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THESIS



A-Study of the Effects of Preservatives

in Foods on the Growth of Young Animals.
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INTRODUCTIO!N.

The prevailing high prices of dairy products and
feeding stufi's have necessitated the resring of calves
and pigs on skim milk and supnlementary feed. In nreny
localities the milk is taken to a whole milk crezmery
or skimming station where i}Yie cream is separated from
it, and the skim milk returried for feed. Ordinary me-
thods of skimring oresent this milk to the young animal
in poor shape for consumption and assimilation. Dirty
cans, unsteaned ckim milk vats, and infection of milk
from preceding cay, exposure to dust-laden air, ond
tlie cutjection to the heat of & July sun on the stand
in front of the fsarmer's house, tend to induce changes
in the milk deleterious tn ite value as a food.

Since this milk is not to ve used for hrum=n con-
swrntion, the possibility of preventing this loss of
nutrivents Ly the zddition of cleical preservatives
has prcesented a »ractical problen for investigation.
Any such preservative might hsve an accumulative effect
#s time increased over many years of use in foods for
human cdnsumption, but it wes thoutht that no such
ill effects woulc result during the comnaratively short
feedin: period of the young animal. A study of these
provlems, as they presented themselves, 1s submitted

on the followingz pages.



Preservative Studicd.

The most common preservatives found in milk are:
boric acid and borax; formaldehyce, hydrogen neroxride,
sodium carbonate znd salicylic acid. Yan proprietary
preservatives are on the muarket, but their effects are
due solely to one or more of the aﬁove or liike cheii-
icals vhich uwiay be found in them. Since it was impos-
sible to test sll of them, the one appearing of :most
aracticsl value wos chosen. Hydrogen peroxide is oft
me "tioned, but a few triels in the laboratory showed
it to be, not only exnensive, but productive of a
disagreeceble odor =nd taste in the milk. This aoy
Le eliminated by heatin. the milk to 150 degrees =,
but tnis would be utterly imnractibable.

Formaldehyde was chosen bec»use it hos & much
greater germicidal sction than any other and is cheusp.
It is an oxidetion product »of methyl alchohol ana has
a chemical foriula of HCOH., “ormally it is a ga=z, bdbut
comtuercially it is known as formalin which is a 404
solution of the gss in water. It is very vopular as
a disinfectant and is also one of the chief preserva-
tives of food stufls. For this work formalin was used
in the prowortion of 1-6000 narts (1-14000 Ius,,0075,
of formaldehyde). The investigation resulting in the
adoption of this amount as a preservative in this study

may be found later in this treatise.



Summary of Previous Vork,.

In preparing this sumauany of the work done elsc-
where, previously, an effert e veen imzde to include
only such resultes as have a practical relation to the
subject in question. Consideravle wor: has been done,
esnecially by foreigh experimentors, upon the chemi-

cel changes due to the use of preservatives, bu

ct

in
:nost cases a preservative other than formaldehyde wus
chosen., Borio acid ond salicylic acic were tiie ones
largely used in their experiments, and since formal-
dehyde difiers from these very greatly in its action
no cdefinite conclusions can be drawn by comparison.

In reviewing the liter#ture on the effects of
forisclcehyde upen the dicestion of foods 1t is fouﬁd
that there exists but little of »nractical value in this
study. lluch work has been done, but usuclly with
for:nldehycde in the pronortions of from 1:25 to 1:2000
wvhich is more than is ne=sded or is ever used; hernce
tiie results have btut little béuriﬂg on our study at
tils time. Thes. investigations have been with cmounts
sufficient to insure an interference in digzestion with
no apparent attempt to learn the miniizum anount which
could be used witliout 2 retardstion of the processes
#nd factors of dizestion.

The following experiments hove been choscn as those
of most volue in this study. The results have been

Y

questionad, in some cases, dut cince the knowledge is

so limited a summary is presented. It is funerative

tliat the student should bear in mind, continually, the



fact that all these expcriments had but one object in
view, viz., the effect of formaldehiyde unon the human

system. The effects upon tlie 2nimsl used in the cuper-

inent were noted only thet & comperison might be nuade.
¥urthermore, these nnimals received several times as
much of thie nreservative as is needed tno produce com-
plete preservation of fooc for reasonable periods of
time. Under these exaygserated conditions sowe very
definite couclusions have been drawn, but a closgse study
of the work oft sugsests & prejudice in disfavor of

the [orialcehyds. The data 1s pres:nuted in chronolo-
gical order, snd not in reference to its value in this

study.



Annette.

One of the earliest experiments with formzlde-
hycde and its effects wus carried on vy Ir. Annette
‘Toncet 1899), a profe=sor in University Colleje of
Livernonl, ZEngland. He experiaented with different
areservatives and their effects upon young kittens.
Fis results with formaldehyde, only, are summarized
here.

Kittens of zbnut trree weeks ol ze were usecd.
This was considered the least age at which a kitten
would exist on cow's milk alone. According to Dr.
innette, they were divided into lots of equal size
and weizt. Yo record of origins? wel:ntg is given
nor the smounts of milk concumed by ~ach lot of
¥ittens. This omissinn, tosether witk no record of
appetites or conditions suggests a rather serious
error on the part of the investigator. A recora of

se#ins is given in the table on {ollowing pace.



© o ———

"Tittens receiving

-

1-9n,000 FCOL. o Control Vittens.
1st week Av.H kittens 8.2 Av .4 ki{{ggg‘-'74u7
nd " " 5 " 2.h " 4 " 10.0
3re v m S A0 S S £9.2
Z;th " " o4 " 8 .o " 4 " ¢ 6 . 7
Jth v "o " 145,70 "4 " éq.)‘
Total increase 177.2 251 .1

Kittens receivirng

1¢25,000 HCOH, Contrnal Kittens.

1st week Av.} kittens 36.0 Av.3 Kittens 77.6
Znd " "4 " 114.2 "3 " 129.6
ird " " 4 " 0. 9 " 2 " 6H1.13
Tenom mg 30.5 % 3w 104.5
) th " L " 7 L2 [ " 30‘ .0
ot " "o " A, " ‘; " 0.5

Total increase 196.6 305.7

rittens receivings

1-12,500 HCOH. Control Iittens.

Tst week Av.5 kit.ens 0.4  Av.3 kittens 40,0 o
nd " "y " o504 "3 " 0o 3
rd " "oy " 1&.0 "o " £0.6
Gty, 0w "3 " 13.3 "2 " 3.0
)“th L[} "o " /‘) . 3 [} é " 7;4 . O
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Total increase 95.4 312.5

It will be noticed thet each lot of kittens fed

on preserved milk had a control lot in comparison. Oyt

nf the ten kittens fed as controls no desathe® occured,

while with fourteen fed on formaldehiyde treated milk
five died during the course of experiaent. In the lot
Ted formaldehyde in proportion of 1-50,000 one ciec¢ tlie
fourth weelt and two the followirn,; week. It is recorded
thiot one of the remeining two cdied soon azfter the cxner-

iment closed. In the lot fed for:aldehyde in the nro-



nortion of 1-25,0n00 no deaths occured, bLut a celeter-
ious effect may be noted vy a couporison of galns made.
In the lot fed forimaldehyce in the proportion of
1-12,500 two diead the fourth week and the totsl in-
cresse wes relatively small., In the control kittens
in tlie second division of the table we find sc..c very
veculiar gaing in tlie last three weeks. The gain for
the fourth week was 104.5 zrams, thie next week it had
fallen to 36.0 while there was practically no igcins
in the week following. Notes or comme:ts in Dr.
Annette's work are lackin:; to show causes for such
extraordinery changes in growth.

In justice to this stucdy it might Le well to
stete that Dr. ‘fnnette received sniae very scvere criti-
cisma frowm eainent men of that time. One of the chief
criticisms was that no recorcé was kent of the amounts
of :iilk consuiied. This .nade it imnossicle to even
¢pproxinaaate the amount of the oreservative taken into
the system. In order to draw any definite conclusions,
it hoes been argued, the amount of preservative con-
sumed in proportion to the tody weight must be known.
Dr. Annette was called before the British Cowaission

to give testimony on his work. At thai= tiine Yle wos

7]

S

everely criticized by Dr. Rideal, an Ingzlish ccientist
of much note, who cloimed ithat kittens of the nge
mentioned could not ve reised on cow's milk alcne.

But on the other hand we »ave the results of Dr.
Annette, vhose honeaty apoarently newer was gquestioned,

tn show that he~did not lose a singrle control kitren.



Wrhile the exceedingly variasd :zains {rom veek to
weell meke his worl less positive, the results stand
ag tle work of an eminent wan in a position of trust
and honor and must not be discorded. It is, however,
the only experiment showing a marked deleterinus

effect by the use of {oricldehyde as o nreservative

'Fen [ed8 in small quantities,

A. G. R. Foulerton. (Englieh Investi tatnr)

This experiment with formaldchyde is cesmcribed
in the "Lancet" 1899 (p142?). 1In testing the etffects
of formaldeh ce unon living ticsues he nlaced ceveral
~n1dfish, ¢#s rre found in =mall aquariums, in water
containinz the preservative in the proportion of
1-4C,000. A close study showed no i1l effcects even
acfter several duys in the vater. ZFurthermore, he
tried a proportion of 1-10,700 u.on fre:s with no
anperent 111 effects. It would not Le illnzicel to
supoose that if this preservative is very active in
the living tissues thet it would affect the fish and
frozs forced to live in it for neriods of time.

At another time this same man reports that for-
malderiyde in the preportion of 1-40,000 had uvpt very
little effect upon the cigestion of nroteids. The ners-
cents e given was four while in the dizestion of starch
thiere vis a slight retardation. In the case of rennet
coszulation there mwas no effect when the amount ctated

wos used.



A

A. Pach.  (Chem. Central Bl:ott 10727 p.+l0)

This investizetor reports that alobuwin in an aque-
nus solut.on treated with form:lcehycde, the smount of
vhich was not stated, could not be percinitated by heat
anc Lle same wss percipitatecd with more difficulty Ly
trectaent with 957 alcohol.

- —

Bliss and ovy (Jeour. »f Ixut. Licdicine 1599 IV.)

mxperigents with Tormaldehyce treated milk resulted
in the conclusions that this preservative in the propor-
tion of 1-2900 prolonted the sction on the cessin tnd
rercered it more cifficult to digest and to couulate
wit), rennet. Yhen sneller amounte vere used there viag
no effecte epnarent,

\

Lr. T. Lsndon Brunton (Fns.)

In concluzion of experimerts &nd reculte with the
use ol presecrvetives in milk and other foods this chie-
mist advisec¢ that "the poisors ere actuslly formed by
the decomrosition of {0204 nroducts end the question is
vhethier formeldehyde or the nroducts of decorposition
are the leact harmful." In his cninion the precerve-
tives uavre the lesst harmful to the gsrcten., Fis exner-
imental deto tave little bearing upon the condélusion
cgivei.

Chokn. (reTerence oy Sovage’

By using & bacterisl count on milk trented with
formeldel'yde in the »Hrouortion of 1-10,000, Chakn de-

cided tiot there wre a slihit killing off of bLacteria

(]

during the tirst twenty-four hours. DIuring » chort

perioc¢ followin: there wus & sliht increare and Lhen



crowth irncreaced very repidly--aprarently ignoring the

presence of the formuldehyce. When a propnortion of
-20,000 vees used a frllin: off in number of vacteriao
reculted for o very short time and Llienn the increure

wag exceedingly repicd s in the ceése of untreutted milk.,
In the proportion of 1-40,000 the formalcehyde hed litlle

or no effect upon the repidity cof srowth.

ur

Dr. von Dehring.

Thie eminent scientist hes done nmuch with the tu-
bercule bacillus in milk. Althoupgh it haos been in-
possible to secure pucolute cdata of experiments Fe od-
visers thst tre use of [ori: ldekycde in rilk in the
sroportion of 1-1G,C00 will cestroy any germs of
tuterculoses vhich miskt be in the milk by secretion

from the udder direct or by o meri-l route. A

[49]

further discussion of this will be found in the labtor-
atory tests by the writer.

Jeneen. Doernmerk Collese at Copenhigren.

In Dr. Jensen's book, trenelated by Person, is
found tre follewing:- "Tre presence nf .00LY% formalde-
hyde (.027 formzlin or 1-12,507 formzldehyde) is able
to creck coagulation of milk one hundred houres. Thle
addition of formalin ceuses no chanzses in the Zste.
Formalderyce Yag, hoviever, & decided effect unon #l-
burin and we it has a derdly effect uncn the protonlaen
ni tezcteries, sc it i a nowerful poison or the animul
cells and tissuer." How Dr. Jernsen can Ly these con-
clusionsg ir not Given, but since he is consicered quite

an gauthority, thesec stetements must be concidered of



Wye, En;.

Tl.ese men were ¢p-ointed bty the Britisk Coiwriscsion
to investizate the elfects of preservatives upon the
growving tiscsues and the ultimate eifectes by continucl
consurption of food preducte, This is the only ex.er-
iment on record, so Icr as trhe writer could determire,
vhere children were used «g cuvjecta, In this case
only tlree were used 2::¢ htence the results zre not very
pozitive or substanticl. Two boys, ore {ive and the
cther tvo and one-re2lf years of aze, voths veing strong
and realthy, and cne girl four yesrs of ajze, "delicate,
coorly nourished cnd Gevelopec" were used in these
teasts,

The younzer boy consumed 200 grams of urecd, 5,0c.c.

of wilk, 20 grawns of butter, 30 oraas nf su-sr, Y0c.c.
of wvater and Y grawms cof ta’fy. The other chilcren vere
fed ¢ gimiler rati~n varyirns sowiewhst in smognts. The
following table shows the amounts fed ¢nd thie effects

upon the children.



Hezlthy Loy, two end one-half yecrs olc.

o e e Ee B Gm e G B S G- e B B- S e e ee S S Gn UGS B Oh BE BT A B B S W O e e 6T SR e W W e

. of M. of Pt of Tat of

TFood. TFoecex (‘ood M eces.
Ist 7 days-ilo nroservetive 40.20 4.14 303.9), 16,27
2nd 7" 1-15000 HCOW 46,62 4,49 9712 19,42
3rd 7 " 1- 9000 HCOI (4,02 3.54 0 V2053 15.91
3t} 7 " none 46.%;  3.70 156.0Y 17.52

Healthy ®Woyr, five yezre clc.
et 7 days-No nreservative 53. ,( 4.36 307.059 10.36
nd 7 " 1-15000 HCOL 57.61  4.32 299.62 19.06
3ré 7 " 1= 9000 1iCOL P ; 3 2y4.by 10,74
atyo7om no s £ 1 306.46 16.09

Sickly Girl, four yeurs old.

@ e es Pm PR it e G b W W B R S R AT G L B e G TR e @ 0T T PP B A G G B G G B e G P LTI GN TGN R W B e O S e W e S =

1st 7 du,s-No preservetive 46.5% 3.786 272.66 10,44
iné 7" 1-$000 HCOH 49.11 5.4 263.13 21,71
rd 7 0" unve 40,94 4.B0 0 204044 13060

”roh the above table it anpeirs that, in the cuses
nf the healthy chilcdren, the forumclaeiyde hed ccted as
e ctimulent in the digerction of the foocds. In fact the
riost complete di.estion tekes ploce in the childéren to
vhich the greatest zmount of formaldehycde wes fed. 1In
the cuse of the sickly girl there was an opposite effect.
This, however, shoulc¢ not be considcred as o point a:ainst
the use of the formaldehyde for any change of ciet might
hiave ceused the less complete dicestion., It will be
noticed that this forisldehyde wes added to the diet very
ebruptly and that in amounts never found in the preserve-
tion of fonods. In other words, this is a much nore
cevere test thaen our stucy woulcé necessitate. This sucduen
#cdition of formzldehyde or any other chemical might

gily have caused digestive disorders witkout implicating



& celeteriovus effect Uy the chewlcel &#s such. The
inventi;;ntbrs, &fter careful stud;, of dats, concluaecd
that formaldehyde in smounts even as nijh ©s 1-9000
had no 111 effects upon the general health of vound
chiléren, Dince trese men were commniscioned bty the
Eritisgh Gov't to investigste this vnroblen, their con-
clucions nust ve considered carefully.

A. . Hall, Principzl S.E.Ag.Colle. e of “Wye,:=n..

This experirient weas cerriea on vy the uese of
youn: nics, and included several of the cormon preser-
vatives. The work vith foruclaehyuve 1s intercsting
zno 01 value in this study. Six pigs were used snd
thiey received from & to 4c.c. of the »nreservaetive
(about 1-1,500 which is ten t@mes more than is neces-
sary for preservation of foods) in the milk which
wee o pert of their cilet. These pilgs remeined in
good heglth and zpnetite and soined steadlily throush-
out trle seven weerxs of the exverinent. During this
time they grmined 94 pouncs, nesrly < pouncs per cay,
and apparently suffere¢ no inconvenience from the con-
sumption of this nrecervetive. Analysec vere rcrde of
the food snd faeces to deteimine vhether there had
been a change or interference of cdigestion. o poRi-
tive results were obtrined zndéd no dota is given., The
{finel conclurion was thut forualdehyde even in a ,ro-
portion nf 1-1,500 cic not hzve i1l effects unon di-

gestion.



Toane and Price, llarylend Bul. Go.

These nmien made an exheauctive stucy of the effects
of preservatives und their re=sults wre, perhens, Lhe
mpst valucrtle quoted in this study. The experitent
ves 3torted when the cleves were two weeks old., Since
thie excrets wies to be collected it wes neccecesary for the
cilves to remoin ctending. In order tc provide & charce
for re~t a wran cczck wus placed under thie vody of the
celf and festened to the cides of tle crale in which
it wss confined. This allowed the calf some rest, end
at ti.e same tirie no excreta wes lost., In the {irst
exprrinent, formalachyde wos =dded to the milk in the
proportion of 1-1C,000 just before feecdin:g.

The geners’ plan of the vork waes to fecd tre calf
» preliminary period of three daye which wss consicdered
a sufficient length of time {or all food to puss throu-h
thhe digestive tract, as nothing btut milk wes given the
calf., Then the faeces were collected for three dsys,
the celf meanwhile being confined in a crate. A
longer period for collecting the feeces woulc undouut-
edly have been better, but it is likely that three
cays voo sbout the limit of time & younsg calf could
be confined in an upri.;ht positicon without becoming
so fatisued s to influence results. The feeces were
collectec every dey, weighed «nd sempled, the cize of
the sanple being in direct proportion to the snount
e¥cretad. These samnlecs were scidized and added to-

gether for analysis for fat #nd protein.



The milk fed the celves the first yeur of experi-
ment, wes teken from the szime two cowe throuhioct tiie
period. It wes thousht thet this voula be better than
taking {rom the entire herd,es milk frou. cGifferent cows
i¢ suvposed to differ in digestivility.

No facces were collected from calves thot com-
menced to scour ¢ fter the Tezinning Qf the fecding.

In such cascs tlie feedin. was stooped untill the calf
rercined its norisael condition or wne continued ¢ sul-
ficient length of tine «fter the scouring cessed to
insure that it would hasve no effect on tlhe resulte of
tl'e test. In cuses w.ere c: 'ves were not sstisfec-

tory throug' refusing occesinnelly Lo drink tre :ull
crnount of milk they were discarded snd other calves
csubstituted. About tre gquantity of wmill to kecen the
calf in good growing condition ves Ted, the suount vein:
clvaye the sauine for all calves.

Tables X and X1 show the composition of the milk

s

fed, and the freces ccllectec in {ve cifferent tests.
These cen ve icdentified with the table chowing the
per cents cdigected in the diflerent trisls vty the in-
dex numters. The Babcock test was used for fat deter-
minationg of the iilk. Results with oreservetives
otlier than formelcehyde are included to show thot

formalaehyde is more vracticsl tnan others cugrested.



Composition of liilk used in Zxpt.

Index Vater Protein TFat

Yo, i9. o P

Bt Thole milk plus Boric «clid. ©7.00  3.3€ 3.00
. “ 1} B

" " 87.00 20 4.00

-
<
259 " " " Aothin: £6.50  3.70 4.40
2604 " " " aplicylic sci¢  6.50 3.32 4.20
2é1 " " " Forialdehiyce C6.50 .36 4,10
2527 " " " " 00.50 3.5y 4.60
2633 " " "  Salicylic acid ob.%0 >.32 .be
33 co o2l 2 >
293" " " " nothning clL.Hh0 3.H2 4.40
e . . . 4 -
2645 " " "  Boric ocid 06.50  3.41 4,10
2601 " " " Formaldehyde ©o.60  3.5% $.60
<664 " " " " 66.50 3.55. 4.6C
~ O . N . - 7 z
2,00 " " " rothing wL.H0 2,04 3.00
2467 " n " Borax CHLHO RV .00
] r 7’ )4
2679 " " " " ¢h.y0 2.2¢ 4,00
~ . 4 - /
2403 " " " notl.ing C6.50 3.64 4.60
2H0y " " v " Selicylic zcid db6.50 3.1E 3.6¢C
. o S
2701 " " " nothing 0.0 3.70 4.50
2709 " " " Boric ncida 6.0 3.40 4,50

This simply showe, asicde “rom being of velue in
further study of succeeding toables, that the chemical

composition of the milk ies not materially chionged by the
addition of chemicals ever in the case of formclcehyde
which is said to be [ifty times as strong & gerimididsl
tcent as voric acid. On ¢ne following pu e will be found
a tazble showving the compositinn of the freces in the

digez=tion exrperiments.




Composition of Taeces

in Dig

estion Expt.

Thoex T Witer Protein rat
. . ~ 4 A ’
o, Description of smanle P 0. .
co.9 Calf 1 Vhele lilk plus Zoric zcic clh.ea 899 2.37
21)‘()2 " o " " " " " &23‘: (-; 72 2.40
2600 " o " " " nothing 63.7¢ 6.45 4,94
2607 2 " " " Balicylic &cid 73.6? 7.6 .60
2614 " 2 " " " Foruslde yde  L0.9C 5.9y 2.00
2630 " 3 " " " " 79.59 11.69  4.43
2636 v 4 v " " Qalicylic acic¢ 73.71 12.1C H.61
2642 v 4 " " " nothing ¢3.47 7.96 2.47
254C 4 " " " Boric scic 75.49 0.97 2.2%
256 " ) " " "  Formzldehycde 72.37 16.87 5. 24
266 " 4 " " " " L0.72 8.33 1.95
o7 vy " " " notling 79.42 90 4Ly
2676 " 4 " " " TRaras £5.29 Y.556 1.40
26u2 " 5’ " L " . '7ﬂ./l" a‘ﬂ‘-\n -.‘. v;-‘-
2665w 4 " " " nothing 61.2 4,71 2.14
2609 5 i " “ Salicy“lic aclid &4.9% 6.60 2.10
2704 v 5t " ' " nothing ga.ol 4039 1.01
27212 0w 5 " " " Boric acid CoJty 4.0 1.1y
It i3 evident fron the data :bove that forimuldehyde
anez not materially interfere with the digestive procesce:n,
Ia fact, an eoversge of the wbove showe that wore protein aaa
fet is cigested with this preservative then with others or

no nreservative.

value as a stimulant to digsestion, uut rather,

Since our study is,

not to nrove its

to show its

lack of i1l effects when used ¢s a practicel nreservative,

the ubove data is of rsreat value.

On the followin,; page nay ve found a

table showing

the digestibility of whole milk preserved with formulde-

hyde.






T'izestibility of Whole llilk Preserved with Formala-hyde.
(Preservative addea just before feedirn:).

Duration of preliminary period 3 days.
" " digestive " 3 do,s,
Index - Freah Lry Vater Prot. Fat
4
No. substance cubgstance (o ST . g,
CTIS. STms.,

<

Calf 9, age 39 days )
Wilx fed 18714 2432  §87.00 032.,3 711.13
Total excreted 535 151 70.,0 3L.5b 14.50

N
W\'ﬂ_
w &
4 O

Digested V99 Y7 695,53
% digested 94.0H  97.74

Celf &, age 3¢ days
2U47  Nilk fed 15714 2536 B6.50 640.C1 >
2y91 Total excreted 750 131 Oluyd _30.00 10,02

Digested O/ :
/; dlb\.wte(.‘ G ')
T Taver e-l teste of mill precorved with HCCH O 9u.00T 57075
"  whole milk untreated 94.79  96.5C
Difference in favor of milk preserved
with formcldelhyde .22 .95

The first trisl wes with Calf 9 whi~h was five
weeks old., He wes in mormel sondition ¢t commence-
ment of experiment, but when ploced in crate his manure
vias hard snd dry. The tzble shows that 94.8Y,0 of the
protein and 95.17. of the frt consuned was digested.

The eecond trial wae with Colf § which wos a tri-
fle older than Calf 9. Everythir during the overind wvas
norimzl. Data shows thot 95.17,0 of the protein and
97.95 of the fat conswacd was digested. The aver:ge
for the two tricls was Yy.9%5,5 of the protein and
97.75 of the fat. Compering this with the digeati-
bility of untreated .ilk wo find .227 of the protein
and .93% of the fat in favor of the milk tre: ted with

formaldehyde.



In tue folloving table is {found tre gains or
losses in welghts curing the three asys of the feed-
ing experiment.

Gaine or Losses,

Cal?f Galin

g, Incéex Yo. Preservative
1 Age 14 das. 2,04 Zoric scid. 3
2 14 2592 " " 5
c A <009 none 2
2 24 2607 Selicylic acia 3
e 24 2014 Forme:ldehyde )
3 14 2730 Formaldehyde - 9
4 <H 2030 Sulicylic acic 4
4 21 <042 none <
4 37 2640 Eoric acid -4
L s - N
) 14 cOL3 Formeldehyde “
4 43 ZH0% Formaldehyde <
) 20 2671 ron 0
4 49 2670 Borax -1
9 20 2082 Brrax 5
4 5y 26006 rnone )
9 2 ST Salicylic acid e
] 44 2704 nonw z
5 50 2612 Loric acid -2
Average join Tor Boric acid Y
" " * Yo Prescrvetive 1.0
" " " Salicylic acid 2.0
" " " Toroeldatvyde 5.0

In the four trisls with formczldehyce there 1is
shown a st2e¢y guin. Unless this nreservsative acts
s o stimulant of digestion it is hard to understand
why 1t should show .‘reater gamins than from untreated
milk in which case the goains were on'y one-fifth what

ney were in tre case of formaldelycde treated milk.
At lesst the results show no i1l effecte froa the usze

of thic nrecervutive.



Realizing that artificial experiicents sive less
positive results than actuul feed tecsts these men out-
lined an experiment vith two ciulves. Tnese culves were

in perfecct condition ot Lezinnin,; of the tect. The fol-

lowing teble is self expluiiatory.

—— — —— — —— —— —

Cnlf A Celf RB.
March 11 g 1094
noo26 101 124
Anrit 1 102 2y
"y 124 145
"4 131 151
Gain in 44 days 43" 42,

Thus it is seen that these calves mode very
caticrfactory geins in weight. Their condition re-
moined good and no 111 effects were apperent. Troi
these results it "would Lo hard to concluce that
preservatives sre harnful and therefore should be
prohivited”. In eny case there are gnod gains shown
and thet is all concerned with this particulsr study.

In generel conclusions Drs. DUoane and Price advise
that there is o certrin stimulation, ceaused by the use
of formaldehyde, i9n the disestive n»nrocesces. As hacg
been stated 1.31.5 of the protein and .99 . of the fat
iz digested in excess of thot when no preservative is
used., The {inal conclusion is thuat formaldehyde does

not have ill effects unon the ;rowth of y~ung animals.



T. 1. Price, Ascistzat in Bilochemistry,B.A.I.

This experiment vy Price is cetailed in tle report
for 1903. It has, prouubly, the grexta2st value in this
study nf any laboratory experiuent cited. "hile it ies
impossible to give in detail all the results o few of
the importunt ones are tabulioted.

Action of Call's Rennet.

Al1l enzymes were secured from fresh cxtr:cts from
youny aninals' glancds., I1lk was treated witl varying
alaounts of toraaloehyde s.ad rennet was cdded &t inter-

vals as recordéed in tabvle.

Prom Anognt Mixtures of Lilk and HCOIi Testec.
Tlasw  HCOH After 10 min. After 24 hrs. After 40 hre.

1 Control Soiid 7 min, Solid / nirn. Sotld 7 min.

A 1-H$0 No Couz. 10 hrs Same Same

30 1-125 w o T seme sawe
o aczie e e T Thame Tteme
5 1-500 v o o Same Sawme
& 1-1250  Solid in 10 min.  Seme  Sase N
7 aciaps e e e game  Same
C 1-2,00  Soid fa 7 min.  Swme Sese )
9 1-350 v w720 gome save
10 1-5oon v w g ¢ ae  Sane
11 17500 v m o gow fmae  rame
12 icizyoo v e 7 e gwe Csane

It is therefore cnncluded that HCOH in the proortion
of 1-25C0 or leses cones not retarc cougulstion of mils by
renaelt. DProoortions ol 1-10L/7. relorcs ¢ 1-500 inhibits

coagulation feor eighteen hours.






The pepsin used wogs extracted from the stonwcn of
& young pig. Dr. Price‘qajs, "It has Ceen cennnstrated
by Hennarsten ~ad others that milk, when subject:d to
the cction ol pepsin hydrochloric =ncid, ic broken up
into ec»lcium pernecrsein ance a saall amount o7 sltuninse-
like e2ltumin., The parscasein is percipiteutod, znd may
be recninized ofter digesting the milk for a siiort
tine; the nar:coescein separating anc finally decoun-
posing with the formstion o7 Pursnuclein., Any foreigh
matter thet interferes vitll tre {oruotion of puro-
nuclein interferexz with the diection of the milk.
this festure vis teken to deterrine vren the formel-
dehwyde offected the digentivility of tle milk., It
waes fourcd upon the wacitinn of {ormalaehycde in the
proportion of 1-,0 the pepsin digection was retarded,
wiiile in & stron;er selution or in the proportion of
1-29 the digerstion was meterially interfered with;
end in the proportion of 1-125 or lese the dicestinn
was normael with the control.”

In the cuse of sterpsin & gimiler experime:n
brought out Lhic feet trhet formnldehyce in Lhe pro-
nortion of 1-3% entirel; prevented ire oction of this
evzyme. In the proportion of 1-50 ite oction was re-
tarded, but in wesker solutions thie enzyive cctec icden-
tical with the control.

In the nreceding experiments enzynces were used,

whose activity if interfered with, would noterially



effect Lthe dife«tibvility of the fooa. Since forrcl-

c.

dehyde is weed often in food conteining rmuch storch
Lr. Price testec ithe effects of it upon the ptyclin
aad anmylopein, importent euzryrec in the conversion

of starch. The food in our norticulnr =tudy igc skim
milk, but since whey vhich contnine a large amount of
cond euser, misgkt (1sc be treatec with foriua-
aldehyce to sdvert: e, the recults zre inclucec. He
found that trle acticn ol ptyalin wrs uot in the lezest
retercéed until 2 strength of 1-12,0 or nicre wuse usged.
In less ctrengthe the cctinn vee perfectly normel.
Cince the cstrengtin necessrry for reterdetion is cbout
one-tenth trat propesed for use, tnere cur be no Gonger
ni offecting this ennyne.

A similer experiment with cmylonsin showed that
fornaldehyde hid no effect unon the wcetiszn ol this
enzyre on strreh until o wreopertion of 1-10C00 wis
cédded. This iz clzc munh rucve the propcesed nddition
hernice the effects on amyloosin way be disre arded.

In surmarizing tre results of the above experi-
menrite it ie evident that formaldehiyde may be wudded
to milk or other foods in the proportion of 1-2,00
vithout effecting the wction of &1y of the enzymes
ol di;ec=tinn stucied.

Fowever, there is an enczyre, about whichi little
ie known except that it iz imnortant to perfecct di-
sestion. It ies @ proteolic cnz,we known s gulacteace.

£ detailcd wccount of the experirent may ve found in



trve repnrt mentiorea. From the cote Siven, 1t is evi-
dent thoat the reotion of this enzy.e ia retorced only
vren & vern concontrated rolution of feorunlaehyde is
usec ws o precervative, A4 proportion of 1-107C or
les~ hes nn effccte of retercdation of weotion, Brbeock
oud Tuesell (Wis. Ann'Y kot for 10yc) claim tiat the
cadition or forrelcerycde prevenuts tre action of this
arotenlytic enzyre, but they gsive no experirentsl arte
to ~rove threir conclueicns, Tince I'r. Price's viork
is co thorough, it mey be concluded thet his ante ie
relistle. A complete sumcry nf the renort Iallove; -
(1), Formclcelyce edded to nilk in the pronnr-
tion of 1-20CC precerved it for 4¢ houre.
(2). Fori:lécryde wdded to mi’k in itre orovortion
;00 hees no e€ffect on the nctivity of tihe frech
ensymes, renneh, repcin, puncrestin, end crerpein.{in vitro;
'3)., ¥roreolcehyde wdoed tn stareh in the proportion
of 1-25600 hrn no effect on thie conversinn of sterch
ty the enzrwes ntyalin end caylopein fin vitrn',
(4). Frerelderyde séceé o rmilk in sufficient quen-
fity tn preserve it 40 hnurc—1-2000"-dnes not inter-
fere with the action of the enzy.e grluctece (in vitro).
(5). Formsldehyce wdced to 1ilk in the vrovortion
nf 1-2970 prevents the developrent of the more cormon
bicteria found in milk, snd vlien adced in the rrorortion

nf 1-1560 kills then.
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nf thie work in our stucdy icuet ol ve
. His worx hies been very exhoustive
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hem wve cen cce trhat there weulc ve no
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nt uscé in our work.
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H. W. Wiley, E:r-Chiefl of Zuresu of Chemistry.

Uncer title of "Influence of fcod preservstives
and rrtifici#l colors on Cigestion and reslth", Tr.
VWiley recnrds enmo invegtigrticons for the Ul O. Gov't
in 190¢. The record cf thece tects ie too lang to
reprint here, tience, @ gercr:l suwuanry only vill te
includec.

Dr. Viley chomse Ior tle cuijects of his tests
cevere]l healthy veurng e ena witlq the zid of hils
"eteif of clemdiets le mude coereful stucdles of tle ef-
fecte of preservetlives on heeltn, The ciuount of {ood

:nd excrets wue coerefu’ly determmined @nd recordead.

1

)

hece were anolyzed wnd notes taken concerning the con-

ditiosn of the yourng iren in the test., As i

m

usually
tie cree, iuch 1more formaldehyde wns used than ic
nececserry to preserve.

After meking severel crnclusinng, he ¢oys,
"The medicsgl cuate pleinly indicate that formaldehyde,
even wren given in small cuantities, is &an irrita-
ting substuance ﬁo tltie mucous mewvrone, ond therefore,
the norial organs ¢re at firet octively etimulatecd to
rid theumicelvers of thrie irritating foreign sﬁbstance.
It is not strenge, therefore, thut this precservaetive had
& merked stimulative sction on those orgens &and cells
secreting the verious digestive juices. It is evident
thiat vhen the digestive and sceret-ry orgens ol the
tody sre excited to unususl :ctivit, by such extrau-

eous Lody having no condimentzl value, they @ct in



self defence znd it voula Le *rolly illogical to con-
¢lucde from this increccea exuitetion thot these Lodies
cre relpful to digestion cud concucive to heslth. **"**
rervreersr The final conslurcion, therefore, is that
the wacition of {orumelceehyce 1o foous ternds to derengc
metaolicnr, disturl, the noriel functlions &nd procuce
arn oundue stimuletion of the cecretory #ctivities, ind
tiwerefore, ie never juctifiable."

Cince Ir. Yiley, &t the time of these experiments,
wiae paking © fight for nure food, it would not e
cilse to sus-ect ¢ prejudice in divfaver of the pre-
servetive used. The work ras been done in deteil &nd
te dote seldowm vsires cufficiently to justif, vosi-
tive conclusions {0 be carawn, In ceses rrere a betler
Cigestive elfect w: o proauced vy the use ol the for-
maldehyde, the ercuse is offered that this veoe simply
#n irriteotion on the prrt of the glends ol the di-
seative organs. This mzy or mey not ve true, but since
nur degire 1s to ascertein the effects on =uccecrive

Julns in trhe craze of domestic animele, rhig conclusions

™

in this case have litlle Learing, for it is cdesired Lo
feed this preservetive only a short period of time, «:id
thaet for scturl geins., Yurthermore, there is the
"sersoncl" elewent enterings Yle tests v ich he he

secn it Lo difsregird. The knevled e of the lect that
nne is veing fed & cremlicsl Lo escertein its efiects
vould tei:¢ to induce diestive dirorcders. In this

respect, an experiment with hwaen beinis it not as



valusvle &s one with animals that have no knowvlecdge
of the surroundin:s conditions. In the vrenort ~f

~

the condaition of tnese rien Tfrom time to tire:, 10 1is

steted thiat ceome were "fecling enevelly 111", and
it woulc =nt e 11lo icel to suenect that ortof
tiils feelin; wes purely wentsl. On the other Yand,
the results stand ¢c o stindard vork,anc acide

from the Tcct thst much more foruclcehyde wes usec
then i¢ nrecercury, there ie Yitile rececn for cues-

tionin: w e conclusions,

Senior Theses 1911 and 1312,

During the ycerc awvove renrtioned, cwmne seniors

in tre Michigen Agriculiursl Collese meder & cLuCy

~
(

of the effects of {ormeclaelyde vhen {ec to pi,=.
While this work ves for from exbhoustive, the re~ulte
are interecting., In the firet yeur, formielcehyde
»as {ec in tre proportion of 1-2,0N in skim milk to
five youn: pige. Cereful recorés vere keot and coi-
pared with records of pi-zc fed sour ekim railk, wnd
aother lot fec & gre=in mixture. Comnutation ol.ows
thet the lot fed formzmldehryde treoted milk retzinod
uch more of the protein Ted thuan dia either of the
other lote. The finzl conclurion nf their studies
is "Thet milk kent sweet with formeldehycde 1 o auch
more valueble feed than mi'k #1lovec to sour, «nd

fed in trhat condition.



In the scconé experiment, vhich wes similar in its
ccope, formaldel'yce in the preportion of 1-6000 wes
urec. This wmount is tbhout two end one-hall Limes
mere then i nececser reenrcéing to other dinvectioo-
tore. The dote crovs that Lle cecst per pound of nin
wio le=s in Lre cooe of tre lot fec forrzleehyde tre:t-
ed milk. T'e percentr.e incresse in weight of tlhiis
lot ©ls0 excecded thnt of the oth«r tvo lotc fed in
comnarison.,  Trey concluce, tlerelore, tlhaot
L1lk ket sveet Ly tre usme of forualdehyoe is & 1it-
tle vetter for fecding nij;e than skim milk that is
sour,"

Results of nther experimentors mi  ht ve .iven,
tut they vould not vary gzrestly from thcose preced-
ing.  From the work revieved, it ic evident that
there is a wide difference of opiniorn in i¢.erae
the effects of this preservative on digestion &nd
grovih., With the exception of Dr. Wiley's results,
the more recent tlie invertipetinon, the movce {aevoralle
ie Ve conclusion towrrd the use of Tormaldehyde.

As has been previous’y statecd, tliere wes @ preju-
dice, epoarently, egeinst the use of it, sad &ll
reculte were made to show its i1l eflects. Dr.
Ammette's work is lergely cuoted by all othier early
investigstors, but it is evident thut his conclusions
heve but little value in our stucy,for the smounts
used were msany tires that prropoced iu our work. The

work by EHall and Hammornd wit' the youn; chilaren






ffsetes the results obtluined Ly voth Wiley anc
innette, vhile Iocne ¢ne Price heve showr et for-
maldehyde, in smounts necesceury I or preservition
only, ie not harmful tn the aizestion or health ol
your,; celves, In fact, ¢ seneral swamery ol the
work done previcusly le:ds one Lo velieve that this
preservetive, when care is exercisea in its use,
ey uweco.e a very valueb'e cia in the retertion of

wutlrirents in corme nf our essily decomposed food-

b}

stuffe, and, withcut havine = deleterious ¢.Tect on

the growil of Lhe ¢+ 1w concerned.



Prelininary Vork.

Before sturting the lzvoratory cx.erii ents,
or »roctical tests, it vn~ decidec to mike & thor-
ou,”» study of tle proulers uncer lichigoun conaditisns,
Trie vork, wviich ir very limitec, done in othier cto-
tions =is cereflully stuclied 1n nrcer thet vork
would not be cunlicated. A cera2ful surve, cf ©ll

Ry - .

previons work wr e moce wnd dote ctudiec. Taoter, in-

+

coyection tripes to soume of the rtect :djicent creawn-
eriec end skiwning stotions were mide, ti:at « better
knovledge of :retuel conditions nistt ve gained. A

letter ol inouiry ves sent to nrecticsl erosmery

nen of the state. A nortion of the letter Ionllove:

"It is proposad to neke & study of the acviesili-
ty of tre usc of nrecervatives in ni'k, especicly
curing tre cumnaer monthe, from the time it is
elkim.cd until it ie ied to the growiv: culf of
pi;:. Ve hope to nrove thnt the nrecervstive will
prevent the loss of valuwble nutriments in the
i1k withiout roving & deletericus efflect upon thre
srovity of the voun., ealm»1l., DPleese note tvis hos
notking to do witl: milk Ifor the hwaien fally,

vhere ite use ~xt

[p]

ndi eve o ¢ operiod of rnini, yesrc.
In yeour experience, ras enything of this nesture
been tried¢, anc with whit results? In zctual prac-

tice, ie there enythir, to prevent ites use? Any

informs=tion or sursze~tiecns will be azprecictecd.

Y



Over two rwundrec¢ of these lettere verc meiled,
and mbout seventy snswelcs vere recelved. A genersl
summary of these answers may ve goeined from tie por-
tions, included ltelo™, of letters from pro.iinent
creszxery en.  "We fe«cd conasldersole Lutter-ailk,
and know that we et Letter results when fed frech
thhan vhen held two or three days. If we coull use
comething th=t would keew 1t 2o 2ood e when mude
for ¢ few duays, with no harmful results, we would
ve ruch pleasced, and the discovery vould ve of much
volue." Another rays, "I see nothins to hiincer

ite use i{ you could find eoiething that veuld

.

not injure tyve enimal, I believe 1f you coulu ci

[
7
1

cover sometling of thiz kind, it would be & . reu

ot

Yels in bringing bvack the wiinle milk gcystem o’
running cresmeri-<, which we know vould imnrgve
the gquzlity of the butter."

From the muny answers, it was concludea that
there existed notl'ing in actuel creamery nrac-
tice tno prevent the use of ¢ preservative, &nd lhence,
trhe nroblem wis limited to the determination of
the correct smount of the preservative necec=-
fery, «nd tre cctusl erfects on the zrowth of young

animals,



Lavoretory Work.

Considerable of the laboratory work wae done
in the brcterinlogicsl cepert.ent. The first work
of ary conscequence vae the determinstion of the
emoun: neccec:ry to inhibit the c¢oveloprent of b:c-
teriz) growth in the milk under trle terperitures
whiich woule vte prevelent in uctual pructice.

Tris determinstion was made by the use of
litmus Jlectocse sier nlotes. It wee found, cfter
much erperimentation, thuat in the prroportion of
1-500 formelaehyde rendered the mil:: sterile, even
whier exposed tn tlie ¢ir Tor several weeke. A
srecster emount killed the a«cid enzyies conpletely.
Trese results were geined by the followirng nethod: -
Skim milk, six hours olc¢, was pleted in order to
ascertain the initisl number of tacterie por cubic
centimeter. Gamples of this milk were treastec with
verious ¥known strengths of formeldehyae solutions,

\

#nd plecec in & constint temperature (78 ¥.! room.
mach twenty-Tour houre a tacterial count was mede.
Czreful notice, 2lso, mas made of the nature of
the surviving bvacteriz from day‘to aay. Tﬁe time
of loppering anc the wcidity was also recorded.
Data regoerding a few of these tests are given in
the folloﬁing table, =nc they mey be regardec as

fairly typica! of the full number ~f teste.



Bacteris in Formeldehyae llilk.,
Initizl Aiountes Bacteria Acidity
Sample Yacterial nf in o) Remarks.
To. Age. Count. ECOH  ICOM :'i’k. Yilk.
1. 6 »r= 20000 1-500 1y de,
24 2000 15
48 200 16
72 50 10
95 06 12 rilk sterile.
2. 5 95500 1-750 20
24 3500 19
45 700 17
< 60 15
26 10 14 Milk sterile.
6. 5) 26000 1-1000 19
o4 6000 15
44 300 15
72 100 15
G0 40 1y 1.1d not curdle.
7. ) 15000 1-1000 16
24 4600 17
40 500 17 Did not loper
o 60 15 in 30 dwys.
94 0 14
10. 6 10000 1-2500 14 :
24 7000 14 B.Subtilis Group
40 10C0 14 and lfolds remsin.
2 125100 15 Did not lopper
920 3200000 17 in 30 days.
12. 5 €000 dn B. Sub. iroun #nc
24 -2500 1300 16 1olés remein.
44 600 16 Dié not 1ls,per
A 75 16 in 30 days.
90 Few 16
14, 6 15000 17 B. Sub. and
24 1-5000 14600 17 molcs remain.
40 700 15 Curdled in 1y donyec.
72 10000 18
96 25,0000 20
16. 6 26000 20
24 1-5000 700 2 Curdled in
48 2000 17 18 davs.
72 12500 o1
ab 320000 20
18. 3 35000 20
24 1-5000 2000 20
48 1200 19 Curdled in
72 16500 21 12 days.
96 255000 20
120 1400600 --
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_Bacteria in Formaldehyde ¥ilk. (Cont.)

Initial fmounts Bacteris Acidity

Cample Bacterisl of in ol Remerke.
Mo, Age. Count. FCOH COH Iilk. iilk.
21, 6 rre 15500 16 deg
% 1-750 1800 17
4% 7400 16 Curdlec¢ in
72 10000 15 10 deys.
96 265000 17
12 456000000 ¢
26. 6 22000 15 Curdled in
24 1-7500 750 16 13 cays.
48 ‘ 1200 16
2 1500000 20
27. 5 31000 14
2 1-10000 6500 18 Curdled in
45 : 37000 16 7 days.
2 4630000 22
96 Innumer. 26
30. 6 17500 15
24 1-10000 2400 15 Curdled in
48 51000 18 13 dzys.
72 2000000 15
96 10000000 20
3z, 6 9000 16
2 1-10000 0CO 15 Curdlecd in
48 16500 16 6 days.
72 . 200000 186
96 . 26500000 20
36. 6 17500 16 Curdled in
24 1-10000 8500 17
45 56000 15 10 dsys.
72 4500000 10
96 49000000 21
37. 6 21070 15 Curdled in
24 : 1-15000 950 15 6 days.
48 31000 16
72 2500000 17
96 32000000 20
38 6 42000 14
24 1-15000 8000 15 Curdled in
48 26000 17 4 days.
72 1325000 16
a1, 6 10000 12000 1y
24 1-15000 12000 16 Curdled in
48 9000 15 7 days.
72 960000 17
96 78000000 21

(Continucae on next nage)



Bacteria in Formsldelyde Iiilk. (Cont.)

Initie)  Amounts Bacteris Acicity

Semnple Boacterisl of in of

To. Age. Count. HCOH HCOH Milk. Liilk. Remarks.

42 6 15500 17 ceg
2 1-15000 2000 18 Curdled in
48 11600000 20 4 aays

o Innumer., --

43. 6 25000 1-20000 16 Curdled in
2 12000 16 3 days.
48 3300000 2
72 e -

46 O 12200 15 Curdled in
24 1-20000 15000 16 3 days.
48 c000000 19

40 6 23000 17
24 1-20000 6300 18 Curdled in
48 200000 19 4 days,
72 166000000 22

52 6 12000 <0 Curdled in
24 1-50000 140000 2 3 days.
48 2740600 2

53 6 30000 , 15 Curdlec¢ in
24 1-50000 ©3000 10 } dey e
48 13600000 22

55. 6 18600 17
24 1-56C70 1700C 19 Curdlec in
45 2450000 20 3 days.
72 Innuiex --
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From the preceding table it is concluded that
formaldehyde in the progortion of 1-15000 is suf-
ficient to inhibit bscterial growth for the neces-
sary preservative period. This includes a generous
factor of safety, for it is cesired to keep the
milk sweet under all conditions. If the milk was
allowmed to sour occasinnally, the calves would Le
subjected to a sour milk diet, and digestive dis-
orders would probably occur.

Formaldehyde in the proportion of 1-50000 had
but Yittle nreservative effect, and the vacterial
count was difficult after twenty-four hours. XFrom
bacterial transfers made, it was found that tre
:sroun known as 3. subtilis, a bacillus found uni-
versal on hay, and very resistent, and several kinds
of mnlds rennined when formeldehyde even us strong
as 1-2500 wac used, YNone of these, however, de-
veloned, and their presénce in the inhibited growth
condition, was probably not harmful. It was noted
that the acidity of the milk increased but very
little.

Work cone later, in Dairy B14:3., with vari-
ous nmnunts of milk wit?h no reference to bacter-
ial count, showed further that a proportion of
1-15000 wus sufficient. The temperature there wrs
fairly uniform at about 76 degrees ¥., It was

found that the time for loppering varied within



quite wide limits even under identical conditions,
\

This is shown very definitely in Dr. liarshall's

work (Michigan Special Bulletin Xo.33). He intro-

duced a known numver of bacteria into milk from

day to dzy, and kept same at given temperatures. and

tiie resulte show very irregular times for curdini.
In the present test, the milk was simply set asice
and recoradas kept of loppering. The followiag ta-

vle ;ives data coverin: samne:-

Formaldehyde Limits of Time
for lovpuring

1-500 Sterile
1-750 Sterile
1-1000 oY days
1-2010 0 to 30 aays
1-3000 16 to 2y
1-5000 7 to 20
1-7500 7 to 18
1-10000 5 to 1y
1-12500 5 to 14
1-15000 3 to 9
1-20000 2 to Y
1-50000 1 to 3

A combination of the results shown in the two
preceding tables show that bacteria behave differ-
ently,depending, apparently, on the individual
samples of milk. It is evident thet in milk treat-
ed with formaldehyde in the proportion of 1-5000
or more that there is o distinct cecrease in the
numbers of oacteric, especially during the first
few hours. As the amount of formaldehyde is de-
creased, tne fulling off of bucteria is decreased,

which is followed Uy a normul increase.



From the preceding data, the curve following
was constructed, which will show at a glance the
bohavior of uvscteria in milk treated with 1-5000
formaldehyde. In contrast, the other curve wag m:de
from data secured elsewhere, and this shows the uc-
tion of bacteria in untreated milk. In the foraer
case, skim milk was used, and in the latter, whole
milk, but this should not affect results. It will
be noted trhat the curves are justi opposite 1w
cvery varticular. The most rapid decrease in the
one case occurs during tne first three hours, while
in the other the most ra»nid increase occurs in the
last few hours. In the case of the formaldehyde
trecated milk, the decrease shows the rapid germi-
cidal power of this preservative, znd also thie fact
that this strength of forwmaldehyde not only inhibits
growth, but actually destroys. This strengthens
tlie conclusion that a less amount is sufficient

for practical work.
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Normal Souring of Milk.

During this investigation a c~reful study has
been made of the action of ﬁhe acid-forming bacteriu.
Several tests were mace with sweet skim milk at a
temnerazture ol avout 7y cegrees ¥. to determine the
effects these bvacteria had uron the milk, &nd &lso
unon themselves after rapid multiplication had taken
place. In all twelve,samples were tested, and each
sample was from a different day's milking. These
were placed at 7, 7. and the acidity taken each day
for fifteen days. An average of the resulis are
best chowa by the curve plotted on the succeeding
D& ge,

This curve chows the rapid action of gcid-form-
ing vbucteria during the first twenty-four hours
under rather high temperatures. This is of value,
for, in practice, the wmilk (skimmed) is pluced in
the hot sun and vefore it reaches the cualf or oi,;, it
is unfit for feed. Hence, the nece~sity ol & pre-
servative., ¥resh milk has an acidity usually; of
about 19 degrees. Although the bacterial count
may decrease during the first few hours due to a
peculiar germicidal action in the milk, the acidity
seldom decreases. Loppering is reached when the
acidity is between 50 and 60 degrees acid. When the
acidity reaches 90 cegrees, the curd is solid. The

normal action is shown on next page.
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_ Normal Souring of lilk.
Open Can on South Side of Brick 3ld;.

fgmp. Temp. - Aciaity
of nt Relative of
Date. Time Air. Milk. Humidity ilk. Sky .
ay 1. OA.ll. 48 47 71 58
12 N. 77 80
6P.M. 7Y 706 54 83 Clear.
2. HAM. H2 50 54 60
12 3. 78 81
OP. M. 70 78 49 74 Clear
3. DAL 9 H7 64 39
2N 1 64
6P LG 75 7 56 96 Clear.
beo 6AVE, 61 58 56 40
12 N. 77 0
AP.L. 76 77 44 93 Pt. Cloudy.
5. 6A.HM. 5% 62 56 56
12 N, 72 74
6r.u. 72 73 75 59 Cloudy .
6. bA.M. 52 51 9 24
12 N. 65 63 ‘
SP.. 98 63 54 &2 Pt. Clouay.
7. bA.L. 3% 34 71 25
12 N. 47 60
Er.u. 57 53 46 57 Clear
O. OHA.L.. 40 40 69 32
12 M, 40 52
6P .M. 61 62 70 &y Clear.
9. bHA.M. 41 40 67 25
12 N. Y4 57
oP.il. 50 Hi 51 65 Cleaor
10. 64£.M. 79 22 72 21
12 X. 50 53
5P.u. Y1 52 47 46 Clear
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A comparison of the data in the foregoing table
with that in tavle under "Feeding Operaztions" shows
that there exists a wide variance in acidity under
different conditions. Where milk wus soured by heat
from & radistor, the teumerature was nearly constant,
but when the souring took place in the open eir be-
side a brick ouildinz, the tempnerature aznd atmos-
pheric conditiones cause great variance ia the sour-
ing of the milk from day to day. On lay 1l0th there
was a hecvy frost, und the zcidity in the norning
wszg only 21, while other mornuings it had risen to
60 or iore. Records show a variance in mornings
milk fro. the 21 aentionec to 75 on later date.

This milk is, at the present time, beinz fed
tn an experimental lot of calves to determine the
effects of sour milk. The resulte will finally ve

shovn in the conclusion of this work.



Retardation of Souring.

In making a further study of the effects of
formaldehyde in preserving skim milk, an experiment
wius mocde wiliah different strengthis of the preterve-
tive anc at different temperatures. The data below
shows the amounts of formaldehycde and the lengtirs
of time those amounts will keep the milk sweep -n

a basls of scidity being reachied at 30 degrecs.

- -~ —— - —— — - -

Formaldehyde.
Ne.of

Trisls Teao.¥. Noue 1-50000 1-20000 1-15000 1-10600

10 60 55 hr~ 57 hre 9y hrs 110 hrs 125 hrs
12 70 40 4y 65 92 100
10 55 20 30 40 63 70

These results do not exactly check with work
done previous'y and compiled in first table under
laberatory deta. This may be accounted for by the
fact that the experiments were performed in differ-
ent laboratories under very different atmosnheric
conditions. The results, however, being the
average of several trials on different days .ty ve
taken a3 fairly accurate. A sliding scale of pre-

servation Ly formaldehyde is thus estubliched.

‘rad o



Are all Forms of Bacteria Affected Alike?

The _rowt of diffevent Lacteria differ jrect-
1y denending upon numerous conditions. It is not
odd then tunat different bacteriz should be affected
differently by formaldehyde. In order to ascertain
the types curviving the germicidal action of this
preservative, considersvle work was carried on with
Lut few positive resulte. Taboratory conditions pre-
vented exhaustive work, but it wis determined thatl
those bacteria ususlly resistent to heat are also
resistent to the action of formeldehyde. One of the
most resistent is the "hey bacillue" (2. CSubtilieg)
which i1s found in quite large quantities in milk.
This tacterium, however, develops more slowly in
imilk thsn other ones comwnon to that media, end since
it ie desired only to inhibit growth, further con-
sideration in unnecessary. Tests broustt out the
fact that molds are not as much affected by this
breservetive zs are bacteris.

The effects on lasctic bacteriu have been shown
in this work, but acidity is no real test as to the
development of pbecteria in milk. Lactic bucteria re-

ord tre developrient of many other {forms, and it 1s

-

'cetic growth might

by

n0s2ible that trhe inhivition o

induce :sreater develooment of these otlier foriis., low-

ever, the presence of formuldehyde also retards the

growth of most of these other foruas. It has been found



in tre laborsatorry that the first few hours witnesses
a cecrease in total numbers of bvacterias in milk. This
is probably due to the dying off of bLacterial forus
thet find milk & poor media in which to cevelop. The
lactiec becteria are most vigorous in their vevelip-
nent, and hence, usually bring a2bout quicker chaiiges
in milk. TFormaldehyde perfectly chiecks this or;unisnm
nd renders others less virile. In anounts excessive
0f 1-15900 there is an actusl killirng of the tac-

teria., T.Subtilis and molds are tre most resistent.

_Tubercule Or:risws.

One of the objections to feeding skim milk from
the creamery is the danger of infection by the tu-
bercule orguanism from milk from infected herds supply-
in3s that creasery. Pasteurizstion Yias been used with
¢ood results, but this is costly, and unless great
care ig exercised, it 1s inetficient., It was
thou it that the addition:of formaldehyde in & pro-
portion of 1-15000 would ve sufficient to kill tuver-
cule orgenisms. After ruch study on the sdvisability
of such a nroceedure, an exverirent was outlired.
This nece~rcitated the use of guinez pigs and several
weeks time. At that tice, the former could not be
secured, 80 the tests were never mude.

Letter- to promiqent scienti~t=s zavisc that,

*hile no data is obtaincble, it is nwrobavle thet the



formeldehyde in the proportion fea would have

but little eifect on this very resistent organ-
ism. Dr. . J. Rosenou of Hurvard lledical School,
is en autioritsy on the tehaviar »f tubercule
wucteria, and he concludes his letter as follows:
"hether thie small azmounts of formaldehyde you

use interferes with the virulence of the tulercule
Locilli i=r dovmntful, althousr I hove no datr uvon
tl.e esuvject."

It se¢eit hHrovnvle, howevaear, that the pre-sence
~f {ormnaldehyde in sufficient quantities to in-
Mitit the growth ol 2ll bacteris would tend to
induce a decrease in tiie virulency of this orgun-
igm. Tuvercule bacilli ¢n not develon in milk
as 2 media--a fect which »rotabdy accounts 1o the
recistance to sernicides. TFormuzldehyde has little
effect unon fats, and if it is true thet tubercule
becilli in spore form are surrcunded by a film
of fat, it is possible that this preservitive
could rave no effect on the virulency.

The presence »f this preservoative, however,
~nuld in no way increace the virulency. At the
sarme time, it i=s possivle that the virulency might
be greatly decreased by its presence and it would

Le a valuable ~id in the ~ontrol »nf this disesce.

G e



Rennet Coaulation.

Cince rernet ic so importoant a fuctor in tiae
dizestive »nroce=ses, much time vos spent in socer-
taininz the effects of formaldehyde in various
strengthis on the sction of this a,ent. As usuol
in this work, =kim ;ii1k wos used. Check=z were
run continually =0 as to avo.d errnrs due to chrnges

in lots of milk, temwverature, ancidity, eétc. The

'LJ

work was done at 2z temperuture of &/ cosrees .,
and tie foruialdchyde was addea just previous to
the zdcdition of rennet,in & stren;tiy of 1-1000,
Time wsa recorded when solid cocgulntion--vhen
#11 milk cenced to flow upon changse of position--
had tsken place. The results are given in the

tatle on the following nage.



wffects of Formaldehyde on Rennet Cozgulstion.

Al

Tire for coagulation 2t 37 degrees F.

Solution  Time T Time —‘

Mo, of for for

Trials Formaldehyde Checx. Tori. Remaris.

& ili00 5 min. Not in 21 cays h
10 1-200 5 % vot in 21 dags T
15 1-500 5 % Tot in 21 dsye T
11 i-t000 sk % 18 min.  Very solid.
20 -1op0 5o ow a3 w T T
10 1sjon 5w 7 e Tgerie. T
15 a-3eeo 5w 5w Mo action.
15 1cojoo 7w 7w o0 aes. v
20 1-3000 7 v g e T T A Ges. .
10 1-gooo g w5 w T T
177 1-t0000 5 v 5w T o
T O D older milk
20 -tsonn 5w W T T
5 iszjoo0 6 g e T Temn. Voried.
T ilso0r0 T T

The dats abnve shows that formaldehyde in
milk has no i1l effects on congulation by ronnet
until a strength of 1-2500 is usced. It will te
noted trhut tre line of demorkation between effects
end no effecte is very cleszrly cdrawn. In the pro-
portion of 1-500 there was no coagulction even
after 21 days, tut when twice that srall rrount wos

ncdded, there mas ¢ decided retardoation in time of



thic action »of tris ferneat. In all cases of co-
¢oulmtion, tre curd wos as solia as trhat in the
ccses of the untreated checkks. In tiie sronortion
of 1-201 there wos =ti11 » reterdation, but ot
1-3000 there was no effect produced. On the pro-
portion used in uctual pructice a gJreat many tests
were made, zna there was, in no case, a retord-
ation of coagulation. This wss true #s the
a..ount of formaldehyde vus decreased. It wes
then condluded that formuldehyde did not retard
coagulation of milk by rennet until a stren;th of

1-2500 had been reuched.

Coazulstion by Pepcin.
= §

A test similar to the above was imade with the
disestive agent, pensin., Sufficlent »f this fer-
ment was used to produce normal coagulntinn in
about ten minutés with untresated milk. The sunie
amount was used mwach time so 2 cdirect coaparicson
could be made. The results .iay be found on the page

following.



Dffects of Formaldehyde on Pevcin Coy ulstion,

Time for coagulation at o7 desrees F.

Solution Time T Tinme

No. nf for for

Trisls Formeldehyde Check Forn Renmarks,
500 T T T T 0 min, Tid not cong. T T
5 ilzve T Y T T bhd et cong.
12 i5ee T8 Y T E mot cens. T
10 Tidisos 11 v 20 mia. solid.
15 iciso0 1o w i e T B
20 1-2000 1o v ek e Little :chion.
10 -zzc0 10 v 10w R T T
R T R T T B T
N T T Varied Tewp.
O Y S T

alo) 1-15000 15 10 "

5 1-25000 1o 1c "
5 1-50000 10 10 .

From the above data it is evident thot for-
moeldehyde in the amourt fed in our prectical experi-
ment has no effect on coajulntion of milk by pcosin.
It is therefore juctifisble to believe that it
would in no wry interfere with the zction of this
ferment. VYot until 2 streugth of 1-2000 “us reached
wio Lhere any evidence of retardatinn of the action
of this digestive factor. The curd ™z~ solid and

apnarently did not differ from that nf the checks.



The Tisappecaring Action of Formnlaeryde.

Hydrogen peroxide has been suggested &8s o pre-
cervative in 111k Lecause the tcddition of hest will
entirely rerove it. "hen left exunsad tn the air,

o S ] BRI TR
LOTrn Ll Vi L ITeple o)

Teee v lrengtih, Tutl )y exser-
imeates heve chovr thet ever: in clorced vesecelg, that
{orimaldelhyde discnpecrs fron milk. This mey clesrly
be sliovn bty studying the lJorrer tebles shliewing the
inhivitirg pover of tliis nrecervalive L'or a flew
Fours icllowed LY & ropldé incresee in tacteriel
development. Just vhat becomes of thiis-has not been
fully determirved.

It is krovn theat certein liculds hove &
"winding" cenecity for tre constituentes of cthier
liguids nr cubetencec. Tor inctsnce, 1t would Vve

o

exnected that trhe a2ddition oi MAOUH to Lloed would
riake tre resulting liquid more ~lkeline, tut such
is rot the cese when eimgl) quantities zre azdded.
Certain elements cf trhe blood "bind" the WANH

snd it Yee no chience to function., The ceme 1ay e

true of forunldéehiyde in rilk, On the other rund,

it mey be ueed un in the killing of becteria, &nd

it staye in tre bodies of the orjenisire. Corrocive
sublimete, in known amounts, sdded Lo an infectec
liquid chiows & lece cusntity vien filterec out lator.
The differencec ves provebly urced up in the killing

of necteria.

In the study of thise Cisenperring oction, o

X.L,



poverful detector wes used. It is ¥novr o Tenlige's
Leaze~t, «rd it can cetect the precerce of for-
malderyce in e solutiorn of 1-500C00. VYrile rot &
quentitive test, Ly the a;idity of the cetecting:
colnr, verious quentities 0y Ue coproximeted.  ‘The
following; table sives tre re~=ulte o7 »nilk tre:cted

itk 1-15000 NCOI.



Disennecaring Action of Tormeldehyde.

Color Test by Teniges Lcegert.
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Presence of Formaldchyde in Faecea &nd Urine,

An effort voeg mede to determine the chunneles
of ¢iseprnesrince in the culnc’s themselves. By
e use nf ILenige's Reagent, it wes reped to crceowr-
tein if the pre=servative vos precsent in the evereto,
Urine woe cbtained from colves fed formuldehyce
nilk in the experirent ¢rd alse from celver to
wrich only three feeds of it rec been iven. 1In
the cose of tiie latter., svflicicent time wig iven
to £1low for natural excretion. In neither crse
wvae {ormaldehyde detected even in sligrht quentitiec.
Py addéing o known emount Lo tlie urine, its precernce
could be detectecd in ocumounts vs smell ¢ 1-500000;
hernice, it wvus concluded trat the preservstive did not
pess from the body in the urine. 1In the cece of
trio Teeces, o scoant wetler colution weg mede ond
trected with the detector, but without results.
From thene numeroug tests, it was concluded
that formoldehyde dissnpeoars in the milk iteelf, or
¢t leest, completely chenses ite form and Lecomecs

less active nns time incresces.



Effects of Formelcelyyce_on Vitrogen in Okim MMilk.

—— -

Four Y00 gram sernlee of the skim nilk fed to
trhe crlves vwcre token #nd trcoted as follows:-

1. Raw skim milk untreotec.
2. Rew gkin milk trested witr | frin pepsin,

3. Rew gkim mi’l trestec with 1-1000 pepsin
1 HCOH 1-14C00.

4, Rew ekim irilk trestec with 1-1000 pepcin
sna HCOH 1-2,00.

The roew skim milk sanmple woe used s & check,
To. £ wos merely treotec with pepsin snd £o asctead as
» gecond check., Ilo. 3 wus treatea with the oensin and
then HCON (1 C.C. 4C7 IICOH wvas c¢ilutec to 1C0 c.c.
with cdicstilled H.C and 4.4 c.c. of the diluteu solu-
tion vas added to Mo. 3.) UNo. 4 was trected with
nepsin, then HCOIl, 1-245C0. (1 c.c. of 4¢,7 HCOH wi s
adted to the Y00 c.c. of milk).

Analysis,

1. Cacein (uncliang;ed)

Lcetlce Acid precinitote.

<. Casenses and pentones
Precipitete of Acetic Acid filtrite
with CUCO.
3. Amino Acid=s and faonis

Filtrate.

As the nitrogcer is the riost likel; elemert in the
akeun of these cubstances to be chienged, tre nitrnen
wes Geteriiined in the various smwplee oo outlired zuove.

The milk was slightly ccic vhen werkeo vith, «nd

the vork wis ©ll cuplicated.



Firet, Y gram scmnles of 1,2,3, and 4 were
token, :ndé tre Kjeldahl ceterminetion niade with trem.
"his amount vas teken #= the 1C47 content of . for
leter vork. Then a 107 gram sawrle of euch vesg
teken end the Cocein in esch precigitetec with 1Z2.0Y
c.c.of 67 Acetic Zcid, then filterec. The Kjeld:h?
vee run unon thie precipnitote to wetermine thie I,
content of the Caszein., The filtrate w:s halved ond
¥jeldehl run upon each half'. To one Yalf,s ilute
colution of Cui weg cdded vntil the precipitete
vec all tvrove dovn, and tren 1C c.c. excecs vus
#dcec. The solution wae filtered end the Xjeldsahl
rur. upon both filtrate and nrecipitete, Living the

N conte:nt in both Woa. 2 and . The tfollowin,; table

ghowa changes In the rnitrogen forms.

Nitro:zen Con

Coeeln Ceseosc~  Amino

.

Skin milk 62, LI I SV
1 - 3 C - L. .
. ) p}us Peaﬂln e 70.3 h.9 15.0
plrue HOOMI
1-14000 ! 8.4 17.2
" " " 7" 11 ILOI}
1-24C0 £5.6 6.2 27.2

To make tliece results more positive, meuy :ore
seriplec chould te run containin: vericus srmounts of
HCOH.

It will ve ncted¢ that the nitro_en in the forn
0f cugeln and coceonses is decresz=ed when nenein is
added to tre skim wilk. There is & corresponcin; in-
cre-fe in nitrog en in the form of cnilno scice. <his

decrecse ond increzce continues in 2 ree<-ective order



vhen formrldehyde is added ir 1ncrercing fmounte.
The sum of tre cifference vetveern the nitrogen in
thie craein and caseocses in untresitec skim milk, :nd
the nitrogsn irn the cacein end csceosce 1in the
trected milk is equal to the difference of the ni-
tro-en in the wmino wcicds in tle sane ceses.  Tor

instence: (L2 — 74.4 =7.0)plus (11.7—=0.4=—= 3.3)=—

10.9. In the sarme cease 17.2 — 0.3 — 10.9 This
uniformity Yoldes true in 211 of the carses. ono chows

the exactnegcs nf the chemicsl changer.
Since nitrogcer in the form of &mino ccices is

colivle, 1t ig prebuble that it is even more c¢iges

tivle thaer in the originel forn., Howeve:r, vimino
ccice nre found in  tLhe by-p.oonduche of C¢icestion,
whicky micht offset the increresed digectitility of
thia Toru. tt lexst, 1t cannot te conclided that
the wddition ol IIECH mekes the nitrogen less diyes-

title, or in any wzy depreciztec the velue of nitro-

sen in tre food.  The wddition of HCOHE simmly charnges

¢

the rorm of the nitrogen in tre milk.



Practical Experiment.

In a.stuc¢y of this ncture the recults of ¢rti-
ficiel experiments are not ¢t valucole as those taken
from sctuel feeding records of young zaimele, for
there zre certein conditions occuring in #nimel di-
Jectition wiuich connot be dunliceted in artificial pro-
cecse~, In oréder to ascertein actuel occuwau’lative
effects, both »oi Jorumnlcehyde-treated &#nd cour milk,

a Teedin: experiment weg carried on with jwung calves.
Cwing to tlie extreme scarcity of calves in the viecin-
ity of the colle;:e, cniy a very limiteo nuiber could
e oLtained, and for the same reason, it waa neceseary
to use dairy stock of three ditferent btreccz. Such

¢ combini tion wrz fer from iceal, but the recultes are
of interect.

These cnlves, twelve in nunber, were cividec into
lots of three ezch. Division was mzde in reference
to 2ze, breed, appetité, sex, cenercl condition und
wel,'wit, and care wos exerciéec that the lot= were of
equal arowin: capacity.

Lot 1 wos fec¢ on sweet iilk ss a control lot.

Tot II was fed on skim milk allowed to sour, and Lot
III vos fec on milk kent sweet bty tre addition of
fornizldehyde. 1In lot II was ploced a =iell Guernsey
nof delicate herlth and spnpetita, vut this deficicucy
in this lot wus offret by the presence ol tvo calves
lar;er ena strencer than the average. In lot III

wie a fine Holstelin prede to Lalsace the exiected

bl - - e 3
~esser gaine from two rather smell guernseys Turing
. Ex >



tre first week of tle erceriment, this celf suddenly
developed pneunonio, #nd aled at the ciuc of the veek.
/n autopsy by I'r. Liellwen of tiie llichijan Station
stomed diseccr in the resnirstory orcane ocnly. £ ¢
plete exeninction of the dige~tive trzet shoved no-
tlin,: sbnormsl, and avcolutely no irritatinn., Iis
report (Autop=y 617 showe trornchiasl pneumonis slone,
s the ailment. During tiic next veek, the smell

'S
Juerncey in T.ot II hbejan to show effects of tie rour
mill g =soen diec. This recuced these two lois to
thireec calves euch, cc¢ & young Brown Swiss of cone
cidcre.le breeding value wee trken from Lot I, and
the experiment mas coupleted with the remeining
three in a lct., The reroval. however, ol the bect
calf in Lot II1 and the swollest in Tot II :save

the latter 1ot & decided adventa.e. Anctler grade
Hnlstein calf woo cecured, ona led forﬁnldehyde
trected milk, bubt its guince are recorded, not in Tot
III, tut separctely, ac it wac fed & different arount
ol the preservative than Lot III. The table following
sives sufficient dato relative to te lecte and the

inc¢ividvaels 1n each lotu.



Individuazl Clhiuruzteristics.

Nt

‘a lilk Age Breed Sex welsght Condition Revinrie.

45 cweet 36 da, e Holstein *=. 133 Fire Good size

46 " 36 " Jerc<ey F. 101 Gond Crare
Y " o4 l'ol.Grce. X, 9G.3 Good Fair size
ivernge 330" 11C.0

48 Tour 42 " Ilol.5rce. M. 123.6 Fine Lure

e e e e e e e e e e e e e e m e m s e e e = e m e o=
o) . Nl

4G " 3¢ " Guer. " 1. 111 ¥ine Lerce

cmcme - e et e ———— -

b4 " 3 " Hol.Grae. ¥F. 97.3 Good Fair siue

-~

Avernize 30 0" 110.6

50 TIorw. 40 " Guer.Grde . 114 .3 GooaG Sie 1l
He " 40 " Hol.Grce. 1. 114.3 ¥ine Fair size
53 " Y " Juer.irde 1il. 2y Good velr sice

Zxtre on Formaldehyde.
51 2y, " Hol.Gra. 1.

o
£

Good Jood size.




Lot I.

This picture of Lot I., fed on sweet skim milk

was taken at beginning of experiment. The Brown Owiss,
in the corner, was discarded, and the three facing

finished the experiment. From left to right, they

No. 47. No. 46.



Tot 1T, oo

A picture of Lot II. at the beginning of the

experiment. The little Guernsey, nearest the door,
died from the effects of the sour milk, apparently,
and the experiment was completed with the remaining
three.

The Holstein in front is No. 54, the Holstein

i ), o i < .
in the rear is No. 45, and the Guernsey vetween then

is No. 49,



Dok Tite- .

Lot III. at the beginning of the experiment.

The Holstein facing died of bronchial pneumonia, and
the experiment was completed with the remaining
three,

The Guernsey facing is No. 53, the Guernsey in
the corner is Yo. 50, and the remaining Holstein is

No. y2.



Preparstion of 1l7ilk,

Ixperimente in tre Locteriolo,lce? laboretory,
ceteilea leter, vere corriec on to deterinine Lhe cnount

of ferroldehyce necescrry; to kecp the milk sweet o

‘2
-

[N

uZfiecient length of tiue under rwai.cr (artificicl)
condition=s. Throu_ h #n errcr in com.ui:tion, the
cmount we e Lhousht to ve. .00, wnd Tor tre firet eight
feedo Y ie cmount wis fed., Thie is nerrly three times
Lore then ie necesssary, £°a a8 soon as Lre error wvas
discovered, the correct cununt, which is 007y
form: ldehyae, wrs usec.

Skim milk from the separator zt 10:00 2.1, wis
cnoled »nid raved {or the next ary's feed. At nite
twa come were nrevared from thisc one cet by the reci:-

tor v ere =n zlinat constent temperaturc nf boul

7. degrees F. owes weinteined.  Experi ent ctarted on

"1

e, 1, 1913, nre wus carried on for tvelve weeks., The
milkx in one cun cont:ined formalcelyce in the uropor-
tion stited ¢ vave, wrich wos sufficient to keep t e

sd 1w eweet under thece conditions., The wmilk in the
cther can woe untrested, ond it vece: e sour &nd o lmost
inveric®ly lopperec¢ heuvily. The remesinder of the

mill wes kept cool, end in the morrin. it recrived
trextueit rs cescribed ianedielely hrecedi: ;.

Condition of Sour Liilk.

The sour milk fed calves in Tot II. was securea
ty ploeing the receptacle besice & reaictor, vwlere
¢ feirly constznt temper:ture woe naintsined.  The fol-
lowing table contains dete tsken ot random, which will

Su.;c;eat the avers; e condition of the milk vhen fed.



Tete Temn.of 1111k, lcicity. Rew:ris.

E.i. L0 F. 73 Cc.,. leavil, curcec.

Yev, Y P.1. Y6 T, o1 Tdghtly o
Al v SL Begl ring: Lo curc.

" J. P 03 it Heevily curced.

Al 1 73 Lightly -urcdec.

Yer. O PLL. & 90 Feavily "
F 79 <) Hesvily curdec.

" 1C »... 73 40 _ 1o _curg.
A SR - 92 Leovily curded.

Aor. 3 P 82 _2‘:) " "

ALl vl 93 " "
Apr.ly PULL. "\)o //_g " "
Sl 7\) 9 " "

AT .10 PN Oy 50 " "

When fecd, this wmilk wee warnece to bLody termeraturc,
'ee the other milk, anc¢ stirrec¢ until curd ree well
Lroven,

A groin retion awede up of

3 pz;l‘tg corn fl(“.,ke,

3 " whole outs,
1 " vren, :nc
1 " 0il ceke,

vas fed in amounts varying with the aspetites of the
incividusls., Tright slfelfe hoy vee fed in limited
cmounts s slhown in feedin: te lea., ®ach lot vos
fec ©11 the milk thet it woula consume rexdily, so
&3 to exaggérute, if voe=civle, the effects of the
ciflerent lots of milk. Recorcs of wei_lis of feeds
#na saing vere cercfully Kept, &nd notes tuken os

to the zeneral condition of exuch :nim-1. The entire
work of orepureétion of feeds, feedinin, cere, etc.,
ves Cone by thie cuthor in order that, in dravin,
coriclusinons, no detail might ove overlnnked. During

thie first three weeks too ..uch milk was fed, and



cenurs reaultec. As o furtier recult, emall gains
were m:de. Unon reducirng tve cmount of milk, the
celves immedictely respondec with norwmel geins,
Further nctes may ve Iound succeecing the feccirng
tetlea,

The follnwing tei’es give in aeteil, the amounts
of cdifferent Teecds consumed oer weck by ench indi-
vicdurl in the three lots. Tihey 1o include the canre

for the extrs calf fecd for:.:lcehyce-trect:«cd milk.

but not inclucec 1in Lot III,



¥ilk Ied per Week in Pouncs,

No: Week: 203 :4 @y 4% : 7 R O 10 : 11 212 ;Tota1;

Lot I. on Sweet mllk : : . . . . .
45:92.5: 1120 115 126,125 12 126 126; 126; 141-140- 1480

—-s----—---s---‘----ﬂ—---o-—-----—---h--—- bl o il R -

46:92 :1C9: 111: 109: 100: 94. 95 107. 112. 112: 129, 166 1300 .

A R ey Ay L R skl i I R S P

47:90 $106: 1120 112: 110: 105: 112: 112: 112, 112 126 127. 1336 .

U-;----;-~—;-—-F'“---'—b°--P---L---P-°-5-—-r—-“_::ﬁ:'t:~—f:t:—u~

Lot II.!on Bour:Milk : : : : : : Aversge 1 1372

48195 1109111701268 110 11G 1260 1260 12601260 1408 1418 1467

R R R R S ek o R R e sk bl Bl kil e Fooeoe

49: 94 :1109:120: 11%9: 121: 118 126: 125: 126: 126: 140: 140; 1465
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