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ABSTRÄCT

\¡,,Iheato barley and oats v¡ere analyzed for total- and_

free thíarnine" The thiochrome method. ¡r,¡as used- for the

d"etermination of total thia.mine" For free thia¡nine the

same proced-ure 'r.4/ô-s employed i"¡itht wo modif ications" There

was a preliminary inactívation of enzymes preseni in the

sample and incubation with Taka-Diastase v¡as omittecì" The

ciiff,erence betrn¡een the total and. free thiamine contents is

ref erreC- to as bound thia-mine anCL wheatu barley and, oats

vrere founci" to contaÍn bound thiamine"

A. nev¡ methocio involving paper chromatographic and

ion-exchange chromatograohic separation"'^r'as developed. for

the cletermination of thiamineu thíamine monophospha-te and

thiamine pyrophosphaterand was found to r,¡ork satisfactorily

trith synthetic mixtures anC iuith pure suJrstances added to

cereal- extracts" \,tlhen it r^ras used. r,¡ith wheat, oats and"

barley alone the resul-ts shov¡ed they contaíneC no thiaraine

phosphates 
"

Trypsin ancl- ctiastase T/iere found to release the

bound thiaminc i''' ¡araâlq lcut not to hydrolyse aO-cied
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phosphoric acj-d esters of thiamine to free thiamine and it
is concLuded that the bound thiamine in cereal-s is noc

present as esters of thiamine and phosphoric acid.
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CHAPTER I

TNTRODUCTÏON

Thiamine, or vitamin 81, Ïras a wid.espread distribution"

It is entirely absent only from oils and fats, cassava, and

refined sugar, otherwise it, is present in nearly every food."

Among the best sources are brewer's yeast, wheat. rice, yyê,

corn, nuts, peas and beans. Meat, f ish and mil_k are also

quite rich in thiamine" fhe thiamine content of the org'ans,

particularly liver and. kidney, is higher than that of the

muscles.

In many countries, especially in the Orient and. other

less-developed parts of the world.. cereaLs are the main

source of energy and the people get most of their thiamj-ne

and otTrer B vitamins from these foods" Of the cereals

wheat, and. rice are tTre most important. V,fheat contains about

300-800 f of thiamine per lOO g" and the thiamine content of

rice varies usually between 200-300 f per 100 g. Thiamine

is very unevenly distributed in the kernel of wheat" The

content of the inner layer, the end.osperm, is the lowest,

about 30 { per 100 g. The aleuron layer and the germ are



much richer sources; by far the richest part ís the scutelrumo

the small- layer between the g,erm and the rest of the kernel 
"

simil-arly in rice thiamíne is found- in the outer layersu
and- therefore machine-milled rice has comparatively little
thianrine. This is one of the reasons for which nutritionists
recorllmend" the incLusion of whole cereals in the ciiet "

Thiamine forms a coenz]rme which takes pa.rt in many

important biochemical reactions, a,ll the knor,rn thiamine-
containing enzymes consist of a protein parto the a-poenzyne,

and a coenzyme of lower molecular weightu thiamine pyro-

ohosphate" .411 these enzymes catalyze eíther a símple

decarboxylation or an oxidative decarboxyla'Lion reaction"
I3oth take part in the inetabolism of pyruvic acíd, oro more

generally speakingro in the metabolism of c( -oxycarboxylic
acios" Both thíamine and thiamine pyrophosphate have been

identified, in animal tissues" Thiamine has been identifieci
in cereal-s in the free form" but there is still no agireement

on whether thiamine pyrophosnhate occtlrs in cereals as wellu

that isu whether a part of the "'boundo' thiamine is bound

as an ester to pyrophosphoric acid-,

That thiamine occurs ín cereals in some combined

or bound form seems we]l established. Simple extraction



procedures are not sufficient to bring all the thiamine in

cereals into solution in the free form" All standard metTrods-

except certain short ones for wheat and wheat flour-call for

an enzyme digestion of the sample, presumably to convert the

bound to free thiamine"

It has been demonstrated. that thiamine mav be made to

form a number of phosphates in the laboratory, mono-, di-,

tri-, tetraphosphate and so on" The question arises whether

any of these occur in cereafs"

Recently methods have been proposed for the separation

of some of the phosptrates from synthetic mixtures of them"

Tl:e procedures, involve paper electrophoresis, paper

chromatography or column chromatography" Tt seemed that an

informative investigation would be to test these methods to

see if adequate recoveries of the various thiamíne phosphates

couLd be obtained from synthetic mixtures and-if they could-

to attempt the same with cereals. ft was bel-ieved that this

would show whether the thiamine phosphates occur j-n cereals

and, if so, which ones and j-n what amounts" Thís is the

investigation this thesis describes"
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REVIET^I OF LITER.ATIIRE

HistoricaL

Since its discovery thiamine (popularly known as

vitamin B1) has engaged the attention of scientists because

of its useful-ness as an antiberi.lceri factor and for its

overall importance in nutrition" Scientists all over the

world attempted to isolate it and determine its chemical

structure" Jansen and Donath Ln L926 were successful in

separating a few milligrams of vitamin 81. Ttre isolation

of crystalline thiamine by Jansen and Donath, by lfindaus and

his associates, and by Trrilliams and his co-workers is tod.ay

only of historical interest. t{illiams (1) gíves a good

characterization of the efforts in his book: "ft is doubtful

whether the isolation and id.entification of anr¡ other sr.ib-

stance in the history of biochemistry have cost as much

labor as have these operations as applied to thj-amin., 
"

The first gram of the pure vitamin must have cost an aggregate

of several hundred thousand dollars"" Soon its chemical-



structure v/as determined and it was synthesized. ín the

laborat,ory"

Decreased. metabolism of thiamine-defiöient - tissues

led to the supposition that it has something to do with cell-

metabolism but the exact cause was at first not clear" The

u¡hol-e picture was clarified by the brilliant work of Peters

and Ïris school in oxford." In a long series of experiments

Peters et al" (2, 3, i 5) and. Thompson (4) demonstrated

that thiamine plays a decisive rol-e in carbohyd.rate and.,

especíally, in pyruvj-c acid., metabol-ism" Peters (5) and

Passmore et al" (6) demors trated that the rate of oxygen

uptake of minced brain from polyneuritic pígeons suspended

in pyruvíc acj-d solution coul-d be increased by the addj-tion

of thiamine to the system" This was the first instance of

a chemical substance catalyzing a reaction in an organ

tissue preparation. Further research by Peters et af., (7)

and. by lfestenbrink and PoLak (B) led to the concept that

the catalysis affecting the oxygen uptake was due not to

tlriamine itself but to a compound that was synthesized from

the free vj-tamín" The nature of the compound. became clear

from another series of experiments by Neuberg and. his

coll-aborators (9, 10), and by Lohmann and. Schuster (11) "
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fhe active compound. was found to be thiamine pyrophosphate

(fpp) which is also called cocarboxylase because it acts as

the cofactor in the decarboxylation reaction of pyruvic acid

(to acetaldehyde and carbon dioxide) " Later j_t was shown

that thiamine pyrophosphate acts as a coenz]¡me in many other

reactions (12) of great biochemical importance and since

then more and more work tras been done in thís field" fhe

chemical- formulae of thiamine and. thiamine pyrophosphate (rpp)

are as follows:

..-CH--N -c - cHL
il|,- c-Nu.

cHJ'c - N// '-'ù?,

cL-*
- N - ?.- cHs

Il (t^

uc-{ -ct'tL'4LDH
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-cL

N"n--ç - cHL-T - fi -. ",
,,, i i'NH, c' c' - Lt)z-cHL-o-<Hj-a-_*-- )- -S/

ol'l
I

P
¿l

o

ott
I

-o-P-oH
ll
o

'Th i amr¡:re YlonopfroSphate
(Chlori'¿e

Thiamine ?yr oPhos¡Ã'åte (chlortde)
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Assav of Thiamine

fhiamine can be determined by physical, chemical and

biological metTrods" fn the physical method it is estimated

by its absorption in the ultraviolet at 265 mf" This

method has been used (13) for measuring the thiamine content

of nerve f ibres. To distincruish the thiamine from other

substances (nuclein components) absorbing at 265 m7, the

absorption may be measured before and after destroying the

thiamine by ferricyanide"

fhre earliest methods that were used for the

estimation of ttriamine were bioloqical ones. In the

beginning when polished rice, âD easily obtainable thiamine-

free food, was taken as a basal- diet, hens and cocks were

used as experimental animals" Soon smaller birds, especially

pigeons, and mammals (rats) were used as the experimental

animals. üIith the mammals, polished rice could no longer

be used as a basal diet because of its deficiencies in

other nutrients. Therefore a complex basal diet was essential-"

The experiments may be prophylactic or curative. Both are

apt to gj-ve not very accurate results, and both require

Iarge amounts of thiamine-rich extracts. These are serious
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handicaps and. therefore when microbiological and. chemj_cal

method.s became available biolgical method.s ceased to be

used very much" The advantages of the biological methods

are (1) they do not require troublesome extractions and. (2)

they give specífic results.

Schultz et al" (f4) v¡ere the f irst to use a

fermentation method for the estimation of thiamine. Ttrev

found that yeast fermentation was enhanced by the presence

of free thiamine" They utilized this fact for a quantitatj-ve

method for its est.imation. used with a lfarburg apparatus,

the method. is suitabl-e for microestimation (15) " Thiamine

pyrophosphate (cocarboxylase) can be measured by its

acti-vity as a coenzl¡me. Ochoa and Peters (16) were the

fírst to use this method. for the quant,itative determination

of thiamine and cocarboxylase in boi]ed tissue extracts.

westenbrink (17) developed a micro method which permit.s the

determinatj-on of about 0"00005 y of cocarboxylase and about

0.0005 Y of thiamine separately in a mixture of both

compounds "

In 1935 the

that the growth of

Swiss j-nvestigator Schopfer (18) found

the mould. Phycomyces blakesleeanus
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required the presence of thiamine. He used this method for

the quantitative estimation of thiamine by measuring its

influence on the growÈTr phycomvces blakesleeanus. The

method is very sensitive but its chief disadvantaqe is that

it takes B 10 days before the growth is complete. Later

various invest,igators used other microorganisms-

saccharomvces cerevisiae (19), Lactobacillus fermenti (20) 
-

for the same purpos'e" The split products of thíaninerthe.

pyrimidine plus the thiazole part, are active al_so"

Among chemical methods the "Thiochrome method, " first

reported by Jansen (21) in 1936, is most widely used" It

is based on the oxidation of thiamine bv potassium

ferricyanide in an alkarine medÍum, extraction by j-sobutanol

of the thiochrome formed, and estimation of the intensity

of the violet-blue fl-uorescence in ultra violet light.

Ttriamine phosphates can not be assayed by this method,

without prior hydrolysís to the free thiamine, because the

correspond.ing thiochrome phosphates are insol-r.lble in iso-

butanol (zz); ft could be expected that this method. is not

only sensitive but aLso specific for use in biologj-cal

fluids and extracts. Bouman (23) found, however, that
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blighted. potatoes (infected with phvtophtera) ccntain a sub-

stance with a blue fluorescence which i-s sol-i:bLe in iso-
butanol" Also urine and other biological fluids contain

interfering substances 
"

trlhen t-his method was applied. to certain cereal

extracts and biological fluids high blanks \¡/ere obtaj-ned d.ue

to the presence of interfering materials. Various adsorbents

(naturally occurring silicates, such as acid clays and

ful-Ier's earth) v/ere used to remove the interfering materials

but cerecedo and hÍs coworkers (24, 25, 26) \^/ere the first
to use a synthetic zeolite (oecalso) for this purpose. They

found that thiamine can roe adsorbed on Decalso and can be

removed l-ater by eluting with neutral sal_t sol_utions. They

used the method. and ísolated. pure sample of thiamine from

rice polishings, brewer's yeast, and wheat germ.

Thiamine in Cereals

Kinnersley and. peters (27) reported that thi_amine may

be present in more than one form i-n yeast extracts " They

found that about 12% of L]ne activity of their yeast extracts
\^/as always associated with the lead precipitate, even upon

a repreci-pitation. This, along with other evidence Led them
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to suggest that they l¡rere probably ,"ciealinçr with two forms

of vitamin 81o either d-ifferently combined or oerhaps

oxidized and reOuceci.,uu A similar conclUsion was cirawn by

Guha and Drummond (28) from their studies on wheat embryo

extract' This other form of thiamine míçiht have been

thiamine pyrophosphate which was r-ater díscovered by

tohmann and Schuster (lf) to be present in yeast,

Lohmann and Schuster (11) have shown that a large
part of the naturalj-y occurring thiamine ma-y be present in
the form of its pyrophosphoric acio ester which cannot be

estimateci as sueh by the thiochrome method" !-or this reason

sonre material giave l-orver values for thiamine than those

obtained by bioloqical methods in which TPp is physiologically
active" The ciifficulty rnras overcome by Hennessy and CereceCo

(29) by enzymically converting cocarboxylase to thiamine

during extraction of the sample, li.n enzyme preparation

from beef kÍdney was used for this ptlïpose" /Ls the

preparation of such material- is tedious and time consumingi"

the ad.aptability of other enzyme prociucts was investi-
c¡ated-" The apÞlicability of many enzJrme preparatíons

such as Taka-Diastaseu Claraseu Pol-id-ase" I{ylase was stuciieci

b3r various investiçrators (30, 3r) and it was found that raka-
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Diast.ase and Clarase tvere quj-te suitable .

rn the usual methods cereal-s are first treated with

such enzyme preparations and then the amount of free thiamine

is estimated by the thiochrome metÏ¡od. The applicabi]ity of
the thiochrome method for the estimation of thiamine in

cereals has been studied in detail by varíous workers (30,

31, 32, 33, 34, 35). A rapid method for the determination

of thiamine in wheat and flour has been reported by Hoffer

et al. (33) in which the enzymic d.igestion step was omitted.

They extracted the sample with potassium chlorÍd.e solution
(acidified with acetic acid) and determined the thiamine

content of the extract by the thiochrome method. Trl:ey found

that by the use of a correction factor the rapid method with
unenrj-ched commercial flours gave the same results as ob-

tained by the regular procedure" üIi_thout the correction
factor it gave lower results. rvith enriched flour and wheat

no correction was required" with bran and. shorts the rapid
method gave higher thiamíne values Èhan the regurar pro-

cedure, with germ it gave lower values. Ttrey explained the

Low results with germ by assuming that it contained bound

thiamj-ne, presumably cocarboxylase, but no explanation was

offered for high results with bran and shorts or for the l-ow



13

results on unenriched flours.

The occurrence of various thiamine phosphates, mono-,

di-, and triphosphate in animal- tissues, particularly in
liver, has been reported by various workers (36,37,38). The

presence of thiamine pyrophosphate in blood, animal tissues

and yeast has been d.emonstrated by its cocarboxylase activity
and also ident.ified chromatographically. Greiling and Kiesow

(36) j-dentified thiamine triphosphate (TTp) and Tpp in the

liver, kidney and brain of rat by paper chromatography.

Recently Rindi and De Giuseppe (37) found TMp, Tpp and TTp in
rat tissues. Kiessling (38) identified Lhe presence of thia-
mine, TMP, TPP and TTp in yeast extract by paper chromatography.

Tt has been said earlier that in cereals thiamine occurs both

in the free and bound form. But as far as the investiqator
is av/are it has not been proved definitely that the bound.

thiamine ín cereals is thiamine pyrophosphate.

Hennessy and cereced.o (29) compared the thiamine

contents of several samples of whole wheat and. wheat qerm

determined by different methods. Ttrey used three method.s,

namely, bioassay, the thiochrome method without enzymic

treatment, and the thiochrome method after enzymic (phospha-

tase preparation) treatment. They obtained comparable results
by all the three methods with two wheat germ samples but with
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the third. wheat gierm sample the first and. third meLhods giave

a higher thiamÍne content tTran that obtained by the second.

method, thus indicating the presence of bound thiamine

(probably cocarboxylase) in that particular wheat germ

sample "

Tauber (39) stud.ied the cocarboxylase content of

several plant materials and concluded that with the exception

of yeaste plant materials possess very smal-l cocarboxylase

activity. The material-s Ïre used \^/ere cabbage, orriorrs,

orang'e juice, orange seeds, spinach, green pepper, etc.

No cereal sam'p1e was studied"

Obermeyer, Fufmer and Young (40) reported that wheat

flour does not contain any cocarboxylase. They found that

all the thiamine of wheat flour can be determined loy the

thiochrome method without prior treatment with any enzyme

preparations. They also observed that wheat flour contained

a cocarboxylase-hydrolyzLng factor which could hydrolyze any

added TPP if the extraction v¡as carried out wi-th col-d

potassium chloride solution (5 25% poLassium chLorj-de in

0"005 N sulfuric acid). The factor was found to be heat-

labile and could be destroyed by performing the extraction

with hot 0"1 N sulfuric acid"
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on the other hand Sure (41) found bound thiamine

(probably cocarboxylase) in wTreat embryo" He studied. the

efficiency of dj-fferenL commercial enzyme preparations in

hydrolyzLng the bound thiamine in yeast and wheat embryo at

d.if ferent pH' s " He observed that at low Ïrydrogen ion con-

centrations (pH 2"5 to 2"7), practically no free thiamine

lras liberated by commercial phosphatase preparations from

the cocarboxylase of two brewer's yeasts. However, at the

same range of pH, 75 BB percent of combined thiamíne was

hydrolyzed by such phosphatases from commercial wheat

embryo" Ttre fact that the cocarboxylase in wheat embryo can

be hydrolyzed by phosphatase aL mùch' I ower hydrogen ion

concentrations than the combined thiamine of brewer's yeasts

led Sure to suggest that thiamíne exists in a differently

combined form in wTreat gierm than in the type of yeasts

studied"

Synthesis of fhj-amine Phosphates

Of the thiamine phosphates cocarboxylase commanded

particular attention on the part of scientÍsts because of

its important role as a coenzyme in biochemical reactions.

It has been synthesized both by chemical and enzymic methods.
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Recently TTrí? a.nCr higher thia.roine ohosphates have al so been

synthesized- chemically" !'r'eylanci. and_ To.uber {42) gave ân

extensive description forLhe preparation of thiamine

pyrophosphate i^ihich sulcstance trierl--lvial-herbe ( 43 ) synthesized

by treatinq thj.amíne bromicle wíth silver pyrophospha-te,

Jîarrer a-nd Viscontin-i t44), t/iscontini et a-L" (45] and Yusa

(461 ímproved the method of Weyland anci Tauber" I-he ím-.oroveC

methoct is i.escribed. briefl-v as folloro's"

One ç,, of thiamine drloricie hyclrochloricl,e and 1 çi"

of phosphoru-s pen'roxiie ïJ-ere adoLedo in severõl portions, to
phosphorÍc a-cid mixtur-e at 100 - 1û5o C" The phosphoric

acid, mixture rrâs Þrêpa-red. by hee.ting 2,6 gi" of orthophosphoric

acíi. e-t about 32ûo ç tifl rt became semi-solid-" .,3y this
-Lreatment orthophosohoríc acid i-s converted to a mixture of

pyrophosphoric acio (nnf rC,I ancr- metaphosphoric acid- (h?ûS)

{e2} " The v¡hol-e mixture was al-l-or^¡ect, to stanC. further

for 20 rninutes at t00 l05o f, r.vitìr occasional- stirring"

It rrras cooLed,u rnixed i,¡ith l-"6 ml rn'ð.tero ancl- the resulting

solutíon røas centrifuged-" Ihe superna-tairt viscous

lio;ui-d r:.ras l3olr.Tecl- inì:o 40 nI col-d- ethanol-acetone mixture

{1:1 vol, } i,¡i-Lh vigorous a-gítation" The lvhíte precr-pitate

formed i+as col-l-ec'ced. o"issolved in minimal amount of r'¡ater

anci irræj-pitatei as Cescribecl above. After the precipitation

lrrð-s reÐeated thrice, the proo.uct r¿as obtained. as nearly

nonhyd-roscopic i.,¡hite oov¡dero the yielo- being 7"26 g" The
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mìxture (prod-uct) thus prepared- conta'jned- hig,her phosphates

of thiamine incl-uciinqr tl-riami-ne triphosphoric acicL ester

impl 7o/", thiamine pyrophosphate z}ol,u thiamine monophosphate

60:1"" ano f ree inorganic phosphate (bel-ow Il") "

tr-qp e r Ç¡ r p+l elo q r-e- phr-S.å*Li-r*ig t g+l*lþ.-gry,i n e l-' e r í va t i v e s'

The first method- for separa-tinçr different thiemine

d-erivatives by paper chromatography vras reported- by Baloantoni

$ g!" (+7) usingi isobutonolo nyridine and ivater (t:1:1) as

solvent. By using an ascend-ing chromatographic methoci" flr ey

i^rere a-ble to separate a pseud.o thiamíne" thiamineo Tìl'F ancJ.

TPP" By this method. TPF and. TTP cannot be separated"

Ki-essting ( 48 ) reported. ô- proced-ure by which al-l the

phosphate derívatives of thiamine can be separated-" The

sol-vent ís l-00 ml, ísobutyríc acid, ô0 nil-" l- N arnnonia, and

1"6 ml" 0,tr IVi ethylene d.iamine tetra-acetic acid-" From a

míxture of thiamine phosphates prepared accoro.ing to

ViscontÍnio Bonetti and. I{arrer i45i" nine thiamine compound-s

can be isolated" From the total- and hyCrolyzabl-e phosphorus

per molecuLe of each derivative he concludecl that those

nine spots were due to thÍamine" pseudothiamineso thiamine

mono-" d-i-(or pyro-)u tri-o tetra-o and- pentaphosphates"

Pseud-othiamines are bromo- or chl-oro- d-erívatives of thiamine,

gieneraltr-y present as imicurities in synthetic thiomine prepara-

tion" They contain norÌ-ionizable Cl or Br and were first

separê.teci- and iolentified- chromatoçiraphically by Gaudiano et 41,
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(63)" The si¡ots B - t have more than five phosphate Çiroups

Trer mol-ecule of thiamine" There is no report in the litera-
ture about the mocie of linkage of these phosphate groups to
the thiamine molecule" Roux et a!" ( 64) assumei that in
thíamine triphosphate the thírd phosphate group is attached

to the I{H2 of the pyrimio.ine nucleus of thiamine molecule,
'l'hey al-so proposed tha-t ín the higher phosnhates of thia-mine

tt',¡o separate chains of polyphosphoric acid rnight be l-ínked

each to the NH2 of the pyrimidine and -CH2ÐH grroup of the

thiazoLeu but no experimental evidence was 'presented, i3y using

thís method he qot fairly good- separationu the respective Rg

values are 0"87, 0"79u 0,77u 0.68o 0.55u t,460 0.36, 0,24u

and 0,2L,

Silíprandr and Siliprandi ( 49 ) used a d.ifferent

solvent for the chronatogrô-i'¡hic separatíon of thiarnine

'ohosphates" The solvent is n-propanol-water-t i.vl acetate

buffer pH 5 (65:20:15), Theyfound that previous washing of

the fitter paper (li,firatman i[o" f) with 4 irT hydrochloric acid

and an alcohol-ic sol-ution of B-hydroxyguinoline followed

by i.rashíng with 50% ethanol resulted. in a nearly quantÍtative

separation of thiamine" T[.LÐu TPP" and- TTP" The hiqiher

ohosphates cannot be separateci- by this technique" The

correslcondíng R, values of thia¡oineo TivFo TPP' TTP are 0"64,

0,38" 0,21 and O"LZ respectively"

A1I the cl-rromatographic methods d"iscussed- above are

the ascenclinçr type,
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Paper Electrophoretic Separation of Thiamine Derivatives

Various methods { 50-54) for separatinq d-ífferent

thiamine derivatives by paper electrophoresis have been

d-escribed in the líterature, each involving a i-ifferent

buffer soLution of different pH ana ionic strength. Rossi-

FaneLli et al" (51) used- a solution (pH 3"0) consisting of

1000 ml" of 0.1 N sodium chloride and- 3"5 mI" gilacial- acetic

acid, The5r r^rere able to separate thiamine" TIVIP" TPP and

TTP nearly quantitatively" The thiarnine derivatíves

miqrated- to the negative end of the fil-ter paper al

dirferent speecl TTP < TPP ( TIviP ( Thíamine.

Siliprand-i and Síliprandi (50) used- a d-ífferent

solution for el-ectrophoresis" It was composed of 50 ml"

I IVt sod.íum acetateu 50 ml" ll!¡i acetic aciclo 900 ml" distilled

watero the fine-l pH of the solution is kept at 5'1 - 5'2"

They achieved a giood separation of thiamine" 'Ii''P, TPP and

the hígher phosphates. Thiamine migra.tes tor'¡ards the

cathoci-eu TI,P goes more slowly al-so towarcis the cathocle,

TPP goes to the anod-e" TTP and higiher phosphates mig'rate at

gireater speeci,s, respectivelyu towards the anode'
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Other Methods of Separation of Different Trhiamine Derivatives

Recent,ly Síliprandi and Síliprandi (49) have studied

the problem of separation of thiamj-ne derivatives in greater

detail" Ttrey studied various methodsunamelyr chromatographic

separation on (a) filter paper, (b) starch column, (c) j_on-

exchange column and electrophoretic separation by (a)

filter paper, (b) starctr and cell-uLose powder column and

\^/ere able to use all of these methods for tl_¡.e quantitative

separation of var j-ous thiamine derivatives, from a mixture

of pure components" rn this report they also described a

method of desalting a solution containing thiamine

derivatives. This desalting step is necessary because the

presence of any salt interferes with the separation of

different derivatives elther by chromatographic or

erectrophoretic methods" rt is described briefly as forlows.

The solution containing thiamine derivatives and salt

was passed through a small column containj-ng carbon ("carbo-

Activ") , pretreated with cholesteryl stearate (100 mg. per

g" carbon), in order to adsorb the thiamine derivatives.

cellulose powder was mixed in the column to obtain a faster

flow rate" After washing with distilled water, which

removed the inorganic salts still retained in the column,
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the thiamine compounds v¡ere eluted with 50% ethanol. The

treatment of the carbon with cholesteryl stearate was

necessary to make the adsorption reversible. The alcohol

water eluate was concentrated and used for chromatographic

or electrophoretic separation.

fn al-I the cases arcoholic alkaline ferricyanide

solution was sprayed on the filter paper, after drying, to

detect the position of the different thiamine derivatives.

All the thiamine derivatives are oxi-dized to the

corresponding thiochromes which fluoresce in ultravj-olet

1ight.

Recently De Giuseppe and Rindi (55) reported a method

for the separation of thíamine phosphates by ion-exchange

chromatography. They used. anion exchange ¡qsi'ns in the form

of borate and acetate. A mixture of thiamine and its

phosphoric acid esters was percolated through two superposed

columns A and B containing a strong anion exchange resin in

the acetate and borate form respectively. Tpp and TTp

were retained in column A, whil-e column B held TMp firmlv

and thiamine very loosely. Ttle successive use of o.o2 M

boric acid (HreOr) and O.t M sod.ium chloride in O.l_ M

hydrochloric acid. solut,ion allowed the elution of thiamine
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and TMP, respectively, from column A, while the elution of

TPP and TTP was achieved by using 0"02 M sodium acetate in

0"04 M acetÍc acid and. 0"1 M hydrochloric acid. respectively"

Throse methods, for separatíon of different thiamine

derivatives, described above can not be employed d.irectly

with the cereal extracts because they contained. many inter-

fering materials (carbohydrates, protej-ns, salts, etc) .

So there remains the problem of developing a method which

can be used for the quantitative estimation of different

derivatives of thiamine in cereals" It miqht resemble

methods already described, but must provide for the removal

of interfering substances"

From the above discussion it is clear that the main

problem was to (1) determine the free and total thiamine

content of the cereal- samples, (2) develop a method for

deÈermining the various thiamine phosphates in cereal

samples both qualitatively and. quantitatively and use that

method to find which derivatives of thiamíne are present

in cereals and in what amounts.
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METHODS AND MATERTALS

1. fhiochrome Method for the Determination of the Total

Trl:iamine in Cereals.

This method was first reported by ,Tansen (2I) and.

has been mod.ified later by other investigators (22, 29 35).

Each step of the method has been studied extensively and has

been revj-ewed elsewhere (34, 35) " Bechtel and Hollenbeck

(35) have recently stud.ied. the method elaborately and

suggested some modifications. rn this investiqation the

modified. method described by them was followed. since its

índividual steps enter into the overall experimental- pro-

cedure of this investigation the method is descrj-bed in some

detail- below"

(a) Principle of the method. T?¡ianrrine when treated.

with alkaline ferricyanide solution is oxidized to

thiochrome wtrich fluoresces in ultraviotet liqht. The

thiochrome is very unstable in aqueous solution and the bril-
;J.j.ancy of fLuorescence is also less in aqueous ,than in
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alcoholic solutj-on" For this reason, after oxidation,

tl.e thiochrome is immediately extracted with isobutanol

and the fluorescence of the isobutanol layer is measured

with a sensitive fluorophotometer" The result is compared

with that obtained from a solution containing a known

amount of thiamine"
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(b) .åpparatus. ( l) p¿uorophotbmeüer"Elae{rronic.; f J uoro-
photometer - fulanufactuïeci, by col-eman Electronic co", Tncno

ivlaywood.u fl-l-'u u' s, l!" The apparatus was eguipped with
special fil-ters suitable for thiochrome estiination and was

used according to the manufacturerns ciírection, (Ð hlater

bath for a temperature of l00o C" (g) fnci:_bator for a

temperature of 37 - 40o c" (4) Decal-so acrsorption tubes,

The reservoir should be api:roximately bû m:r-r" long and 25 mm,

in d-iameter" anC the adsorption tube 5 to 6 run, insi<Íe

diameter anci approximately 140 mm, longi endíng in a capilJ-ary

tube l0 inm" in length and. of such bore that when charg^ed the

rate of flow will be not nore than 1ml" per rninute (S)

Glasg-stoppered graduated cylinders of 2s mr, capacity"
(6) Reaction vesseL, Glass-stoppered centrifuge tuloes with
conical- bottom of S0 m]" capacity,

(c) Reagients, (l) Sodium hyd,roxide solution, lS%"

{.2'; Potassium ferricyanide solution, Lolo, If coniaíned ín

a stopperecl broi^m lcottle and stored in a cool-o d.ark prace,

thís reagrent Ís stable" (3i .tlkaline potassium ferricyanice
sol-ution. one hundrec- ml-" of sociiunr hydroxide soLution

{reagent l} was mixed v¡ith 3 ml" of potassium ferricyanic'e

sol-ution {reagent 2)" This reagient v¡as prepared daily just
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before use" (4) Sulfuric acid solution, 0.f N approximaLely.

(5) Sodium acetate solution, 2.5 M" (6) Enzrme preparation.

Two percent Taka-Diastase a solution in 2"5 M sodium acetate

(reagents) " This reagent \^ias prepared fresh d.aily. (7)

Tsobutanol-" This should qi-ve a blank read.inq of 1"5

galvanometer scale diviSions or less" ft was purified by

shaking with activated cl-arcoal (2 g" charcoaL per 100 ml.

isobutanol) for 15 minutes and was fj-l-tered ttrrough a fine

filter paper (Vrfhatman No" 42) " (B) Potassium chloride

solution, 25%" (9) Activated DecaLso Synthetic zeolite

(sodium aluminium silicate exchanger) supplied by "The

Permutít Company", Birmingham, N" J., U" S. Ã. (10) Stock

thiamine solution. Thiamine chlori-de hydrochloride b *as

dried over phosphorus pentoxide in a d-ésiðc¿rtor' for at least

24 hours" One hundred mg" of it was dissolved in 25%

ethanol and diluted to I l-iter wÍth 25% eLhanol" This

solution is stabLe for several- months if kept under

refrigeration. (11) Standard thiamine solution " Fíve ml.

sfaka-Oiastase Supplied., l:y "Parke, DavÍs & Co.
Ltd., Wakerville, Ontario, Canada"

hrhiamine chloride hydrochlorideo Supplied r by
"Nutritional Biochemicals Corporation", Cleveland, Ohio, U" S" A.
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of the stock thiamine solution (warmed to room temperature)

was diluted to lOO mI. with 0"1 N sulfuric acid. Four ml"

of this intermediate solution was dil-uted. again to 100 mI"

with O.I N sulfuric acid. solution (final concentration 0"2

{ p"t mt"). This solution was prepared daily" (12)

Quinine sulfate sol-uti,on. one hundred' mg. of U" S" P"

quinine sulfate was dissolved in 0"1 N sulfuric acid and

dilut,ed to 1 liter wiLh the sulfuric acid sol-ution" Three

ml" of this solution was diluted. to 1 liter with 0-1 N

sulfuric acid solution. This solution was Stored in a

brown bottle"

(d) Sampling of cereals" The whole grain was ground

in a Wiley mill to pass a 20 mesÏr screen. The mill-ed

materiaf was then ground. finely to a f00- mesh size and

mixed thoroughly.

(e) Extraction. About 4 5 g" of the sample was

weighed. and placed in a 250 ml" volumetric flask (pyrex) -

one hundred mI" of 0"1 N sulfuric acid was add.ed and the

mj-xture was heated in a boiling water bath for fifteen

minutes with occasional shaking" The fLask was cooled and

10 ml" of enzyme suspension (reagent 6) was add'ed" fhe pH
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\Mas ad.justed to 4"5 and the mixture was allowed to incubate

for 4 hours at 37o C. Then it was coo1ed to room temperature

and the volume was made up to 250 m1" The contents v/ere

mixed thoroughly for 15 minutes and filtered through a

fluted filter paper (frlhatman No" 1), the first few ml" of

the filtrate being discarded. fhe filter paper had been

tested previously and found to adsorb no thiamine.

(f) Purifj-cation. This step was necessary to get

rid of the interfering material which was present in the

cereal-s and gave a hígh galvanometer reading for the bl-ank"

fhis was done by passing the extract through a column

containing Decalso, a synthetic zeolite composed of sodium

aluminium sil-icate. Decalso acts as a cation exchanger and

was used in the Ht ion form. Thiami-ne in acidic solutíon

(pH 4-5) is adsorbed by Decalso and can be eluted with 25%

potassium chloride solution" The used Decalso was

regenerated by repeated. washing wiÈh 3% ltot acetic acid

followed by washing with Ïrot wat,er.

A column heiqht of 3-4 cm" and diameter 5-6 mm" was

a
found to be sufficient for the adsorption of 2O^( of

thiamine" Before use, the column v¡as viashed with boiling

water. Both during adsorption and elution the flow rate
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was adjusted to about 1ml, per minute" The fl-ow rate was

controlled by puttingr some sfass v¡ool a-t the bottom of the

col-umn and pressing it to the desireC deg,ree"

Forty to sixty mI" of the filtrate from the previous

section ( e) was passed" throuqh the Decalso column" the

reservoir ano the column r¡rere w-ashed- with three successj-ve

5 ml" portíons of hot water" Then the adsorbed thiamine was

eluted with 2A mI" of 25% potassium chloride sol-ution and

the el-uate was coll-ected in a g,lass-stoppereC grao.uate

cylínder. The eluate Í¡as made up to 25 ml" in'ith. v¡ater and

shaken røell,

(g) Oxidation, Five ml" of the eÌuate from the

previous section was placed in a reaction vessel and- 3 ml"

of al-kalíne ferricyanid-e solution (reaqient 3) 'hras ad-d-ed

to ít and the vessel shaken wel-l, Fifteen ml" of isobutanol

r,{ras ad-ci-ed to the mixture ímmediately roiith a quick delivery

pipette and the whole r,,ras shaken vigorously for 90 secono:s,

The two layers of water and isobutanol- urere separated. by

centrifuging the reaction vessel- for 30 second.s at 2000

rop"rr., n ancl the bdr tom agueous layer was sucked out r'¡ith a

thin capillary tubeo connected to suction' One ml-" of 95%

ethanol (clehydrating agent) was acrcied to the isobutanol

layer and mixed- well" About I0 ml" of the mixture

was decanted into the cuvette,' for readinq the
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fluorescence of the thiochrome" For the blank the same

procedure \^¡as repeated except 3 mr " of potassium hydroxide

sol-ution (reagent 1) \,üas added Ínstead of alkaline potassium

ferricyanide solution (reagent 3) "

(h) Measurement and calculation" The fluorophotometer

was standardized primarily with standard thiamine solution

and secondarily with quinine sulfate solution" The apparatus

was adjusted in such a lvay that it gave a f ixed suitabl-e

galvanometer defLection (7o - BO scale d.ivisions) with
quinine sulfate solution. The concentrations of the standard.

thiamine and that of the unknown thiamine solution were

chosen so that both gave nearly the same galvanometer

deflections. Ttre special fi]ters (supplied by the

Manufacturers) were used. An example of calculation is
shown below.

Microgram t^{l of thiamine chloride hydrochloride per

g" of the cereal sample

=R-¿-R-¿hxVxgxl
RsRsbZSR

where Rx = fluorometer reading with unknown.

R>clc = blank fluorometer reading with unknown.

Rs = fluorometer reading with standard thiamine.
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Rsb = blank f l-uorometer readÍng with standard thiamine "

V = volume of extraction (250 m1.) in mL.

Z = volume in mL" of ext::act passed through Decafso"

E = microgram of thiamine chloride hydrochloride,

present in the reaction vessel containing

standard thiamine solution"

S = sample weight in g"

P = volume of el-uate; and

R = volume of eluate used for oxidation"

A stand.ard curve (I'ig" f) of the galvanometer read.ing

vs. microgram of thiamine content of the final 16 ml" of iso-

butanoL was drawn and in some cases the thiamine content was

evaluated from this curve" In a1I cases, before taking the

reading, the fluorometer was adjusted in such a \^¡ay that the

standard guinJ-ne sulfate solution gave a galvanometer reading

of. 70"

The total thiamine contents of different cereals are

shown in Tables 4 - 9"
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2"Tlh+_qqfu ro_¡ne__1fe_!4q_ç*ìl.,qr*t_lle-JS!Sgnll+gt:.ggSåln"_E_{-ee

Thianine in Cereal"

As mentioned- prevÍously in chapier ffo p, IZ, enzymic

d-igrestion of the cereal sample is necessary to bringr its
bound thiamíne into sol-utj.on, uuithout enzy-rnic digestion

the thiamine content of cereals was found to be sme.ller in
most cases" obermeyerp Furmern and. Younq' (40) found that
wheat containec a thiamine pyrophosphate (cocarboxylase)

hyirolyzing factor which is thermolabíl_e and coul-ci be

crestroyeci by perforrning the extraction i,.¡ith hot (g0o C)

0'1 N sul-furic acici sol-ution for 15 - B0 minutes. l{ennessy

and CereceCo {Zg) have also ind_icateci the presence of bound.

and free thiamíne in one of the wheat germ sampJ-es they

stud.ied" The amount of free thiamiheo extractable by l-Leatingi

the cereal- sample v¡ith 0"1 i{ sul-furic acicl for 15 minutes is
described as the free thiamine content of the cereal. The

method. useC is Cescribed briefly as follov¡s"

ÉJcout 4 - 5 g" of the finely ground. cereal sample

i,¡as pl-acec in a 250 ml. volu.metria fl-ask and 100 ml, of hot

0"1- i{ sulfuric acici so]ution rn¡as ad"ded to it, The contents

were heated in a boiling r^¡ater bath for 15 minutes wíth

occasional shakíng. 'llhe mixture v¡as coolsd 16 room tempera-

tureo fíl-tered and the amount of free thramine in the filtra-te

I,rras Cetermined ( as d"escribeci" in tl-re section l- of this



chapter) immediatefY, thus omj-tting the enzymic digestion"

The d.ifference between the total thiamine and the free

thiamine content was assumed to be the bound thiamine" The

free thiamine contents of the cereals are shown in

Tab1es 4 9 "
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CÍIAPTER IV

DE\rELOPMEMI OF A METHOD FOR THE DETERMINATTON OF DTFFERENT

THÏAMÏNE PHOSPHÃTES TN CEREALS

t. Preliminarv Studies

fhiamine and thiamine phosphates are expected to be

present in cereals in small- amounts, about 4 6 f per g"

For chromatographic or electrophoretic separation about 50

60 { of total- thiami-ne derivatives are needed and it shour-d

be present in a minimum amount of solution. About L2 16 g.

of cereal- sample, depending on the thiamine content of the

particular material, would be necessary for this purpose.

vrfhen the cereal sampre is extracted with 0.1 N sul-furic acid

solution, either cold or hot, many other materials

carbohydrates, proteins, other B vitamins etc. - also so into

so]ution and these must be removed and the whore extract

(about 300 - 4OO mI") be concentrated to about 0.5 l.O mI.

before it can be subjected to paper chromatographic or

electrophoretic separation" Ttre usual rnethod used for

separatj-ng interfering materiars is preferential adsorption
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and el-ution" The ad-sorbents g,enerally used for thiamine

are Ful-Leros eartho cha.rcoalo ano uecalso, The suitable

el-uents should be ]ow-boiling volatile organic liquio.s

preferably neutral or weakl-y acid-icu which can be concentrated

easily to a resj-due-free liguici" Various ao.sorbentso namely

Fullerus eartho l'lorisi1" activatec. alumina, cal-cium

carbonateo charcoaL and Decalso rr¡ere employed_ as acisorpíng

agents and el-uting capacity of d.ifferent so]utions -Þ¡ere

stuciied-" They are ciiscussed. briefly as follows"

âo Ful-lerus eo-rth" Full-erus earth ancj- other naturalÌ_y

occurríng sil-icates have been iøíde1y used in the earl-ier o.ays

for the adsorotion of thiamine and it has been reporteci (s6)

that thiamine can be eluteci r¡ith a mixture of pyrid_ineu

acetic acid and water (4;f:L). About 60 y of thíamine was

passed- througih a column, contaíning 2 3 g," of !'ul_lerus

earth" and the column was vrashed i,rith urater, The fj-ltrate

wê.s analyzed and founci to contain no thiamineo thus ínCicatirçr

the complete aCsorption of thiamine, ,Ihree sol_utionso

containinqi d.ífferent percentage of pyridine anci acetic acidu

T¡rere used for elution and it was found that in no case v¡as the

percentagie el-ution over 80%" The folloin¡ing mixtures v,lere

testei as eLut'ìnry n^an* rn.l fþs respective el-ution capacity
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are notecL side by side"

Pyric-ineu acetic acid" \^rater ( 4:1:1)
6i er Êe li {6:l:l)

G! tE st tt (2:l:l)

B0% elution

69% sâ

.7 2Ç1 fî

fn each case 50 nl, of eluate was collecteclo and

increasingr the volume of eluate hadr no effect on the

results "

(b) Fl-orisil- u activatec aluminao calcium carbonate"

Other materials such as fl-orisil 1" activated- alumi-nao and

cal-ciu¡-r carbonate r/¡ere also found 'co acj,sorb thiamine, but

the adsorbed. thíamine could not be eluted compJ-etely"

Ethanol (50%) anct r¡yrioine" acetic acii, v¡ater mixture

(4:1:1) T¡Iere testeci. as el-utingr aqent, In no case was the

elution more than 80%"

(e) Charcoal-" Activatec carbon has been used. for a

longi tirne for the adsorption of thíamine and this \r¡ô.s con-

firmei in the present ínvestigation" Three samples of cha-rcoa1,

which T¡rere avail.able in the laboratoryu namely iVorit i{ þ"

ê Florisil. Supplied b3r u"l-loridin Comoany"', ji{arreno
PennsJ¡lvania, U"S"il"

b i'[orit il. Supplied- by "'Fisher $cientific Company
Lt¿,-"" n Torontoo Canaca"
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animal charcoal 9, activated carbon 9 were tested and. the

elution capacity of different eluting agents in each case

\^¡as studied" .About 0.5 g" of charcoal was found to be

suf f icient to ad.sorb 60 ^( of thiamine chl-oride hyd.rochloride.

The charcoal powder was mixed with filter paper pulp, vbr ich

Ìvas found to have no thiamine-adsorbing capacity, and. was

made to a slurry with water" This slurry was used to make

the column" The following solutions were tested as eluting

agents and the percentage elution in each case is noted in
'I'aþre J.

rt Ïras been reported by siliprandi and sir-iprandi (49)

that by the previous treatment of activated carbon with

cholesteryl stearate, the ad.sorption process can be made

reversibl-e" This was f irst proposed by Hagdah] et al" (57) .

He argued that strongly adsorbable compounds such as

hexanol or cholesteryl stearate are adsorbed on the most

active sites, thus eliminating the possibility of irreversible

adsorption of weakly-adsorbable compounds (in this case

thiamine) on the most acti-ve sites. Ttre pretreatment of

the carbon was effected as follows:

9 AnimaL charcoar and activated carbon. source unknown"
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One hund.red mg. of cholesteryl stearate 3, dissol-ved-

in a l.;l- ethanoL-ether mix'rureu rnras ad.sorbed cn l- çi" of

carbon by shakinçi ihe mixture for 48 hours" 'Ihe ethanol-

ether mixture i,,'as then d.iluted vrith r'¡ater so that aLl- the

cholesteryl stearate llô-s taken up by the carbon"

i\,11 the three ca-rbon sampl-es l^¡ere pretreated vrith

cholesteryl stearate in this \Á¡ay and. the improvement in the

al rrf ì nn ô¡rr^¡i *r' nf Ä'i f Ça-ant al ¡r-l-i na angnf S WAS StUCiieCi"ç¿r¿LJVTL Vql\/uvrLj v¿ vrvrlL vrsL4¡rv

The results are ctiven in- Table Z,

From these results it is clear th-at elution of

thiamine in¡as not complete and this method r,¡as not suj-table"

Siliprandi anci Síliprancii ( +g ) used a ca.rbon sample

callei u'Carbo Activ^o i"hrch 'ç"re-s not avaílabl-e in the market

during the tiine this investigration was carrieC out"

(d) Decalso. It has been sô-íd in Chapter fflu F" 28u

that Decal-so can be usecl for removing ínt erf ering material-s

from thianiine solutíon" Thianine is adsorbed- on Decalso and-

the interferinq materials are v¡ashed out with v¡ater' The

* Cholesteryl stearate" Supplieo- by 'uThe tsri'Lish
Drug rïouses Ltd."o'u Fooleo linqiland.,
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adsorbed thiamine can be eluted with 5 N hydrochloric acid,

but it was undesirable because hiqh concentrations of

hydrochloric acid would hydrolyze the thiamine phosphates.

Various pyridine-acetic acid-water mixtures and ethanol-

water mixtures v¡ere tested as elutinq aqents and it was

found that alcohol sol-ution did not elute any thiamine, while

maximum elut.ion with pyridine-acetic acid-water mixtures \¡/as

BO%.

It has been said earl-ier that thiamine can be eluted

completely with 25% poLassium chloride solution. This eluate

must be freed completely from potassium chloride if it. is to

be used for chromatography. The i-nvestigator was aware of no

reagents which could. precipitate K+ ion completely without

introd.ucing any foreign metal ion in the solution and so it

v/as a big problem to remove the K* ion from the solut,ion.

The method of electrol-ytic desal-ting has been employed for

separatÍng salts from amino acids with success. ft was

thought that it might solve the problem. fhe principle of

electrolytic desalting is described briefly as follows.

In operation, the solution to be desalted is floaÈed

on a mercury surface - the cathod.e - and is in direct

conÈact with a semipermeable membrane. El-ectrolyte is
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contained. al¡ove the membrane in the anode cell. fhe

application of direct current causes the inorganic cations

to migrate to the mercury, where they are reduced to an

amalgam. The anions migrate through the membrane j-nto the

anode chamber where they are oxidized at a platinum electrode

and swept away by the following electrolyte" The flow of

electrolyte also serves to cooL the anode. The organic

materials have much slower rates of migration, and. further-

more their charqe tends to be neutraLized. at the membrane

surface. Trl:us the inorganic ions are effectively removed.

from solution, while the organic molecuLes remain" The

mercury amalgam is removed by continuous circul-ation and

washing with water" The desalting operation takes 5 minutes

to I hour, dependj-ng on the t)æe and volume of sample

solution. Completion of the o¡reration is indicated by a

relatively rapid drop in the operatingt current.

Ttris metTrod was tried with the potassium chloride

eluate and after the desalting process v/as over, the sample

solution was found to contaín no thiamj-ne. This might

have been due'to eíther (1) destruction of thiamine during

electrolysis or (2) passing of thiamj-ne through the semi-

permeable membrane. Later on it was found that, before the

half of the total salt was removed. all the thiamine dis-
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appeared from the sol-ution. So this method was unsuitable.

The method of desalting a sample as reported by

sili-prandi and. siliprandi- has been d.escribed. earl-ier in

chapter ïï, p. zo , and was found to be unsuccessful due to

the unavailability of the proper kj-nd. of charcoaL"

when all these methods failed other cations, easily

removable from the sol-ution without introducing any other

metal ion, v/ere tested as eluting agents. Tt is a well-

known fact that Balf ion can be preci-pítated as barium

sul-fate with dilute sulfuric acid and ít was found to have

good. eluting pov¡er, about 93 9s% in case of thiamine.

T?re correspond.ing elutÍng povier in the case of rpp was

about 86%" It was thought that barium chloríde could be

used as an eluting agent, and the final result could be

corrected by multiplying with suitab]e correction factors"

fhe corresponding correction factors for thj-amine and Tpp

v¡ere L/O.94 and I/O"86 respectively. Fifty ml. of 30%

barium chloride (Bac12 "2 H2o) was used for elution and was

found t,o be sufficient" After el-ution, barium chloride was

precipi-tated by adding the exact amount of l- N sulfùric

acid required, a Little ethanoL was added to keep the
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solubility of barium sulfate to a minimum. The precipitate

v¡as d.ecanted and ttre precipitate washed. All the supernatant

and wash water wer,e coflected and concentrated. in vacuum at

room temperature" ït was found. that when the soLution was

concentrated to a very l-ow ,volume (about 1 ml. ) some

solid residue appeared. This residue might have been excess

barium chl-oride, or barium sulfate or other impurities

which might have been present in the barium chloride

reagient" As the amount of barium chlorÍde j-n the eluate

was quite high (alcout 15 g" ) it could conta j-n comparatively

large amounts of impurities even when pure barium chloride

\¡¡as used" Another disad.vantage of this method was that it,

v/as very difficult to precipitate all- tþe barium chloride

exactly, and any excess sul-furíc acid was undesirable

because it, when concentrated, oxid.izes all organic matters

very rapidly"

Further investigatlons v/ere carried out and a new

method was found, which is descríbed in section 3 of this
chapter "
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2. Paper chromatographic and Electrophg,retic separation of

Thiamine Derivatives.

The available method.s have been discussed in the

"Reviev/ of Literature." of the paper chromatographic methods

the ones reported by siliprandi and siliprandi- (49), and. by

Kiessling (48), were used. in this investigation. The former

used the solvent n-propanol--waLer-1 M acetate buffer, pH 5

(65:20:15) and giave a very good separation of thiamine, TMp,

and TPP" The higher phosphates seemed. not to move at atl- and

so this method is suitabLe when the higher phosptrates are

absent" The latter method uses the solvent l-00 ml-. iso-

butyric acid, 60 ml. N ammonia and 1"6 m1. of o.l- M ethylene

diamine tetracetic acid and gave a good separatíon of the

higher phosphates" rt was intended to be used if any hiqher

pïrosphates of thiarnl.ne had loeen found to be present in the

cereal samples. ïn both the methods vühatman No, f fil-ter

paper Ì\ias used" Typical chromatogirams obtained by the aloove

two methods are shown in Figures 2 (a) and 2 (b) respectively.

Both methods are of ascending type. Figure 2 (a) shows the

presence of TMP and TPP in the synthetic mixture of

thiamine phosphates, prepared according to the method of

Yusa (46), TpP and the higher phosphates are not weLl



47

separated from each other. From Fig. 2 (b) it is seen that

the chromatogram, prepared from the same synthetic

mixture, contains eight well-separated spots. The first two

top-most spots (near to the solvent front) are due to TMp

and TPP respectively. rt did not indicate the presence of

any tTriamine (T) or pseudothiamines. It took about 16

20 hours to run the solvents, afterwards the chromatoqrams

were dried in air and sprayed with alcoholic alkaline

ferricyanide solution (1 mI " L% potassium ferricyanide

solution, 50 ml-" 30% sodium hydroxide and 50 ml. ethanol)

and dried in air. tÍhen it was viewed in uLtraviolet light,

all the thiamine d.erivatives appeared as blue fluorescent

spots. fhe spots \^¡ere marked with penc j_1 and af terwards

photographs were taken using ordinary black and white film
(t<odak TX 135-20) in day 1i9ht.

For the unknown a para11e1 run with known derivatives

of thiamine was made, only the part of the filter paper con-

taining the known compounds was sprayed. with ferricyanide

reagent and. the position of different derivatives \^/as

located by comparing with that of the known ones. The res,-

pective spots, from the unknown part, were cut into smaller

pieces and placed in 25 ml. volumetric flasks
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separô-iely ano" shaken wel-I i+íth 20 ml. of 0"1 l{ sulfuric

aci-d sol-u'cion for hal-f an hour" The volume r^¡as macie up to

25 ml-" ancl mixed r"¡ell and each solution io¡as analyzed for

thiamine afteu- hrrrtrol¡¡s-i q -with Taka-Diastase" By comnaring,

r'¡ith stancard- knov¡n solutions tÌre loss" cluring all the steps

of chromatograr¡hic separation a-ncj. elutionu i^ras o.etermined.

and- inras founi to be negligiible" t¡ith thiamine" Ti\,lP ô and-

TPP g {ZO y or' each) the percentage reeoveries (by usinq the

method of Siliprand"i and Siliprand-i) were found to lie

between 99 l-00%" ils low as 5 / of a derivative coulo be

d-etecteci by this method,

The mixture of higher phosohates of thiamj_ne 'was

preoar-eo by the method, of Íusa (46)" as deserílcec, in ühapter

Tf , All the d-erivatives \^/-ere dissolved in 50% ethanoL and

storecl at about -10o C" ëit this conci-ition all the solutions

were found. to be stable for nearly two months, 'Ihe

solutíons inrere warmed- to room temperature before useÞ

Of the electro;ohoretic method-s of sepa-ration, the one d-evel-

opeci- by Rossi*.+a.nellio .i'iond.ovi and lSoffi(51) r+as useci" The solution

A ïr't i-, '

- rrr¡*.'[l]fl€
nFr^c- l-ì=ì-õ I'¡'l_Jl ..
¡J!rvÞprLq Ls \ -Lr.l ,, o

f ì nnrt fll orzal .anrl
a v¿v v ç¿srrv"t

it/ionoirhosphate (Tt\P) anC Thiarnine Pyro-
Supr:l-ieci by "Nutriti onð-l iSiochenicals Corpora-
Ohio" U" .S" il"n
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used wô.s co¡i?posect of 1000 ml" of 0,1 N sod.ium chlorio,e and

3.5 ml-' glacial ecetic acid, the finar pH of iire sol_ution

r"rô.s 3.0" rt çiave giooci separatíon of thiamine" Tj\,lp anc TFp

but the hig-her phosphates weïe nor separated. at alr-" Ã

photogro-ph of the separation of thiamine derivatives is
shown in Figure 3' The filter paper (ii4unkter- .\ro" zt) used_

i^¡as alcout 16 inches in i^¡id-thu a current of l0 mil-liami:eres

\^ias passeo- throuq,h the tcaper for l_2 hours. The who]e process

r^rô.s d-one in the cold room" The photoqiraph ín !'iÇr" B shorvs

two runs sld,e by sideu the one on the left is r,¡itl-i the

synthetic mixture of thiamine phosphates" From the fiqure
it is clear that rPP contained. traces of higirer phosnhates

v¡hich appear as a long tail just bel_or,¡ Tpp, It is also

seen from the figure that the synthetic phosphate preparation

d-oes not contain any free thiamine and the higher phosphates

are not separated at allo they apoear as a tail- at the

bottom of rPP, The percentage recoveries of thiamine, Tiqp

and TPP were studied and the loss was founc to be quite hig-h,

The percentaqie recoveries for thiamine" Ti'¡tÐ and- Tpp were

92ol"u 87-'â and 72L respectively"

lJue to better recoveries anci better separatíon of the

l-tiçrher phosphate cterivatives tho .hrnmaf 6g,¡aphic methods êre
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to be preferred to electrophoretic ones.

3" fhe New Method for the Determination of Different Ttriamine

Phosphates in Cereals"

It has been mentioned earlier in this chapter, p.3b,

that after the extraction of the thiamine and its derivatives

from cereals it should be puri-fied from other materials

before it can be subjected to either paper chromatographic

or electrophoretic separation. fhe purification method with

Decalso was not suitable because the thiamine and its

derivatives could be eluted only with salt soLutions of

high concentrations" The method of Siliprandi and Sil-iprandi

for desaltíng the sample, by the use of ad.sorbent charcoal

treated with cholesteryl stearate solution, dj-d not prove

satisfactory. This might have been due to the

unavailability of the proper source of charcoal because

díf ferent charcoal sanples giave dif ferent Fesults " T'l:e

method of electrolytic desalting'\Mas also found unsuitable

because it brought about the dísappearance of thiamine

within a short time" So a nev¡ method of d.esalting was

sought and a long but a fairly satisfactory method was

developed" It is described as follows"



(A) Principre. The cereal- sample was extrac-bect r,vith

a suitable sol-ventu which will be cliscussed later in
section (B)" a-nci the extract hras passed through a Decal_so

column" The corumn was washed with wateru ancr the thiamine

derivatives were elutecL ivith 25% potassium chloride solution,
The potassiuin chl-orid-e eluate bras dried, in a current of

d-ry air ano- r,¡as tríturatec i¿ith gs/. ethanol in a glass

mortar" The alcohol- extract v¡as fíltereci a,nd. crried compl_ete-

ly Ín vacuum, rhe resicue was d.issolvect in water ano the

soli:tron r.¡as passed. through an anj_on exchanqe resin v¡hich

retained only the thiamine pyrophospha.te ano_ the higher

thiamine phosphates" and al-lor".d- rJ iorr, thiamine and

thiamine monophosphate to pass through, The filtrate was

coll-ectecL and analyzed. for free thiamine anct thiamine

monophosphate" Thiamine pyrophosphate ani the hiqher phos-

phates were eluated r^¡ith 2 td acetic acict ano the eluate vras

eoncentrated, and" anal-yzed joy the chromatographic method,

{B) Extraction" During the extraction of the thiamine

d,erivatives from cereals care should" be taken so that
the phosphate esters of thiamine ( if present in the

sample) are not hydrolyzed" Thiamine and thiamine mono-

phospha-te are qu.ite stabl-e in acid-ic solution {44, bgo sg)
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even at higher temperarrure (90 -1000 C)" Thiamine pyro-

i:hosphate is stabLe in weakly acid,ic solution at room

temperature, but slovrly hydrolyaes to thiamine monophosichate

and inorganic ohosphate íf kept for long at higher tempera-

ture {44, 59 ), The higher phosphateso namely thiamine

triphosphate and thiamine tetraphosphate are stalcle at rooni

temperature ín weakly acicJ-ic solution for one or two o-ays

but slovrly hydrolyze to thiamine monophosphateu thiamine

pyrophosphate ano ínorganíc phospha.te if kept longer {44u

59 ) , They are very unstable at híçiher temperature and

break downto the same prod-ucts" as mentioned above" Thiamine

and- all its o-erivatives are very unstable in al-kal-ine

solution (58" 59), In view of all these factors three

dif f erent types of extraction 'oroced.ures were ,s -rqùoyed""

These are discussed. bel-ow"

(i) Cold, sulfurÍc acicl extraction in presence of
- ^-.c ""10-' lvf f]uoride: Fluoride ion has been reporteci" to be a

strong inhibitor (60) of the phosphatases evenat con-

centrations as l-ow as 10-6 lvi" fn 'r-his investigation it

\^ras founC that in the presence of l0-3 i,'t fluoride (F-) the

phosphatase action of Taka-Diastase was completely

inhibited (0,2 g, Iaka-Diastase in 100 ml-, of t0-3 fti F-)"

Ä suitable amount of sample of cereal- (f0 - f5 g") was

stirrei with 300 400 rnl" of û,1 1'ü su]furic acii sol-u-tionn
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containing lO-J M sodium fluoride, ín the cold for three

hours" This kind of extraction inhibited. the action of the

phosphatases" The mixture was then centrifuged, the super-

natant liquid. was decanted. and. the residue was washed. twice

with 0.1 N sulfuric acid solution, containing 10-3 M F-, and.

centrifuged again" All the extracts and washings !üere

collected. and lvere used for the next step, a purification

process.

(ii) Hot sulfuric acid extraction: Ttris method of

extraction is similar to that of Obermeyer's method

described on p"Z?, Chapter fII. The chief disadvantages

of this method are that the higher phosphates of thiamine

are liable to break down at higher temperature and a thick,

viscous extract results" This method. of extraction should

be avoj-ded if possible even though it was hoped that at

higher temperatures better recoveries would be obtained"

(iii) Cold perchlorj-c acid extraction: Cold

perchloric acid extraction has been employed by Greíling

and Kiesow (36) for the extraction of thiamine and its

phosphate derivatives from animal tíssues" Four ml. of

M/3 perchloric acid was used per gram of cereal sample and

at. this concentrati-on of perchl-oric acid Taka-Diastase was
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found to be complet,ely inhibited" The cereal sample and

perchloric acid. v/ere triturated for I trour in the coJ-d in a

glass mortar" The mixture was centrifuged and the super-

natant liquid was collected." The residue was washed with

M/3 perchloric acid and centrifuged again. All the extract

and wash liquid. v/ere collect,ed and titrated with molar

potassium hyd.roxide sol-ution in the cold using phenol-

phthalein as indicator" After the end point was reached,

l- ml-. of 0 " 1 N sulfuric acid was added to the mixture to

make the solution acidic" The precipitate of potassium

perchlorate v/as removed by centrifugation in the cold and

the precipitate was washed. with water, and afl the extracts

and washings \^/ere coll-ected and used for the next step,

purification"

(C) Purification: T'l:is step is the same as has been

described in Chapter III, p. ¿g " About B g" of DecaLso v/as

found to be sufficient to adsorb all the thiamine derivatives

extracted from 16 g" of cereaf sample if the fl-ow rate during

adsorption had been kept at 0"5 ml" per minute. A col-umn 5

cm. high and. 2 cm. diameter was used. Fifty m1" of 25%

potassium chloride solution was found to be sufficient to

elute all the thiamine derivatives and the flow rate durincr
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elution was kept at 0"5 ml" per minute" ALl- the steps so

far described were carríed out in the cold. room at about

l_" c"

(O) Removal of the bulk of potassium chloride by

alcohol- extraction: Thiamine is fairly solubLe Ln 95%

ethanol, 100 mg" per 100 ml. (58) " Though the thiamine

phosphates are very slightly soluble in ethanol they could.

be brought into solution if triturated long enough with a

large quantity of ethanol_, âs they would be present

originally in cereals in minute quantities. fhe potassium

chloride extract from the previous step was placed in a

glass mortar and. dried completely by passing dry air over it.
vrlhen most of the water had gone, the whole mass \^zas spread

evenly on trre inner surface of the mortar with the pe stl-e

and the passing of dry air was continued. Íhis process of

spread.ing the potassium chloride on the surface of the

mortar was repeated until all the sample was dry" This took

about four hours" About 25 ml" of ethanol was added to the

dry potassium chloride and the whole mass was triturated for

30 minutes. fhe liquid was decanted and filtered" The

residue was washed and fi-ltered with two successive 15 ml"

portions of ethanol, each time triturating the whole mass



5B

for 20 minutes" solubility of potassium chloride Ln 95%

ethanol is quite low, about 0"2 g. per l_00 ml . gS% ethanol

(61) and in this way most of the potassium chloride was

removed" The ethanol extract was dried completel-y in

vacuum at room temperature and the residue was d.issolved in

a mj-nimum quantity of water containing four or five d.rops

of 0.1 N hydrochloric acid to keep the solution acid.ic, in

which thiamine and its d.erivatives are more stabfe"

(e) Anion exchange chromatography of the extract:

The small amount of potassium chloride present in the final

extract should be removed first, before it could be subjected

to chromatographic separation and it was thor-:ght that anion

exchange treatment might solve the problem. The resin used

\^ias Dowex-l (x B, acetate form) " It is a strongly basic

anion exchange resin, and. contains quarternary ammonium

groups as its functional groups which are aLtached to a

styrene-divinyl-benzene copollnmer and is B percent cross-

linked." After use, the resin \4/as regenerated by passing

excess 3 M sodium acetate solution through it followed by

washing with 3 N acetic acid and. water until the wash water

ind.icated the same pH as that of the distilled water. In

acidic soLution thiamine is present, as cation, the basic
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amino group in the thiamine molecule carrj-es the positive

charge, whiLe the thj-amine phosphates carry both positive

and negative charges, the latter being carried by the

phosphate ion.

The column used was mad.e from an ordinary glass

burette cut int.o small-er lengths. The bottom part of the

delivery tube of the burett,e was connected to a narrov/ glass

tube with a small- rubber tubing" The glass tube was bent

vertically upwards and it stood erect paral1e1 to the

burette" fhe end. of the glass tubing was bent downwards and

the height of the delÍvery end of this tube was kept at the

same height as that of the resin bed, thus keeping the column

always filled with liquid" Ã sketch of the column Ís shown

in Figure 4" Ttre whole column was first filled with water

and then a l-ittle glass wool- was placed at the bottom of the

tube. A slurry of the resin was poured slowly from the top

and the resin was allowed to settle. rn thís way a compact

air-bubble-free column was obtained. Ten to twelve ml. wet

volume of the resin was found. to be enough to adsorb o"l g.

potassium chloride and Bo -V' mixture of thiamine and thiamine

pyrophosphate (L:1) if the flow rate during adsorption

process had been kept at 0"3 ml. per minute.
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Synthetic thiamineo thiamine monophosphateo and

thiamine pyrophosphate were passed separately with û"r çf"

of potassium chloride (total mixture diluteci to about l0 ml,u

pI{ 5 6) through the column and it was founci" that thiamine

and- thiamine monophosphate pa-ssed, throuçih the col-u-mn and

thiamine pyrophosphate was retaíned" lilhen a- mixture of

higher thiamine phosohateso as prepareC- by the raethod of

Yusa (46)" wa-s passecl through the column r'¡ith 0"1 Ç" of
potassium chloricie" thiamine pyrophosphate and all the hiçrher

ohosphates (trt--o tetra-n pentaphosphateu etc. ) !,rere foundto

be retained anct coulcì. be eluted wíth 60 rnl- " of 2N acetic acid

solutíon ín the cold-" The acetíc acid- eluate v¡as concentrated

in vacuum at 20o C and was chromatographed accord"ing to the

method of Kiesslingr (as cescribed- on p, 46), The higher

ohosphates \^rere founcr to be quite stable under the experi-

mental cono.itions provid-ed. the w-hol-e experiments r¿ere completed

within two or three days"

The same method" as ciescribed in the last paragrapho

was usec;, rn¡ith the cereal extracts" The extract from step
ÊêDEþ (as clescribeci on p, 57j was passecl through the corunn,

the resin bed- v¿as v¡asheci wíth three beil-volume of i,,¡ater and

all the filtrate and washings rvere collected in a vol-umetric

flask anci- ci-iluteo- to the desired volume" Thís sol-ution was

kept for the estimation of thiamine and thiamine mono-

phosphate, Thiamine pyrophosphate and the higher phosphates

were eluted with 60 mI" of 2 N acetic acid sol-ution and the

el-uate was concentrated- in vacuilm at 20o C and rn'ô.s chroinatographed
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accorciing to the methocl of Kiessling ( as described on p" 461 
"

The chromatoqram rvas dried in the airo the respective spors

containinçr d-ifferent phosphate cerivatives were cut and

e]utec- sepa.rately with 0"1 N sulfuric acici solution" The

different el-uates containing various thianine phosphates ì¡rere

analyzed by the thiochrome method " li. parallel run wôs

carrieci out with knor,rn thiamine clerivatives for locating

the spotsu r,rhich fluoresce in ul-tra violet light when sprayed

l+ith alkaline ferrícyanide solution"

(Fi Results witit knoiøn material-s: ¡i mixture con-

taining 40 ^'/ of thíamine chlorid-e hycirochlorid-eo 20 Y of

thj.amine monophosphate and 2A Y of thia.mine pyrophosphate

r.üas taken and mixed with 400 nl" of a wheat extract

(previously freed from thiamine and- its derivatives by

passinçi through excess Decalso) " Then the whole proceciure,

starting from step'uC'u rlp to the step "Eu'(pp. 56 - 62J

was carz-íed out" The flttrate and washings from the anion

exchangie column were analyzed for free and total thianrine

according to the rnethod described. in the chapter frr, The

d-ifference Ì¡etween the total- thiamine and, free thiamine

content was accounted to thiamine monophosphate. The acetic

acid e]uate from the an'ion exchanqie column was analyzecJ for
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thiamine pyroohosohate after enzymic hycirolysís" 'Ihe

experiment was repeated thrice and. founci to have good-

recovery and fair reproducibility, The results of these

experirnents are tabulateo- in Table 3,

(G) Result r,¡ith c ereals: CoId, perchloric acid.

extraction v¡as employed with the cereals ancl the same procedure

(as d,escribed in pp" 55 62) \¡ras repeated" Two of the

cereal- samples (lviind-um wheat and Garry oats) were analyzed

and found to contain no thiamine phosphates, Only the

free thiamine inias found to come into so]ution and the value

of th-e free thiamine content r¡¡as nearly the same as obtaineo.

by the Obermeyer methoC (p. 32)" rt became doubtful

whether they contaíned any thíamine phosphate and- further

investigations vüere carried out to o.etermine the nature

of the bound thiamine" ThÍs in'ill- be d-iscussei. in the next

chapter iV) "



CHAPTER V

NATURE OF THE BOUIüD THÏAMTNE TN CEREÃLS

The fact that the newly developed method did not

give any indication of the presence of thiamine phosphates

in two of the analyzed sample (ttiindum wheat and Garry oats)

lead. to further investiqation on the nature of the bound

thiamÍne " Ttris was d.one by the following series of

experiments v¡hich will be discussed one by one to show

briefly their underlying principles and their significance"

Treatment À

Treatment with Diastase Ê: Diastase is arr enzvme

which hydrolyzes starch to sugars at room temperature quite

rapidly at pH 4.2 - 4"6" It was first discovered by

Ki-rchoff in 1814 in wheat extract. fhis enzvme was treated

with thiamine monophosphate and thiamine pyrophosphate in

pH range 3 - 6 for 6 hours at 37o C and no free thiamine was

a Diastase (animal source) Supplied I by
"Nutritional Bíochemicals Corporation", Cleveland, Ohio,
U. S" A"



found to be present in the reaction mixture thus indicating

that it d-1i. not hydrolyze either of the substrates" Thus

ít inras concl-ud-ed. that if thiamine ohosphates hact been

present in cereals they woulcj not be hycì-rolyzecl to thiainine

on treatment with Diastase preparation.

rLbout 5 g" of g-round- cereal was pl-aced in a 250 ml-,

volumetric flask ana heatecl Ín a boitingi water l¡ath for l-5

minutes \r¡íth 100 ml" of hot (90o C) 0"1- irt zulfuric aciC,

This heating destroyed all the enzJrmes whiclr had been

present in the cereal samole ano. also helpeo in the extraction

of the thÍamine, If any thiamine phosphates hao been present

in the cereal- samples they would break clown to thiamine mono-

phosnhate" not to free thiamineo d-uring this extraction

process (see p" 54)" The rnixture was cooleci. ancj, the solution

\^ras adjusted. to pll 4"5 by the adciition of 2"5 wi socj-ium acetate

solution, ancj" was treated. with 0,2 q, of ljÍastase (ci-issolved

in 5 nl" molar acetate buff er icH 4,5)" The míxture T,¡as

incubateci for 6 hours at 37o C ancl then diluteo to 250 ml,

and shaken rnrell. It was filtered through a fluted. filter
paper and the amount of free thiamine in the filtrate was

cletermíned by the thiochrome method" Fifty ml, of the

fil-trate was savecj- ancl used in the treatment Tf " ltor results

of treatment I see Tabl-es 10 - 15 
"
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Treatment IT

Treatment with Diastase fol_l_owed by treatment with

Taka-oiastase: Taka-Diastase is a rich source of phosphatases.

If there Ïrad been any thiamine phosphate present in the

cereal- sample the totaL thíamine content obtained by this

treatment would be higher than that obtained by treatment r"

The increase in the thiamine content would correspond to the

amount of thiamine phosphate present in the cereal sample.

A solution of 0.5 g" of Taka-Diastase, dÍssolved in

2.5 ml. of 1M acetate buffer pH 4.5, \^¡as added to the 50

ml. extract wtrich was saved from treatment f and the

mixture was incubated for 3 more hours at 37o c. fhen total

thiamine in the mixture was determined bv the thiochrome

method. For results of treatment II see Tables 10 15.

Treatment IIT

belongs

protein

Treatment with trypsin 3t Trypsin is an enzyme which

to the class of proteinases, and hydrolyzes large

mofecules to smaller peptid.es. ït acts favorably

È Trypsin.

Company", Toronto,

Supptried

Ontario.

by "F isher Scientif ic



6B

around pH 6-8, at 37o C. Trypsin was found to have no

hydrolyzing action either on thiamine monophosphate or

thiamine pyrophosphate at pH 6 for 6 hours.

Ãbout, 5 g" of cereal sample was placed in a 250 ml"

voLumetric flask and heated for 15 minutes with hot (9Oo c)

0.1 N sulfuric acid" The mixture was cooled. and adiusted

to pH 6 with 2.5 M sodium acetate solutj-on and dilute sodium

hydroxide solution- îo the mixture O"2 g" of trypsin was

add.ed, it was shaken well and all-owed to incubate for 6 Ïrours

at 37o C" After incubation the mixture was mad.e up to Z5O

ml. and shaken well" The extract was filtered. through a

fl-uted filter paper and. the amount of free thiamine in the

filLrate was determined by the thiochrome method. Fifty

mL" of the filtrate was saved for use in treatment IV. For

resuLts of treatment III see Tabl-es 10 15.

Treatment IV

Treatment with trypsin followed. by treatment with

Taka-Diastase: The significance of this treatment is same

as that of treatment II and. was done in the same \Mav. For

resul-ts of treatment IV see Tabl-es 10 15 "



bv,

Treatment V

Treatment with trypsin in the presence of ad-ded TPP:

.About 5 g, of the cereal sample via.s placeci, ín a 250 ml-"

vol-i:metric flask and. l-00 ml" hot (90o C) 0,1 ld sulfuric acid-

aîÕ- 2A f of TPP $Iere ad.ded to it and, the wirol-e rnixture was

heateo in a boiling v¡ater bath for 15 minutes, The mixture

was cooled and ad-justed to pH 6" To it was acld"ed,0.2 g' of

trypsi-n anci the whole mixture was incubated at 37o C for 6

hours. A,fter incubation the míxture was diluteo- to 250 m].

and mixed. ro¡elI" It was filtered. through a filter paper and

the amounts of free anci total thiamine were cetermined by

the thiochronemethod- (as crescribed in Chapter IfI)" Ihe

'onrpose of this treatment was to fincj- out any factor which

míqht be oresent in cereal-s that coul-d- cause the breakd.own

of thiamíne phosphates, The seme conclusion can also be

d-rawn r,¡ith the hiqher phosphates of thiamine" It ís unlikely

that any factor which d-id not liberate any free thiamine from

TPP would- do so from the higiher phosphates" For results of

treatment V see Table L6.

Treatment Vf

Treatment of the cereal sample ro'ith 0"1- N sulfuric

acid sol-ution for 10 hours in the absence of any acided-

enzyme oreparation: About 5 g" of cereal was 'olaced- in a

250 ml, volumetric flask and was heateo. ín a boiling roater
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bath with 100 ml" of hot (9Oo C) 0"1 N sulfuric acid

solution for 15 minutes" The míxture was cooled and. was

incubated for 10 hours at 37o c, with occasional shakinq.

The mixture v/as diluted to 250 ml" and mixed well. Tne ex-

tract was fil-tered through a fl-uted filter paper and the

free thiamine content of the extract was determined. bv the

thiochrome method" fhe usefulness of this treatment was to

find the increase in free thiami-ne content due to diffusion

of free thiamine from the inside of the ce1ls on prolonged

contact with the solution. For results of treatment VI

see Tables 10 15 "



CH}IPTER V]

RESULTS I.IND D]SCUSSION

Results

Six samples of cereal-s v¡ere stuo-ied,, two of êacho

of wheatu barley and oats, These i^/ere i\ltindurn rrrheatu

Selkirk wheatu Vantage barley, i\4ontcalm barley, Garry oats

and Rocine3r oats, The results of analysis for their f ree

and total- thiamine contents and- of various different
treatments are presentecì" in tabulated- form, Each val-ue

correspond-s to a separate assay anc, is the mean of two

o-eterminations made on the final solution. That ís, from

the same solution certain aliquots were taken in ci.uplicate,

oxicrized- to thiochrome and its fluorescence measured.

The resuLts for aliguots from a- single sanple alvrays

checked closelyu within two per cent,
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TABLE 4

FREE AND TOTAL THTAMTNE CONTENT oF MTNDUM wHEAT .{/c.

Total thiamine Free thiamine Bound thiamine
(by difference)

4 "29

3. 86

4 "or

3"90

4 "28

mean 4 "o7

L "94

r"44

1.63

L"45

T"B2

1" 65

2 "35

2"42

2 "38

2 .45

2.46

2 "42
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FREE AIID

TABLE 5

TOTAL THIAMÏNE CONTENT OF SELKIRK VüHEAT .Í/c.

Total thiamine Free thiamine Bound thiamine
(by difference)

2 "92

2 "97

2 "68

2 "90

2 "99

2 "89

L"25

L"34

L"2T

L "22

L.37

T.2B

L,67

1" 63

L.¿*l

1" 68

L "62

1" 61
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FREE AND

TABLE 6

TOTAL THTAMINE CONTENT oF VAtNlrAcE BARLEV.Í/c

Total thiamine Free thiamine Bound thiamine
(by difference)

4"r2

4.2L

4"44

4 "L9

4 "33

mean 4 "26

2 "42

2 "5r

2.65

2 .46

2 "65

2 "54

r.70

r-. /u

r "79

r "73

r"6B

r.7 2
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FREE AND TOTAL THTAMTNE

TABLE 7

CONTENT OF MONTCALM BARLEY.Y/q.

Total thiamine Free thiamine Bound thiamine
(by difference)

3"72

4 "33

4.38

3"86

4.05

1" 89

2 "32

2 "48

I "92

2 "20

2 "L6

l-"83

2 "Or

l_"90

L"94

J"ö5

1 01mean 4 "o7
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FREE AND

TABLE B

TOTAL THIAMTNE CONTENT OF GARRY oLrs.f/g.

Tota] thiamine Free thiamine Bound thiamine
(by difference)

mean

7 "04

6 "62

6.3L

6 "7I

6.30

6 "59

4"86

4.38

4.3e

4.52

4 "27

4"48

2 "r4

2.24

1" 93

2 "L9

2 "O3

2 "TI
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FREE AND

IABLE 9

TOTAL THTAMTNE CONTENT OF RoDNEY oATS,'f/q.

Total thi-amine Free thiamine Bound thiamine
(by dÍfference)

5 "64

5.52

5 .43

5 "52

5-4/

mean 5.51

3. B0

3.47

3 "2r

3"38

3.28

3 .43

I"84

2 "05

2 "22

2 "r4

2.L9

2"08
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Thiamine Phosphate Contents of Dífferent Cereal Samples

es Cbtained by the i{ew Niethod.

It has been mentionecj- earlier (P' 64) that r^¡hen

iviind,um wheat and Garry oats were analyzed', by the ne'¡r methodu

for their thiarnine phosphaie contents they r/.iere found to

con-tain no thiemine phosphates" Ûther cereal s a.mlrlesu

narnelyu Selkirk wheat, Vantage Ì:arleyo lriontcaLm barley and

Roc!-ney oats were later analyzed by the same method and it

vras. founci- that none of thenr- con'cained any thiamine phos-

phates" The free thiamine contents in each case lv-ere nearly

the same as obtained- before (Tables 4 - g)'
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Discussi-on

From the results of Tables 4 9 it is clear that all

the cereaf sampl-es studied. contain thiamine both in the free '

and bound form" The fractions of the total thiamine present

as bound thiamine in different cereals \^/ere found. to be as

foLlows:

% ot total-

Mindum wheat 59"4

Selkirk wheat Ss,j

Vantage barley 40

Montcalm barley 47

Rodney oats 37.7

Garry oats 32

It ís also clear from the data of Tables 4 15 that some

kind of enzymic digestion is necessary to bring the entire :

bound thiamine j-nto solution, since in every case the ,''

results obtained. with enzymic digestion (tota1 thiamine)

are greater than tTrose obtained without it. (free thiamine) "

It has been said in chapter IV that two of the -

cereals (l¿indum wheat and Garry oats) when analyzed by the

new method. did. not give any indication of the presence of

thiamine phosphates in them" But it was found that the
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method worked well with a mixture of thiamine, TMp and Tpp

and it was concluded that the same method could be employed

for the determinaton of thiamine phosphates in cereaLs.

Tfhe problem arises as to the nature of the compound

or compounds containing the bound thiamine" It might be one

or more of the thiamine phosphates namely, mono-, di-,

tríphosphates, etc. It might be bound in some other form

either with protei-n or carbohyd.rate , or both. Thiamine

phosphates might aLso be present either as free phosphates

or in combination with protein, carbohydrate or some other

materials" Thiamine monophosphate was found. to be very

stable under the experimental conditions and thiamíne pyro-

phosphate and higher phosphates of thiamine decomposed

slightly to thiamine monophosphate and inorganic phosphate

j-f kept. for a long time in solution. ïn this investigation

it was also found thatúypsín and Diastase did not cause

any hydrolysis of thiamine monophosphate or thiamine py:ro-

phosphate" These facts excluded any possibility of the

liberatÍon of free thiamine from thíamine phosphates which

might be present as such or combined with something else.

The results of treatments I and ITI, with Diastase and

trypsin (see Tables 10 15), respectively, show that
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d.igestion with either of these enz)¡mes increased the free

thiamine content of all the cereals and the free thiamine

contents of all the cereals became nearly equal to their

tot,al thiamine contents (fables 4 9) in each case" If

all of the bound thiamine had been present as phosphoric

acid ester there should not have been anv increase in the

free thÍamine contents of the cereals and if a part of the

bound thiamine had. been present as phosphoric acid ester

the free thiamine contents of the cereals after these

treatments should not have been equal to the total thi-amine

contents of the cereal sam'oles" From these results it is

concluded that the bound. thiamine was not present as

thiamine phosphate in any of the cereal samples studied and

thiamine phosphates are not present in significant amounts

in cereafs"

The results of treatments II and IV, digestion with

Diastase and trypsin, respectively, followed in each case

by d.igest,ion with Taka-Diastase, show there is no increase

in the free thiamine content of the extracts, over that

obtained after treatments I and III, respectively, that is,

digestion with Diastase or trypsin alone wj-thout further

incubation with Taka-Diastase" There is no increase in the
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free thiamine content j-n any case " If thiamine phosphates

had been present in the above mentioned extracts the free

thiamine should have been increased. fl:ese findings al-so

indicate the absence of thiamine phosphates in the cereals

studied"

In treatments I IV, the cereal sample was first

heated in a boiling water bath with hot 0"1 N sulfuric acid.

sol-ution f or 15 minutes " This treatment caused the

destruction of any phosphatases which might have been present

in the cereal" It might have been possible that there was

some other factor in the cereal sample or in the reagents

and that factor was heat stable and caused the hydrolysis

of thiamine phosphates during the extraction process. To

exclude this possibility the cereal samples lvere subjected

to treatment V, i"e., treatment with trypsin Ín the presence

of ad.ded TPP" If such a factor had been present in the

system it should have hydrolyzed the added TPP and the value

for free thiamine content should have been increased

markedly" lfhe results of Table 16 indicate that there !ì¡ere

no increases in the free thiamine contents of the cereals

and. nearly 95% of. the add.ed TPP could be recovered as free

thiamine on further treatment with Taka-Diastase" These
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facts support the earlier conclusion that no thiamine

phosphates \^zere present in the cereals.

Thiamine might have been present j-nside the ce1ls in

combination with proteins or carbohydrates or both" TLris

investigation did not give any id.ea about the exact nature

of the bound thiamine nor did it attempt to do so. More

work should. be done, along other lines, to get an idea of

the exact nature of the bindíng of the thiamine. Diastase

hydrolyzes larger carbohydrate molecules to smafler

molecules of sugars and. Èrypsin breaks down larger protein

molecules to smaller peptides" Both the enzymes have

similar effects--the d.isintegrating of the ce11s, and

helping the free thiamine to come into solution. In

treatment VI the cereal samples, after heating with 0"1 N

sul-furj-c acid., v¡ere incubated for 10 hours without any

addit,ion of enzymes and the free thiamine contents of the

extracts \^/ere determined. The resuLt,s shown in Tables 10

15, for treatment VI, indicate that there are considerable

increases in the free thiamine contents from those

determined previ-ously (fables 4 - 9) " For example the

value for Mindum wleat rose from I.65 to 2"57, for Vantage

barley from 2"54 to 3"4L and for Garry oats from 4"48 to
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5"66f/g' rn no case did the new values for free thiamine

equal those for total thiamine. This i-ncrease might be

due either to increased d.iffusion of the free thiamine from

the inside of the cell- or slow disintegration of proteins

or carbohydrates, and hence of the cell-s, in acidic solution.
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SUMMARY

Free and total thiamine contents of síx cereal

samples of wheat, barley and oats \iüere d.etermined and it

v/as found that they contain appreciable amounts of thiamine

in Ëhe bound form.

A new method was developed for the quantitative

estimation of thiamine and different thiamine phosphoric

acid esters i-n cereals. The use of this mettrod showed

there are no thiamine phosphoric acid. esters present in

cereal-s "

Further treatment of cerea.l_s with trypsin and

Diastase confirmed tlrat thiamine ptrosphates did not occur

in cereals" Further studies are needed to reveal the

actual sulostances of which bound. thiamine is a part.
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