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| ﬂaize is & orop of primmry impmraanee 1n Oauth
Africa as 1t serves as the yrincipal roud of eaven million_
Afpicans., Pellagra endemic. arens are almostvalwa?s fﬁun&
vhere maize abnatitutea a 1arge pfbpartién af’the aiét76f
the pOpulatian. . The eountties of South éaatern burapa _
TUrkeys Egypt, and the Beuthern stataa of the ﬂﬂitea utatea
of America constitute well known examples af guch areaa. ‘

'ﬁietary‘ﬁeficiancies seldom prove t@-be simple single-rac%nr.

| wdeficiénczea. Laék of‘nieetinicfaeia wos congsidored as the

main factar in pellagra pat recent 1nvsstigatioas {65) have ,1 
reveazed that a&equate tryptophane in the diet reﬁuees the |
minimsl level of nigotinie_eeid‘1ntak¢uthat 1s;neoesaary to
prevent pellagra ay&ptémg an& that the preéeﬁce7nf the plent
auxin tndole-G-ncetic acid demands an enhonced "mtaka'no‘f .
nieétiﬁfé’ﬂei&=(ae)'f Evidence hes 2180 béen‘preséﬂﬁed that ,:
vtryptopbana may be the precuraor of nicotinie acid in. the
baay (68Y69) and very recent work (76}(??} has indicateﬁ
that pyridoxine plays a vital role in this procesﬁm 1In the
. light of the foregoing the aséﬂéiatiuﬁ.cf ﬁﬁiza'ﬁ&th pellge-
gra is no Ionger'eurprining ainee it is kdnwn %hat maize is -
,1ow in nicotinic aaid and tryptophane and high in 13&@19-3-'

,aeetic acid.

“hen meize forms o large pdrt'offtﬁg“diét of any
group of people, pellagra één<be_prevénte& by ineréasing'ihe
amount of'niectiﬁia'ﬁeia or by increasing the amauntTQf
tryptaphaﬁe in the diet. Therhigh aoat‘and'inaaéquété éup~'
plies of most foods rich 1& tryptonhane such na millk, meat. .
peas and beans, may preclude the latter alternative. on
the other hand the pasazbilﬁty of 1ncreaaing the nicatiuie
| 1&&1& content of maize by genetieal moans preuents a pramze_
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"he graat atveraiﬁy of soil ana climatic ennaiticna
which cﬁarauteriae the naige growing regaan of South Africa
neeeseitate the cnltﬁvation of a number of varieties. Gur»
rant bree&ing work aims pﬂimarily at developing high yielﬁa
ing Vawiaties. resiataat to drought ‘and dieeess, which wﬁl&
be capable of growing well on aoila'ﬂf‘léw fertility. There_
is in the country tadavva.aem@ﬁﬁ for the large, flat, white
type m? seed and tbia prefﬁrenee is particularly unfortunane
- in view a£ the higher nutritinnal etanaard of yeliow maize.
It is claar that in crdar taﬂimprova ¢the nutritive_value of

erﬁp.a %aléﬁee mast be aﬁrQEk‘between bréeﬁing.aeielv far
'yiela auﬁ the so called. market qualitiea and braeﬂing to 1m-
prove the ﬁutritional quality.l | ‘

@hia 1nveatigation covers the flrst stag&s in a
pragramme of work to aetermin$ th@ posaibilities of gselect-
3 iag and breeding straiﬁs or mad ze wﬁth adequate amann%a of
nicotinic aaié. Th& fivst atep 5nva1ves the choiea of &
suitable method for the determinntian of niaotinic acid in |

' ‘meize; the survey af the ‘nicotinic aeid aantent of  commer-

cisl variaties, of pure lines and of erosses betwean pure
‘lines in order to determine whether the nicotinic aﬂiﬁ<ge§~

t&ntiis_gﬁvaraa& by geneﬁi& factorsg

, In the presentatian of the firat paper 1t haa been
iveanaiaereﬁ edvisable to reviaW’the 1itarature ever a much

' wider field than the limited aspeats covered by znaa inven -
tigati@ﬁ,‘ A'hiaé au#véy'éérvea the ﬁarpéaé of setting the
1imited aims of the present peper in ite éarract bersﬁvetive
relative to the largar issues, it may 8150 assiat other iuw
vestigamm who follow in this field of wom. | |
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| | The:prﬁauetion of a ma1ée w1th.a high level Of
‘nicotinic aeid would be a step of congiderable value and
ymmeﬁiate oonsequence iﬁ reéueing the incidence of pellagra.
i It remaino, however, essential to determine whether the pro-
aenn of im@rcving the one factor does not nimultaneaualy
prcﬂuaa 8 aeriaua ﬁefieiency of another. Thia might. mean
‘:that concnrrently with redustion of the inciﬂ&nae of one
l”atseaee theré might oe@ur the progressive devalopmant of
;’aaather.' This research confines itself té'nicetiﬁie aeid
but it de heped that an extensive atudy of ths other B

- eomplex viteming ana,esaentialuamine ugi&s #ill be initiated
'glbng similap 1&@&%; zﬁxview of the;iﬁtereéﬁing relationship
between nicotinic acid, tryptophane and indole-S-ssetic
aeid in the pfnduetion of peilagra'ah 1avést1gati0n'ﬁr

these three eompcunda in maize might al@a prove af conetu

&arable 1nteraat and impﬁrtanae.

‘ It is aacasaary tﬂ 1ndicate ‘hepre certain limita»

| tions that were imposed an the present ;nvestzgation. The
material for the chemical anslyses was supgl;ed_by.tﬁe
Potchefetroom College of Agrisulture where the cultivation
~ ana breeding 9f;tha'mgizefwas eérfiea\qut. In.view of the
rigid naa@aﬁal ractar-iﬁvolved §n theitﬁpéogramme of grow~

: _ingvpnra iines in order to:prb&uee'matarial for crosces,

~anelyticel data én the pure lines had to be available by

eartain &aieﬁ. Whilst the method uaed'fsé detormining the
niebtiﬂic‘aeidvin the rma%ine analyais,éfituﬁsa ﬁampieé a8
13%9& Shown to give ioé'figurga thé repréducibility was
aevartheleae of & sufficiently higb order to continue the
method for all the subsequent crossea so that the data for'
the enalyses of varieties, pupe lines and erosees are |

| etriatly eamparable.'
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- Unavailability of chemicels also placed a very
atrict limitation to the final choice of method to be used
for anslysis. In the uantinuation of thia work improve-
mente in the chemical estimation of nicotinic ecid or the
adoption of micrcbiclogicnl methods ¢an be and probably
will be made but the velue of the data presented here will
“rsmain and can be related to later results thr@ugh gor~
- pection faetors as between different methoﬁs_cr estimation,



RLVIEW OF LIT 3ATURE

yasic Role of Nicotinie Aeid in Plents ond animels

'V?icetinia actd wan ?irst pr@ﬁuaeﬂ”by Huber (1) in
1867 by. oxidising nieatina with potassaum ¢hromate and sulw‘
pnuric aeia.

el cﬂ - CH3 | s [:0] | /\CH __
HCIL/C—HQ /Ny | I “ C .COOH'»
| Hc-—CH1 o |

Ficotinic acid is widely dietributed in nature in the form of
itéwnbiquitaua methyl betaine, triganelliﬁeg isolated from
the plant Triganella f0enum graecum by Jehns (2) ip 1885,

.. CH; N-————O

HC"/ \ILH

HE\ c——CO
CH.

11y ,
 Tvigone111ne'

Recent work has ehown that whereas raw coffee beans
are a partieularly rich source Of‘triganelline (420 wg. per
- eent) ﬁhay are 8 rela%ively pooy eource of niaatinie aeid

D {16 = @.é mg. per gent)g Eaasting the coffee praauceu 8



- ‘6"

five to six fold incresse 1@ the am@uﬁt of nicotinic asid
- and it was shown that this 1ncraaae was due to the decom=
p»sﬁtio& of trignnelline ta nicotinic acid during the roast-
ing proecess (B). In 1912 nicotinie acid was isolated from |
riee”{ﬂ}.ﬁnd-ﬁaurteen years later &zymanska and Pank (5)
ptudied thﬁ;autrit&onalvvaiue of hicotinic acid snd nico-
tinamide and at%ributea to them a food aparing and welight
- preserving gctian. Even w&thvthie finding nicotinie acid
6til)l remained of purely theereticaliihﬁarests In 1835 it
was the work of Warburg and Ghristianvié}(?) atd von Euler,
Albers and Sehlenk (8) in iaentifying'niéotinamide ag o
canstituent of coenzymes I and 11 that focussed canaiaarable
a%tﬁntion on the poseible rale of nicatinic acia derivau “
tives in the body. - |
| \
Nicotinie acid is distributed in amaiikénaﬂtities
R in plant and animel tisesues. Hreohl and his associates (9) |
$ﬁﬁweﬁ that aninal‘tiesuas contained more nieetiﬁic‘acia' |
‘ than plant tissues and that in the Pormer it was present
mestlg as bound nicotinamide. Plaﬁﬁ tisauea on the other
hend cnnta&neﬂ nicotinie aeid in both the free state and ae

bound nicatinaﬂﬁdeo

In both animal ond plant ti@éues ni&btinamiﬁe*is a
gonstituent of coenzymes 1 and IT. Thesc coehzymes in the
-anima; hady are concentrated in the réd b1a6d ¢elle, Co=-
enzyme I, &1phcsphppyridiﬁeanﬁéleotide or DPN and cocngyme
11, triph@aphapyriﬁina~nuclectide or‘T?ﬁ play en important
‘role an cell exiﬂation-reﬁustxon processes, For oxample in
, yeast eaenzyme i receivae hydrogen from the eubst?ate and ig
trangformed to dihydrocoenzyme I. Thig is stable in alr but
is deﬁydrogenated by é yelloﬁ respiration enzyme which

functions as the hydrogen scceptor. The yellow enzyme is



alterea to the lauccwfarm whieh can give up 1%5 hyarcgen to
the oxygcn of the air with the fbrmation nf vater or can

‘ yield‘ita hydrogen te\ancﬁher acaepﬁar namely cytochroms 3,
.4; and‘ia‘tnu9 invturﬁ éenx&aiéed.v The process then repeats 
itaelf, %he falloﬂﬁng schame attevptavto‘set'cut in it
‘._mbat simpla form ‘the chain of raactlmna wheresby ﬁydragan
givan eff hy the yeaat aubatrate is stntually oxiﬁiaeﬁ to
water by atmaapherie oxygen,

Yesst subatpate

" ﬁyﬁoqiamme-a L Oxygen
- by setivity of . -
- eytochrome oxidaze - WO
Oxygen
2
HO

The wors a@ Larburg ana christian (10) ﬁemﬁnstratea that -
4% was tha nicctinamiae nnit af ‘the coenzyme II which eonid.'
aecept one ‘hydrogen atom. and undergo hydroganaticn to the
ﬁrthn-dihyﬁrmeompouna. In the presence ef auitable hydragen
i'”acceptars thia ortho ﬁihydrocompeund eeuld undergoe ﬁehyﬂrcw ,

‘genation tﬁrits\original form, Freo nicotinamide could not
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be hydrogeaated t0 the reveraiblﬁ dihydracompound and thepe.
fore could not serve as a hydrogen carrier. The proaesa of
'é_fhwﬁrngenatien and dohydrogenation of pyrtdiaefﬁempﬁuﬁds;can
be treced in the following way (10). Uhen pyridine come
. pounda are aanveﬁfea to. therreversible dihydrocompounds these

- glve aharaetaristie absor@tian bands known as diﬂgﬁrobande

. wﬂth nitea vielet 1ight. The ﬁihydrapyvi@ine compounds
: fz.nnreaea when s'ubaeem@; to ultra violet th-t’. wheress the |
f  nbn.hy&f@genatea‘formsﬂda not. A siﬁple pyridine compound
" that nnﬁeﬁgé&s.ravéreibia‘hy@ﬁegeﬁaxion s N'emethyliodo-
"ﬁieatiﬂamiﬁev{Iv}.' It will be observed that tﬁa\ﬂitragen
. stom of the pyridine ring is pentavelent and Karrer ot al.
:{11) represented the raaation51h waiah_tﬁé,ﬂ!am&ﬁhyl¥o%'
3aﬁihfﬂrﬁnieatinﬁmiﬁe (v) ﬂa‘pfaaueed:aé;fnllﬂwﬁ sé : |

CoMe o e

o Hcﬂ/\\l-c~0_0NHa T "HCI(\IG CONH,
Cowelu o+ ahi = \/G\H

| ' ' - N

N B |
o I R A

._+ HI

ﬁ‘mmetﬁyiioaanieozinamiae .xm'emethyiwbadiﬁyﬁran1eotimam1&e

| N’—mathylxaﬁpaieetinamiae (IV) when dissazvad in -
godium biearboﬂaﬁe aolutien doea nat show & vhite flnoreacanee.
On adﬂition of soaium hypoaulphite the white fluoraaaenae ape
pears due to -the presence of the newly Tormed ﬂihyaraeompound.
when cxygen is paass& thrmugh the. solution g Al remove exceaa



sodium hyposulphite the fluorescence persiste due to the
'ﬁtébility of th&”dihy&roéomponnd’in presence of free aﬁygen.
Oon the athar hand 1f the yellow respiration ensym@ ie addeﬂ
“tha fluoreseence dissypeurs baauuae the anzyme ﬁ-hydra—

. genates the &;myawcompmmd (V). KXarrer et sl. (11) de-
duced from these fanaing@ thét nicotinamide was bound in béw'
emzymeﬁ 1 and II in the fb#m of its quarternary pyrﬁﬁinium
salt and that the raversible hydmagenation progerty of nioe
tinamide was related to this typs of linkage. Thla emﬂcept
was supported by ‘the fin&ing that the rsauctinn ef guarter=-
 ‘ nary pyriﬂinium salta ptaeaeaen easily. |

Garbahyﬂratea or their phnaphoria acid eaters cannot
"'raﬁuce ;yridine nualeotidaﬁ in aguecus saiatien, . Howsver in
presence of & specific carrier protein this reduction tokes
place (i@). Addition of ﬁho!paﬁassmnm‘salt oﬁ.hexaaémanaﬂ |
phbaphur@e acid (VI) to a solution of triphnsphnpsraaine'
nﬁcleatiae'prodneaé no fluorescense whﬁh_aubaested>te ultra
viclet light. On the other hana if the specific carrier "
pra%eiﬁ71§ added to the TN énlutian, adaitieh of the

_ p@taaaaum salt of hexasemcnaphenyhoria acid proancen with
 ultra violat light a rluoraseene@ which 13 eharacteriatiﬁ of
the dlhyﬁropyriaine nueleat;des. 1¢ wasvfound that phog~
_phvhexonic  seid (VII) was produced in the ra;ctioa. .

5 .?Ho. $OQH
- H;f;oﬁ, H;%QOH
\Ho.?.H> HOa?.H
'H;%,OH. H,?.OH
S HGOH o HG.0H o
: f\ ,OK : . ll‘/OK
cH,o Rok cm,qme
v - v
Potassium galt of hexveoe~ | : Potassium ﬁﬂit:cf

- monophosphoric acid : : -phosphohexoniec noid
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" In the presence of oxygen and the yellow respiration a#;

'j;zjma_the pyﬁiaiéa’éampiex 1§_§ehyarogenated”gnd‘reatnfaﬂ
r-tﬁ ité originél fbfm. $mnlii§u§nt1tiez'of this yyvidine ~
eatalytic complex ean be used to uxiﬂiae large guantihiea

“;} af'haxmsemonaphgaphoria acid to, pho«phahexoatc aciﬂ.

ﬁarburg and his asaociatea eatablished that

triphnaphapyridine nucleatiﬁe ﬁhich they had isclat@d from
the re& blood oells nf the horae was aonstituteﬂ by one
maleeale of nieotianmide, two mnleaulee of o pentoae augar,
: tnreg maiaauies of phasphoric ecid an@ Hne molﬂcule‘af
&dénlnes Thia immzdiately bpnuﬂht into question the'wurk
i of von Euler and ﬁyrhﬁcx (13) on the uompositian Dt co»
‘ zymaae 1anlat¢d frnmﬂyeasz by ‘Herden andﬁYoung (13} 4in 1904,
; van Eﬁler'ana ﬁyrbﬁah deseribed cozymase Be an adgniﬁe monse-
| fﬁuﬂleatida with a muieoular weight of 880, In-thﬁ 1ight of
-:'ﬁarburg 8 findingq'with triphnsphopyrialne nucleotide the

1 vork on cozymase Wag repaated and it wes founa t0 have &

f-mglecular‘waight of ?QO-and to &1atingﬂish,1tself from TP :
, by huving one nclecule lesg af’phnsphoria aeid. _Gaaymase is ”

o ‘therefore e f&phoﬁpnepyridine nucleot.ide (vn:z)

C. CONH; > | ?:-'Ci—"‘-#l'
- HJLVJ B NN N
?GJ R _ l\bﬁr  |
H. ?____; _ H}? '
RGOH H.G.0H |
0 ] o
_H(l; OH 7. H.C.OH | .
L . |
H(—— - o -0 H. ?'——"
beotodo T,
- 0‘*’ OH
VIt

o Dipg@sphopyriﬁine nucleotide (Coenzyms I)
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_ lnicotinie aeid is reguired in the body fbr ihe
syntheaia of caenzymea 1 and II. It hes boen shown (14)
thot aﬁminiﬂtration of nicctsnic acid aramaticaiiy alevatee
‘the coenzyme I ana II content of the human evy%hronyten. ’
Hicotinamide is at baat anly & third as petant an n&aatinie |
 ac1d in stimulating anenzyme Bynthesia. The exaat path of
goengyme aynthesla.remains Btill ¢o bg ‘discoverod, A nico-

- tinic =meld defieiéncy.wés held to anuse failure of thé'tiasue
ﬁaépiratary mechanism which inéulves &ha'yyridiae-nualeatidaa;
Ia_their wark-%ﬁ asqertain the manner in which nicotinic acid
ﬁaéiéienaﬁ epused the development of péliagra.aymptamg pnd
finnlly death Handlor and Dann {15) conducted in vitro
~ studies with normal dogs and dogs with bzaeigtongue and showed
.-. napiffeﬁeﬁaa tn the ability of the tianaaa to oxidise¢ glucose
or laetic &eid.‘ The autnors ﬂﬁﬁeluded that death was not due
ta a simﬁle deficiency of coenzyme and the consequent failura
of tissue respiration but must be the result of some other
,'camhination of aircum&taneesi_ The parenteral administration
ﬁi‘phyaiologica? paline soluaion to daga with blacktongue re~
sulted in alleviation of the ﬁefinieneg ayndrome anﬁ their
| livea were prolonged es mugh as 150 days. Although sll the
onimals finally sucoumbed to the nicotinic aeiu ﬁefiezency |
~ their stete in extremia saldam rasembled the claasical piotupe
| of bzaektangue. Hendler and ﬁann regarded debyératicn and
elaetrﬁiyte 1mbaiance as be&ng pasaibly of arimary 1mﬂmrﬁauce
in aa\ming denth in te rmae or niaotinm acid &efieianﬁy but
it ie obvious that %he cﬂmplete set of resetions 1nvalved in
proaucing the uharacteriatic peiiagra symptema in not yet
understood.

| The reenltﬁ_af‘ﬁnpllsy'én& his asseciates {16)‘~
atrongly'inaicaﬁeﬁ'thnt'a highly speeific strusturs wes ro-
-quired for curing blacktongue. Of the following seven
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gyridine derivativee round effe¢£1Ve all hgve-the <1~earban

at@m'unaubstituted 3

CH
HG“/ \‘0 COOH

HG" //GH

Nieotinie Acid

CCH ’
' HC/\G C,ON/

HG“\ /'/!CH

X1t

‘tethylnicotinemide -

Sicotinamide

\(:H3 .

Hc“/ \Ic .GOINH

HC\/

CH

i

HC\/

X111

niethyinicatinamiadr

"

ﬁieotihuric acid

/N . Cats
HC 6 CON\G He -

o "/\lc CO0GH,

HC\/GH |

XT

B Eﬁhylnicntinaté‘~7

o
HC" lc.coNH,
.HG\/CH
’ \
ERE:
H.C-
[:CHOH]3
. ?
 CH,OH

XIv

Nicotinamide~
. 8lucosideiodide

' /\c C.ONHCH COOH
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It wes suggested (16) that only those substaneos which can

' be converted to nicotinic acid or its ami&c by cither

hyﬁrniysis or pxidation in the hody paﬂacss ﬁﬁti blanok
tongue activity,

NN

- Heteboliem of NMootinie acld dorivativos

An eacellent revlew of th&a subject i glv&n by'
Fllinger (17) Ingestion of nicotinamaae (X} is followed
by the exeretion of H**methylehlorﬁnicetinamiae {2v1) =nd
small quantitaas of nicotinie acid (IX} atd nicatinamide (x) in
E,tha human urine. The above dariVatives togethar wiﬁﬁ '
? Triganailzne (111} and nicotinuric avid (IV) are faund in
urine in amounts that vary with the diet. Pallagrina ex~
. srete hardly any ﬂ?mme%hylahaoranicotinamlﬁe which 1o the
’fﬁhiai‘enﬁlpruﬁuatﬂéf nicotinamide metabolism in the human

‘being.

_ Vi
E’»mbthyl&ﬁlnronicotinémide

Tt 15 pointed out that only 10-16%or a singlo dose of
-nicatinamiﬁe is sliminated‘as R’ﬁmethylchlnronieetinamide.
-In our preaent state ot knnwiedge ahont. fourafiftha of the
ingﬁstea nicat;namiae.cannag be accounted fer lnva\bulnnee

fatuﬁy,'
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The methyiatian of pyridine in the baﬁy wnz ob»”
~served by His {18) who found that pyridine wag eonverted 0
N'«methylpyridininmhydvoxiﬂa (%VII)

: HC
HJ'V
AN

- GHy OH

| }Hg,meﬁhyzyyriaanﬁumhydraxiﬁe4

Huf? anﬁ'ﬁerlzwgig (19) 1a£éb cbserved that nicotinic acid o
‘dorivatives were also methylated in the body and in another
Jggapﬁr Peilgweig and hia associates (20) faported that nico=

. tinemide anﬂ not nicotinic actd unﬁerwent methylation, |
These anthora slso ahowe&, using the rat as their teat

' snimal, that the seat of methylation was 1n the liver and
that'thisvpracéaa dia not,take_pldee in kidheyor muscle
tiﬁéﬂé; The renction required tho presence of oxygen and in-
tact 11v1ng eells aaﬁ.usually but not always methylation was

~ ineressed by the addition of methionine. Hajaar and Deal (21)
gave evidence that N'-methylehloronicotinamide (XVI) weo
'demgihylate& with the releoase of nicotinamide. - The livers of
rats which weors given N'4methylehlor0n1c9ﬁiﬁamiﬂé‘eonthineﬂ
half the qnantity of fat ﬁhich wes preaent in the controlsﬁ
In the 1ight of their rinaing Najaar ana.neal believe& that
the methyl group made available in the d&methylation grﬂceaa
mﬁght be~hiologiaally activa. Tha work of Hasjar and Deal
(21) wae called inte qaestion by Ellzngar who shﬂwed that
1iver slices 1n1v1$ro.&id not aeatroy ﬂ'ﬁmethyiehioroniaa.



) tiﬁamidé. Receﬁt work by Eliingar and Hardwick (22) élaimed .
 that 8 portion or this metabclitn {praduced in the liver} N
‘ was alrminataa with the bile into the small 1ntast1ne where
: 1t wag &agtroye& by tha 1ntestina1 rlora. ?hzs finding, ir

correct, would account for at leaat part of the nicotinamide
"leot" in the metabolic process. Nojjar and eo-workers (£3)  '
(2&} attrituted aansidernble biolcgicnl netavaty to H'amathyla
chieronicotinamide whitch thay regarﬁed as a grawth faetar for
'Hemﬁphilua 1n£1uenzae@ The iaenﬁifieatinn»of this aubstance
is of practieal imgnrﬁance becauae pellagra patients do not .
excrata as mueh N"metnylchloranicotinamide in urine zs do
normpl individusls. (Phynically it persons gxcret@ 6.0 mg.,
pellogrine 0.45 mg. por dey (22).) This led to the ested~ -
lishment of a E'émsthglehioranicgt1ngmiaa urinary exsretion

%estffar the.early aetectian'bf nicatibic'aeia aariciancy.-'z

It was originally thnaght thet orally a&ministered
aieotinie aeid wsa partly eliminated as trigonelline in ,
: urine (25{8&) In 1940 Naajar and woond (27) reported that 8
whitzsh blue flnorascant subatanue wae pmesent 1n the nrine
1 fbf nprmal subjJocts and weas inergaseﬁ in ameuut after the in-
gesziahnaf;ﬂieatinamiag.ana_falated subaﬁénces. Thia_flua«v_
rescmt' subatonce vas | termed Fy. Qf a hu’mb-er of pyridinb
derivatives tested for ﬁh&ir:pawer'%n increase Py only nico-
tinamide and diéthyiniéotinamide wers etfaettye‘hnd‘bath of |
these substances were active in the cure of pellagra. The
composition of P, aroused grest interest. Najjar et al. (23)
ashowed that ?3 wen a,ﬁyridine,oampouna by producing a posia}
tive cyaﬂégan,brnﬁide test after alkaline hydrolyﬁis. ?hené
workers realised tbére;were-gimilaritieu betweon Fq anﬁ’
| H‘#ﬁethylﬁicotiaamidéi&erivétives:bnt did'not guccoed in
1dentifying Py with anﬁ_of thsm. Simaltaneously with the
"pm;iacatmn of the findinga of Najjar and his sspocintes {28)



Huff snd Perlzweig (19) published their report claiming to
 have identified F; with N'-methylchloronicotinamide (XVI).
Thay show&d'that @ostvof the trigoneiliﬁa fngna hy sarly
workers (25)(26) 1n urine after nicotinanide ingestion was
in peality N'methylchloronicotinamide. The work bf;Elliﬂger |
and Coulson (28) proved that Fy oould not possibly be
N'~mathylchloronicotinamide beceuse this sanetﬁnae>ﬁiﬂ actv.
. fluoresce when examined in the 1ight of the 566 and 311 | |
mercury lines. They demaﬁsﬁrate&'hawsver that when this
ncmpoana was - treataé with aEEali it becama slightly fluo~
- rescent and that this rlnorescenee was greatlg 1ntensified
. on cxtraetian.wtth 1aobutan91. Tn& non rluorescent prew
curgoer of ?2 was 1dent1f1¢d an N’ama%hylchlornnieetinamadw (28)
{29}, PFacts lead to tha conclinion {28} that alkinization af
8 ~msthylchloronicotinamide caused a changa in the nicotina-
mide molecule with the production of a quarternary base
(XIVIIT). This was unstoble snd underwent an intremolscular
change in which the migration of the hydroxyl group from the
ring nitrﬁg&néatnm 1o tha,pﬁriﬁine_riﬁg <xﬁca§ban ntam»tcok»
place (XIX};:-whié waa éﬁaﬁﬂéagiéﬁ by.ﬁhe»oimultanaaus lose
of one double bond in the pjridma micleus. Najjar end
L_Khite (Sﬁ) aceeptad this argnment of Elliﬂger and Coulson (28)-
.- and 9ostu1ate& that the earbinal (xzx) then roacted with the
»’isnbutancl to preduce & earbinal ether {xx} which they alaimed‘,
'f wae the atrongly fluureacent eamgound Fg.
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/,\\ QE CH
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wl XV1il XIX XX
Quarternary salt suarternary base Carbino) . Carbinol-ether
(non fluorescent) (alightly (sl ightly (strongly
fluorescent,) fluoressent) fluoresoent)

%1linger (17) 414 not accent this view of Najjar snd ihite
(&) on the ground that ¥, could also be produced by reect-
ing the carbinol (XIX) with ethyl scetate. le alao observed
that the increase in fluorescence was only brought about by
solvents of Fz e, 2. 1sobutanol, methanol, ethanol, amyl al-
cohol and ethyl acetate, The definite composition of Fz‘has

as yet not been established.

rrioavnthesis of Nieotinic ncild derlivastives

any factors are involved in determining the nico-
tinic acid requirement of man «nd in 1944, with the finding
that nicotinice acid derivatives were asynthesised by the in-
testinal lora, snother fector was =:dded to the list, In
their work on the metabolism of nicotinic acid -llinger and
Soulson (81} examined the efreet of the ingesticn of nico-
tinic acii and its derivativea on the daily elimination of
i'-methylchloronicotinanide. ‘rom the relation of the ex-~
creted metabolite to the dletary nicotinaside intaie they

suspecte:i the presence of an extre socurce of nicotinamide.
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.vThia'was'grevaﬁ'tb'he correct by mllingeﬁ and his ésgneiatea
';'(3%}(33}_vh0 showed that a considerable proportion of the ‘
human.réquirementa;ef‘ﬁieotinamiﬂe was hetvﬁy ﬁhe’agutheeis~nf
this substance by the intestinal flora, a fast which throws
new‘iight on the etiology af'p911agra. Hﬁiﬂg‘the‘*ntEﬂniéihg“-
»ﬁrngs sulyhaguanidine and auucinylsulphathiazale thege wnrkera
"-(52} redueeﬁ the nntput of urinary a’~m&thy1ch1aroaicctiﬂamade ,
»ﬁy 3ﬂ’k Th&e action wag attributed to the ba@terimetatic of-
| foct of %he suiphauﬁrngs en the Lntestinal ‘bacteria narmaily
E ssynthesismg nicotinemide, In 1987 Enight {34) showed thaﬁ
| baeterﬁa aonsuﬂed nicatinamaée and later tha work of Kmaer
f_.ana Baird (35) and Benesch (36} pravea thw% bacteria ﬁeatrayed'
»nicatinmmiae._ In the same atuéy {36} ﬁeneseh showed that &
‘suspenaion of bacteris fram-the-caecnm destroyed nicotinamide
- unﬂeflaﬁéeraﬁiﬁ-ecnditiens and produoced it under asrobie con-
" aitions. From these facts it can be deduced that a disturb-
" ance in the iﬂtas£ina1 tract against the anasrobic bacteria
r'_anght to @r@duce an incresse in the syntheais of nie@tinamiﬂe.
This waa ecnﬂrmeﬁ by uningar and Emmamelova's uge (5’?) of a -
aulﬁhunamiﬁe drﬂg, Ambemide { p-aminomethylbenzenec~ |
sulphanamiﬁe) whichg being selective against the anaeroble
| ‘bacteria, bréughtvabuut an increase in tha'oufput‘of N -
| methéléhlar&ﬂiadtinamidea ‘?ﬁeﬁe-authbrs_ex@laineﬁ their re-
sults as follows. Nicotinamide was produced in vitro by the
aehabie colifarm bacteria, ﬂﬁring the ﬁmbémiﬁe doaing period
an ﬁnc?ease waa ubservea in the number of aoliforms and in
“the amount of H‘mmetnylniaotinamida exaretaﬂ. The inereaze._
of the metabalite might be due solely to the ilnerease of
nicatiaamideaproducing coliforme or to the simultaneous aeﬁ_'
- eresse af niﬁotin&miﬁeweonguming or destroying anaerabea.
Coulson and S%awart‘(aa} éafriea out éxperlmenta with infants
less thaﬁ-twb,dayg old éﬂﬁ ghowed that th&w exereted atvleast
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3.2 mg. N'-methylchloronicotinamide per 8¢ hours. This was
fﬁf?mere than-eauld have been derived from the amcunt of
nisotinic acid de?ivatiVBs'in thgvsmail quantity of broast
milk ingested. Hajaar»anﬂ'cb~warkera'(39) placed hwnan
subjests on a purified diet conteining 1.5 -« 2.0 mp, niaba
tinamide per day. No signs of deficiency developed and the
authors aitmibuﬁaa the maintenance of good health and nor-
mal exerstien<af ﬁ‘wmethyl@ﬁlﬂrﬁnicnﬁinamiﬁ@ to biosynthesis
- of nicotinemide in the intestine, It may be genkrally
stated that if conditions in the integtiﬂai traet are not
optimal for the growth ef.ni@@tinamideapraduaiﬁg bacteria
ﬁhén thia écﬁrae af‘eﬁpply of the vitamin will be severely
restricted, |

Pellagra is s disease en&emie,in thﬂge‘parta'of the
Aw@rlﬁ:whera maiza eongtitutes the main food, Casal in 1785
was the Pirst to observe that the incideace of ellagra waa
aﬁsﬁﬁiaﬁe& with the aansumptinn of malze, This relat&anehip
though very common is not iﬁvaéiably found, Jlagsical pella~
gra affeots &hree~mé$h'ayétEms =~ gkin, alimentary tract end
ﬁervbua system, The skin ghows characteristic pigmentation |
and thickening of the epithelaum ot those parts of the body
exposed to sunlight. The deleterious effect of sunlight on
the ckin was observed by @rapoili ag early.as 1771, ﬂi&r¥
thoea, nénmea, vomiting, losg of appetite with eanaﬁﬁkeat
iogss of wéight éﬁgether‘with:aare red tongnevmanifest theqr
selven. Hental disturbances and chﬁngea in. the spinal cord
are also aéserva&; Some cases hove shown auch aevere mental
disorder that they have been sent to mental saylums, In
1928 Goldberger and Wheeler (40) demonstrated that canine

black tonpue, o discase eharanteriseé'by losa of appetite,
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loss of weight, vomiting, blocly dlarrhoea and lésibna'ﬁf
m@&th'aﬁﬁ"toﬂfue'ﬁas anpilogous to humnn geilagﬁa; This

was o TRy impor%anu rinding as dogs could fow be uged acg
test subjects in plsce of hﬁman belngs.  Every substance
of value in the cure or treatment of ﬁellagvavwaa-nffvmlue |
in bluck tongue. - Every agent that was wbwtﬁieﬂa in %hgl

grwatméﬂt_ﬂf'tna‘aﬁa~ﬁiseaaa‘wag-wnrﬁhleaﬂ iﬁ‘the other,

”h&re ﬁa atill mueh canﬁraversy ag t0 tha»aa&se
of p&liagwa.A ?bst peapla atill hﬂlﬁ the view that it 15
| due to a vitamin ﬁefﬂeieucy but there are two othey Beﬁ@aia
of thought =~ one that it is due to lack of suitable protein,
the atﬁey thet it i duevfﬁ‘ﬁha'prﬁaenﬁe of a toxle substance

in moize.

Iﬂ 1914\Véagt1iﬁ {41} ﬁssauiatsﬁ thaﬁ'a doficiency
of certaoin amiﬂé.aaiaa ia‘%hé atet might‘be a factor in the
inciaence of pellagra. Goldberger end Vheeler (48) definite-
1'13 ghowed that peliégra wag & food &efiﬁiﬂhéy.diae&ae. They ’
observed thot peliagr&ns wera snemunteved mainlg among a |

geetion of peaple whﬁse diet ehiefly ccnazstea of medze moal,
"maize grits anﬁ_ayrny.' Gal&hargew deaiaed to tost out suah 8
. diet on elevea'vaiunp&erp in asﬁzsaiseiapi.priscn,an@ mf’these 
aix‘gaﬁtraa£§a ﬁﬁe»aiseasé,'.ﬁgiﬁherger experi@sntgﬁ with
- verious pellegra indueing ﬁieta of which the f@ilmwing‘is a
goobd exaﬁplm s | | o
Ground white malze  76.4
Pea meal 10,
Sod Siyen ot 4
8alt mixture : | 2.8

In iﬁﬁb'dhiak and Hﬂmev(4a)_repmrt$&;tﬁe'groﬁﬁétiqn
5$n‘@bnkéys of ayﬁ;tﬁ@ﬁ closely resembling those of pellagra by
prolonged feeding of o low protein diet, Administratioh of
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- tryptophane to one monkey staved arfnaeath‘ﬁbr many weeks.

i Two years 1ater3,Gq3&barger and Tannér {44) obaerved some

; beneficiel results when they téeatéd pellagring with tryptbs'
" phane gnd oystine. ‘Thﬁé% workeprs in 1924 wore able tﬂ}pfé*

- vent pellagra by incorporating high protein foode 3&@# as'
milk, lean meat and legumes in the dlet {(4B). Despite this
% howsver Goldgberger came to the conclusion that tﬁa‘ﬁiaéasé
‘was Que to deficiency of a vitamin which he termed the pels
lagra preventive (PsP.) factor. The search %o identify this

fastor now started.

_ In. view of the newly diccovered water soluble vita-
ming ia liver ﬁelaberéer snd sebrell (46) testead liver extract
lan aogsiwifﬁ’biaék tongue and found it had s benéfﬁeial result.
In 1933 Ramsaell and ﬁagnesa {47) cured 22 saees of pellagrn
-with liver extract. (Qh&ck {48) in the same. year stated how-
,ever that pellagva was not due to a B vitamin nar wag it in
her opiﬁioﬁ'ﬁué to on amino ecid because neither vieﬁ‘ex~'
plained tha‘aaéc¢iat1§ﬁf©f endemic pellagra with maize, She
'proposed that pellagra was éaused'by_avtaxia substance in
:maiae and that this could be corrected by suffieient first
‘class protein and pew&apa\by vitamins of the B complex. In
the seareh through the B cﬁmplax for the P.P, factor thie
miﬁe wae congiderea and rejected on the grounds that whareas
the P.P. factﬁr was stable to heat thiemine was a heat Zabﬂle
| compound, Rhoads and iiller {49) tried to produce black
tongue with & diet deficiantuinvribéfléviﬁ'w1th6ut‘éuecess
yaaﬁgﬁlvenjem and Koehn (60) and Birch et gl, (51) failed to
cure 1t by means of thls vitamin. Vitamia B8, the anti
pellagra~like dermatitis feetor in rats (52) eanl&'hoﬁ be the
P.$, factor because it wns present in blsck tongue‘p?@duéing
iaieﬁs (1) and because pellegra cbuiajbe cured by & diet not

fcanthiﬁing thisg factarv(55).' '
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_ .iﬂ theib work on the effeet-éf‘livar extrasct on
thé‘pellagfaglakebconditiﬂn;in_chieke Zlvehjem and Koshn (80}
prepared o fiaﬁinwfrae r?aetibn.whian was effeeti#e 1h‘curing_
the chi@ka._ ?he cancentrétion'@f the pellagra prevgniiva'
factor was cerried out albng the foliuwing lines (84). &n
aqueous 3@1ution of liver exbract was treated with a large
exeesy af‘ethyl aleahal anﬁ ether. a preeipitate Wan Prow
dveed and‘ﬁhia.was Filtered and.washé& with & mixture of alﬂ'
cohol, éthefuaﬁﬂ wetéra The fiitréte-wﬁs aaﬁcéntraﬁaa in
- vaoue, aeiﬁified with hydrochloric acid and shaken up with
_ Fuller s earth to remove the flavin fraction, Th&s was ale
'1awed o sattle out and the supernatant iiquid giphoned off
an& nautralise& with sodium hy&roxiﬂe.v The saﬁium ehloride
was precipitated by means of excess ethyl aleohol and fil-
tored aff; 'Thevfiltraté'waﬁ highly active in’cmfing plack
ibﬁgna,in doge. frheaé suthors contiﬂuea‘zn their efforts to
cun&entrate'aﬁavpurify‘tne P.P. viiamin and in 1937 developed
anather pran&ﬁure (55) which 18 hriefly deaerihe& as follows,
. &n amwl alamhol sclntiun equivaleut to 400 g. of liver extract
‘  ﬁﬂﬁ avapurated to ﬁrynesa 1& vaeuo.v ﬁaking age of 98'/ethyl
aleohai to dieaalve the residue and suscessive acetone trest-
mente to yreﬁipitate ond impuritiea, ths pesidue fraeed from
| aeetone by ccnaentratinn te dryaeaa was extracted with water.
This solution was decolnurised with a emall quantity of norit
| ané the fil@rata anﬂ.washings_were round to contain 2.56 g.
of séli&jmgtﬁer;_ Aitaméts to obtain crystals from the fil-
trate by‘maana'of'ﬂiffereﬁt nalventﬁ mét with ﬁb success.
when the GLYR S caneentrate wos fed at the rate nf 84 mg. per
| day to ﬁoga suffering from hlack toague it affectea a eom»

plete cure.
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'WhileAwavk'oa.tne‘&@neeﬂgﬁatieﬁ and purifieatzan
of tﬁ@.?ﬁ?g_faeﬁnr in liver was in.prcgreés, 4 deep interest
waa be1ng ﬁisélayea in the ﬁcasxbie role of aicotinic acid
in the body following the report of wWerburg snd aﬁriﬁﬁian (7
that nicotinumide wes the gative-ganstituaat of coenzyme I
{Triphosphopyridine nucleotide}. In 1986 Kuhn and Vetter
isblated nicotinic acid from heart musele (56) ani duriag
1957 Funk and Fumk (57) published their results on the
nutritional value of nicotinic scid and nicotinamide, Ueing
pigeons and rets as test enimais thege authors reported that

nicotinemide snd to o legser extent nicotinde mcid csused a

great improvement in appetiﬁa‘anﬁ inereaae in weight, About

 the same time Frost and Blvehjem (58) showsd & definite

growth regponse in rats on a purified ration when they were

fed adenime nucleotides aa&_niéat&nic ncid. sdenine nucleo-

" tides slone produced an immediste but not continuous re-

apohae, - The réaction‘td nicotinamide was poor at first but
aftorwards gave a wvery d@faﬁiﬁe and prolonged increase in
the rate of growth, Combination of the two supplements
gave ﬁhe'baat-resulﬁag The spotlight was nnw'ﬁafinitely on

nlcotinic aoid and its derivatives and on comparing the

properties of»ﬁicatinie agid with thaaé obgeprved f@?‘ﬁﬁ& PP
vitamin, e.g. tﬁe'high'etﬂbiiity towspds prolonged heat
treatment, Elvehjem, Madden, Strong and ®Woolley (59) im-
nadlately racopnised similarities and decided to tent out
pure nicotinie acid on dogs with Dlack tongue. A dog with
611 the typieal symptoms of the discape was dosed with 30 mg.
of nieotinic acid and & phenomenal response was obtained,
The appetite improved, the mouth lesions dissppeared and the
dog started putting on weight rapidly. In this wey was aico-
tinic scid fdentified as the anti black tongue factoy.
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Flvehjem et al. (59) aantinued their efforts to
iﬁﬁlﬁ%@ the Vitamin from liver and this was aveatually ac~
nomplisheﬁ aa fallaws. A eaucentraﬁe of the anti yeliagra
Pactor wa@ obtainea ‘Trom 1iver by an alkaline aaetona treatw |

_ment. Furthar pnrifieation.was earrieg out in & molecular
R stzizg'tné distillate aissolved in alcohol and treated with
ézeeég'alabhalie mercupric ehlori&e. Tha white pveeipitate
_ whicn formed wag filteraa, washea, digsolved in dilute
- hydraehloric aeid and tre&taﬁ with hyﬂrﬁgen sulphide to ren,
move the me#euric 1ans. Whgn the resulting filtrate wes con~
aéntrated tbydryﬂeaa loﬁg éﬁité_arystuls méré'ubtainaﬂ which_‘
ﬁrbveﬁ_tofbe}highiy effectivg'in‘éuring'black tongue. Thé\
.:”‘ﬁryniaia'melteﬁ at'ﬁﬁ?ﬁEEBQG (uncevreeteﬁ) gnd‘by means of -
~ the mixed melting point test were identified as niﬁotinam;de»“'
hg&raéhléridea The'free'base vas‘praharea by removing the
hyﬁrechloric aela by means of silver cxide and rearystailtsing
from ethgl acetate.- The bade was i&entifiea as niuatinamide.

In view af the analogy hetwean canine black tcngue
and hnman pellagra these anthars euggeate& that nicoﬁinia .
,,aciﬂ:mighx be effective in ﬁhe:cur& of tha%’diaease. ﬂhortly
éfterWarﬁe Spiéa'et,alﬁ_(ﬁﬂﬁ éénieved sueeeasful’besuits when
- th&y'treate& elevéh”oésééAéf'eevare peiiagra with nicotinie
:'aciﬂa> nuriag thia study 59195 ebSevved that when the okin
',leaiana were severely wlcerated and th&ckene& they 4id not
'fappear to z\e@ond to nicotinic aeid therapy. ams he reeomandea[
' that pellagra patients be given a well balanceﬁ aiet tOgazher
| with the nicotznze acid treatment.- Time ‘has campletely Jusg~ a
© $ified this early view for it is known today that nicotinic
o aeiawgivaa,anperior and murereonaistaat resuits when given-tdé

. gether with a good daily dlet sontaining first class protein,
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Evea with the 1aant1fieatian of the PP, fact@r as
niaatinie acid there were otill meny doubts as to whather
aef'iciency of this factor was the sole cause of pellagra,

It was observed ﬁhat.dietﬁ riéh 1ﬁ’rya and onte whiéh‘céné
tein conaiderably less_niéotiaie acid than maize aia not ine
duee ?exlégra and this atrengtheneﬂ the belief thaﬁ'maize |
cbntainéﬁ avpaiiagra 1aﬁﬁeing ﬁénzn; Otheyr peuplé ocontinued
“to believe in the importanb role of pretaiﬁ 1n the otiology
of peilag?a.

 Relattonship betveen Hicotinic aold_

It wag found that en incresse of protein in the
basal ﬁiaﬁ‘Wﬁthﬁut~carr@spoﬁdiug iﬁeréaﬁafoffa complex vitae
mtnﬁ;regulte&‘in‘thejpacrggrawmh of rato (51)‘ Fnrtheé.ﬁata“v
4ndicated that the exeretion aﬁftatal niaatinic'aeia and
riboflavin was highest during pafi&ﬁa’pf low protein inteke.
An increase in tﬁe:pratain content of the diet produced a
detrease in the urinary exeretion of nieoainic.aéiﬁ‘by dogs.
This decreaso ef'nicotinic»aﬁiﬁ'in_the‘néine wos attributed
in pért'tc 4 reﬁentiaﬁ under ﬁonditiaﬁs @f'high prbtein in-
teke. wintrobe et ai. (52) wcrking with @iga &emonatrated
that when these animals vave fed a high protein diet (96;1/ | .
caseglin} supplemented mith-ali the B vitamins exgept‘ninotinic
aeid they developed no &efieieney egmptoms. On the other
hend wh&n the protein gontent of the diet was low (19 casein)
the‘amisaiou‘af nico%inic_acia waa agesociated with marked de-
 Piciency aymptoms auch’us impaireﬁ‘grbwth,-aiarrhbea, poopr

. appetite and anaemia, This-ﬂéiptea to 8 ¢loge relaticnahi@

| betw@én‘yrotéiﬂ, aﬂd‘ﬁieatinia agid aﬂé Wintrnbé felt that

~ when pigs were fed & dipt with a high protein level-the diet-
By requiremene of niaotinic a&id waa eomehaw alterad. it is
7 1nteraﬁting at this stage to pmint eut that the uaual diet of
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the peiiagrin is poor in pratein and mineréls ag well as
in.vﬁtamins'and,thaﬁ the Gélﬁberger ex@erimeﬁtal diet éupw |
plian protein which 1s poor qualitatively éa‘téll a8 qnaﬂ--:
titatively. | | o

‘Despite the finding by Pann (68) thot the rat was
abie to synthesige its own nicotinic acid anﬂ’wag'%narefare
inﬁepenaent of a ﬂietary aoured Krehig ?eplay and Elvshnem :
(64Q eucceeaea in produeing nicotiniec acid ﬁefiaieﬁey
symptomg mn this animal by 1ncorp¢rating mniz@ in ite basal
ration. These authara fed the rat a basal diet free of nieo-
tinic acid and on replacing 40/ Gf the diet with maizé af'- ‘"

- fected f @rnnouncea rﬁtard&tion in gfowth,_ They fﬁrther '
. astabliaheﬁ that the grawth aeprasaing autinn of malge canl&
" be aauuteraetea by supplyanq nicotinie acid at the. r&te ot
l‘mg. per 100 g. of diat. .It woe also ahawn that the type .
t of carbohydrate and the‘ievei-ar protein supplied o8 ca&ainJ
mnairiaé the effee% of the harmful actiea aue o maizs.
‘ With glucase as the carbahyﬂrata mw when the levei of caaein
wes raised to 29/ the growth @egrasaipn due_tcvthe-ma&ge_wga
’ ﬁiﬁﬂniﬁhe&. of etriking'intereaﬁ'ﬁa the faét that when 1
paiishaﬁ riae or rollea oate which contain less nic@timia
a@iﬁ ﬁhan maize were fed unﬂev 1aent1ea1 ean&itiona thay
praaueea no sueh grawth aegreaaion, ?urthermore miik, al—
’thﬂagh very law in ﬁieutinic aeid wee active in eamﬁating
‘the harmful action of maize., It s well warth rameMbering
'that Golﬁberger haé.adv0eate& the use of milk in the ﬂreat*
ment of pallagra patiants a8 early ae 192@. ainee the pra-
toetive netion uf‘casein cannot be explalaeﬁ on the ba&is of
its nicotinile aeid content which is very low Krenl and co-
workers (65) earrisd out exparimenta t0 find what raotur in
:easein wie respongibieg aaize~1a ‘deficient in the easentiﬁl
“am&novﬁaidﬁ lysiné and trypﬁqghane and 1% wae avgue& thatl

i
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casein might be contributing thene amino acide in s 7Itelent
guantity to overcome the deficieney in the malze, It was
found that lysine supplied at 0.5%’of the r«tion 414 not al-
leviate the ef’ect of maize. However when l-tryptophsne was
addel at a level of 0.4ﬁéto the low casein diet plus malge
grits a dramatic reéponae in the growth of rats o curred. 1If
in the basal rationh qcoorice polishings were substituted for
the 46%’ma1ze the growth retardation stopped and weight was
mit on again. Rice contains lems nicotinic acid but more
tryptophane than maize, The wor- of %rehl et al. (65 con-
firmed that the protein level had s profound =ffect on the
nicotinie acid reguirement. A high protein diet, i.,e, &
diet containing adeguate sun:lies of tryptophane, reduced
the a-ount of nicotiniec secid negessary to prevent the onset
o pellagra symptoms. Tn view of the faet th«t the deleter-
ijous action of = bassl ration conteining 45%’muize arits
could be prevented by the addition of either 1 - 1.5 mg,
nicotinic acid or BC mg. l-tryptophane 1t was evident that
a cloge interrelntionship existed between the vitamin and the
amino acid tryptophane. 4hen the maize constituent (4C % of
the basal ration was replaced by the eguivalent qguantity of
its principal protein zein thies relationship between nico-
tinic scid and tryptophane still held, Thus rations which
were deficient in nicotinic acid and marginal in their
tryptophane content or vice versa were inadegu:te for good
rat growth, It is pointed out that maize 1a deflcient in
trypsophane an? lov in nicotinic soid. artin (66 had dis-
covered thet EWQaucainyl~su1ph&thiasole in dieta.containing
a mixture of teh easential amino acidsas the sole source of
nitrogen resmlted in a great loss of weizht and death of the
test aniumal. iaertin had concluded that intestinal bacteria

must syntheaise aminc acids essential to the hest. In the
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light of these findings Krehl and hic essocintes (65)'éxh ,

S plaineﬂ the aatioa of maize on. the gronnds that due to 1ts

e low. ﬁzeatinic acid eontenu it set up en unfavour&hle sed ar

aonditions for thﬁ syntheais of trgptophane in the 1nteat1na1
trect and that the daereased oaﬁput of tryptéphana‘by the in~ ;
testinal flora. wauld be reflected in a gbeater &ietary PEw :
. quirement fbr thia aomneund. in 1942 it wes shown {6?\ that
when either gaaein,,glye;ne,_eminpavaleria acid or choline
'wﬁ?é fe&_fav?atglan_a.@rpteinffrae ba@ﬂl,&iet:ﬁh@-éxaratian }
af‘ﬁiadtiﬁia ééi& ﬂéﬁivattveé in thé urine waa'pféﬁpﬁiy ine
‘ereased. ‘Rosen ot al. (68) showed a aignifiaant doorense 1n
the exorotion of nicotinde seid derivetives 1n the rat when
'; the ¢asein of the diet wan raplaaeﬁ by gelatin, a8 trypto-
3 phane deficient protein, oOn eddition of 50 mg, zétryptpphaﬂe
to the gaiatin dlet an inéreaséa excréﬁinn of nieatiﬁie acid
f aaeurred within 24 heurs anﬁ.thia increnee was maeh greaser
.,than that cauaea by other amzﬂo eci&s. The aﬁdiﬁi@ﬁ of
| tzyptaphane to the eaaain diet likewine produced a-large_rieé :
Bt gicétini@ aaiﬁ excrétinh; These authﬁrs\eanéiﬂﬂéa‘that"
j-tryﬁtﬂphaﬁefmAQHt be’ﬁﬁe 1mpartant‘pracnrsor of niéatiniﬁ acid
_in the rat, Sarctt and Goldemith (69) later showed that the
- work of Rosen etAal,»{Gaéisi#o held for human beings in that
admintstration of 1-tryptophene incressed the exeretion of
ﬁ'amathyiahlorpﬁinbtinﬁmﬁd@;Z Thﬁ hérae,ﬂaee not require a
- diatary source of nl&otinia’a&ia (70) and when this aﬁimam'ﬁaé
f:£§5'6 g. of Letryptophane in sddition %o that present in the
bagal diet Schweigert and hie aeaaciates (?1) demangxrated
‘that a threefold ineresse in tho emount of nicotinie zold ex-

'rétéd took plase. “1In the haiae“nieetinic acid and hot

‘I‘ﬁ’amethylehlarnnicatanamiae 25 the ehief end prsauat in the

‘urines The conversiofi to nieatiﬁze acid was very repid as B
ﬂﬁ 1neraase in the amount excreted was noted wiﬁhin ﬁ4 hgura
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of tvyptapnsne aﬁministvatiea ana thig level was waintaineﬂ

’ fﬂr only £4 houra after tryptophane: feﬁAiug haa been Aiseone
| ,tiﬂuea. Emperimenta with_tﬁe hﬁrse-nffaraa'ﬁn‘inﬁiaatiﬁn
'-tﬁuﬁ hi&ﬁtiﬁie aeia_e§ﬂ1a bavcbnverte& to tryptﬁpha&eg

In an affart to elueidate the relatienahip between

| ‘nieatinic acid and tryptaphane 1% wae gecided (72) ta aeternn

mine the efrect of nicntiuia seid on the utiliaation of

tyyptnphane by & balsnes atudy between 1ngesteﬁ trygtophane

and the tryptOphane aecounteﬁ for by gain ;n body weight

pluas- tnat excreteﬁ in the faecas end urine, good grovth and
| concumitant inoreese in total nicotinic acid obtained on 8

low ﬂicetiﬂie aeid ration could only ba attrihutﬂﬂ to a

| meehanism of ni¢otanie acld aynthasia. Krehi‘at al, (72} .

| - auggested that thﬂs mochaniom aas impairaa by zhe preaence

of .w’ maize in the basal ratiam Mxﬁitmn of nicotinic

“medid to this ration (1 mgwilom g.) led to an immediate re~
“sumption iﬁfgr@wtﬁ; The?;canﬁluﬁea that the tryptophane
ieaﬁ%aht ef theAmaize-euntaiamng rat&oﬂ baeame'QQQQﬂﬁta WHen_
| 'V aicﬁtiﬂia'aﬁi& was sdded, Thesse results showsd that addi- .
-tion 0f nzcotinta aaid ateﬁpe& up the utilisation of trypto-

phana from B0 - ?ﬂ Theﬂe authors also coneluded that the

goHd growth effeetaé in rata by addition of GO mg. trypto-
phanawtb the maize containing ratian m;ght result from the

 setion of tryptophane in zmproving nicotinic scid synthesle.

They stated that 1t yot remamed, %0 be determined wbatner

, tryptephaﬁe aerved a3 the praaursnr of nicotinic aciﬁ in thé
‘rat or whether it simnly stimulated nicetiaic aai& synthesis.

The normal matabaliem or tryptaphane givea riae te

,kynurenin kgnnrenic acid sad, as receﬁtly ﬂiaaavered.hy Rosan
'@t YW (683, nicotinic eetd. In 1987 Xagthuranio agid

(é; 8« dlhydraxyquindhne - 2 « earboxylic hc&a) wag isclated
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: fwgm_%ha~urin¢ uf anima1s fed dlets high in trygtophana (§5).
$ix,yeﬁrm‘la%er;bepkavsky, Roboz and Haaganfsmit'€7&}‘isé~
lsted Xanthurenic acid from the urine of rats kept on a diet
' &9ficienﬁ%ﬁnf§yri&égine and they estoblished that when 15
| tryptophane vas féd'ts;inese rats ﬁﬁe excretion of Eaﬁthﬁa

, ranie aﬁiﬁ‘wsé iﬁéreaeeau The excre%ian of this abnarmal |
. wetabolite stnpgeﬁ whon py?iﬁﬁxine was administaraaa
vLagkavaky &% ﬂla canmluﬁgd that tryptaﬁhana was a precursor
of xanthureaic ania enﬁ that gyriﬁax&na was vitully goncerned
’;with tryptﬁpﬁane metahalinm. Willer anﬁ Baumann (75) Loiad o T
firmed that Xauthu@enia.aeiavin,the‘uriha &f’maae was Q6=
- rived framztrﬁpzﬁphane ond that when this amino actd wes
fed tc'miéé-eﬁ-ﬁ.pyriéﬁxiaédﬁfidienﬁ diet it greatly

- ghortened their lives.

| Thér1&21&@&@3‘aﬁ'pﬁ?iaaxine'sﬂ the conversion of
- tryptophane %@'ﬂiéﬁﬁiﬂiéﬂéﬁiﬁ.ﬁﬁa investigated (76)(77) and
4t was éhaﬁn'%ﬁat.féts.@ﬁga pyridoxine deficient dlet weore
"fuaﬁbie ta«eéavert appreciable am@nﬂts af tryytﬁyﬁanE‘%@
| s‘ﬁieatiﬁi&’aéié; The exact route by which this Pprocess pro-

- eseds still rémaiﬁe to be aeterminaa. A ’j;._ \

The old th&&iy of & paliegra praﬁa&iﬂgjtaﬁin*iﬁ
maize was sharply brought tp light by the r&searches of
Woollaey (?B}(VQ)(&Q). His work was based uson the ﬁampetiu'
tive theory of anslogous aﬁb&ta&ee&;_aag;-a aﬁructﬁralAaﬁaé;
logue of nieot%nié gcid would compete for the place of the
nicotinic scid in a bilologically ectiVe anzyma_§ysﬁam but
would be quite unable to fulfil the functions of the vita-
| min, Thisg wnuld then result in the ﬁavelﬁpment gr %ha |
eharneteriatic nieotinic aei& ﬁefzeiancy sgmptamB.



'3“1-'

in 1942 Auhagen {81) repurted tha% p«amlnaaaeta- 5
. phenana (XX11} was bacteriastatie and. that this action was :
J -&GV&&$3& by its_analague gwam;nabenzaic geid (XKI).

cooﬁf o | o §09H3.
/\ ' e 'lﬂb/\CH;;
NHa_ I A TR

™ AT . <
- p-aminobenzoic ecid - 'p*amiﬁbacet@phenaﬁa 

. Growth is*tmularit - growth inhﬁbitor |

ealleg (?8} deeide& t0 test out whether the re-
fplaesment of the carbaxyl group by the acetyl group was o
igeﬁenal methud for the formabti on of 1nnipit1ng aﬂalogues:  '.
~and accordingly he tested out Z-acatylpyridine (XXIXI} on
‘mce. | | R | |

CH o
HE S QCOCH3 j

lll

xxIzn
 Bescetylpyridine
_ Growth inhibitor

Wﬁﬁlzaylrégnrtea'thﬁt 3-acetylpyridine caused a diseace in
‘mice (like rats, normslly tn&épendgﬁt b£’a'ﬁietérynsourée
. of nicotinic acid) with tna_aharaéteriatic'defiéiehey'

éympt@ms,af pellagra. Adminiatpation of nicotinic aeid to
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the S*aéatylpyri&ine eontaeining diet prevented manifestation
of the symptoms, OS-Acetylpyridine repembles in its setion .
glucoascorbie scid, annlogue of vitamin ¢, which allows pro-

duotion of geurvy in animals whicﬁ do not require ascorbic
sodd in the dlet, |

Hoolley ah&erved that whereaa 5~a@etylyyriﬁine was
effeetive against mice it was completely ineffective against ‘
ba@te?ia, Iin v&ew of ﬁhe-eimilﬁr reaati@nsvdtspiayeﬁ by
mieroorganisme and the'highsr animals to vitaming this point

van rather puzzling.

In view of his findings with 3-acetylpyridine
voolley (79) offered the attractive\hyya%hesis.tﬁat the pei~
lageagenic action of maize might bs due to the g?egeneég‘in
it of a stouctursl analogue of nicotinie acid wﬁﬁeh:eampetes
with thet vitemin Just as 8-acetylpyridine dves. Krehl's

. work had shown that tryptophane as well as niscctinie acid

was able to counteract the harmful effect of maize (68).
in tﬁﬁn @oo!i@y‘(vg}iaemnnstrate& that bo%h-ﬁ@ypt@ph&ne
and nicotinic acid corrested the deficlensy symptoms in-
daaeé by &na&etyipyriaine; Iﬁ'a loter paper (89} he ex-
aminéa metze for the presence of a structursl analogue of

nicotinie aeid»Whaeh-wuula‘épeeifiaéllp induce pellagra.

- niee differ from rats in that addition of maize to the

niedfinia peld free basal ration brings about no retarda-
tion of growth. However if a sodium hydroxzide - chloroform
ax%raat‘éf‘maiza was sdded to the basal ration the grovth

 rate of the mice was markedly roduced and many of the ani-

- mals developed mild diarrhoea and reddening of the.@kiﬁ

Cand tongue. These symptoms ¢ould ba_p?evéntea ahd cured

by nicotinic acid. In contrast to the sodium hyrdoxides

~chlopoform extract commercial erude maize oil was not
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deletericus. The factor was Not imoloted and identified
‘but wholley succeeded in preparing a highly active e@naan;'
trate whieh'whan‘fé& aﬁ'a-lavel'of 1‘mgi,pér 100 g, of the
basie ratimn_ﬁfé&ﬁaeﬁ maximal,ihhibitiﬁn o7 growth end

, seﬁcr& pellegra~like symyt¢m$s The'reapansible substanee
nﬁnearea te be a weakly besie water soluble compound aanaev
it wes extra&tci from the nhlura¢orm by ailute #ulphuri&
arid solution and remeined in aqueen&,aslntimngheﬁ the sule-
phate wan rémevea by bariﬁm hydroxide, wéaliey‘ﬁ work
therefore pveaente& a8 ﬁtraving aﬁvance in th@ guent ﬂar a

peilagra in&ucing hnxin in maizpu

| The cgmbriﬁge g&map of warkers nnaaea by Fodicek
(82} have pecently teken this resecarch one step nearer ite
goul, maige,is_an vuasﬂally,migh source of the plant

hormone, heteroauxin (XXIV) (indole~3-sdetic acid),

HC
He? \°/ N

T

\/C
HC GH; oooH

‘ Xuxy
Inéale»ﬁnacetia aoia
(ﬁwteroauxiﬁ} :
| ﬁceordiag to d&ffereﬂt ‘guthorities (83)(8&) |
yellaw maige meal eaﬂtamna hetveen 0-10 mg. per 106 B« of
hetervauxin. Tt is present laggely in thﬂ form of a prew,
cursor which can be ewnvef%eﬂfinto.inﬂuleaaeaéet;c éﬂi&‘hy'
mild alkali_ur enizymic aigeatiea., Aﬁﬁiét eantaiﬂiné 4636

" meize will have en spproximate content of 0.8 = 4.0 mg. of
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heteroauxth per 100 g, aiat.' Young ratc all gained weight
_ateaaiiy on a purified diet containing 16.5'/¢aeein a3 sole
gonree of protein and adminastration of nicﬂtinic acid and
tryptophane did not increase the growth rate significontly.
ﬁhen rats were fed a eimilar diet supﬂlamantaﬁ_by 1.5 mg.
of 1ndale»5~acet:cvacid per 100 g. diet mbout éawsahnwea_’
pevere aepreﬁaian of growth, _wﬁan.affeatad,rate vere dosed
with 1 mg. nicotinic acid b?‘ze«mg. tryptophane per day
they recovered, It ié notable that the effent nf‘inﬁoiéﬂﬁé
| ncatic acid was similer to that produced dy the 1neorparatien
of 40 maize in the basal diet. On a high protein atet (20
_casein)_neither-maize meal nor 1nﬁdie~3—a§é$ia'aeid was efi»

foctive in etappingfgtoﬁth.

In 1943 Tatum and Bonner (85) phowedl that the
monls Eeurnaparﬂ aamld ayntheaiae tryptophane (?XVI;) £rom
znﬁolo (xxv) and aeﬂne (mx) Vory t-ecantly Umbreit and as-
soeiatea (86) prapared 8 cell—fraa engymse system from

Heurospora which alao converted indole and serine into
tryptophane, ?ha;coenzfme»of this system wos found to be
pyridaxal phbspha%ésA The rﬁlaiionéhip betweea indale;
tryptophane, 1nﬂola~8-a¢etia acid and nicatinic acid ¢an

" bo repaesented achamatioally as follows s~
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A Baize is poor 1n tryptophnne and nicatini¢ acid ana
riah 1n indalea3~acetia acid and it eppears that peilagra
_'developa_whare‘a:nouaitmon 1ike this exists 1n a natural atet,

~ In 1945 it wes demongtrateﬁ.ﬂhat ﬁaga'with'biack

»tonéueuréspaﬂaéd conaiderably better;ta standard ﬂaaes of .
»“hiaatinic seid yrbvidea that faiia acid was included in the
ﬁynthetic basal ration (87)‘ ‘?he'eyéle of producing blaek“
,vtangue by means of & aynthetia ration and eorreeting it with
_nicotinie ecld could be repeated o few timeﬁ before the anie
mel dled. If howevw folie aeid was included in the mtaoa
>the aycle eauld go on many more times (88). '
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_ Thia a&count of the lateat advaﬂees bringa the
pictnra up to date. The aub;a~t ia vary muﬁh allve at ,:’
preaent and th*g makes any problem dealing with the niac~
tanic noid eantant af maize partiaularly intereating,
papecinlly in vaew ef the fhch thet in eVery 1nstanca af
artifieially inaueed,pellagra enumerated in the foregoing
pages: nicotinic acia was alwaye enceeaarul a8 o earrective

”ageﬁt.

| Imiex-i tmce in ,&!aiﬁﬂ

' ﬁaiza'balangs tc tha gnnera Zeon. af the family

| Gramineae and aeeordiag to Mangeledorf an& Raeves maize had
its origin An Paragvay, Eoliv1a ana Bﬁazil The place of

; varigzn ie regardad aa the ragion 1& which the greatest

aivcrsity of tyyea oceuzu ,/ '

| ,Glaasifieation of mazze {Fram Hayea an& Itmey - ﬁethoda
of plant Breeéing} , o

14'?ea Haize = Eﬁch kernel 1& eaelosc& in a poﬁ or be-
© . tween husks. . , -

'E@ Eiints S ‘#»atarchy endnsperm aurroundua by a COr-
o 3 -‘_nenua starch,.

- B ﬂnpcbrﬁ' Q—En&oeparm ccntains only a emall grﬂporn -
‘ . tion of soft starch and consiats of ..
| mainly cornecus. atarch._

4, Dents = Corneous starch 1acated at the side of
. ' . the peed and the soft starch extends to.
- the sumit. The soft sterch dries more

- rapidly than the corneous and this

| ‘ .~ causes the ﬁharaeteristic 1ndent&ﬁian.
5. Flour Naize .%Tﬂonmriseﬁ of alxmst 811 sort« starch,

Be Sﬁg&ty:ﬁaizefé Traasluaant harny appearance of fernal
= - and a wrinklaa condition when dry. :

‘?;vﬁaxyfﬁaizé - Endosperm is wnxy due to & carbohydrate
o | present which is different to starch.
A Frﬁm the v&ewpoint of the genet&ciut maize is al»
- most an ideal plnnt., Uaize grows andgr a wide raﬁgﬁ of en-
"Viranmenﬁgl<eandit1@ns anﬁ,exhibitaymany diffgrant eharaeteraﬁ

, Qallinatien-ig,rmlatively‘ééay icfanﬁtg61 a¢ﬂVaﬂ1arga'nﬁmbar
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ot saeés'aun_be;ﬁraaare& on & single ear with a single

' p@ilinaﬁiaa"‘a_ﬁgry important factor in*favaar_of using
malve a5 & weaﬁan i@ golve genetieal érablemg‘iéithe=x§nia'
effect which ic the immediate influence that pollination
profuces in the.eﬁdésperm‘of the ?1. Inrma;zé the‘en&aw
sperm has a aexn§lvor1§1n ond is tripln}a in’chara§ta¥a

The pollen tube on entering the'embrya eaa,aischérgua two
Epﬂfmﬂs One unites with the egg ta'prﬁﬁnée‘tha:rﬁﬁgr& en-
bryo while the 6%&&? unites with the two peiar ﬁueléi which
unﬂergo.ﬂivié;bn,énﬂ result in the eveatual produetion of
ﬁhe’en&osgefm;- This'axpigins>tha meshaniam of Xenia auﬁ'_
tne,txan&missianr:fAhéraﬁiiy characters to the endosperm
s one of the atrofngest aviﬁeneea that exist of the sexual
nature of the muclear fusion in which the endcsperm has its
_origin., From th@‘marpﬁcieg1¢a1'stanapein%\tha'eaﬁ@agerm ap=
pears to be e distinet individusl with a high degree of
&iffeﬁentiatianvwhieh no other plent pbsaeaseﬁ. Mony of
thesé éharaﬁteristias give aiéa?'@at.responaea in genetic
experiments. In the course of experiments in the hybridie
" mation éf'dther‘glanta two geneﬁétians mﬁat be grﬁwﬁ before
pereeptibie results are obtainad and three generatiaﬂs are
'neeessary ror the pr@ductinn of a charscteristic ﬁendezian
roatic. The great advantage of maize rests in thevfaat that
due to Xenia 1mmediate reaulﬁa may be preeured in th@ endo-

sperm of the Fl generahion.

ﬂaiz& 15 charaeteriaed by poaseaﬂing 10 chrama*

- somes and %hese are nnmbereﬂ mazalw 1n oraer of dacreaainy
length £rom 1= 16, number 1 being the longest and aumber 10
the‘ahorteat. The genes determiﬁing the charactere in maize
£al1l into el linkagé groups correapenaing'ta the 10 different
'éhramasaméﬁ; ﬁhe 1arge chromosome numbar 1 carries linkage

gvaup no, 1 am the shorteat no, 1@ earriea iinkage group



Ne, 10" In all cases the orientatiﬂn of the 1iakage group

' within tha chromaagme is knamﬁ‘

< Burkholder, vaaigh ané/noyer (59} in the United

atates of hrmerica studiea the nicotinia acid content of a
1arga tumber of maize varietiea. They eansiﬁarea that
Ioeaiity appaared to exhibit no influeuae onn the nicctinlc
| aeid content, snd the fact that &1ffarent atrains on the
 same g0l shoved widely different amounts of nicotinic acid

. gave them;graunde for thinking that-nicptinic aeiﬂ was a

'gehatia feetor."ﬂare airéét-augpnrt of this beiief lay in
: the nhaervatimn that hybrids bebw&en high and low nicotinic

| peid 11nee usually had at intarmediate eontemt and that

hybrids of high.niaotinie aaié content uﬁually came from
~ parental lines high in this vitamin,

Thie wae the state ef knowledge wheh thig work waa
staﬁtea in 1945.v ' | |

- Bllie, Randalpn and Hatrone (903 a9manstrated that
in aertain stocks of maize doubling the number of ahrumo-_
somes was aceompanie& by an ineresse in the amaunt of
nittogan in the grain (1ncraase of 15/) and in the stover |
(20 - 84g). The ehangeﬁ in chemiea; composition that ace
'companiaa the traﬁ@farmationvfrmm-&iploiay to totraploidy
they asaum@d to be due to the cumulative aataan of aertaim
genes ﬁancerned.with proteiu metabaliam and the fione=
anmulative ‘setion of other genes, ﬂaring 1946 in their com-
parative stuﬂiee of the vitamin content of the 1eavea of di-
 somi@ ﬂnd»trieﬁmac maize, Giles et al. {91) determined that
in 211 but a faW’iastaneee the average iitamia content 6? the
triaamee wae higher than 1n the ﬂompnrabie diplolds. Tho
inereaces were rﬁlatively slight for extra uhramos@mal zypea‘

bn&‘pronaunue&_ﬂor others, Ae pointed out the normal number
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pfvchramesumes in maize ia 10 and the moat striking inereases
- were found in the following instances - |
. Hicotinic acid = chromosomes 3
Riboflavin - * 5. 5
Thinmine - o B

2 o o
@

rhei?.résﬁits 1@&16&%&@ that the addition of an extys ﬁnﬁé of
aimmst‘any'chrﬁmoaem@ had some effect on inerpasing the con= |
tent 4n the leaf aalla of thé B vitanins stuﬁﬁeﬂ. Prom this
thoy deduveed that eevaral genes might be involved &ﬁ the

- gynthesis of each vitamin and thet these genes were widely
ﬁi@ttﬁhutéa in,the~3hroﬁ@3@mm1'eamp1emen%a éertaing@nram¢~
gomes were clearly wore important than others in cousing an
‘ inéraaaaﬂ>n@ntent of any'gﬁrticumar vitsmin. In gonelusion
these suthore stated thaﬁ~da-ﬁrisnme 8 showed & considerable
increase for all three vitaming it might carry genesleon»
trolling certoin basic reactions common to the syntheais of

811 three subatanaest

The next. a%&p lay in finﬁing with What othey faator' ;
nicotinic scid wee associated, The results of Burkhaldar ot
al. (89) end Barton~TWright (92) showsd that the niﬁotinia
acid content of swestcorn waa fach higher than that of
gtarchy meize, In a 1ater report Hather and BartoadWmight
- {98) stated that the difference between sugsary aand atarah&(
grain could not b@_attriﬁﬁta& to the gféater 5hr1veil@ﬁg 5£
sugary seeds in aréing@ for the ratio of mean: welights of
- neighbouring sﬁgaty'aﬁﬁwatgﬁahy-geaa'fr@m twn;mixea'aérs

(aue_te tpen Qallﬁnatian %é%waén eﬁgavy anﬁ«sﬁarmhy‘varieﬁies)
~was.i£11. Thﬁir avgumant ra& as follows, Sweetcorn chapre
’aeteristieally'earriea the “augary“ allelamorpb {su ) @hicn
is #epresenteﬁ,in starchy maize by the dominanﬁ,“starohy"
alternative (»S; }s» The endosperm is triploid, thatfib_



sugery seédé being sususy - and that in true breeding’atarahy
seed being Su Sudu Iﬁ;hybrids’tﬁe endosporm is always
pﬁanmtybiaa11§ starchy whether the mnhhér is sugary oy
sﬁarehygl The starchy grain from sugary.@nthers 18 Sususu.
Besides eppearing sta?éhy'theae had a nic@tinie acid content
witﬁia the range given by seed coming from etarchy mothers |
and being therefore Su Su Sw or  Sudusw  4n endnmperm
constitution. It =ill be noﬁeﬁ thmt whereas the»nigotini@
acld aeﬁteét of sugnyy maize,,endoapeﬁmie constitution
sususe » 18 high that of grains with endogpermic
ﬁansﬁiﬁutianf Swswux isflaw.i ?hia is most signifi-
cant as it eignifics thot the nicotinie acid content follows \
the sotion of the  Su-su.  gene. Uather end Barton-mright
émpﬁagise& that there must be aé element of doubt until grain
.hmé been obtained which differs only in this gene, the
_genetic background being the same in all the-sam?léa. They
algo held gﬁe n@iﬁieg,ﬁhat thers were indicatlions of the in-

flusnce of other geénes.



1, fThe examination of the nicotinic seid éanten%’cf 8
wide range of maize varietiaa grown in South Africe for come

1 mara&al and breeﬁing purpaaea.

2. To determiﬁevwhether ﬁhe‘nicatinie acid content is
s genetic faotor in maize with the uitim&te @béactlﬁf‘making
p@ssibla the breedﬂng af a maize vith a reiatively nigh levelt
of thia vitamin.. ‘

?he foliowtng axample may eerve ta damausfrata the ime . 

partanca ef the work s= | | |

_ The most wiaely grown maiae 1ﬁ South Afriea, the whﬁte'
deﬂt variebiea Hickory King and Pntahefstraom pearly ‘have a
nieatinie aeid d¢ontent of the order 15;ozo/g. |
Daily nicotinic ageid requirament of adult e 18 mg./aay
Average daily eenaumption of maize by a

native : = €00 ga‘
Nicotinie acid aupplied hy 600 ge maize o= 9 omg.
.0, ‘the amaunt of mamze eonsumed aupplies @ﬁiﬁxhaifﬂcf the
daily requirement. On the basie of a high madze diot 1t
- would dbe naeeasavy to aonanme 12@0 g. to meet the ﬁemand and
thiﬁ-far’the orainary wan is imgessible; on the other han&
if the'maize aansumeﬁ éautained Eéﬂ;g.}g'nieotiﬁievaaia'the;
" prﬁseut diet with all its ﬂiﬁadvantuges would st least be
- aa%isfaatarw with reepact to thia v&tam&n. ”



¢iimatic and ol conditions et Potchefetroom ; |

| ”M Helze ie a sutmer growing crap whieh is extensive«
1y auitivatea in the high veld of the Trangvaal and in the
marthyand Horth Eastern parts of the Orange Free State,
T&eae\ﬁegieﬁa iie in the aémmap réaaf&il épeﬁ of South

Africa.

, ‘A1l ‘the maize deslt with in this research was grown
at the College of Agriculture, Potchefstroom, Transvaal, un-
der the &iree@iﬁn ér Hr; FeXe Laubséher‘ T&a'fallawiﬁglin* \
formation on F@tehefstr@am wag obtalned from "91@1& Exyeri-

mente at P@teheﬁstroom“ by Br A R. Sannﬂera.

Potchefstroom is situated at 260 44' South latitude
and 27° (B’ longitude at an altitude of 4,430 feet. The sur-
rounding countryside is generally flat with ceattered low
hills end the %egeﬁa&iaﬁiﬁa typieally grassveld,

Llimate

Abaut 65 af the average annual raiﬁfall faila in
the six‘aummer,manzha aetobgr to Mareh. The rainfall is
very variable, Over the 38 year period 1903-1941 the mean
atinuel rainfall was aa.Bahnhééa The highest léve1’(3¢¢6
. inéhea}‘was reached ip the 1@24f1925'éea86h and the iﬁwe@%
level (13.9 inches) waé,regiéteréa.in the 1932-1933 senson.
The effieiency of the rainfall is not only reduced by its
variobility but alaafby tﬁe high evaporatien rate, The mean
total evsporation per month or per year is in 21l gooes far
in exeeae of the meéean rainfsll., The ai$tribﬂtian of the
@ainrailvdgrigg‘tha‘periaa of this experiment (Cetober 1948
« June 1947) 1s given in Toble I. |
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| TABLE 1 |
:mmy Bainfull at Potchefotroom Colloge of Agriculiure, 1945-1947
| | B inches
July Auge Sop. Got. Hov. Det. Jan. Fob. Hars &@r; oy Juns Fotal
m%wammmsmﬁwanawg%2M¢wm%mﬁmmuﬂé
1946-4T .00 0400 0.00 257 1.82 5.27 436 2.98 3.85 2414 0.22 000 2119

L e

The first frosts usually occur by the middle of
April and freezing temperstures mey continue until the migdle
of September. The degreee of frost registered during this
experiment are set out in Table II. |

TABLE 11

peprevs of Froot rogietered ahlﬁntuhﬁf?%raem Gellega of Agricultiure,
1945-194)

op
ay Jwne July Auguet  Sepiemboy
1945 18 24 25 25 2
1946 4 2 25 14 8
oar - 3 18

Potehefstroom does not lie in & windy aﬁaa‘fbr

A . .
neariy Qﬁ’kof the wind has a velocity of less than 14 Mm.p.h.

| ~ The goil at thé*g@?é?iment station i in the main
shaliow, It is & séﬁﬁmenﬁgéﬁ reddish brown loam which is
about 12 inches deep over the grgater part of the area. The
subsoil 1e largely composed bf latepitic iﬁanlsténe or "ou-
klip" concretions which sre aleo dispersed to somecxtent
throughout the purfece soll, Below B feet the amountﬂaffbléy
inoreases ond the eolour changes to e reddish yeiléﬁ;, The

reaction of the soil fluetuates closely round ;pﬂ'ﬁéa.,
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- Pavoursble features of the soil from an experimental point

- of view are its good drasnage, remapkable uniformity of téxa
ﬁure@‘fartility snd evenneasvaﬁ/slope which is only about
"@cvﬁeg‘ Erosion presents no serious problem and moisture re-

tention is good.

ultural prectice

The ground is plnughﬁdfas'scaﬁ'a@ the summeé,crop
ic removed, Floughing operations éommeuee,aa.eariy 868 March
or April snd arc ﬁéually»aamﬁlete_by'may. A1l Tertilisers
and manures &re generally worked into the soil'ﬂnriﬁgvthis
period. After the first raine iﬁ spriang or early summer the
s0il ts ﬁisaeﬁ.aéﬁ harrowed bafare‘glanting which is all done
by hand with the greatest sccuracy. The €rop grows ubder
dry-land conditions ang cultivation after planting is con-
fined to the control of weeds. |

The experimentel area is Adivided into ﬁangee'ez'
yards wide with 12 ft. pathways betweeén them and the g&ata
1ie seross the ranges. The rendomised block design s in.

general use.

srocedurs of meking the erosees ; | <o

The crossings are carried out during the monthe
of Jenuayy and Pebruary. Brﬁeﬂly“%hevpraeeduré is as fole
iows. A paper bag of a@prﬁ?#&ate.size is inverted over ine
~ young eﬁr‘before thevsilké emerge and as‘exi@pea seturely
te the stem. As 80on as ﬁhe(pallen.begius to éahisme;ﬁne
tassels are covered by other bags wﬁia& are‘%ied iigh%ly
| ruﬁn& the‘ﬁe&uﬁcl@s to ?nevea%'the esacape of polian; Aftep
the silke have'emergeﬁ'insiﬁe the ear bag and & quantity of
pollen hac collected in tﬁe tassel bag of the selga%ea

ya&eﬂt p1anta the pollen is carefﬁl;y removed aﬂaiyaﬁme& on
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. %@'thé silks of the appropriste plant. The pdpep baga are

- 1mmeaintely repiaced after each eperatien.

After the maize‘for'ﬁheae ezyarimentﬁ was harvested

l:‘ﬁhﬁ grain wes picked from ﬁhe eor and then deapatehaﬁ in |
' peper bags to the author, ‘ ' C

&11 tha maize for thia experimenﬁ was grown unﬁer

ciimatie anﬁ soll cenaitiena fai?ly oharacteriﬁtie @f the

SQath African ﬂatze grawing regicn. The experimeu% mns Ol

tinuéa over a periad of two years in order to compare ro-

_ pults obtained under varying climetic conditions. Of &
"tatal of 44 er@saes. 53 weye carrie@ out during the Tiret

season ahd the remaﬁnﬂer during the seeand aeaeen. It is

fully raaliaea that two seasons are inanrfieaent te drav ony

o ﬁefinite conclnsiana about the influanee of the climate. .

modern ahemi@al methada for the estimatiaﬁ of nicoe

f ftznic escid ars baeed upon the reeﬁti@n digaovered.by ?onig

{94) in 1904 %hat gyridiae reaats with ayanagen brﬁnﬁﬁe anﬁ
an aramatia amina to proﬁnce a yal&aw colouresd eampleaa o
“haa reaetﬁon was developea by Kulikaw and KﬁestawaadwigenQ*

Rasa (95) aud later by Parpy-Jones ana straffara (96} for

A the deteati@h ﬁnﬁ aalourimetrie estimation of amall guanti*
B ties @f pyridine. The reaction depended on the fact that |
"-the pyr&aiﬁa ring was upenea by cyanegen brem&ﬁe and that

the Peastian produot ccmbinea with aramatic amines ta build

8 yellow ealan?ea somplex. . ?he nitrogen atom of the ring
) waa 11berated 1n the test salutian ag ayanagea amine. The'

reaction s sﬁill net ecmpletaiy undevstaaﬂ but the f@il@wv j
ing aahama re@resauts whet 13 generally thought to tﬂke

9laae te
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Yellow coloired complex

specificity of reaction

The great disadvantage of all chemical methods
buzsed on the Xonig resction is that the recaction 1is not
apecific for nicotinic acid but is given by a number of
pyridine derivatives. Pyridine, nicotine, nicotinic scid,
nicotinamide, nipecotic acid nicotinuric acid sand & =
aminopyridine give the reaction while trigonelline, (nino-
linic acid snd pyridoxine 40 not. it.hen penta-valent nitro-
gen is present such as in the pyridinium compounds no col ur
reaction 18 given and another import:snt reguirement for ths
rcaction is an unsubstituted (X -carbon atom in the pyridine
ring. The only known ¢xcention to this last rule is (A~
aminopyridine. another disadvantage is that the colour ocime
plex is extremely sensitive. It is influenced by o large
number of vuriasble factors all of which cannot be abaolutely

controlled.
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- Degolourisation of extract

‘ ﬁeriﬁweig,zevy éhﬂ'Sarrett (9?)}we?é tﬁ&‘fzrﬁt 1o
gﬁa&iae,tﬁe’impartaﬁge‘af prﬁparidg a'enaearleaq solution far
| éppiicatién of the Ronig réaafion.' If any pigment remained
in the extract when the caimur reaetian was carried out it
might develop 1nareaaﬁ&,ahsoﬁptaen on the addition af~the re-
"égéﬂ%ﬁ; Phe methods of handling the blank compensated for
iﬁitial sboorption due to the pigment i%aelf but there was no
way of anmpensaﬁingf@é new abgorption produced by the inter-
aétién of the reagegas and the pigment. Such new sbsorption
ﬁauiﬁ_ba.mvéluateﬂ ae nicotinic adid hnﬁ.wauld:@ontrﬁbn&a‘taﬂ
wards & high result, Therefore to cbviate this possibility

an erfﬁei@nt deealauvisatian of the extraet was Necessary.

gwaminathon (98) aecczaurigad the extﬁactg with
ehar&éalg A little later ?earaﬁn (99) reported that in de-
colourising the eéxtract with charcoal the nicatinie acid was

’aaaarbed and g¢ovld not be eampletely eluted. Melnick ang

| Fieid (100) stated that while losses of nicotinic ecid due to
chureoal adsorption were high in'aiaahalie or acid solutions,
eoupling the‘méﬁiums wag followed by a synergistic action which
prevented the adsorption of nicotinic acid especially if a
aaraﬁnily nantraiiaﬂvsmouﬂt of vegetadble eharcoal (Darco ¢ 60)

was uged.

Gne of the majoy &1saavantages of tha method used
in this work which ic basef uwpon that of %elniex et al. (1@1}
15 that the exzraot is not eempletely deaalﬁuriaea,

,pafaration_@frﬁl nk

There exists & great deal of a@ntraveray abott the

eorrect way of preparing the blank
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o (a) Elimination of eyanogen bromide.

Harrls & Raymond (102} repoipted ﬁhe'presenae'mf'interé

fering substances of aldehydic nature in urine which gove

eclour with p «amifioacetophenone even in the abaence of

‘cyaaagaag%ramide¢ Harris & Raymond aweoraing;y auﬁﬁtitntea

 water for @yanageﬁ bromide in the blank,

: {b) Eliminatian af the amine.

Other workers (1&0) cxaameaJthat the prasenne er eysnogen
bromide exercised an inhfbiﬁary asction on the siae reactions

due to the aniline rescting with interfering complexesn aﬁa

. they peplaced the amine with veter,

- {e} Inécrp@raﬁinn @f eyanagen brﬁmiﬁe and aniline.

Later %hlniek and his assaaiates (101) showed that both

eyanogen bromide and auilina were necessary and their method

of praQaring the blank, whieh was adopted throughout this

- work, is fully aeacéiﬁéd»ﬁﬁﬁar "Chemical Propedure".

N | 1. 3&1‘99

|

(a} scéium ¢hlor1de in high eaae&nttatiuﬁ inereasee the

h calcur 1ntenaitym Thﬁa is a sevewe handicap aa variatiena in
| th@ amaun% of this éalt 1n the test emlutian will lﬁaﬁ to

-'variaﬁions in the amount of colour produced.

(&) ﬁnetate ionﬁ 1nterfere by eausing fading anﬁ this

excludes the use of ncetete buffers in the estimation,

2. pH

The pH of the solution to whieh the ayanagea bromide
19 added is eritieal, The optimum pH for the development of
maximom colour intensity is 6.8 and the colour intensity
diminishes for values on either eide of this point,
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ao Adéitian of reagantﬁ ’

Tha 1nﬁerva1 betweea the a&ﬁitian of eyannqen
brﬁmi&e and aniline is algo eritical. The greater the intere
val the deeper tha‘anlaur..vxn mrﬁer~te~bhtainf¢6m§arab1ezrea';
ﬁuité %astfsalutiﬁﬂa must be giv@n»exgmtly_thé éamé troatment
and étrimt timing’ig most imyartant;- In & eollsborative
mathod N&lnick (10@) put tbﬂa increase of photometric density
to use hy a&ding tne ayaaogen bramaﬁe and allawing exactly
ten minutea to eaapse befnra &&aing the aniiine¢ Lamb (104}
shaweﬂ that the interval eﬁuld be wade lnaa aritieal if the
ar&ep of‘aﬂéing»the,reagangs was reversed. He Piret added
thé aniliﬁgAﬁhiéh'was foilﬂwéa immaﬁia$ely bythg‘eyéncgen
 bromige. Lamb's ma&m&mm 16 used throughout this Work.

'{ 4, Eyanngen bramade |
| Eer 8 given nieatinia aeid coneentpatiaa the maximum

‘_1ntenaity varies aligﬂtly with the different cyanagan bramiae '

. preparations brought into use from time to time.

Xn attemp%s to 1mprﬂ?& regrodﬂoibilityp by moking
- the reaatian more syeeiﬁie towards aicotiale anid an& inoress~
4ng the atabiiiay @r the ¢olour, variaaa aramatia aminea have
been teataﬁ. mhese have been revlewe& by Teeri and Shimer
‘{195) who als@ suggeatad the use of nvaphenylanediamane Lo-
gother with 26 per aent hyarﬁehlaria acid. Thevfcllew&ng
‘workers uaed‘aniline}{1&6}{9&}(1&7)(99}{1@0}(1&1)(&@4); |
- p =¥ethylaminophenol V'f?a:a employed by {108)(108) and Herris )
"anﬂ Raymond (102)1aftﬁr inﬁnéﬁzgatingvalévqﬁ awamaﬁia amines :
'}ﬁ&lg@te& Tprﬁamiﬁoaeatéﬁhenene»whigh’ﬁ&&i@eﬁ (110} 1ater also
| used., The eyanogen bromide aﬂiliﬂeﬁe%hoﬁ.-ﬁeagiﬁ@'véyiqug |
_iﬁprﬁv&m&nts;etiil lagks much thet gﬁ desired £rom @he_' -

" ptanfipoint of precise quantitative analysis. In very recent
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- feping eampeundg in the axtra&t; A g6ad‘ahémie&1fmézn6&.
. invelving the use 0f Llaya'a reagent (109)(115) eanla not
be sdopted becauge’ 4 supply ar thid resgent was not availu"
able in ﬁautn Africa end had to be.ordered from overaeﬁeﬁ_'J
Exaetly a gear after the cammeneement of ﬁhﬂ reaearéh the
first eonsignment wes delivered. The method of micrabiologiaal
Vaaﬁay could not be undertakea ﬁue Lo lamk of aer%ain essential ;»
‘ “-¢3nﬁtitueﬁts ©of the haaal medimm svch as biotiﬁ. In Octabev \ |
" 1945 this research wes initiated mnd an .tmem.ate azam had
| f,ta be mﬁﬁe beeauﬂ@ the anajyticel reaults fer 1&2 lines of
. matge haﬁ to be availahle by January 1946, 4 ehemieal '
method invelviﬁg the nae of aharaoaz f@r aaeolouriaatiea ,
purposes therefore haﬁ to be chosen. ?hie method while it
cant&inﬁ a number nf moﬁifiea%iana remains basically that
~ of Melnick,Oser ond Slegel (191}.’,It_ﬁi11’be.raallaad that
‘ ‘onee over a !xmared sa;mmeg fof: malze whic’n' included pareniail
material fbr'fﬁtﬁré erasaes wéiaianalyséa hy’tﬁiaAméﬁhﬁa; alll
the subsaquant hybrid. material haa to- be anaiyged by exaetly
th@ same graeedure in eraer to ebtain a basis ror th@ pups

poge of eomparing the reeuits.:

The m&ize aample 15 extracte& wzth water anﬁ tne
ﬁﬂiﬁ%i&ﬁ ig aeparatea fr@m the resiaue by centrifuging, The
| rﬂsidue is rinaeﬁ with bbiiiﬁg weter and the aalutﬂun com=
vined with the extract. The extraet 18 eaneentratea 0 8«5
ml. and then hydrolysed with.nyaraehlcrie acid. Absniuta o
aﬁhyi aleohol 13 addea until the solution e@ntains aboﬂt onew
| thira alg@hsl andvthe decolourication by means of charqaal_as
| earried aui:éu:this7me&iﬁm. 'rhefeiéar»riltfaae 1o neutralised,

.| made wp to volums, ana_aliquotgvtémen.rﬁr eolour development,
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Extraction of nicotinic scid from maize

‘Various extraction tiéas reanging from 15 minutes to
£ hours were tried oug (Table IIx) The results are presente
ed-in grapnicai form in Fig. 1. o R

TﬁB&E III

, Esfeet of time of extresotion on nieatinie acid
’ eon%ant of maiae :

rime.‘ -':-aieotinie acid

minutes T- 84
16 30,6
80 38.4
45 88.6

. 80 - 38.6
80 84.9
120 35.83

% 3 gram sample

It appeérs thut tﬁoprraétiéns are being sxtracted. xa'ac»
‘minutes sbout 95 per cent of the water soluble nicotinie
acid is recovered and after 60 wimutes the yield s still
tﬁe ﬁame.. When the tima hcwaver is inareased to 90 minutes
an increaﬂe fram 33.6 ta aqigng./g. is obaarvea and then
. the curvs nppeara 1o flatten ont ﬁgain. In vaew af the
'faet that the readily ﬂaluble fractian i campletaly 0%
traoted in BG minutep an& that this Pesult is 4in any Case
oniy 5,5 per aent lower thaﬂ the 2 hour eztraation vaiue, |
 an extraction tims af 30 minutea waon aaqpted for thia ﬁnrk.
'?V_It is puggested tnat\the 1@nger time of extr&eti&n bringe
inta_sn&utionvéomev1nterrering'pyridiﬁa complexes uhich
ere subsequently evaluated s nicotinie acid.

| Woshing the maize residu

After the extvaction the auepenaieﬂ is quantita~
,tlvaiy tranaferred to two large centriruge tubes and gen-
trifngaﬁ. The aupernatsnt liquid 15 decanted into an
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INFLUENCE OF TIME OF EXTRACTION
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Erlenmeyer flsck and the residus is treated with boiling

L watér‘ts'remdvu'aay'ﬁicbtiniu acid. '?he‘affeﬁt of pimply

riﬂsiug out the aentrifngo tnbes cantaining the veniﬁue and
1+3 4 actually vaahina the reazaﬂa up 0 six timaa was deter—
mined, (Tabie rvy

A rinsa aonsiate& af aﬁding'ﬂs tl. haiiing“watea
+£0 aaan.of the tubes, centrifuging and ﬂacaating the 1iquia
into thﬂ raaeivlng‘flaskﬂ .

| A wash consiated of adding 55 ml. boiling water to
o8ch %uba,_ﬁtirriﬁg'ﬁpﬁ helf a minute, centrifuging and de-
canting as before. R o

TAELE XV
Effeet nf wﬁahing the m&tze residnﬁ*

. Washing Procedure  Nicotinic acid
. . . | /‘g_‘/gi'. |

£ Ringes - BB.E

£ Wagshes s R 4
3; B » _— ) 35:0? S
5 .» .. go.8
& " o S 80.8

% B gram nample

It is readily deduaed fruming. II thnt by mérely rinaing
éach tuha thaa a fairly large amount of nicut&nic acdd - ie
1eft behind in the residue, At the sams tims it 18 seen
that tﬁn wauhea give & result of sérieily tha'aamaﬂar&ar‘aa‘
- the vazuas 0bta1ne& for four, five and six washes and thara«
fors two washes are ennaidered aurfiaient. The value for

three manipulgtians gives a suspicious peak.

~ The first large set of samples were rinsed and for
. the purpose of comparing the results the rinsing technigque =
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FIG. (1
INFLUENCE OF CHARCOAL ON RECOVERY
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. Desolourisation ofvﬁxtrac“
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had to be followed throughout the remainder of the work.
The method vaing this procedure geve an average reproduci-
bility of 5.9 per cent.

?ha 1nf1uenee of anareaal (Barcﬂ ¢ 60) on the po-
_covary of niaatinia scid in a pure eyatem ig shown in Pig.
11, Up to4ﬂol wg. of chareosl cause no ZOas of nicotiaie
acid but larger amcunts of the decaiouriaing agent 4o cause

loas by aasarption.

mm v

Influanea af chareoal on the raenverv or
. i n&eatiﬂic acid '

Ghareealrv Reebvary,ef-

mg. niea%ig}a scid
. 0 .
200 : 00
800 - 9%
400 4
800 e

vIt wag &acidad to nse a@ﬁ mg‘ ehnreoal for thia work bacnusq_u

A
it gave a reeuvary of avar ﬁﬁ °(92 ? Even this quantity

dia aot ytei&'aompletely,elear sqluticns and the blanks on

 the average contributed 18 per ceat of the colour.

1‘ Bffect of Mght |
Light bae a ﬁefinite influence on ‘colour dQVeIQp~',

‘ment. Por a given quantity of nicotinic ecid the intensity

of the ouiaur‘develaped‘1n'th§”anfk is'yrea%er than that
éevaioped in voom 1ight (Table‘vx - nompare prncedures 1
end 5) 1t is clearly shown in Fig. v by virtue af ﬁhe

diverging lines (1 and 3) ‘that hetw@uu the lamias of 10 end .

34 ugs niect&nae aeiﬁ thia erfect increaaea with ineraaaing '



. _ FIG IV
INFLUENCE OF LIGHT AND TEMPERATURE ON DEVELOPMENT Of COLOUR

1. & Cyanogen bromide at S5C and colour developed in the dark.

2./&” Cyanogen bromide at SC and colour developed in colourimeter
e
3.4 Cysnogen bromide at SC and colour developed in roomfight
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eoncentration, The .d;ifferen.eé in photometric 'dehsiw at the

| 20 4 8. level is jJust over twice the differe»nee ttli‘. the Jw,a g.

- »i_éval.‘ Thria influénee of 1light immeﬁmwly suggests the use
of ¢ standard light condition for setual colour deveiépiaent
and 1% ic recommended that following the f’aaamag- of the re-
agents the tube 'be‘ ’1mmedia§e‘1,v _inaertéﬁ in fhn eéjo'lrﬁurimét-éé, .
An advanﬁage of germittmg; the colour to 'devel{:pv m ﬁhis’ way |
is that with ¢ysnogen bromide used at 556- the colour ife

‘ tensities for the normal working range of 6 - 9(}4 _g;'nicu‘-u

_ tinic acid eorrespond on the whole to the maximum intensi-

%iea which develop in the dark. This is an mpm'tatlt consin" ,
. deration ‘when it comes to estmaﬁing quantitiea of nicf;tinic
'acsm between 2 - lﬁ,a g. . | |

WW

Vapiation {1 Fha%mm-m mnmw undey a&fferent eead&tiana of
fokour &&malmnt

P2 ieotinte actd, 0.2 .06 006 0408 .1 2 B & B
»:;cflemra .jmi. ' . ' ' :

1 cmmn bromide 04196 0.809 (4682 0796
~ at 89 0. Colowr ‘ SRR : »

. dovoloped in the

LJdaxk

2 Cyanogen broatds 0.066 0407 0.115 o.m 0.186 0,390 e.m e.ma 04089
a% 5° ¢. Colowr
. dgeeloped in the

colonyimetor

3 Cysnoson bromide o S
ﬁ@"?iﬁmfm - o e T .

008 0.170 0,859 0.569 0.727 0,689

» he mw is #end in an mm ﬁmmmwu mmmw [ /
apd the mmmfe dencity = £ « log. G Y
. where ﬁ o wlvanwm raaﬂing
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2. Effect of temperature
| an increase in temperature ceuses a lovering of

the meximum colour iateasiﬁy. Varistions due to differences
in temperature éan‘be-fairlyww@il controlled by sdding the .l
cyanogen bpomide at 5% to %ﬁe'%ﬁst séluti@ai This procedure
épyears to ensure a more complete reaction ss it yieiﬂa 8
grea%er‘iﬂténsity ﬁf'aalnﬁf. it is aatéresting to ficte fram
Pable VI that the use of cyanogen bromide at 20°¢ {&émpare
. procedures 4 and 2) and the effect of room 1ight (compare

procedures 8§ and 2) reduce the iﬁtensity'hy‘abgnt the geme
| amount and the curves 4 and 8 of Fig. IV practicelly corre-
" apond with once snother between the 7.6 and 25 yg. limite.

Of the four curves in Pig. IV number 2 represents
practically a direct proportion between yhat@metriﬁ ﬁemsity4
| and the'cenceﬁtratian @f‘ﬁiaotinie epid.  Such a relatigha |

ghip is of the highest importance espeeially vhere an in-
; grement method of evaluation ie used end the esleulation
depends upon the ratio of the_value of the test sClution to

test solution plus known ampunt of nicotinic acid.

3. Reeadings

For the purpose of obtaining comparable results
iall_readinge must be teken at the maximum intensity. There
is definite evidence sgainst the system of reading the

"eaiaﬂr after a given get time.

"(a) The time {after addition of cyaﬂngen\brémide)
~ for the development of maximum intensi%yvaiffera with ieryiag
amounts of nicotinie aeid. (Pig. V) 4 maize extract test
solution containing 1.174 g. nicotinic aéid per ml, ra@ah&a
}maximum intensity in 3.5 minutes whereas the seme solubion
iylua 10 ug. nicotihie amid,attains,maximum intensity in 4.5 |

’\m&nutes;



FIG. V
TIME FOR DEVELOPMENT Of MAXIMUM COLOUR INTENSITY
IN A MAIZE EXTRACT SYSTEM

~ Maize extract=2-17 yg. nicotinic acid per mi.
& Maize extract = I'17 ug. nicotinic acid per ml.
060 t

o
&
O
T

030 +

Photometriq Density

020 |

o110

Il i i

| 2 3 4 5 6 7 8 9 {0

O 3 I i 1 1

Time after sddition of cyanogen bromide in minutes
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TABLE VI

The time for developmant and atability of max1mum
calour for di.ff‘erent amounts of nicotinic acia¥

_ ?ime after aadition

~of oyanogen bromide 1,17 . 101 o 4! nio
_ miuutes . aci&.per ml. acid per ml.
0.6 S 0,131 S 0,810
.0 0818 D42 -
1.6 ' : S ¢ 7% 44 - A "’_ . 0.475
RO 0.7 - . 0.602
28 - 0. 808 o - 0.Bl16
500 R D.812 - 0.,B238
B8 o ouBle 0,887
. e 0.314 S 0. 880
5.0 . . G324 - 0,880
8.8 0.81¢ 0,580
6&0 . o ) ) Ou(ﬁ& T 0'539
6.6 0,314 L 0.887
8.0 0.812 . 0,827
8.6 . o 0.812 o - 0.827
8.0 g8 0.B88
9.8 o 0,318 . 0.585
10.0 - ﬂsﬁlﬁ L 0.588

» wha aniline 13 adﬁad firet and the
time ie noted on the a&diﬁian of
tha ayanogen b?amida. _
(b} It will be abservad,frnm Fig. v that iha

5 ﬁtability of the celour—alao variea with the amount of nico-

’-; tinie acid 1n the test solu%ionu A maiza eztraet containing

1. lvlag. aieotinia aeia per m&. gives @ maximum ealcﬂr whioh
vf_remaiae atable for. 4 minntea but the aama sniuttan aantaining
',2.1V)ag; uiuotiniv aoid,per mi gives 8 aoionr whach only re-

| l‘ma!ng stable tar 1* minutea' ”

| @hcse twb poiﬂta 4in adaition tﬁ the 1nr1uence of

- liqht airuady considered atrese the importence of having the
tube in the colourimeter immedistely after adding the ro-

. egents ;n‘ar&ép'to_cnsura‘régﬂing'the maximum value. |



TABLE VIIZ
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RICOTINIC ACID CONTENT OF MAIZE
Nicotinie ; Nieetinie Hisotinlo Nicotinie
Sample Yariety Acid en Sample Yariety Aoid on Semple Varisty Aeid on Sample Yariety Aoid om
Absolute Absclute Abscl ute Abgolute
Dry Yedght Dry Weight Dry Wed gt Dry %ei
Basis Basis Basis Basis et
8e/8e pravi e | 48/ u8o/Be
Hiokery King white dent 14.9 118 (2 x Hotnot ))F2 19,0 427 yollow dent 20.8 264 yellow flint 24.4
Petchefstroom
Pearl white demt 15.3 46 yellow flint 19,0 399 yollew dent 20.8 379 yellow dent 24,6
360 yollow flint  15.7 US .13 yellow dmt 19,0 Teomaise yollew fiint 20,9 252 yollow flint  24.9
22 vwhite deat 18.8 é white dent 19,0 - 290 yollow flint 2.0 267 yellow fliat 24.9
138 (white demt 15,9 388 yollow dent 19.1 181 (80 x Hetmot J¥2 21,0 408 yellow dent 26.8
x Hotunot P2
15 white dent 16,9 166 (60 x Hotmet )F2 19,1} 242 yellow flint 21,1 389 yellow demt 25.4
404 yollow dent 18,9 3586 yellow flint 19.3 Anveld white deat 21,2 8 white deat 35.8
2 white dent i7.0 8 yellow flint 19. % 51 yeollow flinmt 21.2 347 yollow flint 28,6
Synthetioe
Aaveld white deat 17,1 13 white demt 19.8 Sahara yellow demt 21,2 293 yollow flint 28.7
148 (49 x HotmotjPF2 17.1 405 yellow dent 19,6 | 272 yollow flimt 21,3 301  yellew flimt  26.8
136 hybrid ef Symthetio
Hetaot F3 17.2 315 yollow flint 18,7 Toonaise yollow flint 21.8 553 yellow dent 27.5
123 hybrid of Golden ‘
Hotmet ¥2 17,2 Steadard yellow demt 18,7 Rebyn yellow den$ 21,8 418 yellow deat 28,7
Hotaoct yellow flint 7.2 49 yellow flint 19,7 406 yellow dent 21,8 422 yellow dent 28,8
4 white dmat 17.4 375 yollow flint 19.8 21 white demt 21,9 $8 yellow flint 28.9
327 yellow fliat 17.5 48 yeollow flint 20,0 122 hybrid of
Hotmot ¥2 21,9 27 yellow flint 31.3
19 white dent 17.8 546 ysllow flint 20,1 . 247 yoellow flint 22,0
Synthetie vhite dext 17.5 359 yollow flint 20,8 - 300 yellow flint 22.1 8é Sweetoora 56
Poteonefstroom ‘
Pearl 149 (49 x Hotnot)rz 20,3 % 16 (2 x Hotmot)F2 22,1 93 Sweckoorn 48
1 white demt 17.6 20 white demt 20,3 | 430 yellow dmt 22,2 Gelden yellew @
A Cross Bwestoorn
4 white demt 17.9 368 yellow flimt 20,4 578 yellow deat 22,2 95  Bwesteora 49
129 (22 x Hotmot) 8.1 16 white dext 20,68 3 . white dmt 22,6 90 Swestoorn 51
329 yellew flint 18,2 17 white dmmt 2047 8 white dant 22,9 Potohefstroom white 52
: systhetis  Sweetoora
590 yellow dmat 18,3 12 white demd 20,7 10 white dmt 22.9 94 Sweetoorn 56
119 (2 x Hotmot )F2 18,5 14 white dent 20.8 3 white deat 28.0 89 Swestsora 56
392 yellow demt 18,6 - 407 yollew dmt 25,4 ] Swestcarn 63
b ¥ ] white demt 18,8 47 yellew flimt 28.8 88 Sweetsora T2
126 hybrid of
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The K vélue which iz obtained bﬁ dividing the
photometric daaaity‘by the nicotinic aoié-aaneenﬁrationlﬁf
f the test solution is'@cnatent faﬁ’ﬁmeunta'éf ﬁiéatiﬂia'aciﬁ
| varyiag betweea 4 - Sﬂ‘ug. However the actual valne of:K .
variee not only with the different bat@h@a of eyaﬁ@geﬂ B
bromide but alsm with the temperaﬁure at whigh the r¢~
agent is used and the 1ignt-¢§nditiaﬂa Frevailing:&uring
eaibiﬁ* &éﬁr'empmen’t;v e $o t'fhia vérﬁatian of X :'m.-
previausiy determined standar& eurve ¢an be use&‘ana 1nav
stead a K wvalue hae ta be obtained for each aer&ea of test :

solubions.

preparation of Sample

The normal size of a sample ranged from B0 = 200 g.
The g@aine were spread ont cn brown paper anﬁ aeparatea from
‘any extraneous matter auch as straw by hand picking, By
means of & coffee grinder ihﬁ]ﬁhale sample'was gféund 1y ungy’
til &t 812 9&65@6‘& 60 mesh sieve. This antailed se?eral |
operations as sfter each sieVing the regecteﬂ,particn waﬁ pnt
through againa_ Differant typea er ele@triaally driven mills
weﬁe tried out but these were too large in payaciﬁy>ta '
hendle the emall samples. The fine sample wes sﬁweaﬁ,nut-ﬁn_
byown psper and ther@ﬁghly mixed. In»erﬁer t9 aeﬁure a# good

uniferm mixture the sample was divided 1ntc six perts and

Bgreaa by meens of a spntula in the centre of the paper. “The

spatules treatment of the six amall heaps was sondneted ot

random, The resulting mixture wae then rolled aﬁaut‘by*mﬂnim i

§uaating the ends of the paper and the sample was stored 1n a

gless bottle witb & bakelite sarew%type 116.

itn order %o have a sound basis of comparison oll re- |

sults were exprensed on the moisture~free bagis. 5 groms of -

A



the fﬁnely ﬁiviﬁeﬁ sample were heated overmight in an air _
aven at 1@5@ ¢ and the lasa of waaght was expressaﬁ a8

meiature.

 -h-m'c,1:Pracedv“e |
Painaiple - The leman yell@w celour ypoﬁueeﬂ wnen nico-

tinie scid rescte wlth eyanegen bromide and
eailzne is meaaured 1n ‘an Svelyn Photo-

eiaetria malcurimater neing a 426 nuu f&lter.
' Reagents

Cyanogen bﬁamiae.evj Vater aaturatea‘with-thMiﬁe at 5 « 10° ¢
.? R ,ts'aeealaurisea'in the cold &y;tne addition of
; . . a celd aaiutiun ef la'geodiumﬁayaniae (A.R.);
In ardér‘ﬁa avaﬂd & large excess of sodium
eyani&e the last stage of the tihrﬁﬁicn is
uarefuliy aeeamplishea with & 1/ selutian.
t/hen the reagent ip atorea.in a brown bottle
in the refrigerator at about 5° Gy‘iﬁ kﬁape

for at least 6 weeks.

| Aniline solution ?a"ﬁedistilleﬂ aniline is dissolved in
ghsolute ethyl alaeshol te meke a 4"sa1uticn.
gtored in»avbrewn.bqttle at room temperature
. thté resgent will keep for montha,

Standsrd nicotinic ecid solution - Oontsins 100 ug. nlco-
‘tinic acid per ml. sbsolute cthyl alcohol,
;f stored in the refrigefatcr kg&y@ maﬂy'mbnthﬁw

" Buffer solution - water B . 1560 ml.
Bbféphnsphoriqaﬁiﬁ_ _ - 10 ml.

15% sodium hydroxide 'sbmtm R
~Abaolute ethyl al-éohgl 388
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This alcohalio phnaphate but?ar usea in the evalua»
tinn of ﬁhe ‘blank, while possausiag tha same tit?ntable notd-
ity and pH as that produﬁad in the teat»soluticn by cyanogaa
: .bromiae and aniline gives the same value os &istillad water

in the phntoalactrio celourimater.

' Charcosl - - - Dared G 60 ,
ﬁyarughlerie acid - Ooncentrated hydroenlorie acid 8.0, 1.18
N - . - ,_; 1 Hormal aalution | '

'_ aoﬂiﬁm.hydrnridi fu‘lexﬂarmal-salntiﬁn-
o S 1 Nbrmal sniutian
*-ﬁbaelute ethyl aloohoi '._{ ' |

Indicators . - Fhunalphtaaxein (:./ in slcohol) |

| ’ ~ Bromothymol blue (e,oe" in alcohol}

 Pive grams of the finely divided uniform semple
are weighed into a 260 ml. widcwnéét Eriénmeyer fiaak, 100
| ml. dietzllea watar are added ana after stirring for ona
‘; minute the auapension as autoslaved rnr GO-minutes at 15
pounde gresaura,_ In ﬁraar to prevent Ioms dus to rrothing
the pressurs 1@ graénnlly reduced, Tha mizture is wnll
azirreﬁ,and gumntitatively traaaferred while sti11l hnt to
two ?ﬁ‘ml._aantrifnze_tuhes»uzing.sma11 quantities of hot
'ﬁateratd_wash“but the flask. The tudes are centyifuged and
the aupernatén%”iiqnid’déganted;iﬂta a 260 ml. wide neck
Brlenmeyer flask. Thé.rEGiﬁﬁeﬁin,oach tube is rinsed _
tﬁice'witﬁ Qs'm;s'bbllihg water ahﬂ cnahvtime efter mtntrié_
fugiﬁg the';blﬁtian_ia abmbined.mith,tha éxtraat; The
solution 1a ccnaentratéd’évurnight %0 & volume af 2«5 ml,
The salution should not be- taken to aryneaa. if‘thﬁa oC-
curs, the conaentratednhydr@ehlaric acid (addeﬁ in the
next auep) reacts wigh ‘the extract producing a.v@ry dark
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brown eolour which later at the colourimeter stage yields a

high blank value and this affects the validity of the reeult.

To the gaﬂe@ntraged_agueeus extracﬁ_s ml, of cone
centrated hydrochloric acid are a@ded and %ﬁegmaﬁarial sub=
stantially ﬁiaadlve@ by immersing the Erlenmeyer flagk 4n a
botling water bath for et least two minutes. During this
pvuceeé the flagk is removed and rotated to onsure that the
1iguid 1s brought into contact with the sides. The sug~
penéi@ﬁ in tranaferred by means of a policeman to & 16 ml.
eclibrated test‘ﬁube."ﬁhg flask is:washed twice with very
small amounts of hot vater aﬁd the waeﬁinga are added to
the test ftube. The tubé is cooled and the contents made wp
to the mark with distilied water. The contents are mized
by .shaking and the test tube 15 theh immersed in 2 boiling
water bath and hydrolysis allowed to proeceed for 45 miaut§e'
withogcaaianqishaking'qﬁ theﬂe@lntibﬁ. _Thévsamplé is
ceoled to room temperature and the volume restored taithe

16 mi. mork with distilled water.

10 ml. of sbsolute ethyl aleohol are added and the
golution is shaken wp and transferred to a 125 ml, Erlen~
méﬁér flask. 3ﬁﬁ'mg, eharcoal (Darco G 60} are addeds the -
flask . shaken for 3 minuten ana using Thatman no., 42 {or 54?)
paper the aolution ie filtered ot room temperature.

4 one half aliquot of the filtrate i.e. 12,5 ml.
ia pipatted into o clean 1B m ealihratedhtest tube, one |
drdp phenolphthalein ic a&&aﬁ, and the solution is neutralised
in the cold %0 pH 6.8. The f&nai pH sdjustment ias maﬂe using
b?bmtnymaﬂblue as axtmnﬁal.indi@atnr. The=va1uma is then
made up to the mark and the canﬁentatmixe&<by‘sﬁaking._ Forp
' the neutralisation 18 Normal sodium hydroxide is used at
fifst but the last stage is effected using normal solutions
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of sodium hydroxide ond hydrochloric acid, During the
neutralisetion the solution ﬁeeamea ﬂiétigctiyvﬁoﬁe'yeiigy |
" in colour end a white‘galatinama precipitata ferﬁe whicﬁ" o
_‘aftervmaking.t&e sélutian up'tb valumé £ﬁ_raqpve& ﬁy cénﬁpiﬁ_
< fﬁgiﬁga The clear éupernatant licuid s aé@anteéxana'frém‘_
this the sliquots are taken for the &avelagment of coiauru
. For this stege 8 Jliquots of & ml. are taxen and intrm&ucaa
 v1nta spaeially mataheﬁ tuhes. A 3 m&. aiiquat represents
'onewtenth of tha eriginal sample. |

’;ﬁrmatme % of aljquots -

Aliguct {8} « 7 ml, alcoholic buffer salntiaﬂ are '
_ added and mixed by rotating tube rapidly._'

| Aliquat (b} - 1 ml, -eniline solution 1s ndded, the
. tubs potated rapidly, and this is im-
medi{ately followed by the addition of
- 6 ml. cyanogen bromide aaiutian. The
| eantenta are again mixed., | \
Aliquut (e) - G.l mi (= 104 2.) stendard nieotiuic
© aeid solution is added follawea,by the
| reagents as in (b}.‘
In the case of (b) ang (e} &mmediately aftér adding tha |
eyanOgen bromide solution the tube is 1nserte& in the colouri~
meter and the maximum intensity v&carﬁ§a¢_ In-the coge or
‘maize extracts this usually'éeﬁelopa’in 8 - 6 minates, The
_ -eclcur is raad in an Evelyn ?hsteeiectrie eolcurimatev with
the 420 mu filter, |

. Bv aubtra&ting the phatomatrie denaity of solution
»\a} (ane ta resi&ual colour). fram that of (b) the phatomatric
dengity of the reacted nicotinic aeid ig obtgined. This 1s
_aaﬂverﬁéd into abéolute.unita-af niéotinicVﬁaidﬁby-ﬁérreluta_-'
‘,'ing the inerement of;phatametric.aenait&(bf golution (@)
minus solution (b) with the awount of nicotinic acid added.
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In the colourimetric memsurement it is necessery

“to have two wentre settings I-and IT, eentﬁe‘setting I for -

. evaluating the reaiﬁual eolour of the teet solution aﬂa

centre setting II for the calaur aevelopeﬁ by the ehamical

reacti&n.

Solutieﬂ & for wentre aetzing I

- water o2 m.

- Absolute ethyl aleohol i "

Aleohﬂlie buffer sclutian 4 R
ﬁblutian B for aentre aetting II

) watep 2 ml&

Abaaluta ethyl aleohol s B

Aniline solution . Zé "

/ cyanegen bromide solution

The colourimeter is sat,tﬁ_givefa gaivaneméter-
‘reading of 100.0 with solution A ana the bianka*ara read in
turn to determine the résiaﬁal_éolour of the test solution,
The ﬁoiourimeter 1is ﬁhéﬁ'aet io'gtve a-réaﬂing of 1@@~wa1£&'
aﬁlﬂtion B and all the suhsequent golutions aontaiu&ng re-

aaaea/nieotinie acld sre reaa using thie centre settinga.~

Gﬁl?anometér readinga ara aanverted 1ﬂto phota» o
metric aenaity'by the formula S |
L =a-log. §

- where L - phatametria denaity
. ' g-a galvanometer reading’.

(mbat 1natruments are Qupplied witn 8 ccnveraion table.}

' The method is Icng and tedious akiﬂg one operator '
4 = B days to work B‘Qampleg through in auplxaate.

The average reproducibility ia 8.9 % ana réprnw -
dueibility ranges from 0.4 - 6.‘9%.. This s good in campari-
son with the chemical and mierobialogical me thods avmilable

today.



(a} Betermanatien of ﬁtandaﬁﬂ deviation oﬁ 1ar§a
:

nnmbar of sampleﬁ.

where o = stondard deviation unacrrecte& fop graupiag
of data

d' = @eviation of miapaant of olass interval
frowm erbitrary origin in terms of class
intervals o
- fraqmenay of itema in olaes intervals a
- ¢ = sigze of clses interval
N = number of items
Sheppard's correction for grouping is then ﬁpﬁliéa as follows «

where .o
0" = uncorrested stendard deviation

%

sorrected standerd devietion

G = elass interval \
(b},ﬂeﬁeﬁmﬁﬁation of standard deviation of & gmall
. pumber of aamples.
’ In cases where the number of items is of the order

30 end beléw the following formule iz used

o =,,§£¢it . : . - 3
J N1 | |

| where d = deviation of midpoint of class interval
R h from the mean. -

- Then . ' ie earrected for grouping of data as in (2).
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o {e) 3igﬂifiaanée\af-differenee between”twa means .«
, 1o 'ccamnén‘ waeﬁee with oﬁhar ‘mvﬂrfzrs; if the Mﬁ'«-' .
i’erence batween twa means tta gx-eater than twme the etandard
armr of ﬁiffewnce between the means M is regamea a8 gig=-
“hificant. The standard error of differencea betwaen %m means
mx and My is given by the :f‘or:mﬁ.a’ |

- where o= ﬂtandarﬂ error m‘;‘ dirfemnee between -
< P two means iy and g , |

O e standam deviation of f‘irat aampie

i Ty = atanaarﬂ ﬁeviatian of seceﬂd smnple _ |

=z
it

numbex' of itoma in firat sample g

Ny u_numbervaf 1tema An second sample.

- The 'dwi’@wnge\betwe‘n ‘the means xﬁl-'_aa& Hg 18 significant ‘ﬂ‘_‘s" o




In Table VIII are set dﬁt in aseending order of
Ricotinie acid eontent the dats for 108 limes of maize. The
most striking feature of the table i3 tho very high nioce~
tinie acid conteat of sweetocora which in tﬁe ten varisties
studied ranges from 38 ~ TR 4 g./8. and gives an average of
83 4 8+/8. which 1s of the same order ss wheat. This informes-
tion conoerning sweetoorn was put $o use in an endeavour to
entadblish the factorial basis of isheritsnce of nicotinge
aoid by making orosses between sugary and starehy varieties.
The mean nicotinic acid content of 92 samples of -t-rdhy
meise &s 20,8 4g./8. (T = ¢ 8.8). A very significent point
is the wide range which extends from 14.9 -~ 0.3 /g./8. In
view of the fact that the sanples were growan on the same
soil in the same locality the range is eneouraging of the
possibility of positive results in an inheritance study.
Burkholder, KoVeigh and oyer (89) studied the aleotinte seid
oontent of 833 strains and Wybrids of yellow and white maise
in the U.S5.A. 1In Table IX the work of Burkholder, MoVeigh
and Moysr is linod'np for purposes of comparison with the
esorresponding data gathered for South African grown maise in
this resesreh programme. It will be observed thst the mico-
tinic acid content of aouih Africen maise conforms to that
obtained in the U.8.A.

Of immediste importance is the fast that the data
set out in Table VIII supplies a basis fer 6&50:1&3 a variety
with a relatively high level of atootllto a0id, It is
stressed that the white dent varieties Hiokory King and Pot-
chefatroom Pearl, tho most widely grown maise in 3outh Africa,
pathetically oecupy the lowest positions in the table, Some
of the popular varieties of maise grown in South Africa are
1isted below.



TABLE VIIX

NICOTIMIC ACID COUNTENT OF MAIZB

- 68 -

A Hiocotinle Nisetinio NWiectinio Kleotinie
Ssmple Variety Aoid on Sample  Variety Aoid om Sample Varisty Aoid on Sample Yariety Aodd om 1
Absolute Absdute Absol ute Absolute |
Dry Yeight Dry Weight Dry Wed ght Tel |
Basis Basis Basis e O |
iBe/%e 182/ 8o 418/ Be ABe/Be
Hiokery King white deat 4.9 118 (2 x Rotnot)P2 19,0 427 yellow dext 20,8 264 yellow flinmt 24,4 1
Potchefstroom
Pearl white dmt 15,3 46 yoellow flint 19,0 399 yellow dent 20,8 379 yellow dent 24,6
360 yellow £l int 15.7 UH 18 yellow demt 19,0 Teomaise yollew flint 20,9 252 yellow flint 24,9
22 white deat 15.8 é white dent 18,0 i 290 yollow flint 2.0 267 yellow flint 24,9
138 (white dent 15,9 588 yollow dent 19,1 | 151 (50 x Hetnot)F2 21,0 408  ysllow demt  26.2
x Hotnot)P2 :
16 white demt 16,9 185 (60 x Hotnot)F2 18,1 ‘ 242 yellow flint 2,1 389 yellow dent 28.4
404 yollow dent 16.9 356 yellow flint 19.3 | Anveld white dent 2.2 9 white deat 35,6
2 white dent 17,0 80 yellow flint 19.3 61 yellow flint 2).2 M7 yollew flint 25,6
Synthetie v
Anveld white dat 17,1 13 white det 19.5 | Sshara yollow demt 21.2 293 yellow flint 26,7
146 (49 x Hotmotjr2 17.1 405 yellow dent 1946 272 yellow flint 21,3 301 yellew flint 26.8
138 hybrid of Synthetis
Hetnot F2 17.2 315 yollow flint 19.7 Toomaise  yellow flimt 21,3 5838 yellow dent 27,6
123 hybrid of Golden
Hotaot F2 17.2 Standerd yellow demt 19,7 Robyn yellow dpns 2.8 418 yellow demt 28,7
Hetnot yellew flinst 17.2 49 yollow flimt 18,7 406 yellow demt 21.8 422 yellow dent 28,8
4 white dmt 17.4 375 yellow flint 19.8 21 white dent 21.9 351 yellew flint 28,9
327 yollow flimt 17,6 48 yellow flint 20,0 122 hybrid of
Hotmot 72 21.9 27 yellow flint 31,3
19 white dest 17.8 846 ysllow flint 20,1 ! 247 yellow flimt 22,0
Synthetio white dent 17.8 359 yellew flint 20,8 300 yellow flint 22,1 86 Sweetoorn 38
Potehefatroom :
Pearl 149 (49 x Hotmok)r2 20,3 116 (2 x Hotmot)r2 22,1 93 Swoet sorn 4
1 white demt 17.8 20 white dmt 20,3 1430 yellow dmt 22.2 Gelden yellew 48
! Cross Sweetoora
4 white demt 17.9 368 yellow flint 20,4 {1578 yellow demt 22.2 96 Swest corn 49
139 (22 x Hotmot) 18.1 18 vhite dent 20,68 5 white dmt 22,6 90 Sweetoera 51
329 yollow flist 18,2 17 white det 20,7 is white dmt 22,9 Petchefstroom white 52
synthet lo Sweetosra
%0 yellow dmt 18,3 12 white dmmd 20,7 {10 white dmt 22.9 94 Sweetuora 58
119 (2 x Hotnot)F2 18,5 14 white dent 20,8 3 white dent 2%.0 89 Swestaeora 56
2 yellow dmt 18,5 407 yellow dmt 23.4 ] Swest oara 83
|
18 white dmt 18,8 “7 yollew flint 23,8 as Sweetaora 72
126 hyvrid of
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TABLE IX

. Comparison of the Nicotinie Acid content bf_ mize grown

in the United States of America and in South Afrita

“Jata of Burkholder ot al.

‘Results exprosbed on air-dry

basis

" Data of author
on .4, mige

‘Results expiessed on holsture~free

. basis

Maize

Remge

; Average
Ul & U/ g

Maize Range Average
ags g. e 8o

46 Strains of o

Sweeteorn

94 Varieties
- of yellow
- fiald
maize

86 varictics
of white
fisld

- maige

7 Strains of
popeorn

11.3-36.3

12,7294

7.9-21 b

' 34.6.

21.4

174

10 Straine of

Swesteorn 36 - 72 3B

55 Varioties  18.7~31.3. 21.8
of yellow '
field

- majze

25 Yarieties 149-85.5 19.6

of white
field
naige




FIG. vI
DISTRIBUTION OF STARCHY MAIZE
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nicotinic acid

MEe /B
white dent :
Hicxory King 14.9
potchefstroom earl 16,3
Anveld 21.2
yellow dent
sahara 2l.2
<obyn £1.8
yellow flint
Hotnot (Improved Boesman; 17.2

It will be observed that none of these vulues lie
in the upper region of tuble VIII. There is a general move-
meat afo .t to try and sup:lsnt the cultivotion of white
maize with the nutritionslly superior y¢llow malze ‘higher
provitamin & content) and this tranaitionul sten presents
the idesl opportunity for selecting lines with 2 high nico-

tinic secid content.

“rom the histogram (Pig. VI) showing the distribu-
tion of starchy maize with respect to nicotinic acid content
it 1= seen that the dispersion shout the mean correanonds

Tairly well with n normal di=tribution,

The resulta of some hybrids nos. 1239, 119 118
116, 185 151, 146 149, ar< shown in Table X.

TaBLY X
Nicotinic acid content of some hybrids

croas Parents Nicotiniec acid| Nicotinic acid con-| Average
No. content of tent of hybrids Hicotinic
parents acid con~

tent of

hybrids

U /8e UB /8. HUEe /B

1 22 x Hotnot 15.8 x 17.2 | 18,1 18.1

2 £ x Hotnot 17.0 x 17.2 [18.5, 13,0, 2%2.1 19,9

2 6C x Hotnot 19,3 x 17.2 |192.1, 21l.C 20,1

4 49 x Hotnot 19.7 x 17.2 |17.1, 20,3 18,7




n

Prom these results it appears that vhere two pareats
have a low nicotinic gonteat of the same order the nicotiaie
#01d 1 additively determined. In the two cases where this
is not found the nicotinic aeid content of the hydbrid o
ocaly » nhaao lower than that dr tﬁa lewer pareat. Crosses
1 %0 4 are arranged in ascending order from 15,8 x 17,8 %o
19,7 x 17.8 and 1t 1s seen that with the exception of oross 4
the average of the hybrids from oross 8 is greater than that
of cross 8 whioh 1n tura 1s greater $han that of oross 1.
More generally, the higher the aicotinic seid sontsat of the
ete parent the higher the nicotimic acid value of the hydbrid
aad this stroagly suggests that a genetic influence may de
at work., These results although extremely interesting ean-
not be regarded as conclusive in view of the faet that the

pareats are Aot 'ﬁfrtctcatly iabred,

A comparieson is made of the nicotimic seid coatent
of starchy varieties of white and yellow maise ia Table IXI.
It is of interest to observe with vespect to range Shat in
each of the groups white deas, yellow deat sad yellow fliat,
the nicotinic acid can very searly or just about &oudle it~
self, Therefore the characteristic found for the total aum-
ber of samples examined is aleo a feature of the aomponent
groups. It is sppareat that the mean of white maise (19.6
U8e/8.) 18 lower than the mean of yellow maisze (81.8 ./ g./8.)
and using formula 5 the difference of 8.8 4g./g. is found to
be significent.

= /(338 _'_(a'w:)‘
2 53 a5

=074

=k
e acz) h
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TABLE XX
Nisotinie Acid Ocntent of Yellow and White Maie

¥hite dmt Yellow Dent Yellew Flind
Sanmple Nisotinis|Sample Kiocotinis Sample Eiecotinie
Asid ' Asid ‘ Aoid
“g+/ e 48/ 8o Mg/ e
Hickery King 14.9 |404 16.9 15.7
Potshefstyoon 5%0 18.3 Hotnot 17.2
Poarl 15.3 (592 18.8 527 17.%5
13 16,9 {U.S.13 19.0 329 18.2
2 170 388 19.1 46 19.0
Synthetlo 405 19.5 556 19.3
7 17 4 Standayd 19.; 315 19.7
19 17.5 (427 2. 49 19.7
Synthetic 399 2.8 3715 19.8
Potchefstroom Sahara 21,2 48 200
Pearl 178 |[Rodyn 21.8 346 20.1
1 17.6 |406 21,8 b5 d 2.3
4 ll 9 |40 2.2 368 20.4
é 19.0 07 25.4 290 210
13 19.85 23.8 242 21.1
20 20.3 519 24.5 51 a1.2
16 206 |408 25.2 ara a1.5
17 20.7 [3% 25.4 Synthetie
12 20.7 |383 7.5 Teomaise 21.3
U 0.8 418 28, 247 . 220
21 21.9 47 23.%
5 22.9 284 244
s 22 09 m 24 -,
10 2.9 267 24.9
5 25.0 47 25.6
9 25.9 293 26.7
301 26.8
351 28.9
an n.;
Number of Number of Kumber of
samples 2% samples 22 sazples 351
Range u.m.sjé/g . |Range 16.,9-28.8 «g./g. |Range 15.7-51.5 ug«/ge
Mean 19.6 (F=42.76)  |Mean 22.3 ug./g.(0+3.51) | Hean 21.8 ug./g.(0+3.55)

Total number of yellow maige saaples = 35

Range

= 15.7 - 51-5A5Jx-
= 21.8.ug./ge (0= + 3.36)
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The obgerved difference of 2.2 ic much greater than
RO, and the 04ds against sueh a dafferenee be1ﬁg‘dué to
chence ie of the order 8691, The difference in favour o%
goliow maize iz an indication that the search for a line of
ﬁiéh nicotinic acid content is best made among the yellow
varieties gnd in addition lends supper% to the move $o prg-
plece white maize with yellow maize for human consumption.
The means of yellow dent and yollow flint are c¢lose together
and the aifference'ﬁf.ﬁ.5>ag./g. ic not significans, |

. Browing period tlacses are not clear cut hut out
of interest to see whether there ie any variatieﬂ.in the
nicotinic acid content the meisze samples in Table XII are
sorted into the arbitrary divisions esrly, medium and late.
The mean of the medium group (19.8 4g./s.) ie lower than
the meam'or,the sarly group (21.4 4g./8.) #nd the mean of
the 1até‘greu@ (ziés,zg./g.).* 1t is highly inﬁereatiﬁg'tq
point out on the basis efvthe'gﬂgnirieanae test that thongh
the meang of early and late lines are praaticaiiytheaame

- only the aifference between early and medium maturing

maize ls signifieant, - ‘

Selection of meterial for erossing purposes

102 lines of maize have been investigated for
: their nicotinic acid content (Teable VIII} but of these
relétiveiy.anly a few are éuffieiently inbred to ensure the
‘high degree of homézygeéity neceasary for breeding purpotes,
The following nine lines were sclected as the parecntal
aﬁﬁakzé . '

white dent  nos. 15, 2, 3, 9.

yellow dent " 488, 430.

yellow £1int " 301, 271,

sweeteorn nc. 96.
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TABLE X1I.
Niectinio Acid Contemt of Early, Mediux snd Late Varieties of Starchy Naise.
EARLY MEDJUM ' LATHR
Swmple "VE%EE}""‘ Ricobinie Semple ar Niestinis Smzpls v.ﬂ’ﬂ;‘"" ¥ioebinio
Aeld om Aoid on Aoid om
Absolute Absolute Abgolute
Pry weight Dry weight Dry weight
basis basis basis
48+/Be 4Be/Be 48/ Ge
380 yellew flint 167 az 15.8 Hiekory Kimg white deant 149
2 white demt 17,0 138 hybrid 18,9 Potchefstroom white demt 15,3
Pearl
Synthetio
Anveld white dmmt iT.1 1% 16,9 404 yellow g 16,9
Hotaot yollew flint 17.2 146 hybrid 171 592 yellew 18,6
7 white dext 17.4 138 hybrid 17,2 U.8413 yellow dewml 19,0
327 yellow fliat 17,5 123 hybrid 17,2 5O yellew flipt 19,3
| white det 17.6 19 17,5 405 yollow 19,5
4 white deat 17,9 Syrthetlo 17.5 376 yellow ﬂﬁt 19,8
129 hybrid (22xHotnck )F2 18,1 Pot &1 ,Pearl 368 yollow f1 20,4
329 yellew flint 18,2 390 1843 427 yollow 20,8
é white demd 19,0 118 hybrid 184,86 399 yellow 20,9
118 hybrid (2xHotmot)r2 19,0 18 18.8 Sahars yollow denl 21,3
1 yollow flint 19,3 128 hyhrid 18,9 Synthetio yollow f£lipt 21,3
S51§ yollor flist 19,7 46 18,0 Tecmalize
Geldem 388 19,1 Robyn yollow dead 21,8
Standard yellow demt 18,7 156 hybtrid 19.1 406 yollow a-a 21,8
48 yollew £lint 20,0 13 19,6 480 yollow dewh 22,2
348 yollaw flimt 20,1 49 19,7 407 yollow den 28,4
839 yollow flint 20,8 149 hybrid 20,3 387 yellow dend 23,8
242 yellow flipt 21,41 20 20,3 379 yellow desl 24,5
Anvel & white dmt 21,2 i8 20,6 408 yellow dan$ 25,2
272 yollow flint 21.3 17 20,7 418 yollow dend 28,7
122 hybrid eof Hotnot ¥2 2,9 12 20,7 422 yollow desl 2.8
247 yslloar f£lint 22,0 14 20.8
116 hybrid (2xilowmot)r2 22.1 Teomalse 20.9
B white dmt 22,5 290 4.0
8 wiite dmt 22,9 1561 hybrid 21,0
10 vhite dmt 22,9 51 2.2
3 white dent 23.0 21 2l.9
284 yellaw flint 24.4 %00 2.1
262 yollow £1lint 24,9 378 22,2
267 yellar flint 24,9 389 25.4
9 vhite damt 25,8 383 > 27.8
347 yallor f1imt 26,6
293 yd low fliat 26,7
$01 yellow fl int 26,8 f
361 yellow flist 28,9
2n yellar flint 2.3 ;
Rumber of swmples 37 Number of smuples ‘2 Nuxber of ssmples 22
Rangs 16,700,383 4z./ge Range 15,8-27,5 /[5&‘5. Rangs 14,9+28.8 4z./g
Mean a.4 /180/ Be (0":’;8) Hoan 19,8 /"SQ/ & """2.‘7) Meun 23123 UBe "/Sl (0":3&)

1
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In order to deterwmine whether nicotinic acid is

& genetic factor and at the same time in an effort to throw

| as mueh light as poscible on the mechanism of ite inhepie

tance the following types of orosscé were mede during the

1945 - 1946 season.

white donto S x99 and m roeiprocal 9 % &
voliow flinte J0L x 201 * " 271 x 01
“hite dents 16 z 2 il " 2x15

yollow dent x white dent 428 x 2

4. ¥odiun x wodium

yollow dent x yollow dent 425 » ﬂﬁaé}mﬁ the reciprocal 430 x 488 ;
. '«\) _/ N

B¢ Blok % low - o~

y@xunyflﬁntntynlhmvdﬁwtSWR:zd@@ J
white dento ¢ x 16 A
swooteorn x white dent 96 x & o
yﬁlﬁmwdﬁn%9Eya1umvflausdﬁo:x‘ﬁﬁ ”.

R

* 488 x 271
16 x9
Ex o8

E - - A
5 =

The results of the{cmsses .:am set out in Table
XIII. Although the number of crossee is fairly limited a
definite tendency is am‘)arent.: It will be o‘ﬁseweei that in
canes whei'e the parents have e cottent of about 28.2 ug./8.
or less the nieaimic?aeid level of the hybrid appears to
be additively determined and éxeaeﬂs that of both parents.

. This is true in 12 out of 13 hybrids. Where the content of

the parents, or of one of thexﬁarenw. is h‘ighér than 22.2,

' the cross is intermediate and this is true in the case of

12 ous of 20 hybrids.
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TABLE XIIX

Results of Croesea

Nicotinic acid in 4g./g.

T -
15 |2 428 430 Gl 2
Farents|wd |wd yd ya ?vd 34 5:f‘ yl’l z?:
16,917 20.0 22,2 23.0]/25.5 56.5 31.3 63
15 T ‘ [
wd 220 21 45
16.9 22,1 e
2
wd 2404 .
17.¢ 2643
428 24.0)
2.0 26.9)26.5 24.4)22.8 22.6)
20.4)
430 24.4) 25.2)
yd 25,7)26.1 26.5)25.9
22,2 26.0) 26.0)
3 3C.2)
wd 243
23.0
) 3
wd 24.7 23.3
25'5
301 T
2603 -
271 |
yf 26.9 24.4)26.5
31.3 28.5)
96 26.2)
8¢ 250})
53 25,1)25.8
25,3)
26.6)
26.2)

wd = white dent yd = yellow dent

rxample of reading the table :

* am

yf = yellow flint

80 = sweetocom

The result of a croes 3 x 9 is deter:ined by sslecting the first
enumeratod parent (in this case 3) in the left-hand vertical column
and running the finger along the horlzontal column until opposite

column 9.

The answer is 24.3 ug./g.
oross 9 x 3 pives a value of 23.3 4g./g.

In the same way the reciprocal



Gome very 1ﬂteresting erosses sre grouped to-
gether in Tabla X1y and these erosges bear out.the exiatv

enae of a comman anaeatry efrect.

"?ABLE XIV

:;;cdmmqn ancestry effeect

‘Cross Inbreds crossed RKicotinic aoid Nicotinie scid
No. %o make hybrids  content of - content of
T . 1nbr@&s,' . hybrids

ﬂgo/ﬂo '  - ,aEQZQ»

1 4eexem 20,0 xm.a 20,8 ;-m‘v'

 22.6

KA , PR
2 480X 2N 22,8 2 5.5 86,5 § 25,9
: - I o - 26,0 } '
3  s01x27l 26,8 x 8.8  30.8

4 SMxess - BLBX20.0 26.9

5  8Mx81  8L.8x926.8 285

jri The rasulta are not only 1ntarmeﬁiate between the
'parems but Table XIV very :E‘crelbly ingicates that hszrids

‘” rram 1inea high 1n nientinic acid eame from paraents high in
1 nicotinic aeid acid fur it 18 gseen that the nybviﬁ of crose
"o, & is richev in aicotinie acid than no, 2 which in turn

| ds richer than no. 1,_ The aamg.is true of hybrids ﬁeriveﬁ

 from crosses 4 and B,

‘On the basis of these findings nicntinic aeid s |
7ﬁef1n1teiy‘a'gsnetiaaliy inherited chara&ter iﬂ'mniza.

The naaoﬁinic aciﬂ content of sweetcorn is much
higher than that of starahy maige and tne results of the
cross 96 x 2 and 1ts reei»nocal 2 x 96 bear out the view
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held by Mother ana Eavtan~ﬁright (95) that nicotinic acid -
"faiiaws the aetien of the Su~$u gene even to: ite domiaant
sta%ehg ( Su ) ralaaian, The hybrid of the cross 96 x 2,
between sugary and starchy maize, which must naturalmy Cofl=
~tain the dominant sterchy ( Su ) gene ie not only starchy
in charaeter\but ite nicotinia acid eanten% of 25.3,43./g.>’.'
1ies well within the range ar nisotinic aaid g:van by seed ,
- poming rrom starchy mothers. Thevdata nhawm that the very
high nicotinie aci& content of. sweeteorn cannot be asad fcr
enhnneing the niaoeinic aetd auntent ef starchy maize S
o threugh breeding.

In an erfort to throw 1ight on the dasage prin~

élple eampouné erossos Were maae between the f@ilawing s

A [a % 15} o
Befon & 501]
Ga[gé 2_;23 N
TABLE XV .
 .;ﬁiéatiniéﬁacid.canteﬂt 9f75§mgﬁgﬂd oraneed

Crose - Favemts X@im:tmie asid . Uicotinie acid -

eontent of . content of
parents  nybrid
ST ,;‘.)gp/ﬁc —— f_.wlrggéfzg
&ngfaxm] {? 1] %45%5f,“. -‘%ﬂ  
g‘a?a xm} ;’?G 26.“5 x%»@‘ - & A
pro [eamil x{96=2]  2685x238 e8.g
S 95;:2 Ea‘n,x;m] as.axzes.sa,_ o 29,4
Mo*;ams} x{'%x?-] 2.4 x2m8 %4
T 196 x 2 x2.x15‘“ 25.8 244_ _

- 26.9

, . AXB gives {1ow x low) x (high x high) an& as
" the result of the hybri& is utriatly cf ﬁha seme oraer as
that or the parents no cemblning ahility i demonstrated.



feot the sugary gene hed in varieus doses. against a&ffaxent‘}
gonetic boeckgrounds but here again the resulta which are
only saight y higher than the parents da not exhibit ony

) ﬂtrikiag variatiens fram whiah the doaage pr&nczple cau be :

daauﬁeﬁ.

Eleven crasses were narrieﬁ out &uring the 1945~

,.79U_“

B2 ana AXC were carried out to 5 ea'what ¢

'? 194? aeassn ana the results are recarded in Tabla XVI.

~ TAELE XVY

Niﬂetinic acid cantent of the 1946*1947 Oraaaea

No.

Parefits -

Nicotinic acid

conhtent of
parents
ﬂgafgi,,

ﬁﬁiu&tinic'a&i& '

- eontent of
. hybrids ,
uBe /8o

390 x 271

1&.3{.x 8l.3

ya oyt |

24,8

9B x £

88, yd
2 x 96

y8 __ sc

83 % 17,0

17.9’ X 63‘

28.4 -

£5.8

| 16 x 96
| wa  se

96 x 15

_16;§lrx 63

lea = 16.9

: gli@'v

20,3

J.ee v

383 x 271

27.5 =% 31r5

B

¢ x 271

lwd 2

26,6 % B1l.3

24,8

o -

15 x 820
wd . yf

16,9 x 18.2

.22o9:‘: 

9 =x 329
wl = yf

25,6 x 18,8

g3l

j1

10

g x 15

y&  wi
18 x 2

w - yd

17.0. x 16,9

16,0 = 17.0 |

26,0

._ 215Qj

| GHERE - ya-
. ¥E

/

= yeliow dent ,
= yellow flint

 wd = white dent
8¢ = pweetoorn




These pesults generally corroborate the findings
dedunced from the first set of crosses..‘?aa;eﬁasses-betwaép
ﬁugéry'ena'ﬁtarchylma&ze,‘ﬁamelyv96 % 2 and 96 x 16, con«-
firm the previﬁua-finding-thatrnicatini¢ peid gmllaws‘the‘
action of the Su-su gene even to 1ts dominant relation.
The crosses iB’ﬁ‘EEB and 15¢2 substentiate the resnl tﬁaﬁ‘
. hybrids from perents low in nicotinie acié_have 8 higher -

| nicotinic sesd content than gither parent.

Four crosses were repeateﬁ and the reenlﬁs Obw

tained for both Beasons a"e grouped in ?able Xy1i,

' - TABLE XVIT

Gémparisﬁn of Qrasaea made during the 1945*19&6 seascn
and the 1946-1947 geason

Ho. Paronts Hicatinie aaad Nicotinic acid content of hybrid
content ¢f 1945~1946 - 1846-1947

parents : i
aBe /8a ‘ ag./g. | Ui [8s

17,0 % 63 o 26,8 . 2B.8

W
L9}

23
0 3 o -
Mo §

16.9 x 17.0 88,1 W
i7.6 x 16:9 : Bée% 3 £6.0

o
ps |}
weor |

LR
R !
e |}

These results are vory importent iﬁ}thaﬁlnﬂtﬂoniy
 are they in olope agpeement but that they algo follow the asme
trond, It will further be observed that with the sxecption of
the crose 2 %15 the‘résuits faé'194§h1@4? are lower than the
‘.ecrreaéonﬁing vaiuée for 194541946, The crosa 2 x 16 gi#es 8
-high value of 26,0 ug./g. but this r@sult fail@ws the game
trend e that observe& in the 1945~1946 aeaaannhare 2 x 15

i gave a higher reault than that_oﬂ tne_reciprpeﬁl 15 x 2,

he reaults of a¢l the croasea nave been combined

- ghd are prcaenteﬁ in iable XVIIIa
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TABLE XVIIX
Complete set of Crosses

Ricotinic acid in 4g./g-

Par- (15 | 2 389 (390 |428 (430 [ 3 | 9 |30l |383 |271 |96
ya | yd

ents (wd |wd yt |l yd wa |wd y | yd | ¥yL |se
16.9|17.0/18.2(18.3|20.0|22.8| 23.0| 85 .5/ 26.8|27.5/31.3|683

e

15 2l.9
wd E22.0| 22 .2 21.9 21.0
16.9 22.1 ]
2 24 .4 25.8
wd 26 .0 26 «3
17.0
329

18.8
390

24 .0
ya 26.0 22.5 20.8
20.0 26.9 24 .4 22.6
20.4

430 24 .4
yd 23.7 2502
R2.2 26.0 26 .5
30.8 26.0

£ 3 0.8

yd 25.2

vt 26.9 24.4
31.3 £8.5

23 .4
25.1
96 253
8g 203|253
63 26 .2
26-2 *
26 .8

o

wd = vhite dent yI = yellow flint yd = ycllow demt 0 = swastcorn

This table 1s read in the same way as Table XIII
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Goﬂsnusimma

atarchy maize exhibits a wiae range of niaotini&
acid aont@nt whien for the 92 linea 1nVeatigateﬁ extenda rrom
14,9‘- ai.ﬁ,ug.xg. In vaew Qx tb@ fuct that &1 theae plante -

- gréu~on*£ha éame s0il typp; in thv same loealitv during the

game yeor 1t woulﬁ not be an extrenely wiae guess to infer -

 that nieotinié aeid might be o genetig factor, That thic 8.
} &80 is suppﬂrted by the fbliowlng faets F“:A' | |

1. Zn cases where the- niaotinﬂc aciﬁ coatent of one Or

both parenta exeeedé 28 2,agajh. the crosses hﬂve an interwf' "

_ ;-mediate eonteat. ﬁherﬁ the parente do nnt exceea thig vaiue
. of 22.2/1@;/2‘ the nieotinic acid of the hybrida appears to
. be saditively de%ermineﬁ. | |

Hybrids high in uicotinie aeia aame frum paranta

‘ _n1gh in nicotinic acid,  ;

S The ?act that much greater variations 1n nicu%inie

| aata aontent_exiat.ﬁn the,ease of 1nbmed lines thgn in the -
’fhybmias:ﬁnﬁiaatéa,#eéy-strgaglg thet thevﬁariﬁtioas'are_&ue-td |
’igﬂnetie 1nf1ueﬁaées: whereéﬁ the rangé of parents éﬁﬁenﬁa'frmm-

1649 - 31.5,uga/h.'ﬁhat af the crosaea is much emaller exw :

tend&ng £rom 29.8 - 30.8,ag.fk., From this significant raet

;-&t 16 presumsd that 1f<an open’ pallinateﬁ atarehy vari sty has
. n wide enaugn genetic basia tha variaue genntypos will show a
N blending effect 80 thaa the eontent of the miadl@ twentiaa
. ia aahieved- ; | | |

Results of theaerossea betwean atarchy and sugary

| ma&ze indteate that the high nicotinic acid content of

sugery maize cannat be uged %o increase the nieotinic acid

'-iennxent of aterchy varietiea by means er erossing.. ﬂnfava"

tuﬂately no érosses were made bebween varieties ar sugary

‘maize ahd it remaing tn be discovered. whethar the high nicaa

tinic aeid cantent Df gugary maize is alse a ganetia factar._'
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_ fkile this work éﬁppatﬁa the belief that_n&ao%inic\.
8016 1s a genetieally inherited factor it fails to throw -
lizht on the mgéhaniem @f\itg inherit&ncﬁ an@_tﬁe-dé&aga_

L pranaipiés involved, This aspect aefinizeiy merits im-
mediate attention as its successful elucidation will have
f&ﬁ'ﬁeaahiﬁg and valusble spplicntion in maize breeﬁiﬂg¢

It ig felt that ﬁhié work supplisa o basig for
| nelecting end braa&ing‘a<maizevw1ﬁh a ﬁaléiiVely high nico=
%iﬂie(aeiﬁ.eanﬁent. Espeeiélly in view of the present pro~
 paganda to switeh 'over from white to yellow maize production
an 1denl opportunity is o%fefe& tb the réa?oﬁﬁible authorie
ties to aeiect‘maine varietics with a suitabla level of
nzaatinie said, The most widely grown maize in ﬁauth Afriea
Hickory King ana‘P@tcneraﬁr@amsyearl heve an extremely poor
nicotinic acld content of abcu%-l&lds-fka in the intare@tg
'mf the large native puyulatien this can and must be improved
upan by growing maize with a cantent of the oraer e5 =« 30 ug./t.
Such an inorease; reyreaenting an inerement of 65 - lts/g is
woll within the b@unas of passibility’an& would be & prorﬁuﬁd
step in thg right direction tovards 1mprav1ng the exiating
inodequate diet gr.iheﬂﬁative. It is rea&&sed %haﬁ'tﬂe Dew f
§ﬂrtment—af‘Agri@uitﬂme wa€1a héve to contend with many |
fuctors apart from t&aaﬁvagrmaliy'infelfea in aeieeting a new
. #ariety such as unifqrmity.éf stand, high yield and drought
'regiativiﬁy‘ Theae other faectors would ineiﬁdepreaudiceé‘an
 the part of the farmer (unfortunately né mean factor to vver-
%_came) aaa'tha’rquiv@ments of the traée'wuichvhaa an’aéﬁab# .

1ished predilection for the “Plat white 6&pé“ﬁcffma&zﬁ.

-~ Removal of the bran and germ by the milling prmcésa

- which involves concomitant logs of nicotinic acid and other
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B viteming such agZtniamiﬁ'aﬁa‘riberlavin will greatly re-
ﬁnﬁa-the-aﬁvanﬁagé'tﬁat could aserve by cultivating o maize
auitablevin,respaci"ﬁf its nicatinia acid content,. Prope-
ganda shonld be made amcﬁg the natives to consume whold mnige
meal and the sele of refined mealie meal made £rom shite ,
mﬁﬂlﬁea'shauiﬁ be prohibited. 4 wartime measure to ﬁﬁe-eﬁs
fect that all mealie meel must contain at least 5a9£@£ yellow
malze meal was lifted in May éf thié year., This retrogrescive
atep is to be deeply depreceted. Le Riche and Le Riche (118)
have indicated that the white highly refined mesl 18 extremely
low in f£at, iron, calcium, phosphorus end in addition to be-
ing aeficient in vitamia &Aeentains enly ‘emall quantities of
nicatinlc aeid (6 ugs/ .}. thiamﬁn and r:baflavina

, Variaua suggﬂstians have been mmde on the subject of -
1mpr@v1ng the nutritive value of mealie meal., Addition of
‘ goya bean meal, Pood Yeast and £ish meal have been recommended.
' Xt'ia pointeﬁ out that the ﬁ@uth.ﬁfviean'fﬁshing 1n§nﬁtry is
expanding rapidly and the mmplaymen%‘of fish meal in maizé |
would &oubtle@aly help to eaéﬁﬁrage the production of tn;s.

' ~ useful by-product. Food Yeast {Torula ﬁ%iiis} 1avhigh in B

. vitemine and protein and due %0 the fast that it iz harmlesa
to man and cen be produced ‘in bulk from choep rew materisls

(waete‘éugar molasses) makes Pood Yesst emiaanﬁl& suitable

- for incorporation in this cereal. .&e:aiehe.én& Le Riche (116)

in their work on the £orti££natiaﬂ.of maineihave,alaa demon-

strated tha?.lueerne'meal and gueva meel can be used to good

' aéventage in o maize enrichment programme.
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