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The Effect of Mineral 011 Treatment on the
vitamin A Content of the Butter Fat.

Throughout the pastures of Tennessee are often
found heavy infestations of wild enions This objectione
eble condition is evidenced by the frequent occurence of
the onion flavor and odor in milk and butter. The Blo-
chemistry Department of the University of Tennessee
Agricultural Experiment gStation has recently (MacDonald
1927, 1980) devised a practical and efficient method for
removing these objectionable features of the milk, The
effective principle in the treatment of milk to remove
the onion flavor and odor, is washing with mineral oll,
The pertinant question as to whether this process is as
harmless as it 1s effective has been studied at the Unie
versity of Tennessee Agricultural Experiment Station, on
raw milk, pastuerized milk, cream and butter fat, in a
series of experiments designed to determine any change in
the physical and chemical properties of milk so treated.

Color tests for vitamin A were included in these experiments.

putcher, et al (1927) carried out feeding experi-
ments with rats and found that when varying amounts of
butter fat were fed as the sole supplement to a vitamin
A=freoe diet the expected improvement invariably resul ted,
However when these same amounts of butter fat were fed
dissolved in mineral oil in the proportions of 2.5 parts




of mineral oil teo 1 part of butter fat, the animals failed
to respond. Dutcher states, "It is quite evident from the
results obtained that mineral olls possess the property
of dissolving the vitamin A from food materials, thereby
depriving the body of this vitamin, even though vitamin A
be present in excess of body needs." There seems to be a
possibllity however, that the butter fat may have been
excreted along with the mineral oil, in place of merely
the vitamin A content of the butter fet, in as nmch as
mineral oll is an excellent solvent for butter fat in the
above proportions,

Since the substance which gives the strong odor
and flavor of onion to milk is so much more soluble in
mineral oil than it is in butter fat, it seemed desirable
to determine whether or not the vitamin A present displaye-
ed the same variation in solubility., Should this be the
cagse the mineral oll treatment would be decidedly detri.
mental to the nutritive value of the milk., The following
experiments were conducted at the Home Economics Department
of the University of Tennessee in cooperation with the
Agricul tural Experiment Station in an effort to arrive at
some definite conelusion on this point,



EXPERINENTAL

Albino rats and those of the piebald variety
were used as experimental animals and were kept in indie
vidual eages throughout the duration of the experiment.,
The cages used were manufactured by the A.B. Hendryx Come
pany, New Haven, Comn., and had false bottoms. This pre-

vented coprophagy. Food and distilled water were supplied
to the rats ad 1ibitum.

lethods Employed for Experimentation.

Composition of rations: Two gencral types of

dlets were used in these experiments: the cus tomary
synthetiec ration, and a modification of the McCollum
rolled oats ration, vﬁiatim of these were produced by
irradiation or by changing the constituents. These rations
were satisfactory in all respects except that they were
devoid of vitamin & and required no supplementing except
with those substances whose vitamin A content was being
determined,



Ceomposition of Rations

Table I

Bumber of Ration

Pood
i 2 24 28 5 | s
a a b
Casein i8 18 18
Rolled ocats 40 40
c
Gelatin 10 10
Crisco 20 10 10
Wesson oil 10 10
Yeast . 5] 5 5]
¢
Agayr-agar 4] 2 2
Dextetn - | & 61 61 s6 | 36
£
Salt 4 4 4 4 &
L Bixture
Ration &
Irradlated * 2 > - *




a) Washed casein from REimer and Amend. Extracted 24
hours for scven consecutive days with dilute acetie
acid. (10 ec. per gal. distilled water.) Extracted
with boiling 80% alcohol three times for periods of
one hour each, using a new lot of B0f alcohol each
time., Extracted with ether for 40 hours in a Soxhlet
type of continuocus extractor. Dried for 48 hours in
open pans at 2000F,

b) Acetic acid extracted casein, as above. Ilieated in
open pans at 2009F. for three days.

¢) "Difco StanGardized" Bacto-Gelatine and Bacto-Agar
from Digestive Ferments Co, Detroit, Mich.

d) Powdeved Yeast Foam Tablets from lNorthwestern Yeast

e) Argo cornstarch hydrolyzed with dilute citric acid.
(10 gn. per gsl, distilled water, mixed with 25 lbs.
cornstarch.,) Autoclaved for 4 hours at 18 1bs.
pressure.

f) Osborne and Mendel's salt mixture made from
CePs mgentl.

g) The ration was spread out in thin layers (60 gm. per
8q. ft,) and was exposed for 350 minutes, with frequent
stirring to insure thorough irrediation, at a distance
of 30 inches from the quartz tube of an Hanovia
Alpine Sun-lamp.




Determination of foreeperioed and test period:
The rats were weaned at 21-29 days and placed on one of
the vitamin A«free diets, Their weight at that time was
not less than 28 gm, and not more than 50 gm. The foree
period was determined after thoe manner of Sherman and
Munsell (19256). When the weight of the rat remained
approximately stationary for sbout one week the fore-period
ended and the test period was begun immediately. If
xeropthalmia developed before the animel's weight had bee
come stationary its reserve of vitamin A wes considered ox-
hausted and the test period was begun. |

Butter fat supplements: When the fore-peried was
ended the rat was given daily supplements of butter fat,
The smounts given deily varied from 40 mgm. to 140 mgm.
and were of two types, one (designated as #1) from milk
which had received no treatment other than that incident
to butter making and the other (#2) from a portion of the
same lot of milk which had been washed with mineral oil
te remove the oniom flaver and odor, The butter fat was
placed in the cage on an inverted erucible l1lid and was
usually eaten immediately. The supplements were measured
from pipettes made to deliver drops of butter fat welighe
ing 20 mgn.

Criteria used in analysis of results: 1. A test
animal was considered cured of vitamin A deficiency when
the eyes were completely healed, when there was no external




evidence of lung infection and when the rate of gain and
general appearance were that of a normal animel, At this
point the animsl was killed and autopsied.

2. Evans (1928) points out as one sign of vitamin
A deficieney the contimuous presence of cornified cells in
the vaginal smear, It was of interest to watch for this
symptom in following the oestrus cycle of rots on the experi-
ment, The method used in making ameers and also the system
of recording the findings of these examinations, were devise
ed by Helen T, Parsons, University of wisconsin,

A few drops of physiological salt solution in a
medicine dropper were introduced into the vagina of the
rat, and immedlately withdrawn by relessing the pressure on
the bulb of the medlicine dropper, In the case of young
animals whose vagina had just opened, or in which the
cestrus cyele had not yet been definitely established, this
proceedure frequently had to be repeated,

~ One drop of the material thus obtained, placed
on a microscope slide is sufficient for examination. Rats
quickly become accustomed to this routine and with a2 little
practlce can easily be handled throughout the whole proe
eecdure by one person. In laboratory practice the records
are kept in colors; each of the three different types of
cells found being designated by a different color. The

exeaminations for each day are recorded in small squares



with the dates. The proportion of each type of cell found
is indicated by the varying number of dots of the respective
colors placed in & given square. A square containing dots
of one color only would indicate that only one type of cell
was present in the material from the vagime for that date,
Chart 15 gives the results of these examinations on repree
sentative animals. In thise chart different symbols have
been substituted for the colors used in the original
records,

Vaginal smears were made in a group of animals
for periods of 3 to 4 consecutive days each st weekly
intervals before and after supplementary feeding, and in
some of the negative controls, In Chart 15 a lapse of
more than seven days indicates that the same stage as
found in the preceding examination had been maintained
throughout this peried, VWhen the continmuous presence of
cornified cells in smears made from the negative controls
had been observed for three consecutive wecks, the examinse
tions were discontimued.

3. Hemoglobin determinations were made accorde
ing to the method of Newcomer (1919). The glass color
standard used was one supplied by Bausch and Lomb., The
instrument used wss & new Duboscq oolormtor. Blood
sanmples were obtained by puncture of the caudal vein., The
bleood of the negative controls became very dark and samples



were hard to take on account of the rapldity with which
the blood cosgulated. Because of this difficulty determinae
tions on this group were finally discontinued. Table IV

gives the results of hemoglobin determinstions on a group
of animals,




RESULTS

Each rat on the experiment was given two
mumbers, the first used as & group designation to indicate
the type of ration fed. This number was sometimes acoome-
panied by a letter to show certain veriations of the
ration used. The second mumber was that of the individual
rat on the indicated ration. The letter following the
numbers and the sex designation show from what litter
the rat was taken, 2E-5JS'J and 2E-62I are rats number
5 and 6, on ration 2F and ere from different 1litters.
6A-4 2 H and 5-139'H are rats from the same 1itter but on
different variations of ration 5.

For complete data on types of rations fed, sece
Table I. Table III gives full information on significance
of the letters indicating the litter to which a given
animal belonged.

10
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Fig. 2.

Fig. 1. 18 a photogreph of 2-43 2D, a negative control,

Fig. 2. 18 a photograph of 2-399 D, 35 days after being
given 100 mgm, buiter fat dally. These animals are
1itter mates, At the time the pletures were made
their respective welghts were 90 ge. and 147 g. and
they were 110 days old. The animals were the same
distance from the camera so their relative size 1s
as it appears in the pictures,




Table 11

Autopsy Findings

Rat
Humber

Ab=
gcesued
tongue

A=

cessed
esr and
ainuses

Lung in- aiﬁney'

fection

infeo~
tion

Jody fat

Supplement

a=16 2 A

2=-252 8
2=-372 C
=452 D
2~872 ¥
2=-649 G
2A=-69 1

1 P+ 41+

+ 1+ 4+

+1 4+ 4+ 1+

legative
Controls

2=09dF
BE-3¢J

2=351¢ C
2~60¢ F
2E~-1dJ

2-20<" B
2«29 B
a=34¢ C
2-45¢ D
2=52¢ K
B8A-30 B
2h~4a H
BE=2'J

1+ 410 *+1

S o L MoK S B

+ + +

2-214 B
=240 B
2-569 C
2-44%2 D
2-487' &
2409 B
24~H¢ H
24=-98 R

+4+0++0 00

X

R e e oo S bR

+++++F

+

60 mgm.

P
i

* Bloody nose, mucous in upper

respiratory tracs.
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(Teble IiI continued.)

fat
Humber

Ab=~
cesged
tonzue

f=-

cessged
ear and
sinuses

Lung in-|
fection

Kidney
infeo~
tion

Sody fat

———

Supplement

2+309C
B=33 C
242 D
B4 &
8=549" &
2=B8A F
SA~7d 1
BR=§7 J

B O o ! PR B e |

*

R A Y R S N R

|+|+|||!

+ + +
++ 4+

+++++

80 mgm.
gAl

2-23%¢ B
2-32@ C
2354 ¢
2-41% D
2A~8% H
2E=4 3 J

A B B gk

+++++ 4+

80 mgn.

8-17%2 A
2-392 D
2-62% G
2=634 G
28-6% 1
28-8% 1

+

2-14% A
2-404 D
2=61d' ¥
2E~-8% 1

[ . N R |

+++ ) +i+++F+ S

28-13JA
2=194" A
2«26 B
2-27% B
2-38¢ C
8E-7¢ 1

[l s ot

S R A SO e

2-119 A
2=124 A
|2~26% B
2=25 B
2-58 2 &

2=164 A

+l+++++l+++++4+

140 mgn.
# 1

2~182 A
2=552 B

+ +

140 mgn.
¥

Bloody noge, mucous in upper respirat .ry trset.
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General Condition

The duration of xeropthalmia and lung infection
is indlcated on the individual growth curves for the rats,
See Charts 1 - 14.

The autopsy findings showed marked uniformity
especially on rats receiving the higher dosages of butter
fats More variation was displayed between rats at differe
ent levels of butter fat intake than between rats on
different types (#1 and #2) of butter fat fed at the same
level.

Two of the negative controls did not show the
echaracteristic lung and kidney infection displayed by the
others, These animals died of dhi-x-hu accompanied by a
hemorrhagiec condition of the intestines and bladder, one
also had a cempueat;m of abcesses on the neck. All
other controls showed pus ssce on the base of the tongue,
and in the inner ear and simuses, in addition to lung and
kidney infection and extreme emaciation, The amount of pus
found and the extent of lung infection, while varying among
the controls, were much greater than any found in the rats
receliving butter fat supplements to the atet,

The smeller dosages of butter fat (40, 60, and
80 mgn.) were not as effective supplements as were the
higher dosages. Vhile the relative amounts of body fat
compared favorably with the amounts present in animels



receiving higher dosages, and while there was no diseased
condition of the kidney, there was more evidence of infection.
About 20% of these rats showed abgesses at the base of the
tongue, although in only one case was there found any pus

in the ears end sinuses, Only & out of the 35 rats showed
any evidence of lung infection,

Among the rats receiving the higher dosages of
butter fat (100, 120, and 140 mgm.) the response was more
uniform, None of these animals showed pus in the ears and
sinuses or at the base of the tongue. The kidney condition
wag normael in sll cases and only 3 out of the 83 rats show
ed any evidence of lung infection. The amount of body fat
present was average or above.

During the period when most of the rats were in
a deploted condition & deterring factor was introduced in
the form of a respiratory infection. Coughing and sneez-
ing was contagious and in spite of such preceutions as
isolation and the sterilization of cages and food and water
containers, it spread throughout the entire colony incliude
ing the stock animals. The growth curves of meny of the
animals show considerable veriation in the time required
to respond with the expected ganins in welght, after the
treatment with butter fat wes begun. On referring to
Cherts 1 - 14 1t will be geen that in most instances peore
iods of failure to gain were identical with the duration
of this current infection., This condition made it difficult



to Jjudge accurately the effectiveness of the dosages of

butter fat given and may account for the few cases in
which, on sutopsy, the upper respiratory tract was filled

with mucous and the nose was bloody,
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Possibilities of Vitamin A Storage in Animels Studied.

It 1s of interest to note the different possie
bilities for vitamin A storage exhibited by the rats studied,
“lione of the animels used in the experiment had received cod
liver oil directly, their only source having been that obe
tained indirectly through the mother in case she had receive
ed cod liver oil during pregnancy or lactation.

Until Sept. 18, 1929 our policy hed been to give
to breeding stock the following dlet, indicated in Table III
as Stoek Diet A. (¥hole wheat « 658, skim dried milk « 20,
dried alfalfa - 5, Crisco « §, HaCl « 1, and CaCOgz « 1.)
During periods of mm’nnd lectation female rats were
given daily supplements of: 34 drops of cod liver oll, one
small lettuce leaf, 500 mgm. of yeast and a small portion
of lean meat, The liver and alfalfe of this stock ration
end the cod liver oil and lettuce given as supplements are
all dependable sources of vitamin A,

Subsequent to this date we have used as a stoek
ration & commercial preparation of celf meal supplied by
the G.FP.L. Cooperative Exchange, Buffalo, N.Y,, having the
following composition according to the manufacturer's statee
ment., (Linseed oll meal - 15, ground malted barley - 10, wheat
flour - 22, oat flour « 15, dried skim milk - 15, yellow corn
meal « 20, steam bone meal « 1, ground limestone - 1, end salt
« 1:) In Table III this diet is referred to as Stock Diet B.
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The same supplements were given during periode of pregnancy
and lactation as described above, with the exception that
cod liver oll was omitted. The chief source of vitamin A
in this ration has been the yellow cornm meal of the Stoek
Diet and the lettuce given as a supplemont.

A1l rats used in these experiments were borm
between Dec. 5, 19290 and Jan, £6, 1930,

Table III indicates the possibilities for storage
of vitemin A as related to the stoek dlet used and the
daily supplements given during the previous pregnancy and
lactation periods of the rats that produced the litters
used in these experiments. This table also gives data on
the average duration of the fore-period and the average
gain in welight during this time, for easch 1itter used.
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Table IV

Average Duration of Fore-period and Gains in Welght
On Visamin A-Tree Rations as Secured by Other In-

vestigators.

. Stoek Duration of Gains during

Investigators Diet TFore-period Fore-period

' Used . ey

Steenbook and Coward c 4~H weoks 47 54

{1927) : :
Maoy, et 6l. (1927) D 34 3 doys 59 68
Steenbook, Helson and ¢ é~6 weeks 55 80
‘Black ;

Dutcher, Honeywell and B 35-~40 days Average fr

Dahle @ and

22
Shermen and Storms D 40 aeys 38 for &
{19235}

sgg% D;_gg S. :
tecnbock Nelson and Bleck {(1924)., Yellow corm -

96, linseed oil meal =~ 16, orude casein - §, ground
aifalfe - 8, NaCl = 0.5, and CaClg = 0s5. ¥Fresh whole
milk ad libitum.

= k D e
Sherman and Munsell (1925). Driod whole milk -
1/3, ground whole wheat = 2/3, and NHaCl = 25 weight of

wheat.

Stogk U Ko : )
Buiﬁher, et al., (1927a). Wheat - 45, corn - 17,
rolled oate - 4,9, linseed meal - 8, bran -~ 2.5, dried

meat scraps - 5, powdered skim milk - 19, HaCl - 1,
CaCly = 145, ferric citrate = 0.1, ond aifalfe meal - O.



Steenbock's stock ration (C) has the following
- sour¢es of vitamin A: yellow corn, erude casein and the
frosh whole milk, Shermen's stock ration (D) has as its

only source of this vitamin the dried whole milk. Dutcher,
et al, include in their stock ration (E) alfalfs meal and
corn, Presuming this to be yellow corn, these are the
enly(pmfbls sources of vitamin A, The probable explanse
tion of the longer duration of the fore-peried and the
larger gains in weight of our test animaels is the more
abundant sources of vitamin A in our Stock Piet A, Our
Stcek Diet B corresponds more closely to the breeding
rations used by these other investigators.
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Effect on Oestrus Cycle,

Results confirmatory to those of Evans (1928)
were obtained. The smears gradually resumed their normal
appearance as supplementary feeding was contimmed. No
relation was found between the amount of butter fat given
and the time required for the cycle to return to normal.
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Effect on Hemoglobin Content of Blood.

In most eases an increase was noted in the
percentage of hemoglobin., Rats that had exhibited an
increased hemoglobin content of the blood in the fore-
period, and whose diets were then supplemented with
higher dosages of butter fat responded with a return to
normal hemoglobin values. Thickening of the blood in
control animals, together with its darkened color and
the Increased rate of coagulation, indicate that the high
hemoglobin values obtained on progressive deprivation of
vitamin A ean be explained on the basis of dehydration.



SUEMARY AND COHCLUSION.

S8ixty-seven rats were placed on vitamin A-free
diets and observed over different periods of time varying
from 60 to 90 days.

As thelr reserve of vitamin A was depleted some
were given deaily, varying amounts of butter fat from milk
which had been treated with mineral oil to remove the
onion flavor and odor, others were given equal amounts
daily of butter fat from milk whiech had received no treate
ment with mineral oil,

Observations were made on the effect of these
butter fat supplements on the general condition of the
animals, on the oestrus cycle, and on the hemoglobin cone
tent of the blood. At the termination of tho experiment
all of the animals were autopsied,

The effects of vitamin A deficiency on the
oestrus cyele confirmed the findings of Evans. On supple=-
menting the besal dlet with either form of butter fat, the
normal cycle gradually was resumed,

Hemoglobin determinations showed a constantly
~high percentage in the case of continued deprivation of
vitamin A, Yhen the animsls were supplied with either
form of butter fat as a source of vitamin A the hemoglobin
returned to its normal level.



Judging from these results as well as from improvee

ments in the general condition of the animals, and from the
autopsy findings, it was concluded that the mineral oil
treatment of milk for the removael of the onion flavor and

eodor, had no effect on the vitamin A content of the butter
fat.
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