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PURIFICATION OF FISH OIL 

The present invention relates to a process of treating oils 

containing bmega~J fatty acids, such as fish oils like Menhaden 

oil, sardine oil, salmon oil and other oils, to· produce odorless 

and ilavorless oils which contain only insignificant amounts of 

undesirable minor constituents, such as thernal and oxidative 

polymers of unsaturated glycerides, trans-isomers, positional 

isomers, conjugated dienes and trienes, cholesterols, pesticides, 

PCBs and heavy ~etals, and ~hich r.ave reasonably good flavor and 

o~idative stabilities. This invention al~o r~lates to a composi­

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

'taining oils in cor.tbination with certain antioxidants and/or com-

bfnation with other oils, in order to produce a composition hav-

ing improved stability. Antioxidants deriv~d by the extraction 

of Rosemary have been found to be particularly effective. 

BACKGROUND 

Almost 30 years ago, polyunsa~urated fatty acids (PUFAs) of 

vegetable origin (Ohlega-6) ~ere fcund to have a hypocholestero­

lemic effect when substituted for saturated fat in the a·iet. In 

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 tho~e Eski~os. The diet con-

sisted of meat from Arctic r.iammals · (seal and whale} as well as 

some fish. This provided them with a diet which included ap-

proximately 7 grams of Omega-3 fatty acids daily. These findings 
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stimulated research into the impact of Omega-3 fatty acids on 

heal th in genera 1. This led to the discovery that the o~ega-3 

series of fatty acids, and. particularly eicosapentaenoic acid. 

(hereinafter· called EPA) (20: 5 Omega-3) and docosahe:xaenoic 

acid (hereinafter cal led DHA) (22:6 Omega-3), have hig~ phar--

macological and dietarypotential. 
...1 

Recently, t~e pot~ntial advantages of the Omega fatty acids 

derived from fist s:::.irces were· reported in the .New England Jour-

nal of Medicine, Volume 310, No. 19, pages 1205 through 1223, in 

papers by Kror.no~~ e~ al., Phillipson et al. and Lee e~ al., May 

9, 1985. 

Fish oils cc~~aining EPA and DHA are manufactured l:y f iist 

mincing or cutti~; up the fish, cooking it for approxi~ately 15 

minutes at 90 • c, a:&d then separating the· crude oil,. which can 

then be alkaline rsf ined and bleached. The oil so prcdu=ed may 

be winteri~ed or tydrogenated depending upon its final use. 

Finally, the oil =ay be de6dori%ed by vacuum steam distillation 

at high temperatures, usually above 2oo·c. 

Fish oils nay te recovered from fish organs as well as 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 ar~ usually high in cholesterol, pesticides and heavy 

metals. 

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-
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unsaturated fatty acids and e erioration of proteinaceous 

materials. In order td use the oil for edible and certain other 

purposes, it is necessary that the oil be deodorized. 

Conventional ~eodorization processes involve the vacuum 

stearii. distillation of 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-

odorization process creates undesirable side reactions, such as 

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

other positional isomers. Most i~portant of all, the content of 

EPA and DHA in the oil is decreased cue to thermal decomposition 

as ~ell as due to the formation of polyiners. Moreover, the re­

sulting product has poor flavor stability and poor resistance to 

oxidation. Although such undesirable side reactions are avoided 

if ~he products are distilled at low temperatures,_ e.g., 60-

100 • C, S'UCh low temperature processes do not remove the higher 

boiling volatiles and more polar flavcr compounds. Moreover, the 

lo~ temperature vacuum steam distillation will ~ot remove 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 temperatures 

in excess of 2oo·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 

biological effects. 
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·In the prestigious Tuf.ts University Diet and Nutrition Let­

ter (Vol. 5, NO. 11, J'anuary1988) it was reported that in analy-

sis led by Dr~ Ernest J. Schaeferi MD, Chief ~f the Lipid Metab­

olism Laboratory at the New England Medical Center, 10 major 

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

the EPA and 85\ of. the DHA that the companies claim are p:::-esent. 

This is probably due to the 16ss of the biologically beneficial 

Omega-3 fatty acids i..·i th the formation of biologically harr.:ful 

polymers during storage. 

Another interes~:~9 observation is that during the ceodori-

zation according t.o prior art processs, at high _ te~peratures, 

there is a tendency to form geometrical or positional isc:::ers. 

The biological effects of these isomers to human health has been 

questioned in the literature. 

The damages of prior art deodorization to fish oil are de~ 

scribed quantitatively in detail. in the Ph.D. dissertatic:1 sub-

mitted to Rutgers, The State University of Ne~ Jersey, i~ Janu~ 

ary, 1988, by Ti:nothy J. Pelura. The title of the thesis ·is 

"The Effect of Deodor: zation Time and Temperature on 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 ste.am distillation 

of the oil with a treat~ent of the oil with silicic acid or other 

adsorbing compounds. The process of the present invention 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 importantly, the process of the present invention 

also removes such undesirable components which are originally 

present in the oil and are known to be h~rinful to health such as· 

cholesterol, pesticides, PCB~s and heavy metals, including lead. 

In addition the oils so produced have improved flavor and 6~ida­

tive stabilities, particularly with the addition of s~itable na-

turai antic~idants. 

In surr~ary, the resulting oils produced by the process of 

the present invention have the following advantages: 

1. no significant decrease in the content of EPA ·or 

DHA from the original oil; 

2. no formation of thermal polymers, oxidative poly-

me1·s or thermal-oxidative polymers; 

3. essentially free from cholesterols (less than 1 mg 

per 1 g. of oil): 

4. r.o significant increase of conjugated diene fatty 

esters; 

5. no formation of trans-isomers or positional isomers 

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 corn-

pared to fish oils which are normally deodorized at high tempera-

. . . 
tures of 200 c or higher. 

- 5 -
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BRIEF DESCRIPI'ION OF THE PRESENT INVENTION 

The present inventio~ contemplates a 2-step process to pur­

ify oils containing EPA and CHA, particularly fish oils. one 

step involves vacuum stea~ dis~illation of the oils at low tern-

peratures, for a short period of time. It has been found that -

the vacuum steam distillation is adapted to remove the low boil-

ing and less polar vol~tile flavor compounds from the 6il without 

creating polymers and ot~er undesirable materials. 

The other step of t!"-..e precess involves passing the low tern-

perature deodorized oil ~~rough a silica gel colucn. The silica 

gel treatment is adapted ~o re=ove the high boiling and ~ore pol­

ar ~olatile flavor co:pc~nds !rom the oil without creating poly-

mers or other undesirable :c.aterials. In addition, the silica 

gel column also removes other undesirable materials which are 

originally present in t~e 011·, such as polymers, cholesterol, 

piqnients, pesticides, PCEs, and he~vy metals. 

Further it has been found that the oils produced by the pro-

cess of the present inve~tion have improved oxidative and flavor 

stabilities. Such stabilities can be further improved if antiox-

idants, particularly ant!oxidants derived from Rosemary, are add-

. ed thereto. Still further, it has been found that oil composi-

tions havinq increased and i=proved stability may be created by 

blendinq .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 oi.ls, ~·hich have been deodorized according 
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to prior art processes at· ·elevated temperatures. It has been 
I 

found .that such prior art oils can be significantly improved by 

passing them through the siiica 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 th.at passing the p:::ior art fish oils 

through the silica gel column can significantly i~prove their ox-

idative and flavor stabilities, particularly · . .-hen a suitable na-

tural antioxidant is added. 

Moreover, the silica gei treatment will s:gnificantly reduce 

the amount of the harmful.heavy metals which ;:-:ight be present "in 

fish oils. For example, a refined, bleached ar:d deodorized (20-0° 

c, 2 hrs.) sardine oil which contained 14 ppb of iron, and 170 

ppb of lead was passed through a silica gel cqlumn according to 

the present invention. The iron content of t!:e purified oil v.-as 

reduced to 3 ppb (a reduction of 79%) and the lead content v.-as 

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

Another exa~ple is a refined and bleached Kenhaden oil (cal-

led SPMO as manufactured by Zapata Haynie Ccrporation of Reed­

vil.le, Virginia), which contained 11. 30 pprn of total PCB~s and 

0.54 ppm of total DOT. After the oil was treated by the processs 

as describ~d in the present invention, only < 0~04 ppm of total 

PCB sand less than <0.01 ppm of.total DDT were left in the oil. 

Therefore, the possible toxicity of these oils were remarkably 

reduced by the present invention. 
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DESCRIPTION OF THE DRAWINGS 

The advantages and details of the present invention will be-

come apparent from the follc•ing 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 

Menhade·n oil, which is not deodorized: 

FIGURE 2 is a gas chromatogram of volatile flavor com­

pounds isolated from the oil of FIGURE 1 after being passed 

through a silica gel column; 

FIGURE 3 is a ga• chro~atogram of volatile flavor co~-

pounds isolated from the oil cf FIGURE l after being vacuum steam 

distilled at 100 c for 4 hours~ 

FIGURE 4 is a gas ~hrornatogram of volatile flavor corn~ 

·pounds isolated from the oil cf FIGURE 1 after being vacuum steam 

distilled at ioo"c for 4 hours and then being passed through a 

silica gel column; and 

FIGURE 5 is a diagra~ of an apparatus set up and used 

in the laboratory for the vac~:.l.!il steam distillation. 

DETAILED 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 be carried out under mild condition$ in order to 

avoid the formation of undesired components. · Al though tempera­

tures in the range of J0-1so·c may be.used, it is preferable to 

- 8 -
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use temperatures in the 60-1oo·c range. The amount of time re­

quired will be dependent somewhat on the temperature range cho-

sen, and the design of the apparatus used, b~t it is generally 

preferred to carry out this deodorization process for from about 

2 to about 5 hcurs, and preferably about 2 hours. 

The oil i:ay be vacuum steam distilled in an apparatus as 

.shown in FIGURE 5. In order to use this apparatus, the oil is . 

placed . in fl.as:i( 5. Excess water is placed in Reservoir 2, which 

is heated by radiant Heat Lamp 1, to facilitate steam generation. 

Safety Flask J !s installed between Flask 2 and Flask 5; Flasks 

is heated by a te~perature controlled, two-piece hea~!~g mantle 

(not shown in ::G~RE 5). Co,ld-finger traps 10 ·are cooled by ·dry 

ice, while cc:d-coil traps 11 and 12 are cooled by dry ice~ace-

tone slµrries. These traps are used to condense the stripping 

steam and the distillate. Mechanical Pump 14 is used to create a 

vacuum which could range from about 0.02 to 0.05 tu:i of t:ercury in 

the laboratory, but cay be different in the plant. 

Silica Gel Treatment - Step 2 

The sil i=a gel purification process is designed to remove 

high boiling and :wore polar flavor compounds, as ~·ell 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-

- 9 - . 
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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 oxygen en-

trapped in the column prior to running the oil through the sor­

bents. 

The silica gel purification process ~ay be conducted at room 

temperature, although higher_ and lc~er tecperatures may be used. 

Preferably the oil is protected by an atr:-;osphere of inert gas, 

such as nitrogen, before, during ar.d after the passage of the oil 

~hrcugh the colu~n to prevent oxida~ion. Flow rates ranging frorn 

1 to 3 milliliters per minute per square centi~eter are pr.eferred 

when the particle size of the silica gel is 70 to 230 ~esh ASTM. 

Greater or lesser flow rates may be ~stablished, 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 colu=n of silica gel or other sor-

bents is most effective, a batch process can also be used. The 

vacuum steam distilled oil may be r:ixed •;.;i th 1% to 20%·, and pref-

erably 10% to 20%, by weight of ac~ivated carbon, stirred vigor-

ously for one hour and then f:i,.l te:::-ed to obtain a purified oil. 

Silicic acid, silica gel or other adsorbents can be used to re-

place the activated carbon. 

The superior quality of the fish oil deodorized and purified 

by t!le present invention is summarized and shown in Table 1. 

- 10 -
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Variations of Process 

The order of the vacuum steam distillation and the purif ica-

tion can be reversed. It is preferred, however, to deodcrize 

first and then pass the deodorized oil through the sllicic acid 

column. This will remove any trace amounts of impurities formed· 

by oxidation during the vacuum steam distillation.step. 

Enhanced oxidative and Flavor Stabilities 

The oils of t!":.e present inven·tion have improved stabi l: ties 

over prior art oils. Moreover, they may achieve enhanced stabil-

ities cy combining ~~e oils with: 

1. selected antioxidants; 

2. one c~ more selected vegetable oils; and 

3. a co~.bination of selected antioxidants and selected 

vegetable oils. 

As is shown i.n Table 2, a variety of antioxidants t.ay be 

used to enhance the stability of the oil produced by the pr~cess 

of the present invention. Of th~·antioxidants tested, Hertalox™ 

11 0 11 showed particu:arly effective results. Herbalox is a:; ex-

tract of Rose~ary ~ith antioxidant activity made according t: the 

process described in U.S. P~tent No. 3,950,266, ~anufactured by 

Kalsec, Incorporated of Kalamazoo) Michigan. 

The quantity of antioxidant used may vary over wide ra~ges, 

dependinq upon the . type of antioxidant ~sed and the conditions 

under which the fish oil is to be stored. For example, for a 

fish oil stored · in a loosely capped bottle, O .10% by weight of 

Herbalox 11 0 11 is an optimum amount to prevent-deterioration cf the 

- 11 -
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product. However, for fish oil in soft gelatin capsules, only 

o. 03% of Herbalox 11 0 11 is sufficient to provide a stabilized 

product. 

Different antioxidants have dif fererit effectiveness towarJ 

peroxide formation, gum formation and fishy odor redevelopment. -

It has been found that about 0.1% by weight of Herbalox 11 0 11 gen­

erally provides acceptable properties. 

It has also been discovered that the f is~ oil of the pre~ent 

invention may be stabilized by blending the fish oil ~ith certain 

a~ounts of ~egetable oils. Irt particular, it tas tieh found that 

blending the fish oil with as little as 10% ty ~eight of a vege­

table oil and preferably 20% by weight of the vegetable oil, pro-

duces a composition of enhanced stability, as is shown in Tables 

3, and 4. This stability may be enhanced fur~her through the use 

of antioxidants. Although borage oil, sunflc~er oil, canola oil 

and soybean oil have been used, the corn oil has been found to be 

particularly effective. 

EXAMPLES 

The follo~ing Examples will serve to illustrate the process 

of the present invention and the ir.proved oils fonr.ed thereby, 

but it is understood that these Examples are set forth merely for 

illustrative purposes and that many other variations on the pro-

cess may be used. 

- 12 - . 
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Low Temperature Vacuum Steam Distillation 

Present Invention ·- Step 1 

Any apparatus or plant machinery which is suit.able 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 r.;aterial · .. :as a ·specially processed ~enhaden oil, 

supplied under the t:r. ddename of SPMO, by Zapata Haynie Corpora-

ti on. This Menhaden c'i has been !efined and bleached, but not 

deodorized, although the oil has been partly winterized. 2,300 

grams of SPMO v;as placed in Flask 5 of the apparatus s·howri in 

FIGURE 5. Water was placed .in Reservoir 2, which was heated by 

Heat Lamp 1, to genera't.e steam. 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 o. 02 to c. 05 mm of mercury. Steam ·~·:as bubbled 

through the oil at a ra~e 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 oil was vacuum steam di.stilled at a predetermined tem­

perature for a predetermined. length of time. After the process 

was completed, the oil was cooled down to room_ temperature as 

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

- 13 -



product of Example l is referred ereinafter as "Low Tempera-

ture Deodorized Oils". 

Three separate batches of the low temperature vacuum steam .. 
distillat~~each with 2, 300 g. of the specially processed Men-

haden oil, were carrie~ out according ·to the following tempera~ 

tures and times. 

Example 1 -·A, 6o•c for 2 hours 

Exar::p~e 1 - B, 
.. 

80 c for 2 hours 

Exa::-.p::.e 1 - c, iOO"C for 4 hours 

~xample 2 

Treatment with Adsorbents 

Present In~ention - Step 2 

1,520 gra:s of silica gel (70-230 mesh ASTM, EM Science, a 

Division of EM Industries, Inc., Cherry Hill, New Jersey, which 

had been activa:ed at 200°c for 24-36 hours), ~ere packed into a 

stainless steel column (2 in. x 38 in. I.D. x length, custorn­

made). Nitrcge~ gas (3-5 psi) was used to flush through the col­

w:in for 30 rnin~~es. The deodorized oil of Exarr.ples 1-A, 1-B and 

1-C were each delivered by a positive-displacement pump (Milroyal 

D4-l-117SM, Miltc~ Roy Company, St. Petersburg, Florida), into a 

separate colucn, with a flow rate of 36-38 grams 6f oil per min-

ute. The eluate from each of the three columns was collected 

separately in a vessel covered with nitrogen gas. The process 

was continued ·cntil 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". 

- 14 
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Example .> 

Reverse the Order of Step 1 and Step 2 

Present Invention 

4,800 g. of the (SPMO) specially pr~cessed Menhaden oil was 

t:-eated with a column of silica gel in the manner described in 

Example 2, and 2,400 g. were collected. The "Adsorbent Treated 

Oil" thus obtained ~as then vacuum steam distilled at 6o·c for 2 

h=~rs in the ~anner as described in Example 1. 

Example 4 

High Temperature Vacuum Steam Distillation 

Prior Art Oil 

2,JOO g. of the specially processed Menhaden oil was vacu~= 

s:eam distilled in the same manner as described in Exa~ple 1, at 

2oo·c for 2 hours, as Example 4-A~ Another batch was carried out 

a~ 2so·c for 2 hours to produce a high tecperature vacuum dis-

tilled oil, as Example 4-B. The products are hereinafter re-

!erred to as "Prior Art Oil" . 

. ·Example 5 

Adsorbent Treatment of nprior Art Oil" 

Present Invention 

The "Prior Art Oiis 11 obtained from Examples .<.-A and .<.-B \..·ere 

each pumped through a se~arate new silica gel column in the sa=.e 

.:anner as described in Example 2, to obtain 2,420 g. of eluate, 

respectively, as Examples 5-A and 5-B. The oils thus obtaine~ 

are hereinafter referred to as "Adsorbent Treated Prior Art 

Oils". 

- 15. -
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The remarkable and sometimes unexpected improve~ents of the 

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

7. 

EVALUATION OF PRODUCTS OF EXAMPLES 

The products of the above examples were evaluatad for vari--

ous parameters to determine the effect· of the prc::esses of the 

present invention C:i the oil produced thereby. The results of 

the evaluation als=. demonstrate the benefits in l:.i.clogical ef-

fects and stabilities of the oil produced by the present inven-

tion. The follo~i~; analytical procedures were use~: 

1. Stability Of the Oil 

Stability cf the products were evaluated ty keeping·1so 

gral:\s of the frest:y r.:ade oil in a narrow-rnouthe:i amber glass 

bottle. 

cm2/ml. 

The surface-to-volume. ratio in the begin:.ing was o .1.6 

The sere;..· cap was closed tightly and t:-.e::-1 loosened a 

half-turn to allow so~e air circulation. The bottles were placed 

in an oven caintai~e:d at 35 + o.2·c for four weeks. The follow-

ing analyses \."ere C.::r:e periodically. 

A. Gum Formation 

As a consequence of oxidative polyr..erization, the 

oil may form a layer of gummy material on the wall cf the bottle. 

The following symbols were used to describe the ar::ount of gum 

formed: 

0 

v-
v 

- 16 -
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B. Peroxide Value 
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Moderate amount; 

Large amount. 

Peroxide values of the sar..ples were measured on 

the O, 14th and. 28th day of their storage at 35"C,. according to· 

the Alllerican Oil Chemists' Society's Official Process cd 8-53. 

In this analysis, the bo~tle of the oil was usually flushed with 

nitrogen and then closed tightly with a screw cap. In all the 

data reported in this patent, however, the screw cap was turned 
na!.f · 

back one ~arn to allow leakage of air into the bottle, in order 

to sit.:ulate ordinary household use. This "'ill give a higher per­

oxide value after storage when the bottle was tightly closed un-

der nitrogen. 

c. Sensory Evaluation 

The products, both imroediately prepared and after 

four weeks of storage at 35·c, were sensorially evaluated by a 

trained panel co~prised of 5-7 people. The panelists were asked 

to rank the test samples in terms of overall impression and per-

ception of fishy odor and flavor. A Hedonic scale of 1-10 was 

used for the overall odor and flavor in which 10 was assigned to 

"complete blandness", and l to "strong obnoxiousness". The high-

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 O represents· no fishy 

odor or flavor, while 6 stands for 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 maintained at this temperature by putting the oil in a 

small beaker which was set into a hole drilled into a large alum­

inum block. The alurni~um block was preheated to 35"C. 

2. Cholesterol 

The cholesterol was determined by HPLC usi~g an analy-
. Q.. . 

tical silica column (25 c.m. P~rtisil 5 silica, by h·hat:::an, Inc., 

Clifton, New Jersey). 

3. Inter:colecular Polymers 

Inter::olecular polyners of triglycerides ;..·=:-e analyzed 

by gel perr.:eation chromatography, using an l~l t:-ast::·:::-a.;el 500 A 

Gel Permeation Colu~n, 7. 8 mm ·I. D. x 30 cm (~aters C~!"omatog-

raphy Division, Mil 1 ipore Corporation., Mi 1 ford, 1".A) • 

The peaks ~ere detected by a Mass Detector (~ode! 750/-

14, Applied Chro:-.atography Systems, Peris Industries, State Col-

lege, Pennsylvania). 

In the Tables which follow, the Menhaden oil ( c: ::•1 .... ' ···as - .. • ,..._ J VI re-

fined, bleached and partially winterized, but not and 

~as the sar.e ~enhaden oil used as the starting ra~ ~aterial for 

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

- 18 - Th· · 
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SUPERIOR QUALITY OF THE FISH OIL DEODORIZED 
AND PURIFIED BY .THE PRESENT INVENTION 

Analysis 

Menhaden Oil 
. (before 

. deodorization) 

Prior 
Art Oil 

(deodorized 
at 2oo·c) 

Present 
Invention Oil -

(Deodorized 
at ao·c, 

followed by 
silica gel 
treatment) 

As described in Exar..ple 4-A Example 2-B 

I. No Loss cf the Effective Components 

EPA ( % ) 12.8 :i. 7 12.8 

DHA ( % ) 8.6 7.4 8.4 

II. Removal a:ld Prevent Formation of 
Minor Constituents Which May 
Be Har.7.ful to Health 

Dimer (%)1,2 0.7 1. 0 <0.1 

Trimer (%)1,2 neg. r.eg. neg. 

Trans 
.Isorw.ers ( % ) 3.4 5.0 3.5 

Cholesterol ( % ) 3 0.36 0.24 neg. 

1 The gel pen::eation chrornatograpl:y analysis only measures 
the ditlers and triruers formed bet~een different . triglyceride 
molecules. 

2 Different batches of Menhaden oil may contain different 
amounts of polymers. The samples received ranged from O. 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. 
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. fh2PLACED 

Analysis 

As described in 

Menhaden Oil 
(before 

deodorization) 

Prior 
Art Oil 

(deodorized 
at 2oo·c) 

Example 4-A 

III. Improvement of Oxidative Stability4,5 

Conjugated Dienes and Tr1e~es 

9. 
( E.. ) 

cm 

2 3 3 nm 

269 n:::i 

Peroxide Value 
(meq. /kg) 

After 4 weeks 35°C 

Gum Formation 
(35<\::) 

After 2 weeks 

After 4 weeks 

7.82 

2.24 

15.23 

14.82 

43.9 

v 

vvv 

Present 
Invention Oil 

(Deodorized 
· at ao·c, 

followed by 
silica gel 
treatment) 

Exar:ple 2-B 

2. 5.; 

39. S. 

0 

\ 
.... . .. 

4 All samples contain 0·.10% Herbalox 11 0 11 as an antioxidant. 

5 Example 2-c oil was used instead of 2-B. 
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Analysis 

THIS SHEt::T HAS BEEN 
Re PLACED 

Menhaden Oil 
(before 

deodorization} 

Prior 
Art Oil 

(deodorized 
at 2oo·c) 

As described in Example 4-A 

* 

IV. Impro_vement of Flavor Stabil i ty4, 5 

Flavor Score6 

Fresh 

Total odor St_rong* 

taste ditto 

Fishy odor ditto 

taste ditto 

4 weeks. 35·c 

Total odor ditto 

flavor ditto 

Fishy ·odor ditto 

flavor ditto 

Too strong to be evaluated 

8.6 

7.6 

o.o 

0.2 

4.2 

5.2 

2.2 

1.6 

Present 
Invention Oil 

(Deodorized 
at so·c, 

followed by 
silica gel 
tre(itment) 

Example 2-B 

9.2 

8.0 

0.2 

0.2 

5.8 

6.0 

1. 4 

1.0 

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 
score the less the fishy. fla~or 

- 21 -
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-TABLE 2 

THiS SHEET HAS SEEN 
RtPLACED 

EFFECT OF DIFFERENT ANTIOXIDANTS ON 
POLYMER FORMATION IN MENHADEN-OIL 

Antioxidant Polymer 
Added 0 Weeks 

Present Invention Oill <0.1 
(Example 2-C) 

0.10% Herbal ox '-'O" <0.1 

0.15% Herbalox II O" <0.1 

0.20% Herbal ox "O" <0.1 

0.025% P.C. 2 <0.1 

0.50% P.C. <0.1 

0.04% dl-alpha-Toc. 3 <0.1 

0.04% 
d-ee.~ . 

d-garrr&-r1ch-Toc. <0.1 

1 No antioxidant added. 

2 Phosphatidylcholine, >95% pure. 

3 Tocopherol, supplied by Eisai, U. s. A., Inc. 
Torrance, California 

- 22 -

4 
\ 
Weeks 

0.37 

0.19 

0.18 

0.15 

0.24 

0 .-19 

0.29 

0.31 



Sample 

Present 

THIS SHE~~- H~\;-B-E-EN-1 
REPLACED 

TABLE~.================ 

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) 

4 Weeks 
Fresh (35 •Cl 

Invention Oil 1.02 39.9 
(Example 2-C) 

Blending ._.ith Corn Oil 

Example 2-C + ~0% Corn Oil 1.29 13.~ 

Example 2-C + 50% Corn Oil 1.69 4.9 

Example 2-C + 75% Corn Oil 2.03 4.6 

Blending with Other Oils 

Example 2-C + 20% sunflower ol.1 1.28 29.9. 

Example 2-C ~ 20% canola Oil 1.17 28.6 

Example 2-A + 20% Soybean oil 1.31 38.S 

Example 2-C ~ 20% - Borage Oil 1.05 20.0 

Note: All samples contained o .1% Herbal ox™ 11 0 11 an~·ioxidant. 
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THIS SHEET HAS BEEN 
· RtPL/1.CED · 

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 Weeks 4 Weeks 

Present ·Invention Oil 0 v 
(Example 2-C) 

Blending with Corn Ofl 

Example 2-C + 20% Corn Oil 0 0 

Example 2-C + 50% Corn Oil 0 0 

Exar:iple 2-C + 75% Corn Oil 0 0 

·Blending with Other Oils 

.Example 2-C + 20% Sunflower 0', 1..r.. 0 0 

Example 2-C ·+ .20% canola Oil 0 0 

Example 2-A + 20% Soybean Oil 0 0 

Example 2-C + 20% Bo rage Oil 0 0 

All samples contained 0.1% Herbalcx™ 11 0 11 anticxidant. 
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PRIOR ART DEODORIZATION OF FISH OIL AT HIGH TEMPERATURES 
CAUSES.LOSS OF EPA AND DH.A AND ·FORMATION OF GEOMETRICAL OR 
POSITIONAL. ISOMERS WHICH HAVE BEEN REPORTED IN LITERATURE 
. AS HAVING. QtJE.ST.IONABLE 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 

. M~nhaden oil 12.82 

150"C, 5 hrs 12.18 

175"C, 3 hrs 12.38 

175°C, 4 hrs J..1. 78 

175"C, 5 hrs 11. 86 

2oo·c, 1 hr. 11. 45 

2oo·c, 2 hrs-IIIll.19 

2oo·c, 4 hrs 

250"C, 2 hrs 

Deodorized 
at so·c for 
2 hrs - I 

Deodorized 
at lOO"C for 
4 hrs - II 

I after 
silica gel 
purification 

II after 
silica gel 
purification 

III after 
silica gel 
purification 

10.51 

2.36 

12.7 

12.5 

12.8 

12.3 

11. 7 

EPA(%) of DHA(%) 

neg. 0~·s0 neg. 

neg. 8.27 neg. 

·neg. 8.11 neg. 

0.15 7.95 neg. 

0.60 7.87 0.19 

0.37 7.66 0.16 

0 .. 61 7.37 0.22 

1.12 6.71 0.71 

2.36" r. o 1 3.28 

Present Invention Oil 

neg. 8.4 neg. 

neg. 8.3 neg. 

neg •. 8.4 . neg. 

neg. 8.4 neg 

neg. 7.4 neg. 
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THIS SHEET H/!..S BEEN. 
REPLACED 

TABLE. 6A ~===~~=d 

PARTIAL ELIMINATION OF THE DAMAGE CAUSED BY 
HIGH TEMPERATURE DEODORIZATION TO MENHADEN OILl 

BY PASSING THE DAMAGED OIL THROUGH A SILICA GEL COLUMN 

Menhaden Oil Deodorized at 2oo·c for 2 hrs 

Item Before Before Passing After Passing 
Deodorization Silica Gel Silica Gel 

Example 4-A Example 5-A 
Prior Art Oil Present Invention 

EPA ( % ) 12.8 11.12 11.7 

DHA ( % ) 8.6 7.42 7.4 

Dimer (%) 0.7 1.03 0.2 

Trimer (%) Neg. Neg. Neg. 

Trans 
Isomers (%) 3.4 5.0 4.9 

Conjugate:\ 
Dienes (Eem)_and Trienes 

233 nm 7.82 15.23 12.10 
269 nm 2.24 14.82 12.13 

1 Refined, bleached, and partially winterized. 

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

3 Represents an increase of .42% of the original dimers. 
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r.=============~===;-· 
THIS SHEET HAS BEEN 

REPLACED· 

PARTIAL ELIMINATION OF THE DAMAGE CAUSED BY 
HIGH TEMPERATURE DEODORIZATION TO MENHADEN OILl 

BY PASSING TIIE DAMAGED OIL THROUGH A SILICA GEL COLUMN 

Menhaden Oil Deodorized at 2so·c for 2 hrs 

Item Before Before Passing After Passing 
Deodorization Silica Gel· Silica Gel 

Exa..r::ple 4-B Example 5-B 
·Prior Art Oil Present Invention 

EPA ( % ) 12.S 2.42 2.5 

DP..A ( % ) 8.6 . 1. o2 0.9 

Dicer (%) 0.7 16.9 16.5 

Trimer (%) Neg. 11.5 11.8 

Trans 
Isomers (%) 3.4 26.4 26.6 

Conjugate~ 
Dienes ( Ecm ~ and Trienes 

233 nm 7.82 53.67 47.20 
269 nm 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. 
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TABLE 6C 

. THIS SHEET HAS GEEN 
Rt::Pu::.cED 

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

Menhaden Oil Deodorized at ioo·c for 4 hrs 

Before Before Passing After Passing 
Item Deodorization Silica Gel ·silica Gel 

Example 1-C Example 2-C 
Prior Art Oil Present Invention 

EPA ( % ) 12•. c 12.5 12.3 

Dr.A ( % ) 8.E 8.3 8.4 

DiI:ter (%) 0.7 0.7 <0.1 

Trit'.ler (%) Neg. neg. neg. 

Trans 
Isomers ( % ) 3 • .; 3.5 3.4 

Conjugatedi 
Dienes (Ecm) and Trienes· 

233 run 7.s2 9.03 8.73 

269 nm 2. 2.; 3.05 2.68 

1 Refined, bleached, and partia~ly winterized; 
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r·-. S BEEN 
I THIS SHEEI Ht:. . 

. REPLACt:.D - I 
TABLE 7 

IMPROVEMENT OF OXIDATIVE AND FLAVOR STABILITIES 

BY SILICA GEL TREATMENT OF MENRADEN OIL 
DEODORIZED AT 2oo·c FOR 2 HOURSl 

(PRIOR ART OIL, EXAMPLE 4-A} 

Oxidative Stabilitv 

Peroxide Value (meq/kg) 

Fresh 
4 \.;eeks @. 35·c 

Gum Forcation 

2 Weeks @ 35"C 
4 Weeks @ 35'C 

Flavo~ Stability 
Fresh 

Total Flavor 
Odor 
Flavor 

Fishy Flavor· 
Odor 
Flavor 

Total ·Flavor 
Odor 
Flavor 

Fishy Flavor 
Odor 
Flavor 

Before 
Treatment 

o. 76 
43.9 

v 
vvv 

8.6 
7.6 

o.o 
0.2 

4.2 
5.2 

2.2 
1.6 

After Treatment Passing 
The Oil Through a Silica 

Gel Column · 
Present Invention 

Example 5-A 

0.44 
33.7 

0 
'\lV 

9.3 
9.1 

o.o 
o.o 

5.2 
5.8 

1.2 
1.0 

1 Menhaden oil, refined, bleached, and partially winterized. 
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'-~, L'1t'S Bf.EN : HIS SHi::.t: I ·: 

T Rt:PLACED . 

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. 

sccpe of the appended claims. 
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P a. t e n t C 1 a i m LsN338 S'v'H ..L33HS SIH..L 

1. A process of treating an oil containing EPA and 

:P.A which comprises: 

subjecting ·said oil to vacuum steam distil lat ion 

under mild conditions for a time sufficient to reduce 

low te"Cperature boiling and less .Polar volatile flavor 

compounds; 

contacting said oil with an adsorbent to reduce 

high temperature boiling and more pola~ volatile fla­

vor compounds as well as other undesirable minor con-

stituents therefrom; and 

recovering the purified oil. 

· A P.rocess for treating fish oil containing EPA and 
2. 

ORA.which comprises: 

subjecting said fish oil to vacuum steam distilla­

tion at a temperature between 30 • c and 150 • c for 2-5 

hours; 

contacting said oil with an adsorberit to reduce 

high temperature boiling and more polar volatile fla-

vor compounds, as well as other undesirable minor con-

stituents; and 

recovering the purified oil• 
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THiS SHEET HAS BEEN 
REPLACED 

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

stillation step preced~s said adsorption step. 

4. The process of any of Cl~irns 1 to 3, wherein sa{d steam di­

stillation is carried out at temperatures between 60°C and 

100°c. 

5. The process ;....:.. any of Claims 1 to 4, wherein said vacuum 

steam distilla~~cn is carried out at a pressure no greater 

than about 12 ;-:-_-:: of mercury. 

6 . J.. process of treating an oil containing EPA and 

DHA which comprises: 

subjecting said oil to deodorization by vacuum 

steam distillation at te~peratures in excess of 150"C 

for a time sufficient to reduce volatile flavor corn-

pounds; 

c:ntacting said deodorize oil with an adsorbent to 

reduce volatile flavor compounds and reduce other unde-

sirable minor constituents 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 9el. 

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. 
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10. The purified oil of Claim 9 blended with a vegetable oil 

selected from corn oil and borage oil. 

11. Tte purfified oil of Claims 9 to 10 combined with 0.10 %-by 

weigh~ of a Rosemary exttact antioxidant. 

3061 


