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The preéent invention relates to a process of treating oils
confaiﬁinq Omega-3 fatty acids, such as fish oils like Menhaden
oil, sardine oil, salmon ail and-other’oilé, tc'produce odorless
and'flavbrless oils which gontain only insignificant.amOUnﬁs-of

undesirable minor constituents, such as thermal and oxidative

polymers of “unsaturated glycerides, trans-isomers, positional

isomers, conjugated dienes and trienes, cholestercls, pesticides,
PCBs and heavy retals, and which have reasonably good flavor and

oxidative stabilities. This invention also relates to a composi-

tion of matter, comprising the treated Omega-3 fatty acid con-

‘taining oils in combination with certain antioxidants and/or com-

bfnation with other oils, in order to produce a composition hav-
iﬁg improved stability.' Antioxidants derived_by'the e#traction
of'Roéemary have been fcupd to be particularly effective.
|  BACKGROUND |

Almost 30 years ago, polyﬁnsaturated'fatty acids (PUFAs) of
yegetable origin (Omega-6) were fcund to have a hypochblestero—
leﬁic effect when substituted for saturated fat in the.diet. In
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 dlet of those Eskimos. The diet con-
sisted of meat from Arctlc nammals (seal and whale) as well as
some_flsh. Thls_p:ov1ded them with a diet which 1nc1uded_ap-

proximately 7 grams'of'Omega—s'fatty acids daily{ These findings
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stimulated research into the impact of Omega-3 fatty acids on

health in general., This led to the discovery that the Omega-3

series of fatty acids,'énd particularly eicosapentaensic acid

(hereinafter' called EPA) (20:5 Omega-3) and docoSahexaenoic
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 through 1223, in
pepers 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 -2 'up the fish,'cdoking it for approiimately 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 deedorized 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 1liw rer oil,

which has been used to improve_health for decades, even though

such oils are usually high in'cholesterol, pesticides and heavy
metals. |

The flsh 0115 processed 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-
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unsaturated fatty ac1ds and the deterioration of proteinaceous

_materlals. In order to use the oil for. edlble and certaln other
purposes, i; is necessary that the oil be deodorized.

Conventional deodpfiiatidn pfOCessésl involve the vacﬁum_
steam distillation of the oils at temperatures iﬁ excess of
200°C. .While this process removes voiatile flavor compounds, the
~high temperaturs to which the oils are subjected during tﬁe de-

- odecrization process createS'undesirable side reactions, such as

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

othef positional isomers. Most impértant of all, thé content of
EPA and DHA in the oil is decreased dse to thermal decomposition
as well as due to the fdrmétion of poiymers.' Moreover, the re-
sulting product has poor flévor stability and poor resistance to
qxidation.  Aithough such undesirable side reactions are avoided
if the products are distilled at 1ow. tempefatﬁres,. e.g., 60-
100 C, such low temperature processes do not remove the higher
boiiing volatiles and more bolar flaﬁcr cohpbunds.' Moreover,_the
low temperature vacuum steam dlst111a;10n w111 not renove the un-
desirable minor constituents, such as cholesterols;_pesticides,

etc. .

When Omega;3'fatty acid-containing oils, such as fish oil,
are deodorized according to the prior art at high températures
in excess of 200°C, cérfain chemicai reacﬁions will take place
which would decrease the biological benefits offthé'oils. More--

over, the products of such chemical reactions may have adverse

biological effects.
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--In the prestigious Tufts University Diet and Nutrition Let-

' 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 Centery 10 major

brands of fish oil capsules only contained an average of 38% of

‘the EPA and 85% of the DHA that the companies claim are p*esent.

This 1s probably due to the loss of the blologlcally benef1c1al

'Omega 3 fatty ac1ds Wi th the formation of blologlcally “armful

polymers durlng storage.

Another interesting obser?ation is that during the ceodori-
zation accordlng to grior art processs, at high teﬁperetures,
there is a tendency tc form geometrical or p051t10nal iscrers.

The b1010g1ca1 effects of these isomers to human health has been

questioned in the literature.

The damages of y--cr art deodorlzatlon to fish oil are de-

~scribed quantitatively in deta11 in the Ph.D. dissertaticn sub—

mitted to Rutgers, The State Unlverslty of New Jersey, in Janu-

~ary, 1988, by Timothy J. Pelura. The title df_the thesis ‘is

"The Effect of DeoeorizationzTime and Temperature-dn the Chemi-
cal, Physical and Senscry 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 distillatibn

~ of the 011 with a treatzent of the 011 w1th 5111c1c acid or other

adsorbing compounds. The process of the present 1nventlon produ-

ces oils which are odorless and flavorless, containing insignifi-
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cant amounts of undesirable thermally induced minor constituents

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

isomers. More inmportantly, 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 sumpary, the resulting oils pfoduced by the process'of

the present 1nventlon have the follow1ng advantages:

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

2. no formation of thermal polymers, oxidative poly-

- mers or thermal-oxidative polymers;

3. essentially free from cholesterols (less than 1 mng

per 1 g. of o0il):

4. no significant increase of conjugated diene fatty

esters;

5. no formation of tféns-isbmers_or positional isomers
of fatty esters: | o
6. free from pesticide residues and PCBs;
7. signifioantly'reduoed amount of heavy nmetals; end
_ 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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BRIEF DESCRIPTION OF THE PRESENT INVENTION

T

The present 1nventlon contemplates a 2-step process to pur-
ify oils contalnlng EPA and It f particularly fish oils. One
- step involves vacuum stean alstlllatlon of the oils at low tem-
peratures, for a short period of time. It has been found that
the vacuum steam distillatioh.is adapted to remove the low 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 1nvolves passing the low teﬁ-
'oerature deodori?ed'o‘l through a silica gel colurmn. The silica
gel treatment is aoap*eﬂ to recove the high b0111ng and more pol-
ar volatile flavor cerr o_.ds' rom the 011 wlthout creatlng poly--'
mers or.other undesirable'materlals. In addition, the silica
- gel column also removes other undesirable materials which are
originally present in the -oil, such as-polcmers, cholesterol,
pigments, pesticides, PCEs; and heavy oetals..

| 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 improved 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:oved stability may-be created by
. blendinq the fish oils treated by the'process of.thelpresent in-

.ventlon with selected vecetable olls, partlcularly corn Oll.
In another embodlment, the present invention contemplates

the treatment of fish oils, which have been deodorized according

-
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| to prior art processes at elevated }:emperatUres. It hes been
found .that such prior art oils caﬁ_be significantly improved by
passing them through the silica gel colupn, as-described in the
present invention. The damade done to the fish oil by the prior
‘art high temperature process, can Ee_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 gel celumﬁ can'signifiCantly improve_their ox-
idafive and_flavor stabilities; particularly when a suitable na-
tural antioxidant is added.

Moreover, the silica gel tfeetment will significantly reduce
the amount of the harmful.heaﬁy metals which might be present 'in
fish oils. For example, a refined, bleached asd deodorized (260'
C, 2 hrs.) sardine oil which eentained 14 ppb of iren, and 170

ppb of lead was passed threugh a silica gel column according to

the present invention. The iron content of the purified oil was

reduced to 3 ppb (a reduction of 79%) and the lead content was

reduced to 44 ppb (a reduction of 73%).

- Another exarple is a refined and bleached M nhaden oil (cal-'_

led SPMO as manufactured by Zapata Haynie Ccrporat1on of Reed—
v1l1e,_V1rgln1a), which contalned 11.30 ppm of total PCBJs and
0.54 ppm of total DDT. After the 6ildwas_treated by the preceess
as .described in the present invention; only <0,04 ppm of. to-tal
PCB s and less than <O0. 01 ppm of total DDT were left in the 011

Therefore, the p0551b1e tox1c1ty of these 0115 were remarkably

reduced by the present 1nvent10n.
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DESCRIPTION OF THE DRAWINGS

o
.
S

The advantages and details of the présent inﬁéntion will be?.
come apparent from the follcwing-déscriptién when téken in con-
junction with the accompanyihg drawings, in whiéh:

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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‘use temperatures in the 60-100°C range. The amdunt'of time re-

quired will be dependent somewhat on the temperature range cho-

sen, and the cesign ofethe'apparatus used, but it is generally

preferred to carry out this deodorization process for from about

2 to about 5 hcurs, and preferably_abodt 2 hours.

The oil zay ke vacuum steam distilled in an apparatus as

plaeed-in Flask 5. Excess water 1s placed in Rese*vcﬁ. 2,_which
is heated by radiant Feat Lamp 1, to facilitate steanm cereratlon.
Safety Flask :.;s 1nstallec between Flask 2 and Flask S. Flask S
ie heated by e.temperature-cbntroiled, two-piece heat;rg mantle
(not shown in FIGURE g). 'Cold-finger traps 10 are cocled by -dry

ice, while Cc.dé-coil traps 11 and 12 are cooled by dry ice—aée-

tone slurries. These traps are used to condense the stripping

steam and the distillate. Wechanlcal Pump 14 is used to eate 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 silica gel purification process'is desigped to remove
high boiling and more polar flavor compounds, as Qeil as other

undesirable =ninor constituents. This purification process is

' carried out by passing the deodorized oils from Step 1 through a

celumn pecked with active sorbents;'such as silica gel, silicic
acid, activated alumiha, 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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tions. The sorbents are preactivated before use; Preferably, a
column is packed witﬁ.sorbents which are thereaftér flushed with
an'inerﬁ 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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Variafions of Process
The order of the vacuum steanm distillaﬁion and the purifica-
tion can be reversed. It is préferred, howevér-, to -deodcrize
first and then pass the deodorizéd oil'through the silicic acid
column. This will remo?e_any trace amounts of impurities formed
by oxidation durihg the vaquum_sfeah distillation,step;
| ‘Enhanced Oxidative and Flavor Stabilities
Thé oils of the present inVentioh have imprévéd stabiiitiés_
over prior'art oils. Mdreover, they may achieve enhanded stzbil-
ities Ly éombining':he oils with: |
1. selected'antiOXidants:
2. one cr more 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 ts the
process described in U.S. Patent No. 3,950,266, manufactnrea by
~ Kalsec, Incorporated of Kalaﬁazbo, Michigan;__ | |
The quantity cf ahtioxidant used may vary over wide 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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product. However, for fish oil in soft gelatin capsules;'only'

0.03% of Herbalox "o" is sufficient to provide 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 oil of the present
invention may be stabilized by blending the fish oil with certain
anmounts of Vvegetable oils. in particu;ar, it ras 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.

\
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Low Temperature Vacuum Steam Distillation
Present Invention-- Step 1

Any apparatus or'plant machinery which is suiteble for vac-
uum steam distillation of oil, commonly known as deodoriiation,'
- can be used. FIGURE 5 -1lustrates apparatus used 1n the labora-
tory for this purpose.

The raw matefial was a -specialiy proces-sed Menhaden o0il,
supplied under the tradename of SPMO, by Zapata Haynie Cerpore-
tion. This Menhaden cil has been refined and bleached, but not
deodorized, although t e 0il 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 steam. The cold-finger traps_lo were
cooled by dry ice, and coldeceil traps 11 and 12 were cooled by el
dry ice-acetone siurry in_order to'tondense 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 mercury. Steam was bubbled_
through the oii at a raze of 45 to 48 grams per hour; The degree
of vacuum and the amount of steam may be varied, depending upon
the design and construct;on of the apparatus,'particularly for
" machinery in the-manufaCtu:jng'plant. | -

The oil_wes vacuun steam distilled et a predetermined tem-
perature fer a predeterminedplength of time. pAfter the process
was completed, the oil was cooled down to room temperature as

rapidly as possible and the vacuum was released to nitrogen. The
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product of Examﬁle 1 is referrea ereinafter as "Low Tempera-
ture Deodor1zed Oils". |

Three separate batches of the low temperature vacuum steam
dlstlllath, each with 2,300 g. of the specially processed Men-
haden oil, wefe carrieq'0uf according to the following tempera-

. tures and times.

Exacple 1 --aA, - 60°C for 2 hours

Exaxzple 1 - B, ' 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, Ihc.,'Cherry Hili, New Jersey, which
. had been activated at 200°C for 24-36'houfs), were packed into a
etaihlesststeel column (2 in. x 38 in. I.D. Q_Iength, custonm-
- made). .Nitroge: gas (3-5 psi) Qas used to flush through the col-
umn for 30 minuzes. The deodorized oil of Examples 1-A, 1-B and
1-C were each delivefed by a-positive-displacement pump-(Milroyalh
D4-1-117SM, Miltcn Roy Company, St; Fetersburg, Florida), into a
.separate eolﬁnn, with a floQ rate of 36~38 grams of oil per min-
ute. The eluate from eaeh of the three columns was collected
separately in a vessel covered Vifh nitrogen gae.' The process
was continuedjuhtil 2,426 Qrams of the eluate were collected as
2-A, 2-B and'z-C,'respectiver. The eluate of Example 2.is re-
ferfed to hereinafter es "Adsorbent Treated Oils“.. -

- 14 -
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. Reverse the Order of Step 1 and Step 2

2£§§§Es_lﬂ!§nzlgﬂ

4,800 g. of the (SPMO) spec1ally processed Menhaden oil was.
treated with a column of silica gel in the manner described 1nl
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'deséribed 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 producé'a'high tempefature vacgﬁm dis-
tilled-oil;-as Example 4-B. The products aré hereinafter re-

ferred to as ﬁPrior Art Oil".

Adsorbent Treatment of "Prior Art 0il"
Preaanﬁ 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_s-A and 5-B. The_oils'thus'obtainei
ara hereinafter referred to as "Adsorbent Treated Prior Art

- 15 _- o ___,_.f——————”“—"—;
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The remarkable and sometlmes unexpected improverments of the
"Adsorbent Treated Prior Art Oils" are shown in Takles 5, 6 and
). | |

EVALUATION OF PRODUCTS OF EXAMPLES

The products of the ébove examples were evaluated fer vari--
'qus parameters'to detefmine the effect of the prc;eeses of the
present inventioﬁ cn the'oil produced thereby. The results of
the es}aluation els:-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 keepingelso
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 the" loceened a
half-turn to ailew scne air citCuletion.' The bottles were placed
in an oven maintairned at 35 + 0.2°C for foﬁr weest Tﬁe follow-
ing analyses were ccne periodically. |

A. Gum Formation

As a consequence of oxidative polymerization,'the

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

The foilowing symkols were used to describe the amount of gum

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

-_—
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) \'a% - a Moderate amount;
wv -- - .Large amount.

B. Peroxide Value
:Peroxide values of the samples were measured on
the 0, 14th'and'28th day of their storage at BS‘C, according to-
the American O0il Chemists' SocietY'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 reaoﬁted in this pat t,'however, the screw cap was turned
'back oneiggrn to allow leakage of air 1rto the bottle, in'order
to.si*ulate crdinary household use. This will glve a higher per-
oxide value after storage when the bottle was tightly clcsed un-
~der nitrogen. | |
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 aeked
to rank the test samples in terms of overall imbfession eno per-
ception of fishy odor_and flavor. A Hedonic scale of 1-10 was
used for the overall odor and flavor in whioh 10 was assigned to
"complete blandnees" and llto ﬁstrong‘obnoxiousness". The high-
er score indicates better 011 in terms of flavor.
Another Hedonic scale was used to 1nd1cate the ex-
tent of fiehy odor_and'flavor('in whioh.o representsfno fishy
odor o: fla&dr,lwhile 6 stande'fo; the most strong fishy flavor

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

- 17 -
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The oils were submitted to the panel at 35°C. The
oil was maintaieed at this tempefature by putting the o0il in a
small beaker which was set'into a hole drilled inﬁd a'large alun-
inum block.- The alunl"um block was preheated to 35°C. |
2. - Cholesterol |
The cholesterol was determined by HPLC using an analy-
tical silica column (25,em. P:}tisil S'Silicé, by Whatzan, Ine.,
Clifton,fNew'Jersey); |
3. Intermolecular Polymers -
Interzolecular polymers of'triglyCerides were anelyzed
by gel_perneation.chromatography, using an Ultrastwrazzel 500 A
Gel Permeation Column, 7.8 mm I.D. x 30 cm - (Waters Ch:omatoge
raphy Division, Millipore Corporation, Milford, MA). |
The peaks were detected by a Mass Detector {Mcdel 750/~
1§L Applled Chromatography Syatems, Peris indus;riee, State Colf
lege; Pennsylvaﬁza). - | |
In the_Tables which follow, the Menhaden oil (SEM2) was re?
fined, bleached and partlally winterized, but not decdsrized and
was the same Menhaden oil used as the starting raw -aterial for

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



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

Present
Invention 0il
_ (Deodorized
, Prior at 80°cC,
- Menhaden 0il Art 0il followed by
. (before (deodorized . silica gel
Arialysis ~deodorization) " at 200°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 "Calcula.ted according to the peak area corresponding to
- free cholesterol by HPLC analysis.
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Menhaden 0il

(before
deodorization)

Analysis

As described in _ —_—

THIS SHEET HAS BEEN

fsPLAGED
Present
Invention 0il
. (Deodorized
Prior ~at 80°cC,
Art o0il followed by
(deodorized silica gel
at 200°C) treatment)

"Example 4-A

Conjugated Dienes and Trienes

S

233 nn 7.82.
269 nn 2.24

Feroxide Value
(neq./kg)

After 4 weeks 35°C

Gum Formation
(35%)

After 2 weeks

After 4 weeks

III. Improvement of Oxidativé Stability4,5

15.23

14.82

43.9

<$

‘Exarple 2-B

S om
¢)
in

[\
tn
4

39.8.

v

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

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

- 20 -
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HEPLACED
Present
- Invention 0il
(Deodorized -
Prior at 8o°c,
Menhaden 0il Art 0il 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 Stébility4,5 |
Flavor Score®
Fresh
Total odor strong® 8.6 9.2
taste ditto - 7.6 8.0
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 1.0

* Too strong to be evaluated

6 Totai fiavof uses'a'score'scale 6f 1-10, the higher the
score the better the oil. ' I -

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

- 21 -
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"TABLE 2

EFFECT OF DiFFERENT ANTIOXIDANTS ON
POLYMER FORMATION IN MENHADEN OIL

Antioxidant = ~ Polymer $
Added - _ 0 Weeks - 4 Weeks
Present Invention 0ill - . <0.1 - 0.37

(Exarmple 2-C)

0.10% Herbalox "O" | o <0.1 - 0.19
0.15%. Herbaldx non B . _ <0.1 .0.18
0.20% Herbalox "O" <0.1 " o.15
0.025% p.C.2 | . <0.1 0.24
0.50% P.cC. S <0.1 0.19
0.04% dl-alpha-Toc.3 | <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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"TABLE 3

FURTHER IMPROVEMENT OF THE PRESENT INVENTION
OIL BY BLENDING WITH DIFFERENT
VEGETABLE OILS AS EXPRESSED BY
PEROXIDE VALUE INCREASE DURING

STORAGE AT 35°C

POV (mEq/Kg)

_ _ o 4 Weeks
Sample _ ' - Fresh (3S'C)
Present Invention 0il o ©1.02 390
(Example 2-C) : ' :
Blending with Corn 0il
Exanple 2-C + -20% Corn Qil 1.29 - 13.¢
. Example 2-C + 50% Corn 0il ) - l.69 4.9
Example 2-C + 75% Corn Oil 2.03 4.8
Blending Qith Other 0Oils
:Example 2-C + 20% Sunfldwer.oil '1.28  29.9
Example 2-C - 20% Canéla”qil 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% HerbaloxTM won antioxidant.

; és_- B . |“‘;‘---;‘_“\\;'
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TABLE 4

FURTHER IMPROVEHENT.OF:THE PRESENT INVENTION OIL
BY BLENDING WITH VEGETABLF OILS AS EXFRESSED BY
GUM FORMATION DURING STORAGE AT 35°C

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% HerbtalcxTM "O" anticxidant.

- 24 -
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TABLE L

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 . Geometrical or . ' Geometrical or
Conditions EPA(%) Positional Isomers DHA(%) Positional Isomers
_ EPA(S) of DHA (%)

. Menhaden o0il  112.82 - | . heg. 858 '.neg.
1So-¢,:s hrs  12.18 'neg;' | 8.27  negq.
175°C, 3 hrs 12.38 neg. 8.11 " neg.
175°C, 4 hrs  11.78 - oas 7.95  neg.
175°C, 5 hrs 11.86 | o.so_' : - 7.87 - 0.19
200°C, 1 hr. 11.45 _0}37 ' 7.e6  0.16
200°C, 2 hrs-III11.19 0.1 7.37  o0.22
200'6, 4 hrs  10.51 1.12 6.71 . 0.71
250°C, 2 hrs 2.36 2.36" N 1.01 3.28

Present Invention 0il

Deodorized

at 80°C for _ : |

2 hrs - I 12,7 neg. 8.4 o neq.

Deodorized

at 100°C for ' , :

4 hrs - II 12.5 neg. ' 8.3 : neg.

I after

silica gel .

purification 12.8 neg. 8.4 . heq.

IT after

silica gel x _ o _ , .

purification 12.3 . neg. 8.4 neg

III after

silica gel ' _

purification 11.7 _ neg. 7.4 . ~ heg.
- — _ o
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 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 . Silica Gel
Example 4-A Exampie 5-A
Prior Art 0il Present Invention
EFA (%) - 12.8 11.72 - 11.7
DHA (%) 3 8.6 7.42 7.4
Dimer (%) | 0.7 B ~1.03 . 0.2
Trimer (%) . Neg. ' Neg. ~ Neg.
Trans 1 o _ | :
Isomers (%) 3.4 o 5.0 o . 4.9
Cdnjugate
Dienes (E:e }.and Trienes
m _
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.

- 26 -
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TABLE 6B

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. 1.5 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. ,

- 27 =
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TABLE 6C

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

Menhaden 0il 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 resent 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 _ . _ _
Isomers (%) _ 3.4 - - 3.5 . 3.4
'Cbnjugated
Dienes (E_ ) and Trienes-
~cm S
233 nm 7.82 9.03 £.73
2.24% 3.05 2.68

269 nm -

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

- 28 - —
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TABLE 7

IMPROVEMENT OF OXIDATIVE AND FLAVOR STABILITIES
' BY SILICA GEL TREATMENT OF MENHADEN OIL '
DEODORIZED AT 200°C FOR 2 HOURs1 :
(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 .  0.44
4 Weeks @ 35°C . 43.9 L : 33.7
Gum Formation
2 Weeks @ 35°C _ v o
4 Weeks €@ 35°C VWV : 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 :
- Qdor ' 4.2 5.2
Flavor 5.2 5.8
Fishy Flavor :
Oodor 2.2 1.2
Flavor 1.6 1.0

1 Menhaden oil, refined, bleached, and paftially winterized.

- 29 -



The scope of the invention_herein_shown and described is to
be considered only as illustrative. It will be épparent to tho
skll;ed in tpe art that numerous modifications may.be made the*:e'
in without departure from the spirit of the inveﬁﬁion aha the

_sccpe of the appended claims.
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Patent Claim

1. A process of treating an.oil containing EPA and
:ﬁA which conprises: | |
| subjecting:said oil to.vacuum'Steam distillation
under mild conditions for a time sufficieht to reduce
_low temperature_boiling and lessipblar 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 ﬁndesirable minor ébn?
stituents thereffom;'and' | |
recovering the purifiéd oil.
3. A process for treating fish oil containing EPA and
DHA. which comprises: | | |
subjécfing said fish oil to vacuum steaﬁ distilla-
‘tion at a temperature betwéeq 3§'C and 150'6 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-

st1tuents and

T
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3. The process cf Claim 1 or 2, wherein said vacuum steam di-
stillation step precedes said adsorptlon 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 oil containing EPA and

DHA which comprises:

subjecting said .Qil 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 precedlng Claims, wherein the said

011 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
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10. The purlfled 0il of Claim 9 blended w1th a vegetable oil
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.
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