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I INTRODUCTICH

As the pasteuriszation of milk has become u general practice,
it is increasingly important to know what, if any, adverse effect
pasteurisation has upon the mutritive properties of milk, Careful
experimental work has shown that the only aignificant, adverse
effect of pasteurigation, from the nutritive standpoint, was the
partial destruction of vitamin C and vitamin B;(33) and that these
deficiencies of pasteurised nilk could be resdily overcenms by pro-
perly supplemsnting the diot.

The general purpose of this investigation was to study the
factors affecting the destruction of vitauins during the pasteuri-
zation of milk and, if poasible, to find a method of pasteurisation
in which this destruction would be kept at a minlmum,



1I. VIT&NIN ©

A, Introdustion:

Of the nutritive faotors of milk, vitamin G is probably the most
sensitive to the processes of oxidation end is the faotor et is st
readily destroyed during pssteurization. Although it hsae been recoge
nized that bottls fed infents should reseive some sdditiomal vitamin
¢ supplessnt, the fact remeins thot if the original quantity of vita-
min C were retained in the milk until the time of feeding, then a 00D~
siderable fraction of the requirsment for this vitamin would be supplied.
Purthormore the economic conditicns of recent yeers have made it diffi.
eult for underprivileged families to properly supplemsnt the diet w th
anti-scorbutic foods. Thus ths prodblem of preventing the destrustion
of vitamin C during the pesteurization and storage of milk is one of
considerable practiscal importance.

Meny investigations have been mude on the destruction of vitanmin
C during the pasteurization of milk(?e 17, B8, 67, n)v. The gensral
agreezent ia that from 25 to 60% of the original vitamin C content is
destroyed during pasteurizstion by the "holder” method dut an even more
significant fact is that storage of the pasteurized milk results in
e further rapid destruction of the vitamin., in recent yesras sevoral
attempts have been made to prevent this destruction. Swope (%) pau;
teurized milk in an atmosphere oY CO2 with good results. However,
this method is objestionable due to the carbonated flavor imparted to
the milk. When the work was reposted on @ commeroisl scale, (46) vi.
tamin G was still destroyed sven if pasteurized in en atmosphere of

C0g, Ng or in s pardisl vacuum., Outhrie, Hend and Sharp (12) pove
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propessd a deseration of the zilk to prevent destruction of the vite-
xin and give evidence in support of their method., However this method
does not seem to be sdapatsble to the "holder® process of pasteurization,
which io the prevailing method st the precent time.

Flash popteursization has been found to have little or no destruc.

(49, 67, 71'). ¥oessner st. al. (71)

tive sction on the vitsadn ¢ in milk
ste’s that the advantage of the flash pasteurization process in preser-
ving the vitemin C content of wuilk seems dependent on the fact that

the destruation of the sscordic aecid sppesrs to be more dependent on
the time of heating than on the temperature itself.,

Many investigations bave been carried out on the effect of visidble
ond ultraviolet light on the vitanmin C in wilk (22, 48, &0). However,
Guthrie et. sl, showed thst light hed very iittle offect on the vita-
sin provided thet all the sir was exoluded, This indicated that the
light acted as a catalyst in tte oxidation of vitamin C.

The literature desoribed cbove has indicatsd that the destruc-
tion of vitamin o in milk is an oxidstive progess which is ostalyzed
by heat, light, snd oertain metals especially copper.

Mi1k fresd from oxygen hes been heated for three hours at 140°F
after the addition of C.l ug. ‘ litre of d4issolved eopper, with no
appreciable oxidation of reduced ascorbvic ssid, (13) o ‘The meehanism
of the e‘ulyuc oxidation of vim&n C bas been given by Barron,
DeMelic esnd xlomporor (3). m reducsed asocorbic acid is oxidized to
dehydrosscorbic acid while the catalyst is being reduced, The reduced
catalyst is then reoxidized by atmospheris oxygen, the hydrogen per

oxide formed deing split into water and oxygen. The addition of
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enino soids retarded the cetalytio eoticn of aopper, presumadly owing
to ocoumplex salt formution, It, therefore, appesred as though the
deatruction of the vitamin could be x0at efficlently prevanted by
rezoving all the air from the milk bsfore pssteurization and keeping
the milk fyee of air until bottled and capped. 1t was the purpose

of this part of the investigetion to determine whether this could be

acsomplisbed on a lsboratory and commereisl scale,

B, Hethod of inalysis of Vitamin C in ¥ilk:

Chemicsl methods of enslysis of vitamin C have, ut the ;resent
time, almost completely replaced the older biclogical zssays. The
results obteined using chemical mothod of anslysis of the vitamin in
milk have been shown to s gree with the biological assays (26 1me
normal healthy cow secretes vitomin C in its milk only in the reduced
fora (39) . Contacs with atmospherie cxygen soon trensforms pars of
the vitamin into the reversibly oxidized form known as dehydroasscorbie
acid. This form of the vitamin is biclogically sctive and any chen.
feal method should allow for its determination as well as the vitamin
in thp reduced form. The precise nutritionsl effectivensss of dehydro-
asoorbiec soid is not known ‘58). In this investigution, $wo methods
of anslysis were used, I3 the pesteurization siperiments on the lab-
oratory scale, only the vitawin C in the reduced form was anslyzed,

e titration msthod being used. In the experiments on pntouriutién
~on s commarcisl scale, both the ascorbic end the dohydroucoz:big
acids wers snelyzed byn uo‘lﬁx‘lnatric method. '

(1) Tritration kethod:

Sharp (%) reports thst he finde no pention in the 1iterature
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of eny sudatance in milk other than ssoorbie acid whioh might be re-
duced by 2-6-.dighlorophencliadophencl and that the presence of pro-
teins anparently 414 not affeect the reaction. The rapid method for
the determinstion of reduced ascorbdis scid {n milk as reported by
Sharp (57) was tried but wes A1soarded dus to the difficulty in de-
termining the end point, The wetbod finally adopted wes as follows:
To 25 ml. of milk were added 8 ml. of 8% trichloroscetic ssid md the
preoipiteted proteins removed by filtration on a Buchner fumnsl. The
filtrate was then titrataed with e solution of sodium 8.6.4ishloro-
phenolindophenol which had been freshly standardized sgsinat crystal-
line ascorbis astd '°7'. it is now realized that this method may
give valuss that sre slightly lower than the true value of reduced
vitazin 9 in milk but this small diserepansy sihould not affect the
mtorp:mtetléu .ot the eflecta of pasteurisation,

(2) Jolorimetrie Method:

The lltamﬁura dontains numerous protedures for the determi.
gation of aszsorbic auwid 1# mllk but only very few for tis imporsantg,
s uelly biolozically active debydroascorbic «old (71). Eon and Zateon
(28) cave suggested a procedure for the estimmtion of dehydroascordis
acid in miik dut Yoeasusr, sSlvehjem sxvd Schustte (69, 70) have shown
thet the use of & photoslestrie colorimeter is essential for such a
deterainesion beceuse it eliminstes the interferende due to other
subptances shich srs Coramed when the wilk is treated with hydrogen
sulfide, Their method, which was used in this investigation, is
spocific for esdorbic and dehydrosacorbdic acids. The apparatus,

generel technigues and galculations were identical with those des.
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soribed by Lindlin and Butler (40, The corression for the turbidity

of the solution was ocarried out agcording to Bessey (4) o

C. The iffect of iasteurization and 3torage on the Vitamin ¢ Conteas
of Lilk

(1) Laboratory ixperiments:

A gellon sample of fresh raw milk was obtained from ths re-
ceiving station of the Virginis Polyteshnic Institute Creamery. This
was divided into ® portions which were treated in the rolloilng RSB~
ner:

1. Raw

3, Pasteurized

S, Pessteurized in presence of gopper

4, Vaouum - Fasteurized

8. Vaouum -~ Fasteurized in presence of gopper
Pasteurization was carried out in 1 litre Zrlenmeyer flasks and kept
at 1¢3-145°7, for B0 minutes in o woter bath with ooeasionsl stir-
ring. The eopper was introduced by placing two bright alesn pennies
in the £ilk just prior to pesteurization. Aifter pasteurization the
milk was immedistely chilled in ice water snd stored in the dark at
38°F. Samples were withdrswn and enslyzed for vitamin C by tho
titration method previously desaorided,

The vacuum~pssteurization was oarried out in the apparatus shown
in Fig, 1. The suction was applied defore placing the flask in the
water bath., 7The pressure was low enough so that the milk started boile
ing at about &0°F, Tnis doiling soon freed the milk of all of its
dissolved air. The pressurs was greduslly increused sllowing the
temperature of the milk % incresse and was finally adjusted so t hat
the milk doiled gently st a temperature of l@&lﬁ%‘. This was con.

tinued for 30 mnutes. The water bath iaa kept at 148°7, and it
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required about 20 minutes to get the milk to pasteurizing temperature.

The results of this experiment are given in Tadble I,

TaBLE I

Lffects of Alr and Copper on the Destrustion of Vitamin O in kilk

During Pasteurization end Storage

v Initial %
Vitamin C(zg/1itre} loss due to

Pasteuri-

kilk Sample Initial Stored 88 hours _ sation
Revw 10.4 . 4.8 -
Pasteurized 7.3 1.8 3
Pasteurized - Copper 1.3 1.2 88
Veacuum - pasteurized 9.8 6.8 9
Vaouur - pasteurized -~ gopper 1C.4 8.0 0

These results olearly indicate the ecatalytie action of sopper and
also show that imn the absence of air, coppsr had no destructive action

on the vitemin C content of milk.

(8) Commercial Pssteurization:

The first etep in this investigation was to deterzine 8o~
curately the effect of standard commerciesl pasteuriszation and storage
of milk on the asscordic and dehydroascordic acid scatent, The raw
rilk samples were taken from a 200 gallon stainless steel pasteurizing
vat just before heating aﬁd placed in half pint dottles. The milk
was thon pasteurized 31 minutes at 144°7, , 8o0led over a surface cooler
and bottled as ususl in the bottling machine., These bottles were stored
in the derk at 38°F, along with the rew milk semples. Vitamin C snaly-
sos were rade st stated intervals by the solorimetrio method desoribed
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gbove.* The resulta are given in Tabdle Il.

TABLE 11

The Effest of rasteurization and 5torage on the Ascordie and [ehydroe.
ssgorbie 014 in M1k

Kind of Mi1X Time Stored _____ Vitamin 0 (mg,/litre)
Hours __ fHeduced _Oxidized _Total
o 20.2 3.8 24.0
few | o 12.8 8.6 21.5
0 18,8 1.0 16.6
Vet Pastourized L4} 2.1 0.4 12.8
{144°7, for 31 min}

80 C.C - -

(8) Vacuum Festeuriszation on a Commercisl Seale:
The apparatus was set up as in Fig. IIl. The pasteurizer vas
a 200 gallon capecity “gless-lined” vat, ** ® designed thas pesteuri.
zation could be cerried out in a pertial veomm. The nuk} was hoated
ezd xept at pasteurising tempersiure by continucus eireulation through
the heat exshanger. The temperaturs could be sontrolled by adjutins

"an Zvelyn photoelest#ic colorimeter was used (Serial Fumber 61832} .
™is golorimetsr was used in all the subsequent eolorimetris dater-
minations in this investigation.

**0btained through the courtesy of the ifaudler Co., Rochester, N. Y,
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the rate of flow of stesam snd ¢old water to the outer pipss of tiw heat
exchanger. The holding vat wes of steinless steel and the surface 600l-
er was of tinned sopper. The pipe lines wers the ordinsry “sanitary
pipe-l1ine” Mnxy used by the dairy industry. lio stteapt wes nede

to exelude any eopper. Lefore starting the heating, the wacuum pump
was turned on end the pressure reduced to about 100 millimetres. The
milk started boiling at 138°F, whied was ntuin“ of ter about 10 minutes.
The resaure wes then guduiuy ineressed until t\he temperature of the
mdlk rose %0 143°l'. ™he milk was kept boiling gently for 30 minutes,
pumped up to the holding vat snd oocoled over & surfage cooler, Samples
wers taksn for analyses of vitamin C et three points; (s} rew milk
from the vat just before pasteurization, (bl posteurized milk from

the top holding vas before aooling and (o) milk after passing over

the surfece ooelor.' The samples were oollected im Ralf pint dottles
_and stored in the dark at 38°F. ipalyses for vitaxin C were mde

sfter verious storage intervels. It would have been desirable to have
determined dboth the i-omod and oxidized forms of the vitamin bdus at
this point the supply of nitrogen gas wes exhausted and only the re-
duced aseorbio acid gould be determined. is a sontrol, s bateh of
milk was pesteurized in tho seme way as desoribed sbove except that

RO VEOUWs was apﬁhd. The results are shown in Tables 1II end IV

and in Pig. I11,



Table IXI

Effect of Vacuun-Pasteurigation on the Aseorbic and Dehydresscerblc
Asld Content of Eilk
——— — o—— e e ~
Vitamin ¢ (mg/litre)
Kind of kilk
Reduced Oxidiged Total
Raw 19.4 5.4 2/,.8
Vacuum~Fasteurized
1459F, for 30 xdn, 16.6 beby 23.0
Vacuum-Pastouriged
145°F. for 30 min.
and passed over surface-
cooler. 1.9 5.2 2L.1

Niotet~(1) kilk was etored 2 hours before analysis

(2) Gstimated acouracy of determinations - 0.5 mg/l.



Table IV

Effect of Pasteurization and Storage on the Heduced Ascorbic Aeid
Gontent of Lilk

Hours of Storage

Eind of kilk
2 20 50 70
PYYiN wefl e/l weld

Fasteurised

uw. for 30 edn, 11.5 1.5 — w—
Vacuum-Pasteurized

145°F. for 30 min, 18.6 16.5 10.6 8.8
VWPMod

usaFo for 30 min. 16.9 BQB H.2 0.6

and surface cooled
e ——
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111, VITWWIN B)

A, Introduction:

T™he first problem that naturally arose in the investigation in-
volving vitemin B) in milk was to find a method of quantitative assay
of this vitamin in 2ilk. A search of the literature revealsd that
the only mathode whioh hed been developed wers the biclogieal methods
and the thioochrome assay. The animal assey had the advantage of well
established tealniques but elso had the disadvantage of e prolosged
period required %0 prepsre animals for the test., The limited time
of storage of milk and the posaibility of destruotion of the vitamin
during storage rendered this method especially unsuitadble to an in-
vestigation of shis kind where the sffeots of various methods of
paateurization were to be studied. The thiochrome assay required
the use of a fluorometer shich was not aveilabla, Thus the msjor
problem of shis investigetion developed into that of esdapting one
of the existing ehemiocal, ox: bicchemical, methods of analysis of
vitamin B) to tie quantitative sasay of tbis vitamin in milk.

B. Kethods of analysis of Vitamin Bj!
(1) Biologlcal Assay:

Up %0 the present $ime the biologicel method of testing
for the presence of the sutineuritie vitumin has been the most
sstisfactory approach t0 the assay problem, despite the msny ob.
Jeoticnal features inherent in this particular form of testing (1ie
The animale which heve been mostly used asre the pigeon and ths rat.
#ith pigeons, three methods have been mainly used:
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{a) Frotective Kethods . This involves en estimstion of
the daily retion of a particulsr foodstuff whick is mtﬂcunt‘ to
preveant neuromuscular symptoms in birds, when added t0 a vitamin
B)-free diet., 3uch a method hes recently besn slaboreted by Jukes
and Heitmen (221,

(b) Weight Muintenance liethods - mn wsthods ledsk repro-
duoidility with birds dus to the chance presense ia the dlet of vary-
ing amounts of unknown fastors.

(o) Curative iethods - The minimal dose rejuired to affect
a oure of ssvers symptoms of polyneuritis is determined, The method

is not very acourate,

In rat experimentation the main teosts devised have been thoas
oconcerned with growth and with the sure of polynsuritis symptoms.
igain three methods may be used:

(a) Crowsh Eethods . This method involves tl® determination
of the minimum ration of a foodstuff reyuired for growth and mminte-
nence shen edded to & diet domplets in ell other essentisl sonstitu~
snts, The degres of scourecy 1s high and ths sensitivity is adout
one miorogram of the orystelline vitamin (41}

(b} The Curetive iothods snd the Bradycardia iiethod give
comparable results and are applicadble for wide verietios of sub-
stanoea having different degreea of sctivity.

I% is sufficient to state that the inherent disadventages in
the biological methods render them unsuiteble for an investigstion
of this kind, The more rapid and, ia many Oases, more agourate

cheuical and diochemical mothods showed more promise,



{(8) Biochemical Assayst

{a} Catatorulin issay - This method is based on the inoresse
in oxygen uptske observed in a pyruvete substrate as s result of sdd.
ing vitemin B] %o avitaminous pigeon's brain., Feters eoncluded that
the test,in spite of difficult technijues, may atill prove useful
because 1t is fairly sensitive, reasting to less than 0,2 mierograms
of vitamin B1, eand bessuse unlike the other biochemiocsl tests, it has
& low sessitivity to the phosphoric estera (44,

(b) Permentetion kethod - In the prosence of s suitable suger-
salt buffer mixture, vitamin B] csused a pronounced stimulstion in
she rate of alodholie fermentstion, The method has been developed
by Gohultz, atkin end Frey (°% bus wes not suitable far this inves-
Sigation dus to the oomplicated apparatus reguired,

(o) Baoterial ketsbolism kKethod - Silverman end kerkman (89)
desarided a nethod which is based on ths increased aunserodis pyruvete
metadolism of vitemin Bl.deficient eells of Fropicaidasterium pento-
saceum ogourring on the addition of the vitawmin., Care must be exer-
eised since thw orgunisze mey bde "trained™ to synthesize tlw vitanmin,
1% is the opiniom of this author that the technijues involved sre too
difrioult and the eppearatus too somplicsted for the method %0 have
wide application, It was definitely not suitabls for this investi.
gation,

(&) Oocei Orowth Esthod - Xnight (8?) has demonstrated that
under suitable condiiibus, the growth of Staphylocossus sursus is
proportionsl t0 the amount of vitanin Bl in the wedium, It was

thought that this method might be suitable for the doterminetion of
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the vitamin By in milk since 'tha growth of the coeci could dbe dotor-»
nined by the turbidity prodﬁ«a in the medium, JSeverai attempte were
made to prepare the bassl medium of west wnd #ilson (e8) which contained
a solution of minb acids obtained by the aoid hydrolysis of csmsein,
in every case the resuiting mﬂlué&i &8 of & iight brown color which
intsrfered somowhet with the use of the Evelyn Colorimeter for meas-
uring the turbidity. .lso the introduotion of the milk rendered

the solution turbid to the point thet the "blank™ reading wus e0
high as to mske the method inssourste. A further d4ifficulty was that
the stock oultures of >taphylocoscus sureus graw moderstely well in
the basel medium without eddition of wvitemin Bi. This was prodedly
due to trscos of the vitaamin in the ocnstituents, although C. o',
shemiguls were used. The possibility of carrying over some ¢f the
vitemin in the inosulum is, however, not to be igaored. The use of
thls method wes therefore discarded,

(e) Fumgus Growth Method - Sehopfer (%81 4n 1935 nas snown
that the fungus Shycomyoes blakeslesanus does not grow i;a a modium
ocontaining no vitamin B] and thut within certain limits, the amount
of growth of the fungus is directly proportional to the concentration
of the vitemin, & method of ~stimating the vitamin Bj eontent of
wheat germ was also ;}rOposad, with resulta ecompareble t: the rat.
growsh method (3%/, Since that time the problem has been further
investigated by workers in this country (8, 34, 50}, 1he mothod of
analysis of the vitamin by means of the fungus ihysomyces blekesles-
anus hes boen developed by ¥omnor and irickson (5 who showed that

the fungus can utilize a mixture of the pyrimidene ead thiszole
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componants of the vitamin as well as the vitamin per se and that such
mixtures have quantitatively the same aotivity as the vitamin itself,
The fungus can also use mixtures of oertain substituted thiascles amd
pyrinidines which are closely related to the components of thiamin,
The activity of these vitazin analogs is slight compared to that of
vitamin 81 or its componsnts. That this fungus can synthesise thismin
from the pyrimidine and thiasels fractions could not be demonstrated
by these authors:but.was shown to take place by Leonian & Lilly (35),
Palet (43) has shown that the results obtained from the astion of
vitamin B} preparations on Phycomyces agroed with the biological
expsriments on pigeons, He also pointed out that ths determination
of the vitamin in foodstuffs Ly this method is doubtful since the
changing amounts of organic ascids and other unknown faetors lntro-
duced can affect the development of Physomyces. Lilly (36) has re-
viewed the literature on this subject and has pointed out that by
using a suitable selection of test fungi it is possible to determine
the following, semi-quantitatively at least: (a) the thiamin thiameolse,
(b) the thiamin pyrimidine, (c) both thiamin components together and
(d) thiasmin per se. The exact methods however have not yet been
exactly worked out. Frevious work has been mainly ceantered on the
biological considerations of the thiamin and other requirements of
the fungl and, as far as this author could determine, no practical .
methods have been developed for the vitamin By assay of feodstuffs.
In the following exporiments these principles were applhd to tho assay
otvit.ani.nnlinmilk so that a method of chesking the results of the

chemical asszays would be available.
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Y¥xpsrimental Frodecurs snd Dates
The nutrient medium of Bonner and :riekson (8) was prepared as
follows:
DOXITOB0 = = = = ~ = = 100 gme,
loasparagin o v - = = 4.0 goe,
KgOqe THEC = « = = = (.0 gne.
EHghOg = = = = = = = 1.0 gna,
HOtOF « o w = = = =« = 1 litre

Twenty-five ml. portions of this medium were pipetted into
126 ml. irleameyer flasks end sutoslaved for 16 minutes at 18 pounds
pressure. The stock gulture of rhycomyces blukuloumu’ wes ¢ulti-
veted on Difeo 'oteto Dextrose agar. Two drope of a spore suspension
of the fungus, mede by transferring s trece of growth to B ml, of
sterile water, wus used e¢s the inooulum. Luxurient growth of the
fungus was obtained in this medium, without further additions of
thiamin, even aftsr 15 succesaive trausfers vie spore suspensions.
This indicated that the medium sontained some thiemin es an impurity.
The asparagin was the first eomponant to be suspecsted But recrystal-
1ization from water wes not effective, Fresh resgents were then ob-

taiud" and the asparagin recrystallised three times from water.

*Obtsined through the courtesy of Dr. Virgil Creens lilly, Dept. of
i‘lsnt Pethology and Beeteriology, =est Virginia University,
e Lamparegin 5.2. Fhansteil

Glucose - Becto grade. Uifco Go,

kineral salts « O.FP. Sakers Jmlﬂd
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Care was taken Dot to introduce any sxtransous thismin. In this eXe.
periment amounts of thiamin ranging from 0,02 %0 3.0 micrograms were
added per %5 ml, of medium in 150 ml, irlenmeyer flasks. OUne-half
end one ml., of raw skim milk wers also sdded to the medium in ether
flasks. The pH of the medium was sufficiently low thst no deatruoc-
tion of the vitamin should heve ogourred during the sudbsequent suto-
oleving. The aulture of the fungus on potato dextross sgar was trans-
presumably
ferred onoe into this,thianin.free medium and the inoculstions into
the flasks containing added milk snd vitemin B; were made from the
growth of this aulture vis » spors suspension. After incudating 18
days at room teupersture (approximately 23°C) the flasks were steril-
1zed hy autoolaving and the myoslia of two duplicate flausks were
dried at 100°C {a ¢ vasuum ovea for 4 hours snd weighed. The results
are given in Teble ¥V, It is evident from this table that the pres-
onoe of sdded thismin hed very little effest on the smount of growth
of the fungus. 1n all cases there was very little ssrial mycelium
whioh was sbundant on the agar slants, 1t sppears as though the
basal medium still contained treces of thiamin or that soms necessary
teehnique iz the cultivatioa of the fungus was not correstly carried
out by tshis investigator. Lowever, every care wes takea t0 duplicate
the work of the original suthors {8) gna the causes for these nege-
tive results are unkaown to this suthor. It may be possible that
this partisalar strainm of Phyconoa' blakeslesanus did not reguire
thiemin in its metabolism but this is unlikely. The problem wer-

rants further investigation.



Table V

Kffect of Thiwsin on the Growth of Phycomyces Elakeslesanus

Thiwndin in Micrograns per 50 ml, Wt. of Eyvellum in ng.

0.0 17
0,055 | 129
0.y | 131
0.27 U7
0.90 127
1.80 136
6.0 21
1 ml. =ilk 17
2 ml. milk 160

b e e ey
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(8) éhon&ul Meshods of Anaylsis of Vitamen B}

(a) Qualitetive Tests - Villela and Lesl (64} neve found, in
the gourse of investigstions on blood phosphate fractions by the Tiake
and Subbaros technique, that vitamin B gives an intsnse dlue eclor
with ammonium molybdate in sulfuric aeid solution end aminonaphthosul.
fonie s0id, Their work was repsated in our laboratory using the fol-
lowing progedurs: %o 100 mierograms of thismin nydroehloride® in
squeous solution were added 5 ml. of £.5%% amwnium molyddate in
SN Hg804 and also 1 ml. of 0.25% l-amino-2.naphthol-4 sulfonis acid
containiag Neg®0g snd Nems0g |11},  iecording to the original iu.
vostigators, s blue eolor should be formed which is dus %o the thiamin.
No sioh color wes obtained in this experiment after allowing the solu-
tion to stand for 10 sinutes. This investigator agrees with the sug-
gestion made by Youmgburg (78) that the bius color obsarved by Villels
and Leal) was prodadly due to impurities. Thus the vitemin does not

interfere iz phosphorus determinations.

Agcording to Raybim (47) qn orsace eolor, sxtraotable by chloro-
form is immedistely developed when about 1 mg. of vitamia B} iz a few
ml, of saturated borax solution is treated with alooholis 2,6 dibromo-
quinonechlorioimide, The procsdure resommended is as follows:

"] mg, of thiamin is dissolved in a few ml, of a borsx
solution of pH spproximately 9.6 end to it is added a drop
of an slecholie solutiocn of the reagent. The color develops
at onee, greduslly incressing im intensity. iI% appears as

though the thiazole portion is responsible for the solor
with the reagent. lisny amines, phencls and derivatives
interfare.”

*All of the vitamin B) used in this work was orystallinse Thisumine
Hydroeholoride O, P. Herek.
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Zsperizental: The reagsnt was prepsred by dissolving 0.8 gm. of
£,6-41bromoquinonechloroimide (Eastzen) in 0O ml, of 90% athyl aloobol,
This yielded s yellow solution which turned browa sfter stendiang sev-
eral days s$ room temperature, It will be referred to es the " Hoagent".
Two ml. of & satureted solution of borex were sdded to 10 ml, of water
containing 80 microgrems of vitamin Bl, This rendered the solusion
alksline to phenolpbthalein. Pour tenths of a ml. of "Reageni” were
sdded. A viclet solor was produced which turned drown on s tanding.

A blank test was slso made ond it wam found thot the borex solution
alone produced a similar color, of th-v soxe intensity as measured dy
the solorimeter. That this golor was dus to the action of the slkeline
nature of the borax solution was shown by adding varying amcunts of

the "Reegsat” % /10 He OH. The oolors renged from light yellow to
orsenge and, a# the amount of 'Romt' was inoressed, to a browniash
red color. This cclor was not extracted by ehloroform allowing for

the possibility of seperating the interfering sstion of ths borax.

The pressnce of the borsx appesrsd to be necesssry sines no resction
took place when the vitamin solutions wers edjusted to the same pH with
sodium hydroxide.

%en =l. of & saturated solution of horax conteining 0.5 mg. of
vitemin B) were pipetted into s colorimstar tude, Cie-tenth of a ml,
of the "Resgent" was sdded andl the solution was allowed %0 stand for
4 hours. The violet eolor, vhieh immediately formed, later turned a
bromish-red. m o0olor was then extracted with 7 ml, of chloroform.
After settling, the color of the bottom ohloroform laysr could be resd

in the colorimster without rewoving the aqueous layer, 1t was found
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that the ehloroform layer in the tube sontaining the vitauin B) hed
s yellow golor while that of the “blauk" tube, containing only borax,
wes colorless. Further experiments howsver showed that, under the
conditions desoribed, the reaction was no$ gquantitative,

Ko further information oould be obtained about the work of Haybdin
«nd thus tho use of this method was abendoned. With our present knowle
wdge about this resction, ite sdaptation to the assay of vitemin B)
in milk wes improbubis due to the lerge amcunt Of the vitamin required.

(b) T he Thiochrome Asssy:
e peale yellow.blue fluoresesnt oompound now known 38 thiocehromse
wuo £irat dissovered by Barger who oxidized vitsuin B) with alkelinme

forricysaide. Following up thia work, Junsen (%0, 81)

devised s pro-
cedure for the shemical detsrminstion of vitsmin B) whioh dopondjd o
the guantitative cxidation of the vitamin to the fiuoreseent thio-
ohrome, extrestion with isobutancl, and estimation of the intensity
of the fluorescanece by eomparison in s stendardized photosleotrie
fluorcmster. Many other substances inlerfered in this ruction.rumeh
has been the subject of meny modifications,.

Cerecedo and Hennessy & imtroducsd the use of eyntheiic seolites
for the isolation of the visamin from foodstuffs, and later these same
eutnors (1% ghowed that materials interfering in $he shioshrome
method eould be eliminated by ths use of & buse-exchanging seolits,
¥ilk was one of the foodstuffs whioh they saslysed by this method but
it 1s now known that the method they used gives low resulits. Chend sl
deterninations of the vitamin Bj in milk by the thiocehroms method
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have been oarried cut by Bertagni (3 anéd especially by Kom, liouston,
and Thompson (32) | wmg letter mutbors made an extensive eomperison
of tho thiochroms and diologicel methods of sstimation of the vitemin
B} in milk, Statistienl mathods were spplied to the analyses of the
vitamin in rew, sprey-cnd.roller-dried, eveporsted and sterilized milk,
Good agreement between the two methods wes found, especially at lower
levels of milk feeding. The appersut potensy of all milks ns measured
biologically was found o bo systematicelly higher =hen wilk was fed
et a high level than when it was fed at a low level. The suthors
explain the discrepancy bDetweon flucrometric sad blological assays at
high levels of milk feeding us duo to & deficiency of some essential
factor in the dasai diet, but they pc_int cut that the benefiocisl effeot
of the e jor constisusnts of m&lﬁ eannot “bn ruled out,

The repidity snd esourusy of ths thicohrome method as applied so
the anelysis of milk msde it especially desiradble for en inveatigation
of this kind, I¢ was not used in this work since @ fluorcmeter was

not eveileble,

(¢} The Formmldehyde - Aso Reastion

his is one of the modifisations of the Zhrlich.Peuly re-
aetion in which the vitaxin is ooupled with s dlazotized amino eom-
pound to give a dyestuff. This resction was described and Jdoveloped
by iimneraley and Peters {26+ 2B) 1p union diesotized sulfenilie aoid
is added to sp alkaline oarbonate mixture and to whioch is added, sfter
a suitable interval, vhe vitamin solution treated with s drop of fore
maldshyde t stabilize ths pink color agsinst fading due to oxidation.



BT

Traces of metals interfere by redusing the pinkness of the solusion,.
This method has bdesn used in s preliminery investigation of the vitamin
content of foodstuffs in which parellel results wers obtained with
biological assay. Although the method showed promise of being useful
for the esssy of vitemin B} in milk, it was not used in this investi-

“ttono

(4) Melniok snd Field kethod:

The method which seemed the most suitable for the determine-
tion of vitsnin By in milk was that described by kislnick and F‘hld.wa) ‘
and whioh wes suocoessfully epplied by them to the determinstion of the
vitamin in urine, (39) and other nstural sources including yeast, rice
polishings, wheat germ and liver. The pethod is Besed on the reastion
betwesn thiamin and dissotized p-snino scetophenons in alkaline sc-
lution to produge an insoludble red pigment. The preparstion of the
resgent and its spscificity for the 4-methyl-b.beta-hydroxytbisnole
portion of the thismin molecule has been desoribed by Predluda and

socorium (468

C. Experimental!

This phase of the investigation deals with the attexpt to adapt
the Lelniek-Field method to the quantitative snalysis of vitemin By
in milk.

(1) Use of Zeolits to Obtain Vitasin By Conoentratess

The technique of absorption om synthetic zeclite snd sudeeguent

elution was ussd in preparing consentratss of Vitamin By for analysis.
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The apparstus end procedure used was nesrly fdentigsl to that desorided
by Melniek and Field, ‘%) being modified anly in a few minor details.
The actusl progedure at first adopted was as follows: |

To 900 ml, of =ilk were added 150 ml. of @6 trichlorocacetic acid
whieh brought the milk to a pH of ¢.3. After standing for 0 miantes,
with occasional stirring, the proteins were filtered out and 175 ml,
sliguots of the filtrate were taken for snalysis. These sliquots were
passed tbrough the 3eolite’ solum snd the absorbed vitsmin eluted with
10 ml., of 28568 XK C1 at pH 2 1in the exeot munner aa desorided by Xelnieck
and Field (”}. Five ml. of the ohga/to wors pipetted into s 80 ml.
orsanm-test bottle. This was followed by the sddition of an squal
volume of a 90% ethyl sloohol solution containing B mg. of phenol
per ml. Cne drop of brose thymol blue indisstor wes added and, while
8 £ine stream of nitrogen gas budbled through the solution, a 1 ¥ RaOR
solution was added dropwise until e feint dut positive blue eolor
appeared. Usually oae or tso drops were sufficient, Ten ml, of the

(48a) ware then ifmmediately edded and the

Predluds.ticCollum reagont
bottle amppor-é and allowed to etend for 15 to 18 hours at room
temperature, 5ight ml. of xylene were then added end the =d xture
vigorously shaken. Five ml, of a solutica of sulphurie uld“ were
added sarsfully, the bottles tightly stoppyesred end shakem for 15 to
20 secomda. ifter the addition of 10 ml. of RS NeOM solution the

shaking was repeated ;for another period of 1S to 80 seoonds. ¥ater

*Obtained through the sourtesy of the Permutit Co., Hew York City.
+*33 ml, of HeBO4q (sp. gr. 1.84) diluted with distilled water to 100 ml,
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was added to bring t!s xylene layer up into the neck of the bottle
whieh was then epntri,rugod for ssveral nznugol. At least 6 ml, of
the xylsne layer were pipetted off into & éolorhator tube and the
color was compered in the colorimeter with s standard similarly treated,
; For the standard -omtioﬁ-. 1 nl, of severel solutions eontalning vary.
ing smounts of thiamin (O %o 00 micrograms) were sdded to 4 al. aliquots
of blank KC1 eluates (10 ml,). The blank eluate is essentisl, not
owipg %o eny leek of specifioity, but bedmuse the amount of pigment
recovered from permatit eluates varies from 85 to 98% of tis theorsti-
¢el. The pquontm recoveries are somsistent for elustes froa the
same permutit rilter,

This procedure was used for several determinations of ths vitaxin
B) eontent of pasteurised milk, eddlng known smounts of pure vitemin
B} to some samples in order to determine if guantitative recoveries
sculd be odtained. The results of these analyses varied from 13 to
22 micrograms of vitamin By per 100 ml. of milk which ia lower than
18 %0 be expsoted for a good grade of milk, Aalso recoveries of edded
vitamin varied fram 50 so 70% of the theoretiesl. Murther experiments
indicutod ths resscus for these diascrepsncies. 1t was found thet the
seolite 414 not eompletely sbsord all of the vitamdinm B] from the milk
filtrates. The elution of the vitamin from the seclite dy the XUl was
not quantitasive. This took plsoe only when using milk filtrutes
iinco sonsistently good results were obtained when sclutioms of the
orystalline vitamin were concentrated. The ressan for this wes due
to the presence of the relatively large amcunts of inorgsnic salts
in wilk, which "saturated” the ze0lite, and interfered in the ad-
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sorption end elution of the vitamin, These interfering substances
may be eliminated by a preliminary extraction of the milk filtrates
with & selective solvent such as benzyl alcohol, but the procedure
ls time consuming snd it wes ti:cught sdvissble $0 find another method

of concentrating the vitamin,

(8) Superfiltrol es sn Absorbent of Vitesia By:

Bmwtt, Pescock and Srowa (¥ have confirmed the findings of
Melniok and Field (@ gngt thetr metdod gives guantitative results.
In & leter paper (10) ghese authors described the use of superfiltrol
as a simple method for the acncentretioa of shismin sclutions. Their
progsedure was sdapted to the snalysis of milk ian the following menner:

Five-tauths of a gram of superfiltrol’ were added to & 66 ml.
aliquot of a protein.free milk serum et pii 8 end the mixture shaken
cecasicnally for ome hour or longer. Aifter centrifuging, the cloar
liquid was carefully poured off. To the alsorbate was added B ml, of
water and sn equal volume of a 9% ethyl aleohol solution contsining
b mg. of phenol per ml, One drop of bdrome thymol dlue indicator was
added, and, while a fine stream of nitrogen gas bubbled through the
pizture, s 1 N NeOH solution wes added dropwise until a dlue color
appeared. Ten ml. of frash Prebluda.iicCollua reagent wes added, mixed
thoroughly, sllowed to stand ut room tempereturs far two hours, or
longer, filtered on u emmll Hirsch filter and washed with & few nl.
of water. The paper and sbsorbate were then transferred %0 a a2y
*Obtained from the Filtrol Corp., los ingeles, California.
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centrifuge tube and 8 ml, of 95% ethyl alsohol added. The tude was
stoppered, sheken to dissolve the pigzent end centrifuged. 3Six ml.,
or more, of the solutioa were pipetted into a oolorimeter tube end the
golor compered with o staudard similsrly treated. Filter No. J20 was

uaed,

() Calibretion of the Colorimeter:

The colorimeter was easlibrated wi th solutions ocntelning
krown smounts of vitamin B)., These standard solutions were prepared
by diluting a stook solution of the vitaxin. This etoek solutics was
prapared by dissolving %0 mg. of erystslline thiamin hydroch;orldo,
eoourately wighcdjm $5% ethyl slcohol and 4iluting %o 100 ml. A
drop of sestic acid was sdded 1o make sure that the solution was acid,
1t was kept in sesled small bottles in the 100 oream hardening room
at a temperature of -4%F. Cnoe a bottle was cpansd the remsinder of
ita contents were dissarded, 1he standerd sclutions were diluted to
about 60 ml, with distilled water which had b«n brw.sht‘ tos pH of
4.5 with HCl, The procedurs was 1dentieal to thot desorided adove for
milk. The results of this calibraticn are given in Table VI and plotted
in Filg. IV, Bowever, us ., ntnndu‘rd WMm. s standard solutioa of
vitemin B) wes ineluded in each set of experimental determinetions in
order to oheck the tashnique. This standard eould thea be usad to
dstermine the constant X, which ves used to caloulste the vitemin
sontent of the unknown, seeording to the formuls:
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CB K (8. log0
s K whore C = Jonsentyetion of vitenia M
G = Gelvenometer reading

K = Constant to allow for smount
of sample and dilutions.

L = Density of ooclor
tﬁ-blﬁ

This method was spplied to samples of rew nilk, safter ‘procip!.m
tion and riltretion of the proteius. Duplioate sliguots checked to
sbout 6% end the recovery of 10 sicrogrens of sdded vitemin 5) to en
sliguot was 8.7 microgrwis, The milk was found to contain 8l.6 mioro.
groms of Shiamin per 100 ml. This value dces not foprount the $otal
axount of the vitemin im $he milk sines $his method does nos datermine
the vitamin which #xists in the esterified form. The following experi~
msnts were carriel out ?o doteariine the Igotnl, vitemin B) in milk,



Table VI

Calibration of Photoelectric Colorimeter for the Analysis of
Vitamin By 4n Kilk

Vitamin By 6 L

(micrograms) x
0 ioo ] -
10 842 0,073 137
20 69° 0,155 129
30 582 0.232 129
40 Y 0.330 121
50 384 WATA 121
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(b) PMree and Ooubined Vitanmin 8] in Jiilk:

Lohmenn snd Johuster (37) reported thet thiemin wey exist in
nmture as the phosphoric ester to constitute cosarboxylass, the
cosnsyms of oarboxylase. Uosarboxylass hes bioclogieal motivity cor-
responding to fres thiamin (071, The chemical method of unalysis of
t'e vitamin does not determine the vitamin which sxists in the ester-
ified form. Xilk is known % contain part of its vitemin B] aetivigy
in the form of codarboxylase (32} and thus for the determination of
the total amount of the vitamin ia milk, {noudation with takadiastase

is neocessary. .

70 an ‘qiiquo; porslon of provein free milk "m" 8t pd 2 wes
added 'drowiii a solution of mﬁ KaOB until the pH was spproximately
four. This is the optiaum p2 for the agticn of the onsyms. Two drops
of JHOlp eud ¢.5 g, takedlastuse’ wers addsd and incubated 8 hours
ot 37°C. The vitamin *as then .s.;ma on superfiltrol and enslysed
a8 previously descrided. It wes moted fhat the superfiltrol sleo
absorbed the ribﬁrlnﬂn from th,i, nilk dus furth& exparizants with
- synthetie thiamin and riboflavin showed that ths latter 4id not in.
terfers in the resction. 7The following results vere chtsined:

——eS4EDIS ~ Yitealp B) (migrograms)
68 oe. Milk Serum Aliguot 10.5
63 oo, ilk Serum aliguot 4+ 10 mierogram 19.6
thisxin
65 cq. Hilk Serum Aliguot after takedisstass 16,8
ineubation
1 gzm. Takediastase G0

*Parke Devis & Co.
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Further experiments indicated that pure vitamin B) whieh wes added
%0 an aliguot of protein-free milk serum oould be quantitatively re-
ooversd, within the limits of the experimental errors of sbout O%,
However when the pure vitamin was sdded to the milk before the pre-
sipitation of the proteins, quantitative recoveries wers not obsained.
In the celoulations of ths vitauin B} in il from thw results on
aliguots of mill’r.' serunm it was first .-M thet the distribution of
the vitamin between the protein pracipitate and the ttltrito was in
the retio of their reapective volumes. The sbove desoribed and other
experiments have ghown that 'thu.auunbnan was inoorrect and that soaw
vitamin B} was:in aome way atucm to tha protein, Thie is in asgres-
meat with the work of Xos et al (18, 38) L, showsd thet an spprecieble
anount of tbe vitamin B) in milk is sombined with the protein snd whieh
1s not split off dy repsated extresotion with trichloroacetic seid, Thus
in order to obtain guantitative results it wvas found necesssry to enay-
metically hydrolyze the milk proteins to soludble products, For purely
moshanical consideretions, it was found necessary to remove the fat
end thus all further experiments were carried out on skim milk,

(G) Total Vitemin B) in kilk:

The mwethod which was finslly adopted for the snalysis of the %o%el
vitawin B} in =milk is as follows: To 76 ml, of rrcah akin milk (phe=é.8)
were added 10 ml. of NHC1 containing 0.4 gms. of pepsin.” The pH of
the mizture was 2.1. After shaking thoroughly, 2 drops of CHCls were

*Pfansteil Co., Pepsin 178000
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sdded apd the mixzture was inoubsted for 48 hours at 3790,  Four.
tenths of a gram of fresh pspain were sdded after the first 24 bours,
The eddition of O ml, of WNaOR brought the pK 10 4.0, Five-tenths

of & gram of takadiastase wers then added and the mixture wes further
incubated for '6 hours. At this point only a small ;'utdu of undi.
gested protein remeized which was filtersd off and washed with about
B ml. of water. The vitamin B) in the filtrate, which to the best of
our present knovhdg-; eontains all of the originsl vitemia in the
rilk, was thea naalyuo§ in the menner pécv;ouuly dnaorided, The fol.
lowing are several typical results: |

Raw li1lk 4+ Pepsin Inenhgtlon , , 20,4

Raw Lillk 4 Pepsin 4 Takediastess Incubation 38.0
Recovery of 00 micrograms of asdded thiaomin 52,6

This method sppears to be suitebls for the snalysis of the vi-
tamin B) in milk Bt further work should de carried ous to sompare
the results of this method with those obtained by the Shicabrome asnd

bdiologlioal assays.

*45°C. would have been mors suitable but mo incubator was svsilsbdle
at this temperature.
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D. The Effect of rasteurization os the Vitamin B; Comtent of Kilk:

™e originel purpose of this part of the invastigation was %0
determine the extent of the destruotion of the vitamin during pasteu-
risation and also whether this destruction euld be prevented by the
method of vacuum-pasteurisation ss deseridbed in the seotion on vitemin
C. However, after the work oh the chemioal method of sssay of the
vitamin bdad deen under wey £0r seversl months, the publieation of
Houston ot al (39 was received which showed that chly 10% of the
vitamin was destroyed by commoreisl pasteurisation of the milk. This
small amount of destrustion would hardly warrant the adoption of the
method of vacuum pesteurization.

Severel sxperiments were atarted to onfirm the work of Houston(19)
and to study t:.e offect of vacuus pssteurization and storege of the
milk on the vitamin B} contont, However, soms unknown experimental
error was mads in the preparation of the Prebdluds-keCollum reagwnt
sinoce the latter 414 not react with the vitanin, laek of time pre-
vonted the repetition and continuation of these experiments.



IV, RIBOYLAVIN (VITAXIN Bp)

1¢ is well known that ridoflavin resists sutoclaving at hydroges
jon conaenitrstions within the range in whiok the pH of milk normelly
falls (s3] . Thus it is to be expected that pasteurisation wouid beve
no effect on the ridoflavin content of milk. This has been shown %
be correct hr many investigators (14, 23, w" 5&). Sterilisstion of
the milk by eutoolaving hed mo effest on ths rtbothun sontent (30 190,
These results indieats that further investigstions on She effees of
pasteurisetion on the ridoflavin content of milk are wob neesded,
Ghenicsl methods of spalysis of rivoflavin in adlk are besed on
the fluoresoent properties of the vitamin (14, 61, 68)  ngee methods
are roiﬂtwly accurate snd compare favorsbly wish the refined methods
of biologieal assay (16}, 1mese metiods, however, require the use of
a fluorometer, s delicate and expensive instrumsnt, whigh is not svail-
sble in sost laboratoriss. immerie developed a solorimetric method
for the determinstion of ridoflavin in miik (8, 14 wes tnought ad-
visable to ealibrate the photoelectris colorimeter for this method
and to test it on several samples of milk. The calibration was oar-
ried out with purified riboflavin (C.P. Lerck} which was dissolved
in and approprietely diluted with 205 methyl slsohol., 4ill pperations
involving ridoflavin wers carried ous in suddued daylight since the
vitamin is knows $0 be sensitive to light. The results are given in
Table Vil whieh aleo shows that the riboflavia solutious ere stadle
in the :ight in whioh the experiments were carried out. The density

of the color due to ridoflavin is direotly proportional tc eoncenirs-
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tion of ridoflavin aud is illustrated in Fig. V. 1o the analysis of
rivoflavin in milk the lautter is treated with Xinlgq whish is then
removed by an oxeess of 308, This treatmsat wos shown 0 bave 0
affact on pure solutions of riboflevin in 0% aloobol.

TARLR VIL

Calibretion of "hotoslsstrie Colorimeter for the Deteraination of
Aboflavin in Lilk v

Riboflavin o e Onean L o3 o
0400 100 100 200 0,000 100 100
0.03 ev° s?’ B 0.680 o' .
0.08 993 79% 9%  0.090 wd 2
0.10 84° ss® s® 0.9 “w &
0.18 a' 5t a' o.an Be @l

"Riboflavin consentration in ng. psr 25 ml. of 20% methyl slechol.

¢), Og - Gelvsnometer readings

L = 2-10¢ Onesn

= Galvanometer reading after the
riboflavin solutions had been
sllowed t0 s%and 10 minutes in
subdued Gaylight

04 = Calvanometer readings after the
ridoflavin solutions were treated
with KMnO4 and HpOp

Filter No, 440
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The procsdure for the determimation of riboflavia in milk 1s e»
follows: To 5O al, of skim milk were added slowly end with constan$
stirring 80 ml. of methyl slcohol snd the solution wes held st €090,
for 10 minutes. After ¢ooling to room temperature, C.)l ml. of glacial
scetic seid was sdded end the mixture wes diluted to 100 ml, with methyl
sloochol., After shakxing, the presipitete wes sllowsd to settle for 1B
minutes end then removed by filtyration. Seventy ml. of the filtrate
wers concentrated under vecuum % sbdout 20 =ml. and 0.8 ml. glaoial
acetioc aoid snd 1 ml. of 4% XknOg were sdded, The solution was
ahaken end allowed to stend 1 minuts. One ml, of 3 HpOp was sdded
to remove axeess XinOg, the solution was filsered and the filtrate
was 4ituted to 25 m=l. with methyl aleohol. The yesllow golor was de-
termined with the colorimeter using filter No. 440,

A sample of fresh pasteurized milk from the Dairy of the Virginia
Polyteshnie lnstitute wes found to contain 1.60 mg. of ribeflavin per
litre. In & series of 400 determinations Hand ‘14! ey shown thet the
pormal ridoflavia content of milk veried from 1.20 to 5.40 mg. per

litre.



Y. VITARIN & AHD CAROTANZ

| A, NMethods of inalysis:
Zarly studies have shown that thb growth of experimsntal snimals
i proportionsl to the vitamin A asontent of the diet, It wus slso

shown thet vitanin i is sonoerned with the prevention and oure of
-miru pathological oconditions. 'ﬁu assay of vitamin A by the growth
method was introduced as early es 1920 wnd has since deen refined snd
stenderdised until it is possidle to obtein results with it that have
as high & degres of acgurecy us ohu be expestod of prosedurss in
which suimals are used as reageuts (s2) .

Chemiocel and physicel wethods of anclysis inslude the sclor tead
with antimony triehloride and spyectrographio or absorption mathods,
The iutter reguire special iustrucants whioh ure very expensive and
long experience with spsatrographio measuTeumts are reguirod in order
%o obiain aocurete resulte, .atikony triohloride reseta . th both
viteain A and sarotene to give s Dlue golor, the intensity of shich
obeys Beer‘s law, By tho uae o suitsbls filtars and tls Evelyn
photoeleatric solorimeter it is jossidle to anslyzs for carotane and
vitemin 4 im mixtures of the two, This method appsared to b9 the
most suitable for tha determinstion of vitamin & velue of xilk, The
fivelyn photothcino gsolorixeter was calibrated with solutions of
pure amtm' in petroleux ether, The yellow aolor due to the
saroteud vas resd direstly ou the colorimeter using fllter Ho, 440,

The results are given in Talbe Vill sud piotted in g, V1.

7905 beta; 10% slpha < ede by the d. &, i Jorporation



ZARLE VII

CGalidration Curve for Carotens

Carotens 0 g Gpean L
0 200 100 100 0.00
1.0 98’ 91° 91® 0,089
2.0 a3® es® a®  c.077
8.0 7e? »’ 7’ 0,183
4.0 sa® [ e’ 0.163
8.0 e® 63° 63’ 0.199

*Ourotens ocmsentration in microgrsms per 10 ml. of

petroleun ether.

G = Celvanomoter reading

1L = Deasity of eclor

] l-lﬂ‘%
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T™his calibration curve may be used in the direst oclorimetric

determinution of carotene. For a mixture of vitamin A and carotens,

23
the vitamin A may be caloulated by the tormlu( )

{ }
L valus of vitemin A = 0,0825 g Lggo = (0e14 Legoy)
)

A
where leqo ® Density of the yellow color
due to carotens, Filter No, 440
lggo = Densi gy of the dlue color due
to carotene and vitanin A,
Filter Ko, &80
A S Oonstant %o acoount for weight
of sawple and sudbseguent di.
lutions
3ince vitamin A solutions aro colorless, the vitamin does ot in.

terfere iz the direst colorimetric determination of carctens.

B. Effect of Pasteurisation:

Indirect svidence aad kuowledge of the heat stability of vitamia
A have lod %0 ths popular belief thet this vitamin is only slightly
effeoted by pasteurization, if st all, Krsuss, Erd end sashbara!®®
studied ths growth curves of rets fed Yew and pusteurised milk u
supplemmts to a vitamin i fres diet und concluded that no destruction
of vitamin A resulted from heating milk at 148%°F, for 30 minutes in
s alosed gontetner. Pratt ‘*°) showed thet nickel or manganese did
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nos catalyze the destruction of vitamin 4 during pesteurization. Koa(an

showed that neither carotens nor vitamin 4 is affected by pasteurizs.
tion and that the addition of eopper 4id not influence the results.
The vitamin A essays wers oarried ocut by snipnl feeding enl spectro-
pﬁmwu matbods, Xon and Heary (30) gnowed that no osrotens or
vitamin & is destroyed during the commercial sterilization of milk
and 1% has slso been shown thet irrsdlation of the milk hed no effect
on this vitenin (83,

" "hese results sppeer eonclusive and this phase of the prodlems

was not further investigated.



V1 DISCUSBIONR

The results sbosn in Tablss 1l and III indicete t)» changes in
the distridution of sscordie and dehydroaseorbdic scid thzt take plasge
during the pasteurization and storage of milk. During the storege of
rew milk, only a small peroentsge of the totel vitamin C is destroyed
But at the sams time & large proportion of the reduced ascordic acid
is oxidized to dshydrosssorbdia asgid, Vat pasteurizstion Lmmediately
destroys all of the dehydrosscorbie seid and soms of the reduced form.
Gn storsge of the psstsurized milk the oxidatios to dehydroessordie
acid proceeds st a =ore rapid rate than in raw ailk,

Peateurisation of milk in the sbsence of air had very little
sffect on the two forms of vitamin O, FHowever, duriag t:e storsge
of this milk it was noted that the aseorbic acid ecntent desrsased
slowly. In milk that hed deen passed over s surfege oocler, this
deoreass was more rapid, This dsoresse in the smpunt of sscordie
acid in the milk was due to the exposmreof the milk to the air after
pasteurizetion, which was not prevented with the techniques used,

In the experiments on commarcial vacuum pasteurizstion the milk
wss heated b eontinuous oireulation through s heat exchanger, This
is undesirsdls for general ¢commercial practice and ocould be eliminated
by the instullation of a rotating hesting coil inside the nt.‘ The
most desirable squipment for a cormercial plant would be a vet equipped
for pastsurizstioh at a pressure low enough so that the milk would
boil gently st 14%F, ifter posteurizing, the milk may be cooled by
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passing tarough s tubular eooler when it zey be bottled in e vaouum
botsler so that the milk would not be exposed %0 the air at any time.
From the results cbtained in this investijetion, it sppears evideat
shat if the milk is pssteurized in this manner, 1% will reach the OOD-
suser with all or very msarly sll of the vitamin C that was present
when it £irst arrived at the plant. If pasteurisetion in the abssnce
of air is earried out them it dacowss possible to enrich the milk by
the edditiocn of syntbetic ascorbic soid, without any losses. A milk
high in vitamin O content would be valuadble from many stendpoints end
would be sommsrcislly feasidle,

Sinos the completion of this work, a milk.deasrator ha',s besn put
on the market (3 whieh prevents destruction of vitamin C snd also
prevents the development of oxidized flsvors. This method is well
adapted to use with the short bold, high temperature proaess of pase
teurization., It eannot be used effioiently in comjunction with the
*holder® method shich is the method most widely used at the present
time. This milk-dessrstor would thus supplement the method of vacuum
pasteurisation providing a valuedble new asset to the dairy ipdustry.

1% might alsoc be mentioned that the method of vaguum-pestourise-
tion deserided in this work should also prevent the developmnt of
oxidized flavor, as well as remove the volstile "fesd" flavors, but

furthor investigetion in this direstion is nedessary,.



VII. CONCLUSIONS

(1) A survey of the litereture revealsd experiments which showed
conclusively that there is no destruction of vitamin A, carotens or
riboflavin when milk is pesteurised at 145°F, for 30 minutes,

(2) Ten to fifteen per cent of the vitamin By and 20 to 40 per
cent of the vitamin C are destroyed during pasteurisation by the holder
msthod, Storege of pasteuriszed udlk results in a further rapid destruc-
tion of vitamin C.

(3) Destruetion of vitamin C is prevented, even in the presence of
copper, if milk ie pasteurized in the absence of alr.

(4) ¥ilk pasteurised and bottled in the absence of air would retain
all, or very nearly all, of the original vitamin C, even after storage
for several days., This process appears to be commercially feasible.

(5) A chemioal method of vitamin By analysis has been adapted to the
assay of this vitamin in milk,
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