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The world war and the national de-
fense program have created an in-
creased demand for Vitamin A. This
vitamin, because of its particular nutri-
tional and therapeutic properties, is an
especially vital supplemental factor in
the diet of both civilian and military
population. The urgency for domestic
sources of Vitamin A has been further
heightened by disruption of former
channels of vitamin trade, and con-
siderable interest is being shown as to
the extent of domestic supply and the
adequacy of Vitamin A resources to
meet the requirements of the nation,
both for consumption within its borders
and in giving assistance to other coun-
tries

The demand for Vitamin A has led
to pronounced stimulation in the utili-
zation of doghsh livers, particularly on
the Pacific Coast Because of this fact,
and the evident necessity for maximum
vitamin recovery from existing re-
sourzcz. the Fish aud Wildlife Service
has initiated a study of the efficiency of
various methods for extracting Vitamin
A applicable to this type of liver ma-
terial. The accompanying data have
been obtained during a cursory survey
of the problem, and while they must
be considered as being only preliminary
in nature it is believed that a sufficient
number of points of interest have de-
veloped to warrant a report to the in-
dustry fo:r their further consideration.

Procedure

The information assembled in the
: ~companying table represents the re
s.'ts of seven series of experiments on

derent lots of doghsn livers obtained
t-om local fishing vessels landing mar-
ket fish in Seattle, during the period
April to June. The composition of the
raw material, given in the first column
of the table, was determined from a
representative sample of each lot of
livers, the entire lot having been ground
and thoroughly mixed before the sam-
ple was taken. The individual test lots
within each series were made on al-
quots (not less than two pounds each)
of the entire lot, after grinding and
thorough mixing.

The general experimental procedure
was based on pilot plant technique, in-
volving semi-commercial grinding, cook-
ing and centrifugal equipment. In the
case of series 5, 6 and 7, the cold
separation was made by centrifuging
the entire lot of ground raw liver ma-
terial in an imperforate basket centri-
fuge. The residual liver pulp was then
thoroughly mixed and divided into
equal portions for subsequent process-
ing, sufficient raw material having been
used initially to permit at least two:
pound test samples of the residue. All
cooks were made with live steam, the
cooking time be'ng of ten minutes dura-
tion. The percentages of alkali (sodium
hydroxide) or acid (sulfuric acid)
shown under ‘Method” are based on

the weight of the liver charge, and
where the term “alkali then acid,” or
vice versa, is used, it is meant that the
mixture obtained by the alkali or acid
cook was partially or totally neutral-
ized, or carried past the neutral point
before being centrifuged.

The oil content of the livers (Column
1) was determined by cold ether ex-
traction of equal portions of a com-
posite sample of ground liver and an-

hydrous sodium sulfate. Vitamin A
was determined by the antimony tri-
chloride reaction, absorption of the

blue color at 610 mu. being measured
by pholorleclnc colorimeter. The con-
version factor for calculating to Inter-
national units was based on comparable
data for a number of the oil samples
assayed with a Helger ultraviolet spec-
trophotometer, in which case a factor

of 1850 for E(1%, | ecm) (328 mu.)
was used. Excellent correlation be-
tween E(1%, | em) (328 mu.) and
E(19%, | ecm) (610 mu.) was ob-

tained, thus obviating any question of
the vitamin data being influenced by
abnormalities in the color reaction.

' Results

Generally speaking, livers of high oil
content, such as those obtained from
cod, shark and dogfish, are assumed to
respond readily to vitamin and oil ex-
traction. The prrllmmary results ob-
tained in the present study, however,
raise some doubt in this belief. When
extractions were made on fresh livers,
efficient oil recovery did not nerl:ssarvly
give efhicient Vitamin A extraction.
Alkali cooks gave oil recoveries ap-
proximating 80 to 907 of the total,
yet Vitamin A extraction was but 28 %
to 357, efficient. Water cooks gave
equal o1l recoveries and about 509% to
607, extraction of Vitamin A. Process-
ing of the fresh liver in a mild acid
medium, on the other hand, facilitated
Vitamin A extraction, leading to re-
covery of approximately 80 % of the
vitamin in about 909 of the oil.

Freezing apparently leads to a physi-
cal change in the liver tissue, facilitat-
ing Vitamin A extraction With frozen
livers alkali, water and acid cooks did
not give wide variation in effectiveness.
The results obtained by the three proc-
essing methods were similar with re-
spect to both oil and vitamin recovery
The efficiencies of oil and vitamin ex-
traction were closely comparable and
relatively high, ie., 80% to 95% of
the oil extracting and removing 78 %
to 89 of the vitamin.

Brocklesby and his associates at the
Fisheries Experiment Station, Prince
Rupert, B. C.. have demonstrated that
adsorption of Vitamin A by the formed
soaps incident to alkali processing may
lead to low vitamin recoveries. This
condition may account to some extent
for the poor results obtained in the
alkali cooks on fresh liver since con-
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siderakly greater emulsion dimc.'iy was
encountered with the fresh material.
The frozen liver experiments suggest
also that change can be effected within
the liver, influencing the availability of
the vitamin for extraction. hus, the
low results on fresh livers are no doubt
due to a number of factors. This ques-
tion is being subjected to investigation.

During the course of the experi-
mental work it was observed that oil
breaking naturally from the livers was
of considerably lower Vitamin A po-
tency than that of the composite sam-
ples. This suggested the possibility of
a degree of fexibility in processing
high-oil-content livers, leading to re-
moval of part of the oil without ap-
preciable vitamin extraction and re-
covery of the vitamin remaining in the
liver residue in more concentrated
form.

Economic Aspects

Dogfish livers are utilized primarily
in fortifying poultry oils with Vitamin
A and in the preparation of Vitamin A
concentrates. In the latter case, oils
of higher potency are preferable since
the volume of material required in the
preparation of a given amount of con-
centrate will be less and a higher de-
gree of concentration may be possible.
For this and other reasons the price
paid per million units of Vitamin A in
doghsh oil increases with the potency
of the oil; thus a gallon of one lot hav-
ing, for example, four times the vitamin
potency of a gallon of another lot of
oil may have much more than four
times the monetary value,

Ability to concentrate the vitamin
in a smaller volume of the oil in the
livers would also be of advantage when
the vitamin potency of the total oil
runs below the value normally accept-
able for concentration. The raw or
bled oil of lowered potency need not
be of definite loss because such oils
may still be fortified with Vitamin D,
natural or synthetic, for sale in animal

feeding.
The poorer availability of Vitamin A
in fresh livers makes this material

preferable to frozen livers for concen-
tration of the vitamin. The degree of
mechanical disintegration influences the
rapidity with which the low-vitamin oil
separates out, and this in turn in-
fluences the degree of vitamin extrac-.
tion by the raw or bled oil. Coarsely
ground livers required several days’
aging for the oil to break in quantity.

Cold centrifuging removed 75 % and
73% of the total oil present in the
livers carrying but 34% and 31% of
the total vitamin, respectively. Such
a period of aging, however, leads to
unfavorable changes in the quality of
the liver and oil and cannot be recom-
mended. Fine disintegration of the
fresh liver, on the other hand, permits
immediate separation of the r{:’, oil in
greater quantity and with less vitamin



RESULTS OF EXPERIMENTS ON DOGFISH LIVERS
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Series 1
Fresh livers Fresh livers ground through
Oil content—73% meat  chopper, thoroughly 1. Alkali cook (17%) . RO 5,900 32 1.77
Qil potency—16,600 IU/gm mixed and divided into com- 2 Water cook u3 10,700 Bi) 3.30
Liver potency—>5.48 million posite samples, 3 Acid cook (14%) .. & 11,400 51 3.35
IU per lb.
Series 2
Frozen livers Frozen livers (15 days) ground 3
Oil content—65% through meat chopper while 1 Alkali cook (1%) o 12,900 S8 3.46
Ofl potency—13.400 IU/gm frozen, thoroughly mixed and 2 Water cook ... R2 13,600 32 3.20
l.iver potency—3.95 million divided into compusite samples. 3 Acid Cook (%%) .. 88 13,100 86 3.40
IU per Ib.
Series 3
Frozen livers Frozen livers (15 days) ground 1 Alkali cook (1%) .. . a1 15,300 87 4.08
Oil content—64% through meat chopper while 2 Alkali cook (%%).. . a5 14,700 T 4.08
Oil potency—16,100 IU/gm frozen, thoroughly mixed and 3 Alkali cook (1%) then 3% % aci R4 14,900 7 3.64
Liver potency—4.67 mlillion divided into composite samples 4 Alkali cook (1%) then % % acid 54 R4 15,100 9 3.69
1U per lb. 5 Alkalli cook (1%) then ¥ % acid 61 95 15,100 89 4.15
6 Water cook s Bk TR T 59 a2 15,300 87 4.08
Series 4 . = >
Fresh livers Fresh livers ground through 1 Alkali cook (% %) 65 ) 4,170 a5 1.24
0il content—73% meat chopper, thoroughly 2 Water cook ... RO L2 7,330 57 1.99
Oil potency—10,500 IU/gm mixed and divided into com- 3 Acid cook (2%) . 62 & 9,620 8 2.713
Liver potency—3.50 million posite samples.
1U per 1b .
One-half of above frozen after 4 Alkali cook (% %) ... AR 9,050 76 2.65
grinding and held 5 days. 5 Water cook . .. ... 1 9,550 e 2.59
6 Acid cook (% %) . SR 0,550 80 2.80
Series 5
Fresh livers Freah livers ground through
O] content—172% meat  chopper, thoroughly 1 Alkall conk (% %) 56 R 4,980 ] 1.27
0]] potency—14,100 IU/Tm mixed and divided into com- 2 Water cook .. AR | 9,690 56 256
Liver potency—4.62 million posrite samples. 3 Acid cook (%% 66 H 12,700 81 3.74
1U per Ib.
g Grovnd llvers stored 40°F., 5 4 Cold centrifuging ... 54 T 6.450 4 1.58
days.
('old centrifuge residue—fresh. . 4a Water cook . .. ... 15.6: '82:0 30,800 47 2.18
4448 e S s SGaNASS = 6961 A9 s |1 3.76
Cold  certifuge residue—fresh. 4h Acld cook (3 %) then Alk.3% 163 230 26,600 ] 1.95
+4b < S . o amasae AR S A 3 k74 3.53
Cold centrifuge residue—frozen 4c Waler cook 15.7 as 33,800 52 2.40
days. 4+ 4dc 1 YT ek L) 3.98
Cold centrifuge residue—frozen 44 Alkall cook (1) . ... 155 | B2 31,300 48 2.22
days, 44 4d " fO.T v 82 3.80
Series 6
Fresh livers Fresh livers ground through at-
Oil content—66% trition mill and held 40°F. 2 1 Cold centVifuRing ..o 0heatl 48 3 7,880 31 1.73
(1] potency—18,600 IU/gm days
Liver potency—5.57 million )
1U per lb. Cold centrifuge residue thor- la Acid cook (% %) then 1% %
oughly mixed and divided into Alk. s, . MGl R Sl L 32,200 39 217
composite samples. 1+1a 63.4 96 B 70 3.90
Cold centrifuge residue—frozen 1L Acid cook (1%) then 4% Alk. 13.0 20 37,900 0 2.24
and held 11 days. 14 1b o T e SIS s . 61.0 93 it Tl 3.97
Series 7
Fresh livers Fresh livers ground through at-
0Oil content—72% trition mill—-processed immed- 1 Cold centrifuging .. .. R N0 1,850 29 0.48
0Ol potency—>5,060 IU/gm iately.
I.iver potency—1.66 million
11" per 1b Cold centrifuge residue—({resh. l1a Alkali cook (1%) ... 20 o g 7 8,060 20 0.33
1+1a PR ey, . 871 9235 St 49 0.81
Cold centrifuge residue —fresh 1b Acid cook (1%) 97 I%S 15,200 41 0.68
1+1b R 67.7 " A3.G IS 0 1.16
"old centrifuge residue—frozen 1c Acid cook (1%) then 3% Alk. 11.4 158 15,200 47 0.78
6 days. VETC iioninntimssions st OO OBIRS SRS 76 1.26
Cold centrifuge residue—frozen 14 Water to 212°F. then 1% Alk. 10.5 145 13,500 39 0.65
. f days 1414 e 5 L 68.5 94.5 TN 6% 1.18
= i el ¥
extraction. Under these conditions. by alkali, water, and acid cooks, re- gave quite comparable results with
807, of the total oil carrying only spectively. Fine mechanical disintegra- frozen livers, effecting efficient extrac-
297; of the total vitamin was removed tion followed by cold extraction per- tion of both oil and Vitamin A.

by cold extraction

In the limited work herein reported.
the efficiency of recovery of the con-
centrated vitamin has been consider-
ably below the theoretical maximum.
It is believed. however, that further
study will lead 1o refinements making
possible an approach to this value, The
potentialities of concentration, never-
theless, are readily apparent. In one
instance. 527 of the total vitamin was
concentrated into and recovered in but
227% of the total oil, which. when
considered with the cold extracted oil,
made a total of 977 oil and 867
Vitamin A recovery from the livers.
The concentrated vitamin oil had a
potency of 33,800 IU per gram. as
comp.ved to 4,980 9.690. and |2.700
IU per gram for the total oil removed

mitted subsequent recovery of 477 of
the total vitamin of the liver in 15.8%
of the oil originally present.

Summary

In summary, the following points ap-
pear worthy of mention:

I. In the tests made, high oil re-
covery from fresh doghsh livers was no
guarantee of efficient Vitamin A ex-
traction.

2. Within the limits of the test conm-
ditions, Vitamin A was not as readily
extracted from fresh livers as it was
from frozen livers.

3. Alkali digestion of fresh livers led
to poor vitamin recovery, while an acid
cook facilitated vitamin extraction.

4. Alkali, plain water and acid cooks

5. When fresh livers were mechanic-
ally disintegrated, the greater propor-
tion of the total oil present could be
removed by cold centrifuging, leaving
the greater prgportion of the Vitamin
A in the residual liver tissue, thus per-
mitting subsequent extraction of the
vitamin in more concentrated form.

6. Because of the significance of
these findings with respect to more ef-
ficient and fAexible utilization of dog-
fish livers in the production of Vitamin
A oil, a further and more detailed study
of the problem is now being under-
taken.

From Pacific Fisherman 29 (9): 37-39, July 1941--reprcduced by permission.

101E9F




	002
	003

