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the Bffoot of Hineral Oil Treataiont on the

fltsmla A Content of the Rxtter Fat#

4

ISirottghait tlie pee tore» of Termeeeee are often
found heevy tnfeotatione of wild onl«i«r Thl# objection-

. • V •• , V* *

able ooodltloB le evidenced by tlie frequent oeoorenoe of
the onion flavor and odor in milk and butter# The Blo-
Oh^etry X>epartm6nt of the Cnivoraity of Tenneaeee
Agricultux^l Exporiroont Station haa recently (llaoDonald
1927, 19S0) deviaed a pimotieal and efficient method for
removing these objectionable features of the milk# The
effective principle in the treatment of milk to remove
tiie oni<m flavor and odor, is washing with mineral oil#
The pertinent question as to whether this process is as
harmless as it is effective has been studied at the Uni
versity of Tennessee Agricultural Experiment Statiwi, on
raw milk, pastuerised milk, cream and butter fat, in a
series of exT)orlmonts designed to detenJilM any oliange In
the physical and chemical properties of milk so treated#
Color tests for vitamin A were included in these eacperlments#

rutcher, ot al (19J^) carried out feeding experl-
ments with VAt» and found that when varying amounts of ^
butter fat were fed as the sole supplement to a vitamin
A-freo diet the expected improvement invariably reaulted.
However idien theae same amounts of butter fat were fed
dissolved in mineral oil in the proportions of 2*6 parts
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aineral oil to 1 part ot batter fat, the anlomla failed

to respond. Dutoher states, "It Is quite evident fr<^ the

results obtained that mineral oils possess the property

of dissolving the vitamin A from food materials, thereby

depriving tiie body of this vitamin, mwmn though vitamin A

be present in e«Mse of body ne<NUi.* Hiere eecHBe to be a

poeeibility however, that the butter fat may have been

excreted almig with the mineral oil, in place of jsmrely

the vitamin A content of the butter fat, in as moh ae

mineral oil la an excellent solvent for butter fat in the

above prop^tions.

Since tim substanee which gives the strong odcv

and flavor of onion to milk ie eo saioh more soluble in

mineral oil than it la in butter fat, it seemed desirable

to determine whether or not the vitamin A present display*

ed the saoM veriati<si in solubility. Should this be the

sase mineral oil treatment would be dscidsdly detrl*

BMntal to the nutritive value of the milk. The following

soQjeriments were conducted at the Home Economics Department

of the University of Tennessee in cooperatlen with tlis

Agricultural Experiment Station in an effort to arrive at

some definite conclusion on this point.
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Albino r«ts and thosa of tha piebald variety
were uaed aa experSnental anioala and were kept in indi
vidual eagea throu^out the duration of the experlnent,
^e oagea uaed were manufactured by the A»B« Hendryx Coe-
pany* Hew Baven, Conn.ji and had falae iKyttooia* l^a pre
vented oopropbagy • Food aiad die tilled water were aupplied
to the Mta ad libitUB*

Methoda Etaployed for Experimentation.

Composition of rational Two general typea of
dieta wore uaed in these expertiaentat the euatanary
aynthetie ration, and a modificatitm of the licCollUBi

rolled <Nita rati<m. Variatitme of those were produced by
Irradiation or by changing the oonatituenta. These rations

were aatiafactory in all reapeota except that they were
^void of vitamin A and required no supplementing except
with those substances whose vitamin A content was being
determined.
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Talile X

C«Bq;K>8itioa of fiatloiui

JPoodo

Huobor of Ration

2 2A 2S 5 51

Casein
a

18
tf

(0
H

b
18

Roiled oats 40 40

0
Gelatin 10 10

Crisoo 10 10 10

Wesson oil 10 10

feast ^ 6 5 6

Agep-a{;ar* 2 2 2

e
Dextrin 61 61 61 36 96

f
Salt
Mixture

4 4 4 4 4

Ration g
Irradiated +

i
- 4- mm +

-. .- X • •• •' • ^ • /•^■.■?
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a) Washed easeln tram Elmer and Amend. Extracted S4
hcmra for seven conseoutlTe days wititi dilute acetic
acid. (10 cc. per gal. distilled water.) Extracted
with boiling 80> alcohol throe times tor periods of
one hour each, using a new lot of 80^ alcohol each
time. Extracted with ether for 40 hours In a Sozhlet
type of continuous extractor. Dried for 48 hours in
open pans at SOOOP.

b) Acetic acid extx>acted casein, as above. Heated in
©pen jMins at 200^^. for three days.

c) "Difco standardized" Bscto^Oelatine and Iteoto-Agar
from Digestive Ferments Co. Detroit, Mioh.

d) Powdered Yeast Foam Tablets from Northwestern Yeast
Co. Chicago, 111.

i) Argo oomatarch hydrolyzed with dilute oitrio acid.
(10 gm. per gal. distilled water, mixed with 25 lbs.
cornstarch.) Autoclaved for 4 hours at 18 lbs.
pressure.

f) Osbonui and Mendel's salt mlxturs mads from
C.P. rsagents.

g) The ration was spread out in thin layers (60 gfa, per
sq. ft.) and was exposed for 30 minutes, with frequent
stirring to insure thoi'ou^i irradiation, at a distance
of 30 inohes from the qiu&rtz tube of an hanovia
Alpine Sun^lamp.
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I^tdmilnation of for»»p6rlpd and teat paylodf

Th« x«t« mr* VMiMd at 21-29 days and placed on one of

6

. .

"r:

tee vltazain A-froe dieta* Their veight at teat tlaae mia

not laaa than 28 and not laoro than 50 pt* The fora-
• ^', • V' Vi

period van determined after the snaner of Sherman and

Xunaell (1925) • When the mi^t of the rat r«aalned "U^-

approxiiaately statl<mary tar about one ireek the fox^-period

ended and the teat period van began taaediately* If

eeropthalala developed befcn^e the animal*e weight had be-

eome stationary its reserve ef vitamin A me ooiMidered ex

hausted and the teat period vae began.

Batter fat aupplen»ntat When tee fore-period was

ended tee rat was given daily supplement a of butter fat*

The «BO»ite given dally varied from ̂  b^* to 1^ ngn*

axxd mere of two types, one (designated as #1) from milk

had reoeived no treotz^nt other than that incident

to butter making «id tee other (#2) from a porticm of the

same lot of milk whioh had been vaahed vlth zsdneral oil

to remove tee onlcm flavw and od<n** The butter fat me

plaoed In tee cage on an Inverted oruolble lid and vae

usually eaten InmBdiately* The aupploments were meas\u*ed

fren pipettes made to deliver drops of butter fat weigh*

ing 20 mga*

(Krlteria vxsod In analysis of reaultet 1* A test

anisaal was considered cured of vitamin A deficiency idien

the eyes were completely healed, when there vae no external
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evidenoe of lung infeotlon and when the x^to of gain and

gene]*al appearance wre that of a normal anteal. At this

point the animal waa killed and autopaled.

2m Evans (1926) points out as one sign of vitamin

A deficiency the continuous presence of comlfied ©ells in

tdie vaginal mssar* It ires of interest to watch for this

symptora in following the oestrus cycle of rats on the experi

ment* The method used in making anssjni and also the system

of recording the findings of these examinations, were devis

ed hy Helen T* Parsons, University of Wisconsin*

A few drops of pliysiological salt solution in a

medicine dropper wore introduced into the vagina of the

rat, ai^ Immediately withdrawn by releasing the pressure on

the bulb of the medicine dropper* In the case of young

animals whose vagina had just opened, or in which the

oestrus cyole had not yet been definitely established, this

procoedure frequently had to be repeated*

One drop of the amterial tlms obtained, placed

on a mioroscope slide is sufficient f<MP examination. Rats

quickly beoosie accustomed to this routine and with a little

practice oan easily be her»lled throughcait the whole pxH>-

eeedure by one person* Zn laboratory practioe the records

are kspt in colors; each of the three different types of

cells found being designated by a diffsrent color* The

examinations for ssdh day are reooirded in mall squares

' - ^.r .
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with th« dates. The proportion of each type of cell found

ie Indicated ty the Tarying zaxstber of dots of the reepeotlve

oolore placed In a given square* A square containing dots

of one color only would indicate that only one type of cell

was present in the naterial from the vagina for that date*

Chart 15 gives the results of these examinations on repx^*

sentative animals. Zn tlaie chart different symbols have

he«a substituted for the colora used in the original

records*

Vaginal maears were made in a group of animals

for periods of 3 to 4 oonseoutivs days each at weekly

intervals befoz*e and after supplementary feeding, and in

some of the negative controls. Zn Chart 15 a lapse of

more th«a seven days indicates tliat the same stags as

foimd in the preeeding sxaminati^ had been maintained

throughout this period. When the eontinuous presenee of

eomified cells in smears made from the negative controls

had been observed for three eonseeutive weeks, the examina

tions were diacontimied.

3. BsmoglObin dstsiwdLnatlcms vsrs mads aeeord-

ing to the method of Newemmir (1919). The glees color

standard used was one supplied ty Bsusch and Lomb. The

instru&imnt used was a new Oubosoq colorimeter* Blood

samplee were obtained by puncture of the caudal vein. The

blood of the negative controls beeame very dark and easqilee
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v«r« Isard to toko en oooount of tho mpidlty vith i^ich

the blood ooagulated* Beoaitse of thle difficulty determlzm*

tioao on ti^io group vero fiooUy disootitiiiaod« foble XV

givoo tho rooulto of heaoglobla dotomlzi&tiono on o group

of ani£tals«
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E&oh xrat on the experiment wae given two

xnuaheroy the first used as a group designation to Indioato

Idle fqrpo of ration fed* This rarmber was sometisnes aeeom-

penied Iff m letter to show oertala imriatioxie of the

ratlcm used* The second nwher was that of the individual

rat on the ladioated ration* The letter following the

numbers and the sex designation show from what litter

the rat was taken* 2£I->5<^J and S£<-6$^X are rats las&bsr

6 and 6, on ration BE and aro from different litters*

&A»4$^g and 5-15 <^H are rats from tim msw litter but on

different variations of ration 5«

For coB^leto data on types of rations fod, ses

Table Z* Table ZZZ glvoe full information on slgnlfieanoe

of the letters indicating the litter to idiloh a given

animal belonged*
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Fig. 1.
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Fig. S.

Fig. I. ifl ft phetograx^ of 2»43^Dy ft luigfttlTe eontrol.

Fig. 8. 1» ft photograjih of 2-39 35 day# after beingfivon 100 mgn. butter fat daily. !Phe»e animals arft
itter mates. At the time the pictures were made

their respective weij^its were 95 g» and 147 g. and
they were 110 days old. The animals wore the same
distance from the eazaerft so their relotive size is
as it appears in the pictures.
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Table 11

Autopsy Flndia^i

IlQt
Ilumbor

Ab-
oessed
tongue

Ab-
oessed
ear and
ainueee

Lung in-
feotion

Aidney
iafso-
tion

Dody fat Supplement

2-ia £ A
2-a:; £ 3
2-S7 2 C
2«43£ D
2-572 F
2-640' G
2A-a<^'n

+ +

*

+

+ +

+

+

+

+

+

*

. +

+ +

+

+

' +

+

+

+

+

- -

Negative
Controls

2-59 o'F
EE-Sc? J

•

- -

+ 40 mgpi.
U 1

2-3l<? C
8-602 F
gK-ltf* J

-

-

- -

+ +

+
40 la&Bim

§ 2

Z'QO^ B
2-29 (f B
2-342 C
2-45 4 D
2-52 <?E
2A-3a' H
2A-4<fH
2S-2rf'J

+

+

■f

-*

+

mm ■»

+ +

+

+ +

♦

+ +

+

+

+

60 login*
i 1

2-21(? B
2-240" B
2-360^ C
2-44 2 D
2-40<rK
2-49 £ E
2A-5S H
2A-9df H

+

+

+

+.

+

"

+

♦

+

+

■f

+

+ +

+

-

60 lagci.
u z

Bloodj- nosoi !mioou8 In u^per respiratory trcot.
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(Ta^le II oontiaued.)

Eat
Eumljcr

Ab—
ceesed
toajTie

Al)—
OO880d
eer nnd
slnuaee

Lung la-
Teation

Kidney
Infoo-
tlon

Body fat St^>plmcnli

3»30o^C
8*"i>«5<?' 0

2-42S D
2-46 !•.
S-j34<^ I.
2-58ff^ F
2A-7<?' il
8&-6«?' J

+

*

+ ♦

+

+

-

+ +

+ +

+

+

+

+

+

00 sign*

2-23 V B
a-S2^ C
2-35 C
2-417 D
2A-8 i H
2K-4«? J

-

-

+

-

+

+++

+

+

+.

80 mgiau

2-17 S A
2-v 9 7 D
2-62? G
2-63 ̂ G
2ii-6? I
2K-8 ? I

-

•" mm

-

+

+

+

+++

+

+

100 000.*
# 1

2-14? A
2-40^ D
2-01
2-65? G
EiS-O? I

mm

-

mm

■f

-

+

+

100 agm.
^ £

2-13 ̂  A
2-19 A
2-25<J^ B
2-27? B
2-50? C
2ji-7? I

-

I *
I *

+

+

-

+

+

+++

+

+

120 ogn*

2-117 A
2-12^ A
2-287 B
2-20 ^ B
2-63 ? E

- -

-

+
+

+

+

1^ lags,
i? £

2-18<? A - -
mm - 140 niga.

i 1
2-18 S A
2-o5? li

-

- -

- +

♦

140 iifips*
ff 2

Bloody iioisei auoous in upper resplrtxt ry trt ot*
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Qeneral Condition

S:.
:

Tho Asmtlon of jmp^t^lsda find lung Infeetion

t« ladiefitfid on th« Indltriauiil growth ourroo for tho rat*,

8«« Cbarto 1 - 14*

Tho autopsy fixidlngs showed aiarkod uniformity

espooially <m rats rooolving tho hi^or dosages of butter

fat* More variation me displayed between rats at differ*

ent levels of butter fat intake than be^raen rate <m

different typee (#1 and #2} of butter fat fed at the same

level*

Two of the negative ocmtrols did not show the ^ M
eharaeterletlo lung and kidney Infeetlmi dieplayed by the

othere* ^ese anliaale died of diarrhea aoeonpanled by a

hsemvhagie emdltion of the inteetliMS and bladder* one

eleo had a easplloatlcn of abcessee on tl» neck* All

ether eontrola idMwed pue aaoa on the bate of the tongue*

and in Uie inner ear end aiimses* in additi<m to lung and

kidney Infeotlcm and extreaM» 4^aciatlon* l%e anount of poe

found and the extent of lung infection* while varying among

controls* were wojsh greater than any found in the rate

reeeiving butter fat eupplemente te the diet*

The esnller domgee of batter fat (40* 60* and

60 age*) were not as effsotive eupplaaents ae ware th»

higher dosages* ^ile the relative Maounts of body fat

ec»np€U*ed favorably with the amounts present in animals

vf^

,-j..- ,
:''V>



3*eoei¥ixtg; doesgos, asd vhile thex^ nea no diaaaaed

condition of tha kldnoy^ there waa more avldenoa of Infeetion*

About of theaa rata Viewed abeeaaoa at the haae of the

tongoot although in only mm mk— iMia thera found as^ pm

in aara and aimiaea* OnlT* d out of the 36 rata ahoaad

any avidanoa of lung isfoeti<m»

iUoBong the rata rooeiving the higher doaagaa of

butter fat (100, 120, aiwl 140 ngn*) the reaponae ima moro

mifom« Mcaie of thoao anianla allowed pua in the eara and

aimtaaa or at tha baae of ̂ e tongaa* fha kidney oonditi<m

aa« noanaal in all eaaea and only 3 out of the HSk rata ahoa*

ad aaSdanaa of lung infaotion* !Eha mammt of body fat

proaont vaa awexmga or abava*

During tim period when soat of the rata wera in

a dapleted eonditicai a deterring faotor vaa introduced in

the f^na of a r^piratory infect ion* C<mghing and aneoa-*

ing ima contaglQua and In apite of au^ psmoautioaa aa

iaoXation and tha ateriliaation of eagaa and food and water

oontainera, it apxNMid throofi^out the entire oeloE^ inelud*

ing tine atook animla. fho |^*owtii ourraa of bmx^ of the

aniauila fth<nr eonsiderablo variation in tho tiiaa required

to reapood with the expects gains in waightf after the

troatsient with butter fat waa began. On referring to

Ohaa^a 1 • 14 it will be tmm that in isoat inatanoea per»

ioda of faiXuro to gain were identical with the duration

of thia currant Infecti^, iMa G<8iditl^ aa^ it dlffioult
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to judijo accTxrately tho effeotlvoneea of the doc&ges of

tmttop fat giT<»i and mtj account fop tho fov cases in

whiohy OR autopsy^ tho upper respipatoiTr tract was filled

zaoeous ai»i the nose ess bleodjr*
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Fo8slbllitl6t of Vitarain A Storage in AnlmalB Studied,

*.*.

It le of Intereet to note the different poeei»

bllltlee for iritamin A storage ozhlhlted by the rate studied*

lone of the anlaals used in the experinent hod reeelved eod

liver oil directly* their only ecmrM having been that ob»

tained indirectly through the mother in caee she had receiv

ed cod liver oil daring {««gnaney or laotation.

^til Sept* 18* 1929 our policy had been to give

to breeding stock the following diet* indicated in 9able III

as Stoek Diet A* (^ole elMst - 88* aklaa dried milk - SO*

dried alfalfa - 8* Criaoo - 6* ̂ C1 - 1* and 0aC03 - 1*)

During i^riods of prefi^ney and laotaticm fwaale rata were

given daily snppleisenta oft 3-4 drops of ood liver oil* one

Mftall lettnee leaf* 800 ag^, of yeast and a small portim

of lean meat, Ihe liver and alfalfa of this stook ration

end the cod livor oil and lottuos given as anpplsments are

all dependable couroee of vitamin A«

l^beequent to this date ve have used ae a stock

ration a ooosiiftrcial preparation of calf meal supplied by

the 0,F,L* Cooperative Exohangs* Buffalo* H,Y,* having thm

following eoetposition secordlng to ttye^ manufacturer's state

ment, (Linseed oil meal - 15* ground Bwlted barley - 10* wheat

flour - SS* cat flcur - 18* dried idcia milk - 15* yellow com

f^l - SO* steam b<me meal -1* ground llmeat<»ne - 1* and salt

- 1.) In Table III this diet Is referred to as Stock Diet B,
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Tho nasm sux^Xceienta wer« given during iHsrIodLa of pregnancy

and laetatlcBQ aa daaorlbed abova, with tha axoaptlon that

eod liver oil was omitted* ^a ohlaf aouroa of vitaiBin A

in thia ration baa ba«a tha Tallow eom naal of tha StO(dt

Piet and tha lattuoe given aa a auiiples$ant«

All rata uaad in thaaa expariisanta ware bom

batvaen Dae* 6, 1989 and Jmi, 86y 1930*

Table XIX indicatea tha poasibilltiae for atoraga

of vitem^ A aa related to tha atoak diet uaad and tha

daily aupplemanta giv«ai during tha previoxui pregnaner And

laotatioa parioda of the rata that produead the littam

uaad in tfaeaa exparinonta. Thia tabla alao givea date en

the avaraga duratian of tha fora»parlod and tha average

gain in wai^t daring thia tioie, for each litter ;nied«
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Table IV

Averaf5o fiwratioa of Fore-period and Gains In Weight
On Yitcaain A-i ree Hat Ions as ^eoured by Other In

vestigators,

Stook Diet 0>
SteenWok Nelson and Blaok (1924)« Yellow oom -

76, linseed oil cieal - 16, orude oaaein - B, ©pound
alfalfa - 8, NaCl - 0.5, and CaCOg • 0.5. Fresh whole
milk ad libitum.

Stook Oiet
Whawmn &n& Munsell (1925). Dried whole milk -

1/3, ground whole wheat - 2/3, and NaCl - weight of
wheat*

Stook Slot
iAitoher, et al. (1927q)* Wheat - 45, oorn - 17,

rolled oats - 4.9, linseed meal - 8, bran - 2.5, dried
^at soraps - 5, powdered skim milk - 10, NaGl •• 1,
CaCO^ • l.S, fcxTlo oitrate • 0.1, and alfalfa sssal - G«

'^S>
3^

Inveetigatore
Stook
Diet
Used

Duration of
Fore-period

Gains during
Fore-poriod

-. ■ • . -

Btee^eek and Coward
(1927)

C 4-5 weel» 47 54

■y' Itetoy, et bX* (1927) D 34 3 days 59 68

SteeBd)ook, Nelooa and
Blaok

0 4*.6 weeks 55 80

.

. f,: : Dutoher, Honeywell end
Dahle

2 35i-40 days Average ftar
^ end ^

88

Sherman and storms
(1925)

D 40 days 30 for



 

 

 

 

 

 

35

Ste«!^bock*fli stoek pati<m (C) has following

umreem of vltaatn At yellow eomt ormSe oaoeln end the

freidt tdiole milk* Shertsan*e etoek motion (D) has a« ite

only eoureo of witmsin the dried whole milk* Datobery

et al, inolttde in their sto^ ration <E) alfalfa meal and

eom* Preeuming thia to be yellow oonty ti»»ee are the

only peMible ee^speee of riteaia A, rtm probable oxplana*

tiosi of tho li»nger duration of the f(»*o«poriod and the

larger gains in weight of our tost animals la the more

abundant aoureee of vitamin A in our Stock Piet A* Our

Stock Diet 3 oorxwepcBida more oloaely to the ln*eedlng

ratieee ue^ by theee etiier lnreetigatore«
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Effect on Oestrus Cycle,

Results oonfiTBstory to titoss of Bvsiw (1028)

vore obtained. Tb» smears gsadually rosunsd their normal

appearance as supplcnentary feeding was continued, Ko

relation was fou2id between the amount of batter fat given

and tlu» time required for the cycle to return to normal*
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Effect cm H«iK>globin Content of Blood*

In most cftcec an Increase was noted la tibe

pez*eentttge of h^oglobln* Hats that ha^ exhibited sa

inoreaeed hemoglobin content of the blood In the fore*

period^ sad idiose diets were t^ien supplmimtnted with

higher doeagee of butter fat responded with a return to

normal hemoglobin values* thickening of the blood la

eontrol anlmla, toother with its darkened color aad

the increased rate of ceagulation, indicate that the hi^

hfl^globla valuee obtained on iaN»gree8ive deprivation of

vitamin A can bo explained on the baeie of dehydration.
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T SITMMARY AND COHCLUSION#

Slxty-aeT«n rats irers plaoed cm vitamin A*frs«

diets and observed over different periods of tism varying

fr<»» 60 to 90 days*

As tl^eir reserve of vitamin A was depleted soae

eere given daily, varying amcnmts of butter fat frcei milk

vtaioh had been treated with mineral oil to xemove the

onion flavor and odor, others were given equal amounts ;

daily of butter fat from milk which had received no treats

SMmt vith mineral oil,

Obaervations were made en the effect of thoM

butter fat supplementa on the g^nerel condition of the

animale, cm the oeetrua oyele, and cm the hemoglobiii oon»

tent of the blood* At the teminaticm of tho experiment

all c»f the animale were autopaied*

The effeeta of vitamin A deficiency on the

oestrue eyele confirs^d the findings of Evans. On supple*

menting the basal diet with either form of butter fat, the

normal cyele gradually was remimed*

Hraoglobin deteminetions shoved a ecmstantly

high psreentai^ in the oaae of eontimed deprivaticm of

vitamin A* when the animals were mpplied with either

form of butter fat as a source of vitamin A the hmsoglobin

returned to its normal level*



 � � 

 �� 

 

 

 

• , • . . -'-V

- ^ ̂ ' -
"■ . . ■ 1 - -<' /• 't^kb V'.

41

JWlglng fPOB the«« z«sult* as well as tv<a ijapro7«->

s»nt8 in the general conditicoa of tite anlasala^ and trm. the

autopsy findingsy it was ooncluded that the nSaereX oil

treatment of milk for the removal of the onion flav^ and

odor» had no effeet m the vitamin A extent of the tntter

fat«
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