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THE VITAMIN D CONTENT OF
BURBOT LIVER OIL

AD CARP, IALE HERRING, AND SUCKiR OFFAL OILS

CHAPTER I

INTRODUCTION

The purpose of this experiment was to determine the vitamin D
content of the oils from four fresh-water fish which abound in the
waters of the Great lakes. The o0ils tested were the liver oil of the

burbot (Lota L. maculosa), and the offal oils of carp (Cyprinus carpio),

lake herring, (Leucichthys artedi), and sucker (Cotostomus c. commer-

32331)‘ It is of theoretical interest and perhaps of practical value
to determine the vitamin D content of these oils,

Previous investigations have shown that fish oils vary greatly
in their content of vitamin D, so phat data concerning different species
are of theoretical interest, This is especially true in rerard to fresh-
water fish oils, since few of them have been tested,

There would be a practical value to the study if it were found
that these four fresh-water fish oils contained an amount of vitamin
D which would make them practicable substitutes for the foreign
supplies of oils which have become scarce tecause of the war,

Viteamin D has been found to be necessary for humaen beings, animals
end poultry as an anti-rachitic factore Since licCollum and his co-workers
(1922a) first distinguished between the anti-rachitic factor and vitamin A
in fats, considerable interest has been shown in the cause of the condition

known as rickets, and the sources of vitamin D which cure or prevent it.
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The exact manner in which vitamin D functions in this respect is not known.
Shohl and Wolbach (1936) have studied experimental rickets in rats, and
the latter author has drawn the followinz conclusions concerning bone
histolozye In normal bone, there is a continuous proliferation of cartilace
cells upon the epiphyseal side, and a simultaneous degeneration of the
matured cartilage cells on the diaphyseal side. In the space left by the
degeneration of the cartilage cells, capillaries and osteoblasts deposit
the bony matrixe In rickets, the degeneration of the cartilage cells does
not occur, so that there is no invasion of the cell by the capillaries and
osteoblasts to form bone.s Osteoid material is deposited around the capile
laries of the diaphysis, and since the proliferation of cartilage cells
continues, the width of the cartilage increases, enlarzement and swelling
of the joints occures When vitamin D is given, degenerated cartilage cells
acain a:pear on the diaphyseal side and calcification is renewed, Thus
the necessity of vitemin D for the normal development of bone in the
animal body is evident.

Guy (1923) has traced the use of cod liver oil to cure rickets
through meny centuries, and because fish oils still constitute one of the
most impartant sources of vitamin D, new o0ils containing it may be important,

Fishermen in general would be aided if the value of the catch of
burbot, carp, lake herring and sucker could be raiseds According to the
U, Se Department of the Interior, Fish and Wildlife Service (1940), the
total catch of these fish from the Creat Lakes, and the commercial wvalue
of each were as follows: burbot, 488,000 pounds valued at $5,984; carp,
5,998,000 pounds sold at $147,553; lake herring, 22,480,000 pounds walued

at £486,256; and sucker, 4,398,700 pounds valued at $122,403, An increase
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in the catch of the burbot which is referred to by Jordan (1908) as destruc-
tive to other more valuable fish, and the utilization of the waste of the
carp, herring and sucker should raise the commercial value of the catchese
Descriptions of the fish from which the test oils were obtained have
been given by Jordan (1908), and by Jordan and Evermann, (1923),

The burbot, (Lota L. maculosa), also called the ling or lawyer fish

is a long fish with imbedded scales. It may average from two to three

feet in length,s The range of the fish is from the waters of New England
through the Great Lakes to the Yukon. It is unusual because it is the only
fresh-water fish which is related to the cod.s Because its food is the young
of other species which are considered more palata®le by human beings, the
burbot is considered a nuisance. The burbot itself is not valued as food.

The carp (Cyprinus carpio), is a native of the rivers of China, from

whence it was imported to Europe some three hundred years ago, and then
brought to this country. It is a dull, sluggish fish of brownish color
which prefers tranquil waters. It is very hardy, and sometimes reaches
a weizht of thirty to forty pounds. Insects and vegetable matter make
up its foode The carp is used as food in some parts of this country,
although it is more commonly eaten in China end Europe.

The lake herring (Leucichthys artedi), is also known as the cisco.

The fish has an elliptical form with compressed sides and loosely inserted,
silvery scaless It is found in great numbers in the Great Lales, and is
one of the most important of the American species of fishe The flesh is
considered fair eating.

The sucker, (Cotostomus c. commersonii), is a small olivaceous

colored fish which is found in almost every stream east of the Rocky
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iiountaing. The baly is rather stout, averaging from six to eighteen
inches in length, The source of food is insects and small aquatic
animals,

Hereafter, for convenience of expression, the fish oils which
were tested will be designated by the names of borbot liver oil, carp

offal oil, lake herrinyg offal oil, and sucker offal o0il,



CHAPTER II

SURVEY OF LITERATURE

Previous studies of the vitamin D content of the oils of the four
fish, burbot, carp, lake herring and sucker, have been limited to burtot

liver o0il end carp oil,

Burbot Liver 0il, The first mention of the vitamin D content of

burbot liver oil was made by I.cCollum, Sirmonds, Becker and Shipley
(1922) in a statement that the oil promoted healing in rachitic rats,.
Clow and hiarlott (1929) in a more detailed study of the oil, estimated
the potency as eight times that of cod liver oil. 3Branion (1931), (1934),
reported a potency of two to three times that of medicinal cod liver oil,
while Nelson, Tolle and Jamieson (1932) found it two to four times as
potent as cod liver oil. The estimation of 400 International Units per
grem of burbot liver oil was made by Holmes, Tripp and Saterfield (1941).
In addition to these experiments in which the oil was tested on rachitic
rats, Steenbock, Kletzien and Halpin (1932) and Haman and Steenbock (1936)
report that burbot liver oil is as effective as cod liver oil for chickense
A preliminary report by Myers (1937) in which he treated infants with
burbot liver oil indicates that it is an efficient anti-rachitic substance
for children.

Carp Oil. The only experimental work done on carp oil was carried on
by Hess, Bills, Weinstock, Honeywell and Rankin (1928)s As a result of a
study of the relationship of the anti-rachitic factor to reproduction of
fish, they found that both the milt and roe of carp had anti-rachitic
properties similar to those of the cod, and that the ovary contained even

more vitemin D than the liver,



CHAPTER III

EXPLRILVEHTAL PR OCEDRE

PREPARATION OF OILS

Sources. The oils used in this study were furnished by Dre. P. J.
Schaible of the Azricultural Chemistry Lxperiment Station. The burbot
liver oil was a sample obtained in August, 1943, from lir, Vogelheim, a
fisherman of Rogers City, lilchigan. He had caught the burbot in April
and had rendered the fat from the livers over an open flame., The oil
was kept refrizerated until used. The carp, lake herring and sucker
offal oils were extracted from the fish offal which included the viscera,
heads and all waste except the scaless The carp offal oil was expressed
in January, 1944, from the offal of fresh, impounded fish which were kept
alive until eviscerateds The lake herring and sucker offal oils were
rendered in late January and mid April, respectively, from the frozen offal
of fish caught during the winter. The oils from the latter two were

extracted about two months after the fish had been caughte

Extraction of test oils. The offal was autoclaved at fifteen pounds

steam pressure for one-half hour, then the tissue fluids and oils were
expressed. Cylinders containing the tissue fluids and o0ils were placed

in the refrigerator overnight. The next morning, the oils were removed
by pipette, heated on a steam bath, then centrifuged and the oil pipetted
off, lext, the oil was filtered to remove any tissue fluid or water which
might remaine The oils were then kept refrigerated at 10°C., and prepared

for the assays as needed.
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Preparation of o0ils for assay. New U, S. Pharmacopeia :cference

cod liver oil containing 115 I. U. of vitamin D psr gram was obtained
for use as a stamard. In preliminary assays upon rachitic rats, it
was found that two units jer day for six days caused a complete narrow
line of healing designated as two plus in the metaphyseal cartilage of
the distal end of the radius and ulna. The standard cod liver oil was
prepared by wei hing 157392 gme of 0il on an analytical balance into a
10 cc. volumetric flask, and di luting to 10 cce. with cottonseed oil
(Wesson 0il). This amount of oil contained 200 I. U. of vitamin D, so
that 0.1 cce. of the diluted solution delivered 2 I. Us The U. S. Pharma-
copeia XII (1942) states that not more then 0.1 cce of 0il be given per
day, so 0.6 cc. of the diluted solution was dissolved in 5 cc. of ethyl
ether and incorporated in the rtasal rachitic diet. Bills, Honeywell,
Wirick and Nussmeier (1931) found that it made no difference whether the
supplement was given by mouth or in the food., Therefore the oils were
all administered in the food, because of the economy in time and because
it was felt that the amount given would be more accurate with only one
measurement instead of sixe Careful, quantitative procedure was observed
so that the amount given each animal was as accurate as possible, With
the first group of animals, the dilute o0il was prepared with 50 gm. of the
basal diet, but this amount was more than some of the animals ate, so that
subsequently the oil was incorporated into 40 gme. of basal diet. The food
was allowed to dry, then was given to each animal ad libitums

The burbot liver oil and the carp, lake herring and sucker offal
0ils were assayed using 1.7392 gm. of each o0il made up to 10 cc. with

‘cottonseed oil (Wesson 0il)e. If greater healing was evidenced than that



8
of the positive controls receiving the U. S. P. Refere:ce cod liver oil,
the amount of fish oil was cut in half (0.8696 gm.) and diluted to 10 cc.
with the cottorseed o0il. All oils were dissolved in ether and mixed with
either 50 or 40 gme. of the basal diet. This mixture was fed to each rat
ad libitum.
CARE OF ANIMALS

Preliminary care, When young rats from the stock colony which is

mainteined for vitamin D assays by the Michi—an State College Department
of Chemistry reached a weisht of 45 to 50 gm., they were placed on a

rachitogenic diet of the followiny composition:

Yellow table corn meal 69%
Wheat gluten 25
Brewer's yeast 2
CaCO3 3
NaCl 1
100%

At the erd of a three weeks period, the animals were rachitic as
signified by a wattling gait arnd terder, swollen joints. Ieekly weight
gains had been recorded, and any animal gaining less than 20 gm. in the
three weeks preliminary period was discardeds The rachitic animals were
transported in a covered box to the Home Zconomics building, and placed

upon supplements irmediately.

Assay periods In the Home Economics Building, the animals were

housed in a room with a northeast exposure. o direct sunlizht was allowed
to touch animals, end to fwrther protect them from sunlight, a screen was

placed in an individual round cage with a raised screen floor. The animals
were then grouped according to sex and weight, although litter control was

not observed. In each group, one animel serving as a nezative control,



received no supplemert of fish oil; one animal acting as a positive
control, was given U. Se. P, Reference cod liver oil, and either two or
four animals received supplements of the test oils, With the first
groups of animals, 0.6 cce of the cottonsced 0il was given in the same
manner as the fish oils, to the negative controls, then was discontinued
for subsequent groups since no effect upon healing was evident.s The basal
rachitogenic diet with the incarporated oil was fed ad libitum in a small
feeding cup until it was all consumed, then the basal diet was furnished
until the end of the experimental periode Throughout the assay period,
distilled water accessitle at all times was given each animal. Care was
taken to recover all food drooving onto the paper below the wire screen,
so that each animal would receive the full amount of the diet supplemented
with the test 0ils. Food records were kept to ensure that each animal ate
the amount which has been deemed necessary for the assay period by the U.
Se Pharmacopeia XII (1942)., ‘eights were recorded on the first, fifth
and the tenth day of the test period by weigrhing on a trip balance. On
the tenth day, after weighing, the animals were sacrificed by killing with
chloroform.

LINE TEST

Preparation of bone. The preparation of the bone and the technique

of the line test is essentially that originated by licCollum, Simmonds,
Shipley and Park (1522b)* The distal end of the radii and ulnae were
removed from the animal, cleaned of flesh, placed on a thread lavelled with
the number of the animal, and placed in ethyl alcohol for a period of 48

hours to harden.
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Line tests The left bone of one o the pairs was renoved from the
alcohol and rinsed in distilled water. The distal end of the radius and
ulne were split apart end each bone was cut lonzitudinally with a sharp
razor blede. The four sections of tone were placed in a 2% (by volime)
solution of AgNOS, and exposed to actinic light for approximately one
minute on dark days and ten seconds on sunny days. After exposure to
light, the sections of the bones were rinsed in distilled water, and
placed in a small transparent class dish and covered with distilled water

until readings.

Reading of line teste A 12 power magnifying lens was used to enlarge

the image of the jointe The desree of rickets was assessed by the scale
of the Pharmaceutical Society of London, as ¢iven by Coward (1938) with O
designatinz no healing, five intermediate steps signifying various degrees
of healing and 6 showing complete healinge. A sketch of each bone with the

healing evidenced was made for a record.

STATISTICAL ANALYSIS
The mecans of the wei~ht changes, food intakes, and healing as shown

by the line test of each group of controls and test animals were analyzed
- My=lip-0 n1° n,
P c——— [ ——a
n¢ 0y

for significance according to the formulas t

> 5 s
. . N £2)°
in which s = | 2x - '-;1;' $ 2y - "‘ﬁ% fzz_(_n%)

ny + 0, $ ng =3



CHAPTER IV

RESULTS A™D DISCUSSION

RESULTS

Weight changes. Table I, which gives the mean weight chances of

all groups of animals, shows that in all except one, there was a slight
increase in weizht ranging from O.l1 gm. zain made by the positive control
group for the burvot liver oil to 7,02 gm. gained by the negative control
group for the carp offal oiles The one group losing weight was that of the
positive control animals for the sucker oifal o0il group which showed a
mean loss of 1.6 gme No significant differences in weight rains or losses
were found between eny one set of animals receiving the test o0il and the
group of controls for that test oil. The means of weizht cains were small,
because one group of twenty-one rats was composed of animals which were
smaller, very nervous and less sturdy. Of the animals in this group,
eighteen lost weight, with one remaining the same for the ten day period.
The amounts lost were under 5 grams, so that the results were used. Justi-
fication for this was that four negative controls lost up to & pgrams and
showed no healinge. Other investigators have found that small losses do not
affect the dezree of healing. Coward and Key (1933) have found that a loss
of 5 gme in weight does not affect healing, and Shipley, Kinney and }cCollum
(1924) observed that healing did not occur when there were even larger
losses of weight,

Food Intake. The U, S. Pharmacopeia XII (1942) states that a min-
imum of 28 grams of food should be consumed in an eight day test period. In
this study, a ten day period was vsed, so that the requirement would be 35

srams. From Table I it can te seen that the food intake averaged from 40.3 gm.
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consumed by the group given cod liver oil in the sucker offal oil test
group, to 59.2 gm. eaten by the negative control group of the animals
given carp offfal oils, The groups of animals previously mentioned lowered
the mean of all groups in which they were included, since the food intake
for this group was much closer to the minimum amount. No significant
differences in food intake were found between the controls and the group

given the test oil,

Healinge Preliminary assaying of the burbot liver oil on six rachitic
rats gave evidence that when equal amounts of cod liver oil and burbot liver
0il were administered, there was more vitamin D in the burbot liver o0il than
in the cod liver o0il, since the test 0il showed a mean healing of 4,50 t
0+23 in contrast to 2,67 f 0¢42 shovm by the positive controlse The differ=-
ence in healing noted is pictured in Figures 2 and 3 of Plate I. Since
this was a significant difference, the amount of burvot liver oil given was
cut in half. Table II shows the results of the assay of twelve animals at
this level, with the animals getting the burbot liver oil showing a mean
healing of 3,00 ¥ 0,24 in comparison to & healing of 2.86 + 0.20 for the
group of positive controls.e A revresentative picture of the healing given
by this level of burbot liver oil is shown in Figure § of Plate I, There
was no significant difference between these means, so that may be assumed
that this sample of burbot liver oil contained twice as much vitamin D as
the Ues S. P. Reference o0il, or approximately 230 I. U, per grame

The first group of animals given carp offal oil in the same amount
as the cod liver oil given the positive controls showed a mean healing of
2.33 in contrast to 2.67 for the animals receiving cod liver oil. This

difference was not statistically siznificant, therefore six more animals
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were given supplements of the oile. As Tatle II shows, the results of
the twelve rats tested were that the carp offal oil gave a mean value
of 2,58 f 0.18 healing while the positive control group averaged 2.61 t
0021 healing. Figure 7, Plate I illustrates the healing shown by animals
receiving the carp offal oile The results of the assay showed that there
is no statistically significant difference between tle means of the two
0oils, so that it may be concl ded that this sample of carp offal contains
avproximately 115 I. U. of vitamin D per gram.

When an equal amount of lake herring offal oil and Us. S. Pe Reference
cod liver o0il were each tested on a preliminary group of eicht animals,
the rats receiving the test oil evidenced an average healing of 3425 t
0.33, while the positive controls registered a mean healing of 2,33 t
0e21ls The degree of healing is shown in Figure 4, Plate I. This difference
proved to be slightly significant in favor of the animals receiving the
lake herringz offal oil, consequently, a group of twelve animals were given
one-half as much leke herrin; offal oil as cod liver oile Table II shows
that the results of this assay were that these animals showed a mean healing
of 2,35 ¥ 0.34 in contrast to 2.76 i 0.23 evidenced by the positive control
animals. A representative drawing of the healing shown at this level is
given in Figure 6, Plate I. Although this difference was not statistically
siznificent, the degree of healing shown, 2.35, was less than the 2,76
given by the cod liver oil, and the degree of variation, i 0¢34,was the
largest shown by any group, so that it seems safe to conclude that the

lake herring offal oil apparently contains at least 200 I. U. of vitamin

D per grams.



14

A group of three animals.given sucker offal oil in the same amount
as the cod liver oil fed the positive controls showed a mean healing of
243 in comparison to 2.4 for the positive controls, so nine more animals
were given supplements of the test oile One animal of this group was
discarded because of a very low food intake, so that the results of the
assey on eleven animals as ziven in Table II is that they showed a mean
healing of 2,68 t 0.18, while the positive control animals evidenced a
healing of 2,84 + 0.19. Figure 8 in Plate I shows a typical picture of
the healing shown by the animals ;iven sucksr offal oile The difference
in the mcans of healinz shovmn by the animels receivin:; the test oil was
not significantly different from that shown by the animals receivinz cod
liver 0il, so that this sample of sucker offal oil contains about the same
amount of vitamin D as the standard cod liver oil or 115 I, U. per gram.

From the results of the line test on rachitic animals, it was found
that the sample of burbot liver o0il assayed contained 230 I, Us, of vitamin
D per gram of o0il, while the sample of lake herring o’fal oil tested
contained at least 200 I. Us of vitamin D per gram. The samples of carp
offal o0il and sucker offal oil each contained approximately 115 I, Us of

vitamin D per gram.

DISCUSSION

Comparison with results published in literature. The results of this

study in which the vitamin D content of burbot liver o0il is about twice
that of standard cod liver oil, compares with those of Iranion (1934),
and lelson, Tolle end Jamieson (1932). This is lower than that of the

oils tested by Clow and iiarlott (1929), and Holmes, Tripp and Satterfield
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(1941), for the former found the oil eight times as potent as cod liver
oil, and the latter state that it comtains 400 I. U. per gram, or is
almost four times as potent as the standard cod liver oile It may be
that the burbot liver oil assayed in this experiment did not have a
higher viteamin D content because it was rendered over an open flame which
may not be the method best suited to retaining the vitamin D originally

present,

Comparison with data on the vitamin_g content of other fish, It is

of interest to find how the vitamin D content of burbot liver oil, and the
carp, lake herring and sucker offal oils compare with that of other fresh-
water fish oils. This subject has not received as much investipation as
the vitamin D content of the salt water fishe. It was found by Bills (1927)
that.the 0oil of the fatty tissues of muddy catfish caught in the Ohio River
gave a healing rated as 40 in comparison to 100 as shown by cod liver oil,
The liver o0il of perch from leke Erie was assayed by Holmes, Tripp and
Satterfield (1941), and found to contain about 750 Us, S. P. units per grars
An anonymous article, "Fish liver as a vitamin Rich food"™ (1925) appearing
in the VWiisconsin Agricultural Experimental Station Bulletin, states that
the canned livers of Lake Michigan fish had healed rickets in ratse Burbot
and whitefish livers rated higher than lake trout. No data were given.
Amoung the salt water fish, the range of vitamin D content varies
from none found in the gray sole end sturgeon by Bills (1927) to 54,000 I. U,
per gram of blue fin tuna liver oil, as assayed by Morgan, Kimmel and Davidson
(1939) and 70,000 I. U, per gram of liver oil found in the same species of

fish by Holmes, Tripp and Satterfield (1941). Of the ocean fish, Bills, et
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el (1535) have stated that three-fourths of all liver oils are more potent

than cod in vitamin D,

Factors affecting the vitamin.g content of fish oilse The amount of

vitamin D in fish oils varies with the species. Bills and co-workers
(1935) found that the highest concentration of the vitamin is present in
the livers of the hicher families of fish, such as the percomorphi which
include the mackerel, tuna, sea basses and swordfish, whercas the families
of lower orders are poor in De The fish tested in this study rank in the
middle of the families of fish, exceot for the burbot which is in the
lowest order of the last familys Thus it mi:ht te expected that if the
liver oils of carp, lake herring, and sucker were tested, they micht rank
higher than that of the burbote

The part of the body of the fish from which the oil is extracted
also arfects the content of vitamin D in the oil, One of the most detailed
studies of this subject has been made by Pugsley (1942). FKe tested the
potency of oils from the body, liver and intestines, and found that in the
pilchard the vitamin D content of the body oil was 54 I. Ue per gram end
of the liver, 200 1, U, per gram. The herring contained 33 I, U. per gram
of vitamin D in the body o0il amd 250 I, U. in the liver. The same author
and his assistants (1$42) found that in mackerel the liver conteined 1035
I. Us of vitamin D per gram of oil, while the intestines, body o0il and
offal oil contained respectively, 76, 20, and 51 I. Us. per gram of oil,
Aschehaug, Kringstad, and Lunde (1939) report that the potency of mackerel
liver was 11,300 I. U, per 100 gme of product, while the flesh rated only

85 I, Uy for the same amounte
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The time of year in which the fish are caught also affects the
amount of vitemin D in the oils. Hess, Bills and Honeywell (1929)
first found that the arount of vitamin Y varied inversely with the emount
of oil in the liver. Later REills, Imboden and Wallenmeyer (1934) found
that in halibut liver, the total oil content rose slowly from January to
June, then increased suddenly until it was doubled in Aucust, then slowly
declined from Auzust to Januarye The vitamin D content varied inversely
with the oil ccntent, for it was highest in January. Pugsley (1939)
found the potency higher in July and August than in September and October
when the yield of oil was hizher. Supplee (1937) found that smaller,
thinner fish contained more vitamin D, so that early summer catches were
more potente Since all of the fish oils tested in the present experiment
were caught in the winter and very early spring months, it is probable
that the vitamin D found present may be near the maximum quantity which
might be found in the tyve of o0il tested.

The method of extraction of the oils may affect the vitamin D
contente Morgan, Kimmel and Dgvison (1939) tested several oils prepared
from the sane catch of sardines, but extracted in various wayse The best
method for retaining the highest amounts of vitamin D was to steam auto-
clave the fish, press out the oils, then centrifuge to remove any other
liquid presents This method of extraction was used on the carp offal,
leke herring and sucker offal oils, so that it is felt that in these oils

there was as little loss of the vitanin as is possible with known methodse

Possible uses for the oilse Since all o the test oils fulfill the

standard set by the U, S, Pharmacopeiea XII (1942) as far as the vitamin D
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content is concerned, it is possible that the o0ils could be used commer-
cially as a source of vitamin D¢ ihey misht all be ccnsidered as a source
of vitamin D for human consumption, since burbot liver oil already has
been used successfully by iiyers (1931) as an anti-rachitic agente There
is a possibility that the others might be quite well used for poultry,
although they; would have to be tested on chickens first to find the efficacy,
It was demonstrated by Bills, liassengale, and Imboden (1934) that the fish
oils differ in their anti-rachitic effect when ghey found that the blue fin
tuna liver oil was only one-sixth as effective on chickens as on ratse They
felt that this was due to the fact that there are two or more forms of
vitamin D present in fish oils. Hamon and Steenbock (1936) reported that
burbot liver oil was as effective as cod liver oil for chickens, but further
checking would have to be carried on with the other oilse In the use of
these oils for poultry, it would be of special interest to test the carp
offal oil, because the quantity of the catch is great, the use for them is

limited, and the price is very low,



CHAPTER V.
SULI-ARY AWD CONCLUSIONS

Oils from burbot liver and from the offal of carp, lake herring,
and sucker caught in the winter and early spring months from the Great
Lakes were assayed for their vitamin D content. The burbot oil tested
was & sample which had been flame rendered while the carp, lake herring,
and sucker offal oils were extracted from the viscera and all other waste
except the scales by autoclaving, then pressing out the oil, and centri-
fuging it to purify ite. A total of 96 rachitic animals, 25 nerative
controls, 24 positive controls and 47 test animals, were used to find
the vitamin D content by the use of the line test technique.

The following results were obtained;

l. The sample of burbot liver o0il contained about twice as
much vitemin D as the standard U. S. P. Reference cod liver oil,
or avout 230 I. U per-gram of o0il.

2. The lake herring offal oil tested contained arproximately
twice as much vitamin D as the standard U. S. P. Reference cod
liver oil or at least 200 I, U, of vitamin D per gram of oil,

3. The samples of carp and sucker offal oils tested contained

the same amount of vitamin D as the standard U, S. P. Reference cod

liver oil, or approximately 115 I. U. per gram of oil.
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Tadividual records of rachitic animals
receiving no oil
uscd as negative controls for
assa; of ourbot liver oil

-

Noe of Initial
rat weight

Weight
change

Food Healing
intake on line

test
Gm, Gme Gme Gme

168 o7 67,0 750 8.0 57,0 0
1769 7040 760 Be0 55,0 0
180 ¢ 6647 6745 0e8 5040 0
226 5 82,0 873 5¢3 5340 0
23207 59.0 61.0 2,0 49.9 0
2379 74.8 70,0 -4,8 38,0 0
2419 6940 7040 1.0 48.4 0
2459 6444 6740 2,6 46,8 0
é49o” 7040 6740 =3.0 40,0 0
2547 6040 59,0 1.0 35.0 0
2609 6446 6747 3.1 54,5 0
M 6840 6948 1.81 47.96 0
o 3465 7,03 0
1.10 2.11 0



TA3LE II.

Individual records of rachitic animals
receiving 00104 gme cod liver oil
used as positive controls for
assay of burtot liver oil

I

lo. of nitial | Final |iieight | Food Healing
rat weight | weizht | change | intalke on line
test
e e
Gme Gme Gme Gme

16997 6740 70,0 3,0 46,0 3
173 % 7640 80,0 4,0 5740 4
177¢% 7060 7040 0.0 51.0 4
181¢ 6640 71.0 5.0 40,0 3
22707 6445 64.7 0.2 3740 2
23397 5940 61.0 240 40,0 3
238% 7460 7340 -1,0 43,0 3
2429 65,5 65,0 0.5 40,0 2
2469 60.0 5940 -1.0 46,8 2
2507 6742 63.0 -4,2 40,0 3
255 5845 57.0 =145 40,0 2

261¢ 6445 60e0 =445 37.5 3e2%

M 66401 66¢14 0613 43,7 286

o 2483 5.9 0.69

0.82 1.70 0420

* Healing calculated up to 40 Gme intake



TABLE III.

Tvwdividual records of rachitic animals
receiving 0.052 gme burbot liver oil

oe of Initial
rat weight

Food | Healing
intake | on line

test
=
Gme Gme Gme Gme
17047 6548 7040 4,2 £6.0 3
174° 75e2 7546 O.4 5540 4
1789 6345 G8e0 =245 40,0 3
182¢ 6444 6540 0.6 55.0 4
22807 64,0 67.0 3.0 44,8 2
230 62,7 6747 5.0 3742 4,3%
2399 7045 73.0 245 3369 244x%
243%9 65,4 67.0 1.6 45,5 3
2479 61.0 60,0 =1.0 40,0 2
25207 6245 60,0 =245 39.0 3
257 55,0 51,0 =4,0 3360 2e4x*
2639 56,4 54,0 =2,4 39,0 3
M 64,3 6447 0.41 43,2 3600
o 2,80 7+03 0.82
o0 0.81 2,11 0.24

* Healing calculated up to 40 gm. inteake



TABLE IV,

Individual records of rachitic animals
receiving no oil
used as negative controls for
assay of carp offal oil

Noe of Initial | Final |iieight Food ilealing
rat welicht ! welght | chanre | iataice | on line
e i test
E | ‘ = e —————a—— __— 1
Gme Gie Gme Grne
10297 61e5 6943 Te8 55.0 0
10657 6242 75,0 11.8 7040 0
1107 63.1 80,0 1649 62.0 0
11857 6646 7440 Te4 6340 0
12207 7240 83.0 11.0 64.5 0
14307 69.0 7040 1.0 49,5 )
1509 6440 74.0 10.0 6040 0
156¢ 65.2 60s0 =542 40.0 0
159¢ 715 7540 3e5 60,0 )
16297 7540 8le0 6e0 6840 0
M 67401 T4413 7,02 59.20 0
o 5.87 8452 0
1.86 2,70 0

)



TABLE V.

Individual records of rachitic animals
receiving 0,104 gme cod liver oil
used as positive controls for

assay of carp offal oil,

Noe of Initial | Final |Weight | Food

weight | weizht | change | intake

Healing
on line
test

Gme Gme. Gme Gm,

1017 59,0 6545 6e5 47,5 2
1056 6240 61.0 =1.0 38.0 2.11%
10947 6340 80.0 17.0 49,0 2
11707 6640 7440 840 6040 4
121 6945 82,5 13.0 7640 2
14907 61.0 6740 640 40,0 3
1527 7040 7644 6ol 5040 3
155¥¢ 62,0 61,0 =1.0 40.0 2
158¢ 7040 71.7 1,7 6040 3
1619 7447 7447 0.0 52,0 3

M 65472 7138 5466 51425 2,61
e 5470 11.02 0466
“m 1.80 3.48 0.21

* Healing calculated up to 40 gm. intake



TABLE VI,

Individual records of rachitic animals
recciving Q104 gm. carp offal oil

Noes of Initial | Final | Weight | Food | Healing
rat weight | weight | change | intake | on line
test
Gme Gm. Gme Gm.
1039 59,0 6440 5.0 5040 3
107% 617 74,0 12.3 5845 3
111% 6540 76.0 11.0 60,0 3
119 07 6845 7840 9.5 6040 2
12397 7245 80.0 7¢5 5740 2
14307 68740 7343 6e3 56.0 3
14707 6740 71.0 4,0 51.5 3
15107 6445 7060 5.5 5340 3
15407 7840 81l.8 3.8 40,9 2
157 %@ 6742 7040 2,8 49,0 3
150 ¢ 7348 777 349 58.0 1
163 ¢ 7640 7845 2.5 59.0 3
M 68435 74453 6418 54,33 2458
== 31 5473 0.65
— 0.9 1,66 0.18



TARLE VII.

Individnal records of rachitic animals
receiving no oil
used as negative controls for
assay of lake herring orfal oil

iloe of Initial | Final | weirnt Food Healing

rat weizht | weicht | change inteke | on line

test

Gme Gme Gme Gme

15407 7940 30,0 11.0 5240 0
1769 70.0 7640 6.0 55.0 0
180¢ 6667 6745 0.8 50.0 0
18407 60,0 70,0 10,0 46,0 )
22603 82,0 8743 5¢3 53.0 0
2379 7448 70.0 -4,8 3840 0
2419 69.0 70.0 1.0 4844 0
245¢ 64,4 67.0 2.6 46,8 0
2495 70.0 67.0 =3.0 40.0 0
2547 60,0 59.0 =1.0 3560 0
260¢ 6446 677 3el 64.5 0
M 69.14 71,95 2482 47615 0
o— 4,75 6455 0
on 1.43 1,98 )



TARLE VIII,

Individual records of rachitic animals
receiving 04104 gme cod liver oil
used as positive controls for
assay of lake herring offal oil

lioe of Initial | Final !weight Food Healing
rat weight | weicsht change | intake | on line
i test
Gme Gme Gme Gme
1732 7840 80,0 4,0 570 4
177¢% 7060 70.0 0.0 51,0 4
181¢% 6640 71.0 5.0 40,0 3
185¢% 619 64,0 2.1 50,0 2
22707 6445 6447 0.2 370 2,16%
2382 74.0 7640 2.0 49,0 3
2429 6545 65,0 =045 40,0 2
246¢% 60,0 59,0 =1.0 4648 2
25007 6742 63,0 -4,2 40.0 3
25507 58.5 5740 =1.5 40.0 2
261¢% 6445 60,0 =4.5 3745 3e2%
M 66419 66437 0.15 44,39 2476
e 2487 6633 0.74
“a 0.86 1.91 0.23

* Healing calculated up to 40 gne intake.



TABLE IX.

Individual records
receiving 0,052 gme

of rachitic animals
of lake herring offal oil

Nos of Initial | Final | Vieight | Food | Healing
rat weight weight | change | intake | on line
test
Gme Gme Gm, Gme
15707 70.0 7040 0.0 50.0 3
1759 7340 7340 0.0 46,0 2
179¢ 67.0 6760 0.0 45,0 2
183% 62.2 6240 =0.2 44,0 4
186% 62,0 74.0 12.0 50,0 5
22997 6440 65.4 l.4 47.5 1
240¢9 7040 717 1,7 4648 2
244¢% 6540 6740 2,0 4749 2
248¢% 5945 57,0 =2.5 3867 1,03%
25197 63,0 60,0 =3.0 40,0 3408*
25607 5748 63¢5 =443 3540 1,14
262¢% 60.0 60.0 0.0 44,0 2
M 64446 65405 0459 44,68 2.35
- 3490 3417 1.17
< 1.13 0.92 0.34

* Healinc calculated up to 40 gm. intake



TABLE X.

receiving no oil
used as nezative controls for
essay of sucker offal oil

Individual records of rachitic animals

Noe of Initial | Final |%Weisht | Food healing
rat weight | weight | change |inteke | on line
test
Grme Gme  Gm.  Gme
23207 5940 6740 840 49,9 0]
24907 7040 67,0 =3.0 40.0 0
25407 6040 59,0 -1.0 3540 0
2809 6446 6767 3el 54,5 0
26607 6945 7340 365 54.0 0]
2709 6948 7240 242 47,0 0
M 655 6746 213 46471 0
o 3450 Te29 0
= 1.43 2,97 0



TABLE XI.

Individual records of rachitic animals
receiving 0.104 gme cod liver oil
used as positive controls far
assay of sucker offal oil

oe of [7 Initial | Final |Weight | Food Healing

rat . weight | weight |change |[intake | on line
| test
L
Gm. Gms, Gme Gme
253 97 59,0 61.0 2.0 40 3
25007 672 63.0 4,2 40 3
25507 5845 57.0 =1.5 40 2
261¢ 6445 60s0  =4,5 3745 3e2%
2719 6643 G645 0.2 44,0 3.0
M 63.1 6l.5 =1.6 40.3 2.84
o 2.5 2,09 0.42
“m 1.12 0,93 0.19

* Healing calculated up to 40 gme intake






TA-LE XII.

Individual records of rachitic enimals
receiving 0.104 gme sucker offal oil

Hoe of Initial | Final |Veight Food | Healing
rat weight weight | change | intake | on line
test
Gm. Gm. Gme Gm,
2347 5845 6249 ded 45,0 2
23507 5842 57.0 -1,2 40,0 3
23607 5445 61490 6e5 45,8 2
253 07 6140 62,0 1,0 4745 3
25807 54,0 52,0  =2.0 38.5 4,15+
259 o7 5245 62.0 -0.5 3840 3e13%
265 % 5445 53.5 -1,0 40,0 2
26807 6545 6460 =1¢5 40,0 2
26907 6045 6le5 1.0 45,0 2
272¢% 6140 61.0 0.0 3840 3416%
273% 60.0 60,0 0.0 40,0 3
M 5842 5848 0.60 41,6 2468
o 2450 3,54 0.61
“m 0475 1.07 0.18
* Healing calculated up to 40 gm. intakes.
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