rates may be established, dependitrg=epeF i ons of the
colum, the particle size of the sorbent and the nature of . t heps@EbRP! .
Even though the use of a colum of silica gel or- other sor- Irhesntsios OPst
effective, a batch process can also be used. The vacuum stéapébddrized
oil may be mixed with 1%to 20% and pref- eraptyot0%to 20% ay getght of
‘activated carbon, stirred Mephtdenowdlly for ormertoofland themﬁliéﬁé&dbyo

obtain a purlfled oil. Siliqbefatied, silicadebdoriotlier adsoibibrd sgepn be
used to re- Analysis deodorization) at 200°C) treatment)
As described in - - Example 4-A Example 2- B

IV. Improvement of Flavor Stébility4,5

Flavor score®

Fresh

Total odor strong” 8.6 9.2
taste ditto : 7.6 §.0

Fishy odor ditto - 0.0 0.2

| taste ditto - = 0.2 o 0.2

4 weeks, 35°C .

Total =~ odor ~ditto . | | 4.2 ' 5.8
flavor ditto 5.2 6.0

'Fishy ‘odor .ditto 2.2 | _ 1.4
flavor ditto _ 1.6 o 1.0

* Too strong to be evaluated

6 Total flavor uses a score scale of 1- 10, the higher the
score the better the oil. -

Fishy flavor uses a score scale of 0-6. the lower the
score the less the fishy. flavor :
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.pfacé t he. activated carbon. The superior quality of the fish oi
deodori zed and purified by the present invention is sunmarized and shown

i'n Table 1. - oldy :

THi EET HAS BE:[:N : :
Variations of Process The order of the vacuun%shgéﬁ ggti |1 afi on and
the purifica- tion can be reversed. TABLE |& pr éferred aweyet—Ilt 0

deodori ze first and then pass the deodorized oil through the SI|ICIC aci d

EFFECT OF DiFFERENT ANTIOXIDANTS ON.
POLYMER FORMATION IN MENHADEN OIL

Antioxidant - o ~ Polymer $%
Added - _ 0 Weeks - 4 Weeks
Present Invention 0ill o | o <b.1 o .0.37
(Exarple 2-C) ' :
0.10% Herbalox "O" | o <0.1 - 0.19
0.15%. Herbaldx "o B . _ <0.1 0.18
0.20% Herbalox "O" <0.1 " o.1s
0.025% p.C.2 | . <0.1 0.24
0.50% P.C. S <01 0.19
0.04% dl-alpha-Toc.3 | h <0.1 .'0.29
0.04% d—égggg:rich—Toc._ E : <0;1 - ' 0.31

1  No antioxidant added.
 2 Phosphatidylcholine, >95% pure.

-3  Tocopherol, supplied by Eisai, U. S. A., Inc.
- Torrance, California
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colum. This will renove any trace amounts of imurities fornmed by

oxi dation during.the vacuum steamdi stilla F—Step Enhanced
- Oxidati've and Flavor Stabilities, TheH?TH§5@$LE%bA B&EE-NY i nventi on

have inproved stabilities over prior_ art_ dils. PESHAEERr, they may achieve

enhanced stabil- ities by conbining iTs with. 1. selected

anti oxi dant s; 2, one or _more_sel ected vegetable oils; and

3. a conbination IHREHR, %RF%NFH%&TdQEtgﬂg FRES éﬂ“”@ﬁﬁé?able oils.

As is shown in Table 2, (Bt |U§T§aﬂ§fF used to enhance

the stability of the oi

the anti oxi dants test [
o AT OX TO GE-AT 35°C

§§£§§6A§C§%§s %k present invention.
E DURING :

POV (mEq/Kg)

_ _ : 4 Weeks
Sample _ ' ' - Fresh {35°C)
Present Invention 0il - ©1.02 390
(Example 2-C) ' : - ;
| Blending with Corn 0il
Example 2-C + -20% Corn 0il 1.29 - 13.¢
. Example 2-C + 50% Corn 0il ) 1.69 4.9
Example.é-c + 75% Corn 0il . 2.03 4.8
Blending Qith Other 0Oils
:Example 2-C + 20% Sunfldwer.oil 1.28 29.9
Example 2-C - 20% canola 0il 1.17 = 28.8
Example 2-A + 20% Soybean 0il 1.31 38.8
. Example 2-C <+ 20% -Borage”oil 1.05 20.0
Note: All sampies contained 0.1% HerbaloxTM ugnm antioxidant.

m Wil
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"O'" showed particularly effective results. He,
Rosemary with antioxidant activity made accordi
i*'n U. S.. Patent No. 3,950,266, manufactured by al secRePIFSIEDor at dff of

Kal amazoo, M chigan. - . The quanti%ﬁp?f ant i esegant-used nay vary over
wi de ranges, depending upon the type BBlht4oxi dant used and the
conditions under_which the fish oil ‘is to be stored. -~ For exanple, for a
fish oil stored FVELHER, %?R%Eggéﬂ?beftm FRESEND NTIGN OFdy bal ox
"O' is an optinmum 3o Uﬁ Fgﬁe TH VEGETABLE (LA WeXPRESSED BY

RMATION DURING STORAGE AT 35°C

O —C—TT TS
PD-a—0xX—] Ch

g S kract of
*gnﬂSSHﬁéTFﬁfﬁé Hescri bed
|

Sample o 2 Weeks = 4 Weeks
Present Invention 0il _ . o - v

(Example 2-C)

Blending with Corn 0il

Example 2-C + 20% Corn 0il ... : o) 0

Exaﬁple 2-C + 50% Corn dil : o - o

Example 2-C + 75% Corn 0il o . o}

~Blending.with Other Oils

Example 2-C + 20% Sunflower Oil . o o)

Example 2-C '+ .20% Canola.oil 0 o

Exémple 2-A + 20% 'Soybéén 0il o] O.
o o

Example 2-C + 20% Borage 0il-

All samples contained 0.1% HertalcxT™™ wom anticxidant.

- 24 -
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12 product. However, for fish oil in soft gelatin capsules only
0.03% of Herbalox "0" is sufficient to - —a-stabild4ized product.
Different antioxidants have different effed ruenessct PWaSEENDEr oxi de :
formati on, gum formation and fishy odor_redevel opmeatosDd |t s been found
t hat about 0. 1% by wei ght of Fbrbaloﬁ’ = aes accept abl e
properties. __ . It has also been discovered that .the fish oil of the.

present i %ﬁﬁ???@dog FESEN@ ﬂ?mﬁ??@thﬂpEﬁﬁmvnﬁﬁtain
bounts of &% @m% SELL A (GREIRICALD Qi g
the fish oi ?ﬁ f
| QUES IOLOGICAL EFFECTS
(OIL PRODUCED IN ACCORDANCE WITH THE PRESENT INVENTION
DOES NOT CONTAIN SUCH ISOMERS) :
Deodorization . Geometrical or . Geometrical or
Conditions EPA(%) Positional Isomers DHA(%) Positional Isomers
_ EPA(S) of DHA (%)

. Menhaden oil  12.82 - . heg. 8f58 '.neg.
150°C, 5 hrs  12.18 ‘neg. 8.27 ' neg.
175°C, 3 hrs 12.38 ‘negq. 8.11 " neg.
175°C, 4 hrs 11.78  0.15 7.95 neg.
175°C, 5 hrs 11.86 0.60 : - 7.87 o 0.19
200°C, 1 hr. 11.45 0.37 - . 7.66 0.16
200°C, 2 hrs-III11.19 - 0.61 | 7.37 0.22
200°C, 4 hrs 10.51 1.12° 6.71 0.71
250°C, 2 hrs 2.36 2.36 1.01 - 3.28

Present Invention 0il
Deodorized
at 80°C for . : :
2 hrs - I - 12.7 neg. 8.4 .. negq.
Deodorized
at 100°C for ' , :
4 hrs - II 12.5 neg. ' 8.3 : neg.
T after |
silica gel .
purification 12.8 neg. 8.4 . heq.
IT after
silica gel : _ o _ :
purification 12.3 .~ neg. 8.4 ' neg
I1I after
silica gel ' _
purification 11.7 _ neg. 7.4 . ~ heg.

- 25 -
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3

table oil and preferably 20% by wei ght of the vegetable oil, pro- duces a
conposition of enhanced stability, as is shownﬁggzlgbles 3, and 4. This
stablllty may be enhanced further through the 2l

Al t hough bor'age oil, sunflower oil, :canola oil ve been
" used, the corn oiI-has been found tcyixBL@aggi Tl _
EXAVPLES The followi ng Exanples wll serve to illustrate e process

of the present. invention and the inproved oils formed thereby, but it is

‘under stood t hat - t hesgrEXRNPEESMANATION b HMETEIARNAGE otAUSEDUSHYT at i ve
purposes and t hatgremyreMPERAYOREADEODORIZATIONTO MERBADERY oxg.lused.
: Co BY PASSING THE DAMAGED OIL THROUGH A SILICA GEL COLUMN

Menhaden 0il _ Deodorized at 200°C for 2 hrs

i Ttem Before - Before Passing After Passing
Deodorization Silica Gel . Silica Gel
Example 4-A Exampie 5-A
Prior Art 0il Present Invention
EFA (%) - 12.8 11.72 - 11.7
DHA (%) 8.6 7.42 7.4
Dimer (%) | 0.7 B ~1.03 . 0.2
Trimer (%) . Neg. ' Neg. ~ Neg.
Trans 1 ' - _ :
Isomers (%) 3.4 o 5.0 o . 4.9
Cdnjugate
Dienes (E._)-and Trienes
em . _
233 nm 7.82 - 15,23 . 12.10

269 nm _ 2.24 - l4.82 - 12.13

1 Refined bleached, and partially winterized.

2 Represents a loss of 8. 6% of the orlglnal EPA and 14% of the
original DHA.

3 Represents an increase'of.42% of the original dimers.
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13 ' Exanple 1 | Low Tenperat ure

Vacuum Steam Di stillation . P eﬁqg%qd@ﬂﬁﬁgg_c, btep 1
Any apparatus or plant nmachinery which is suitaple f OREpBLCED UUM S|t eam
distillation of oil, commonly known as deodori z - FIGURE

Sillustrates apparatus used in the | aRefrg ggory for this purpose.

PARTIAL ELIMINATION OF THE DAMAGE CAUSED BY
HIGH TEMPERATURE DEODORIZATION TO MENHADEN orrl
BY PASSING THE DAMAGED OIL THROUGH A SILICA GEL COLUMN

Menhaden 0il ‘Deodorized at 250°C for 2 hrs
Item - Before Before Passing . After Passing
- Deodorization - Silica Gel - Silica Gel
Exazple 4-B Example 5-B
‘Prior Art 0il Present Invention
EPA (%) 12.8 - o 2.42 . 2.5
DHA (%) 8.6 . .1.02 o 0.9
Dimer (%) 0.7  16.9 16.5
Trimer (%) Neg. 11.5 11.8
Trans : ' : :
Isomers (%) - 3.4 _ 26.4 o _ 26.6
Conjugate o
Dienes (E__) and Trienes
cmt _
233 nm . 7.82 o . 53.67 47.20
269 nm | 2.24 40.51 . 35.10

1 ' Refined, bleached, and partlally w1nterlzed

2 Represents a loss of 81% of the or1g1na1 EPA and 88% of the
original DHA. ,
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The raw material was a specially processed Menhaden oil, supplied under
the tradenanme of SPMO, by Zapata Hayni e Corpora-
has been refined and bl eached, but not deodor i zgdHiglcHagugh. 2 becril] has
been partly'w nterized. 2,300 grans of SPMO was m:axﬁLﬁGEﬂﬂask 5 of the
apparatus shown in FI GURE 5. Wat erTABBEpFE&ced ch was
heated by ‘Heat Lanp 1, to generate steam The col d-finger traps 10 were
cooled by dry ice, and cold-coil traps 11 and 12 were cooled by a dry .

i ce-acetone slurry in order to condense the strlgg steam and the
distillate. TPARTEALUBLIMINATIONOOF] T3IE ISHREREER cFEMPRANENTS ré@@

to 0.05 mm DURENGCUON St SBEMRERATIRE| BEODORA %ér%.nmwa Pélolf 45
to 48 grams ﬁ%ﬂPASGIHGTWHEd@§p@@RI@£DVé@ﬂuﬁWﬂHHU§ ePafd i CACE

varled dependlng upon

+H-on Thi.s--NMenhaden oi l

.Henhadenﬂoil _ Deodorized at 100°C fof_g hrs
_ Before Before Passing After Passing
Item - Deodorization - Silica Gel 'Silica Gel
Example 1-C Example 2-C
Prior Art 0Oil Present Invention
EFA (%) ' i2.¢8 12.5 12.3
'DEA (%) 8.¢€ | 8.3 . 8.4
Dimer (%) 0.7 _ 0.7 <0.1
Tricer (%) - Neg. neg. _ | neqg.
Trans _ S _ _
Isomers (%) _ 3.4 | - 3.5 . | 3.4
'Cbnjugated .
Dienes (E_ ) and Trienes-
~cm _
233 nm 7.82 9.03 £.73
2.24% 3.05 2.68

269 nm -

1 Refined, bleached, and partia}ly'winterized{

This Sheet Has Been
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t he design and construction of the apparatus particularly for 'nachinery

in the‘nanufacturing pl ant . The oil was vacuum sieam-ei=Stt] -at a
predet€rmned tem perature for a predeterm neff Q&ﬁfﬂﬂ#%?%%ﬁN After the
process was conpleted, the oil was cool ed downltc roggpL@@p ra & as

rapidly as possible and the vacuum wagABeEegsed Lo pitroFe
14 product of Exanple 1 is referred to hereinafter as "Lom/Tenpera-
IMPROVEMENT OF OXIDATIVE AND FLAVOR STABILITIES
' BY SILICA GEL TREATMENT OF MENHADEN OIL '
DEODORIZED AT 200°C FOR 2 HOURsS1!
(PRIOR ART OIL, EXAMPLE 4-A}

After Treatment Passing
The 0il Through a Silita
Gel Column

Before | - Present Invention
Treatment ' Example 5-A
Oxidative Stability
Feroxide Value (meq/kq)
Fresh _ 0.76 L  0.44
4 Weeks @ 35°C . 43.9 L : 33.7
Gum Formation
2 Weeks €@ 35°C _ v (O
4 Weeks €@ 35°C VWV o vV
Flavor Stability
Fresh
Total Flavor
Odor 8.6 9.3
Flavor 7.6 9.1
Fishy Flavor’
Odor 0.0 0.0
Flavor 0.2 0.0
4 Weeks @ 35°C
~Total Flavor :
" Odor ' 4.2 5.2
Flavor 5.2 5.8
Flshy Flavor :
Odor 2.2 1.2
Flavor 1.6 1.0

1 Menhaden oil, refined, bleached, and paftially winterized.
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. ture Deodorized Qls". Three separate batches o

Iom1tenperature
vacuum steam distillation each with 2,,

|1y processed

Men- haden oil, were carried out accord'ngiSé?ﬁ%% t enper a-

. tures and tines. Exanple 1 - PLA rr]C for 2
hour s ) Exanple 1 - err]C for_2 hours
Exanple 1 The scope of the ;ggpgﬁgpgfhﬁrqpmoﬁ gwn and described is to

Exanpl e 2 i ___ Treatnent wi th Adsaqrbents
Prescpe FRAVEABRESRD oxlyp as illushrabpver and towidil iRy 3PareDt230 rdsise
ASTM EM Science, a Division of EMIndustries, Inc., Cherry Hill, New

Jerse? ihhe ghln the art that numerous modifications may be made the*e-'
in wlthout departure from the spirit of the invention and the.

sccpe of the appended claims.

- 30 = ' eet Has Been Reﬁaced
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had been activated at 200[err]C for 24 36 hours), were packed into a
stainless steel colum (2 in. x § , custom nmade).
Ni trogeh gas (3-5 psi) was used oﬂﬂﬁéﬁﬁﬁﬂﬁﬁ%éﬁE he col- um for 30
"nminutes. The deodorized oil of Hxanpl BEPHAGED]. B ghd 1-C were each
del ivered by a positive-displacement punp (MTroyal D4-1-117SM MIlton Roy

Conpany, St. Petersburg, Florida), into a f,..with a flow
rate of 36-38 grans of oil per—mnA— ute. The_eby e A 0m ~qa-h of the
three col ums was collected tely inig | NS0 wilt h ni trogen
gas. The process“ lﬁﬁ%mntll 2, 4 A | dpt € were
coll ected as pectlvel e} anple 2 is

‘re- ferred to herelnd?ter as "Adsorbent Tr fatof=cH

Qacviday
NHBESVHLHHHSSWH

1. A process of treating an.oil containing EPA and
:ﬁA whiéh conprises:
| subjecting:said oil to.vacuum'Steam distillation
under mild conditions for a time sufficieht to reduce
low temperature_b&iling and less p6lar volatile flavbf _
_éompounds:
contacting said oil with an adsorbent to reduce
high temperature boiling and more polar Qolatile_fla-
.vor compoundé as well as other undesirable minor cbn?
stituents thereffom;'and' | |
recovering the purifiéd oil.
3. A process for treating fish oil containing EPA_and
DHA. which comprises: N | _ | |
subjécfing said fish oil to vacuum steam distilla-
‘tion at a temperature betwéeq 3§'C and 150°C for 2-5
hours; ' _ | |
contacting said oil with an:adsorbeht to redhce
high temperature boilihg and more polar volatile fla-

vor compounds, as well as other undesirable minor con-

i

st1tuents and

This Sheet Has Been Re

e
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columm of silica
were col |l ected.
steamdistilled at 60[err]¥€ for =

Exanmpl e 3 Reverse the

nd 2,400 g.
s then vacuum

I

Q der of.Step 1 an ep._2 _ - ' Present | nvention
4,800 g. of the (@ii] speci a cesse| | treated with a
Tnee¢ w)

i

!
!
i

lm ' descr i PetHIBSHER A BEDY
ummﬁqat_ed i | thﬁép%‘% Pned.

3. The process cf Claim 1 or 2, wherein said vacuum steam di-

stillation step precedes said adsorption step.

4. The process of any of Claims 1 to 3,'wherein said steam di-
stillation is carried out at temperatures between 60°C and
100°cC. '

5. The process cf any of Claims 1 to 4, wherein said vacuum
steam distillat:cn is carried out at a pressure no greater

than about 12 == of mercury.

6. . A process of treating an 0il containing EPA and
bHA which comprisés: |
o subjecting said oil to  deodorization by vacuunm
stear distillation at termperatures in excess of 150°C
for a time sufficient to reduce volatile flavor com-
pounds;

c:ntacting'said deodorize oil with an adsorbent to
"fédﬁce volatile flavor compounds and feduce other unée—

sirable minor cdhstituénts therefrom; and

reéove:ing the purified.oil.

'7._The process of any of the preceding Claims, wherein the said
oil is fish oil. ' '

8. The'process of any of -the preceding Claims, wherein said ad-

~sorbent is silica gel.

- 9. The purified oil of any of the pfeceding Claims, optionally'
as a blend with a vegetable 011 and/or in combination with a
Rosemary extract antioxidant. _ ~—____;~__- ,

This Sheet Has B

i



.ho_urs in the manner as described in Exampl e 1.
Exanpl e 4 H gh Tenperature Vacuum Steam Di sti

Prior Art Ol 2,300 g. of the speci aI
=' carrm’um”ﬂa Im |

vacuum sté&amdistill ed-i n the sam
200[err] C for 2 hours, as Exanple 43A

250[err]C for 2 hours to produce a Ju Shperatare=vacuum di s-  till ed
oil, as Exanple 4-B. The products are herel nafter re- ferred to as -
MPrior Art Q" : "Exanpl e 5

fﬁig;??g; Tr%@t@%é éﬁri 1e8r itog Clalm 9 blehnhded w1th a vegg %ﬁgtoil

selected from corn oil and borage 0il.

11. The purfified o0il of Claims 9 to 10 combined with 0.10 %-by
weight of a Rosemary extract antioxidant.

This Sheet Has Been Rerlaced
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The "Prior Art O ls" obtained from Exanples 4-A and 4-B were each punped
t hrough_a separate new silica gel colum.in the sane nmanner as descri bed
i‘'n Exanple 2, to abtain 2,420 g. of eluate, _iespeeti as Exanples 5-A
and 5-B. The oils thus obtained are Hergisngit®rageBeeENel to as "Adsorbent
-Treated Prior Art oils". : ' .. REPLACED 16

The remar kabl e and soneti nmes unexpect ed=£ VS the

FIG. |

L d

This Sheet Has Been RTilaced




"Adsorbent Treated Prior Art G 1s" are shown in Tables 5, 6 and 7.

EVALUATI ON OF PRODUCTS OF EXAMPLES . The products of the above exanpl es
were evaluated for vari- -ous paranete 5+ teunrﬁeﬁFhereffect of the
processes of the present invention on th Gﬁhé%ﬂNt}ereby.' The
results of the evaluation al so denons ﬁg ERBf i ts |n bi ol ogi cal ef-
fects and stabilities of the oil produced by the present Tnven- tion. the
foll owi ng anal ytical procedures were used: 1. Stability of the Ol
Stability of the products were eval uated H6¥§§p|ng 150 granms of the
freshly made oil in a narrow nouthed anber bottle. The

surface-to-volume ratip in the begining was

FIG. 4

_ This Sheet Has Been Replaced .




én{ err]/m. The screw cap was cl osed tightly and then | oosened a 4
hal f-turn to allow some air circul ation... The bottl-es-were placed in-an ..

ing -

oven maintained at 35 [err] 0.2 C for four weeks- - The follay

anal yses wefe done periodically. E%@mﬁ?{ﬁﬂgEmﬂN R
As a consequence of oxidative polynerizati grphlepay foflm a | ayer of
gummy material on the wall of the bottle. ,q__"——um—n"—*vﬂ;-ls wer e used
to describe the anount of gum forned: o --

No vi sible gum V- - - Barely visi bl e;

Vv -- : Very smal | anount;

Abstract

. Process of treating an oil containing EPA and
DHA which comprises: |

subjecting said oil to vacuum steam distillation
under mild conditions for a time sufficient to reduce
low temperature boiling and less polar volatile flavor
compounds ; |

contacting said oil ﬁith an adsorbent to reduce
high temperature boiling and more polar volatile fla-
vor compounds as well as other undesirable minor con-
stituents therefrom; and |

‘recovering the purified oil; and purified oil obtained

therefrom. |

i

* This Sheet Has Been R
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W’ Moder at e anmount ; | VWV -

Lar ge anount. : B. Per oxi de val ue - [ OXI 0€ '
val ues of the sanples were nmeasured on the 0, 14th an %ﬁﬁH%cggﬂégﬁb?ﬁﬁﬁr
storage at 35 C, according to the American Q| Chenms %ates_ogigatm\é',ggs

Oficial Process cd 8-53. _

PURIFICATION OF FISH OIL

The present invention relates to a process of treating oils
containing Omega-3 fatty acids, such as fish oils like Menhaden
0il, sardine o0il, salmon o0il and other oils, to produce odorless
and flavorless oils which contain only insignificant amounts of
undesirable minor constituents, such as thermal and’ oxidative-
polymers of unsaturated glycericdes, trans-isomers, positional
iscmers, conjugated dienes and trienes, cholesterols, pesticides,
PCBs and heavy metals, and which have reasonably goodéd flavor and
oxidative stabilities. This invention also relates to a composi-
tion of matter, comprising the treated Omega-3 fatty acid csn-
taining oils in combination with certain antioxidants and/of com-
Bination with other oils, in order to produce a composfeion hav-
ing improved stabilitj. Antioxidants derived by the extraction
of R&semary have been found to be particularly effective.

BACKGROUND

Almost 30 years ago, polyunsaturated fatty acids (PUFAs) of
vegetable origin (Omega-6) were fcund fo have a-hypocholestero;
lemic effect when subs%ituted for saturated fat in the diet. 1In
the early 1970's, Bang and Dyerberg observed a relative scarcity
of coronary thrombosis-among Greenland Eskimos which they were
able to correlate to the diet of those Eskimos. The diet con-
sisted of meat from Arctic nammais'(seal and whale) as wel} as
some fish. This provided them with a diet. which included ap-

proximately 7 grams of Omega-3 fatty acids daily. These findings

e e bt T
Tl T T e e f




In this analysis, the bottle of the oil was usually flushed with nitrogen

and then closed tightly with a screw cap. In all the[—da reported T

this patent, however, the screw cap was turned back FHACEME ”,r~ il ow
| eakage of air into the bottle, in order to sinulate rdiﬂ —ﬁ ol

use. This will give a higher per- oxidle val ue after g:tazﬁ'aqe"'vwren"t'he'
bottle was tightly ctosed un- der nitrogen. C. Sensory

Eval uati on The products, both i mediately prepared and after

four weeks of storage at 35[err]C, were sensorially evaluated by a trained

ol co. PR ipRIRLSr SR T iprecE B HRAGer ST CBRET of SEFEnP<08sr Shd

flavor. heaT€ﬂ°TA3§%Eﬂéan 1T%QSWQ%G to the discovery that the Omega-3
series of fatty acids, and particularly eicosapentaencic acid
(hereinafter called EPA) (20:5 Omega-3) and doccsahe#aenoic
acid (hereinafter called DHA{_ (22:6 Omega-3), have high phar--

racological apd cdietary potential.

Recently, the poﬁential advantages of the Omegaafatty acids
derived from fish scurces were reported in the New England Jour-
nal of Medicine, Volume 310, No. 19, pages 1205 through 1223, in
papers by Krorhout et al., Phillipson et al. and Lee et &l., May
9, 1?85. -

Fish o0ils ccntaining EPA and DHA are manufactured Ey first
mincing or cuttirnz up the fish, cooking it for approximaztely 15
minutes at 90°C, and then separating the crude oil, which can
then be alkaline refined and bleached. The o0il so prcduced may
be winterized or hydrogenated depending upon its finzl use.
Finally, the oil =zy be deodorized by vacuum steam distillation
at high temperatures, usually above 200°C.

Fish oils may e recovered from fish organs as well zs from
the meat of the fish. One such fish organ oil is cod liver oil,
which has been used to improve health for decades, even though
such oils are .usually high in cholesterol, pesticides and heavy
ﬁetals. |

The fish oils processed as described above usually have a
strong, highly objectionable fishy odor, plus a rancid odor and

fishy flavor which are probably due to the autoxidation of poly-



used for the overall odor and flavor in which 10 was assifg ﬁgﬁ;_—};eram,\;g'xpl 2L

bl andness”, and 1 to "strong obnoxi ousness". The hi gh- tes
better oil in ternms of flavor. Anot her He _Dlatg @Lilt{d]w@

used to indicate the ex- tent of fishy odor and flavor, lft=a=whteh 0 77"
represents no fishy odor or flavor, whi3le 6 stands for the nost strong

fishy flavor and odor. The | ower the score, the better the oi
35

unsaturated fatty acids and the deterioration of proteinaceous
materials. 1In order to use the oil for edible and certain other
purposes, it is necessary that the oil be deodorized.

Conventional deodorization processes involve the vacuum
stean distillation 6f the oils at temperatures in excess of °
200°C. While this process removes volatile flavor compounds, the
high temperature to which the oils are subjected during the de-
oderization process creates undesirable side reactions, such as

the formation of polymers, conjugated dienes, trans-isomers and

other positional isomers. Most important of all, the content of
EPA and DHA in the oil is decreased cue to thermal decomposition
as fell as due to the formation of polymers. Moreover, the re-
sulting product has poor flavor stability and poor resistance to
oxicdation. Although such undesirable side reactions are avoided
if <che produéts are distilled at low temperatures, e.g., 60-
100°C, such low temperature processes do not remove the higher
boiiing volatiles and more polar flavcr compounds. Moreover, the
lcw temperature vacuum steam dlStlllaulOn will not remove the un-
desirable minor constituents, such as cholesterols, rpesticides,
etc.

When Omega-3 fatty acid-containing oils, such as fish oil,
are deodorized according to the prior art ét high temperatures
in excess of 200°C, certain chemical reactions will take place
which would decrease the biological benefits of the oils. More-
over, the products of such chemical reactions may have adverse

bioclogical effects.



The oils were submitted to the panel at 35[err]C The ' e
at this tenperature by putting the oil in a small beakér REPLAGEMENT S 22T
into a hole drilled into a large alum inumblock. The al un'nngnN@Vdﬁgﬁwa
preheated to 35[err]C. 2. Chol est er ol Dhte :chel-est-erot-
was determ ned by HPLC using an analy- 4tical silica col
Partisil 5 silica, by Wiatman, Inc., difton, New Jersey). 3.

| nt er nol ecul ar Pol yners I nt er nol ecul ar pol yners of triglycerides
were anal yzed by gel perneation chromatography, using an Utrastyragel

500 A Gel Perneation Columm, 7.8 mm|.D. x 30 ¢cm (Waters ChronmatQgQ-
In the prestigious Tufts University Diet and Nutrition Let-

- ar

ter (Vol. 5, No; 11, January 1988) it was.reported that in analy-

sis led by Dr. Ernest J. Schaefer, MD, Chief of the Lipid Metab-

olism Laboratory at the New England Medical Center, 10 mnajor
brands of fish oil capsules only containéd an average of 38% of

the EPA and 85% of the DHA that the companies claim are present.

This is prosably due to the loss of the biclogically bkeneficial

Omega-3 fatty acids .with the formation of biologically narmful .
polymers during storage.

Another interesting observation is that during the ceoderi-
zation according to rrior art ﬁfocesss,.at high tenperatures,
there is a tendency fc form geometrical or ﬁositional iscrers.
The-biological effects of these isomers to human health has Lkeen
questioned in the literature. |

The damages of pricr art deodorization to fish oil are de-
scribed quantitatively in detail in the Ph.D. dissertaticn sub-
mitted to Rutgers, The State University of New Jersey, irn Janu-
ary, 1988, by Timothy J. Peluré. The title of the thesis.is
"The Effect of Deodcrization Time and Température on the Chemi-
cal, Physical and Senécry Characteristics of Menhaden Oil".

ADVANTAGES OF THE PRESENT INVENTION

The process of the present invention overcomes the foregoing
problems by combining a low temperature vacuum steam distillation
of the oil with a treatmzent of the oil wfth silicic acid or other
adsorbing compounds. The process of the present invention produ-

ces oils which are odorless and flavorless, containing insignifi-



raphy Division, MIIlipore Corporation, MIlford, M.[pF=—— e _pe
were detected by a Mass Detector (Mdel 750/- 14, Appjl RERLASHEERE SHFaph
Systens, Peris Industries, State Col- |ege, Pennsylv nia)g 9 NOV’ t he
Tabl es which follow, the Menhaden oil (SPMC) was re- |if Paied; -bt-eached an
partially winterized, but not deodoriz&d and was the —Same VENNaden ol

used as the starting raw material for Exanples 1, 3 and 4 referred to as

Menhaden oil. 19

cant amounts of undesirable thermally induced minor constituents

such as polymers, conjugated dienes, trans-isomers and positional

isomers. More importantly, the process of the present invention
also removes such undesirable components which are originally
present in the oil and are known to be harmful to health such as’
cholesterol, pesticides, PCB\S and heavy metals, including lead.
In addition the oils so-produced have improved flavor and oxida-
tive stabilities, particularly with the addition of suitable na-
tural antioxidants.
In summary, the resulting oils produced by the crocess of

the present invention have the following advantages:

1. no sigﬁificant decrease in the content of EPA ‘or
DHA from the original oil;

2. no formation of thermal polymers, oxidative poly-
mers or thermaléoxidative polymers; .

3. essentially free from cholesterols (less than 1 ng
per 1 g. of oil);

4. ro significant increase of conjugated diene fatty
esters;

5. no formation of trans-isomers or positional isormers
of fatty esters:

6. free from pesticide residues and PCBs;

7. significantly reduced amount of heavy metals; and

8. improved flavor and oxidative stabilities as;ccm-
pared to fish oils which are ndrmally deodorized at high tempera-

tures of 200 C or higher.



TABLE 1.

o=

SUPERI OR QUALITY OF THE FISH A L
AND PURI FI ED BY THE PRESENT [-NVENTI ON
Pr esent
(Deodori zed Pr
Menhaden Qi | Art G fol | owged by
(deodori zed silica gel Anal ysi s deodori zati on) at
200[err] Q) treatment) As described in -- Exanpl e
4- A ‘Exanpl e 2-B . No Loss cf the Effective Conponents EPA
(% 12.8 11.7 12.8
BRIEF DESCRIPTION OF THE PRESENT INVENTION
The present inventicn contemplates a 2-step process to pur-
ify oils containing EPA and CHA, particularly fish oils, One

step involves vacuunm steam.distillation of the o0ils at low tem-
peratures, for a short peridd of time. It has been found that
the vacuum steam distillation is adapted to remove the l§w boil-
ing and less polar volatile flavor compounds from the oil without
creating polymers and cthéer undesirable materials.

The other step cf the prccess involves passing the low tem-
perature deodorized cil zhrcough a silica gel column. The silica
gel treatment is adaptedé to rezove the high boiling and rmore pol-
ar volatile flavor cempcunds Zrom the oil without creating poly-
mers or other undesirable raterials. In addition, the silica
gel column also removes other undesirable materials which are
originally present in the cil, such as polymers; cholesterol,
piéments, pesticides, PCEs, and heavy metals.

Further it has keen found that the oils produced by the pro-
cess of the present inventicn have improved oxidative and flavor
stabilities. Such stakilities can be further improved if antiox-
idants, particularly antiocxicdants derived from Rosemary, are add-
ed thereto. Still further, it has been found that oil composi-
tions having increased and izproved stability may be created by
blending the fish oils treated by the process of the present in-
vention with selected vegetable oils, particularly corn oil.

In another embodiment, the present invention contemplates

the treatment of fish oils, which have been deodorized according .



DHA (%)

8.6 - 7.4
Prevent Formation of M nor Constituents Which
to Health Dner (91,2 0.7
Trimer (91,2 neg. neg. 3
| somers (% 3.4 5.0 7 3.
(%93 0.36 0.24 neg.
chromat ography anal ysis only neasures the diners and triners forned
between different triglyceride nolecules. 2 Different batches of
Menhaden oil may contain different anmounts of polyners. The sanpl es
recei ved n fro : % |t pargd Ln
Menhaden %$| gg"%gr?trai £nq-‘pi ﬁé%g.egf‘%géf é|§%’)I ;?rlrgrgsa QW%M&%Q It Has"Been

found that such prior art oils can be significantly improved by
passing them through the silica gel column, as described in the
present invention. The damage done to the fish oil by the prior
art high temperature process, can be partially eliminated, though”
not completely eliminated by this adsorbent treating. Moreover,
it is unexpected to find that passing the prior art fish oils
through the silica gei column can significantly improve their ox-
idative and flavor stabilities, particularly when a suitable na-
tural anticxidant is added. |

- Moreover, the silica gel treatment will significantly reduce
the amount of the harmful heavy metals which might be present 'in
fish oils. For example, a refined, bleached and deodorized (200'~
C, 2 hrs.) sardine oil which contained 14 pgd of iron, and 170
ppb of lead was passed through a silic;lgel column according to
the present invention. The iron content of the purified oil was
recduced to 3_ppb (a2 reduction of 79%) and the lead content was
reduced to 44 ppb (a reductién éf 73%);

Another exampie is a refined and bleached Menhaden oil (cal-
led SPMO as manufactured by Zapata Haynie Ccrporation of Reed-
ville, Virginia), which éontained 11.30 pprm of total PCB s and
0.54 ppm of total DDT. Affer the o0il was treated by the processs
as described in the present invention, only <0,04 ppm of total
PCB s and less than <0.01 ppm of total DDT were left in the oil.
Therefore, the possibie toxicity of these oils were remarkably

reduced by the present invention.



3 Cal cul at ed according to the peak area corresponding to free chol esterol

by HPLC anal ysi s.
Pr esent

Gl

al fol | owed by
silica gel - Anal ysi s
treat ment)

Prior at 80[err]C

REPLACEMENF%$E%¥.

0 9 N6 e

8 NVen A%g%LFYT ...................... Al t
(before (deodori zed

deodori zat.i on) at 200[err] O

DESCRIPTION OF THE DRAWINGS
The advantages and details of the present invention will be-
come apparent from the follewing description when taken.in con-
junction with the accompanying drawings, in which:

FIGURE 1 is a gas chromatogram of volatile flavor com- "
pounds isolated from a refined, bleached and partially winterized
Menhaden oil, which is not deodorized:

FIGURE 2 is a gas chromatogram of volatile flavor com-
pounds 1isolated from fhe oil of FIGURE 1 after being passed
through a silica gel column;

FIGURE 3 is'a gas chromatogran of volatile flavor com-
pounds isolated from the oil cf FIGURE 1 after beiﬁg vacuumn steam
distilled at 100 C for 4 hours;

FIGURE 4 is a gas chromatogram of volatile flavor com-
pounds isolated from the oil c¢f FIGURE 1 after keing vacuum steam
distilled at 100°C for 4 hours and then being passed through a
silica gel colunn; and |

FIGURE 5 is a diagram of an apparatus set up and used
in the laboratory for the vacuum steam distillation.

DETATLED DESCRIPTION OF THE INVENTION
Vacuum Steam Distillation at Low Temperature - Step 1
This process is designed to remove the low boiling and less
polar volatile flavor compounds. The vacuum steam distillation
step should bé carried out under mild conditions in order to
avoid the formation of undesired components. Although tempera-

tures in the range of 30-150°C may be used, it is preferaﬁle to



As described in -- Exanpl e 4-A = pIREHIREST S8

| mprovenent of Oxidative Stability[err] Conj ug tggpggipiﬁfgu;g
(Elerr]) 233 nm 7.82 | A5, V

6. 25 269 nm 2. 24 14 182

Per oxi de Val ue (meq. / kQg) After 4 weeks 35 C ,
43.9 39.8 Gum For mat i on (35[err] O After 2
weeks Vv o] After 4 weeks
VW

use temperatures in ‘the 60-100°C range. The amount of time re-
quired will be cependent somewhat on the temperature rangé cho-
sen, and the'dasign of the apparatus used, but it Iis generally
preferred to carry out this deodorization process for.from about
2 to about 5 hcurs, and preferably about 2 hours. | -

The o0il =ay te vacuum steam distilled in an acraratus as
shown in FIGURET 5. In order to use this apparatus, the oil is.
placed in Flask 5. Excess water is placed in Reserveir 2, which
is heated by razdiant Heat Lamp 1, to facilitate stean genération.
Safety Flask I Is installed between Flask 2 and Flask 5. Flask §
is heated by 2 termperature controlled, two-piece heating mantle
(not"shown in FIGURE S). Cold-finger traps 10 are cocled by -dry
ice, while Cecld-coil traés li and 12 are cooled by dry ice-ace-
tone slurries: These traps are used to condense the stripping
steam and the Zistillate. Mechanical Pump 14 is used to create a
vacuum which could range from about 0.02 to 0.05 mn of ;eréﬁry in
the laboratory, but may be different in the plant.

Silica Gel Treatment - Step 2

The silica cel purification process is desicned to remove
high beiling and more polar flavor compounds, as well as other
undesirable =inor constituents. This purification process is
carried out by passing the deodorized oils from Step 1 through a
column packed with active sorbents, such as silica gel, silicic
acid, activated alumina, activated carbon, activated clay and the
like. Generally, it is preferable to use silica gel and/or sili-

cic acid, because they are most effective and cause no side reac-
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tions. The sorbents are preactivated before use. .Preferably, a
column is packed with sorbents which are thereafter flushed with
an inert gas, such as nitrogen, in order to remove any cxygen eﬁ-
trapped in the cqlumn prior to running the oil through the sor-
bents.

The silica gel purification process cay be conducted at room
temperature, élthough higher and lcwer texzperatures mnay be used.
Freferably the oil is protected k¥ an atmospheré of inert gas,
such as nitrogen, before, during and after the paséage cf the oil
through the colurmn to prevent oxidation. Flow rates ranging from
1 to 3 milliliters pef minute per scuare centireter are preferred
when the particle size of the silica gel is 70 to 230 mesh ASTM.
Greater or lesser flow rates may ke established, depending upon
the dimensions of the column, the particle size of the sorbent
and the nature of the sorbent.

Even though the use of a coluzn of silica gel or other sor-
bents is most effective, a batch process can also be usedr The
vacuum steam diétilled 0il may be rcixed with 1% to 20%, &nd pref-
erably 10% to 20%, by weight of activated carbon, stirred vigor-
ously for one hour and then filte:ed.to cbtain a- purified oil.
Silicic acid, silica gel or other adsorkents can be used to re-
place the activated carbon. ' _ -

The superior quality of the fish o0il deodorized and pufified

by the present invention is summarized and shown in Table 1.
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Pr esent REPLAC Eﬁﬁ
(Deodor i zed Pr oasateu..a..m ........... o
80[err]C, Menhaden Qi | Art  Qill
by _ (before (deodori zed silica gel
Anal ysi s deodori zati on) at 2001¢) treatnment) As described
I n - - Exanpl e 4-A Exanple 2-B° | V. |nprovenent of
Flavor Stability[err] Fl avor Score[err] Fresh Tot a
odor St rong* 8.6 9.2 = : taste
ditto 7.6 8..0 Fi shy odor ditto
0.0 0.2 Variations of Process

The order of the vacuum steam distillation and the purifica-
tion can be.reversed, It is preferred, however, to debdcrizé
first and then pass the deodorized oil through the silicic acid
column. This will remove any.trace amounts of impurities forned-
by oxidation during the vacuum steam distillétion step.

Enhancéd Oxidative and Flavor Stabilities

Thé 0ils of the present invention have improved stabilities
over prior art oils. Moreover, they may achieve enhanced st=til-
ities by combining the oils with:

1. selected antioxidants:

2. one cr nore selected vegetable oils; and

3. a corxbination of selected antioxidants and selected
vegetable oils.

As is shown In Table 2, a variety of ant10x1c=nts may be
used to enhance the stability of the 011 proauced by the prccess
of the present invention. Of the antioxidants tested, HertaioxTH
"O" showed particularly effective results. Herbalex is an ex-
tract of Rosemary with antioxidant activity made according ts the
process described in U.S. Patent No. 3,950,266, manufactured by
Kalsec, Incorporated of Kalémazoo, Michigan.

The quantity cf antioxidant used may vary over wide ranges,
depending upon the type of antioxidant used and the conditions
under which the fish oil is to be stored. For example, for a
fish oil stored.in a loosely capped bottle, 0.10% by weight of

Herbalox "O" .is an optimum amount to prevent deterioration cf the



taste
Tot al

flavor
ditto
1.6

fl avor

ditto 0.2 0.2 4 méeks, 35[err]C

odor ditto 4.2 5¢
ditto 5.2 6.0 FBE%‘;G‘L&" OUbEHEET
2.2 1.4 fl a¢1 9aNOV 4996
1.0 * Too strong to ke eval uated €t - Tot-at -

uses a score scale of- 1-10, the higher the score the better the oil.

product. However, for fish oil in soft gelatin capsules, only
0.03% of Herbalox "o" is sufficient to prcvide a stabilized
product.

Different antioxidants have different effectiveness toward
peroxide formation, gum formation and fishy odor redevelopment.-
It has been fouﬁd that about 0.1% by weight of Herbalox "O" gen-
erally provides acceptable properties.

It has also been discovered that the fish 0il of the present
invention may be stabilized by blendihg the fish oil with certain
amounts of vVegetable oils. In particular, it has keen Zound that
blending the fish oil with as little as 10% ty weight of a vege-
table oil and preferably 20% by weight of the vegetable oil, pro-
duces a conmposition of enhanced stability; as is shown in Tables
3, and 4. This stability may be-enhanced further through the use.
of antioxidants. Although borage oil, sunflcwer oil, canola oil
and soybean oil have been used, the corn oil has been found to be
particularly effective.

EXAMPLES

The following Examples will serve to iliustrate the process
of the present invention and the improved cils formed tﬁereby,
but it is unde;stood that these Examples are set forth merely for
illustrative purposes and that many other variations on the pro-

cess may be used.



Fishy flavor uses a score scale of 0-6 the lower the score the less the

fishy flavor

EFFECT OF DI FFERENT ANTI OXI DANTS ON

MENHADEN O L Ant i oxi dant

Added 0 Wasks
Example 1

low _Temperature Vacuum Steam Distillation

Present Invention - Step 1

%

Any apparatus or plant machinery which is suitable for vac-

uum steam distillation of oil, commonly known as deodorization,-

can be used. FIGURE 5 illustrates apparatus used in the labora-
tory for this purpose.

The raw raterial was a specially processed ¥Menhaden oil,
supplied under the tradename of SPMO, by Zapata Haynie Corpora-
tion. This Menhaden cil! has been refined and bleached, but not
deodorized, although the oil has been partly winterized. 2,300
grams of SPMO was placed in Flask 5 . of the apparatus shown in
FIGURE 5. Water was placed in Reservoir 2, which was heated by
Heat Lamp 1, to generate stean. The cold-finger traps 10 were
cooled by dry ice, and cold-coil traps 11 and 12 were cooled by a
dry ice-acetone slurry in order to condense the stripping steam
and the distillate. The vacuum of the closed system was held in
the range of 0.02 to C.05 mm of rercury. Steanm was bubbled
through the oil at a rate of 45 to 48 grams per hour. The degree
of vacuum and the amount of steam may be varied, depending upon
the design and construction of the apparatus, particularly for
machinery in the manufacturing plant.

The o0il was vacuun steam distilled at a predetermined tem-
perature for a predetermined length of time. After theé process
was completed, the o0il was cooled down to room temperature as

rapidly as possible and the vacuum was released to nitrogen. The



Present Invention Ol <0.1 =37 EX |l e
2-C) 0.10% Herbalox "O' IO REPLACEMENT SOEES ||0. 15%
Her bal ox "O' <0.1 D. 18 g ballox

el : <01 0.15 0.0 2@%{@?[2@@' '

<0.1 0.24 0.50% P.C. ' :
0.19 0.04%dlI - al pha-Toc.[err] <0.1 0.29 0.04%
d-del ta-rich- Toc. 14<0.1 0.31

i ' product of Exarple 1 is referred to hereinafter as "Low Tempera-

ture Deodorized Oils".

Three separate batches of the low teﬁperature vacuum steam
distillatt?xeaéh with 2,300 g. of the specially processed Men-

haden oil, were carried out according to the following tempera-

tures and times.

Exacple 1 - A, ' 60°C for 2 hours

Exarmzle 1 - B, 80'C for 2 hours
Examgle 1 - C, : 100*'C for 4 hours
Example 2

Treatment with Adsorbents

Present Invention — Step 2

1,520 gra=s of silica gel (70-230 mesh ASTM, EM Science, a
Division of E¥ Industries, Inc., Cherry Hill, New Jersey,'yhich
had been activazed at 200 C fér'24136 hours), were packed into a
stainless steel column (2 in. x 38 in. I.D. x length,. custonm-
pade). Nitrogen gas (3-5 psi) was used to flush through the col-
unn for 30 minuzes. The deodorized oil of Exarples 1-A, 1-B and
1-C were each celivered by a positive—displacement purp (Milroyal
Dé-1-117SM, Miltcn Roy Company, St. Fetersburg, Florida), into a
separate colurh, wWith a flow rate of 36-38 grams of oil per nin-
ute. The eluate from each of the three columns was collected
separately in a vessel covered with nitrogen gas. The process
was continued until 2,420 grams of the eluate were collected as

2-A, 2-B and 2-C, respectively. The eluate of Example 2 is re-

ferred to hereinafter as "Adsorbent Treated Oils"™.



1 No antioxidant added. 2 Phosphat i dyl chol i ne, >95% pure. 3 Tocopherol,

supplied by Eisai, U S A, Inc. Torrance, CalFfForm-=
TABLE 3 FURTHER | MPROVEMENT OF THE PRESEN[ RERNBGERGINT SHEET
O L BY BLENDI NG W TH DI FFERENT
15 Date :0.9. QY. 12g6..
Example 3

Reverse the Order_of Step 1 and Step 2

Present Invention

4,300 g. of the (SPMO) specially processed Menhaden oil was
treated with a column of silica gel in the manner described in -
Example 2, and 2,400 g. weré collected. The "Adsorbent.Treatei
Gil" thus obtained was then vacuum steam distilled at 60°C for 2
hcours in the manner as described in Example 1.

Example 4 |
High Temperature Vacuum Steam Distillation

2,300 g. of the specially processed Menhaden cil was vacéﬁ:
stean distiliéd in the same manner as described in Example 1, ac
200°C for 2 hours, as Example 4-A. Another batch was carried out
at 250°'C for 2 hours to produce a high temperatﬁre vacuum dis-
tilled o0il, as Example 4-B. The products are hereinafter re-
ferred to as "Prior Art 0il".

Example S
Adsorbent Treatment of "Prior Art Oil™
Present Invention '

The "Prior Arf Oils" obtained from Examples 4-A and 4-B were
each pumped through a separate new silica gel column in the saxe
zanner as described in Example 2, to obtain 2,420 g. of eluate,
respectively,. as Examples 5~A and 5-B. The.oils thus obtained

are hereinafter referred to as "Adsorbent Treated Prior Art

oils".
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VEGETABLE O LS AS EXPRESSED BY PEROX|

NCOIMNEA
REPLACENENT -:FEET

DURI NG STORAGE AT 35[err]C

POV (nEqg/ kg) pl e
Fresh (35[err]C) Present Invention Ol Date {9, ﬁggé

(Exampl e 2-0C) Blending with Corn §| Exanple Z-C - 20% Cot

1.29 - 13.5 Exanple 2-C [err] 50% Corn Q| 1.69 4.9

Exanple 2-C [err] 75% Corn Q| 2.03 4.8 Bl endi ng
with Gher Ols Exanmple 2-C + 20% Sunflower Ol 1.28 29.9

Exanple 2-C + ngg@e§§¥%gﬁﬁéjgnd someti&e}7unexpg§t§d improverents of the

"Adsorbent Treated PFrior Art Oils" are shown in Tables 5, 6 and

7.

EVALUATION OF PRODUCTS OF EXAMPLES

The products c{ the aone examples were evaluated for vari--
ous parameters to Zdetermine the effect qf the processes of the
present invention cn.the oil produced thereby. The results of
the evaluation alsc demonstrate the benefits in Ekiclogical ef-
fects and stabilities of the oillproduced by the rresent inven-
tion. The fecllowirnz znalytical procedures were vses:

1. | -Stability of the 0il’

Stability cf the products were evaluated tyv keeping-150
gréns of the freshly mwmade oil in a narrow-mouthes amber glass
bottle. The surface-to-volume ratio in the Eeginning was 0.16
cnl/ml. The screw cap was closed tightly and then locsened a
half-turn to allow scne air circuiation. The becttles were ﬁlaced
in an oven maintaired at 35 * 0.2°C for four weeks. The follow-
ing analyses were ccne periodically.

A. G_umt_hm-

As a consequence of oxidative polymerization, the
oil may form a layer of gummy material on the wall cf the bottle.
The following symkols were used to describe the amount Ef gum
formed: |

o -- No visible gumn;

V- - Barely visible:

A -- Very small amount;



Exanple 2-A + 20% Soybean O | 1.31 38 ' FEI ]
20% Borage O | 1.05 20. 0 Note: All salpeRAGHENTHBYERT 1o
Her bal ox[err] "O' anti xi dant. .

TABLE 4s:-- FURTHER | MPROVEMENT OF THE PRESENT | PajE

- Moderate amount;

vV
VvV -- ' Large amount.

B. Peroxide Value

Peroxide values of the samples were mneasured oﬁ
the 0, 14th and 28th day of their storage at 35°C, according to-
the American Oil Chemists' Society's Official Process cd 8-53.
In this anglysis, the bottle of the oil was usually flushed with
nitrogen and then closed tightly with a screw cap. 1In all the
data repoited in this patent, hcwever, thg screw éap was turned
back cn;mturn to allcw leakage of air into the tottle, in order
to simulate crdinary household use. This will give a higher per-
oxide value after storage when the bottle was tightly clcsed'uﬁ-

der nitrogen.

C. Sensory Evaluation

The products, both immediately prepared and.after
four weeks of stcrage at 35°'C, were sensorially evaluated by a
trained panel corprised of 5-7 people. The panelists were asked
to rank the test samples in terms of cvefall impression and per-
ception of fishy odor and flavor. A Hedonic scale of.l-lo was
used for the overall odor and flavor in which 10 was assigned to
"complete blandness", asd 1l to "strong obnoxiousnesé". The highf
er score indicates better oil in terms of flavor.

Another Hedonic scale was used to indicate the ex-
tent of fishy odor and flavor, in which 0 represents no fishy
odor or flavor, while 6 stinds for the most strong.fishy flavor

and odor. The lower the score, the better the oil.



BY BLENDI NG W TH VEGETABLE O LS AS EXPRESSED BY S
DURI NG STORAGE AT 35[err]C Sanpl e || REPLACEMENT SHEEBT
Weeks 4 \\eeks Present | nvention GOl 0

(Exanpl e 2-C) Blending with Corn O | Exanple 2-C |l+p2e® SoNOVAAgS
0 0 Exanple 2-C + 50% Corn | B -

Exanple 2-C + 75% Corn Q| 0 0 Bl ending with
QO her Ols Exanmple 2-C + 20% Sunflower Ol 0 0
Exanple 2-C + 20% Canola Q| 0 _ 0 Exanple 2-A +
20% Soybean G | 0 0

The oils were submitted to the panel at 35°C. The

oil was maintained at this temperature by putting the o0il in a
small beaker which was set into a hole drilled into a large alum-
inum block. The aluminum block was preheated to 35°C.
2. Cholesterol

The cholesterol was determined by HPLC using an analy-
tical silica column (25 cm. P;}tisil 5 silica, by Whatman, Inc.,
Clifton, New Jersey). |
3. : Intermolecular Polvmers

Inter=olecular polymers of triglycericdes were znalyzed
by gel pernea:icn'chromatography, using an Ultrastyvrzcel 500 A
Gel Permeation Column, 7.8 mm I.D. X 30 cnm (Waters Chromatog-
raphy Division, Millipére Corporation, Milford, MA);

The peaks were detected by a Mass Detector éHciel 750/~
14, Applied Chromatography.Systems, Peris Industries, Staté Col-
lege, Pennsylvania). |

In the Tables which follow, the Menhaden oil (S7FM2) was re-

was the same Menhaden oil used as the starting raw m2terial for

‘Examples 1, 3 and 4 referred to as Menhaden oil.

Vv



Exanple 2-C + 20% Borage Q| 0
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TABLE 1

SUPERIOR QUALITY OF- THE FISH OIL DEODORIZED
AND PURIFIED BY THE PRESENT INVENTION

Present
Invention 0il
(Deodorized
, . Prior at so-cC,
Menhaden 0il Art 0il = - followed by
(before (deodorized silica gel
Analysis deodorization) at 200°C) treatment)
As described in -- Exarcle 4-A Exarnple 2-B
I. No Less cf the Effective Components
EPA (%) _ 12.8 1.7 12.8
DHA (%) 8.6 7.4 8.4
II. Removal &nd Frevent Formation of
Minor Constituents Which May
Be Harmful to Health
Dimer (%)1,2 0.7 1.0 <0.1
Trimer (%)1,2 negq. reg. neg.
Trans
Isorers (%) 3.4 5.0 3.5
Cholesterol (%)3 '0.36 0.24 . neq.

1 The cel permeation chromatography analysis only.measures
the dimers and trikers formed between.different triglyceride

molecules.

2 pifferent batches of Menhaden oil may contain different
amounts of polymers. The samples received ranged from 0.2 to
0.7%. All the Examples were prepared using Menhaden oil contain-

ing 0.7% of polymers.

3  calculated according to the peak area corresponding to
free cholesterol by HPLC analysis.



TABLE 5 PRI OR ART DEODORI ZATION OF FI SH O L AT_HI GH TEMPERATURES
CAUSES LOSS OF EPA AND DHA AND FORMATI ON OF GEQOMVETRI R—
POSI TI ONAL | SOVERS WH CH HAVE BEEN REPORTED | N LI TERATUREPLACEMENT SHEET ||AS

HAVI NG QUESTI ONABLE BI OLOd CAL EFFECTS (AL DANCE
W TH THE PRESENT | NVENTI ON | DCES CONTAL-
| SOVERS) Deodori zation CGeonetrical or T
Geonetrical or Conditions EPA(% Positional |soners DHA( %
Positional |soners EPA( %
of DHA(% Menhaden oi.l 12. 82 neg. 8[err] 58
neg. 150[err]C, 5 hrs 12.18 neg. . 8. 27 Presenheg.
175[err]C, 3 hrs 12. 38 neg. 8.11 Invgagion 01l
175[err]C, 4 hrs 11.78 o 15 pi195 (Dﬁg ogléed
175[err]C, 5 hrs 11.86 % g 1
Menhaden 0 followed by
200[err]C, 1 hr.. 11.45 (before ég (dArz %zed si ig§ gel
Analysis deodorization) at 200°C) treatment)
As described in L Example 4-A Exarple 2-B
III. Iﬁprovement of Oxidative S+tability4,5
Conjugated Dienes and Trienss
.
(tcm)
233 nn 7.82 15.23 g.2%2
269 nn 2.24 | 14.82 2.%54
"Peroxide Value
(neg./kg)
After & weeks 35°C 43.9 5.8
Gum Formation
(35<C) _
After 2 weeks v 0
After 4 weeks : VvV Vv

4 All samples contain 0.10% Herbalox "O" as an antioxidant.

5 Example 2-C o0il was used instead of 2-B.



200[err]C, 2 hrs-111 11.19 0. 61 7.37 0. 22
200[err]C, 4 hrs  10.51 1.12 6.7 61

250[err]C, 2 hrs 2. 36 _ 2.36 - 1. 01f REPLACEMERT Z8IEET
Present Invention O Deodorized at 80[err]C for 2lhrs - ﬁﬁ§'7
neg. 8.4 neg. Debdorized at 1 ObEr:r.q.a..NQM..' rs|i-
12.5 neg. 8.3 neg. . :
purification 12.8 neg. 8.4 neg. |
after silica gel purification 12.3 neg. 8.4
neg 11l after silica gel '
Present
Invention 0il
_ (Deodorized
: Prior at 8o-cC,
Menhaden 0il Art oil followed by
_ (before (deodorized silica gel
Analysis - deodorization) at 200°C) treatment)
As described in -- Example 4-A Example 2-B

IV. Improvement of Flavor Stability%,3

Flavor Score®

Fresh

Total odor étroﬁg* : 8.6 9.2
taste ditto 7.6 8.0

:Fishy odor ditto 0.0 0.2
taste  ditto 0.2 0.2

4 weeks, 35°C

Total odor ditto 4.2 5.8
flavor ditto 5.2 6.0
Fishy . odor ditto 2.2 1.4

flavor ~ditto 1.6 1.0

* Too strong to be evaluated

6 Total flavor uses a score scale of 1-10, the higher the
score the better the oil.

Fishy flavor uses a score scale of 0-6 the lower the
score the less the fishy flavor



pufificatioh 11.7 neg.'
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ELI M NATI ON OF THE DAMAGE CAUSED BY
DECDORI ZATI ON TO MENHADEN QO L[ err]
THROUGH A SI LI CA GEL COLUWN

Antioxidant
Added

Present Invention 0ill
(Exarcple 2-C)

Herbélox won

0.10%
0.15% Herbalox "O"
0.20% Herbalcx "O"

0.025% P.C.2
0.50% P.C.

0.04% dl-alpha-?oc.3

7.4 neg.

RTI AL

TABLE 6A . . f
| GERIl RDPRRATUREET
BY PASSI N \ D GlL
=2 Daipﬁif&dﬁf ...............
TABLE 2
EFFECT OF DIFFERENT'ANTIOXIDANTS ON
POLYMER FORMATION IN MENHADEN OIL
Polymer %
0 Weeks 4 Weeks
<0.1 0.37
<0.1 0.19
<0.1 0.18
<0.1 0.15
'<0.1 0.24
<0.1 0.19
<0.1 ' 0.29
<0.1 0.31

Q .
0.04% d-ggiégirich-Toc.

1 No antioxidant added.

2  phosphatidylcholine, >95% pure.

3 Tocopherol, supplied by Eisai, U. S. A., Inc.

. Torrance, California



Menhaden G | Deodori zed at 200[err]C for 2 hrs | t em

Bef ore Bef ore Passi ng After Passing - ——
Deodori zati on Silica Gel Silica Gel REPLA»E&E&TSHEﬁT
Exampl e 4-A Exampl e 5-A 0 9 NOV 1906 i orjj Art
al Present |nvention EPA (% 23 12. 8 || Date toeeesneersenesess xiuq orr ]
11.7 DHA (9 8.6 7 4[err = DI ner
(9 0.7 1.0[err] 0.2 Trinmer (99
Neg. - Neag. : Trans Isonmers (%
3.4 ) 5.0 Eugﬁj%ﬁ%Jugated Dienes (E[ferr])-and
;g'geﬂfns 2332n2}vxmn IIZP%V?AE% OF THE PRESE rééz%vsmmn 12.10
OIL BY ING WITH DIFF

VEGETABLE OILS AS EXPRESSED BY
PEROXIDE VALUE INCREASE DURING
STORAGE AT 35°C

~'POV  (mEq/kg)

4 Weeks
Sample Fresh (35°C)
Present Invention 0il _ 1.02 39.¢9
(Example 2-C) '

Blending with Corn 0il
Examnple 2-C + 20% Corn 0il 1.29 13.¢
Example 2-Cc + 50% Corn 0il 1.69 4.9
Example 2-C + 75% Corn 0il 2.03 4.8

Bleﬁding with Other Oils
Exanple 2-C + 20% Sunflower 0il 1.28 29.¢
Exarple 2-C -+ 20% Canola 0il 1.17 - 28.8
Example 2-A + 20% Soybean 0il .1.31. 38.8
Example 2-C = 20%.-Borage 0il 1.05  20.0

Note: All samples contained 0.1% HerbaloxT™ "o" antioyidant.




1 -Refined, bl eached, and partially wnteri zed. | oss

of 8.6% of the original EPA and 14% of ori gi nal . REpLgcﬁ&E%ﬂ%ﬂE@E nt s
an increase of 42% of the ori-ginal diners. 0 9 NOV 336
27 ' eroeeesesamerianes
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TABLE 4

FURTHER IMPROVEMENT OF THE PRESENT INVENTION OIL
BY BLENDING WITH VEGETABLF OILS AS EXPRESSED BY
GUM FORMATION DURING STORAGE AT 35°C

Sample 2 _Veeks 4 Weeks
Present Invention 0il o] v

(Example 2-~C)

Blending with Corm 0il

Example 2-C + 20% Corn 0il o] ' 0
Example 2-C + 50% Corn 0il o} o}
Example 2-C + 75% Corn 0Oil o} 0

.Blending with Other 0Oils

Exanple 2-C + 20% Sunflower qil 0 o
Example 2-C + 20% Canola 0il o] o]
Example 2-A + 20% Soybean_oil 0 0
Example 2-C + 20% Borage 0il o o}

211 samples contained 0.1% HerkalzxTM ®or anticxidant.



TABLE 6B PARTI AL ELI M NATI ON OF TH

REPLAC N B?\ﬂ

H GH TEMPERATURE DECDCRI ZATI ON TO MENHADEN O L[ err] THE
DANAGED OL THROUGH A SILICA GEL COLUWN 0 ng@Naﬁﬁﬁ C)
Deodori zed at 250[err]C for 2 hrs | tem B@&ore ------------------ RBefior e
Passi ng Af ter Passing 25 Deodor i ziat= I ca CGe
Silica Cel Exanple 4-B Exanpl e
5-B Prior Art Gl Present | nvention
TABLE 5
PRIOR ART DEODORIZATION OF FISH OIL AT HIGH TEMPERATURES
CAUSES .LOSS OF EPA AND DHA AND FORMATION OF GEOMETRICAL OR
POSITIONAL ISOMERS WHICH HAVE BEEN REPORTED IN LITERATURE
AS HAVING QUESTIONABLE BIOLOGICAL EFFECTS
(OIL PRODUCED IN ACCORDANCE WITH THE PRESENT INVENTION
DOES NOT CONTAIN SUCH ISOMERS) :
Deodorization Geonetrical or Geometrical or
Conditions EPA(%) Positional Isomers DHA(%) Positional Isomers
EPA(S) of DHA(%)
Menhaden oil 12.82 neq. 8:58 neg.
150°C, 5 hrs  12.18 neg. 8.27 neq.
175*C, 3 hrs 12.38 negq. 8.11 neg.
i75°C, 4 hrs 11.78 0.15 7.95 neg.
175°C, 5 hrs 11.86 0.60 7.87 0.19
200°C, 1 hr. 11.45 0.37 7.66 0.16
1200°C, 2 hrs-III11.19 0.61 7.37 0.22
200°C, 4 hrs  10.51 : 1.12 6.71 0.71
250°C, 2 hrs  2.36 2.36 _ 1.01 3.28

Present Invention 0il

Deodorized
at §0°C for
2 hrs - I 12.7 neg. 8.4 : neg.

Deodorized
at 100°C for )
4 hrs - II 12.5 neg. 8.3 neq.

I after
silica gel
purification 12.8 neg. 8.4 neg.

II after
silica gel
purification 12.3 neg. 8.4 . neg

III after
silica gel
purification 11.7 neg. 7.4 neg.



EPA (% 12.8 2.4[err]

8.6 1.0[err] 0.9 Dne

16.9 16.5 Trinmer (% Neg REPLAGL
11.8 Trans Isonmers (% 3.4

26.6 Conjugated Dienes (E[err]) and Triénes

53.67 . 47. 20 269 nm 2.2

35.10

TABLE 6A

. PARTIAL ELIMINATION OF THE DAMAGE CAUSED BY
HIGH TEMPERATURE DEODORIZATION TO MENHADEN OILl
BY PASSING THE DAMAGED OIL THROUGH A SILICA GEL COLUMN

Menhaden 0il Deodorized at 200°C for 2 hrs
Item Before Before Passing After Passing
Deodorization Silica Gel Slllca Gel
Example 4-A Exanple 5-A
Prior Art 0il Present Invention
ISR (%) 12.8 11.72 11.7
CHA' (%) ' 8.6 7.42 : 7.4
Dimer (%) 0.7 1.03 0.2
- Trimer (%) Neg. Negq. Neg.
Trans
Isomers (%) - 3.4 5.0 4.9
Conjugate
Dienes (E_. _}.&and Trienes
em - _
233 nm 7.82 - 15.23 ' 12.10
269 nn 2.24 14.82 i 12.13

1 Refined, bleached, and partially winterized.

2 Represents a loss of 8.6% of the original EPA and 14% of
original DHA.

3 Represents an increase of 42% of the original dimers.



1 Refined, bleached, and partially winterized.

of 81% of the original
28

EPA and 88% of the original

TABLE 6C

27

TABLE 6B

DHA 3

2 Represents a | oss
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PARTIAL ELIMINATION OF THE DAMAGE CAUSED BY
HIGH TEMPERATURE DEODORIZATION TO MENHADEN oILl
BY PASSING THE DAMAGED OIL THROUGH A SILICA GEL COLUMN

Menhaden 0il

Deodorized at 250°C for 2 hrs

After Passing

Item Before Before Passing
Deodorization Silica Gel Silica Gel
Example 4-B Example 5-B
Prior Art 0il Present Invention
EFA (%) 12.8 2.42 2.5
DHA (%) _ 5.6 1.02 0.9
Diper (%) 0.7 16.9 16.5
Trimer (%) Neg. 11.5 _11.8
Trans
Isomers (%) 3.4 26.4 26.6
Conjugate . .
Dienes (Ech and Trienes
233 nm 7.82 53.67 47.20
269 nn 2.24 40.51 35.10

1 Refined, bleached, and partially winterized.

2 Represents a loss of 81% of the original EPA and 88% of the

original DHA.



PARTI AL ELI M NATI ON OF THE SELECTED COMPONENTS FORVED DURI NG LOW

TEMPERATURE DECDORI ZATI ON TO MENHADEN QO L[ err] -
DECDORI ZED O L THROUGH A SI LI CA GEL COLUWN REPLACEMENTSKFETO
Deodori zed at 100[err]C for 4 hrs:

Passi ng After Passing Item 28 Deodorizati

Silica.Cel Exanpl e =G ' Exanpt e
2-C : Prior Art Q1 Present | nvention
EPA (% . 12. 8 12.5 12.3 "DHA (%

8.6 : 8.3 8.4 Dimer (% 0.7

0.7 <0.1 Trimer (% Neg. neg.

neg. Trans Isomers (% 3.4 TABLE 6C 3.5 3.4

PARTIAL ELIMINATION OF THE SELECTED COMPONENTS FORMED
DURING LOW TEMPERATURE DEODORIZATION TO MENHADEN OILl
BY PASSIiG THE DEODORIZED OIL THROUGH A SILICA GEL COLUMN

Menhaden 0il Deodorized at 100;C for 4 hrs

Before Before Passing After Passing
Item Deodorization Silica Gel Silica Gel
Example 1-C ) Example 2-C
Prior Art 0il Fresent Invention
EFPA (%) i12.:2 12.5 12.3
- DEA (%) - 8.6 8.3 8.4
Dicer (%) 0.7 0.7 <0.1
Tricer (%) Neg. neg. reg.
Trans
Isomers (%) 3.4 3.5 3.4
Conjugated
Dienes (E__) and Trienes
cm
233 nm 7.22 9.03 £.73
269 nm 2.24 3.05 2.68

1  Refined, bleached, and partially winterized.



Conjugated Dienes (E[err]) and Trienes 233 nm
9.03 8.73 269 nm 2. 24
2.68 : 1 Refined, bleached, and part
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TABLE 7
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T T

IMPROVEMENT OF OXIDATIVE AND FLAVOR STABILITIES
BY SILICA GEL TREATMENT OF MENHADEN OIL
DEODORIZED AT 200°C FOR 2 HOURs!

{PRIOR ART OIL, EXAMPLE 4-A)

After Treatment Passing .
The 0il Through a Silica

Before
Treatmant

Oxidative Stability

Feroxide Value (meaq/kg)

Fresh ' 0.76
4 Weeks @ 35°C 43.9

Gun Formation

2 Weeks @ 35°C v
4 Weeks @ 35°'C vvv

Flavor Stability
Fresh

Total Flaver )
Odor . 8.6
Flavor 7.6
Fishy Flavor

Odor
Flavor

4 Weeks @ 35°C

Total Flavor
Odor 4
Flavor 5

Fishy Flavor
Odor
Flavor

Gel Column

Present Invention

Example 5-A

D O
- W

oo
* @
(e o]

W
o N

-
. L]
on

1  Menhaden oil, refined, bleached, and partially winterized.-



TABLE 7 - | MPROVEMENT OF OXI DATI VE AND FLAVOR SILAE

BY SI LI CA GEL TREATMENT OF MENHADEN O L AT
200[err] C FOR 2 HOURS[ err] : (R LE

4- A) AR i P.,SSi ng
The G| Thr OUgh a Silica : a : e —

Gel Col umm ' ' B¥ore Present

| nventi on Tr eat ment _ Exampl e 5-A

Oxi dative Stability

The scope of the invention herein shown and described is to
be considered only as illustrative. It will be apparent to those
skilled in the art that numerous modifications may be made there-
in without departure from the spirit of the invention and the

sccze of the appended claims.



Per oxi de Val ue (neg/kg) Fresh

0. 44 4 weeks @35[err] Cj —

For mat i-on A @]35[ rTH\Q;SH_Y:’.éfF\?\S BEEN REPLACENENTSHE | .

Weeks @35[err]C R:PLACED Dategzaiw sﬁﬁ

Fresh Total Flavor Odor 31 e

9.3 Fl avor 7.6

Fl avor Odor 0.0 9'10 0 F'Shy

Fl avor 0.0 4 \Weeks @?35[err]c
4.2 2

Total FI avor,//—/gf%””j |
| \ﬁi\‘\\u\\m L |

Patent

Claims

1. A process of treating

°H#A which comprises:

an oil containing EPA and

subjecting said oil to vacuum steam distillation

under mild conditions for a time sufficient to reduce

low tecperature boiling and less polar volatile flavor

compounds;

contacting said oil with an adsorbent to reduce

high temperature boiling znd rore polar volatile fla-

vor compounds as well as other undesirable minor con-

stituvents therefrom; and

recovering the purified oil.

2.
DHA which comprises:

subjecting said fish

A process for treating fish oil containing EPA an

oil to vacuum steam distilla

tion at a temperature between 30'Cc and 150°'C for 2-

hours:;

conﬁacting said oil with an adsorbent to reduce

high temperature-boiling

vor compounds,

stituents; and

and more polar volatile fla

as well as other undesirable minor con-

recovering the purified oil.
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3. The process cf Claim 1 or 2, wherein said vacuum steam di-

stillation step precedes said adsorption step.

4. The process of any of C;aims 1l to 3, wherein said steam di-
stillation is czrried out at temperatures between 60°C and

100°C.

5. The process ¢f any of Claims 1 to 4, wherein said vacuum
steam distillaz-cn is carried out at a pressure no greater

than about 12 == of mercury.

6. A process of treating an oil containing EPA and
DHA which comprises: .
sukjecting said oil to deodorization by vacuun
stear cistillation at termperatures in exceés of 150°C
for a time sufficient to reduce volatile flavor com-
pounds

" czntacting said deodorize oil with an adsorbént to
reduce volatile flavor compounds and reduce other unde-

sirable minor constitueﬁts therefrom; and

recovering the purified'oil.

7. The process of any of the preceding Claims, wherein the. said

oil is fish oil.

8. The process of any of the preceding Claims, wherein said ad-

sorbent is silica gel.

9, The purified oil of any of the preceding Claims, optionally
as a blend with a vegetable oil and/or in combination with a

Rosemary extract antioxidant.

is Sheet Has Been Reﬂlaced
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The'scope of the invention herein shomn and des
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10. The purified o0il of Claim 9 blended with a vegetable oil
selected from corn oil and borage oil.

11. Tre purfified o0il of Claims 9 to 10 combined with 0.10 $-b
weight of a Rosemary extract antioxidant.

This Sheet Has Been Replaced
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1. A process of treating an oil containing EPA and
subjecting said oil to vacuum steamdistillation
conditions for a time sufficient to reduce

boiling and | ess polar volatile flavor co

contacting said oil with an adsorbent tgq4reduce il

boiling and nore polar volatile fla- vor conpounds as well as
ot her undesirable m nor con- stituents tHer

rmering s gl lee ot BT
10. The purified oil-of Claim 9 blended with a vegetable oil

selecteé from corn oil and borage oil.

11. Tre purfified oil of Claims 9 to 10 combined with 0.10 %-b

weight of a Rosemary extract antioxidant.



DHA' whi ch conpri ses: ‘subj ecting saff
steamdistilla tion at a tenperature befjW

150[err]C for 2- hour s; @%l D i Ni\S iLd alil
w th an adsorbent to reduce - hi gh tenpergmm‘%fif‘f“;“T, }: ore -
polar volatile fla vor conpddinds, as well “rabl e

m nor con- stituents; and recovering the
purified oil. :

PURIFICATION OF FISH OIL

PURIFICATION OF FISH OIL

Abstract

. Proceés of treating an oil containing EPA and
DHA which comprises:
| subjecting said oil to vacuum steam distillation
under mild conditions for a time sufficient to reduce.
low temperature boiling and less polar volatile flavor
compounds;

. contacting said oil with an adsorbent to reduce
high temperature boiling and more polar volatile fla-
vor compounds as well as other undesiraﬁle minor con-
stituents therefrom; and |

recovering the purified oil; and purified oil obtained

therefrom.

FIGURE 5

T N 4 (VRN SO



3. The process of Claim 1l or 2, wherein said vacuum steam di - stillation

step precedes said adsorption step. -.--.4. The process—et ame—af=CFarmp 1
to 3, wherein said steamdi - stillation fs'carrieg BS
bet ween 60[err] C and 100[ er cesd of Clalns lto
4, wherein said vacuum ste rri -JEagesunie no

\\\\\\

greater t han about 12 nm of Mer CUESPLACED 6
treating an oil containing EPA and==

subj ecting said oil to deodorization by vacuum
FIG.3

FIG. 4
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stégamdistillation at tenperatures in excess of 150[err]C for a
time sufficient to reduce volatile flavor com 4
contacting said deodorize oil with an adsorbent to R 'PLAQEMENE@HEET '

vol atile flavor conmpounds and reduce ot her unde- [ | e m nor
constituents therefrom and 2 _recoveringi H@epg_né-f mﬂ.:@w,_
7. The process of any of t ( . wherei n :
fish oil. 8. The proces efedi ng Q&_W
ad- sorbent is silica gel. ' oi | of jpmMAIPEHERE HALSERN Jg

C ains, optionally ' ' REPLAGED

FIG. 2
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as ablend with a veget abl e oi l and/dr In conbination with a Rosemary

extract anti oxi dant. 33 10._The
purified oil of Caim9 blended with a veget abl e oi || gebiegt:eek:t¥ axeprih oil
and borage oil. 11. The purfified oil of Cains 9ljto 10 io |neibgvy|t1
0.10 % b weight of a Rosemary ext ract ant i oxi dant. Date :....». 9. FED 990
1
FIG. 1

FIG. 2




3¢ " 10. The purified oil of Oaim9 blended withravegetable ol
selected fromcorn oil and borage oil . 11. The purfiffipggh;Q )] —Crars
to 10 conbi ned with 0.10 % b weight of a Rosenmary extriact antlb%"ﬂa%‘:ﬂ

Datel 8 rEB 1997
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CLAIMS

1. A process of treating an edible fish oil"

containing EPA and DHA conSLStlng essentially of

subjecting said oil to vacuum steam distillation under

_ m;ld conditions for a tlme_suff1c1ent to reduce low

temperature boiling and less polar volatile flavor
compounds; contacting said oil with an absorbent selected
from the group consisting of silica gel and silicic acid -
to.reduce high temperature boiling and more polar
volatile flavor compounds and undesirable minor
constituents”selected from the group consisting of
polymers, cﬂolesterol,'pigments, pesticides, PCB’s, heavy
metals and mixtures thereof, and recovering the treated
oil. | |

2. A process as described in claim 1, wherein said
vacuum steam distillation precedes said absofption.

3. A'process as described in claim 1 or 2, wherein

‘said vacuum steam distillation is carried out at

‘temperatures in the range of 60°-;00° C. and at a vacuum
no greater than about 12 mm of'mercury.'

4. A process as described in claim 1 or 2, wherein
the said vacﬁum steam distillation is carried out at
temper;tures in the 60°-100° C. range. o

5. A process for treating fish oil containing EPA
and DHA consisting eésentially of subjecting said_fish
0il to vacuum steam distillation at a temperature betweén
30° C. and 150° C. for 2-5 hours; contacting said oil with
an absorbent selected from the group consisting of silica
gel and silicic acid to reduce high temperature boiling
and more polar volatile flavor compounds and undesirable

minor constituents selected from the group consisting of
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polymers, cholesterol, pigments, pesticides, PCB’s heavy

metals and mixtures thereof; and recovering the treated
oil.

' 6.. A process as described in claim 5, wherein said
vacuum steam distillation precedes said absorption.

7. A process for treating fish oil as described in
claim 5, wherein said steam distillation is_cafried out
at temperatures between 60° C. .and 100° C.

8. A proéess of treating fish o0il as described in
claim 5, wherein'said vacuum steam distillation is
carried out at a pressure no greater than about 12 mm of
mercury. _ '

9. A process ‘for treating f£ish oil as described in
claim 5, wherein said absorbent is silica gel.

10. A process of treating an edible fish oil
containing EPA and DHA consisting essentially of
subjecting said oileo.deodorization by vacuum steam
distillation at temperatures in excess of 150° C. for a
time sufficient to reduce volatile-flavor compounds ;
contacting said deodorize oil with an absorbent selected .
from the group consisting of silica gel and silicic acid
to reduce volatile flavor cémpounds and undesirable minor
constituents selected from the Qroup consisting of
polymers, cholesterol, pigments,-pestlcides, PCB’s, heavy
metals and mixtures thereof; and recovering the treated :
oil.

11. A process as described in claim 10, wherein

said absorbent is silica gel.



