
STUÜIZÜB OE 'HHÄZ UF LEUHIIÄÄ}THE‘
II ÜF AQELK

JAC.K =.,;„0§»§AHD§3:1

A Theaie submitted bo the faculty of the A

Virginia Pelytectmie Institute in Pertial
V

Fulfillxeent of the Requirement fer the V

Degree ef

OF ÜCIEZHCE
in

HIITHITIDEZ

Approved:

[\ .

“""“'““



/ Ü ‘-/~ 2g Z 3

12Psp
_

II, G „ 2
III, VITARII Bl 15

I

IV, RIHIFLAYIJI (VITAHU 39
V, YITAEIH A ANT) GAROTEM J A2

vx. nmcmssxos hb
vu. ooucwsxous AB

VIII, Bßbßmß V l•9



AGX2‘äUäLz%£}G *

The eutmr utgshea bo mkmwxcdge mst aiuceu •.ppz·•-

ciatim ta Dr. A. B. Pmtt £¤r um helpful uävicv md guiduma

Ina}; given inv¤stigat£é¤.· A 'W



I HHROUIJCTIOH

As the paeteurisation of milk has moese a general practice,

it is increaeingly important to know what, if any, adveree effect

pasteurieation has upon the nutritive properties ot milk. Garstul

experimental work has shown that the only aigxitieant,

advereeeffectot pesteurisation, from the nutritive etandpoint, was the

partial deetructicn of vitamin C and vitamin BIÜB) and that these
deficienciee of paeteurleed milk could be readily overoome by pro-

perly supplwenting the diet.

The general purpose ot this investigation was te study the

factors efteeting the deetruction of vitamine during the pestsori··

zation ot milk and, it possible, to find a method ot pasteurieation

in which thie destruction would be kept et a minimum.



ll. vI.TamClN0A.

Introduction:

Of the nutritive fectore of milk, vitamin 0 ie probably the moet

eeneitive tc the prcceeeee of oxldction and ie the factor that ie most

reedily deetroyed during peeteurinetlon. Although it hae been recog.-

niaed that bottle fed infante should receive eoxse additional vitandn

0 euppleeent, the feet remelne that lf the original quentlty cf v:te•

min 0 eere reteined in the milk until the time of feeding, then e con-

eidereble frection of the requirement for thie vitamin eculd be supplied.

rurthomore the economic conditions of recent yeare have made it diff:-

cnlt for underprivi leged famillee to properly enpplement the diet rath

antuecorbutie tooda. Thun the problem of preveuting the deatructian

of vitamin 0 during the paeteurlzetion end etorege of milk le one of

coneiderahle practical importance.

Many inveetigatlone have been made on the deetruction of vi temin

0 during the paeteuriaatlcn cf sollt"' ‘w• am “• 71). The general

agreement ie that from 85 to con of the original vitamin G content ie

deetroyed during pceteurination by the "ho1der°‘ method but en even more

eigxificant fact le that etorege of the peeteurined milk reenlte in

a further rapid deetruetlon or the vitamin. ln recent yeere aeverel

attempte have been made to prevent this deetruction. Seope (68} pg;-a

teurised milk in en etnoephere ok 003: elth good reeulte. However,

thie method ie objectionable due to the carbcnated flevor lmperted tc

the milk. When the ecrk voc repected on e ccmereiel eoele, ßs) v:•

temin G eae ·at1l1 deetrcyed even if paeteurieed in an atmoephore of

00;, 14; or in e pertiel vecuum. dethrie, Hand end äherp um have



p •-3-

prepeead s deaeretlon ot the mllk to prevent deatruetlon ot the vita-

mln und give evidence in support of their method. iloaever thle mathe!

doea not eeem to be adapetahle to the*'h¤lder° proeees of peeteurlzetlon,

whlch la the prevalling method at the prenent tim.

Flesh peateuraleatlon has been found to have little er ao deet:·ue•

tlve action oh the vltamtn G ln milk (*9* 67* 71). Woeeener et. sl. *71*

etehe that the advaatam ot the tlaeh pesteurlnatlea proeeee lnpreeer•vlng

the vitamin G eontent of milk eeema dependeat on the feet that

the deatruetlon ot the eseorhle eeld appears to he nore dependeat on

the tim of heatlng them on the temperature ttself.

many investigation: have been earrted out on the erteet ot viethle y
G

and oltrevlolat light on the vitamin G in mllk (88* *8* 60*. However,

mtnrxa et. el. ehoeed that light had very little effect oa the vita-

min provided that all the air ana exeleded. This lndiented that tm

light eeted ae a eetalyet in the ozldetlon of vitamln G.

The literature desorlhed above has indleated that the deatrue-

tlon er vitamin G la milk le an oxldativa proeeee vhieh le eetslyzed

hy heat, light, and eertala mtele eapeelally eopper.
G

Milk freed free: oxygeh has been haated for three hours at l4¤°!

after the addition et 0.1 eg. Ä lltre ot dlsaolved Qßpper, elth ne

appreelahla oxldatlon ot redoced aseerhle aeid. um . The mehanlsm

ot the eetelytle oxldatlon of vitamin G hee been given hy Barron,

hehele and hlemperer (2*. Vlhelredweed aaeerble ecld le exldleed te

dehydroaseorhleyaetd while the eatalyst te being redneed. The redueed

eatalyat le than reoxldlsed hy atmoepherte exygea, the hydrogea per.

exlde turned being split into water and oxygan. The addition er



amno aeida retezcded the oatslytio action of eopper, preeosmhly oving

to eonvlez eelt formatiom It, therefore, appssred ee though. the ,

deetrmetion of the vitamin eonld he most effleiently prevented hy
reeoving all the air from the milk before peotearinetion and keating
the milk free of air until hottlod and oep;»ed• lt aaa the purpose

of this part of the inveatigation to determine whether thin could be

aaeompliehed en a lehoratory and eonmereial •oele•

B. Method of Analysis of Vitamin G in milk: y
Ghmioal methode of analysis of vitamin 0 have, at the greeent

time, almost eompletely rsplaeed the older biologieal aeeeym the

· results ohteined uaiao, ehemieel method of analysis of the vitamin in
milk have been shown to agree with the biologieal aeeaya ms) . the

norm}. healthy eow eeeretes vitamin G in its milk only in the redueed

form wg} . Gontaet with etmoepherio oxyggen eoon trsneforme part lot

the vitamin into the reveraihly oxidiaed form ämovn ee dehydroeeeorhie

seid. 'thie form of the vitamin ie bioleggioslly eetive end any ehem-

ieal method ehoold allov tor its determination sa sell es the vitamin
in the redoeed fern. hie preeise notritienel efteetiveness of d•hyd1·o•

eeeerbie acid is not known (58). ln this investigation, two methode
of snelyeie were used. ln the pastanrinetion experinonts on the lah•

orstory seele, only the vitamin 0 in the reduoed form aaa snelyzed,

e titretion method being need. ln tu experiment: on peateurizetion y

_ on a eonneroial seele, lhoth the aeoorhie end the dehydroeeeonhio

seids vera anaiyeed eolorimetrie method. y
‘ f

tl) Yritration method:

Bharp
{56) reports that

hei
finde no in the ilitereture
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or eny suhetanee in milk other thun oaaorble aeld Ihldh might he re-

dueed hy B-6-diahlorophehollndopheuol aud that the preeenoe of pro•

telhe apparohtly did not affeat the reeetian. The rapid method for

the detemlutioa of redueed aeaorhioaeld in milk ee reported hy

äharp (B7) wae tried hat nee dieearded due to the ditfieolty in de-

tereiniag the end point• The asethod finally adopted eee ee tolloees

to 35 nl. of sul: eere added ß ml. of M tvlehloroaeetie uid nd the

preeipiteted protelne rmeved by tiltration on e Buehne: funneh The

flltrate ue then tltreted wlth a solution et eodlum I•-G-diehl¤ro•

phenoliadophenol ehleh had been treehly etenderdieed against crystal-

11;,,, ;M¤;·b1e M14 (M) . lt ie new realized that thla method may

give values that are elightly lover than the true value of redueed

vitamin G in milk hut this small dleorepancy ehould not afteet the

1ntaz·pretatloue-.¤f the e£z’e¤te of paeteurieetlom

(2) üolorimetrle method: M

The llteratuxm oouteina numeroua proeednzea fo: the d•tax·¤i•-

nation of maeorbie uid in milk but only very tee for the important,

agually blolozgieally active dehydroeaeorhic maid (71), man end hateon

(zmhave auggeeted e proeedure, for the eetimetiou ot dehydmaaecorhie

maid in milk hut hoeaenar, xälvehjem end ¢$¤huett• (w' vg) have ehou

that the nee ot a photoeleatrie oolorxmeter ie essential for auch a

determiaetion heeenae it elinlmetae the iaterterenae due to other

suheteueee ahieh are torued when the mllk le treeted with nydrogen

eulfldm their method, ehleh eea need in this investigation, ie

epeclfte for eaeorhle end dehydzoeeeorblc wide. The apparetue,

general technique and ealculatione were identleal elth thoee dee-
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aarlhad by tilndlin and Butler (W}, The correctlon for the turbidity
ot the aolution aaa earried out according to Beaaay (M , y

G, The Eäffect of Paetaurlzatlon and ätorage on the V1 temln G Gontent
of milk

(l) Laboratory Egperlxaantaz

A gallon aample cf fraah rau milk aus obtained from the re-

oaiving atatlon of the Virß nie Polytechnic Institute Craanery, Thin
een dlvlded into b portlone which were treated in the following aen•

ner:
l, Rae
2, Paateurlned
3, Paateurlzed in pranance ot copper
4, Vacuum • Paateurlned y
¤, Vacuum • Paataurtzed in preeance ot ceppar

Paateurlaatlen aaa carrled out in l lttre krlauueayer tlaaka and kept
at l45•l45°F, for 80 minuten in e enter batb elth ocaaalonal nur- a

ring, The eopper aaa lntroduced bypleelng tec bright clean pennxea
ln the milk just prior to paetenriaatlon, utter paateurlzatlon the

milk aaa lmediately chllled in lca vater and stored in the dark at
36°!', Samples eere elthdraen and analyzad tor vitamin G by tin

tltration method prevlouely described,

Tha vacuum-peateurinatlon aaa carrlad out la the apparatua ahorn
„ in Fig, I, The auction rae applied before placing te tlank in the

aater bath, The preeaure aaa lee enough ao that the milk atarted boll-
lng at about ü¤°!', Thin bolllng aoon fread the milk ot all cf tte
dieaolved alr, The preaenra een gredually incraaaed alloelng the
temperature of the milk to increase end nee finally adjuated ac that
the milk holled gantly at a temperature ot leb-l4b°F, Bale aaa con-
tinued tor 50 mlnutea, Tha aatcr bathaaa kept at l48°i, and it



-7..

required about N minuten to get the milk to peeteurtztng temperature.

The resul.t: of thte experiment are given in Table I.

TABLE I

Effects of ntr end Gopwr on the Beetructton ot Vttemtn G tn bulk
Burg; ggggeurgßetlog gnu Sgogaä

vawen G(mg/lltre} §::‘:tfm
Pneteurt-

gglk Sample gnlttal __§j_9_;·_ed 88 hour! zegtgg
Ren 10.4 „ 4.8 .„.

Peeteurtned 7.8 1.8 38

Paeteurtzed • Gopper 1.8 1.8 88

Vacuum • peeteurtzed 9.8 8.8 9

Vnauum • peeteurtzed • eopper 10.4 0.0 0

Theee reeulte clearly tndtaete the cetelyttc nation ot aoppor end

V elno nhoe thet tn the ebeenae of etr, coppor hnd no deetruotive action

on the vttamin G content ot mtlk.

7 (8) Gomeratel Peeteurtznttonz
8

The ttret etep in thin tnventtgetton een to determine ec-

auretely the effect of etezßerd aonmcrotnl peeteurtnetton end etorege

ot milk on the neoorbta md dehydroeeoorbic eatd content. The ren

milk enmploe were taken from e 800 gellon etatnleen eteel pneteurtning

vet Just before haetten end plecad in belt ptnt bottlee. The milk

nee then peoteurtned 81 minuten nt 144%. , aooleé over e eurfece cooler

und bottled es ueunl in the bottltnn machine. These bottlee were etored

in the dark et 3ß°!‘. elonn with the rev milk eemplee. Vitamin G enely.

nee were mda et eteted“tntex·valn by the colcrtaetrta method described
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eben! The reeulte are gina in Table LI.

Tae Krteet ot saeeteuruettea am Storage oa the aeaorbie end
gg gg gg

man et ml! 0 Qgggiggg}

0 20.8 5.8 84.0

Elu $0 12.9 $.5 21.5

juttiéi0

15.5 1.0 1.5.5

fer 51 auml

(8) veeeuu Peeteuriaetioa on e Geuuereiel Seele:

The eppemtue san set up ae in Fig. II. The peeteurlser eu

e 800 gellen eepeeity '°glee•-lä.¤•d'* vet, ** ee deelgaed that peeteuxb

netten eould ee earried out te e partial veemm. The milk eee heeted

nad kept et peeteurieiag tezupereture by aoatlmaaue ei;-euletxon through

the heat euhanger. The temperature could be eentrellod by edjuetlag

*1m Enlyn photoeleettie colorimter ue need (Serial Fämnber 6152)
eoleriueter nee und in all the eubeequeet eolorimetrle d•t•x·•

miaetieae la thin mveetigstiea.

**0bte1aed through the aourteuy ot the Meudler 00., äeeheeter, 8. Y.
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the rete of flo! ef eteexe end cold enter to the enter plpee of tkn heut

enehenger. 'lbe holding vet ue ot etalnleee eteel end the emwfeee cool-

er een of tlnned eopper. 'lhe pipe lines nero the ordlnnry '*een1tery

pipe-line" eonnonly need by the delry lndoetry. Ho ettespt een mede

· to exelude eny ecpper. Before etertlng the heetlng, the eeeuu pup

ue turned on end the preeeore remced to about lüüntlllnetree. The

milk eterted bolllng et l2¤°!’. ehleh een ettelned efter sheet 10 xelnutee.

The preeeore een then greduelly lncreenee until the teepereture of the

milk roee to l4B°l*. the mllk een kept bolllng gently for 30 minuten,
‘

@•d up to the holding vet end oooled over e eurtece eooler. oexeplee

eere taken tor enelyeee of vltemln 0 et three polnteg (e} rot mtlk

from the vet just before pesteurlzntlon, (bl ponteurlzod mllk from

the top holding vet before cooling end le} olli: after peeelng over

the eurfeoe cooler., The eemplee eere oolleoted in hal! plot bottlee

. end etored ln the dark et 5¤°ß‘. Analysen tor vltamln 0 eere mode

after vorlous etorege lntervele. It could have been deelreble to have

deternlned both the redueed end oxldlree form ot the vltemln but et

thin point the supply of nltrogen gee een exheunted and only the re-

duoed eeeorblo eeld ooeld be determlned. AI e control, e beten cf

mllk von peeteurued ln the nene eey es described above except thet

no veomm een applied. the reeulte are ehoen ln 'heblee lll end IV

end in F13. Ill.



Table III

at ws. mmismaM13Qantas}. 9131112.Vitamin

C (mg/litro)

Reduoad Oxidimed Total ·

Bau 19.14 5.14 214.8

Vamos-Pasteazrized
l1.5°!". for 30 mn. 1 18.6 14.14 23.0

Vwuun-Puteurieed
l145°!'. for 30 min. V
and passed ever surface-- _
oeoler. 18.9 5.2

214.1l“l¤t•c·—(l)Milk ms stored 2 hours before analysis

(2) Estlmated aesuraey of determinatimxs -· 0.5 M/L



Table IV

az am ämsm 89 .2222L MLM

Hours ot Storage
Kind of Milk2

20 1 50 70

Rn 19.l. 17.6 15.0 6 S 15.3 5

Paeteuxriued
11.501**. for 30 min. 11.5 1.5 ··-·· ·-·

Vscuzzsn-Paet•x¤·isod
6

1l.5°F. tor 30 min. 18.6 16.5 10.6 8.8

Vacumu-·Paete¤arised
HilleBJmd

surface coolen
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III. VITENIN Blab lntroduetionz ß
I M tlrat problem that mxturally eroee in the iaveetißtion in-

volvieg vitamin B1 tn mllk eee to find a method er quantitative aeeay

e
E of thin vitamin in milk. A eearoh er the literature raveeled that

the only methede ehleh had been developed aere tte blologieel seethede
U-

end the thleehrome eeeey. The animal eeaey had the advantage et eell

aetebllahed teohniquee hat also had the dteaiventege er s prolenged
period required to prepare emule for the taut. Tha limited time

ot etorage ot milk end the poeelhlltty ot deetmatlon ot the vitamin
during etorege reudered thle methed eepeelelly uneultahle to an an-

veetlgatloh of thin kind there the etteete ot various mthode ot
pasteuriaetion vera to he etudied. The thloehreme aeeay required p

the nee ot a fluorometer ahlen um not eval lehle. Tana the major

problem ot thin investigation developed into that ot edepting one

ot the existing ehemteal, ml hloehemieal, methode ot enalyele ot

vitamin B}, to the quantitative aeeey ot this vitamin in milk.

B. methode of nnalyele ot Vitamin Bl: I

(ll Blologleal Aeeey:
I

Up to the present tune the hlelogieal aethod ot teeting
tor the preeenee er the ahtlneurltie vitamin hae been the meet

eetieteetary epproaeh to the aeeay problem, deapite the eeay eb.-

jeetienal teeturea laherent in this pertieular form er testing U'} •

The animals mich have heen moetly need are the pigean end the rat. g

nith pxgeoue, three methode have been nataly need:
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Qe) Ldroteotive ßethode
-

Thin ihvolvee an eetimtiw ot

the daily retten ot a particular teodatuft ehich ie euttioteutg to

prevent neuromueeuler eymptoae in birda, when added to e vitamin

B1-tree diet. äuah e method hae recently been eleboreted by Jekee

and Heitmen (**7 . i
(h) Weight Heiateneaae iäethode

-
eethode Lenk repro-

duaibility eith hirde due to the ohenee preeeaea in the diet otvery-ing

amunte et unknoua teetorm

(e) Guretive hzethode - The minimal deee required to etteet
o e eure et euere eyaptmna or polyaeuritie ie deter¤iaed• The aethod

ie not very aaenratm
d

ln rat experieentation the min teste deviaed have been wcee

ehneeraed with groeth and with the eure ot polyaeurttle eymptoem

ägßlß three methode may he used: _

{el Growth Methode I- ihie method ihvolvee the detamiuetion

of the miuiemh retion ot a foodetuft required tor youth and uninte-

nenae ehea added to e diet nomplete in all other eaeeatial aoaatitn- '

•nte• The degree ot aaoureay ie high end the aeeeitiwity ie about

I one mieroyam ot the aryetelline vitamin (*1}* A

(B) he Guretive Methode and the Bradyoerdie éaethod give

eaaparable reeulte are eppliaehle tor uide veriettee ot euh-

eteneee having different deyeea ot eotivitp I

It ie eutfieieat to etate that the inhereht dieadventagee in

the biohogioel methode reader then uneuitahle for an Lnveetigation

er thin kind. The mre rapid and, ia many eeeaa, more aaeurate

ahamioal and bioebemieel methode ahoeed sure proeaiee,
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(8) Biachemlcal Aeeeye:
(e) Getetorulle Aeeey - 'mle method 1e haeed cn the tncreeee

in oxygen upteke obeerved tn e pyruvete euhetrete ee a result of add-

1ng vitamln B1 to evltemlnoue plgeosve hrelm Peters eoncluded that

the teet,ln eplte of difficult techniques, may ettll prove useful

heeauee lt le felrly eeneltlve, reactlng to lee: then 0.2 mlcrogreme

cf vitamin hl, end heeeuee unltke the athen- hlochenlael teete, lt hee
t e loe eeneitivlty to the phoephorle eatera (“),

(b) Pen-mentatlon method • In the preaenoe ot e euitehle sugar-

eelt buffer nlxture, vltenln B; eeueed e pronounced etlxulation in

the rate of elcohollc feruuentetlem The method hee been developed

hy hehulte, athln and Frey wu hut eee not eulteble fa- thle lnvee-•

tigation due to the eonpllceted epperatue requlr•d•

(el Beeterlel Iaetehollem Method - Sllvereen end terhnen (bw
l

deearihed e method whlch te heeed on tu lncreeeed eheerohlc pyruvete

metehollem ef vltemte B;-defxclent celle of Propioelheeterlu p•nto•

eeceu oeeurrlng on the eddl tion af the vlte¤dn• Gere mut he amera

cieed eleee the orgunleme eey he °'tre1ned" te eyntheelee the vltenlat — 4

It le the opinion of thie author that the technique involved are too

difficult and the epperetne too aomllcated for the method to have
l

wide eppllcatlom lt eee deflnltely not euiteble fox- thle invest}.-
t

V
netten. ~
t (d} Ooocl Groeth téethod •- Knight (M) hee demnetreted that
under eultahle condltlone, the gn-oeth of ätaphylocoeeue eureue le

4 proportional to the amount of vitamin B1 in the medium, It eae

thought that this method might he eultehle for the determtnetlon of
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the vitamin B; in milk eince the growth of the cocei could he
a•m·„d

B
mned by the turhldity produced inthe medium, öeverel ettempte eere

made to prepereu the banal medlumvot heat end hilaou wa) which contained

a solution ot emino acid: obtelned bythe acid hydrolyaie of eaaein, g

In every ceee the reenlting mediume ae of e light broen color ehich

tntertered eomeehat eith the nee ot the Evelyn Golorimeter for meas-

uring the tnx·b1d1ty• also the introduction ct the milh rendered _

the eolutlon turbid to the point that the 'blank" reading aaa ao

hxgh es to make the method ineeeurate, aterther dltftcultyvea that

the etoek culture ot otaphyloeoccue aureoe gree moderately eell in
B

the basel medion elthout addition ot vitamin 8;, this eae probably

due to trecee ot the vltamln in the conetl tuenta, although G. 1*,

eheateala eere need, The pceelbllity ot cerrying over eome er the
· vitamin in the inoeoloa ie, however, not to be lgnored, The nee ot 1

thle method eas therefore diecardeh

(e) Bungee droeth hethod - ächcptar wm xn 1936 has enoen
that the rungen Phycoayeee blekeeleeenne doee net gee in e medium

containing no vitamin B1 and that vithin certain llmite, the amount

of groeth ot the fungue la d1rectly proportional to the eoncentretlon

ot the vitamin, A method ot eetlaating the vitamin B; content ot

eheet germ eea aloe propoead, with reeulte comperable no the rat-
f

gmeth method (53}, Since that tim the problem hne been further

lnveatigeted by eorkere in this country (°• B‘• ml, The method of

analysis of the vitamin by menue ot the tongue iéhycoweee blaheelee-•

anne has been developed by Bonner end läriekeon N) eho ehoeed that

the tongue can nttline a mlxtnre of the pyrimidene end thiaeole
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oewonente ot the vitamdn es asthe vitamin per ee and that auch

j mxtures have quentitetively the issue activity ae the viteuata itself. j1
The rungus can also use urixturee ot certain euhetltuted thiaeolee und
pyrlmidines uhieh are closely related to the cts or thianin. p
The activity et these eitaadn malaga ie alimt compared to that ot

5
viteuain er its omooente. That this mngus can syatheeiee thiania

freu the pyrisidins and thiasclo fractions could net bs demonstrated
by these authoa·•;·but;„¤as shown to take place by Leonisn & Lilly (35).

Palsi (#3) has shcen that the results obtalned from the action ot

j vitaein Bl preparations on Phycoeycea agoed with the biologieal

experimentaerupigeons. Healeopointedoutthatthedetersinatlon ‘_

otthevitssciainfoodstuffabythismethcdiedoubttulainoetéue
5

changing aaounts of organic acids and other unknoux factors intro-

dueed can street the development et Fhyeoayoea. Lilly (36) hen re-

visved the literature an this subject and has pennen out that by

using a suitable selection ot tout :****81 it ia possible to deteumtne
the tollosing, seal-queatitatively st least: (a) the thismla thieeole,

(b) the thlsdn pyrisidiae, (c) both thiamln ta together md

(d) thisnin per se. The exact methods however- have net yet been

sucactlyworhedout. Previouevorkhaebeenmelrxlyoenteredonun

biologieal consideratloue ot the thiamin and other requirmta ot

the tungl and, as far as thie author could detcrxatne, practical —

methods have been developed for the vitamin B1 assay ot Ioodstutts.

In um following experimnta those principles were applied to the aeaay

et vitnarlu Bl in milk so that a eethod ef eheeudng the results ot the

chsndcal aecays would be available.
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Ezporlnentsl Pro4•our• and Data:

mo matrient uadlmx ot wmwr am! zxrlokaon (5} ua propored ••

follow:

Daxtroae -•••-••mo me,

1-smparagin •
- - - - MG wan, V

¥ü@ÜG‘• 7BßÖ••·•····•Ü•Üß1•

A
KHßPo§•••••-•}••• l•¤ß•

V taeter-------- lllu!

Monty-five ml, portlono ot this madluan vera plpotted into

185 ml, äärlnnnqor tluka und antoolaven for lb mlnutu et lb ponnde

proaeure, 'Bw atook oulture at Phyoonamee blsk••l•••¤¤•’ uu ultl-

vsted ou Iältoo Potato üextroao mar, Tho dropn of e spora auspaoelon

ot the tongue, udo by trexuferrlng a traoe of youth to G ul, ot
•t•rll• vater, me und es tbo loooulou, Lumrisnt youth of the

fungua von obteinod in this modlum, ei thout further addltlons of
thlenln, evon otto! lb auooosolva traouforo via I]>¤l*| nuapanalou,

V

Thu ladioatod that the medium oontdnad soma thlamla aa an impurlty,

'Iho aaparagiu eu tho tirat aomponeat to ba auapootad hut roorystsl-

llaatlon from vater rau not offaotivo, Pana roegonte ure antun ob-

taiuadau am! the aaparagn rooryotalllzod ttn·•• tinse from autor,

Plant Petholoy und Eaotarlology, hat Vlrginla University,
**1.-asparegm *3,2, Pbenstail

Gluoou - Beoto you, Dltoo
Go,läluoralunits -

C,P, äekoro mxelyned
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Gere nee teken not to tntroduee my extreneoue thtentn. in thte em-

perinent emounte of thlentn rengtng fm: 0.08 to 5.0 ntorogrene eere

edded rer 85 nl. of medtun tn 150 nl. äzrlensyer fleeke. 0ne•helf

end one ml. of ree exten ntlk eere eleo edded to the sdtu tn ether
fleeke. The pß ef the nedtuxe eee eufftotently lee that no deetrue-

tten of the vttemtn ehould have oeourred durtng the enheequeet ento-

elevtng. The culture of the fungue on poteto dextroee nger tee treue-
presumably

ferred once into thte,\thteutn»free sdtun end the tnoeulettone into
the fleeke contatntng added mtlk end vttentn Bl were nude from the

auth of thte culture vie e epore euepeueton. After tneubettng 18

deye et room temperature (epproxtme tely 25%) the fleeke were et•rt1•

tzed hy eutoelavtng md the neelte of tee dupltoete flaeke eere

drted et l00°0 te e veeuun even for khoure md eetghed. ‘¤s• reeulte

are given tn Teble Y. lt te evtdent fx-oe thte tehle thet the pree-

eaee of edded thtemth hed very ltttle effect on the mount ofgrowthof

the tungue. In ell eeeee there eee very ltttle eertel uyeeltu

ehtoh eee ehuedent on the nger elente. lt eppeere ee though the

heul eedtun ettll eontetned treeee ef thtentn or that eeee neeeeeary

teehntque tn the eulttvettoe of the fungue eee not correctly eerrted

out hy thte tuveettgetor. Hoeever, every eere eee tekee to duplteete

the eork of the ortgtnel euthore W) end the eeueee for theee nege• U

tive reeulte ere unhnoen to thte euthor. lt sy be poeethle thet

thte perttenler etretn of dtd not require

thtemtn tn tte meteholtem but thte te unltkely. the problem ver•

rente further tnveettgetton.
‘



Table V —

Effect of Thiuzin en the Gteuth ofPhyeeuyceaThiacmln

in z2icx·op·•¤• pw 50 ml. 67.. ef Myeclium in mg.

0.G 1.l7„
0.065 T 129
0.09 131
0.27

>U•7 T T

0.90 127 _
1.60 136
6.0 121

1 ¤1. 6111: 117
2 e1. milk 160
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(8) Qhamdoal Bathoda ot Aaaylala ot Vltauan Hp

(a) Qualltatlva Toata -• Yillala am Laal
(“)

bava toond, La

tha aouraa ot iavaatlgatloha oa blood phoaphata fraotioaa by tha Haha

and üubbaroa taabnlqua, that vltamin B1 glvaa au intauaa blua aolor t

alth amootuu molybdata in aulturlo aald aolutloa and aalaonaphthoaub

touia said. hair work aaa rapaatad in our laboratory ualag tha fol-

lowing prooaduraz 'to 100 alampaaa of thlamia in a

aquaoua aolutloa aara addad 6 ml. ot 8.5I läüiül uolybdata in

H Bg864, und alao 1 nl. of 0.2oi L-anlho-8•naphthol•d aultooia aald

eaotaxaua lagen; aaa uam; Fm. manu; to um ¤:·1;1¤a1 1:..
voatlgatora, a blua aolor ahould ba fornad ahloh ia duo to tba thlanla.

Ho auah color aaa obtalnad in tbla ahparlxuaat aftar alloamg tha solu-

tion to atand tor 10 nlaotaa. mia tuvaatlgator agraaa alth tha aug-

gaation made by Youuburg us) that tha blua oolor obaarvad by Villala

and Laal aaa probably dua to lmpurltiaa. 'Ibua tha vitamin doaa not

lntarrara in pboapborua datarmluatxoaa. v

Aaoordxng to Raybla (“) an oraaga aolor, aatraatabla by ohlox·o•
6

tom la luaadiataly davalopad aban about 1 mg. of vitanla B; in a taa

ml. ot aaturatad bon: aolutlou ls traatad altb aloobolla 8,6 d1bz·om•

qulnonaohlorloluida. Tha prooadura raaommaudad la aa folloaaz

*1 mg. ot thlamln 1a diaaolvad in a ml. ot a born:
aolutiou of pH qproxlmtalyy 9.6 and to lt ia addad a drop ‘

ot an alaohollo aolutloa or tha raagant. Tha oolor davalopa o

at oma, gzadually tnaraaalng in mtaaalty. It appaara aa
though the thiazola portloo la raoponaibla tor tha aolor
with tha raagaxxt. Vany amiaaa, phauola add darivatlvaa

Hydroobolorida 0. P. uarak.
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8,6•d1bro¤oqu1non•onloro1mtd• (Kantonen) ln 50 nl. ot 9% athyl axooaoz.

This ylaldad a yellow aolutlon Ihlßh turnad brown after standtng a•v•-

aral daya at rooaa tamparatura. It will ba r•£•1·r·•d_to aa tns "äoagont". F

1'wo nl. ot a ootnratod nolotlon vor borax uro addsd to 10 ul. or water
oontalning 50 ntorograna or vitamin dl. 'lnla randarad tns aolutton

alkallns to pnanolpntnaloln. Four tantna of a nl. of "R•ag•nt*' vara

oddad. A vlolat color us proüuand union turned brown on standing.

A blank tut was alao mda and lt wan round tnot tn• borsx oolutlon

nlona produood a alnllar oolor, ot
tnav

um lntanaltr aa noaaurad by

tns aolortnatar. Rbot tnla oolor ran duo to tnn aotton or tns alkallna

natura ot tna born: aolution ua snow by odding varytng amount: ot

the "ßaagaot" to E/1G Ra GH. ins ooloro rangad from light yallowtoorongo

and, oa tna amount ot "Raagmt" aaa Lnoraosad, to a uroumnn

rad oolor. 1'nla oolor wan not aztraotad by onloroform allovlng tor
F

tbo poaatbillty of aoparatlng tna intarforing aotton of tne borax.

Tns praaancs or tna born: appaarod to nsnaoaaaary •1n•• no raaotlon

took plaoa aban tna vitaexin aolutlona uro oojuatad to tna nano pa oitn

nodtun b3·drox1d•.

hn ml. of a anturatad solution of norax oontatning 0.b ng. ot

vitamin B3, tore nipattod into a oolorinator tub•. Cz;.••t•ntn of a nl.

ot tna "R•ag•nt°' tan addad ann tne aolutton una allowed to atand tor
d

4 nours. Tna violat •o1or, union lanasdlatsly torusd, latar turnad a

broanian-rad. oolor aaa than axtraotod wxtn 9 nl. otonloroforu.nttor

aattlingg, the color of tba bottom ehlorororn layer oould bo road

in wa oolorimetor vutnout ramoving tno aquaoun layer. lt von found
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that the ehloroferm layer in the tube eehtaiulug the vitamin B; had 1

e yellow eolor while that ot the '*blauk" tube, eoutaleihg anly heran,

aaa eelorleaa. Further experimeata heeerer aheeed that, under {hl 4

eeuditieea deaeribel, the reeetlea aaa lI0" quautitetivm

He further iaferutiee eould he ehtaihed about the vert er heyhih

aaa thun the uea ef thie method tea aheeeeaed. With our preeeat k¤eel•
i

i
auge about wie reeetiou, ite adaptatioh te the eeeay et viteuia Bl

4 La milk eee ixaprehahla due to the large emuat er the vlteala require•i•

;„ _ y {B) T he Thieehreae Aaeays
W

The pale yelleu-blue rluereaeaht nee haeeu ee thieehrene M

aaa tiret dieeevered hy Berger am exiéized titaaiu 8; Iith elkeliae

terrieyaatde. Felleriug up thin verk, Jülll! um an devieed a pre-•

eedure for the ehenaieal deterraiuatieu er vitamin 83, ahieh depeeded ea

_ the qeautitetive eaidatieh et the vitamin te the tlubraeeeht thin- M

eareea, extreetieu eith ieehutehel, end eatimation er the iateeeity

of the tluoreaeeaea hy eemerieoa lu e etendardiaed photoeleeuie 4

tluarcaaeter. Hua; other euhateueee iuterfered in thie reaetieeyehleh

hee heea the eubjeet ei" aeuy medifleetieum

Geraeedo ehe lhteedueed the uee er eyathette aeolitee

for the ieolatieu ef the vitamin treu feedetuffe, eu Later theee eau 1
y authera um eheeed that zaateriale ihterferiug in the thieehrene

methed eeala he elialaated hy the uee efa haeeaxehaagiageeelitmMilk

aaa ehe ef the teeeetufte ahieh they euelytet ty thie nethed hut

it ie aua them that the they ueel giree lee raeultm Gheeieal

eeteraihatiohe ef the vitaeie B; xa milk hy the thieehmae method
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have teen eerrted eat hy Bartaget (5) end eepeetally hy Ken, Heueten,

end 'xheqnen wm . The letter authere made an extenstve eenpertaen

et the thteehreu and htelegieal meuaede er eettmetion er the vttenih

B; tn mtlk. Statiettcal methode eere applied te the ahelyeee ef the

vttentn te ran, away-end—re1l•r•drtad, evaporeted end eteriltaed ntlk.

Good egreeeaeat between the tee nethode aaa round, eepeeielly at lover

levels ef ntlk t••dt¤g„ The epperent potehay er all milk: na naaeured

hiolegteally wan found te he eyetewatieelly higher when mtlk aus fad

et e high level than eben tt eae red et e lee level. The author!

explein the dieerepeney beteeea flnerenatrte end htelagteal aeeaye et

htgh levels et alle auezaa es dee to a dettetehey of nene eeewttal

taeter in the 'teeal diet, hat they pelet out that the heneftetal efteet
of the major aeaetttueete ot mtlk eannothe ruled ent.

The repldtty eadxeeeareey ef the thteehreme method ae applied te

aaa analyexe et milk made tt eepeexelly deetreele ter an xeveattgatten

of thta kind. It uns net need in thta eerk athee e flnoremeter een

net available;
’

(e) the rermaldehyde - dee haetten

thle te eee ef the eedtfteettene ef the Ihrltahateuly 1·e·

eettee ln ehteh the vttemtn te eoupled etth e dleeetteed entne nem-

poaad te give a dyeetuft. 'Ehte raeetten aaa described and develeped

hy hlnaarnlay end Petera (M' am tn ehteh dteaettaed ealtemlle nete

te added to en alkaltae earhenate miature and teshteh ia added, after

e suitable internal, the vitamin aeletten treeted with e drop et ter-

maldehyde te etabxltee the pink eeler against tedtng due te extdatten.
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Treeee ot netele intertere by reduelng the plnkneee ot the eoletion,

Thle method hee been need in e prelimlnery lnveetlgetion ot the vitentn
I

content ot toodetuffe in ehieh perellel reeulte eere ohtelned wlth

blolegieel eeeey, Although the method ehoeed prceaiee er being ueeful

fox Re eeeey ot viteuin Il; in nllk, it eee net need le thle inveeti-

getlon,

(4) Ieluick and Field Eethcdz

ihn xeethod ehieh eeemd the met suitable fox- the determine-

tion of viteulxc I; ln milk eee that described by tßelnlek end Fleldßsa) (

end which nee eueceeetully applied ty them to the detemlnetion of the

vitamin ln urlne, um and other natural eoureee including yeeet, riee

pollehinne, ehaet gem end live:. The method ie beeed on the reeetlon

teteeee ttumie end dleeotieed p-ahlen eoetophenone in elxellne eo-

lutlon to produce en lneoluble red plant, 'Ihe ptepexetlon of the
‘

reeaent end lte epecltieity tor the 4-¤ethyl~¤•bete•hy4roxyth1•eol•

portion ct the thlule uolecule hue been deeerlhed ty Preblude nd

häeüollun
(“‘)

, e e(0.

sxpeexeeeseiz
(

Thle phase ot the lnveetißetlen deele elth the etteupt tc edept

the ßéelnlck-Jleld nethod to the quntitetlve enelyele et vitenln 8;

in milk,(1)

Uee ot Zeelite to Gbteln vltenln 81GoncentreteesThe

teehnique of ebeorptlon ua eynthetlc seolite end eubuquemt

elution ue und in prepering eoneentretee ot Vitexeln B1 tor enelyele,



-28-

The epperetue me procedure une een eeerly identleel to that eeeerlbee

hy Eelelek end Field, (am being modified üly in e few minor eetell••

The eetuel proeeeure et tlret edoptee een ee tollen:
1

*1*o 909 m1• ot milk eere eeeel 150 ml. of M trlehloroeeetle eele

ehleb brought the ellx to e pH or td. After eteaelug ter G xeleutee,

with eoeeeioeel etlrrleg, the protein eere fllteree out eee 175 ¤l•

eliquote ot the tlltrete were tekee tor eoelyelu Theee ellquete were

8 peeeed through the eeollt: eolam eae the eheorbee vlteexln eluted elth

lo ml• ot 8% K 01 et pt! 8 in theexeet neuaer ee eeeerlhee hy Juelelek

nee rule (88}. rlve ml. of the eluete tere plpettee late 1 B0 ml.
9 ereen-teet ·bettl•• Thum ue tolloeee hy the eeeltlee ot ee equal

volume of 1 9% ethyl eloohol solution eoetelaleg G ¤g• ot pheeol

per ml. See e1·~o·p ot? brome thymol blue leeleutor eu aeeee end, while

e fine etreem of uitrogen gee hubblee through th eolutlon, e 1 E IIÜI

eoluuoe wee eeeee eropeiee until e teimt hut positive blue eolor

eppeeredh Ueuelly oae or teo erope eere entfielen, Tea ml. er the

Pr•h1uee•mo0ollm reegeut
(“°)

tere then lmmeeletely eeeee ma the

bottle etoppered eu! tor LG to 18 houre et room
1 te¤p•r•tux··•• Kxght alt ot xyleee were then eeeed eud the mexture

vtgorouelr ehekem Five el. ot 1 eoluttoe ot eulphurie eelew eere

eßéee eerotully, the bottlee tlghtli etopperee end ehekee. Her lb to

80 eeeoeee. After tee eeeltioe ot 10 ul. er za; H10! eelutloe the

ehekleg eee repeetee ;tor eeother period ot JG to 80 eeeoeem unter

**83 ul. ot hw; (em zu LM) elluted Ilth dletillee enter to 100 nl,
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one added to brlng the xylene layer up inte the neok ot the bottle

Ihllh een then eentrltuged for neverel nannten. nt least G ml. ot
the xylnne leyer ware plpettad ot! into a eolorlneter tube and the

color von eonrpnred in the oolnrlmetar with e ntandnrd elnilarly t:~•et•d•

For the atanderd eolntionn, 1 nl. of eaveral nolutlone oontelnlng very.

ing emmmta ot thlenln. (G to B0 ntorogrenn) ure added to 4 nl. alxqnote

ot blank KGl elnatee (10 nl•)• The blank eluete le eaeantl-el, not

oaing to any lack ot npeeltlolty, but beeauee the ernannt otplanetreoovered

treu permtlt eluetee varlea treu 85 to W5 ot the theoreti-
••l„ M peroentege reooverlea are aoeeln tent tor eluatee tron the

enne pernntlt t1lter•
( Thin proeedure een need ter eeveral deternlnetlonn ot the vltenln

B; eontent of paateurlned nllk, eddlng knoen enounta ot para vltanln

B1 to none eenplea in order to determine lt quantitative reoovarlen

eould be obtelneh the reeulte ot theee analysen verled tron 18 to

82 mlorogrun ot vltendn ll per 100 nl. ot utlk nhioh in lover then

ln to be expected tor a good grade ot nllk• nleo neooverlea ot added

rltemln verled treu 00 to 7% of the th•ox·etl•al• Further oxperlmntn

lndlootod the reenona tor thene dxeorapenelen. lt een {bund that the

neoute dtd not eonpletely abeorb all ot the Yltasnlu B1 hexe the nllk

tiltretem *‘l‘he elntlon of the vitamin from the naollte by the ml ann

not ·qu•utlt•t1v•• Thin took place only ehan nelng mllk tlltrntee

ninoe eonalntnatly mod reeulte tere obteined eben aolutlone ot the

oryntalline vltenln rare oonemtretet the rennen; tor thin eu due

to the preeenoe ot the reletxvely large enonnta ot lnorgenu eelte

xn mllk, Ihldh "eatu:·et•d°° the neollte, end tnterfered ln the •b•
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eorptxen M elutlon er the v1tem:. Theee lnterterlng euheteneee
me; he ellmineted hy e prellmlnery extreotion of the milk ttltretee
elth n eeleethe nehmt meh ee henzyl eloohel, hot the procedure
ie tune eoneumlng end lt een thought edvleeble to und another method
er ooueeutretlng the vlterdhr

(8) Superflltrel ee eh Lheorhnht er vlteudn Bl:
Mtt, Peeeook end hren U) bete oonflrmed the tindlagn ot

Hllßllk end Held um thet their method given qoentltetlve reeuxzn.
In e leter paper um thene nuthore deeerzhed the nee of euperflltrel
ee n eimple method for the eoneentretlon ot thlenln eolutlonm Their
procedure ene edepted ;te the enelyeie of milk SI the following menner:

Fleet-tehthe of e gran ef euperttltrol°' were added to e 65 ml.

ellquot ef e protein-•tr•e milk eerxm et pa 8 end the mixture ehekea
oeeeetoaelly tor one hour er longer. After eentrttuglng, the oleer
llquld een eeretolly poured oft. to the eleoreete ene edded ¤ ml. er
eeter end en equel volume of e M ethyl eleohol eelutlon eonteining
5 mg• of phenol per mh One drop of hrome thymel blue indxeator nee
edded, end, ehtle e fine ntreem of hitrogen gee huhhled through the
mature, e l H Eeüil eeletloe een added dropelee until n hlue oolor l

eppeereh Ten nl. of fresh Prehlaadmhoßollum reageut ue edded, mixed

thoroughly, elloeed to etnnd et room temperature tor tee hoeren, or

longer, flltered oe e emell Hlreoh filter ned eeehed exth o tee ¤l•

et vater. The peper end eheorhete nnre tem tx-eneterred to e dry
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eantrifuge tube and 8 nl. ot Ni ethyl alcohol added. Tha tube eu

etoppered, ebaken to dlaeolve the pxment end aentritoaed. Sl: ml.,

er xaore, of the aolution vera plpetted into e eeloriaaeter tube end the

eolor ooupered wlth a standard alnilerly treeted. Filter Ba. Mo aaa
F

used.
F

(e) dallbretion ot the Oolortueters F

'the eolorlmeter eea Faellbreted el th aolotlone eantalnlng

knoen ernannte of vltenln B;. Theee standard eolutlona ure prepered

by dllutlng a etooh aelntion of the vitamin. üble atoak eolutlon von F

prapared by dlaeolviag S0 eg. of oryatelllne thtemtn hydreehlorldg

eaeuretely eelghedwln Obi ethyl alcohol end dtlutlng to 1% ml. e

drop of aeetle acid ua added te nete eure that the eolotlon eas eeld.

It eea kept in eeeled eznell bottlee in the lee arena herdenlngrooaaat

e temperature of -4%*. Gnee a bottle noe oyened the reualnder of

tte oontenta eere dxaeerded. '1'he etenderd eolutlone eere daluted to
F%

about 60 nl. extn dletxllad vater ahlen bad brooght to a pH of
F

4.5 elth ml. The gn•¤••aa¤·a% eeallldentleal that deeerlbed above for

milk. the reeulte of anaekoallbretlon are given in 'fehle Y1 end plotted

in Hg. IV. However, ae
av

etendard proeedure, a atanderd eolutl-on ot

vitamin B1 nee included in each eat of experimental deterßlnetiona

inorderto check the teehnique. we etandard could then he uaed to

determine the eonetant K, union tee-uaed the vitamin F F

content ot we unknoen, eeeordxng to the formale:
F
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W

G K (8 • log G}
dl e

-
u mu 0 • waeeuuetxeeet vttenu I;

G = Gelvemonntern reading ,

, E ¤ Genatent te alle! tw ennunt ·
et euwle ausl dllntw¤• pd

L • Duett! ereolerer

ß • 1¤| B

wie methed eu applied te aexaplea ef ue milk, etter Qpreexpite- p

tion und tlltretien et the pretainm Dnplleata allqmnte nhaeked te L

sheet ann the recovery of 10 nlerepeme ef addon vitamin B; to an p
0

elxqaet aaa 0.*1* n1¤rogre¤¤e• The mllk uns round te eenteuz 81,6mlere-pause

er thieme per 100 nl. Thin value does not ropreeent the total L

nwuut ot the vitamin inpßtha milk une; ßhll method deas net deteudne

the vitamin nuten eaueta tn the antoritled Tha telleulng experl-

ment: eau earrtad out to determine the t;>te1_vlt•u¤¤ B; in sun- G ·



Tabls VI

Calibmtisn ot Phstoslsutric Golorisstsr tar ths Analysis at 5Htsxnin Bl

inVitaainB1 1
(¤d.¤mp·•¤s) G L K

o 1 100 6 -• 6

10 SBF U•0731 137
20 [ 61** [6.1sß 121
30 1 SF 16 6.232 121

1 w hb? 0•330 121
56 382 6.611 121
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(B) tree end Gautned Vttamtn 81 tn mhh: V _

Lahmam ana Gehaatar {W) repartad that thtauta my extet tn

uetnna aa the phaaphorta enter ta aanett tnte aaaarhaulaee, the

aaanayu ar eu•ba¤y1a••„ Gaaarbanylau han ttalaataeleattvttympamzag

ta am mum W". 'l‘h•°¤h•¤i¢•1 ume er m•1;•1• ar 4
tze vttenta lau not aetemtue the vxtutn ehtah extete tn the este:-E

ttted ram ßtlk te knau ta aantatn part at tte-vttaun B1 aettvtty

tn the rare at eaaarhawlaae um und thun far the detemtnattan at ·

the tatel mahnt of the vitamin in antik, manhattan ett! tehndteetue 4
te ¤¢¢•III!*!• V

'le ea eitanat jxerttan af prateinetraa at ph t ue J

added ‘dx·ap«iea a naluttaa ot until the pa ua sapraxtnately
raum Thu te the. apttmm 93 tan the ettian lat the an-¤yn•• Tea drape

at GEM; und GA gn. taaacitaataaei; eera am tneuhateü 8 haare V
at .3*7%. The ett-mia aaa then ahaattaa enperftttz-at andanetyaed••

;a.·•vtoa•1y daamtheßt V It aaa wted. that the anperttltral nina

ahaarhad the rthatlevtn trotz that nur hat tnrthm ezpartnante wtth
. eynthattc thtutn und rthaflavtn ehawaß that tha letter 414 nat in-

V tertaaa in the ueattan. Tha tom-autng raaulte vera ahtaizxadz 4
A

...........ä.=ma................
ae. tttth Aitquet 10•¤

Sh aa. mit ääerm Altqnat 4- 10 ntaxasreu 19.8 4thiamu ·
68 ea. mit äwnm Attqnat after takadtuteee NJ

manhattan m
1. gn. Taheétaatau ata
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Further exparinante indioatad that pure vitamin I1 ahieh een added "
I

to an aliquot ot prot•1n•frea nilk eenua man he quantitatively ma-
h

h eovered, within the limits of the experimental errore of about Qß.

however when the pure vitamin aaa endet to the milk before the pre-

expitetion ot the protaine, quantitative reeoveriee tere not obtnined.

ln the oalauletioneot the vitamin 81, in milk from the reeulte on y
‘

allquote of
milk!

eerum it aaa first eeeuned that the distribution of

the vitamin between the protein preoipttata und the rutrate eea in

the ratio ot their reepeative volume:. The above deaorihed and other
h experlauente have ehem that thteaeeu:mption aaa ineorreot and that some

vitamin 83, eaecin eau way attaehed to the protein. _Thie la in agree.-

mnt elth thereork ot Inn et al um am eho hahoud tut an appreoiable h

amount of the vitamin B; in milk ie aoehiaed exth the protein and ehieh

ie not split off by repeated extreetton auth triehleroaeetie aeil. Thun

in order to obtain quantitative raeulta it eae found naeeaeety to enzy-

netiaelly hydrolyee the milk proteine to eoluble prodaete. Ihr

paralyneaheniealeonaideratione, it aaa found neaeeeery to reeove the tat p

and thue all further eaparimuta ure aarried out an akte milk.

(0) Total Vitamin B1 inmilk:Tha

method ehieh aaa finally adoptad for the anelyeie of the total h

vitamin B1 in milk ie ae folloeez Tb V5 nl. ot nun milk (@6.8)

vera added 1.0 ml. or Nßül oontainlng 0.4
Uma.

of pepein." 'the pi! ot

the miature eea 8.1.. after ehakinz thoroughly, z dropa of vwl; were
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nddnd nad tbn ulxturn un iuouhntnd for 48 hours nt 87%,* Four- d
tnuthn otn sum ot trsnh pspniu urn nddnd after thn first 84 hournt .

7

Tin nddltiou ot 5 ul. ot HMOB brought thn pl! to 4•0•Hvstnuthnot

n gran ot tnksdtnntnnn urn thna tid/ll nad thn turthnrI
inouhntnd to! 44 hou1·n„ At thin point only n null rnnldnn [ot udn- 4
gnntnd protnln IÄIIG nhiah nun tlltnrnd nith nbout
5 ml. ot nntnr, 'thn vitamin Blih vthn tiiltrntn, which to ths but
ot'ourprnunt knonlndgn, nohtntan ~•1l of th origiunl vituin. 111 the 4
aux, un thnn nnnlyund in the neuer prnviounly dnncribnß Ihn tal-
loving nrs nnernliärpiul raultns V 5 4 75

Q

7
Ru Bulk +

.P—•;~7nm IBOHDQÜIQI 80,4 n
Ru Milk + Pnpnin + hkndiantann Immbatioh 86,0
Buovnry of 50 uiorugrnns ot nddnd thinmih NJ

Thin nnthod nppnarn to bs nultnhln tor thn nxxnlynin of ths vn-
tnmin B1 in nuilk but furthsr work nhould hn onrrind out to ungarn
thn rsnultn ot thin ansthod with thun obtniuna by thn thtoohron ud . 4
biologiunlnt

thin t•mp•1·ntu:·•• Q 4
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D. 'Ihe ätteet ot Fneteurisetion on the Vitamin B; tlohteht of ätlks

The original purpoee ot this part ot the inveettgetion wu to

determine the emtent er tnedeetnwtien ot the vttuin during pe•t•u•

nutten und else whetnnr thte deetmetion eouldhe prevsated Is; the

method ot ve•un¤•p••t•orLae.tLon ee deesmbed Ln the eeetxon on vitamin

0• Hwever, ettsr the work oh the ehemzoel method ot eeee; ot th

vxteatn had teen under we; ter eeverel mathe, the publication ot

Houston et el
U',)

wee reeetved which ehovsd that dn}; wi ot the h

vitamin tee destroyed h; eoeneroiel paeteurisntzon of the m}}k• tue

e¤e}.} amount er deetruetxoa would herd}; werrent the edoptien er the

method of vewunputeurisetiomSave:-el

axperimente ure started to ooufirm the work ot Houetonu')

end to stud; ts..• effect ot vaewn paeteuriution end storage
ord

the

mit on the vttemin B; eontenu .Ho••ve:·, some unknown expertmatel n

error wae made in the preperetion of the Prebludeahüolxxm reegent

einoe the Letter did not reeot with th• vitamin Luk ot time pre-

vanted the rspetition end oontxnuetion of then ••‘x;>•r1m•¤t••



IV. EHBGFLAVIB (vlfwall B;)

It ln wall mom that zlhotlavxh 1.•••1at• aataalavlag at hydragnn

lan aaaaantratiaaa within th• rahga ln auch the pl! ot milk mranlly

talln (sm . hu it ln to b• •xp••t•d that p••t•ax·1=¤a.tian wald have

no •£t*•¤t 0l tha rihctlavln wntaut at milk. ihla hu b••a ahorn to
h• aarraat may lnv••tlmt¤1·• (M' H' Sterlllutlan at

tha milk M antaulavtng had an •ft•¤t oh the rlhatlavla aantant (w' N) .
'l'h••• :•••alt• ladl••t• that tarthnr lnuatiptlcnn an tha •tt••t ot

paataariutlan aa th rllatlavla eumtaat ot alu au hat m••t•d.

Ghtmlaal nnthodaaot •¤•ly•l• at rtlatlavin ln ntlk •:·• haut an

tha tlaox-••¢•nt pz·¤p•1·t1•• at uu vitaudn (M" u' w). mau unthads V

an x·•l•tlv•ly •¤•ux·•t• and aompau tavaratly with th• r•ti¤•d ••th¤4•

M ¤1¤l¤¢••l ••••! UM . "¤••• ¤•th¤d•, h¤••v•:·, ¤·•qulr• tha ¤•• at
• rlaox·a¤•t•1·, • dallaata and axpannzva lnstrauat, uhlah ln nat avall-

ahln in mat laharatarlu. wma d•v•lap•d • aolnrlnatrla mathad

tar tha datumluatlan at rlhaflavln In Nik W). It tu thaagt ad-

vlaahla tc aallhcrata tha photaalaatrla aalorluutar ta: Hill mathad

und ta tut Lt ou ••v•x·al umplaa ot milk. '!'h• aallhhatloa ua au-
x•1•d out vxth purlriad rlhctlavln (¤.P. mmh} ahlah vu dl••¤lv•d

in und appraprlataly diluud ulth 8{>$ mathyl slmhal. All pparatlohs V

iavolvlug rthetlavln man aazwiad aut in nuhduad dayllght sinaa the

vitamin la hamm tn ha uanltlu ta light. Tha rualtn •1·• gina in

‘rabl• VII whlah alao •h¤•• that the rihatlavin aolatlann az-• utahla

in tu iight in vhlah th• •xp•x·l¤•nt• ·u•¤·• ••r1•1•d aut. ‘!h• dmslty

at th• aolar dua to rlhatluin in dluatly praportlonal ta •ona•¤t1•••



tion of riboflavin und ia illustrsted in Mg. V. In the analysis of

ribotlavlu in milk the lotus- la traatsd auth KMS.; shish is then

raaovsd by so sxaaas or 3208. This waatuat sos shoes to have nur

street os pure solutions ot rlbotlavin ls B0! alashol.

Gallbratlon ot maotoaleatrle 0o1srl:s•ta1· tar th Bstsrmiaausa ot
ätlbotlavin in mit

G1 W Gases L °0 N

0.00 100 100 9 100 0.000 100 100

0.05 09° 89° 89° 0.000 09° .. 0

0.00 998 79B 995 0.090 99* Na

0.10 MP Ma aß 0.190 0•° as'
0.15 B1., ax" sx' o.••1 ¤1.• saß

Wlbotluvln aoneeutrstion in ng. sax 25 nl. ot wa asthyl alcohol.

01, ug - Galvasomutar reading:

L05
• Galvamsstsr reading sttsr the

ribotlavtn solutions had haas
allwad to stand 10 minute: in
subduad dayught

0; 3 Galvsnnustar reading: after wa
rxbotlavxs aslutlou v•:·• traasad
um Buß.; and Bg0;

Filter lo. MO
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The proeedure for the dntsrndutxon or ribofluia la milk in ee

follow: Io 50 ol. of num milk were added nlonly nad nlth manual

ntirring 50 ml. ot anlhyl alcohol end the solution un held et 50°¤.

tor 15 minuten. After cooling to room temperature, 0.1 ml. of gleolel

eoetio eeld noe added end the mlxture nee dlluted to 100 ml. vnlth nnthyl

eloohol. After eheklog, the preolpitete nes elloued to nettle for 15

minuten nad than removed by fi ltqratlon. ääeveaty ml. or the flltrnte

nero eoaeoatrnted under veouum to uboot W ml. end 0.5 ml. glaolel

aoetic eold and l ml. of 4$.1§1m0q, were edded. The solution nee

ehnken end allowed to sund 1 minute. 0ae ul. ot 5 B30; nen edded

to remove emoeee lulnßg, tin solution nee flllered nad the filttete

•ee diluted to 85 ml. with mnthyl alcohol. The yelloe oolor see d••

termlnod with the oolorunnter using filter No. 440. A

A nample of frenh peetnurlmed milk from Delry of the Vlrgale

Folytnehaio lanti tune nee found to oontela Lw ug. ot rlboflevin per

lltre. In e serien of 400 detnnzdacttone üad UM hen ehem thet the

nom:}. rlbotlevln ooatent or mtlk verdnd from 1.80 to 5.40 ng. per

lltre.
i



I
V..”Yl*!°1hI¥ 1 om:. ünitßfmxt y —

A. Methode ntanalysis:Early

studies have shown that growth ot experimental animals
1
in proportional to the vitamin A content ot the diet. lt wos also

shown that vltsoln 1 ls concsrnsn Iith the pwevantlcn and nur-• ct

specific pethohoglcsl eondi tion. nur et vttauln A hr the youth

method sse xntmducad ss asrlr ea 1.920 anc has slnee hen rstinsd ant

stantarclasd untll. lt ts possxhls to ohtaln rssults with Lt that have
E t

as hlgh a d.•g1·•• or neu:-ser an eau he expected ot px-oosdurno in

which animals ars need as raegaots Hm .

ß

ßéhuxeel ant ph;-excel methods nf soul;-sie include the oolnx- test

wlth antlmouy trlchlorlda und speotrogrsphln oz- shsorptlon methods.

letter require spaolal lustnuoonte which uns very oxponslve and

long sapsrxsnce wlth sgmnotnogx-sphie sssasuresaovnts ars rnqulrod in omas:

tn ohtsln aeourats results. nntlxeeouy triohlovrlde rcacta rl th both

vltsuln 1 und corotsna to 1-_,1v• e blue color, the lntensity ot vhlch .

nhers Bas:-°s las. Br the une of suitable filters on'! the Evelyn

photnelaetrlc eolnrlmoter xt ia poaalblc to auslrzo tor nazotnna and

vitamin A ln nlntux-an of the two. Thin mothnä spnaaroä to he tus

most suitable tw.- the daternlnctlon of vitamin 2. value ot milk.
'i‘h•

Evelyn photoslaotrle colorlmetsr was onllhx-atod with solutions ot

pure os:-ot•¤•* in pstnolsnm athsr. the yellow color cue to the

earotsne wos 1-aso directly nu the oolnrmatar using tlltor ho. MO.

The results arc given in 'läslhs Vlll and plottad in $13. VI.
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Gelibration Guru tor Geroteae

¤•¤'¤‘¤•¤•” **1 °t %••a L

0 100 100 100 0.00
1.0 sa' ¤1° 01* H 0.000
8.0 7 885 ° · @3 '@3 7

0.077
O0.0 ·r¤‘

"' v0° 0.11:0
6.0 0a‘ 0 •s° aaa 0.160
0.0 688 00° 60' 0.199

La ¤1¤x·0;r•¤ #0%*110 ul. uf
p•t1·01•¤¤ •t.§•0·.

0 • 0•1vea¤mt•x· media;
L • Dusty ct eolcr

°
‘ " l°¢ Queen
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'thin oallhration ourva may ba und in the dirant oolorinntrio

dntnrmination ot onrotann. vor a niztnra ot vitanln A and onrotann,

thn vitamin A any tn oaloulatod by than torwlawm

L valnn ot vitamin A s 0.0bRö (0.ln Lw};

^ r
•h•1·• law • Bnnnlty ot tha ynlloa coloraua to onrotnnn. Piltar Ho. H0

Lam • Dnhalty ot th: hlun color cnato carotnnn am vitamin A.filter Ko.GNA
A z Oonntant to account tor nnight

ot nampla anc aubnaqunnt 41..lutionn

mnoo vitamin A aolutiona are oolorloaa, tha vitamin noaa mt in-
tnrtnrn in thnciraot oolorlutrio dntnrmination ot oarotann.

_ E. Ntnot ot Paatnurinationz
Indiroot nvidnnna and. knoaladga nt th hnat ntability ot vitamin

A hava lod to thn popular hnlint that thin vitnln in onlynllghtlynffnctnd
by pantcurilation, it nt all. Krauss, Erb

mdntuundtha growth curtnn ot ratn Ind ru and puntnurinad

nilknupplnnntnto a vitamin A trna dict und aonoludnc that no cnntruntion

ot vitamin A rnnultnd trau hnating milk ut 145%. tor 80 minntnn in
a oloand omtainnr. Pratt {*5) Imvnd that nloknl or nnngannnn du
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nat antalya tha daatruation af vitamin A during paatanrizatian. Konwl)

ahoaad that naithar aarotana nor vitamin A la aftaatad hy pnataarlsa-

tion and that tha addition of aoppar Md nat lntluanaa tha raaultaa

'lha vitamin A aaaaya vara aarriad out hy animal raadlng ud •p•atra•

phltonatria ¤ath¤da• Kon und Haar! (30) ahoaad that no aarotana nr

vltaain A la aaatroyad during tha amnalal atartllutian at mllk

A and it han alan haan ahmm that lrradlatlan ot tha milk had no attaat

an sms num lm. A
A 'ßhaaa raaulta appaar aoualnaxva and thla phaaa ot thaprahlauaaa

nat turthar 1av••t1gat•d•



VI Sllßdmälüß

Tha raaalta nhown in Tables ll und lll lhdiente tln etnngan in

the distribution ot aaeorhle nad dnhydroeneorhie neld the t take plane

durlng the pneteuriaetien end nteramn ot milla Darin; tha nterngn ot
G

ren milk, only a nmall pereantega ot the total vitamin G in dnntroyad

hat at the name tim a large preportlen ot the rnduend nneortle

heldieoxxdiaad to dehydroaneorbla eeid. vet peateuriaetien iundiatnly G

daatroya all ot the dehydroaaeorhie aald und aou of the reduead form.

Ga storage of the pantnanned milk the oxidatiea to dnhydreeneorbia

aeid proeeedn at e more rapid rate then in raw nllla

Pantaurleatlon ot milk in the nhaaaee ef air had very little

artnet ea the tan ferne ot vitamin G. However, during the ntornge

et thin milk it aan noted that the aaeorhie neid eentent danrannad p

nlewlp In milk that had been pnanad over a aurtnen eeeler, thin

daareann aan more rapid', Thin dee-renea in the amuat et nneortie

acid ia the milk wan due to the axpoaure er th• milk te the air after

paetnurinetion, which ana not prevemted with the techniques ueed•

In the nxparimnntn om commercial vneuum pnntauriaetion the milk

wma heated by eoutinmoua eireulation tl¤·ow;·,h a heat •xdhauge1*• Thin

in undeairehla tor general eomereiel preetlea end eould he nliuinated

hy the luetelletion ot a retntlng haatinqg. eoil inside the vat• The

meat denxrehle equipment tor a ewseralal plant would ha n vat equipped

gg; :,,;;;,,;-;;,;;;,5 et a p·:·a•aux·e lo! enough no that the milk would
G

heil gnntly at l44°1• After penteurleing, the mllk may ha eooled hy
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peeeing throaß e tahuler eoclar aha it may he hottled im eveeuaabottle:

eo that the nik wald not be expoeed tc the air at any ti¤••

Frau the raeulte abteiaed in thxe iaveetiketton, tt appears evident

that it the cdu ie peeteurtzed in thie umher, it will reach the eca-

eazaer with eu. cz- very aeeriy an ct the vitamin G that nee preeent

aha tt Hret arrived at the plant., It pacteariaatdaa in theebeeuaeot

air te carued cut then tt Macau paceihlc to auch tha milk hy a

the addition ot eynthetia aeaorbtc acid, without ay laeeee. A milk

him ia vitamin G oantaut could ba velaeble Iron many eteadpaiute end

ecaid he aamaratally teaedhle. M y

mnca the caaplatton ot thin eork, e mut-deeerator hans baer: put

an the mrket um ehich prevante deetraation of vitamin G and aleo

preveate the deveiogment ot oxxdined t1•vor•• 'rhie nethad in well

adapted ;to use etth the ehort hold, high temperature proaeee ot pen-

teauzetxcn. It cannot he used erttaxeatly xa aanjunatian with the

'ho1d•x·•' method which 1e the method met exdely aeed at thepreeeattune.

me mut-deaeretor emud time aappleaent the aethad ot

veeaaepeeteaueatiouproviding a veluehie nee eeeet to the deiry t¤dueta•y•

lt reißt alea be aeattoaed that the aethod at veeuue-paeteaxriee-‘

tion deeeuhed in thte eark should aha prevent the development ct

audtaed tlevor, ae eau ee remve the voletile "t••d°° tlavore, hat

further investigation in tue direction te aeaeaeerp d



hu p ‘ VII. WIGLUSIONS h „ A

h (1.) A survey et the literature revealad experimehte which chend

ecaelualvely that there la ao dnstrmctieh ot vitamin A, earetehe er
(

ribetlavin wenn milk is paatearleed at lb5°!*', ter 30 ¤$.¤¤t•••

(2)'1‘e¤te£$.tt•ehp•ree¤te!tt1•v1tam1nB1e¤d20teA0per

cent et the vitamin 0 are deetreyed during paeteurieatiah ay the holder h
¤ethed„ Storage et puteurised milk results in a further rapid deetme-—·

tien et vitamin G, p

(3) Daetruetiea et vitamin C le px-svehted, 67613 in the preeehee et

eopper, $1* nllk le paeteurleed in the aheehee ot air,

(A) Milk paetearieed md bettled in the abeeme at air would retain

all, er very nearly all, el the eriglnalvitamim C, even after eterage

A ter several days, This preeeae appears ta be eeumereially 1‘e·aaible•
(5)Aeh•a$.¤alut¤ode:v1w¤1¤Blmn1y•i•ha•bee¤eaaptedtou,•

aeeay c1‘ this vitamin in milk,
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