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A STUDY OF THE STABILITY OF VITAMIN A IN
VARIOUS COD LIVER OIL -- FEED MIXTURES

Introduction

With the increase in the knowledge of vitamins during the past
few years, greater emphasis has been placed on their importance in
nutrition., In many cases vitamin supplements such as concentrates
from natural sources or even synthetic preparations are added to
rations to insure an adequate supply in the diet, As an example,
cod liver oll is widely used to increase the vitamin A and D potency
of mixed feeds, In the case of vitamin A, this type of fortification
has not been entirely satisfactory because of the instability of |
vitamin A under practical conditions of use,

Several workers have shown that vitamin A is destroyed during
storage, Holmes, Corbet, and Hartzler (9) found that the vitamin
A of halibut liver oil was completely destroyed in 10 hours when
kept at 96° under an atmosphere of oxygen, They also found that the
vitamin A of halibut liver oil was completely destroyed in 21 weeks
when 10 cc, of the oil was kept in a 4O cc, bottle in diffused light
at room temperature, Under these same conditions, the vitamin A of
cod liver oil was destroyed in 6 weeks, lowen, Anderson, and Harrison
(10) found that the vitamin A of salmon oll decreased from 269 BU/gm,
to 160 BU/gm, or 40% in 35 days when 50 cc. samples were stored in
125 cc. Erlenmeyer flasks exposed to air at room temperature in dif-
fuse winter light, The vitamin A of halibut liver oil under these
conditions decreased 84% in 35 days. They also found that 30 cc,
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samples of freshly prepared halibut liver oil stored in 50 cc. Erlen-
meyer flasks exposed to air at room temperature in diffuse spring light
lost 964 of the vitamin A in 31 daye. But Ewe (5) found that samples
of cod liver oil under conditions of commercial distribution did not
lose any appreciable amount of vitamin A even after they had been
stored U years,

Other workers have shown that vitamin A added to feeds is destroyed
to a greater extent that the vitamin A which is present in the feed as
precursors such as the carotenes, Dunn (4), in 1924, noted that when
cod liver oil was mixed with starch and stored in stoppered bottles
in the dark for 6 months, it lost its anti-xerophthalmic properties,
Marcus (11) odserved that when cod liver oil contentrate was mixed
with finely ground compounds such as ferric oxide, magnesium oxide,
calcium carbonate, lactose and others, the vitamin A was destroyed on
‘standing, He also found that the vitamin A of a mixture of cod liver
0il and the USP vitamin A deficient ration was destroyed to the extent
of 85% in 10 days. Fraps and Kemmerer (6) found that when fish oils
or their concentrates were added to feed mixtures, 79 - 100% of the
vitamin A disappeared after 4 weeks of storage. Bethke, Record and
Wilder (3) noted that not over 50% of the added vitamin A from cod
liver 0il was destroyed in a casein ration in 6 months, However, in
a similar ration containing meat scraps and dried milk in the place
of casein, approximately 75% of the vitamin A added was lost in 6
months, Holder and Ford (7) mized cod liver oil with a vitamin A-
deficient ration and stored it for 60 days, On eight-week tests with
ehicks, no loss of vitamin A was detected; however, there was an

indication of some loss when the test period was extended to ten
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. weeks, Baird, Ringrose and MacMillan (2) reported that ¥itamin A from .
fortified cod liver oil, when mixed in the ration to provide respectively
100, 150, 200, and 300 units of vitamin A per 100 grams ration, did not
evidence complete destruction even when the rations were stored in bur-
lap bags at summer temperatures for 25 weeks, although it underwent
progressive destruction as the storage period advanced.

During some feeding experiments with a commercial dog food, it was
observed that the vitamin A which had been added to the feed during its
manufacture could not be accounted for several weeks later, Chemical
tests of the feed showed that the vitamin A had been destroyed. In view
of the fact that it could be expected that various ingredients of feed
nixtures might show different effects toward the stability of vitamin
A, investigation was carried out to determine, if possible, whether
certain ones might be particularly well suited to preserve the vitamin

A potency.

EZxperimental

The experimental procedure consisted of adding certain amounts of
cod liver oil to different feeds, The oil and feed were mixed dy hand
and stored in cloth bdags in laboratory lockers, At monthly intervals,
samples were take out and the vitamin A determined by the following
method:

1. Twenty grams of the sample was extracted with ethyl ether in
a Soxhlet extractor for a minimum of three hours, Abernathy (1) re-
ported that an extraction period of two hours was sufficient to extract
all the vitamin A which was added to a feed, However, we found a

minipum extraction period of 3 hours gave the most satisfactory results,
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2. The ether was then evaporated from the extract by use of =
warm water bath and reduced pressure.

3e The residue was saponified with 10-15 cc, of saturated
alcoholic KOH on a steam bath, It was then cooled and extracted twice
with 100 ec. portions of ethyl ether, The ether extract was washed
with water until free from alkali when tested with phenolphthalein,

4, The ether extract was then dried overnight using anhydrous
Nao80y. The solution was filtered and the ether evaporated off as
before, )

5« The residue was takken up in a suitadble volume of chloroform,
Two-tenths cc, of the chloroform solution was mixed with 2 cc, of a
saturated solution of lbc13 in 03013 in a 1 em, cell and the color
determined izmediately with a Lovibond tintometer, The results were
calculated as Lovidond blue units per granm,

In order to test the dependability of the method, weighed amounts
of cod liver oil were analysed by the above method and the results
compared with those obtained by the direct determination of vitamin A

in the chloroform solution of the oil, The results are given in

Table 1.
Table I
Dependability of Method for the Determination
of Vitamin A
Sample Clo.* BU/gm.
e hdd
Ce 1. 0, analysed by above method 0,92 1195
Ce 1o 0o in 03013 (direct determination) 1.27 1117

* Clo, A commercial medicinal cod liver oil
*¢ BU/gm. lovibond Blue Units per gram of oil
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The difference in the values obtained is probably within the ex-

perimental error, which indicates that the method is reliable,

In experiment 1, the ground Vita Cube dog food and six other feeds
were mixed with cod liver oil, Kilogram qusntities of the feed contain-
ing 5% oil were prepared and a sample was removed for an initial
determination, The rest of the mixture was stored and samples taken
out at monthly intervals for analysis, The results are given in Table
11,

The vitamin A added to the Corn Flake feed was completely destroyed
at the end of one month's storage., The vitamin A of the Vita Cube dog
food underwent a gradual destruction and 75% was lost at the end of
nine months, The other five feeds lost from 34 - 90+% in ten months,

Experiment 2 was carried out the same as experiment 1 with the
exception that a different series of feeds was used, !he results are
given in Table III,

Higher vitamin A values were obtained because an 0il was used which
had a greater concentration of vitamin A than the oil used in experiment
1., Complete destruction of the vitamin A occurred in one month with Rice
Krispie feed and Whole Wheat Biscuit feed, The amount lost with the
other four feeds varied from 41-65%4 in seven months,

In experiment 3, two other feed ingredients, bone meal and wheat
germ, were tested in a similar manner, These were mixed with 2 1/2-
per cent oil instead of 5% as in the previous experiments, The results
are given in Table 1V,

The vitamin A was completely destroyed with the bone meal in one
month and only a trace was left with the wheat germ at the end of five

months,
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TABLE IV

STABILITY OF VITAMIN A OF COD LIVER OIL WHEN
ADDED TO VARIOUS FEEDS (EXPERIMENT 3)

ANF ' “Tige (Months)
1 0 1 2 3 AN 5
Bone Meal *BU/gm 44,7 0.0
% lost 100,0
Wheat Germ BU/em 42,9 43,7 30,5 39,6 28,6 Tes
% lost 0.0 29.0 9.2 33.3  99.0

% BU 3 Lovibond Blue Units
3T o Trace of Blue
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It will be noted throughout the tests that there was considerable
variation in the initial values for vitamin A, This was probably due to
the inherent difficulty in obtaining uniform distribution of the cod
liver oil in the feeds, since the mixing was done by hand,

In view of the fact that various cereal products gave variable
results and even products from the same grains reacted differently, it
was thought desirable to test the stability of vitamin A in mixtures of
cod liver oil with the various unprocessed grains,

Tive different grains were found finely in a Hobart mill, A mixt-
ure of 500 grams containing 2 1/2% cod liver oil of each grain was pre-
pared, stored and sampled as in the previous experiments, The results
are given in Tabdble V,

TABLE V

STABILITY OF VITAMIN A OF OOD LIVER OIL
WHER ADDED TO GROUND RAW GRAINS

T
SAMPLE 0 1 5 3 N 5 6

Barley *BU/gm 41,3 33.5 22,6 W3 18,2
’ lost 1l 01 1‘5.3 QO 55'9
Corn BU/gm 49,5 Ml.3 275 U719 3.5 27.5
% lost 16,6 M4.,5 3.2 28,3 4y 5
Oats BU/gn hlo} 3505 22,0 22,0 11,0
4 lost 14,1 46,8 U46.8 3.4
Rice BU/gm 42,9 0.0
4 lost 100,0
Theat BU/@ l"l.} 3300 19 03 2509 22,0
* lost 20.0 5302 37.3 )‘607

*BU = Lovibond Blue Units
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The vitamin A was completely destroyed in the case of ground rice
in one month, The oats mixture lost 73%, the barley, 56%, the wheat,
466, and the corn, 4Y4f of the vitamin A in 6 months,

Since considerabdble variations with the different feeds occurred
with respect to the destruction of vitamin A, a number of mixtures of
feeds with cod liver oil were tested, linseed 0il meal was mixed with
oatmeal and also with standard middlings, Mixtures of cod liver oil
with linseed o0il meal and standard middlings had exhibited considerabdle
stability, whereas that involving oatmeal was not particularly stable,
The cod liver oil was pre-mixed #ith the linseed 01l meal, since the
latter absorbed the oil readily, Then the other feed was added and
mixed thoroughly, Two hundred grams of the mixture was prepared con-
taining 5% of the oil, Another group of mixtures was prepared in a
similar way except that bone meal was added as an extra ingredient,

The amount of bone meal added was equal to that of each of the other
two feeds, The results are given in Table VI,

TABLE VI
STABILITY OF VITAMIN A WHEN ADDED TO VARIOUS FEED MIXTURES

BAuPLE S S . S . B

Linseed 01l Meal + Oatmeal *BU/gm 75.6 53.6 U .9 \;3.5 Y .5
‘ lost 29.1
Linseed 01l Meal + Standard BU/gm 78.4 51.2 141.9 53.6 49.5 h9.5
Middlings % lost 3,7 39.0 31.7 36.9 36.9
Linseed 01l Meal + Oatmeal + BU/ga 77.6 0,0

Linseed 01l Meal + Standard 3BU/gm 82,5 0,0
Middlings + Bone Meal 1000

SBU = Lovibond Blue Units
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The difference in the amount of vitamin A lost with the first two

mixtures in five months is perhaps not significant, However, when bone
meal was added, the vitamin A was completely destroyed in one month,
Although the 0il was mixed with the linseed 0il meal and the bone meal
added as an extra ingredient, the presence of the latter was obviously
responsible for the destruction of vitamin A,

Further experiments were carried out with those feeds in which the
vitamin A was destroyed in one month, Bone meal, ground rice, Rice
Krispie feed and Corn Flake feed were each extracted with ethyl ether
in Soxhlet extractors for 3-I hours, The extracted feeds were then mixed
with 5% cod liver oil and determinations carried out as in the previous
experiments, After the feeds were mixed with the oil, they stood over-
night before samples were removed for an initial determination, of the
vitamin A, These results are given in Table VII, The vitamin A was
completely destroyed with the bone meal overnight and in the case of all
the other samples within one week, This ghows that the ether extract of
the feed does not contain anything which might accelerate the destruction
of vitamin A,

Another experiment was carried out in which linseed o0il meal was
extracted with ethyl ether and the 0il mixed with the extracted meal -as
in the preceding experiment. In this case, the vitamin A was completely
destroyed in one month, It may have been destroyed in much less time, but

the sample was not tested until it had been in storage for one month,

Discussion
The results of this investigation show that when cod liver oil is
mixed with different feeds, marked variations in the rate of destruction

of vitamin A occur, The results shown in Tables 1I-V inclusive represent



TABRLE VII

STABILITY OF VITAMIK A WHEN ADDED TO FEEDS PREVIOUSLY

EXTRACTED WITH ETHYL ETHER

SAMPLE —220 Weok 1 Week
— SBU/gm BU/em
Bone Meal i ooo ooo
Rice (ground 57.8 0.0
Rice Krisples : 57.8 0,0
Corn Flakes 57.8 0.0

*BU = Lovidond Blue Units
** Samples stood overnight before first determination,
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mixtures of a single ingredient with cod liver oil, except in the case
of the Vita Cube dog food, Variations were observed ranging from a loss
of 31% in 6 months to complete destruction in less than one month,

The feeds in which the least destruction occurred were standard
middlings and linseed o0il meal, Those which showed the greatest destruct-
ion were bons mesl, Corn Flake feed, Rice Krispie feed, ground rice, and
¥hole Wheat Biscuit feed,

Although the vitamin A was destroyed readily when cod liver oil
was mixed with Corn Flakes and Whole Wheat Biscuit feed, no such
instability was observed in the case of the ground corn and wheat, It
¥s interesting that coiuiderable stability was noted with several other
wheat products., However, in the case of the ground rice the vitamin A
was destroyed as rapidly as in the Rice Krispie feed,

No significant difference in the destruction of vitamin A was ob-
served between the addition of oatmeal to linseed 0il meal and the
addition of standard middlings to linseed o1l meal when the 0il was first
mixed with the linseed oil meal, This is interesting in view of the fact
that vitamin A was more readily destroyed when mixed with oatmeal than
with standard middlings,

When bone meal was added to the mixtures in which the cod liver oil
had been incorporated with linseed oil meal, the vitamin A was destroyed
very rapidly, 8ince the 0il was mixed with the linseed oil meal and at
least a large amount of it was absorbded by the linseed o0il meal, it wounld
appear that the bone meal catalysed the destruction of vitamin A, Holmes,
and Corbet (8) reported that several compounds, which were used in
adsorption colummns, caused a catalytic destruction of vitamin A, The
results obtained with bone meal are in sgreement with the work of Marcus

(11) who reported very rapid destruction of vitamin A when cod liver oil
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‘was mixed with various inorganic salts,

It was observed that the ether extract of bone meal, Corn Flakes,
rice and Rice Krispies did not contain anything which might accelerate
the destruction of vitamin A,

When linseed o0il meal was extracted with ethyl ether before the
cod liver oil was added, the vitamin A was destroyed in one month and
prodbadbly in less time, This shows the presence of a stabiliszing agent
in the ether soluble fraction of the 0il meal, In view of the obser-
vations of Holmes, Corbet and Hartzler (9) that lecithin acts as an
antioxidant for vitamin A, it is more than likely that this or some
other fat soluble antioxidant is present in considerable amcunts in
linseed 0il meal and perhaps to a much lesser extent in certain other
feeds, This would account at least in part for the variations in the
rate of destruction of vitamin A in the various feeds,

These findings are in general agreement with the observations of
Bethke et al, (3) who reported a loss of 50% and 75% of the vitemin A
in 6 months with two different rations, However, the results of this
study show less rapid destruction of vitamin A than those observed by
Traps and Kemmerer (6), but more rapid destruction than reported by
Holder and Ford (7) and by Baird et al. (2).

This investigation emphasizes the importance of the fact that the
addition of vitamin A to a ration during its manufacture does not in-
sure its presence when the ration is used, If cod liver oil is added
to a feed mixture, it should be added to an ingredient which would tend
to preserve the vitamin A, Moreover, the feed should be used within

a reasonable time after the addition of the oil,
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Summary

The results of this study show that vitamin A of cod liver oil
is unstable during storage when incorporated in feed mixtures, Wide
variations in the rate of destruction of vitamin A were observed with
the different feeds., In the case of Corn Flakes, Rice Krispies, Whole
Yheat Biscult, bone meal and ground rice, the vitamin A was completely
destroyed in one week or less, In other feeds, there was a progressive
destruction of the vitamin A as the storage period increased,

The rate of destruction observed with some of the cereal products
differed from that of the umprocessed grain, An exceptionto this was
ground rice in which the destruction of vitamin A was the same as that
of Rice Krispie feed,

tThen bone meal was added to a feed mixture to which cod liver oil
had been added, the vitamin A was completely destroyed within one
month, This fact indicates that bone meal acts as a catalyst in the
destruction of vitamin A,

The ether extract of certain feeds 4id not contain anything which
might accelerate the destruction of vitamin A, However, ether extract
of linseed o0il meal contained some substance which acted as a stabilis-
ing agent for vitamin A, Apparently, this stabilizer is present to a
greater extent in some feeds than others, which may account in part
for the variations in the rate of destruction of vitamin A which was
observed with the various feeds,

From a peactical standpoint, when cod liver oil is to be added
to a feed mixture, it would be best to add it to an ingredient in
which the vitamin A will not be readily destroyed.
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