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INTRODUOTIODE

The visual colour of flour or iits prodwets cen be
atbributed to some five factors, namely: (1) granuiation, (2) moisture,
(%) vran particles, (4) forelgn matter, and (5) carotenoid pigments,

Grenulation oxerts a considerable influence on the colour
of flour. en the partieles are large and coarse %ﬁ@ flour locks
dull and avey, but os they become finer the flour appears whitor.
This effect of granulajion is due to the difference in the refrastion
0f 1izht by the demse pariicles and the alr surrounding them and
glao %@‘@he lavze particles gesting %ﬁ&ﬁﬁ%@e

The effent of moloture as‘gfg@auﬂ@@@ and con be shomn
by the familisr Pelkar fost. Hers, with a deerease of grade, the flowr
heeomes darker. According o Bertrand and Vutermileh (1907), the
jeint ag@i@ﬁ’af a slubtensse and Syrosinase results in the formation
of 2 brown ploments

The third Pactor is byen pardicles, and is sppsrent in

the case of the millling of “red” ghobis,

Torelsn mabtber sueh as dirt, soll and saut spores
necessarily affect the @@E@ﬁxg dspending of course on the amount

uresenbs
The last foeter gontribubing to flour colour is

carobenoid pignentation. The content of these plaments will datersine




(1)

- done on wheat pler

the yollovness of a flour, Honier-Williems (1212) concluded thes
earotene wes the major pieoment of flowr. The quantity present was
fﬁﬁéé bg‘gié%@m {1911} %o vory considershly with the type of whest.

% s%’;,mz.ﬁ be noted the fivsl four fachors mentioned
way be elinlmeted a?~@a$%?a11@é during the process of milling, but
the ploments present in ¢he endospern will sppear in the flour. These
aoain heve to be reduced by %&@aeéiﬁgg ém@'%@ the mublie ﬁ@a%ié for
white bread. In contrast to this, sempline for macercni menufacture
shouid %@ ﬁi@hﬁy,@igm@m%&ﬁ@. Thus great inportance is atitached o this
?%ﬁ?@&@?'af'%%@a%a and g %mgﬁﬂxa of this yellow colenr becunss ﬁ@@ﬁgﬁaﬁgaf'

but before = method can be bruly setisfactory the setval pisments Drasens

noed to be determined.

A review of the litersturs on wheat and flour plaments is
rather confusing, since it shows proncunced ﬁigﬁﬁfaﬁ%@g @f’@@iﬁiaag

However, before proceeding further 1% micht be as well $o review briefly
%ﬁg~§g$@@@%§@$ of Carctene and Janthophyll ﬁ%ﬁ‘th@ﬁ %o sonsider the work

ents with these in mind,

ﬁﬁf?%@ﬁ%

VARY OF 1

ABOTINE ARD ANTHODIVLL
Willstalter and Vieg (1909) first settled the problem of

its formula and showed it o bo o hydrosarbon Cgofles. Quite regently

3,

it has been found thet this ploment is sowpose! of two lsomers,

alpha, on opiieslily setive fomn, eond bhets, eptically immevive. The

ﬁ&@ﬁ%ﬁ@ﬁ'@f the strueture ic not definitely setiled but the follovine

formulee are generally asccepbed:
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Carotene forms highly coleured solutions in ether,
chloreform, petroleus ether, benzene carvon totrachleride and

garbor dlsulphide as well as in ethereal and fatty oils and oleie

1

seld, The colowr will vary ace oding to the coneemtyetion, from

wvallow to ‘fgﬁam@a yellow, except in the case of earhon disulphide

where 1t 1s orange red to blood red,

Carotene iz charzegterized by the esse with whieh it

zidetion the melting point falle snd the pisment

takes wp oxysen. On @
e%gmmz«ag markedly in :@f@g}@r:ﬁi@@n Sehertz (1025) investigated the
a@;%mw in variow solvents and fowmd that g}ég@hﬁ% ethri a&i{é%z@i
@?ﬁ%‘%ﬁ%ﬁ.wﬁ ether solutions are sxbromely siable if kept in an
iee box.

4 most lmportant property is that of adserpiion,
z%ézm;i%ﬁzzg to Tewest, @am%@ﬁ@ iz ne% %ﬁ@?@mﬁ by eslelws @mzmmm
wherece xanthopbyll 1s. This faet foms %he basis of his so-ealled
ehrematosraphie onalyses. Seherbz bas found some diserepancies in %he
ldterature smd susgests move work be done before it be accepted.

Solutions of carubens exhibit charecberistic shsorpiion
spectra, and it i this properiy vhich is usually used in its 1dontifica.
tlon, The concentration of carotene in makural profuets is extremely
fow and, therefore, isolation 2s a erystalline proliuves is diffioult.

Welileholas (1951) published the spestral distribution
gurves for curctene end xenthophyll, and the chanses in these eurves
with oxidation. 4% that time the existence of the isomers of carctens
was vot kmown, but resent workers have suzgested that his prepariion
was cospamed of spprozinately BOT of the alphe fom. Prroughout this

study, VelNicholes' pigment curves have Leen used as @ besis of comparison,




bessuss oply i the lusi fow weoks hove the ebsorpbion speetra of
5l

the isorers begome available,

Xanthophyll géﬁﬁgﬁﬁg iz & plegnent usually asscelated with
corobene and very similar %o 1% in i%s beheviour snd ??&@%“@i%%a
There are some golubiliity differences of the purs aigae%%%e

Sehertzts Pigures are given in Table II.

Table o

5y _ezpressed in 18, per 1iitres

_Solvent

Carotens
Petvoleun ether s | 26,0
ibaclute ethyl alechol 20L.5 18,8
Abscinte methyl aledhel 184,98 .
Puve anhydrous other 852 0 ,ﬁ@ﬁ%;é

The Plowres f@@baafe%%a% are ﬁ@%ermin@é on the pligment
%x@ra@ ted Prom eavret Poots and this is composed of sprroximately
56 per cent @f the alpha form,

Theso fi?ﬂ%@@ dn not hold in the presence of fats, which are
senorally present in exbracts of plant material, Henes the difficulty

in %@ﬁ&?a&ﬁ = the two on the basis of solubility differences if lipeid
metter 1s pregent.

The sbsorpbtion specira is very similar %o carctene, 8o much
g0, * %@ﬁkéﬁﬁly'%ﬁﬁﬁﬁfé vave wistaken one for the other. Tie banmds are
shifted slishtly toward the blue end of the spectrun with respect %o
coroieng,

Zarrer and his co-workers (1980) bhave shown that zanthophyll

ig very commonly found as esters of the Patly seids. These have been
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 nsmed helenien and physalien. They ars widely found in plands and
have many of the pronerties of Srue fats. The ssiers ave said to

be mors scluble in hydrocarbon solvents $hon in alechels.

REVIVE oF oRE Gl VHEAT PIouTs

Monier-Wililams (1918) sompsred the sbsorption spectra

of & potrolemn @%mf extract of flour with that of carrot csrotens
ond assuvmed thesm o be éﬁ@mﬁ.@a%

’ Paimer (1922) identified zontheophyll in wheat bran snd
 stated thet in this bran, manthophyll constitubed the major and earctens
the minor f‘m@%% af %égza vellew planenis. |

Coward (1924} stated that no carotens nor xanthophyll
@&3% be found in the grain of a variety of Inglish vhest lmown o8
Carter’s "Red %m@w@% The method of extractlion @m@iméé of
saponification with 207 XOH on e stean bath for several hours, under
a refluxz ccndenser, then extracted wiith aleohol ma the pignents
' %%m%f@me@ o ether and then petrolewnm sther. The zamthophyll was
s@mm%@a by adserption in a Tewett caleium aw@zgmw tower. This hot
geponification may bave bheon %oo é@m%ig 8 bresbaens, =nd led te
oxidasion and conseguent destruciion of the @@é%ﬁtﬁ%ﬁ%ﬁ ’

Kent-Jones an’ Herd (1927) used éii%;%mﬁ@ methanol for
extraction snd '@@ml’&%ﬁ that the major pigment was %ﬁ&é@hﬁf&g
Their %%&3@%@%@ vors brownish-yellow in slialine mmﬁi@a and nearly
eplourless in seid solution. This identification ié-g@@%ﬁ@mﬁmg
since xanthophyll is gresnisheyellow in Ghat solvent and not brownish.
Zimilarly, this ploment is not known %o @géz&%ﬁ% 2 colour ehanze excent

in stropg eeid solution,




ﬁa%’?'m

Terreri {1920} compared the absorption spesize of

ene ond ccmeluded

maanline @ﬁ%%s ef flour ‘*af:%;%%z that of earrot carol
that %ﬁ“%’“‘ were the same, fhe position of %me bands agresing elosely
with bhe ?@mﬁ,% of Willstétber unt Stoll’s work (1988) on that plament.
“"% Q*W’% of the Tloup @z%‘%;m@ua: were, however, 2lizhbly shitied toward

of the spectrum. Yow, it should bes moied that bands

the vislet ond
of zanthophyll are displaced @ﬁyﬁ%&y mors boward the viclet end of
%@ speebrum than @ém%m but Fervari concluded thet it was not the
presemee of this plgnent whieh coused the shift in the abserption bands
of kis flowr extracie. He thousht 1% %o be due o a é@zﬂmﬁ,‘éy dd £ference
betueen petrolews ether solution of the pure pigment and the flowr
azirogy, avd :m@ thet vaterisl oiher Shin yﬁ@:@@m@ é@% dlzsoived,

' fa’f;:s,é@mar a8 f’@i?%ﬁ n {1931) Lsolated an ether mi‘amé
flavone m cment from wheats this pliguent they called “Tricin®,
The sunieet of p%%zm},w pizents iz wheat heve besn Little siudied,
since thiec subjeet is very new., inderson (1982) presented the f@ilamﬁg
formmula f@” triein,

HO

HO

Herkley (1053}, in a private comrunieation, pressonted

method for & separation of the pigments of wheat, which he claimed

% be vensonably ggmm%mi%a Hisg eam@ms%i@sm were that mm%mphﬁl
was the mojor plgment present and earctene the minor. The mothed will bhe
deseribed in deteil later but cen be explained briefly here, m

extraction is scconplished %’zg; ghaking with naphthe for 1B hours,

saponifving with alkoline nethyl alechel and centrifusinz o bresk the




w’@;@

empleion. “fa garobens is ew%im,} irn the naphitha while %he flavone
pisments &m ant thophyll are in the mmamﬁi laver, ﬁfﬁﬁér dilntion wi %%3.
water the aleoholie layer is exbracted three times with ether. lMorkley
agserts that the Pirst extreetion contalnz xanthophyll, and the other %smf,
mixtures af zenthophyll end flevone. It would hardly seen probable that
the first treatment should extract @*ﬁlﬁf the earotenvid. Further
separation of the orizinal aﬁ.mhéﬁaiﬁ extracis yielded two @g?; flavone
froctions.

Uarkley is not definite s %o the 25’%%@%@? af the flavone
fraptions excent one, which he ealls *’M@imm He considers, bhowover,
that earotone ond zanbhophyll consbitute 90 To 95 per gent of the
abserpiion @5” 18t 2t 435.8 mue

{ Nobe after completion of this work the fellowing references
to vhent pi @;ﬁ@ﬁ% wore Toundse _

Bowdon and Hoore [1933) isolated zanth amhym
from the ¢il of the onbryo of whent. They studied the
speoiral shsorntion and obther nroverties of this oil
and Povnd 14 ¥o be similary %o z@ﬁ%}z@@hﬁi fron other
Sonresn, : ;
 Schulerud (19238), in deternining the shsorption
speetre of aledholic exiracts of bren, Touwnd the
hran picment to be very similar %o, 1P nov fdentical
with, Anderson®s "Trieln”, )

. PROVLEM
It ig apvarent, froo the revier of the literature, thad
it ip not seniled w%iﬁ‘wz" carotene or wonthophyll @aﬁ%%%% the major

plonnt of vheat, Llso, thers was found in this lsberatory sone evidesnes

of the preseace of one or move other ﬁﬁ.?jﬁwﬁﬁﬁa This sbudy wosz undsrsaten

with the shieet of iwvestipgatin these @@%‘ﬁ%ﬁ and of studying the effect




of AifPevent solvents on ground wheat, with s view to determining o

method of sepnration of the pigmente or this besis. Also, & small
cvantity of soue four types of rust spores, bhigh in carotencld ploments,
becems avellable, whic: had been grown wnder two sebs of conditions,
presence and sbsence of 1ight, and dirfered eonsiderably in 2ovearance, .
Thue & prelinizery investion ,ism of these differences wos plenned.

Later, the detsils of Markley'e metlod became ayailable

and 1% mae thousht advisshls to stuly 1% furthers

APPLICH

T menne of this inebrumert, 10 45 possible to measwre
$the weistive anowmt of Light travenitted in any wavele :;:xgvc%a by 2 call
gontaining 8 pigwented sclution. Solutions of carobencids have the

grentest absorntion of 1isht in the blue o viclet ond of thoe spectrum,

ave pndo in this ronoe, singe il differences

&

wiil be mz;&w% in the velative lish: sbserpiic
"fmﬁmm%m 4% defined asc the radio of the light yawiﬂg
through the lest survface of the eoil 1o the light m@mm@ on the firet

surfoes of She ¢eile

45 the “he” root of the transai thence,

2 \% %‘ ,
1.8, B £

vhere e & eoncentration in goms per 1itre,

vo Index { ?‘3 -lop 7T
' be




i

iz knowgn as Seer'ts lavw

%

whi gh Seherdz (1925 found o hold trus Tor dilute solusions of

anvebone, Thus knowing the value of X and the esll length, ocne cun

galcvicte

application of %he insbrument to Ghis work is

the 1dentiflontion of plamente by means of thelr aspestral distribubicn

cusves, T thelr transmittancies ars determined throughout @ portion

E e L s PR 5y i i i & P2 PN s 2 @ Bt e e Tl
we e the srenl imporiance of the instrusent in shis

stedy, @ detailed deseription would mot be amiss. It will be considared

wndsr $uo headings, nemelyr the spestromster and the thotomeier.

(2] Speetrometer
This ig of the conshant deviatlon type vhere the ecllimator
d : anzies o puch other and

ané beleseose are permemently Tized
%&% %?%%%,%é%%%%§¢ {#iz.1}. The prism is guadrancular end is equivelent =
ie tuo 3@%,@rﬁgﬁﬁ and 2 totnlly veflecting prism. The desree of votation

is mooswrad on 822 drum, on %ﬁiﬁﬁ.%ﬁ%’%%?%&@ﬁﬁéﬁ seale i3 enppeved. The

i1ileminasion for tha drun =nd the photompter senls is provwid

oy

gmell lswp atbached diveetly %o the instrusent, The coilimator hos an

adiusteble entrevce 8116 pernitting veristion in the leng

and intensity of 11lwnivetion. 4 shubter eye-picce sllows 5 restenguler

&
o
s
g

gorves 1o limli the poriion

of the cpeslrum o be coserveds
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I Ob/‘:c;;:nﬁe rer € .
Lispersing
I Prism. ‘

Path of Light

thru spectrometer ’ Telescope

Objective.
FlG. I

{b) Photometer

‘:fhiﬁ part is of the Martens polarization type whers the twe
heams of light are polarized at right &:agl% %o sach other, The intensity
of é;lée two besms ave adjusted by mesns of the rotation of a niscl prism,
the movement of which is vead on a divided cirele. One guadrant of tnis
civele 1o geadunted in densitics, & %mm in trapsuission p@f%n@ag@, and
the third end Pourth in enculer degrees.

T=u Collective
Bi-prism. T = e
i—prigm L LA el e o ‘Q Rhom boid
. == Prism.
Glan- Thempsen BaEa e ‘&
Prism) _ =~ "Wollaston Prism B SR
(Analyzen (Polarizer)
FIG 2.

The beams of lisht which have pessed through the cells ave
bronght eless Tezether by two rhomboid prisms, {Fig. 2). The correcd ng%;’f’..@a}.
imagery is obbained ‘i:;y, the bwo eollestive lmmsa By means of the Wollaston
prism, each beam is split into two parbs, vibrating at figt;% ang;;ea %o esach
other. One part of each besm is lost within the instrument, the remaining

narss, p@ia?izeﬁ wmtually perpendieular, are brought by meens of the biprism
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2nd wi%@%% lene bo fore Tho %90 B smbode PMleld wblan

iz viewed by the eve.

Sivce the twe beoms of 1light resching $he eyo ave polavized
2% right angles to ench other, o votalion of the nleel will incresse the
brighiness of one-half of the Tield while Gecressing %he other Bal?, ons

Beseming & maximum when the other ‘becomes extinet snd viece verga, It ean

be peon foon &%’s arronzoment thet a %&?@ gle rotutlon of the analyzer will
result in bhe complete extinetion of each field, or in four extinetion op
field will be malched., The

& ol the Sype ewn a2 bt

Juztaposed speclre, the width of wileh iz controlled by the shutter sye-plece,
The Uoht seurce for concentration deteminations 2z & mareury

ere conted on the lngdde with smevesiog oxids. This

aye housod f”"/«&?ﬁﬁf)@ e

gives = very shite even rellsching surface. The lighs weases ot throush o

g wlndor placed ali ity off centre, 80 as %o prevent sny

ne For moasvrements of 1licht abs sornhions uh 048D mm%

photefiood lamy is subesituied.

The spoclment tubes are held in E«:ﬁ%l% wnieh are adjustadle
vertieally o bring thes into %%i?‘%} piipment in the lishs peths. Two

Iiﬁm% Shen serwe 4o f@@ﬁg these two parallel desws on the vhombold nrisne

of ihe %@%ﬁ%@é@%

sermining the transmltianey of sdiutions

i
o
B
et
@
"&‘7
e
%3 %%
}%"ﬁ
&
o
&
%
e
2
s

is te turn on the mersuy eve lump. This light source 1= used zince it pives
& 1isht of very hish intensity with = band which cen be iscleted ot wevelength

S : e A e 3 : » i P . X B
430.8 mBs 74 is Pound neeessery to allow the 1s 1o beoome hot before




thie s pat dons, Gyeviets of mevouy conovre
2 e, &

e

o B s 8 % o Y & PSR o R s EAADE B
zity is lower, Vive minvtes ig ueuslly suificient

&
steument o belaw

the lawp 80 that 2isld is equally bulenced at 4358 4,

trensnitbanoy, The balance is then checved by inserting

ire LOG
firvet supty cells, then %? Ling vith sdlyent,

tine gell i ﬁll%%?é with the poivent aw’ the olher eoll it
the sdlutlon and vlaced in fhe saddles of Tt instrument. ’zﬂﬂ@ photonstar

5

15 adjusted so thet the Swo helves ©f the Pield are of ecwal intensity,

vy @i vantly Tron the geals.

opevabion s repeated five times and then She tubes ave insevchomsed in

position. Vive more ve

seing the average

y

salen, the final ve

of the Sen deterplnations, IF thevs lo sny lnsowlidy of mimz@,@mﬁwg

thig 211} bo eliminated by interchanging the tubss, and %ﬁ.@@&l ¥iy wiil

eveid erver in Fendings, due %o polavization iz the seomiloe

In obtainiog dute for o speetral distribubtion cuwve, the

e@:
@
%
o

sed by 8 Yazds "Phovolloed? Eé&%@ whieh sevves as &
continpous sowree. The wavslength drum is aset @% & definidte wavelenzih
and 10 ;@aae?m s boben, B in sach positlon, s proviougly mentioned.

ﬁ%@ drem 15 set asain bo snother wavelength avd 10 resdings Saken, snd so on,

until the entire vis ible spegirun la eoverad. siher tha intervals of

wavelength are lavge op susll vill depend on vheotber the trensalttancies
ore changingrenidly or not. Tor axamle, i*zz Ghe shpe o cprolane Bdiuiions

shom ot dnterwnls oF 0L fvon BAOT A

op mhend antrachs,
down o BO0O A e 15 ouite gradusl, but frow BOOO o 4200 4
8t intervals of S04, cince the chanre is ?%ﬁ,@@ The process of obbaining

8 speetral 4 stribulion curve 18 vather lenpihy 8nd zrest care should,




an zwg Bt oo,

those noasvre-

mento.  SDome solvants sunh

ather, %ﬁ 7L wiher, whleh are
¥4 5

very volatile, heve = benderey te seep arowné the @&%9 or *’:@,@ sovarsrlagnas

3

of She sutsids of the

i

ot the ends of the cell, Thisz vesulie in smearin

&

3

end plotes and provents secwrabe work, It ig, shere absolvtely
essenbial Yo bave perfeeitly clasm polished &wf%@@ before meidys neasvre-

mente,

T factor which coptributes to iraccursey 1s the presence
of any vurbidlly in Yhe extraci. The lﬁgﬁ’a iz seattersd by the suspended

particlss snd reculbte in trensml tianey vo EA;@@ which are oo low.

HATERIALS AT vEplEos

The material %@% throughout this @%ﬁ%ﬁ; was Garnet wheats

3&5‘

This perticular variely wos %@3% ted sines it has 2 woderadely hich pirment
sontenie

cilves

A11 %he grinding was wrformed in a o %@?@ﬁi‘ig the 2
being veduced until 1% would entively pass 2 sieve wig? elveular holes

measuring 1/8 wmm. in diameter.

The motlnd veed w8s that ocutlined by Ferrari (1653 w14
glieht modlPications, and iz as follews:
Tiwenty sraws of the ground sseple ave welohed dnte 2 250 eo.

glmss stoppered botile and 100 es. of solvent added foom a vipette.

le Lo stoken fresusntly Tor ope hour and alloved e stand

in the derk ocvernight. In the morning 1% is re-shaken, allowed $o

88ttle, and the swpernatans liguld decanted into 100 ee. lipless




» 18 -
é@ﬁwifwﬁ %52%3 closed with rubber caps, ond centrifused 8t

civately 2200 Pepens Tor thivty minutes. The clenr ezivach

- %%z;fgg_'m% - *i%?i‘ﬁ:ifzz iz » potroloun distillale known coamersially
as varnish mekers! naphiha. %i’%za dlstillation range is gﬁ%& in %m@ 11T,
Teble III. | k
Initial Boiling Polint 33.&%%

cent ai

316 - 324 : ~ 16
382 - 386 10

526 - %8 . 10
3828 - 380 6
2%@’32 - BE5 ' A8
- BBC , 18
= 40 - 1B
E"’%@ = P46 : 1o
- T8 : . 3«»@
- 3% fent potnt) 9

gﬁg

‘f’%ﬁ@%ﬁ.ﬁz&?@a o : \ 05
Yons S L ’ . 8.5

9R:7 & @%ﬁﬁ'@* rafers bo 98 paris by volume of the naphtha é@@@ﬁ%‘@@ﬁ
shove apd 7° absoluts @ thyl aleohel.

00: 10 Selvent vefers o 90 parts %:sg volume @f m;@%;m and 2@ parts
of absolute sthyl @3.%%3@3,»

digtillation

the recryatallisz

Phe other solvents, such as chleroform, carbon disulphide,

pyridine, ebe. wers Verek's "rospent’ chemicale.




comron %@ﬁ:’*ﬁ*ﬁ for 1b

5% ko i s i R i Y 5
‘he steorpblon spagtre oF the o

that of a pure pi gment or mizhures af plenamtoe

%mewa Purshon,

wmept mioht serve

index (%] for the pure pio

1ol %@»é:é vha asooncl

e
<
Fat
i

se min

oy nefdifioetiong.

R 2 2 g Ao ¥ i 0% e e i
Thivty gﬁ%%’%ﬁﬁ@ﬁ ol earrols were o

thon sz%zza% and m@% ith 8 gharp tnife ingo

%

Teid out Trove wmd oiven g

aly oven fTor &%:é%% 48 houra b ﬁ*:%@im

aven %o inerease the speed of droing. The cavr

4n & vacuum oven at 8070, for 4

viley mill, with a & mm. slove. The welghi of

1217 mens. It should be noted
grinding in & will of this type,

ronults

the shon oF vl

"‘fﬁw

as placed in the sten

the ssbtroction. Low beiling petrolens other

ailewed to stand in eonbact with the powder ov

alisht suetion wos spviied, move solvent added
te wou w&%waﬁ*g colonrlossc,

s

simes Prom direct swmillioht and coversd os z{;&@%

£i1bra;

were somwe seven litres of davk ved @@%Mi%ﬁ

& pars m%@%ﬁzs gnd compare ite spect
& dobevainatio
gz 8 cheok o bl

tally ¥

shat devsloped by Seheris,

hours, ond redueed %0 2 fine powder in s

woh thorouih @m%

othervige clogzing ©

to prevent the ?@%@@f from sifting

%w e v,,afi} 5’3}

arnlgnt.

uig solution wse o

s renmnn 1% owen

speelitic trensmissive

speetrophotonater

vefully serubbed snd clesned

siices ponroxivabely € woe thick,

S

proiivinery drylne i 2n

5 blast of eir was dviroliuced 1nto the

vots weps given & Tinel dvving

the dry, zrvownd

= iz negessery belore

%%z@ maehine gl il

throngh dwring
zoe sdded snd
in the morninzg
pnd this :f@;@s»a of uptil the
protected ot 2l

5

B gw%ﬁzﬁi% Tn ogil, thers



at. and

> To ymanomeler.

[ et e Hof Waler

Heating

Plate ' .
Cork Haating
i k Plata.




= 18 -

Lloguor used ¢

B

A0 opder o vemove the erystale of cavotons Thad &M%fi 0 the sides,

5

The arystals were dissolved In the lenst poscibie smoumd of eavhan dlsveianide

oo the some Pilter end sllowed %o drain into 2 smell dstilling flask, and

suecessive smmll cusntisies of absolute ale cohol, up to approvimetely % ee.,

shekinz, Reduced prosswre was epplied and shoking contliwmmed

the *3{32%%2 wes reduced to approximetely one-thimd. This

The susrmnsion wan

the wreciniiation %as; ;@:5.@@ was Piage

potroioun Sucbion woe appiied Yo fres the erystals from sdivent,
and gmall w%:zm%%iw o7 polroieyy other weed %o waelh then., Thie solvens

helped to frec the carotems erystels Prom fots and wexe

B

The erysials weve redissdived in carben disulphide, %} . the

wes
procipitation $hin 4513’3% aceopli ﬁ%%«zﬁ by the sddition of €0-75 cp. petroleun
ot her. This last precipitebion wes employed ;@ Tamove any slovhol @‘?
grvetellization. The concentration of the solubtion was wade uader ?@ﬁﬁﬁ@@
pressuwrs In the vocwm dosiccator 85 befors. The evyetals were colles &@f‘%

on hardened filier paver and woehed several %ﬁ% zith smail @w‘ tions of

petrolsus @% ner ané dyled in en cedinary vecoun desiccator Tor ons hour over

G%Wﬁ BB m 3, @




the soeelfic tranenissive index 1K)

Btased Wh

most reliable eriterion of purity, more se thar the melting point,

& on gzidetion of the mlaonent 4 hence 18 o sensitive

et of

This solvent wvos chosen, since

i3 is usnd in waving eavobtene de terminations on flow, 8nd 2he value for &
iz necessary Tor these calovistions,
4 wolshed cvonti %y vas dissdived end various dlivpiions of the

ien vere desarmingd ot 455.0 m.

seiution wore oo,

gt

%%ﬁ%g’? 4 1G-om. eull end the eclevlations fron the coustion bel 8 - lop 7 o

CBe

44,50 | 351684 1,955
+ 2860 80,32 «59208 1.9224

«SBL0 .80 : 1.05821 ‘ 1e88

0720 , 4,27 1,26957 1,9021

; thres values, ¥ 3 1,9145,

o

Goterni gl Tlaures »»

Soherts,  1.0048 spd Fervarl, 1.0165.

1% shovid be mobed thet the acsureey of the instrument is

ategl i

the vezion 4 to 89 itvenseitievey smd for thad pesgon the

bigh X value for (U180 egue. per litre wes diseavded,




iy
e l,,wéf'
T ot

Xt

ais

tribniion curve 02 1

speh

e

A
L

g
L

%

g
o
mmw

Bl dons o

ioe

A
e

e S

1

ther selut

a1

i

k)

é
sl
i

Lo

A
&

%

2

&
g9

wiated

g

et

nEshthe 2o
ale

2o

3

: 3 been by

4 ¢arotens

o

tra

3

Pt

W

k£

=

ity

moeded

sélme ave

s

G

o

vé e

Bh

vork bo

te help ingresss

5
e
Rt
e
@
o
&5
MWW
g
s

8 BESIELY

&
o

e B oy @%f%%%

Z5e

e selanl

:%a}

@

sncien

i

ans

5
Coh




a%%ngﬁz% :%22

Distribution Cu
w@@qﬁ%‘%@:&?z ted %o :

= 21 =

Teble V

zitraseed ¢

s
&

i e e
@& B N
e S

L
1

e

&

10,55

Gare '%:@’.m

ik Sl =%
Zhis %&% }" 2 L85 g e

6:16
7.60

8,95




w

w3

o

o

: ﬁw @M xgt
i -4 .
wowm o

oo

5]

&

o
e 70
8.0
2048
#51
35%
.
2400
&z
1ed0
.70

ok Wl
Fod W
g T

2
5
730

L B
R N
. ok
Goowom

el

2,72
4,79
4.36
5,90
5,28
2.60
¢
.28
4
.67

2#?”

e

.

0w

?7.00
8¢
5415
16,40
!
.

o

22
Table VI

o U oy JE e« R
2 © 8 i o o8 o5 MW
e

4

5
485
a2
495
&
g
6
448
445
4406

4 .60
8,05

12,70

£.590

430



e

Tahlie VIT.
@ﬁﬁéﬁwgéa%

‘aveiength in
alilimlerons

sth
5o
505
495
493
490
485
482
478
298
474
478
490
468
466
484
462
250
450
447
245
442
440
&35
4n
475
215
210

Havbthe-ilonhel Solution,

ii,g @;’%ﬁg
2.0
205
1.77
170
1.0%9
Le02
1.09
3—@'@# F
&sﬁg
D02
2421
Be1d
Bal¥
B8
8,28
12,68



= 824 o

100 [

70 jom

50—

PER CENT.
[
Q

n
[+]
!

TRANSMISSION
S

n O ~N®

LOGARI THMIC SCALE
EN

1

-——- PETROLEUM ETHER.
—— CAROTENE (MeNicholas)

420 440 460 480 500 520 540 560 T e00

WAVELENGTH IN MILLIMIC R ONS.

FIG 4.

640

€80




TR
= PR e

100 T T I | I
70 }— N
50 — N
I
o
¥ 5 --~ETHYL ETHER. —
o Y S— NAPHTHA-ALCOHOL
o

— CAROTENE (McNicho'as)

n
[+

TRANSMISSION

LOGARITHMIC SCALE
N

LY ] '
1420 440 460 480 500 SZIO 54!0 56!0 6OIO 640 680

WAVELENGTH IN MILLIMICR ONS.

FIG. 5




Uisevssion of the Curves

D gurve Tor carcders dn B
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Dats Por Curvos

Srey Dpores

v Wrneovered ; L eve re 4%
Tavelength in Yavelength din
millimicrons v B

803 88.4

80,5 8.8
80,1 8.0

75,9 56,0

V4ol 27,0

1.4 23 40

fﬁ% 9’@ 1’% o5

89,4 14,68
, Bl Godb
505 49,8 4,82
502.5 4607 860
500 44,8 2.85
4975 410 Be04
488 59,8 Lo71
450 46,7 1,98
485 , 41,18 808
480 : 41,82 2,00
475 o7 1068
476G 148
465 Lo:
460
480

1.54
Ba20
448 2,88
%{% 2.88
4585 48 .00 508
430 47,00 SaFL
425 50,86 5olf

420 53,90 8.795
418 - B6.84 838
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Pable XX

#hite Spores

?zilz.i ﬁzamm T i 20

8500 8.3 88,795
ﬁ?@ ?% 53- @5@3 .
S0 F4.8 88,0 -
850 74,8 88.6
@f?z@ : ?ﬁag Gla.2
B30 4.9 881 -
525 86,5 495
520 80,2 9266 -
515 82,8 Blel
810 20.9 18,43
Bos. 25.8 845
GO0 17.18 4,02
287.8 14,39 2089
%Q% 3»% 5&% f wgf?
490 10,44 1.68
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: ‘%ﬁﬁ %‘aﬁ?ﬁ‘; 9%?% eIed g 5dts
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440 e 2 o 228 88,76
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Yellow Spores
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083 92,4 820 24,0 8%.0
85,8 799 89,9 b
89.9  BE.8 6243 B4.3
5?3 o B4.2 500 2‘3? +BY B 5@
3%@% 175 488 18,45 219
19.91 7.22 480 15.88 E,aﬁz.%
meﬁé 2,08 485 ' ; e 7'¢
8.58 1.83 480

%89 2418 498
16.40 S84 496

9,28 8,07 488

.68 183 460

5.02 1.00 455

5,10 78 250

.57 80 445

7.684 1.52 240
10.86 2,58 4558

1284 Z.58 430
is.78 Bo47 £25

82.20 TPedD 420

E@a@ﬁ ll e%@ '
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Diseussion of Curves

The gurves for “covered” and "unceversd’ d4ffew considerably
8s was the case in the earlier siudy. The ecumwe ?m@ the covered spores
shows a deelded third band in the blue vielet thas is mat eharucteri shie of
either carotens or Zanthophyll. No indicetion of this hand eziste in the
"uncovered” extract. No definlite comclusione ean be dvewn fvom this dete

recarding the natwe of the ploments present,

Hhite

The curves fw%@% “govered® and "uncovered” spores are

essentinily i&amimﬁ.g and %ﬁ%f@w at variance with thoss @%&w&é in %he

W@%m in excellent agreement with the curves
obteined ic an @mmw @& preliminary study, The :?z@ém@%wi@i@% are
defini tely those of éz?azﬂm%@né 'ég;%;%h a gtrong shift %o ths red ézz%%g indiecating
: ecnpidevable ma@@@%a z0 of v;%m bota isemer. 4 slioht %W%t?ﬁ%}i@ﬁ of
zanthophyll is agyg@g@m in %ﬁ@ coversd spores.

Yo {Previously named Oranze).

The eurves for both “coversd” and "wncoversd® are essenbially
fdentical and very similer %o those obbsined proviously: the shift itowards
the red end is more strongly marked, however, indicating a larsor percontage

of beta carotems, Ho definite indigation of xzanthophyll exs ts.

The eurves for both "oovered® &ﬁﬁ%@@”@@wé” SpoTes are
essentinlly identical, and very sgimilar %o thoso eobbeined previcusiy., The
shift %@%yﬁg the red end ls gulte mavked, mgg%%m; & preponderance of
besa a@m%@ma The high iz&%@mmy of the second beond supsssts some xenthophyll.

Turther efidence of this will be noted in the sppesrance of & third gﬁ
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{fiattening) in $he ease 6f the covere’ spores.

Roranl Snorves
T L e S

ded in the prior lnvestication and,

therpafore, no comparison ean be mafe. The curves for Yeovered® ond
"uncovered” difTer markedly, the lasier &ﬁ%ﬁ%ﬁ%zzg definite beta carcteons
gharacteristics. The curve for the "coversd” sporos ﬁ’&’;&;%@ both caroiene
esad zanthophyll tut also shows the presence of & third plgment w&%@% 2

@ band iy e Blua ﬁ%@% %ﬁ”ﬁ?’ similar %o that of the oroy sporsse

X oF PERCULAT IO OF A COLUMHN OF GROUND |

%2% f& >:15E§‘§ h@.«' ﬁf\? gﬁ&?ﬁ%@%@

ap of wheet with & series of solvents. For

effecied by percolating B cely

instence, pelrolevwn sther presumably talkes m&% only carobene, them that

pisment would be removed end zanthophyll would be 1eft, along with the

piovents that glve rise o the red and blue bande. ‘
The Tirst serles tried zas potroleun ether, followed by

ethyl acebate and then scetone, (Fig.17 snd Tasle mm }. The socond zas

petrolewn athey, %}%ﬁz@ﬁ@s ethyl acebate and acebone, {(Pigs. :li%f and 19, and

Tables XIIV and W), -
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Table 0117
HYaveleongth Petrolewm Lther

in _ axtract
milimierons e

700 87,5  65.8
880 8.0 828
680 P70 F4.7
870 FE.0 P4,
860 6B P08 ,
@%ﬁ % e% %g az ; ?i?a’%?; %ﬁ atfa = o :
540 Toel B0 0.8 P47 T80 84.2
BA0 74,8 288 6.5 75 o8 Tl 848
‘Bao V2.7 Fie2 0.0 FU.4 TieB 58.6
210 ' 80,5 83,4 £7.7 82.8 : E5,5 82,2
BOS 8.5 598 G2.2 591, ' 82 .0 47,9
500 88.0 Ble8 V 87.8 50,7 550 2404
498 42,0 88.0 49,5 Lied §5.5 404
480 28,70 259 BG7 2904 Bl.0 Bo.5
285 18.80  13.75 273 20,5 - 43,9 28,1
280 8,85  6.70 18.1 .2 2.8
78 5400 S5 18,0 Bi.0 iB.20
490 4050 Gel8 3254 B8 16050
485 8,10 448 11,92 7.5 25.4 12,20
{3,%@ 200 ‘?@&?& 2,82 2.0 1845
4885 G.20 Gl 8,60 800 9.9 Be40
280 4620 Be88 6,75 s 17.6 Go82
4&4@5 2 a%ﬁ g 9@? g@“?s&% % s%i? Eg? eﬁ’ %aé&
e 8 70 B 57 8.0 S.10 i2.8 042
438,58 2,50 Bl Be70 B2 11.32 B
436 8,80 2,88 4460 282 8,890 £ ol
428 DeB0 £ 051 3,05 1.97 5.5 fé, 2B
Aas BeE 4,88 S4B i.61 Gad2 1.8
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Table LV

Yavelength

100,0 97.5

1800 07.58

1000 998
22,0 Dh %
gfé% gf«fi‘ %’% 2 %
@5@% %@é@
0.0 2.0
8.0 82.5
82,0 83.0
2.0 B8.4
8.0 Bhet
76,0 21.55
720 1.5
85,0 1220
Lh.0 Sl
890 B8
29.0 4edB
G4.0 8,08
£80 deid
456 0 ceBd
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o
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et moderate speed wbil & clean separation is Yomed., The naphithe lever
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hish speed Yo clavily them.
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Sehuleruds flavons exbrocis.
The elecheolic solution of extract (IIX) is mads up %o 100 cos. with
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:&%%%m cdon of the Cunves

arree very well withs

there is en sheompbion

spefore, bhe fraction cawmos

be whelly corelene, althewh 1% mnt be coposed elmost entiraly of that

iament, Bince the position of the othor bonds apres so wolle

11 Praeti

Extract (VIL),accerding to Markiey, fa compused of & pignen
which ip zanthophvll ar s mixiure ﬁ?ﬁ zawhophylis, ﬁw% extract ‘% lde e

miztore of flavone tyne z&ﬁ&%”%& and zanthophyil, %%@sgg‘w@% fm bhe data

s
.

obtained here, this i not the case, The curve Tov %’%ﬁ"’@’% %”f‘z} %‘&@% the

tancles dzopping stendily from 5400 A to 4200 4 and with Zilent aniie,

”jﬁ@?%%@& due %o some zanthophyll heins @?ﬁ%%ﬁ%ﬁ@
epprozimately the seme shape, except thet 4% =h

»

m@%‘%m doce not corroupond

maxing 5% 4620 2. This,

.smié anrve €g§@§§3ﬂ&@i&&}e From Shese duta, ore can

secording Yo the wanthon

gos that exbracs (VL) is m:z; %ﬂ%ﬁ@%@ %%;%? zamthophyll, I6 is mm probable

thet bolh extracts contain,essentially, other ploments, preswmbly flavenes
% o & ¥ & £ -

tittls con %@ gﬂzé about the curves of the nthew x@m@wg

singe curves for flavon 2in ere not evnilehls Tor

gil sheow 4 glmilovdty in shaps., The extract lobelled "Tsiein® ‘:‘iz% : vary
smonth ewve, the mz%m@ angles fellinz zrafdually,.and finsily 2he suve

o , ; .
ﬁ@; eng Yvon 4200 @*g 4200 L., The others, the yellow oigent, reddish ovense

pioment, and the fractlen called "flavones” all 'mve peme irreowiarities.



w dn pesdine, 1o wnoard

Disecgssion of the Hethod
A e R o R I S N RSN 3 e

and curves oblnined 1% can be seewm Hhat the

s the dets

ives = comparatively rure carstene Ivactlon after the ssporification,

but 1% doen ot wield 2 pure zanthophyll frastion. There i85 not 8 good
enoush sepavation of the carvotensid fron the flavonss, the @ifficvisy

Yo the high solublility of both the pisgwents 1n ether.

probatiy b

Jonside ¢ method, e seporvation of the flsvone,

it does not seon Jogicnl thet sontlisved ether exiraction of Tt nethyl

slovhel leyer should yleld different entities. The spesiral digtributien

20a fractions would seen fo substaniizte tHin, sines Ghey

siivees of

s

gre 81l =0 slwiler in shape,

it

15

8 ﬁaﬁ%ﬁ@éw '

In roubiae deteomivaticng of oarobons o0 pteund wieal
o -

the 80:30 solvent bae beorn wsed, It bas been Wmewn thet v

Jess piopent, bt 1% vos wnoeriteln vhether the addition of the sloohnl

&

S
23

of corotone azipnetels

&

inereaced the svoum Fleyia method sives a

o
&
)
&
2
i;*’
o
a0
B
b

sarotens; therefore, 1t was degided to wse 4% to Investiszate

¢ sepevetion waes enyried thyoush with both zolvents, in
i k4 #

dwplicate, dewn to the sarotens fruetion. In such camse 100 ces. of sxtract
was used Tor ssponification. The debe, 2o deternined by trangnitioney

measurenents at 4558 EZ are 28 folioue, ozprossed as purte wer gillion:-




wg’g}%&

Hephtha-iloobel 1.62 1.74
%&%ﬁ@%@& Sl i@%

This shows definifely that the 90:10 solvent exbracts

more saroiens then L zﬁ&ﬁ@&m T @z@%@y? @i@@%@l E;mgw? using 90210,

was & derk brownigh yellow, while $he Mol laver wifh mephthe was o
pale 3@@2@@?@2&@% colour, Thus, the nized solvent ales extracis more

ploment oiher than carotene, probably flavones.

3 T

Carobenc wes extracted fronm earrol roote by ihe meihed

doveloped by S6hertz with sune miner modifications. This produchk sas

o

2
v

o mizture of She 4wo leomeric forms, wiphe and bels 5, nEavING @ melting

’s“:s

point of 2.% Co The specific transmissive index of the piueent inn
wixture of 987 vernich makevs? paphths apd 75 absclute sthyl alcohel

was found w Be %%ﬁﬁ; Mi@:‘i{f@ iz in excellent screevent with previously

deterndned flgures of Schertz (1.0148), ond Perrvari (1.0168). Tae spaciral
dlgtribution curves were made on thrse %ﬁ%:ﬁ%% ethyl ether, potrolowm ether
end nephthe-alechel, and feund o differ, due to 2 ml*’*% ffect on the
position of the bends, Petrolsoun ether m%m@v when eomaved with the

curve for carotene of Mellichelse determined in othyl ether, 1o shifhed

orards the blue ond, while in the ether teo solvents, @@amé@ the rof end

af ks spestmum.

4 gevies of exitracts of sround Carnet vhest was @%ﬁ&%@ﬁ

with different solvente, and thelr spectral disiribubion eurves gtudied,

oy



- 88 -

Thess showed thet earbon tetrechiovide, chiorolfovm, peirolown sthey
and benzene ranoved essenblally earotenssand eithsl eiber, &’%{:} ale methel
and ziechels, acstone, othyl scelate snd naphihs rennved %%ﬁﬁaﬁy

zanthophyll. However, in most cases, non-carotemid nimwenis were

g

exbracted as well, which showed bhands 2% aprrovimately 67004 and 4300 A,

ol

Pyridene 8if7sred fron the rest in exhibiting & folally nen-carotensid

spoetoal distrivublon curves

Differant typen of rust spneres orovn wnder condl Hiopn of

Both presense snd absencs of 1isht heve been investiseied for iheir eontent

A
3

of covotenoid ploments. In 911 easses, the spores produced woder normsl

Light con@itions, show & Digher pigment contont. Some 8ifforenses niecs

seevr belween the epesiral distribubtion eurves of ihe spores zvown under

contrssting conditions. In general, however, the curves are decidedly

gimiler 1o those ebial v and indicete similarisy

2%,

iz the wavive o

W

the plowente present, the prizeinst ex axeept i%??i %o tlis being
he 3@»@:&1«%&3 "white” spores, the plgment eontent of vhich is cuite

- delinit %ai%y carotent.

The ooly spores which exhibit bands %hat ﬁ%é’% not charecterisiic

of cavotene or zanthophyll are the "mermal covered® and “prey povered”, bouh

2

£ which show o very eimilar hend 1n %he blve-vicles. Turther work iz

«5‘

negessary before any sugsestion cen be offered as to ihe natwe of the thive
pioeni.

cund whest wos percolsied with 2 sevies of

boBalun of

’*fé?e

golvents, one after the other, in the Bope of sepurabing the Wowenta,
This proved unsvecessful, sines 1% appears that no ons sslvens will eztrach

¢ sindle piownt md lecye the rest. lipside are probebly Pespongible for

effectod v thout

this cifvieulty. Hence peparaiion by solvents comot he

previows saponification of the material,




%%w

Iz shovld be zoted tiat thers iz & nroncunced solvent
Z ,

effect on the posivion of the ebsorpiion bands of a pissent, as shown

3,

petrolown ether snd nophths alechel, Thersfore, the method of comparisen

of the curves of extracte with sclubions of pure plsments, as emploved in
$his study, is only correct If the eolvents are the same in %@% w@%a@
Unfertunately, the date for spectral distribution eurves of @m g’fw@ s
in diffevent sclvents ere mot availablo, but this work should be done befoss

studles of this tvpe are continved,

:2#3

4 study of a met thed of pigment separation devised by Yarkley,

Thie showed that s relabively pure corotene Traction could s

unn nede,
obtained. The spestral dlstribubion survs of the Sreetion wes very similer

aithonsh :*é,’:; szHibited & nonecareionoid

o the Uelleholan? cerotens @%@ﬁ%ﬁ%
bhand ap 4000 % The zanthophyll fresstion, howver, 12 nos satisfagiery

since 1t also containe Tlavone plguents. The varieus flavone ?igﬁ&m fra ebions
vield spectrel & etribution curves of an essentislly similer %%@3@%; Then,
considering that theso fractlons ave sll ether extracis of @ methyl-alcohel
gamﬁ%ﬁg it is unlikely that They represent separate armd distinet @éﬁ.gg@m%a

4

However, the Imovladze of thoge nigments is 80 scant that no definite

E

conclusions eon be drawn in Shis respect.
Using Marklev®s method %o obialn o cavotene fraction, the

80118 solvont was compared with nephthe. 7he former was found o extroch

e

considerably move carsbens, 2lthoush 4% slse vewoved mers of ths obhor plononts.
Anout the time that the work deseribed in this thesie wan
sompleted, & series of papeys was gm%m@i%»%é v Mller (11,132,100 ang 26} 4%&

assoeiates, sutlining = precise p photo-slectrie nethod of speatirophotenivy

in the visible, Sozether with lmproved metheds of preparotion and spects



distribution curves for the carolene isomers, xanthop
mfortunately, the only fota svailsble at

wne wpis ’@ that of Uellichelas f:é%;a comy

made between the dals presented by Bliler {38 and

Deke

o By 2 2 ; ;
an Tound that the gorve Tov oogarolene Le

s of Heidlcholas? %a@@%@ﬁ% This proves that
also the one made in %his %@%}%}' are almost whelly composed of the beta is
Aleo, Miller's work ghows Uhe position of the maxies and ninims of the alphe

cerotone CuIve %o be almoss ldenticd wis

thet of leaf zonthonhyll.

probable thed & spectral distribution

From thi 8 dpformation 1% oo
surve of & orufde extract of flow or whent i not suttisnient Lo 4ot Tl n
the carotencids present, and that » seporellen must fivsy ;@%@ ginge
i freventiation of the curves of the plowets is so eritiecal,
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