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STUDIES ON METHODS OF EXTRACTING VITAMIN A 

AND OIL FROM FISHERY PRODUCTSll 

PART III-EXPERIMENTS ON THE EXTRACTION OF LOW-{)IL-CONTE~ 
LIVERS WITH PETROLEUM ETHER BY THE SHAKING METHI 

By F Bruce Sanford and Neva L. Karrick* 
ABSTRACT 

, 

This report deals wi th experiments that were directed toward improv­
ing the laboratory method of analyzing for oil in low-oil-content fish 
livers. '!he particular procedure studied 1I8.S the shalrlIlg method. ']he study 
was lilli ted to three variablesl (1) the weight of the liver 88IIIple (5 aDd 
18 grams in one series of experillents, and 1 and 5 grams in another series); 
(2) the type of dispersing agent (polldered pumi.ce and powdered ~droua 
sodiUII sulfate); and (3) the vo1uae of dispersing agent (25, 50, aDd 100 
ailliliters). J. better dispersion of the grCWld liver was obtained with the 
pumice than with the anhydrous sodiUJI sulfate. Fifty milliliters of dh .. 
persiIlg agent appeared to be about the optiJIIUII volume to use with 50 lIil11-
li ters of pe troleua ether and a shakiIlg bottle of 180-.111ili ters capacity. 
The liver samples weighing 5 grams were more thoroughly extracted than thon 
weighing 18 grams; and the sYples weighing 1 gram were more thoroughly e .. 
tracted than those weighiIlg 5 grus. The clumping of the 1i ver material 
appeared to decrease the a.mount of oU extracted. 

INTRODUCTION 

Because of the decrease in the abundance of soupfin and certain other shar 
the livers of food fish are becoming increasingly important as sources of nat~' 
vitamin A. In contrast to the livers of most sharks, the livers of food fishu 
ally have a low content. The rapid method of analysis (Anonymous 1947) for oil 
and vitamin A that was developed for shark livers is not suitable for livers 
contain only a small amount of oil. Therefore, a rapid method of assay is ne 
for the low--oil-content livers. 

The purpose of these experiments was to obtain data that may ultimately r 
sult in the development of the needed method. The observations reported here 
part of a series of studies being conducted to investigate the factors involve 
in the solvent extraction of oil and vitamin A fram low--oil-content livers for 
analytical purposes. This particrular group of experiments applies to the 5 
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y 
ing method (Anonymous 1947). The following variables were tested: (1) the 
weight of the sample (5 and 18 grams in 'One series 'Of experiments, and 1 and 5 
grams in anether series), (2) the type of dispersing agent (pewdered pumice and 
powdered anhydreus sedium SUlfate), and (3) the volume 'Of dispersing agent (25 
mililli ters, 50 milliliters, and 100 milliliters ) . In 'Order te simplify the 
immediate preblem, ne analyses were made for vitamin A. 

PROCEDURE 

5 

To maintain centinuity and facilitate cemparisen with previeus results, the 
liver samples were frem the same material employed in the werk reperted earlier 
(Sanford and Hanale 1949). A quantity 'Of reckfish (Sebastedes sp.) livers had 
been ground, stirred until uniferm, sealed under atmespheric pressure in half­
pound cans, and stered at -18'0 C. (0'0 F. ). Because the cans had net all been 
opened, a number 'Of them were available for the present study. After these had 
been used, a series 'Of sele livers was prepared in a similar manner. 

The cencentratien 'Of 'Oil in the liver material was determined as fellews: 

A can 'Of the frezen liver was placed overnight in a refrigerator 
maintained at a temperature slightly abeve freezing. On the fellewing 
merning, the material was remeved from the can and blended fer 3 minutes 
in a Waring Blender. A portien (appreximately 1, 5, 'Or 18 grams, depend­
ing upon the experiment) 'Of the material was transferred te a tared, square, 
lSO-milliliter bettIe, and the bettIe and its centents were accurately 
weighed. Exactly 50 milliliters 'Of petreleum ether (bp 35'0 - 600 C.) and 
the desired velume (25, 50, 'Or 100 milliliters ) 'Of dispersing agent (pew­
dered pumice or powdered anhydreus sedium sulfate) were added te the bettIe. 
It was cerked, machine-shaken fer 'One heur (144 one-inch strokes a minute), 
and centrifuged. A 10~lliliter aliquet pertien was then pipetted inte a 
tared beaker and the selvent was evaperated by placing the beaker en a 
wire screen suspended abeve an electric het plate. Three minutes after 
the solvent had disappeared, the beaker was remeved, allewed te ceel, 
and weighed. The oil centent 'Of the sample was then calculated. 

The cheice 'Of 5 and 18 grams as the sample weights te be studied in the first 
series of experiments, altheugh semewhat arbitrary, was based upon the follewing 
considerations: 

The sample sheuld be large eneugh that the extra precautiens re­
quired in micro techniques need net be empleyed. On the other hand, the 
dimensions of the shaking bottle impesed an obvieus upper limit on the 
size of the sample. Another consideration was that the samples must be 
sufficiently different in weight so that, if sample size was a signifi­
cant variable, this fact would becane apparent from the data. Previous 
work with the liver material indicated that 5 and 18 grams would be 
satisfacto~ wei~hts. The choice of 1 and 5 grams in the second series 

~ The sh81dng me od emp oys ilie following procedure: A weighed sBlllple of fiver is 
shaken in a bottle with a measured volume of solvent and a desiccant or a dispers­
ing .gent. The bottle and its contents are centrifuged and. an aliquut portion of 
the supernatant solution is taken by means of a pipet. 'the '!!eight a! oil obtained, 
Biter the solvent in the aliquot partion is evaporated, gives the relllaining daWll 
necessary for the calculation of the liver oil concentration. A secon.i aliquot 
portion, SUitably diluted with iSOpropanol, is taken for a cietendnation of optical 
density by means of a spectrophotome ter. 'lhe vitamin A potency of the oil can th.en 
be ca.101lated froll the resul ting date.. 
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of experiments was basad upon similar reasoning . It was realized , how­
ever, that the results with the l-grrun samples would be more variable 
than those with the 5-grrun samples. To corepensate somewhat for the de­
crease in precision, the number of replicate samples in the second 
series was increased to 10. 

Because the blended liver material was fluid. the sample was transferred 
from the blender jar to the shaking bottle, using a pipet constructed from ~a 
tubing one centimeter in diameter. Markings on the pipet indicated the volUJIe 
of liver material needed to obtain samples fairly reproducible in weight . 

DISCUSSION 

If anhydrous sodium sulfate is placed in the shaking bottle before the petr 
leum ether is added to it, the liver material tends to form clumps or balls when 
the bottle is shaken. This results in less efficient extraction of oil from the 
liver. The order of addition of the pumice and solvent, however, appears to make 
no difference because there is little tendency for the pumice to cause balling of 
the liver particles. If the dispersing agent can be placed in the bottle before 
the solvent, the manipulative procedure can be slightly improved because the ~3-
sibility of losing the solvent by evaporation is decreased . Therefore , 'Nhen ~w­
dered pumice was used as the dispersing agent, it was added before the petroleum 
ether; when anhydrous sodium sulfate was used, it was added after the petroleum 
ether. 

The amount of a powder is usually measured by weight . In experiments re­
ported here, however, the amounts of powder were measured more conveniently by 

volume. 

The data in Table I indicate that, under the conditions of the experiments , 
oil was more completely extracted from the 5-gram samples of liver than from the 
18-gram samples. The effect of changing the sample weight from 5 grams to 18 
grams was somewhat more noticeable if powdered anhydrous sodium sulfate was used 
as the dispersing agent than if powdered pumice was used. 

The pumice appeared to be a more effecti va dispersing agent than the sodium 
sulfate. Increase in sample size accentuated the difference in the apparent ef­
fectiveness of the two dispersing agents. 

~able 1 - The Apparent Oil Concentretion in Liver or Low-Oil-Content (Rockfish, Sebastodes sp.) as Determined FrOB 
5- or la-Gram Samples, Using Varied Q:wultities or Powdered Pumice or Powdered Anhydrous Sodium Sulfate to D1sperse 

the Liver Matarial 
Volume or 
anhydrous APPARENT CON C E N T RAT ION OF OIL I N SAMPLE 

Weight Volume ot sodium Average 
ot liver pumica eultate Rep 1 1 cat e Sampl e N u m b e r of 
8am~1e added added 1 2 3 4 5 6 7 8 ireplicates 
Grams Milliliters Mill1liters Percent Percent Percent Percent Percent Percent Percent IPercen Percent 
---0- Zl:> 0 ---rr:a- 1:'4.5 ---r6.O 1'6.'3 1'5:3 ---r6.O l.5':? ----rs:3 16 . 3 

18 25 0 3.9 16.1 15.8 15.2 14.9 10.2 17 .1 13. 1 14.. 8 
5 50 0 17.1 17.4 17.1 17.1 17.2 17.1 16.8 16.7 17 .1 

18 50 0 11.4 12.8 15.0 15.6 15.9 11 . 9 12.6 11 . 0 1~ . 4 

5 100 0 17.5 16.0 16.2 15.2 15.3 16.9 1.2.8 16 . 9 15. 6 
18 100 0 9.8 8.8 15.7 15.5 1.2 . 0 9.4 16.0 U . 9 12.4 

5 0 25 12.7 12.5 11.1 10.8 13.4 14. 6 13.5 11 .4 12.5 
18 0 25 8.2 2.5 - 1.3 1.9 4.9 1.8 7 . 8 4. 1 

5 0 50 14.0 12.3 15.2 14.7 15.6 15.7 15.9 16'. 7 15.2 
18 0 50 7.6 6.6 6.8 8.5 8. 6 U . 8 5.6 5. 8 1.7 

5 0 100 13.2 - 12.6 12.8 ll.7 14.9 16 . 2 16 .6 14.0 
18 0 100 6.0 7.3 12. 3 9 . 6 12.0 10.9 7.0 7 . 3 9. 0 
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With 5-gram liver samples, 50 milliliters of dispersing agent (pumice or 
anhydrous sodium sulfate) was better than either25 or 100 milliliters. With 18-
gram samples, the optimum volume of dispersing agent appeared to vary with the 
type of agent. Thus, with pundce, the use of 25 milliliters appeared to result 
in better extraction than did the use of 50 or 100 milliliters; on the other hand, 
the use of 100 milliliters of anhydrous sodium sulfate appeared to result in better 
extraction than did the use of 25 or 50 milliliters. Inasmuch as the l8-gramliver 
samples could not be extracted effiCiently, no attempt was made to confirm these 
.results. 

Instead, with the amount of dispersing agent set at 50 milliliters, the effect 
of reducing the sample weight from 5 grams to 1 gram was studied. The data for this 
second series of experiments are reported in Table 2. The results of the experi­
~nts are in agreement with those of the first series. In short, the dispersion 
was better with the pwnice than with the anhydrous sodium sulfate, and relatively 
IWre extractives were obtained from the l-gram samples than from the 5-gram samples. 

Table 2 - Tbe Apparent Oil Concentration in Liver or Low-Oil-Content (Sole) as Determined from 1 or 5-Gram Samples, 
UsillJ!. 50 Milliliters or Powdered Pumice or Powdered .Anhydrous Sodium Sulfate to D.sperse the L1 ver Material 

APPARENT CONCENTRATION OF OIL IN SAMPLE 
\/eight Kind 01' Average 

101' liver dispersing Replicate Sam p 1 e Number of 
s8lllll1e eRent 1 2 :3 4 5 6 7 8 9 10 r~l1cates 
GrlUllS Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
-1- Pumice l4.8 1'4.0 1:3.4 14.6 15.'0 "l4.7 "l4.7 """"l'4.l l'3.8 14.6 ~ 

5 . 1:3.7 14.2 1:3.8 14.0 13.8 14.2 1:3.7 14.1 13.9 14.2 14.0 
1 Sulfete 11.2 1:3.:3 12.4 12.4 12.7 1.2.6 11.1 1:3.7 1:3.6 1:3.0 12.6 
5 . 10.9 11.5 10.8 11.8 11.7 ll.5 10.6 10.3 9.5 11.2 11.0 

In the present experiments, neither the amount of the non-oil impurities nor 
the completeness of the oil extraction was determined. For this reason, the oil 
concentrations reported in Tables 1 and 2 have been designated as "apparent." 

The large deviations among the replicates show that the results were affected 
by variables other than those being directly investigated. Observations indicated 
that one Cause of the uncontrolled variation was the clumping of the liver materi­
al aftor it had been introduced into the shaking bottle. The clumps were espe­
~ially noticeable when anhydrous sodium sulfate was used. Clumping would account 
for at least a part of the variation because the aggregation of the liver particles 
obviously would reduce the completeness of the extraction. Therefore, in extract­
i ng oil from liver material by means of petroleum ether and ~ he shaking method, 
care should be taken to obtain small, dispersed liver particles. 

SUMMARY 

LOW-Oil liver samples, 1, 5, or 18 grams in weight, were shaken in square, 
~80-milliliter bottles with 50 milliliters of petroleum ether and, depending upon 
the experiment, 25, 50, or 100 milliliters of powdered pumioe or powdered anhydrous 
sodium sulfate. It was found that: 

(1) Relatively more oil was extracted from the small samples 
than from the large ones. 

(2) Judging both from the appearance of the liver particles when 
dispersed by powdered pumice or by anhydrous sodium sulfate 
and from the relative amounts of oil extracted when each of 
these materials was used under similar conditions, pumice 
was a more effective dispersing agent than anhydrous sodium 
sulfate. 
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(3) With the 5-gram liver samples, 50 milliliters of dispersing 
agent was more effective than 25 or 100 milliliters. 

(4) For efficient oil extraction, care must be taken to obtain 
small, well dispersed liver particles. 
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PACKAGING FROZEN FISHERY PROCUCTS 
Packaging is of importance in retarding oxidative cnanges 

in fish. Oxidation of the fat that is present in fish is a 
factor which has IUuch todo with the period of tiIoo that fi sh-­
particularly those designated as fatty--can be maintained in 
a satisfactory condition in frozen storage , The fat contained 
in fish is much more susceptible to oxidation than is the fat 
found in other animal or vegetable foods, Oxygen is rapidly 
absorbed by this fat and will soon cause the lOBS of f resh 
flavor and the development of rancidity. Bleaching and fading 
of the natural color of the fish may also occur and in extreme 
cases the fat will darken, causing the fish to assume a brown 
color. These changes can be retarded by packaging tightly 
with essentially air-tight wrappings to prevent ready passage 
of air to the fish. 

--Fishery Leaflet 324 




