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Ua1ee 1s e ·crop of primacy i111)ortance 1n ocmth 

Africa .as it serves ar; tba principal food or aeven m1llton 

Aft*1eans., Pellagra. endemic areas nPe almost alw.aye found 

r.hel'e ma1ze constitutes a lnr-ge propor:tton of· the diet of 

the population. . Tbc oountrtes of South ~astet-n Et1r0pe; 
. ' 

Turkey, Egptll and ·the aoutbern states. of the Urd.teel .Jtatee 

·ot· . America constitute well kno'fltl e;n:ample·s ot $Uch nre.as ~ 

Dietary d,eficleneies seldom pro<Ve to be simple s1ngl:e fe;tcto:r . 

·d.e~1oienotea.. Lack of ntcot1ntc ·acid was .oonslde;red na the 

main ta~to:r 1o pe1lag.ra. bu't recen~ tnvestiga.tlona (65) bave 
. . 

r-evealed tbat adequate tl'gptophene tn the dlet reduees the 

minimal l-evel of n.1qottn1c ecid intake thst is. neoeaeary to 
r . 

prevent pellagra oympt.oms and th.at the preo.:-nce ·or the plant 

auxin 1n:dole.,.5•acetio acld demands an enhanced intake of . 

ntcotin:le acid (82). lSvtdenee has .also been pt'eaente4 tbnt 

tr)'Ptophane mar be the precursor or n1cot1n1c ac1d 1n. thoe 

bodv (68X69) t:U1d tter'l recent work (·76)(77) he$ 1nd1ented 
.... 

that pyridoxine plays a ·vi tal role tn th.to process~.. tn the 

light of' the .foregoing the asscciat1on or maize w1:tb pell.a-

8'1'8 1e no longer surprising since 1 t ie knovm that maize is 

low 1n n1cot1nic acid end tryptophan.e and ·bigb 1:n indole•3-

. aeet1c acid. 

' . . ' 

group ot people,. pellagra can be prevented by 1noreoe1ns· the 

amount of. n1eot1n1c eold or by increasing the .amot-.nt of 

t~tophane in. th$ diet. Tbe high oost and inadequate. s®• 

pltes or mo:s.t ft>oct.s ·rich 1n tryptophane such os mtlltt meat. 

peas end beans,. may preclude the latter· alte:rnat1ve. On 

the other hand the po.ss1bili tu or increasing the n1cot1nte 

acid content or maize bJ genetloai moans .Prcoents a pltornts­

l·ng field. 



' ... 
' 

'l'be great d1vers1tr o:r soil a~a cl1me.t1c ,conditions 

whiob ehsracter1ae the maize growing t-egton of aoutb ,Atrlo·o 

necess.t tate the eulti.vatton ot a nu1nber ot variet:tos. Ottl'• 

r-ent breeding wovk etmaprimartly at developing h:tgb ;vleld• 

1ns 11ars.~t1es, resie··tant to drought ·ana disease,· wb.iah Will 

be capable or gr.owing wel.l O·n so1lo or low fe~t1lttv.. There 

ia tn the count~~ todGY a. demar.ui ~ror the la~ge., flat, White 

type of seed a·ncl thi& pr-eference 1S part1culat'l7. UnfOI-tUne.te 

:ln vtew of the higher nutr1tlonal ~tandar4 of yellow matae. 

It ln clear· tbl!\t ·tn order to 'improve the nutr1t1V'e value of 
. . 

a e:l'op & ~alarice muet be etru.cfk: between breeding solel;v ftJr 

Jleld ana the so -ca.Ue4 ma~ket qual! ties and breeding to 1m­

prove the nutritional quality. 

This :tnveat1gat1on covers the first stages in a 

pr-ogramme of 'W)rk . to determine tbe possibili tieB of select-, 

ins and breedf.,ng strains of ml;\t~G wtth adequate amounte ot 

ntootinlc acid. The tl~et: step s~nvolves the cboiae or a 

suttable method, tor:- the tletermtnnt:toll of n1eot:tn1e acid in 

mat,ze; tbe eune, ot the· n:tcottnie ac1d content of. oommer"" 

aiel varieties, ot ptll"e linea and of crosses bet•e:an p·ure 

· ltnes tc or-d~r to d.etermlne whethe~ tho nicotinic acid con­

tent is governed bf geoet:1,c factors~ 

. In .the pr.esentat:ton _or the ftJtet paper it hao been 

- oonsid.e:re\1 advisable to t-evlew the 'lt tera.tu~e over a mueh: 

wider tiel d. then the llrntted. a~peota covered ~Y this 1nves ·­

tigat1on, A wide enrve~,r- serves the pUJ:'PO&e ot aot.t1ng the 

limi.ted atma of tbe present. paper in 1ta correct pet'speottve 

z>eletive to tbe ·1erger 1seues .; 1 t may also assist othe;r ,tn~ 

vestigators who fellow in th.1s field o:t-:- work. 



The produet ion of a matse w:1 ·tb. a high 1 evet o t 

ntcott.ntc aet.d would be a step or cona1derable value and 

:1~ed1ate consequence tn redu.cuns the tneideooe ot pellagra. 

It JtemalnEh however. eesentinl to determt,ne whetber the pro• 

oetm of tmprol!llng the one factor does not ad.mul t~neouelr 

p.roduce a serious ~e:r.1c1enc;v ot another.. Tbis might tn(tsn 

tbat concurrently w1 th r.eduetton .or tbe 1nclttence of one· 

di:·sease th.ere might oecutt the progressive development of 

another.· Thle research eont1nee itself tO nicot1n1c acid 

but lt !f3 hoped that an extensive utudy ot the other 8 

complex v1·tamtns aatl eeaantial amino eeids w111 be initiated 

along similar lines. t.n vle'tl ot the :t.ntetteat1ng r$lat1onship 

between n1.,0t1nio acid, tr:ptopbane and indole•&•acet1c 

sold tn the production or pellagra an 1nveettgnt1on ot 

thC"tSe three componnde 1n maize might alae pro'V'e ot const­

dersble interest and importance. 

tt is necesa&l'J to tnd1ca.te hfttte ·certa1n 11m1te• 

tionn that were imposed. oa tne present lnvestigattcn. The 

material tor the chemical ana1Js•a wae suppliedb;.tbe 

Pbtclletst:ttonm College of Agr>iCulture where the cultivation 

ana bree41ng or the matze waa carriea out. tr:cvtew ot the· 

rigid oeasonal raetor involved in_ their programme ot grow- · 

:tng pu.~e linee in ord.er to prochlce mater1al for CX":oeees, 

$nal:srt1cal data on the p\lt'e lines had to be available blf 

cartalft dateo.. Whllst tbe method used fof' determining the 

n1oottrU.c ·acid in the J-.o.utlne .e.nalyste of thtse samples ~::aa 

later shown to s:tve lot tlsu,r.:s tbe reproa.uctbtl1ty was 

nevertheless of a e\lttlclentlt btgb ordeta to continue the 

method tor all the S'Ubsequent crosses SO that tbe .data tot­

the .l);nalyses ot varieties, pure li·nes and ·¢1"oseea are 

etrtctly· eompal'n'ble .. 



o:navallab111 ty or tttufm1eels also. placed a, ve-ry 

.:rtr1.ct ltmttatlon to the final ehotoe or method to bo used 

fc.r analyeia. In the con·t1nuat1on of th1s woPk: improYe­

trtents in the chemical estimation .of n1cot1nio acid. or tbe 

adoption of m1erob1olog1oal method,e can be aJld probablv 

will be made but tbe value or. tbe data presented here w:1ll 

· r·ematn :an~. can be related. to later resul ta tbrongh cor-

. · rect1on faetor.e as between taif'terent methods at eat:tma.tion. 



N1cot1oic a.cld wns fi!'St pro4ueed by Hub&r (1)· 1n 

1.867 b1. o;;ctdtsing nleotlne with potassium .ctu.•omate nnd eul~ 

ph'@iO acid. 

[o] 
N_ 

-HC/'~tH- _ 

·· Hc.l,)c.cooH 
CH -

XI 

lttcotin1o .ac14 

Ntcottn!,c ee1d ts 'fltdely d1EJtributea. 1n -natut-e in the torm ot 

lte 'tbtguitoue methJl betaine., trtgonel1ine; i.eolated trom 

the p.lnnt t.rrlgonella :roenum graecutn br Jabna (2) 1tl 1685~-

.CH
3
,N -- - 0 

HC1CH I 
Hct.,c-co 

CH 

III 

T1"1gonelltne 

Re~ent work has shown that whe:veae raw coffee beans 

are a particularlY rich :source of tr1gone111ne ( 4:50 mg.,. per 

aent.) titer a:re a relatlv$l_y poor source of nicot1nto aotd 

(1.6 .. 4.4 mg. per -cent) \II aoaating the co:f'fee produced a 
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five to sia told increase 1n the amount or ni·eott.n1o actd 

and tt was shown that this increase was ttue to the deoom• 

poaitton or trigone~lltne to nieotin1c·aotd. during the roast­

ing p:roceaa·{&). In l912.n1cQt1ni~ ecid was:it:\Ol&ted fttom 

' rioe' (;4) .ana. fourteen years later Gqmnnska and Funk (5} 

studl.ed tbe. nutritional valu:e ot olcot;,Q:1c ·aatfl an.d ntco..,. 

tlnamide and at·tributed to them a .rood sparing .and weight 

preserving eetion,. Even w1tb. tbie finding nioottnio acid. · 

st1'll. remained Of' purel¥ theoreti .. cal i:nterest.- in l9G5 lt 

was the work or \tarburg nnd, Ohr1st1an (6)('1) and vo.n El.tler. 
. ' 

Albere and schlenk (S) 1n i.aentif'Uing nicotinamide as a 

•' . 
' nttentton on the poaetble role· ot nl,cot1nto acid de:r1.va...-

, tivos 1n tbe bodJ:. 

Iii!:3.0t1n1c acid 1e distributed i·n small. quantities 

in plant ·and an1.ma1 tissues. Krehl and. hts associates (9) 

showed that ant:mal'tiesues oonta1Qed mo!"e n1ect1n1o·e.e1d 
. . . 

t.ban r>lnnt ttssuee and that 1n the tormer 1t was present 

mos tlr ·as bc.u.md nteot1namtde. Plant· tissues on tne other 

b.and contained nicot1n1c acid in botb the tree state and. as 

b0un4 n1eot1naotde. 

I;n both animal otld plant tissues nlcotlnam,.de is a 

const.ttuent ot coenzymes !. and II. 'these coeneytne$ in the 

on1tnal boa, are concentr-ated in the roed blood eella,. Oo• 

·eQ~tme x. d1pb0apbop:,rr14ine•n.ucleottde or DPl'l end ,coenaJme 

ll:; tr1.phosphopyr1tUne-nuoleottde or TPN ple:y an 1mpcrtnnt 

'role 1n cell cx1·dat1on-reduct1on prooesaes. Fox- example .in 

yeast eoer:nwme t receives b.Jdrogen from the eub$trate and 1e 

transformed to d1brdr0coensyme I. Thi·e is stable in air bu.t 

ia deh}tdrogenated bJ a yelloVJ resp.i~ation enzyme \'1/hicb 

f'unotions ae the hydrogen acceptor~ The fellow en~;me la 
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ea:tered to the leuco-form which can g1ve up its hJdttegen. to 

the· oqgcn or the atr WIth the ~ormation ot water or can 

:Vield its btdro.gen to another acceptor ftame1:~ cytoatwome o • 
. and is tt\ue in tUJ'n rooxldleed. the proeesa then repeats 

1 tself'.. ~he tollowtng $Cheme attempts to set out S.tt its 

most .e.tmplo :rorm tb·e chetn of reactions •ner\!bf' hydrogen 

stven ott by tbe N&eet substrate 1s evet.ttuall$1 oxJ.dtsed to. 

water by att'tlQspheric oxtgen ... 

H 

.. · . Ooenzpe I 

vellow resp1rett.on. 
H-

bf aot1vitr ot 
cytochrome oxldaoe 

Oxy,gen 

J 

" . - . . 

1t was· tbe .o1cct1anm1de un1 t of the a:oeneyine II 1'/hlch coutd 

accept one hydrogen atom. and undergo · b.ydrogen.nt1on to the 

crtb,o-dih,JdrocotftPOund.. Irn the pre$ence .of su1 table hy4J*Ogen 

acceptors tb.ie ortho ".ib.y·d.r-ocompound could undergo dehy4rc-

·genat1on to its or>:tginol f.orm. freo n~oot1nam1de could not 



be btdt'olfeGated to ·the revers~ble dlbgdrocompound end tb.ete .... 

tor.e oou·ltt not aerve $& a hf'drogen Ct;l!.'rter. 1'he p~oceso ot 

b,drogeo8.t1.on and· dehJ'drogenat1on ot p~id1ne compounds can 

be tl'aced in .the' following war ( 10} • When pJl'idt!)e ctOtft­

pouna:a .ere con.ve.rted to. the l'everaible d.thvttrcc~:un.poundo these · 

give ·r.t!tax-oetertsttc ab.e·o:rption bands known aa dibUarobando 

\l1,th ultf'~ vt·Olet 11gb.t" The d1brdroprrid1n& compounds: 

. flUtn:•esCEt when SUbjected to U.ltra. Violet·ligbt WhCI'DGS the 

non. hy'dt'ogE~ro.ated forma do not• A aimple Pfl'1d1~e cQm"))oun« 

that Ufl:de~goes reversib'l·a ti14rogenat1oo is ft' .;_metbyl,iodo..,. 

· ntcottnam1de ·( lV). · lt Will be obs~urved tha.t the nttrogen 

atom o.t .the prr1cU.oe :ri,ng 1s pentavalent .and Kattre~ et 111. 

·• ·(ll) .rep~eaented the reaction· in which the. N~ .-meth7l:-o·• 

·41~on1eot1tla$1de (V) ltJ Jrodu.ced.aa. totlows c• . 

. ·' 

J ' 

1. H + = 

~. v 

+ HI 

1· • •metb3'11odontcotlnam1df-' N' •metb:Fl·o-d1b74ttont.cotirnam14e 

· B9 •methrliod.on1cot1n·atnlde (IV) ¥~hen disaol~ed 1n 

' sodium bicaJtbonate solution does not ebew a wht·te fluoi-eacence. 

On ad.di tion of sod.!'um h:/poaulpb.ite the white fluorescence ap• 

peaa-a due to , the .Pttesence ot the newl1 'tomed dt.hJdrocompouna. 

\Jben ox.vgen. ia paeeed. through the. solution ·to .remove excess 
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sodium bi'POattlphite the fluorescence porsiete due to the 

stab1),1tJ' of _the d_ibJ'droeom,pounet. tn Pt'f!GtHJOt of f.J!ee o:;wgen. 

.... Oft the other band 1f the yellow respiration enSJme te a.44ed 

· the :tluol'esoence · 4i.eappetu.•$ beoauae the ·enzyme dehJ'IUto-
,. 

senate• the dih,y&:-oaompound (Y) .• .KaJ'rer ·et al.· (11) de .. 

ducea. from these tindtnge that oicot:tnamtde we bourul ln. eo-
. . 

eoaymea t :and II in the fttrm of' 1 ts quazt'te~narr P¥r141ninm 

salt and· that the rft'era1b1e bgd.l"'genat1on propertr or nlce­

ttnamide wss related, to this type ot llnkege. Th.le a~ncept 

was s~pporta4 bJ' the ttndtng that ttte reduction ot QUa!'ter• 

nary pvrtatnium aalte proceeded ensll7 •. 

Os.ttbob14ratee or tbe1r pho$pboric · a~1d esters cannot 

reduce Pl'ridi.ne aucleottdn 1n aQueous •ollltton ... Downer tn 

prE:senee ot a speclt1c oerr1er protein this 1'84uct1on tokes 

pltlC& (lo). .Addltton Of the potaaa1um s~lt ot b.amaemono­

pb.Oephorio aott\ (Vl) to a solution ot tr1pboeph0p;w'l'1fiine 
• - • 1 

nucleotide lll'Odu.ees no tluot-escemoe wben aubjecte4 to ultra 

Violet 11gbt. On the other band. it the specitic carrier 

protein 1e. added to t~ Ti->N solution. addition ot the 

potase1um salt or hexosemonopboepho:rtc ec14 pro<Jne.ee with 

ultra ·violet ltght a fluorescence wb·ich te cbaracter1;t1o or. 
the dibtdropJ'r1d1ne nuoleot1ilea. It wae f"Oilnd that pbOs­

phohexonita · acid (VII) wae produced ln. the ;reaction. 

CHO I . 
H: C ;GH I .. 

. HO. f .H 

H.C.OH 
I 

H. c .OH 0 I \\ .. 01\ . 
c H •. 0. R 

·.A 'OK 

VI 

POtCflsstum aal t of! bexoae­
monophospb.ortc acid 

·. ?OOH 
H; C .OH 
. . I . 

HO.f.H 
H. C .OH 

I . 
H. C .OH 0 I . II/OK 

C H3.. 0. P,
0

K 

VII 

Potassium aSlt ·Of 
pbosphobexon1c acid 
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·xn tbe presence of' o:qgen nod . tbe rellow resptratlott en­

.. z,me the p~r1d1oe ·complex 1s. deb,.-dl-Ogenated. and restored 
' 

to 1 te ot1gtnal f"orm.. small quent1 ties of th1s pytti·dtne 

catalgt1c .complex· can be tllled to ox141Be large. Qttantt tiea 

. · ot hexoeemoD.oph.Ospbor1e ae!d to. phbspbOhexoru.o. act d. 

t1arbutts and hla associates established tttat 
. . -· 

·trtpboaphoppid1ne nucleotide -wh1ch tbey bad isolated: from 

tbe rec!. blood cello ot the hOrae was consti tu.ted b7 one . 

molec~e of nloot1namtde, two molecu.les_ot a·perttoae sugar, 

three molecules ot ph0aphor1c aoid an« one molecule ·of. 

e4en1ne• Thln. irnQedi&tfJ11 · brou·ilt i.nto question tbtf woxak 

.of von Euler and SAJ~blclt (12} en the oon;.osttton ot co­

zymase 1sole.tft4 ft'ODl yeast. b7 Harden· and Young (13) in 1904 .• 

von nuler nnd tJ'fibilolc: 4e .. crtbed co3Jmase as an edentne mono-

nucleo·tid-e .w1tb e moleoulnr weight of' 850. In .the light ot 

· oarbUPg' • tindla~ 11tl\l'l tt-lphoaphop~rldln.e nucleotide the 

. work ·on coqmaee -Hs repeated and ·1t w~s -round to .have e 

molecul.fU't we~gbt or '700 ·and. to 4:t.sttnguish itself from TPir 

br h~vtn,s one molecule lees o:t phoapborlo nc14. Ooqmaee le 

tl\eretol'e e tal:t)ho~phop,ridtn.e nucleot1.de (VIll) ~ 

.. , .H 

. J\ · _··. · N=C-N 

HC~ 'f·CON~l t c---~ 
HC\.~CH 'NI<_ -:?'~- . NH,. 

· NC+). CH . I . . 
H.f.4 . H.C~ 
H .. c~mt I -H c1 

OH · .. 
1.· D I o H·f·?Hld H.G.OH I . 

H.C · 0 o H.t~ 
. I II . II I . 
. C HrO----'-'-___.;.P~~-0 -·-CH:~. oH .oH . · . 

. VII! 

Dip~sphop~l'idine nucleotide (Coen.SNme t). 
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· N1cotin1o acid 1e requ1.re4 in the bodl to:P the 

·, 1 'sy~thesto of ooeneJmee I and II. It !\as been: Sb01m (14) 
- ·. / . . . 

ttvlt a&n1n1ot'Pe.~icm of ntcotJ.ntc .oid dramnttoall'S' e1evates 
-, 

tbe coenes-me l and It. content of tbe buman er;vtbrocl!'tM. 

tn.cotlnarnid.e la at beat onlg a tb.1r4 as: potent as nicottftio 

nctd in stlmulattog ooeneyme eJnthes1th The e:xaot path ot 

coeney-r.ne ayntheete remains Ettill to be· discovered. A .ntco­

ttntc acld deftciencr was held t.o OaU$e tailuroe of the t1asue 

re$p1.t:aton mechantain which involves the Pf1'id1ne nucloo·ttde:s. 

tn_thef.r wo~k·to csoertatn the mannGr in wh1cb n1cot1otc acta 

4et1o1ency oa'Wlad tl\e development ot pella~a. egmptetn9 ana. 

ftttnllv deeth tta.nd1ero and Dann (15) conttuoted 10 vt"ro 
studies wtth normal dogs and .doge with blaGktongue and 'Jho-.a. · 

. ~1fte'Pe~ae 1n the :atUlltf or tbe tissues to os.1a1se glucose 
. . . . . -

or laettc oold. fhe · autb.ors COGeluded that aeatb. wae not due 

to n sttnple detic1eney of coe.nayme end the consequent failure 

ot tissue respiration but must be the result o~ some other 

. -conibtnatlon of oi:rcumstanoes. The parenteral adm1n1strst1on 

ot' Pbu&i.ologloal a aline solu.tlon \o tioga '111 tb bls.cktonsue Pe­

sulted tn ollevietion of the -dettctenc7 ·srndtOme and theix­

livee were prolonged es ·much as 180 days. Although all tbe 

animals finall_r sucounlbed to the nicotJ.nio Mid de't1c1MC1 

their state tn extremis seldom resembled the cloastcal picture 

of black~ongtte. Hendler and Dana regarded debJ4rat1on ant\ 

electrotrte imbalance es being 'posaf.blf' o.t prtmarr tmportact.ce 

tn causing deetb !n tbe ·oa~e ot ntoot1nlo actd tteticien;Ov but 

1t, :La obv1ou tbat the oomplete set of ree.cttoas involved in . ' 

produeiog the character1•t1o pellasra symptome ts not yet 

und:erstood. 

The results ot Woolley·and hls aesoe1ates (16) 

atronglg 1Gd1eat,e4 ·that a blgbl:V spectttc structure was re­

·QU1l"'e4 forcurtos blsoktongue., Of the tollowt.os seven 
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P11'ldlne deXt:i.Yntivea found et'teotive all hoVe the d..Cal'bOll 

.atom uneubstt tuted · s 

lX 

Htcotintc ACl4· 

XXI 

txe.thJ'ln.lcots.namide 

CH 
. /~ Hc

11 1

C.CONH1 

HC"--~'CH 
. N. 

CH 
· .. Hcr(jc.r.ooG,H, . 

.. HC·,/CH 
N 

X 

N1cottrtam14e· 

XI 

lStbylnteotinate 

Xti.I 

D1eth5'1ntcottnam1de · Nlcotlnam14..,. 
glucost.doiOdide 

. SH 
. /~· . Hell· ic. CONH.CH,.,CODH 

HC·, ~CH . 
r\1 . 

. XV 

Nicotinuric acid 
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It wee eu!Beeted (16) that oa17 those eub&taneos wbich OlUI· 

be converted to rl1cot1n1c e.c14 or ita amide :by e1the1" 

bVdro~Jtd.s or ox1dattoo 1n tbe body po!laess anti black 

tongUe activity. 

M excellent ~lew of thls subject 1s g.1ven b~ 

Ellinger (1'1). Ingestion of n1ootine.m14e (X) to followed 

'b7 the ;en:retton ot N'•methylebloronlcottnamtde (XVI) and 

emall quanttt1es ot nleot!nte $C1d (IX) antt ntc.otlnam1de (X) 1n 

the human urtne. Tbe above derivatives together w1'th 
1 'lrtgoa~lllne. (It I) and ntoot1.nurtc acid (JtV} are. found ·in . . ·~ 

Ul"1n$ in amounts. that vaey w1 th tho dtet.. Pelloptins · e:z.._ 

,oreto bardl;v any N'•metbylcb.loJtonleottnam!de which 1~ the 

chief ·end. proauo,t of ri1aotinamSde metebollam ln the human 

be1·Dlt. 

CH 

HC(tCONH1 

HC "·/C.H 
N 

/"-. 
CH3 Gt 
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The methylation of pp1d1ne in the body wae ob- · 

. aerved by BS.s. (18) Who found that pyrtd~pe wae convel"ted to 

11' • •tnetbylpgrl41ntuJ!'lbrdroxtde (XVI 1) • 

. .. 

XVII 

N'•metbJi'lp,-r1Un1ulllbJ4rold.de 

Butt ana: Pe~ltwelg ( 19} lntett observed that n1cot1n1c sold 

derivatives were .also methylated in 'the body and In another 

pape.r :Pe~lmreig and hie $Seoc1etes (00) ropopted tnat n1oo• 

ttnem!de ana net n1o_ot1n1c e.c1d underttent methylation. 

?:beee atlt~or• al$0 ahowedt us-ing tb.e rat as thetr test 
. 

antrnnl, that the sent ot methylation was in tbe liver and 

that tbte process did not .take place bt kidno1 or Dl\taole 

tl.stJue. Thereact.lon r-equired the presence or OX¥gen o.nd 1n­

tnct liVing ·cells end usuallf but not always methylation was 

increased bll' the add1t1oo ot methionine. N~j3ar and »eal (Sl) 

gave e:v:tdeoce that u•-metb;vlcblorontcotinam.lde (XVI) watt 

· demetb,Jlate« with the releaee cr n1oot1n4m1de. ~he l.l'V'e:re or 
rats whic-h were sivenN'-methylohloron1cottnam1de oonta1ne4 

bal:f;.tho quant1tJ at tat which was present in the controle~ 

In the 11«ttt or their finding Na33or and Dea.l believed· that 

the methJl group made available 1n the demeth7l.ation process 
. . 

migbt b" bto1ogtcal17 acttve. Thi) work ot Na~3ar and. Deal 

(2l)_was called tnto.Q~tlon by Ellinger Who sbowecl that 

liVe!' slices in •1 tro (lid not deetPOJ N' .-n~etbrlcblONtlioo~ 



t1namtde. Recent work bf Ellinger ana. Hardwick (22) olatmed . 

that .Q portion or th!a metebol:t t• {produced to the ltver) 

was eliminated w1tb the bile into the tunall tntest1ne where 
. -

1 t was de-e troyed b1 the 1otesttaal rlora. !hie tindtnt;h 1t 

col'Teot, wou:ld t~ccount f'or st least part ,of the n1eottnnm1de 

tttoatt~ in the metabOlic pttooeos. Najjar and co-worke¥'8 (H) 

(24} ottPibu.ted cons1derable bioloetcsl. act1v1 ti to N'-~thJ'l-

~ chloron1ootioamide W'h1ob they regtU.'ded aa tl growth factor ror 

Hemophilus in:f'luonsae~ The ldentit1oat1on of thla eubstence 

!s or .Pttnotlcnl tmportanco because pellagra patients 4o not 

exol"ete as rnucb N'•methJlehloronicotinamlde tn urine cs do 

normal 1nS1vl4\Utls. (Phrs1call7 _tl t persons ~xcrete e.o mg~, 
pel1agr1no 0.46 mg. per dq ('92).) Thla led to the est&b• 

l!sbment of a tt•-metl\rlchlorontcottnamlde ttr1nf\ey exoX"Ettion 

test tor the e~l¥ detection of nicottnlc acid de~to1eneg. 

It was originally tbought that Ol'allv· adlrlintstered 

nteot tnte sold was part1,- eliminated e.s t~igonelline .ln 

ul"tne (25XS6). In 1940 Ntt3~ar an.d wood (_27} ~eported. that a· • 

wbttish blu.e fluorescent subatanae was present ln the urine 

ot normal ·eubloets ant was increased tn amount aft·e!' the in­

gestion of.nicot1nam1de and ttelated sUbstances. This tluo­

Pesc"Etnt ettbatance wat termed p2 • ot a, .number or prr1d1ne 
' . der1vatives _tested :ror tbetr powep to increase 1'2 only nico-

tinramide and dletb:ylnlootinal'ld.de were etfecttve e.td both ot 

thes-e aubstanoes were activ-e 1n tbe cure of pellagra. The 

cornpos1t1on ot Fa aroueed great interest. Se.33ar et al. (ee} 

ehowed that F2 we-e a p,rtd1ne compound bN producing a posi­

tive CN'aoogen. bromide teet after alkaline hydrolylrte. 1l'heae 

wol"kers re-alieo4 tbere were e1mll8.1"'1 ties between Fa and · 

N' .... rneth,-lnioot1nam1do derU,ativea but dld not euceeed in 

14entif'y1ns :r2 With any o:r them. Simultaneousl;y w1tb the 

publ1c&t1oft ot the flndiQga of Na33ar and bta aaooclmtee (28} 
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Hu.f'f' ~net. Perl~we.tg (19) published tbetr· report cla1m!n.g to 

ha'f& 14ent1tied Fa w1th lf'•methylehloront.cotinam1de (XVI). 

'lb87 showed that most of the trigonelline f'ound b7 ear11 

wovtel'e (26} (se) 1n u .. toe atta- nicotinamide tnge~tion wM 

1n l'eal!tS' N'metbJlchlo~onlcottnamtde. The work ot Ellinger . 

and ooulaon (28). Pl'OYed tbat F2 could not poss1b.J¥ be 

Nt -.metbllobloronicotlnamtde beomule this aubetance dld not 

tluornco when eumtne« 1n. tbe light o~ the 366 and 311 

me:rcurJ llnes. the}'. d&mr.n::tetrated. howe-vex- that when this 

com.Ponnd wan ·treated w1 th alkali 1 t became a11gb..tly :fluo• 

Z'(tscent and that th1s.tluoraseenoe wae peatly 1ntens1t1ed 

on e,xtracttof\ w1 th .1eobntancl.. ne non tluoroeac-ent ptte­

curaor or 12 . was 1<lent1f1t4 ao N' -metb.rloblorontcotinam1de (aa) 

{29) .• facta lead to tb.e conclua:ion {28) that altt1n1aat1on of 

'M•..,.methsrlehlorontcotinamtde caused a changs in ~he nt.cot1na• 

mlde molecule wttb the pPOduotton of' a. q:u:arterna17 base 

(XVIII)... tb1e was Ul'i$toble ana unoePWent an 1ntztamolecular 

change tn wb_1cb the mtgratton ot the. hJAroql gr-oup hom the . 
x-ing n1 tl'Opn atom to the.· pyridine ring a -carbon atom took · 

place {XIX). ft1s wu l!lOOOmpan1e4 by ~be: e1mul taneo~ loes . 

ot one d.Ollble bolld in· the pyr:tdlne nualws. tta3 3ar and 

· White (3o) accepted tble ~sument of Ellinger and Cottl$00 (l~S) · 
.. 

end postu.la.te4 tbet the carbinol {XIX) th&n reacted w1 tb. the 

:1e.obutaool to produce a carbinol other (XX} which they oleimed. 

was the etl'Onglv flluot'eacent coq,ound :Fa~ 



XVI 

Quarternary aal t 

(non nuoreMent) 

XVIII 

( ali!lJl\ly 
fluorescent) 
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XIX 

C&J'btnol 

( sl ight.ly 
fluoreeoent) 

oarblnol•ether 

(•tronglr 
fluoreaoent) 

·:5ll1nger (17) did not aceept this view or Najjar and ~,hite 

( 3• ) on the ground that £~<i2 could also be produced by react­

ing the carbinol (XI~) with ethyl acetate. He aleo obsened 

tht:~t the increase in fluorescence was only brought about by 

solvents or F2 e.g. 1eobutanol, methanol, ethanol, amyl al­

cohol and ethyl acetate. The definite composition of F2 has 

as yet not been estAblished. 

~any factors are involved in determining the nico-

tinic acid requirement o'f man bntl in 194-., with the finding 

that nicotinic aoi~ derivatives were synthesised bJ the in-

testinal :·lora, another factor W£1& ~1:-lded to the list. In 

their work on the metaboliem of' nicotinic acid ,,llinger and 

coul0on (31) examined the efrect or the ingestion or niao-

tinic ao1:t nnd. its derivatives on the daily eliminntlon o:r 

N'-methylch1oron1cotinsm1de. rom the relation of the ex-

creted tnetabolite to the dietary nicotina.nide 1nta~:e they 

suspected the presence of an extra source of nicotinamide. 
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Thie was proved t'o be cor.rect by llltnger and his asnoci·at&s 

(12)(58) \lfbo snowed that a conetaerable proportion of' tbe · 

hu:men re~irements ot nleotlnam1de was met b~ tbe ayntheels ·ot 

this eubstapce. by the 1n·testtna1 flo.l"a• t1 tao.·t whieb throws 

, ~ew light on the etiology of pellagra. Doing ·tbe "sted.is1rtg" 

drugs su1pttaguantd1rut and .euce.tnJla.nlpbatbia~le theQe 9ol'kers 

( 32) .~educetl th~ OUtput Of.' U.r1nary N' •meth,Jlc'hlorotd.cot1na\1dde 

b# 00 oJo. This eetio:n '11&8 att1~1buted to the. bacteriostatic Of• 

feet ot the sulpbn•dt*uge on tb~ intestinal bscter1a. n()rmally 

:stntnestsing nlcot1nattd.ae. In l9G7 ttn1gbt ( 34) · ebowed tbat . 

tu~cterta cortswned Jilcotinam:lde ana later tb.e work ·ot t~oaer 

. and Baird. (56) and Benescb. (5&) Pl'OVe4 ttu~t baete~ta 4estxsore4 

n'lcetlneml4e. . l:n the .same stua.r (56) Benee~ch showed that a 

.suepenaion ot baeterta trorn tbe caecum deatro;ed n1eot1namltte 

· under nnae.roblc ·<!ond1 t1ons and proa.o.oed 1 t under eerobl.O con"" 

<l!ttone. · From these .facts lt ea:n be deduced that a dietnf'b ... 

· ance in the intestinal. tract against tne anaerobic bacter:ts 

ought to prodtt:ce e.n in.c!'eaae i·n the synthesi.a ot nicotinamide. 

'!his waa oont1rmed by E'll1nger aDd lmameJova's use { 0'7) of a · 

sulphotu~m1de dl"t.lg, .Ambamide (p•am1nometbtlbeneene­

aulphon8mtde). whtch:t be1ng selective against tbe anaeroblc 

bacteria, brougnt about an ·1·ncrease tn the output ·or N'­

metbylcblorontcotinam.ide. The&e .authors exp1atned. their re• 

attl ta as follows. IUcotiaamide was produced in vitro bV tbe·· 

aerobiC) colitot-m bactorts. .'D:Urtng tbe Ambam14e doat.ng. per1od 

an increase was observed. 1n the nlltnbe:r or oolifor.ms ond .ln 
- . 

tbe amou.nt ot N' ... Jn$'t.tutlntcotlnam1de excl'eteti. The increase 

or the tnetabolite might ·be d.u.e solely to the 1ncre•so or 

o1cottriamlde•productng co11fol'ttle or to the B.t.nrul taneous de• 

ettease Of Oieot1namltle•consum1ng 01' destroying Qf'Ul.Orobee. 

ooult;Jon and. stewurt (58} carried out &Xf)el"!ments with intant; 

less than ·two ·days old tHld, sho•ed that they exore,ed at leoat 
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·a.s mg. N' .... metbylohloro.n1eot1namtcle pet' S4 hours. Th1e waa 

f'ar•more tban coUld have be,en derlvetl from the amount ot 

n1not1rd.c Qetd 4er1vat1ves tn the small quantity of breast 

milt 1ngeate4.. Na33~u· and co--workers· (39) placed buttn:u'l 

sub~ects on e. pu!'lfied dlet oonteirdng 1 • .5 ... 2.0 mg. rdco• 

t1nam1de pw day. No stsns of detie1encv 4evelope4 and t'tle 

authOrs G,ttrtbutsd ·the ma~ntenanee of good health end, nor ... · 

mal ttl;cretion ·ot N'-mettwlcbloronieotinaroide to bl,osyntbtt$18 

ot nicotinamide t.n the· 1hteat1ne. It mar be gent!l'ally 

etated th.at lf conditions. 10 the lntest:tnal tl'act aJ"e not 

optimal tot? .the gl'owth or n1cot1namide•p.ttoctuc1ng bacteri.a 

then tbta S·OUl'Ce of oupp)$ of the vitamin w11.1 be eeverelv 

res trio ted. 

Pella 

Pellagra le a a.taeaae endemic in thOse parts of t be 

. wor-1<1 where mat:~e ooneti tu.tea the main fooct, oaaol ~n 1735 

was tb.e f.i~tst to obsevve that tbe inotdeoce of pellagra wae 

al!aoclatod with ·tbe consumption of maiee.. Thta .relattons'h1p 

though ·verr common ·:tQ. not 1nvariablf found. OlMeieal pell;;t­

gra affects thi'ee moln systems -- .sktt'h alt..mentaey tract and 

netvous seetem. ~he skin shows oharaoteriatic pla,nlentatt.on 

Gnd thiokeninJJ of, the epltheltum on tboae parte ot tbe · bOdf 

expot;~ed to sunlight. The deleterious effect ot sunli,gbt' on 

the skin ~as observed by Prepolli ae earlr as lfill~ Diar­

.rah.oea, naW!I,ea., vom1t1ng, loss ot appetit$ ·with concurrent 

loss or weigbt together with:aare red tongue 'manifest them-
• 

selves. ~ental disturbances and chenges in, tne spinal cord 

are also observed. some eases he.ve shown eucb sever~ mental 

d:taorde,- that ther have been sent t-o mental asrlumth In 

1928 t~oldberger and \fheeler (.40) demonst~ated. tb.flt canble 

black tongue; o d.t.s·ease cnarocterised by loss ot eppetlte. 



leas of w~ight, vomiting. bloolita d1aft~b0ea anti less. one ·ot 

fn('Hlth and tongu,e WS$ analogous to hU!'lif.\Q pel.lapa. fb~.S 
• 

waa a '1~.:~r11 tmportru) 4t. tind.ing as· .dogs could now \be used. as 
' 

test aubjecte .tn pls.oe tlf httman beings.· · Evtu•y auba tance 

of "alue ln tb'tl c~e or troa tmen t of pellagl"a wsa ot · vf4lue 

i'l'l bltick . tongue.- · Eveey agen·.t · tbn t was wo•thlesa tn ttu~ 

t .. eatment ot tile one· 41eenee 1hns \ftU?tbless 1n the otbe~. 

There. t.s still ntuo!'l cont:roversf as to the O$us:e 

or pellasra •. ~oet people ettll bold t'b.e v1e• that tt is 

due to a 'ft. tamtn aetlcttencr but tbere ar-e t.wo otbel' eoboole 
' . ' 

or, thougb.t ...... one th.et :it l$ !iue to la.ek of ·SUi table proteirh 

tbe other that l.t 1a due ·to ·tbe presenoe of a toxlc $Ubetanee 

in ma!~t'h 

Itl 1914 V'oegtlia ( 41) posiula.t$d that a detiotenel' 

ot oertaln am:tno .acla.a in the ~diet might be e. taetor in the 

' tneidence ot pellngva. . Goldbex-gera end Vlbeelell! ( 49) dcettra te .... 

lr showed that pellagra wa.a ·a toea defici~ner dit:H!ttne.. TheN 

ob~ervet\ tb~t pellfll~1ns w;epe eneotinte»e·d mainl7 cntong a 

sec·tton of people whose diet ,ehief'l.r consisted of Jne.iae meal,. 

mttlae gt-i ttBi ond SJTlllh OOldbeJ"gev deetdod t·o test out such a 

· .. dtet QR eleven· volnntee.rE;~ in s U1!1sisaipp! prison and of' tbese 

s1:x coatraoted the Cl1seas~e •. GQ1dberger experimented 'filth 

: various pellagra tndualng diets of whteb tbe follo'fll.ns ia a 

good example. ' 
0/o 

Grottnd white ma1$e 76.4 
Pea meal 10.& 
OJ-llde oasetn 6. 4 
Cod llve• oil 4.4 
Salt m1Xt\ll"O 2 .• 5 

In 1920 Oblak and tlume (4:5} reported, the P1'04ttction 

, ln tnerlkey.a or srmptoma oloselv resembling those ot pellagra b)' 

prolonged feeding or a low p.rotetn 4tet. ttdmtotstratloh of 

.. 
() 
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tryptophatie to one monkey staved. ott death. for ma.nr weeks. 

•rwo USfll'S later-. tloldbe:rger and Tanner ( 44) ,observed. aome 

· benefietel result$ when tney t:reated pellagtri.ns wltb teypto­

, phatte and oys\ttt~.. These worJ.ter.a tn 1924 •o:re able to pre­

Yent pellag:t'.a. ·by 1tlcottporat.1ng h1gh prote1n foods sucb as 

mt1k, lean meat .ana legt.1mes 1n the diet (46).. l0esp1te this 

howevel' Goldberger eame to the conclusion tha.t the disease 

was due tc def"lotenc;v of' a vitamin which he termed tbe pel• 

' ' 

' 
lags .. Prev-ent:lve· (P,.P.) factor.. The se&;rch to 1dent1f1 thts 

tactor no\v started.. · 

tn. vte.w of the newly discovered water soluble vita~ 

mtne in 1iv~r Gold'btn:'ger and sebrell ( 46) tested liver ~!:tract 

on doge with 'black tongue .and rou.nd it had a benetto!.al result .. 

: tn 1933 Ramsdell and Magness ( 47) cured 22 oaee$ of pellagra 

· \Vitb. 11veta extract. , Oblck (48) 1n the same .rear stated ~o•­

, ever that pella~a was not due to a. B vttnm1n. nor was 1t lt1 

her opinion due to an amino aci·d because net ther v!GW elt­

platned the asaoc1at10ft ·Of' endemt~c pellag't'e wtth maize. . She 

~ proposed that pell,aglis was aausod bJ a. toxic t~Ubsta:nc~ ln 

maize and that tb.1.t!l could be correoted blf suft1c1ent first 

~ claee; pr.otetn and pet"b.aps by vt ta~1ns of the 1l complex.. In 

the search tt;:ro,xgh. the e cot.DPlex tor the P,.P. f'actQr t~ie~ 

. m·1ne ea con·s1derea, and rejected on the errounds that whereas 

the P.P. f.setor waa .stable to beat tblamine was a neat lab:lle 

<l'ompound,. Rhoads nod ill1ler (49) t:tt1ed to prodUce black 

tongue with a diet dftf'1c1.ent, tn ribofla.Vi(l wttbout success 

and. Elvebjem an.d Koehn (50) and Blrch et ~1. {'61) tailed to 

cure tt bt :meana ot this vitamin. Vltamto BESt the anti 

,Pellagra•llke dermat1t:is factor 1n rats (52) ooul<l not be tbe 

P •. P. ·factor because it was present in black ·tongUe producing 
I . 

:.diets (51) and be~nuse 'pellagra could be cured bf ~ diet n.ot 

.. oontain1ng this 1'o.etor- (53}. 

.. ~ 
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In their work on the etreet.ot 11\'er extract on 

the pellegr.a .. like condi tio.n in chicks Elveh~em and Koehn (50) 

prepa~:Jed e. fl.evin•free t~netion whieb was ettceti:ve tn curing . 
the ·cb.1cks. The oonoentva.tion Of the pellagra preventive 

taotor was certt:led out &long the following lines (M}. An. 

aqueous .solution ot liver ·extract was treated with a l.nrge 

excess ot ~thyl alcohol and ether. A pJteclpttate wae pi'O• 

d.'llctd and th1~ wa$ filtered end w$abed with a mixture of sl• 

c.ob.ol. ·et~er eod watett •. the t1ltrat• wae conoentl'ated 111 

. vaotro. sct4tf'1ed with bUdreoblort.c aetd and ab.elten up \Y1tb 

PUller' e earth to remove tbe flavin traction. Th~s wee al• 

lowed to s.ettle ottt a·nd. the supernatant 1t.qu.14 siphoned oft 

snd neutralised w1 tb ,$odt.um hydroxide. The sodium chloride 

was pr,-eetpttated bi mesne ot excess etbvl a1eoho1 and tt!l• 

'tered otf. t£be t11trate was htgb1y active in C'lt~lns blaek 

tongue til doge. ·rtnese sutnors conttnuea in th~it' efforts to. 

coneentrate and purttp- the P. p.. vftem1ta M4 1n 1937 developed 

t:\ftOth.er procedure (56) which te brieflr deser!bed ee follows, 

An tlEJJ,Vl ·alcohol solution eQut,v,alen.t to 400 g, ot ltve~ extract 
. ofo . 

•as evapo:ratea to ~ness itt vaouo, Maktag use of 96 ·ettwl 
. . . 

alcohol to ·a1eso1V$ the •esidue ana eueceasive noetone tree.t• 

mente to preolp1tate out tmpur1t1eat tbe residue tr~a. tram 

ace ton~ bl concenti'ation to 4r,neae was ext:raeted w1 th water. 

This solutton ·was deoolo'Urised ·with a emall qu~ntttt of nor1t 

and the fflt~ate. and weahtnra were round to contain 2.86 I• 
I 

of so'lld mr,tttel'. Attempts to obt$1n o.rystals trom the fil­

trate b)" meane of dltterent solvents met wt tb no succ~s;. 

When the sol1.d cone~ntrate wns ted at the rate of 64 mg. per 

day to dogs autfertng tJ:'Om black tongue 1 t $Nee ted a eom­

plet.e ettre .. 
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While work on the concontt-(;ttton and pu't'1f1oat1on 

of tha PfP• factor in ltvev was ~n progress, a deep in.tE:rest 

waa betng displayed in the pos.eib.le role of n1eotin.1c "-c14 

in the boa, following tbe report or warburg and Ohrtstien { 7} 

that nicotinamide was the $ot1va constituent or coenzyme II 

In 1935 Kubn ana Vettex-
r • • - ' 

:tsolntea, ntootinie ao1d f't;tOm heart· tti'USol.& (·00) anl\ dU~1ne 

195'1 fu.n'k e.nd FUnk (&7) pu.b11eh.e4 their restllta .on tJ\e 

ft\ltlflvtlonal v.alue ot .nicot1n1c. acid and nicotinnmld,. Using 

pigeons and rats as test animals these e.uthol'S !"epcn;•.to.d that . 

ntoot1aemt.de $.rul to tt lesser e•te~t nicot1n1e- acid caused a 

great improvement 1n am~et1te and. tncrease :lti weigb.t.. About 

tb..e aatr~ time lt'rost and Elven3em {68) ohowe4 a definite 

growth re$pOnee .tn .. nt.s on a put'if"ied l'atton when tchey \\'e::te 

ted ~dentn"e nucleotides and niaotin1.o ao,.d. Adeniae nucleo-

, tides alone produeed an 1Mmediete but not contln~ou.~ ll'e .... 

eponse. Th.e reaction to nioottnam1de waa pooli a't f1ra.t but 

afterwar-ds g~ve a. vezti/ definite and prolonged increns~ 1n 

the rate ot growth~ comld.ne.tion of tbe two e'upplemente 

gQ~e the beat results. The apot11gbt was now definitely on 

n:t.ootf.fti'e aoi4 and ita aerlveti'fea nrad on aamp~1ns tbe 

properties of rticotin1o acid with those observed, tor tb(J P.P. 
I 

vitamin, e.,g. th-e high etabil1 ty toWQJ'de prolonge"d beat 

treatment; :Slvehjem., Madden, Strong aQtl Woolley (59) !l,m­

metl1ately t"eeo~n1eed· s.tmilaritles end dectded to test· QUt 

pUl'e tttcoti.tU.e ae1d on 4Ggs with blaelt tongluh .A dol' 'ft1itb 

all the trptoal .symptoms of the dtseruJe was dosed wi tb 30 mg. 

of .niootin1o acio~ snd t1 phenomenal response was obtQtnea. 

The appetl te lmpro'fe.d, the moutb lestona d1£Hlppeared; and the 

dog $ta~ted putting on weight rap1dl,. :rn tht.a wa7 wcw tU.t'to­

tintc ec14 14entttled as tl\e anti black tongue tactot", 



Eive'tl8em et .al. (59) oont1nued their eff.'o:rts to 

it~olate. the, Vitamin from liver and this was eventuallY .ac· 

oolbPlished .as follows. A CGQt.tentx-ate of the anti pelleg-ra · 

faetox- wa$ obtained ·rrom livett bJ' an .alkaline ace·tone treat:- . 

tnent. · 'fu.rtbor puririeatt'on was carried ou.t in a molecular · 

st.:tlt, the dist111ate dlsaolve4 tn alcohol and·treated with 

·excess aloobolto mereur-le eblortde. The 'llfhtte ptteeipitete 

whtch formed wae ftl tere4, washed, d1snolved lt'l cU.lute 

bydroeh.lot-ie acid a.nd ttweated with btd~gen eulpb1Cie to re• 

move the mercul"i.c lone·. Wtlen the resulting tU.tr~te wae oon ... 

centrated to. clr»'.neaa long wht. te crystols were obtained wbtob . 

prove.a. to be bigh1¥ etfeotlve to curing black tongue. The 

cryoetele mf'tlted $t a27-22aoo (uncorrected) atu1. br means or 

tb.e mixed melting point tea·t were ·s.dentitied a.a n1oot1nmn1de 

bfdroc'blor:tde,. Tb.e tree base was prepel'ed by re.movi.ng the 

hfd:roeblo%11e aa1d by means of silv.er ox.l<J.e and reciaJsto111etng 

t:rorn eth,l acetate. The base was id:ent1fieli. ·ilS n·:teot1namtde. 

ln vlew ot the mu:alogy between e-tanine black tongue 

s.nd bumW'l pellGSDn these .authors a\tg;$8ted that n.lcotintc 

.ao14. might be effective lri the cu.re of· that 4laease. Sbortlr 

af'terwaf'ds Sptes et el. (60) acb:tevet1 ouooessful results when 
. . . 

tn.:ey tre·ated eleYfH't caoea of ·oe•ere pellagra with ntcotinto 

·sot<~.. DUr1og thta stud7 ·svles cbserv•d that when the skin. 

leetona were severelr ulcerated ana. thtck~med. thet·d14 not 

· appeafi" to :respond, to nicotinic sold tttez-.npy, an45. be recommended . 

tbe.t pellapa patients be given a well balanced dtet together 

with the ntcot1n1c · ec14 txoeatm.ent. ·· Tlmtt baa eompletely 3us­

t1f1e4 tills eaztly view tor lt is known toaat \hat n1ootin1o 

. ae!d .Qivee. superiOl' and. mo:re consistent results when 81V-Gn to• 

. gether With tl good da11,- d1et ()Ot'ltaift.1Ag f1rat claea protein .• 
. I . . 



:s.,en with the 14enttt·.tcat1on ot tbe P.P. tactot as 

n1cotlnlc acldthere wwe. t:ft111 msnt aonbts as to whetbeP 

d6f'ic1.·eOCJ Of tb1S . fe:CtOf' WOG the $Ole Oau.se of' pellagra. 

It was observed that dltts r1ab in ~fEl and oats whlc'b oon..­

tetrt conat~.erabl.J less niootinlo eo14 than rnatze 414 hOt 1o• 

duce pellagra and. this strengthened tbe beltet that melze 

contained .a pellagra 1o4uc1ng toxtn. ·Other people continued 

. to believe in the important role ot protein in tbe etlolou 

of pelleSJ»a. 

It was toun4 that en 1ncreaee ct protein in tbe 

basel dtet w1 tbout · oorrespona.tng :lnerease of B complex v:t te.• 

mine res ttl tea. in the. poor growth ot s-a to ( 61) .• Further 4a ta 

1ntU.c.ate4 that the excretion of totn.l atcotinto af!ld and 

rtbotlav1n was highest durtng per:1.cde of low protein intake. 

Att tncl'eaae in tl\o protein content or the di.e,, produced a 

4ecl.'eoee tn the uJtl.narr exeretton .of nloot1~1o .aold, by doge. 

Tbic; ctecreeee of· nicot1nlc aoid in the ·n~ute wos attributed 

ln por-t to a retention un.d.er •ondl ticnts ot htgb protein in­

take., ulnt·robe et a1. (62) working With pige demonotre:tect 

, ·that when these enlmale t7~H fed n high protein ·diet. (96.1% 

caHln) .eupplerne.nted ·with all the D vitamtne exoept :nicot1n1c . . . . . 

ac1.d the,v developed no ·datto teney s~ptoms ~~ O.n the otber 

band when the protein content ot the 41.et was ·low (:~oofo casein) 

the otnlas$.on or nicotitdc ao1a. was &aeoeiate« wttb .marked de­

flctencJ armptoms sueb os lmpaired growth. diarrhoea, P~'or 

appet1 to and tu\aemte. fh1e po;t.nted to <!i close l'elnt1onsb1p 

between pl'Oteia, and n1cot1n1q acid. and Wtntrobc .f'e1t thst 

when pigs were ted a 41et with a hisb protein level·, tbe diet• 

, ·arv reqn.1remen.t of nicotinic acid w.aa somehow &1 tered.. tt is 

interesting at tb1s, etage· to potnt out tbs.t the ue<nQl dlet ot 



the pellagrin t.a poor in protein :and miner-ala aa wel.l M · 

1fi . vi tam1ns · and.. that the Goldberger experimental diet sup­

plias·~otein tiblob. is poor gualitattvely as well. •e quan­

tltatt.velv .. 

Despite the finding by Dann (&e). that the rat was 

able to synthesiee itf!l orm n1cottn1c at'U.d tU'Jd wne · tberetore 

tndepen4ont. ot a ·dtetarr aource Krahl;. fepley and Elveb.~em . 

{&4) &\l.Cceelled in producing ·n1eot1n1c acld defic1eno11 

oymptoma ·t.n th.ie nntmal bt incorPOI"attng matze in :lts basf)l 

;,et1on. Theae ~utl).ors tel the· rat a basal 4i$t tzaee of n:1co­

t1n1e. acid end on ~eplactog «//o or tbe dtet with matt~e ef­

tec-.ea tt pronounced retardation :t.n grcwtb- 'They fuzttb.o~. 

established that the giaowtb 4epres.s:1ng action ot ttn.lf.0e. could 

be couQteracted bN .supplying n1eot1nlc aoid at th.e rate ot 

1 mg. peJ' 100 g. or 41et., .. l:t was also shown th~t tbe .. type, 

of ce.rbohgdrate and the lf;avel ~ot protein supplied as t:&Seln 
' 

moci'ltted. the etf.ect or the barmt,ul e,ctio.n due to maize. 
. ' 

With glucose as the cavbob.J'dr~te or when the level .of casein 

waa ra.leea. to 20°/o the powth 4e.ptt$Se1on due to the· mrd •• ge . was 

diminished. or etrlldng interest sa the faot that when 
pol1.ette(l 1.-loe Oi" rolled oats which cont.ain letts n1QOt1rd.c 

acid tban maize wet'a rea. under .identical con41 t1o«l'S: the7 . 
' ' 

pr<»4uee4 no eueh growth depression. Furthermore mtllt. e.l"'!! 

though very low in ta1ootlnlo ao1d waa active 1.n. co!Obattns 

tbe harmful aotton or m~1$e., . It ·is well worth remembering 

that. GoldbetJger had a.dVO(Ulted the use .ot mil}( in the treat• 

"" · rnant ot pellagra pntlen,te as eer1y ae 19S4. Since the pro­

tective oct1on ot ceeetn cannot be esplatnea on the basis o:f 

t te n1cotln1c acid oonten.t which 1a VfUJY low Kr'ebl antl co-

_ work ere (65) earrtect out tntP•v1rnente to find. what re.otor· tn·. 

:Cilf!.U'd,n wna respons.il)le. lfatze is 4efioi·ent l.n the essential 

·amino aotd• lysine and t~rpt~pbene and lt wa$ argued that_ 
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casein might be eontrlbuting thene amino noide in S''f'f1o1ent 

quantity to overcome the defto1en07 in the maize. It was 
ofo . 

foun4 that lysine supplied at o. 5 o~ the r•1tion did not al-

leviate the ef~ .. ect of maize. Howe'fer when !-tryptophane was 
ok 

~Hlded at a level o.r 0.4 to the low ossein diet plus maize 

gr1 ts a dramatic response in the growth o·r rate O'!curred. If 
0/o 

in the basal rHt1on ~c rice po11shinga were substituted tor 
ojQ 

the 4C ma.1ze the growth retardation stopped and weight "Was 

put on again. Rice contains leas nicotinic aoid but more 

tryptophane thF~n maize. The wor'~.: ot Krehl et al. (65} con­

firmed that the protein level had a profound effect on the 

nicotinic acid reqniremcnt. A high protein diet, i.e. a 

diet containing ade<,iunte su:nlie~ or tryptophane, rerluoed 

the a "'unt or nicotinic acid neoes:1ary to prevent the onset 

ot' pellngra symptorrs. Tn vi•:?W of the fact th~·•t the deleter-
. · 0/o 

1ous oct ion of a batH.!l re.tion oonte1 ning 40 ma1 ze grits 

eould be prevented by the addition of ei tber 1 - 1. 5 mg. 

n1cotin1o acid o:r 50 mg. 1-trJPtophane it was evident that 

a close inte~re1Ationsh1p existed between the vitamin and the 

amino acid tryptophane. ~~hen the maize conati tuent ( 4C %) ot 

the basal ration ~as replaced by the equivalent quantity o~ 

ita principal protein zein this relationship between nico­

tinic acid and tr:vptophane still heltt. Thus rations which 

were deficient in nicotinic acid and marginal in their 

tryptophane content or vice veraa were inadequfte for good 

rat growth. It 'is pointed out that maize is derioient in 

tryp~phane an··! low in nicotinic acid. :,!artin ( 66) had dia-
•/o 

covered that 2 aucoinyl-sulphatniasole in dieta contain.tng 

a mixtuM or teb essential amino acids as the sole source or 

n1 trogen re~·,lted in a great loe~ o.f weiqbt ant'! det:tth of the 

teet animal. Martin had concluded that tnte~tinal baoterta 

must s7nthee1se amino acids essential to the host. In the 
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light of these ttnd'ings Krebl and hlo essot"d;at.es ( t\5) .Q ... 

p:1e1oed the ,El()tlon. ot maize on· tbe gl"ounds that due to f.ts 

low tt1cot1.n!c. ao.ld content J.t a~t up e.n unfavourable $et ot 
oooditions tor tbe GJntbef!i" of tr,ptophone to th$ tnteet1oal 

tra'Ct and that the 4e~reeeed output ·ot. t!'1PtCpbene bJ the in!* 

testin$1 nora.would be r$tleoted in a greatett ·dietary r•· 

®lremen·t for th1& oompoUQ.d. :tn 1942 1 t was shown ( 67} ·tbat 

When ef.thet- c.asetn •. g1J'4U:rte '· am;..no ... yalcr.u:•te. acl4 or cb.Qline: 

wera fed to rata on a protetn.f'&'ee besal diet tbe elOr«tton 
,,i -

of ntoottnlc act4 det'1'!&ttvee l·n, the ur.1ne was promp·ta.v in• 

ct'easea.. ~oa-en et · al.. (68) .showed a sign1t1cant 4eoJ'~f:lSe' tn 

the :eltcre~ton ot atootlntc acid der1vet1'f')B ln the tat men 
•· 

tbo .caeet.n .ot tile dtet wan ·"'Pltte.ed b7 gelat:Ln, a t:t'YP'to• 

,phane aetitd.ent protein.·. on tld<\ttton ot 50 mg. l•tt7Pt9Phttne 

to the gelatin. atet .an tac~e•lsed ~ltc;retlon of ntcotln1c noi4 

occv.rett.w1thln .24 hours and this tncreaee wns much gtteat~ 

than that CflUSed bU ottter amln.o ecl4s ~ The add.tt1~n of . 

t,n>topharte tc the ease~n d1et likewise produced a large r.1se 

. tn a.leott·ntc acid excretion. 'l'bese au.tbors. concluded tht!lt 

t~ptopb.ane · m1gbt l,le · tb;e tmportent precurso.l' Qt nicotinic ac14. 

tn the z.ati!i eart;Jtt aad Gold$mltb (E;9) later ehowa4 that the 

work or aoaen et. el .• · ( 68) also held for human beirtss :tn thnt · 

:£Htmiotstl'nt1on o-t l•trVPtOphane 1nores.sed the acttet1on ·Of · 

I' -me.thrloblor.ontcot1nam1de.~· fhe horse. ·does ,not requ1~G a 

. cU.etar~ source or ntaotird.a aeld (70) and ~en tbis animal was 

. . tel 6 S• .c:t. 1-t~tophane tn. &441 t1on ·to that Pl'esent .1tl tb.e 

· baonl dtet Sehwetgex-t and hie aseoclet.es ( Tl) 4.emonetrate4 

tlJ.et, a th!'eefol.d 1neJkeaae ln the amou,nt o-r nJ.cot!IU(J. #fioi4 ~ex• 

oreted toot. pleee~ : tn the horse nteottrd.c e.c1d :and not 

'N' •meth11ch1oronicot1namtae I.e tbe· chief'. en(t p;roduqt tn the 

.:ut'ifte. !he ponve¥-siotl to nteotlrU.o ac:td ·was 'vePJ 1-apid as· · 
. . . 

an 1flc.l"Qaae t.n tt\e amonnt.el(oreted was noted 'ftitbin 24 nours 



ot tJ!7PtophtlfJG .adrn1n1st~.at1on arid th1.s level wae mainta1ned 

for Qnl,t 24 houM atter trrptophsne feeding had. been 4tseon­

t1.nued. -eriments Wi tb the bo:rae off'eted no indleatlon 

. that n1cotirito l\oi4 oould be eon•wted ·to t~JPtOphuru:J"' 

tn an effort to elucidate the ~elat:l.oneb1p between 

nlootlnlc eoid. and. tryptophane 1t wae dec14ett (79) to deter­

mine tb<f etrect ot·nlcotioto acid on the ut1l1eation ot 
·• 

tmtophane bt e balance .study between 1age!uJte4 trn>tOphone 

end the tryptophane aocounted to1- b1 gain :ln bodr WGigbt 

. pltta · tbat e:~ro.reted in the faec•s e.ad ur1ne ~ Good growth and 

coneomi~t'Ult · tncresae :ln ·total ntcot.tl11c act4 obtained on a 

le>w aicot1n1c eoid l'ation could.onlu be ettl'1butetl to e 

nreobaniam ,or nlcot1olc 8414 synthes1e. K~ebl et al .• (72} _ 

euaa:<'s.ted thst thin· -ohanlam was impaired ~;v tho pvescnce 

ot 4c,01omal0~ tn the basal ration. Add1t1on of' n1eot1nle 

a<·,tid to thts ratton ( l mg./100 8•) lea to .an immediate re• 

· sutnpt:lon in growth. ttheJ' concludecl that tbe tr;ptopbene 

• content rit the mat~e cc.nta1ft1Ug ration became edeq:nate wtten 

nicot1o1c ac14 wee adde4. These t-esulte showed that addi- , 

tton of .n.&ootinic .eold e.tepped up the utilisation or tr:roto­

pb.t.tae fro~ 30 • .110'%. These eutbo~ also eoneluftect that the 

g.otJd growth e.r.rected in rate by add.1 tJ.on. or 00 mg. it7Pto­

pbane· to tb$ melze eontainl.ng ratton migbt l\eanlt tt-om the 

action ot trJPtophane in tmpro•tng nicot1n1a acid sgntheats. 

fhe~ eta.tt14 tbat 1 t Jet :eematned ·to· be determined Whether 

teyptopban.e cus"ed as the prec®eo:r of nteottn1o aold 1n the 

l"at or wb.ethett it s:l·mpl;y Gtimulated oicottaie acid a:ynthea1s .. 

The normal metnbol1em o'f tr7ptophane gives rise· to 

, kynuren1o, k7aurentc seld an.d., . es :recentlS" 41ecove~ed bJ Bosen 

~et .el. (SS), n1cotitt1c aoid. 'In 1987 Xanthut.'enio aeid 

(4; 8 .. dinydro~qulnrciline ·""' 2 ... e·srboxylic nc.t4) wae 1aolated 



· .t1.'4om tbe urine of ·animals ted dtete high: 1n ~topbane (76) • 

. Si.X J'f-'BJlB later tepkO'Vatg, l:l®Ot :and rlaagen~Smit (74} 1oO• 

lated .xanthul'enia act.d fttom the urine of l"ate kep·t. on ·a ti1et 

defio:tent tn ·pft-1dox.trh~ ana. tbeJ esto.bl1shed that wneo l• 

·t%'1Ptophane was f"ed to theae rats tbe exeret~on ot lenthu-

. . ~enl<t eo1d ttas 1ncr-ease4. The excretion ot tbte abnormal 

mGtabQ11 thl:1 etoyped wnen pn,wi.dtntine wa$ f1dm1tU.sterad. 

tepkovakr st al. eonoluded that tnptophane was a p~ettrsor 

ot J:anthnf»en.ic acta. a:nd that PVI"id.Oxtne lfGa vi tally concerned 

W:l. th 'ryptopb.ane metaboltem. . Mille~ anti Baumann ('76) COft• 

fime4. that xanthuPenie: aeid in the \U'1rto ·ot mtce was de--

ri vett. tl"om tltJPtopbarle and tba t · wt.1.en th1a euntno · aei4 Wa$ 

ted to mlce on ·a py:r&do~t!ae deficient diet it gttentlJ' 

shortened ·their li'f(!$. 

· 1M tntlnence ot P7ridoxlne o.f't the conversion ot 

tmtopbane to n1cot1nto acid wna tnvaatlgated (76)(77) t.Utd 

1t was shown that .r.ats on ·a p,rtdoxtne 4efiot·eut 41et ·were · 

unable to ccnvet. apprec1.a'b1e BldOUilte of tt'yptcphanEJ to 

Qioottutc aC14. 1Yil$ exact· route br Which tbta proc$ae prQ• --
} \ 

\ 
; 

~he ,old theory or a pe:llagra prod.uoiftS toun :ln 

mai~e wae s.halt.Pl1 b~oupt to light b7 tb:e wesea~ches ot ....... ____ . . 

Woollet ( 78) ( '1~) (so) .. Hte wo~k was base« \li~Cn th~· <l-M.Pet:l­

tl9e tneo~r ot ,analogoua substances, e.g., a at~uctuJtal ana ... , 
. . 

logue of n1eot1n1c llc14 \1fO'fttd ·enunpete .tor tbe place r,t the .. 
nicot1nl<t ectd. in e btolog.toa1lN actl'Ve eft~ syaten1 but 

' ' 

vou14 be qul te, unable to tulf11 the tunctt,ons o:t tbe Vita .... 

~n. Thte would then :result in tbe tlettelopment of tne 

~haracteXt.t;.stlc ntoottolc se14 .i~tctenct sfJQPtome. 
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In l94g Aubagen (ai} repor-ted that p•emtneraoeto­

phenone (XXII} was baotertt)atat1o a.nd ·tha't tbie action was 

•eversed 11t 1 t; Gna1ogue p•aminoben zolc acid (XXI) • · 

COOH. 
I 
c 

HC/~·CH 

HClJH . t 
r 
NH~ 

XXl 

p-amtnobenzoic ae1d 

G!'owth 1t1mulant 

XXII 

p-am1.noacetopb.enone 

orowt.h t.nb1b1tor 

fitoolleg ('a)· decided to test out whether ·the re ... 

~ plaeemen t of the carboltfl .fl'OUP !JY tbe aoetJl group Wt\S n 

general m~tbod tor the tomnstton of tnh1b1'ting nnalosuee 

end accora.1ngly fle tested ou.t 3-acet,-lprrtdine (XXII!) on 

mice. 

CH 
Hc(ycocH3 
HC·,_#CH . 

N 

XXlJI 

a~ttcetrls>ur1d1ne 

Growth :inhibitor 

Woollt!V re.ported that 8-acet;vlp¥i*1d1ne. caused a t!1eeaae. in~ . 

· ·mtoe (ltke ra,ts• nottmally independent of' a dietary $Outt,ce 
. . . 

'Qf n1oot1n1o ae1d) with the ohareeter1$ttc d.eticieno1 · 

s;vmptoms ot pellagtta. A.dmlnist:ration ot oicct:in1o acid to 

. .. 



the 5-aoetJ1.PYr141ne ,oonta1niog d1et prevented mnnl.te\stat:tcn 

of the avnu;tom&... a-Acetrlprr141ne .resembles J.n t.te aotl('n -

gl.ucoaaccrbic ·acid, analogue of v1tar:n1n a, whicb allows pro­

duot:f.on or ec~ tn animals wbtch do cot ;eequtre asoo"'b1o 

ao1d in 'b.e diet. 

wooll.ey obth?l."Ved that whereas a-aoetylp,fPldine was 

effeet.t•e against mice i't was cornpl.etaly- inertreetive aga.inst 
" baeterta. ln vtew ,of the ·Bitlli.ler t'eacti·cnls d.1spla;ved bJ 

mieroorraniems a.nd th.e b.:tS)ler etd.mals to vitam:t.ns this point 

•a a ra tbcer Pl2St11ng .• 

. 
\'iooller (7:9) ortered the sttractive bJ'p·othesis .that th.e pel-

. lag~agera lc aot1on of mat r&e migbt be due ··to . th~ ~!"esence _ 1n 
~· : .... 

1t of a stl'uetuxwal analogue of nicotinic actd wbtQb competes 

w1th that \ti. tamtn just 4B 5.,.aoef,ylpvr1d1ne doeQ.. . a:rebl'.s 

wtk ha.t\ ahown that t&trptoprume as well as n1octini.c ao14 

waa able to counter.act tbe bamtul .eff'ect of mai£e (65}. 

In ·tum ~loollev ( 79) demonatt-o.ted. tha.t both tt"yptopbane 

.and n1cotin1c act4 co:f'r.ected the det1o1ena_r arrnpto~ in• 

duoea. bJ &•acet,.-lpfP.1.d1ne.. In a later paper (SO) be e~:• 

amtned maize :ror ttle pMsence ot a. ~tructUl'al an.alogu.e of 

ntcotln1o acid. which W()ultt speeit.tcallr induce pellag:ra,. 

, utue iU.fter tz-om l'ate in that addition :Of tnal"-e to the 

n1eot1nio acid tree basal ratton bl'lags f!ibout. no retarda• 

tion of growth. However if a sod·!um b¥6.ro:t.l.de "" ob'lOroform · 
-extract ot mat~e was added to the baan1 ratlon the g~cv.tth 

rEt te or th$ mtoe was markErdlr ttcduced and manr of ·the &n1"" 

.~male aevelope4 m1ld dlarrhoeta and r.addentng ot the . etd.n 

and tongue. These c,mptomSc cou·14 be preventect and ~eured 

! b,1c ntcottntc aoid. In contrast to the sodii(im bvt-aoJttde .... I ~ -. ~· 

chlc~:tom extract commeFCia.l crude malze oil was not 
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deleterious.. Tbe raetor waa not isolated. an.d iltentif'ied 

\·rut WOolley sucC:eedefl in preparing a· highly active concen­

t-~ate wnieh when ted at a· level or 1 mg •. per 100 gil of the 

baa.tc ration .Prcetuoed ma:d.m~;i':! 1nhtbl t.ton or growth. end 

tevo~ pellag~a-l1ke sumptofrm)• the responsible oubotance 

nppea:red to be. a weakly bas ie water solul'ile. con:rpound s1nce 

it waa extracted t!'om the cbloror.ot-m bf dilute ~ulpbttrlc 

er:kl solu,ti.on end x-em~5.ned in tu}ueous .solutio~ when the sul-
.. , 

pbate .was removett bV ber1um bi4ro~tde. woolley'e work 

ther-etc:r.e pre~iented a: $trtk.tng advn.fice in the· qu~st tor a 

pellagra Utduains ·toxitl in rualzEh 

The C.lambr1ttse gl"oup ot WOl!ltera bea.4ed bJ P:od1cek. 

{ 82) ba:ve J'eoentl:V taken this. .research one step ne&l'e~ i.te 

goal. r;;ta;t.ze ts an unusually rich source of. tbe plant 

bortr,one,, het~roauxin (XXIV) ( .indole-5-acet~.e .ac.ta). 

X'llV 

In.dol~-e ... ~u:Hltio ao1d 
(tie t~roauxtn) 

According to dtffe:J:~ent autb:ox-itlea (83)(84) 

rellOW maize me.a.l conta1~a beta·1een 2•10 mg. per 100 g., ot 

heteroauxin.. !t. la pr;;ssent l.a.rgel;Y 1n tb.e torm ot a pr:e­

CtU'BOl' which oan be converted into :1rlt'lole•3 .... a.oet .. lo aold b3" 

mt'ld alkali or enzymic 41gest:toa .... . A diet oonta~~lng 40 o/o 
ms:i.£e will bave an approximate content of o.e .. 4.0 mg •. Of 

, 



het..,l'Qnux:ln .Pel' 100 g. 41et. Young rato all ga1nod weight 

atoe4i.ly on a p~1f1ed diet. eontalntng 10.5% oaeetn as eole 

t'H'.)Ufloe of protein and adm1nletrat1on of n1aot~n1c acid and 

trwtopbane dld. not 1noreaee tbe growth rate s1gn1floantl1• 

tihen rats we:r& f'e4 a alm11Bl* ~let SUP!'lementeti bJ" l.G 118.· 

ct indole-&-aoetie tac14 per 100 g. dlet about 60% showed . 

severe depres.elon of growth. . \ihen affected. rata were dosed 

w1 th 1- mg. nlcotinto acid a.- 20 mg. teyptophane per 4ay 

tb91" recovered_. It lG notable that the effeot ot tndole-8~ 

ooet1c aold wes sitriilar to that Pl"'duced b)' tbe tnoorpol'atioo 
% of 40 mai~e 1n the basal diet. On a · htgh protein ·diet· (10 

- ' -

oaeetn) ne1 tboP ·mrd.etJ meat noP 1rulole-3•aciet1o -ac1d \Vas ef..-

rect1-ve tn stopping· growth. 

In 1948 1.'atum and Bonner { 85} sbowed that the 

mould N&UI'OOporn co'l'tld Gfnthesise tryptopnane (xxv:rt)- from 

tndo1o ~xv) and serine (xxv~. · 'f/eey reeentlJ -Umbrel t and as­

sociates (86) pt'epal'e-4 a cell-tree ensyme eptem from 

~~~J?Of.f! whlcb also oonvel'ted tndole end aerlne tnto 

tryptophane.. The· coeneyme · ot tbie srstem was toun4 to be 

pyridoxal phosphate. 'l'be relationship between indole, 

't-WPtopbene, indole-3-acetic acid and ntcot1n1o sc1d ean 

bo represented schematlcally as follows •-

,_., ' 
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Llaiae ie poor in trrPtoPluine and nicotlnto eo14 and 

r1cb 1n 1n4ole•3-acetto eold and 1t. eppelllrs tbat .PGllegra 

develops wbere a, oonti·tlon like tble extttts 1n n natural dtet. 

t·n. 1945 lt wa.s <J.emcnetrated that d.Cf!S wf.tb. black 

·ton«ue .respon<\ed conslderablU bettez:..to standard doaos .of 

·ntcot1nlo ~o!d pl"Qv14ed that toli«!' eeld wae inclll4~4 1n the 

·atnthet1c base.l ttation (87). The cvcle ot pro4u.cins blaak 

. tongue bV meana ot a. SJt'ltbetia ration .and corJ:~tocttng it with 

. nt<Joltotc acid could be repeated. a few times before the Mt- . 
. . . 

tna1 died. lt tu:nrever toltc e.old was tnclt1ded. ln the ration 

'the o~cle c~ld go_on_mattt mora ~tmes (88). 
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;., 

· t.rb1s account of· the latest adV'atlO$S brings the 

p1ctUPP up to <late. The eubjeet is veey much tlltve at 

J)reaent arid tb.t$ makes nn1 problem dealing with the n1eo­

tln1c ae1d content ot maize part1ouler1y interesting. 

Et$pG01al11 1Q View Of the :fact that ltl e"'e!!y instance Of 

nrt.1f1c1ally induced pellagra enll'merated . tn the toregcrlng 

pages ·ol.cotin1e actd wae always auocessful· as a corrective 

·asent. 

: tta1a.e befo~se to the genera zea. ot tb.e :t411'¢1J 

oramtneae and aeoot'ding to t!angelsdort and. Reevee maize bad 

lt$ OJ;tig1n ·in Paragu.aJ', no11111o ana. Braztl. -the ploee of 

orlgtn ia rega:rdad an the r~~ion "in which tb.e peateat 

2 .• Pllnts 

4,. Dents 

:,fl-

' 

- Each kernel te enclose4 in a pod or be• 
t'ffeen hUsks. · · · · 

- stareb7 enlloe.perm surrounded. br a cor­
. neoue &te.reh. 

-Endosperm contains only a·amall propor­
tion of so~t etarch· and oonsiats ·ot 
mtd.n.ly corneous. •tare b • 

... Corneous etarcb located at tb.e side ot 
the seed. end th.e eott· e'barc·h extends to. 
the summit. The soft otn~ch dr1es more 
rapldlf tbnn the eorneoue ond tbla 
causes the cl'uu:·aetert.sts.c. ·indentation. 

5~ Flour llat11e :w<·oom,prised of almost all sott eterch.. 

6 .• sugary Cnt~e· .... Translucent~ ho.-n;~ appenrt.tnee of' ke!"nel 
· · an-d a wrinkled contU tion when. dry. ·. · 

• llri4osperm 1s waq due to a carbOhydrate 
:Present which ind1ff'e:rent to starch .. 

FrOm the v1e\1po1nt ot the genet1e1st tne184 ls al-
. . 

• moet an ideal plf;lnt •.. t1a1ze grows undel' a w1d.e range of ·en-

"V1ronmentn1· aon41.t1one ana. exbibt te manv· different ch.aracteJWe. 
' ' '" . . .. 

•' 



• ·O.t Seeds c·an _be procured on e single Gat' Wi tb. ti &ingle 

· poll1nat1oa. · A verg importrtat feotor in fevo,u- of ustng 

mnt.ue es a weapon to solve genetieal problems ts the Xenia 
\ 

eff'ect Which is tbe ltnrl1ed1e.te influence that polltnation 

produces. in th.e endosperm or the Pl. Io mala the ende .... 

apel"m has e. eeattf\l or1gtn ond is tt*iplq';ld ln ebaracter. 

The poll en tube on entering the embrJo sao <U.eebar.gea two 

sperms. one unltea witb tb.e egg to prodU.c~ the futu,zte em ... 

broyo whj.la the otbc.r unites with the two po'ler nuclei WhiCh 

undergo division .and result in tbe evefitual prc:Hi'!;llotion or. 
the en4os.Perm. ~hla explains tb.e meobttnlam of xenia end 

the transmtsston of. bereditr characters to the endosperm 

ts one· ·of. the ntro"geat evtdenoea that exist, ot the sexual 

nature ot tho nucle&P ·f"Uston tn 1tllioh tbe .. ndcaperm bas 1ts 

. orlg1·n. From the morph01og1cnl standpoint the ·er.u1.oaperm ap-. 

pea~s to be a diettn.ct ind1V1dusl wttb .a h1gh degree ot 

6:1tfe~entiation whi¢b no other plant potu;eases. Me.nu ot 

these character1st1(;!e gi\fEt cleel* ~cut r-eepont:~es in genetic 

~:ltPGJ.!illmenta. In the oourae of eXPeriments t.n the hJbr!dt• 

· matlon of: other plants two genere.t.tons must be grown before 

ptU'O:ept:lble vesulta are Obtai·ned and three get'JeJ'at1ons ot>e 

ne.O~$f'.Ull7 tor the production of f1 Ob$l'flCter1st1c Mendelian 

retl·o.- !he gJ~ent advantage ot ·maize rests ·in tbe tact tbat 

due to· xenia 1mmedlate results may be proeurecl 1n the endo .... 

Bpettn ot tbe F:t. g'nel!stlon. 

:«a~ee 1a et·uu'acte~1eed b7 possesotng 10 chromo­

somes and th.ese ere numbered ma!ftlJ in order ot' dee~e~t.ng 

length from 1 - ·to., .number 1 betng tbe longest and ftttmber 10 

the abortest. The geaes dete.rm1n1ng tho cha,pnotetts 1n matae 

tia.ll into 10 linkage gt'oups corresponding t;o the 10 4S.ff'ctN:Jnt 

chromosomes. The large obromosome .number 1 oarrie$ ltnke.ge 

group no. 1 and. tbe shortest no. 1o cat-r1es linkage· gr~ 
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. ' 

witbln tbe chromosome ie known .• 

. . 

atatos of Alfte~lca .studied. the nicotinic actd content of a 

larGe numb~ of' mat£e -v.ar1et1ee. TheN· considered that 

locnlltt appeared to eltb1b1t no influence on the n1;cottft1c 

acid _content, end the fact that different· at:raintJ -en the 

· same soti abowt;td w14ely dtff'erent amounts -ot· n1oot:in.to acid 

, gave thern_grounds to!' th1nk1ng tnat n1oottnt.e acid waa a 

gene~lc .tac tor. - l!ore _direct s'\spport ot tbts belief lay in 

the observatton tbnt btbr:ids between high an.d low nicotinlc 

actd .litle.s neuallg haa _aft tntermediete content and that 

btbt-ttd~a or high nicottnta. acta. content usual'lt came from 

p$r-ental liriee b~l'b ln tbie v1·tarntn • 

. Th:J..' was the state ot knowledge when this work was 

stat-ted · tn 1945~ _ 

· Elli,a, Randolph and fflntrone (9o) demonstrated tbat 

t,n corte in etoeka ot mntme _doubling th-o number .or <'hromo­

aomee _WEtS aocompan 1ed bJ an increase 1 n the amoun·t or 
oJo 

nitrogen tn the grain (increase ot 15 ) an4 in tb.e stover 
9( . 

{So """ 34· 0
). ~e ehangeo tn chemlcal composltton that eo ... 

oompt.mletl the transformation :from di,ploiay to tetrapl01d1 

the¥ asGW1le4 to be a:u~ to the cunnllat1.ve action of oerta1a 

genes "onoerned with p,-ote1rt metabol1em ani.tbe non""i 

cunmlat1vt a.ction ot other genes. Du.rtng 1946 i.n tbel.- oom­

paratt ve · s·tudtee of the vt tsmtn content of the 1 eavea ot d1-

som.ic end tt-'laomic maize, Giles. et al. (91) detel'm1ned that 

·&n all but a few instances tb~ avera3e vita.min oootant Of the 

trleomee waa higher than in the comparable tt1plo1d.c~ · !he 

increases were re1«ltive1y. slight tor extra ·Chromosomal types 

but pronounced tor others. As pointed. out the normal nu.tnbe~ 



59 

of chrmnoe:·.omee in mat~e ie 10 and th$ roost striking :tnereaaea 

woere found tn the fol1ow1n.g j,natances '• 

Ificottnic eold • · chromosomes a s 9 

Rlbot1evln ... ~· 8 5 a t 

T¥ntn1Ae - 1\1· 6 8 

"Their Heu1ts indicated that the ad.d!tlon of an futtra t.1o$e or 
almost $nJ chttomoaol'Dt:li h&d some etteot on iner(:ttasing tM con-. . . 

' 
t0rtt in the l~ar oell,e ot tbe B 'titam1ti$ studt.-tSij. Pt-om tbt.s 

tiler d.edu.Ot?d th.a.t several seneil migbt be involved in the 
.... .. . . 

ert)thf;lsis of .,ncb vttemsn ana. that these genes were Widely 
. . 

4te·tr1bute4 tn the obromoS~omal conplement. Certatn chrcmo-

aomets were <tlef.U'1Y more importaot- tha.n others in c~.tttling an. 

lflO"f!Gat.tlt)d content of ant parttcula~ v1 tnm1n;; · Io conclusion 

these nutho.ps etated that· ae tr-tsc:n'!m 8 stunm4 Ei oons14erab1e 

icc:reaee tot .all three vttamina it mlgbt Otwt-7 genes eon• 

tl'Dllli.ns certain basic l'eacttons common to tbe ~rnthesls. ,ot 

al1 three substances. 

'fbe neat. etep lar tn ti.nding: wltb Whet ctb~J> factor 

ntcotuat.,e eel d. was associated.. The rehl ts of nu.rk.holder et 

al. {89) end Brmton .. m~tgbt (92) snowed that tlle ntco\inlc 
. . .v 

act4 coo1.u1~nt of swc;etcortt waa :tm1oh btgbe'• the,n 't'.bnt ot 
. 

stattehr tnaltsEh; I.n a later t'cport t~.atber and Jattto.n4olt'11x-tght 

,(93) stated that tb.e ·attfel'enoe between sue~ and t3ta:Pab;y 
I 

grain oOJul4 not 'be att;rlbutaa, to tbe greater shrtvelll.Ag of 

SUgarr seeds in d:rV,iftg; for the ratio Of mea.ft: vre1gbt$ Of 

· nEU.gbbott~j.ng sugat7 an4 st•f'\obg aaed f:rom two m1ite~ ears 

·(,dut.! to ()pen pollination bat wean sugarJ end s tarrc'v ·var1et1es) 

was 1: 1·1. fb~,i r a:vgument .ra·r* ae follows, sweetco~o. chav­

~cteristieall:y: cua~r:ies the *l sugaryfl nllelomo~b. ( 5\1 ) V/h1oh 

ia rep ... e$eote4 in .etat-ohf'mf.'ize by the aominont\"storcblt" 

a1tem~t1ve ( Su. ) • The endoape.rm ls triploid, that in. 



iHJ#~i seeds being SIL&lk!3U. · and that .in true breedtn.g stflllobf 

seed beint~ S"" <I,"-~"" • In btbricle tlie endosperm is al\'lara 

phGnotyptcallr sta.reh; whether tb.& mother te sugary ·OP 

starch1• 'rhe ·starcny· aratn trom sugary tpothcrs ts SL\.s""su.. 

Beet4es e,ppeartn.g stflrchy; these hnd a nteotin1o aoid content 

withln ttle range gtven by aeed comJ.n.g from .sta~chy mothers 

constitution. lt will be noted tl\a.t Whereas tbe nieotl:ntc 
I 

cant aa 1t algnitlea the.t the ntcotlnlc acid content followa 

tbe actton or tb.e 

emphasised th&t there must b(J an element Qt doubt until cratn 

b.ae betul obtained. Wh~ch 4ltf.eve only in tb1s gen~, tbe . . . 

genetic background betng the aame ln $11 the samples. TbGU 

also bel<l tb~ opinion. t·nat th~t>e were 1Jld1oat1ona of the ln­

flu$noe of other genes. . 
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1. Tbe examtnstion ot tb.e ntoottQte- actd. content of a 

wtde range or ma1Be var-1etles r~town 1n south Mr1ca for_eom­

merei,.al ,r~nd f)_tteeding puvpos ea. 

2. !o determ1me whether the nlcottnic acid oontent 1a · 

e senet1o facto_. in ma1se vd.tl:t tbe ultimate obaect ot making 

possible tbe bpeecU,t\g of a ms:1ze Yl1 tb. a re1a.ti:felr btgb .leVel 

of tbta vitam1n •• 

1fhe tollowtng example·may-eel!'Ye to -clemonatrete the 1m* 

portance ot the·· -.>tak .,,.._ 

The rnoet Widely gttown matte in South A.fl"t.ea. the wh1 te 

dent vartottes .Htok01'1f 1\.lng and Potohefstroom pe.a!'l,- hs\te a 

nt.cott.rd.c a<: ttl content or the or-dett 16_.u g./g. 

Daily tdcotinte aotd requirement ct a4Ul-t ~~: 1S mg./4117 
Average da11t- consumption ot maize bi a 

natJ.ve - = eoo «• 
N1qotin1c acid s\lpplled b7 600 I• maize = · 9 mg. 

l.e. the amount of mat.z~ conaumect. eupp11ee. onlg batt ot tba 

da1lN requ.1rem-ent. On the baste . ot a htgh maize ttet it_ 

taould be nee•aeai'J to oonsume 1200 g. to meet th.e demand a-nd 
. ' 

thta tor the ortU.nar7 man is impt::u!ls1ble. Qn tbtl otb.el' hand 

tt. tbc:; mat.ze consumed contained. 30ft g .• jg rd.cot1a1c ao14 the 

preseflt diet witb all lts -'-1U.sadve.ntageta would. .e.t leaa' be 

aati$f.aotory 1ft tb l'espedt to thla vttamt.n .. 
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·Q,Iimtlttq, and.so..t~. gtJn~1t.1Qft§, ~! P.oto,het.etrc»Q.m 

Maize 1·B a aummett growt.ng .crop Which iS·. extensiv~ 

1# cu1tlv·ate4 in th~ high veld of tbe Transvaal Qnd 'tn the 

Ifcz-~b and. North Eastern parts of tbe o~ange free $tate. 
' 

All :the mai~e dealt with tn tbls :research was g~otm . 

at the Ooll.~e. ot ~1CnJ.lture; Potchetatroom. 'l'.l'ansvaal, un­

der tne .a:ittection ot Mr. F.X. Lattbsaber. The following t.n ... 

foNat1o.n O:D Potchefstroom was obtained fl'om *'Field Exper1• 

mente at .Potobetetroomu bV Dr A .. R. s.aunders. 
. ' ' 

Potehetsti'Oom te sltnated at eeo .44t south latttude 

and evo 06' longitude nt an altitude of 4t430 feet •. The aur• 

f011nci1r&g countl791C!:e ta genera'llt flat w1 th soattered low 

hills e.na. ·the 't'egetatioo is typically paes.ve1a.. · 

. ' . % . . ' ' ' 
About 8& ot ·th.e .average enau.al s:>aio:tall faUa tn 

tb.e stx aummev. months Oetobf!Jr to l!arclt. The rainfall is 

verg va.-1t.tb~&• ovelt' th'e 38 rear per1oa. 1103-:1941 ·the meen 
' 

annual ratofel1 was .23.6 tnc'hes. Ttte highest level (54.·6' 
'· 

tn.eb&$) vu.\s reached t·n tbe 1924-1925 season a.nd the lowest 

level (15.9 inches) wae regtatered. 1n the 1932 ... 1933 aen.son. 

Tbe etfl,oienc:r ct the l'atratall 1s not only a-educe4 by 1 ts 

vat-1ablllt-y but a,lso by tlie high evaporation rate. t'he msa.n 

total evaporation per month or per .uesr is 1n all cao~ tar 

ln excess ·Of the mean ~ainfall. The t'U.stt'ibution of the 

J~aint'e11 durtr,tg the pet-iod of this e~er1ment (october 1946 

""' JUne 194·7) ·is given 1n Table I. 
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\'4~LS I 

ffQn~J' ~b'l~1l 4-t p,ctohe,.tt'Oom 00110J.t$ ot ~ic~t t\ite;~ 1941-i.Nf 

lnchee 

July AUI;· sop .• oct. Uov. r.u. lath F&b, tta.~. Apt,. on, June Total 

1945-.46 o·.oa o .oo o ·•00 o .,a 1.72 a .7a 4.55 a.74 4 eoa thS!$ \h 16 o .,oo ~l ~!:16 .. 
19~T o.oo o.oo c:l'.oo a.,v a.sa '.274~'6 2.93 ,.a, ~-14 e.~aa chao ·.:21.19 

'fbe ttrs t tros ta U:eually occur bJ> the middle ot 

April ttnd treezln; tempera.tut.'ies mer ccntinu.e until the mlddl.e 

, ct September.· The degt"ees .ot tttoat roegtstered dul1.ntt th1& 

eltPertment al:'e set cut t.n fable ti •. 

~ttmt1 ·~~ Front ng~red at rottobttatto.~ Otll.i•$*' ot .Agtioui ture. 
. 1~1NT. 

mt_nA 
'~ 

May 
16 
4 

. , 
.June 
M 
•2() 

'a 

op 

. 4\alJ 
a5 .a5 

August 
:aa 
14 

Potehetstpoom 4ces not lie in a wtndr area ror 
' 

nea:t:il,- 90%ot: the w.tod baa a "felooitN of less tnan ).4 m.p.h • 

. . 

!be soll at the ~•_periment station ta ln 'th.e main 
··. ·,. 

Bhml'lOW• 1 t iS a sed1tnentnry redd1sb b:r.owi\ loam 'wh1eb 'l$ 

a'bout 12 inches d.eep over tbe greater part of the area. The· · 

sttbsotl 1$ largely eompose.ct of later1 tie ltten, .stone OX> nou-­

kllpu. conc.ret.iona wb.!.ch: ~e also tU.spe.raed to ,someettent; 

tb;rou.gb.out tbe murte.ee soll-. · · Below S teet the amount or .clq 

1noreases end the colour changes to e red.a.tsh rellow.. The 

r.G!adt:l()n ot tbe t;;o11 tluctu~tec closely round pH 6,~8., 
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Pevourabl·e features of' the soil tx-om an ex_perimentnl point 

.of vte.,· are its good drainage, .remarkable un1fo~t ty Qf tex­

t\lPet. fettti11tY and evenneas o~ sl.ope which 1& onlu ab!H1t 
. o/o / 

o. '15 .• Erosion pttssnant.s no serious. pttoblem and moitrture re-

·tention 1ttt. good. 

gglt;qraJ . practiq,e 

The ground. ls ploughed.· as soon as the summer . cr-op 

.te :removed. i?lougbillg Qperatlons commence as ear11 .a,a MarCh 

or API'il e.nd are uthleitr eomplete br 'l«ay. All fortt.lt.s.etta 

and manures ere genet*allt worked into the soil dv.ing tht·s 

period~ After the t'irflt ratne ln spring or earl,- summel' the 

ao1l is dtaced a~a. hattttOwed befot-e ·planting wblob 1$ all d.one 

bV bMd ·with the gr-eatest eecttrec:tr. The crop g:towa under 

cJI";v•1e·n4 cond1ttona r.u'ld .eU:ltlv.att.on a:tter p·lan.ti.ng 1G con­

tined to the contro1 ·of weeds. 

Tbe ex.per.t.:mental area is 4tv14ed tnto ~.angea ·as 
unr,ds wta.e with 12 ft.· pe.thwa:rs between them arul th..e plots 

lle acrost;l the ran see. Tne ranaomteed block aeatgn 1s tn .. 

general tlse. 

The· CJ¥Osslnsa a:re ·c:!a,rie4 out during the montno 

Of Jenuew n;nd Febru'ary..,. B~ief.ly the procedure 18 Ofl tol• 
. . 

lows. ~ pap:er bag or appr:ttpriate ei ze ie inYe:rted. ovett the 

:toung ear before the silks emerse e.nd t.s clipped seaure1N 

to tihe etem.. As soon ae the pollen bo~1os to Ciehlsee ·tne 

tassels ere oovel'e4 by ot]ler bags vtbieh are t.ted t1shtlJ' 

t'Otlnd the peduttclea to prevent ·the esc.ape of pollen~" Aftes­

t'b.e silk.$ have emer-sed inside tbe ear baa; ana a quG:nt1t1 ot 

pol'len hae collected ln tbe tassel 'bag of tne ae'leoted . 

parent. p1anta the· pollen is c:uaretulllf r~moved and pcrtUted on 
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tc the (d.lks ot the appropriate piant. The Pt1Per bags are 

1mmed1atel1 replaced a.:rter each operation. 

A-fter the maize tw tbeee e~arimenta wae harvested 

the gr&tn was pt.cked .from the ear an;d then despatched .in 

pape!:' bags to the e.uthOX' •. 

All tbe rmd.ee tor- this experiment was grown unt\ett 

e'ltmtd;ic and· soil con cU. t tons ta1rlr characteristte ot the 

sou.th At:r1cfltn matv..e growing· ~eg;.on. 'the experiment \'fa$ e®• 

tlnued over n pet.'lod of t'fie rears ift order to compere. r~ 

, aults obtained under va17illg c1imetlo oondt~t1cne.. Of a :· . \ . 

total of M ,cr-ease$, 13 · w.eJte ca.rrlei out aurtng the first 

season and tbe rematD.cie:r d~ing the. a~ccad season. It ts 

tull.y reall$ed tbut two seasons are insutt1ctent to dt>&w an:v 

def1rdte conc1ua1cna · .fib<lUt tbe S.ntlueooe of the climate, 

· Modern cbemt.csl methode tor the esttmat·ton of ntoo­

. ttnlc aoid are baee4 upon· the reaction disoovere4 bJ fton1g 

(94) in 1904 that pJridio,e. reacts with 07enogen brom1tte and . . . 

This react i,on. was t1>eve1cp.ea b$' 'kul&kow ana Kt;•e&tO\"Ioadw~:gens• 

kaaa (9&} and latet' b7 Pa.rrv .... Jonee end stratford (96) tor 

the "'eteotlon .nnd colou:vtmetrlc estimation of small qusntt­

t:les of p,vritline. The rea.etion deperu.1.e4 on· the f'aot that 

the p:rttU,ae .ring wa.a opened bJ cranogen brom1do ana that 

the re.act1on pro duet eomb1nea w1 tb aroma.t1c amlr.res tQ build 

I . 

a rellow eolautted eo~le:<• :#fhe nitrogen atom of the r-1ng 

was 1tberated io tb.e test aolutton ~J oranog~n :amine" ·The· 

reaotion 1$ a till not completely understOotl bnt'' the eollow• 
j 
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Yellow oolo·Jred complex 

seee1f1o1tz of reaction 

The great disadvantage or all chemical methods 

b!!sed on the Konig reaction is that the reaction is not 

specific for nicotinic acid but is given by a number of 

pyridine derivatives. Pyridine, nicotine, nicotinic acid, 

nicotinamide, nipecotic acid, nicotinuric ao1d and a -
aminopyridine g1Ye the reaction while trigonelline, ~u1no­

linio acid B.Od pyridoxine Ito not. \,hen penta-valent nitro­

gen is present such as in the pyrid1n1um compounds no eol::ur 

reaction is given and another tmport::.nt re~uirement t'or the 

reaction is an unsubsti tuted a -carbon atom in the pyridine 

riner• The only known ~.:·xcept1on to this last rule is a­
am1nopl'r1dine. ..notber disadvantage 1e tlutt the col\)ur c·:.m­

plex is extremely sensitive. It is influenced by o lax-ge 

nurnher of' vvr1able :f"aotors all ot: which cannot be absolutely 

controlled. 
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Per1awe1g,LeVJ end Sarrett (97) were the t1rst to 

.r'$altse the impoJ'Itsnce of p,repartng a colourless solution tcV> 

appl1eat1on ot tbe Konig :reaction.. It tut;y ptgmGnt remained 

:bt tbe extract when the colou~ reactton was carried out it ' . . - ' - . - . . 

mtght develop tnorewaed abso.,·tion en tbe addition ot · tbe t:te• 

· agtn1·tc.. '.rhe methods of bendlin.g the blantt compenaate.d fo~ 

tnttial absorption due to the ptgment itself but thafte was no 

way or eompensattras tor! .nt:nf absorption ~PI"Oduc•tt bJ the inte:r­

actton or the reagent~ and the pigmtnt.~ S110b tlf~\' a:bao~tion 

would be. titraluated ae rd.eotinio ·aCid and wo\tld oontru:ntte to­

ward.a a bigll reaU.lt. Thererove to obviate ttu.a poesibilitv 

an etf'1ctent. de:eolour1sa.tlon ot the extraat was. neeessaJ!7'. 

swamtnathan (98) cleeolonr1eed the extracts with 
·.' 

C!haMr>al. A littl.e later Peexaaon (99) reported that 1n de• 

eolour1s:tng the extract wt th charcoal the· ntcottn.tc aold was 
. . ' 

a«sorbed. ~tuid c<.>til.d not bt"t coll)ple:telr eluted. Meln1olc ana 

Plolti (too) stated t.bst wh$.1e Iosaes of n1eot1n1c acid ·due to 

ohttJtcoal adsorption were high 1n alcoholic ox- aold. sol"U.tions, 

eoup11tlg tbe ·mediums wae tollowed bf e. ernel'gietic no·tion Which 

pre:vtnted the adsorption ot n1oot1rU.c eoi..d espeo:lall:V it a. 

c.g;retrtllf controlled mnount O'! vegetable obattaoal (DarcQ G 60) 

,One of th~ ma.jcr dtoaavantag&e of the method used 

tn this wovk wh1cl\ is btJ.aed upon that ot Meln'tett et al.. (lO'l) 

ts that the extract ts not co~letelr decolourieed. 

I 

!!•ee.~~a.t:t.on .o~ .. IJ.flok 
The.re eltlets a great deal or contl'Oversr aboet the 

oorrect way ot ,prepa~.1ng the blank. 



I 
Hanls &: Barmond., (lo·.e) repot»ted the presence of inter-

fering subst$nOea of ald.ehttllc .nature tn uPine wbioh gav~ . . . 

colo11r w1 th p ·•amtnoacetophenone even tn the absence ot 

c~anoge~ b.r.Gmtae* Hart' is & Rm~n4 eccor41nslv subt~·tt tute4 

wert~.r tol" :i':ranogen bromide in the blanck. 

(b) El1m1natJ.on of the emiae. 

· Other workers (100) el:almed tha~ tbe .P.f$:senoe o.t o~ancgen 

bromtde exercised an 1Qhf.b1 tQr1 .action on tb:e side ttet.tettons 

due \o the ardltne react!ng with interfef'il'UE oomplues :an(l 

·. ·tber replace& -the amine. with _watexw. 
I 

· (o) I'ncor-poroatto~ ot cranogen brqm14e and antltne. 

Later Melnlclt and bAa essoo1ates (101) shoW$d tb&.t both 

c.ranosen bromt4e: a.nd antl1:Q,e were 11eceasaey and their metnoa 
I 

. . 
of p~eparing the blaOkt whiah was a4~pted tb.J:iougbout tnle 

wottk1 ts full.J' deset-1bed u.acter ~cliemtcal Pto~e4utte•1 ,, 

. 1. Salts 

(a) 

....... 

. ' 

the amount ·'ot th1s aQl t in the test solution w111 lead to 
variations in t~e amouttt ot o~1ouf p;ro4uced. 

(b) Aoeta.te tona 1.nte·totere by oeu1.dt1g fad.tn~ and this 

excln4ea the use or acetate buffers 1n the estlmt;, tton~~ . . 

t.rbe .pu ot th~ solution to wn1eb the ov:snogen bromtde 

te a:ttded. te Cl'itlcal. fbe opt.tmu1D Plt tor tbe development of 

I mQ1mum COlO'tW !ntena1tr iS e.e and the c.olo~r 1ntenai:t;y 
I 



J,. Add.! tion of reagent$ 

tho tntel'val between the ac.tditton·of ·cYanogen 

bt()mlde Gttd arJt.ltne :is. also ot-lt1ca1. The g~e.ter the tftte:r ... 

11a1 tho deeper tba colour. Io order to obtain ~om;nttable re­

eulttil tsst :sol11t1~ne mlU!t be glv:en ~x.aet11 tne s$ill$ tx-eatment 

and :sui.ct t!mtng te. moat lmpor.tant,. · In. a eo11abol'attv~ 

met nod lfelnlclt (101) put this 1G¢;t;ease of p·bGtometrlc 4enst tg 

to use b.V adding the 01anogen' br;omt<le and allow:tns exnctlr 

ten mtnuta& to e:lapae betott& &ddlQg the ant11ne.. Lernb ~104) 

ehowed that the ,1:ntervat cOUld be made lose cP1t1cnl ~f the 

O!'fle.:r of e441og tbe l"t'Uilgeots was reversed. He rtrat t~4de4 

th$ anill.fle •h1oh ·was followed ir1'1mt4iatelr b;v th~ ~vtmogen 

'broml<ith Lamb's motttftoatton 1e naed throu,gbout tbt.s WOl'k. 

4. Qyanoge.n brom:de. 

Fo~ .a .. stven ntcctintc oc1d ooncent¥-atton tM t'haX1fln1m 

iAtenaitJ var-lea sl!ghtly.w1tb: tbe·41tterent cyanogen brotd<ie 

: Ptaparat!ons bt'Gugbt toto uae trom time to tf.me. 
I 

· Qbii!e,,.p( Jeln,t 

ln attempts to improve .. eprodnolblllt7• br mektftg 

the ~elot1cm mo~e specifl.,o towaPda otcotlnte acid ana tno~eas~ 

· tng the stab111t8 ·or the eoloul", var1c:n.1s aromatic a•ninee bav& 

been tested. Tbese bave been ;reviewed bf !eer-1 and Shimer 

(lOS} who al$o sqgestea tne ·use ot-1nt•ptlenglenedlam1ne tc• 

· ·· getbe~ wttb 20 pet> eent l1Jdl:':Coblor.1c acid. The tollowtng 

:wol'ke~' used anil!ne (106)(98)-(107)(99)(l{JO)(lOl)(l.04). 

p :•Metft¥1e.r.rd.oophtmol was ernploted bf ( 108) ( 109) and Barris 

end Ratmo4 (,_02) atkr 1-n'iEnitt$~t1ng el-even al)'Otnat1c.t amtnee · 

· .s~lectetl -p •aminoaeetophencne •nt.cb Ko4,l¢ek {110)- later also 

ute4.. !l'b$ CJtU'iogen bromtde ant11ne methott, 4e.apt te variout¥ 

~mprovements, still lacks tnUeh tha.t 1s dealre,a h-om tlle , 

$tanBpolnt or p~ealae quantlta~tve ena1yets. In ver::u r'tlceat 
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A goo<!. ~ohemtc·al me·~bo4 

tnvol'\l'ing the U$e of Llo,c.t•s .reagent (109)(118.) c~ld not 

be adopted becattQe' a euppll' ot tbtfi reagent w~ not ~avail ... 
,. . . 

&bl.~, 1n saut~ A.trtea m« hatS .. to be . order-ed fx-oin .overaetia. 

Exa.ctl)' a r•a1r after tb$ oo:mrt'!eneement · ot ·the re.searah the 

f1J'st consignment· \?fl:S -de:U.tt.eNta,. !he method Of ntlOt"Obto1ogS.oal 

aes.ar coUld not be undertaken d;ue to ].eek· .or oertatn eaaenttol 
' ,,\ 

-oonatttuents of· thfl basel mtdl.um s-uob as btottn.. In October 

1945 tb1$. _.esearoh \'fies 1.nt tl&ted and an 1nrnediat~ «Jtart had 
' . . ' ' . . 

to bs ma<le_.beaause tbe ana1Jt1eel ~es~ttlt.s t~l' 102 llnes ot 

mat•e bad to be available b¥ Janu.arv lt46. A ch&mleal 

method t.nvoll'ias tb.e use ot eba.J:"Coal tor- d.ecot.om"tsatioa · 

purposes .tb.ettet.otte had to be chosen. · !his methOd wbile, tt 

contains a n~mbet- o:f modltlcettons remetfts basicul.llf 't.tu,at 

·at 'Meln1ok, Oser and Siegel (101}. , It will be. realised that 

once over .a h'Und"4 earnp·lea -of m.a1.ze ·which lnel ud.ect parental. 

mater-tal to!' ntu.r·e et--osses wettl!r. annlrsea. b;v thte . metfu)d:.• all 

the .subsequent hfbz.·ld mat~i'ltd had to ·be· analysed bt ex.aotl7 

the same prooedut-e in order to ObteJ;:ta a basis tor the pur• 

poru!i or compartng tb.e results. · 

The' maize sample 1$ extracted :with watat! tUld the 

eolt\tiori 10 •ep.aratea tr>om the reeid.\le b7 .centrituglng. the 

!"Ssidue .1·S ·rlnsell with bo~l1n! wate:r a:nd the eolu.t!on com-­

blaea wtth the •tract. ?.'he extract is concentrated to I• 5. 

ml. snit then ft1drolre·ed with bYdroeblorf.c ao1d.,·. Abaolui;e 
. ' ' 

etb.Vl alcohol is nddeCI. uat:l.1 the sotutt.Q!l et{;)ntains ebont one• 

third e.loohol find th.·e decolourtsatlon bf means ot cbatcoal ts 

carried Ol.at .on this · mri:l:um. The· clear filtrate to rur~utraliee4, 

. i fflade up to vo11im~., and. altquots taken tor cotour development. 
I 
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Extraction of nlcottnie acid trorn rnatse 
:~~!""'•' _,Alii --· lj_ •- - .. ...,._: If& 1 1!': ~· IE$. Iii< li:!ltll! · 4 ~ J~· n·m•· ' n 

· Var1ou.a ext!'aet1on titthts r-anging f'J!tom 15 minutet to 

2 .hours •er-e tried out (Table Ill). ifh.e results are pres$nt-. 

ed. ·Sn gr-aptd.cel torm in. Fig .. l,. 

t'ABtl Ill 

Ett'ect ot tt.me of extraction on rd.oot1n1e aoi.4 
· · content ct mas. ze*' 

Time 
mt.nutes 

15 
00 
46 
60 
90 

120 

· ·B1cot1n1o ec14 
. b.B·IB• 

~0-·{i 
N.4 
68.6 
as.6 
84.9 
35.& 

* a gre.m sample 

:tt eppatirs tbat two. fitaotions are being extracted. In 80 

tnt.·nutes about 9& per O$Ot ot tbe water' aolub.le ntcot1n1o 

acid is ..-ecovel"ed and atter &o mtnutee the J'1e14 1a etlll 

the a am.. . nen t be t1me hOwever 1• increased to 90 mtnutee 

~1n increase trom 33.& to 34.9 )L,g./g.. 1a obeel:'1re4 and tben 

· the· oune appear• ·to :tlatt~Jn out qaln. In view ot tbe 

.teet that the rea4il1 eoluble traction lc oomplett17 ex• 

traeted ln 00 tnlnutea ana th•t thia reoult 1a ln anv oaee 

onir i.Z per cent lower tban the 2 botlt' e~tractton ••1ue. 
an estraction ttms·ot &O·ms.rmtes.was adop'ted t.o-r this wort. 
It le suggested tbat the longer t1me of ;ext~actt.on· brlftga 

t·nto solution aome tntePte:r1tig prr141ne complexes wh1cb 

~ eubeequently'eval.uated aa ntoottn!c aottt. 

~a!b1ng, t.he JJtals~ :rea&d!J! 

.After the ext:ractton thesuepeneton ls quantita ... 

. ti?ttlJ" tl*anaterrett to 'two tarse centrifuge tubes and cen• 

tr1tuge4. The supernatant l1qul4 te dee.ante4 1nto co 
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Ef'lenmeg.er flask end. the real due te tree. ted wt th boilt.ns 

water to temove aQ'JI nicottn1e .ao1d •. The e-t.teot or eilftPlS' 
' ' 

rtnsi«lG out the centt"lrua"e tubea conta1o1ng the reaidue end 

of t'lctnall.V we.ehtns the restdue.up to six times wo deter­

mitU!td.. (~able IV) 

.A Mnae o00$1etett o:t adding ae ml. boiling wat&P 

to each o'f tbe tubee, centrtf'ugihg and -decaotlng the liQ\114 

1nto tho .receiving .tla•k. 

·A, wash ·consisted or addtng· SllS ml. bolllng water to 

eaob tube, stirJti'ag tot' bal~ a m1nut$, oentt-lfq1ng aM de­

canting aa beror:e"' 

·t.ABLI IV 

Eftect ot waabtng the· ttJatse ree14ue* 

·iiWiiiiU:b:iU_~· 1(.f'_ -_ 

a R1nees·. · 
2 Waabea 
8 rt 
4 It 

s • 
& ff 

a_' 1l( •Jii- c n _· J Filii 

Bt.cottnt.o e.o14 
· Jt8•/flw 

It te readily 4e4uced f'Ji.orn F:lg-•.. ::tl that by merely rinsing 

e.aeh tue twice a t&trlr large. amount of nlcottnlc ncd.d. _ts 

lett bebl.Qd in the reeldue. At the same timo it f.e seen · 

tb&t t110 \faebea glYe e result or etrtotly .tba same -order as 

tbe values oblatn-ect fot' tour, t1ve aft4 elx nabee and tbel'e­

ton two wnebes ar-e consider-ed sutrtclent. Tbe value eo>r 

three mtutipulatione gives ·a auep1c1ous peak. 

The ftrs t large·. aet ot samples wel"e ri ftad arid tor 

t~ put'pose ot comparing the reeul ts tbe l'1Qs1t.t.g techn1 qUe · 
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had tc be tollowe4 tbttougbout the remaiftder of the 110t'lt. 

rhe .l'Dt\thod :u,a.lng thle procedu:re SST& QG .averqe reprodUei- . 

billty ot. 5.9 per cent. 

pegO~Q.Utt!fl.!.\LO!.' 0(,. 1=Xtl'BC5 · 

Tb.ct influenc-e ot obaraoal (Dat-CCJ G 60) oft the N­

CD'I·Etf7 ot olcottrd.o ecld 1n .. pure IIJErtem ls abowo 1n Pig. 
. . . 

III* Up to 800 mg. ot oban-oal cause no loss of n1cotln1c 

acld but 1a:rg:GI' atnOUnta ot tbe deeolourlslng agent do· cause 

loee bf odsof1)tloa. 

f.ABLJ v 

Intluence of ctutl"coal on t.be 1.-:ecov·&l7' of' 
ntcotlnlc ac!ct 

Charcoal •• ReCO'f'ftPJ'.Or 
nioot1cJ.o actd O,h .. 

0 . 

It waa 4eotde4 to uee 100 mtr• charcoal tor thie 110tl'k becauae 
. . . ·. . . . .. . O/c, ... ·~· • . . . 
It save a recov&r7 ot o•er 00 (92 ) • l'f'e·n tbls quaat1ty 

414 not Nield eompletel.r. clear eolutlona nncs the blanks on 

tbe .&\'&rage contributed 18 per cent of the ooloul'. 

!Z210J!r , <levelp:et¥Jftn! 

1. · Ettect ot ltgbt 

Light bas a dettnite 1ntluence on colouv develop­

·ment. Fotr' a· glYen quantity of ot.cottnie act.d tb'e ifttf!nei t.7 

or the ool.our .developed tn the tlork te {lreQter tbaft that 

4evelope4 ln reom 1tght (Teble VI ....., oonspa~e procettures ~ · 

and 8) • It is clt.u:wly ahowo to · Flg. IV bV v:trtue ot the . . 

diverging llnee ('1 and a) ·tha·t between. the llmlta o~t 10 end 

84 fo«• nt.cotlnlc aoJ.d thle et:rect increase• 'With toc.-eaetng 
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.' 
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eoncent~-ati.on. The difference in pbotometrle den.stt:v a.t ·the 

20&S• level ls 3nBt ovei- t\'71oe tho ditterencc nt the lO,.a g •. 

,level. Tbla influence of liaht i.tnmel!intely auggeeta the uae 
of a att.andard ligbt contli tlon tor actual colour clevelopment 

and it is recommended that following the :ada:lt1on of the re..o 

agents tbe tube be lmmed.iatolJ taeerted i·n. the colourimeter. 

An ad:rantnge of' pernd.tting. the colour to develop tn, tb1s war 

is that with cuanogen bromtde uaed at 5° 0 the c;olour 1n­

tenst ties tor tbe normnl working t"ange ot 5 .... 20 A g. nteo:­

t:tnlc ao!d col'respond on tbe Whole to the maxtm~ro tnteoei• 

ties which 4GVelop in the drark.. This is an tmportaat consi• 

· d.et-at1on when 1 t comes to estimating qusflti tt,es ot nlcotin1c 
&A b - •> '\In aC:b.u etween ~~:. ... """"''"g •• 

~·n 

VllM$tS.on it lu-..v-.o .lltJ).tl_. \UlAe ditte:ttmt •oa<t&ticu ett 
001001" 4$Yel.~tl 

t~•o· tiJJ.wttA'c a<d.4, (h02 0·04 o.oo o.ee l 
ee&lro ,ag .fml· 

o • · · l.a• ·g ·r· · "j -,._. 

o;yane~ llJXDiAt thOtci o.o" o-.u.ts 0··161 $.1\16 fh$90 t>.Gll. o.'IStt o.OS9 
t'lti 5° lh 0010\U." · - . ·. · - "'· 

. 4e'lt•loJ:G4 S!t -o. -
coloufttt\'&t$r 

••••• '.
1:irt •-. :Wi'·•r ·····- "9;:4t·t·-~~;-tl:f· -'rtsr)·· -s· ·:'i_-·t·"tr_· .. r.-it ~11f'll¢r"it~· 

. . 
(hl.Vt o.~,, o.6&6 ·0 .• ?$5 . 

'· · · r ·111 ., ·nrw w--_,_ .... 

• ~- -~ to tti\4 Ul. .a -~ i'll0tot4._,o ®l.JuleO'"*' .. 
aM.. ·Ute ph(Jtoll6t:n.O 41#1elW c:w 2 • loa• G . 

. whl!ttt G ~·· a&lva.n-.m :&-4'alingi. 
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2. Ettect ot temperature 

An increase :t.n temp$rature oauaee a lowertas or 

the muintUm eo1our intensity. Variatto.ns due to ditf'eretmee 

in tempel'.a:ture can be fatrl:-well eontro:l.led bV a,t;dtng the . 

c~anogen b:I!'Omid.e at QOc to the test solut.1oo,. Tb1.s pl'Ocedure 

appears. to EHU~u»e a more complete reaction an it zrtelde a 

s;J'eator intensity of ~olour.. It 1s interesting to note from 

table VI that the uee or cyanog~n bromide at eo0c (compare 

proeeduras 4 and 2} and tbe effeet of motn l1;ht (compare 

Pl'OCedures 3 and 2} t'educ.e the 1ntens1 tar bt mtO'tt t tho eame 

amCN.nt and the curves 4 and S ·ot ftg. 'f.V practicQllV oorre­

'pond w1 th on a anotbe~ between the 7. S and 25 )J, g, ltm1 ts ~ 

Of the. tour curv-ea in ·Ftg. IV number 2 repl'esents 

practtaallN a d1reet proportion between photometri-c density. 

and ·the concentration of n1cot1n1c acid .. such a relat1on­

sh1p is or~the highest importance espee1elly where atl 1n-

, osaement method ot evaluation is, ust"tcl sod the e'alculatlott 

depen.ds upon the »atto of the value of the test eolut1on to 

teet solution plus known smottnt of ntcotin1o aotd. 

e. aeactinre 
lt'01' ·the purpose of obtaining oomparabl e results 

all l'fl&d.inge must be taken. at the maximum 1ntens1tr. There 

. 1& detit'd.te ev1deace against th.e sJetem or reading the 

colour attet- a given set ttme .• 

(.a) the time (atter addition or cyanogen b:romide) 

t'or tbe development ot maximum intens1 t1 dtf'ttllra with varying 

amounts or niootttd .. a aold8 (Fig. V) A matze extract test 

' · solution oontat:ntng 1,17 JJ. g. ruoot:tnta a.otd. per ml. t"eachttQ 

:mattirnum 1nt.ens1tr in 3.5 mtnutee whereas the same aoluttoa 

pluo 10 ,a g. nioottnio aotd atta1ns maximum tntensttw tn 4.5 

mlnutes, 
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FIG. V 

TIME FOR DEVELOPMENT OF MAXIMUM COLOUR INTENSITY 

IN A MAIZE EXTRACT SYSTEM 

060 

O·SO 

>.0·40 ... 
"' c 

" 0 

v· 
:5 0·30 

" e 
0 ... 
0 
.c 
a.. 

0·20 

0·10 

,If' Maize extr.act- 2·17 )Jg. nicotinic acid per mi. 

.;M1ize extract-1·17)Jg. nicotinic acid per mi. 

t 

0 ~--._------~--~--~--~--~--~----~~ 
2 3 4 5 6 7 8 9 10 

Time .after addition of cyanogen bromide in minutes 

~ . 



88 

.TABU Vll 

The tlilte ~or development and etab111t,v ot l'l'IU1mum 
. oolottr ro.tt 41fterent amounts ot ntootlnio acld* 

o.elo 
0.426 
0.476 

. o.aoe 
0.,816 

. 0.623 
o.&ev 
0.528 
0.610 
0.880 
0.610 
o.tsso 
o.&a7 
0.697 
o.est 
o.sstt 

. 0.1527 
o.ems 
0.8215 

· o.as& 

• The an1ll'rle te l.l4ded fl.ra t ana tbe 
tte le .l'loted on the adell tion or · 
the ovanogen . bztomlde. . . 

(b) It will be ob:r.Htl'Ved trom Fi.g. V that the · 

atabilttr of' tbe· colourc also vartea witb th.e St'MJttnt o.t n.t.co• 

ttnle a014 in .the teet solution. A ma1se extract contaiotng 

1.1'1 ,tt.S• n1c<>t1n1c acid per ml. gives a ·mu.tnmm c&lonJt 'flblcb 

rematne atable tor · 4 minutes but the att.me solution conta.1ning 

. a • ._, ftfJ• . nt.ootiot.o aol.d p.ex- ftll. g1YeJJ a oolo\U' Wbiob onl7 re .. 
' . 

. malns •table tott ·11 tnlf.lUtee. 

these two po1nte in ndd1tton to the tnrluence ot 

ligbt alr.ft4J" oona1del'ed stress the :tmportanoe of having the 

tube tn tbe colourimeter 1trmedtatel; a.r,ter a.Ming tbe re­

epnts 1:n .orde~ to enenre reading tbe t~~axtmum value. 
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The K \talue wbich is obtai.neci bJ dlvtdi.ng ·tbe 

phct®ietric denatty br the rU.oo~tn.11o acid ootteen.tration of 

the test $01ut1on i.a constant tor amount.a of' at.cottftlc eatd 

va17tnr between. 4 ... 50 ttlf•· · Kowevezo the. actual value of K _ 

vartes not only with the 4tf~eren~ batoh.es ~f cva;nogen 

btromtde but also with the temperature at which tbe n• 
agen.t ts U,sed, en(! tbe light cpndi ttons pro•ailint{ t:uri.ng 

eololll' a~velopment. DU\1 to t;Iue •artation or K , oo 
prev1cus1i. d~termtned .stand:ait.t Cltrve can be used :an.c.t ln­

atead a K. \talu..e bas to :be ·Ob:ta1nea toz. each ser1:es of test 

solutions." 

~~enwati·q,n ~-f. Sftt.nJ'l_1e 

:;rhe nor-mal stze of :a sample ranged. tlt<.mi. ·eo • 200 g., 

The grain~~· wette spreaa nut o:t\ brown pape-r and se.P.al'nted f).'Jo:m 

aftr extran,eous matte!' auch as: straw bV btt.n4 pioktpg. By 

mGSI.ftS ot ~ aottee grHldett tht.!:. wb.Cl$ sample •ao grpund. up un• 

til it el1 passt!tl a ·60 mesh steve. 1b1a entn11ed. s~ve~al 
I 

operations as etter eaeh stevtng til$ re3ectett portion watt put 

tbl'ougb aga·1n. D,Stterent tJpes or" ·eleOtl"'io~ll;v driven mills 

wet-e tried out but these -.ere to<) large ln cap~aoi ty to 
' ' ' -

baruu~e the fi1roa1l .sernplee. fb:e :ttne eEut'lple wtU! spread. out on 

b'l'Own paper and tb.crottgbly mlxe~. In order . to secutte a ,goo4 

\U'I~fON .mixture the sample 11as p;i\'id,etl into six pa .. te ana. 

ap .. ead b7 mEu1ns of a apatula ln the . centr-e ot the paper. Tile 

spa":ul'& trf;atment or tbe eiJt omall heaps was conducted ot 

randolfl. Tb.e reeul tlng mixture wae then roll~d about b7 . ma.n1-

vu1a tlrtg the elida Of the papel' and the ·semple WB.$ Gt0zte4 in Q, 

glass bottle wltb a bakeltte ecrew•t.rpe lld.. 

f.~p1a!!£a. eq.~1~nt.1cm 

In ol.'de:r to have a tU"Jund basis of' ()Ompal'1son oll re• 

sults vrel:'e exp.reased on. the moletu!te""tree basts. 5 gl'ema of .· 



the ttnelv d1Y1tteA sample were hea·ted OV$ttR1ght tn an air 

·. ;Oven at 105° .0 and the loss ot we1.ght wttS expr.,Gsa4 at! 
/ J 

Qh!U1&Cft) •. tT.ooedq£~ 

Pl'1·nc1ple • The lemon ,ellow oolouP produced Wb.eo nloo-

t1ntc acid ~eaote wt tb cyanogen 'bromide and· 

entltn• ts measl:tfed i.n an Evet,-n · Photo• 

elect~Jlo coloul'~meter usi.ng a 420 m)' .ttlter .• 

·Oy.anogen bromtde. ,,. water saturated. Wit~ brond.ne at. 5 .., 100 0 

.I.B deeolourised in the cold by .the add.1 tion Of 
. ' OA 

-a cold eolutton· of 10 °sodtum· ·oranttle (A.R.). 

le order· tc avoid a lerge excess ot· sodium 

c7atU.de the last 3tage of the· tttrsti.on 1t3 

. 0" enrefull;y aceompl1shetl. with a 1 • sclut1cn. 

:t1hen tb.e reagent ia stored 1n e. b.vown bottle 

tn the retrtgeratox- at sbont 6° o. 1 t keeps 

toJ:t at leaet fi week:a •. 

Aniline solutton ""' :Redtett.lled (trtiltn~ ls t11ssolve4 tn 
. ~ 

QbSOlUte ttbJ'l til00h0l tO make fl 4 II 801\ltiOft. 

Stored in a 'brown bottle: at room terope:ratu~e 

this reagerit w111 keep tor months~ 

standard n.tc:ot1n1o aold s.otut1on ·• oontstna 100 p g. n1oo­

t1R':i:c acid par ml. absolute etbyl aleoho·l. 

If e'to~d in the retrtgerator:t k.eeps many months. 

Butter solution · • ate.. l9GO ml * 

8.5:% phospno.r1o acid 10 mt. 
•A . 

15 • sodium })J'tb'oxide ao1utton 00 ~· . 

Absolute etb)'l alcohol 
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Thi& oloohol1o pbOepbate bttrfer used 1.n the evalua• 

tion ot the blank, while posaosa1n.g the Game titratflble ao1d-

1t¥ and pH as that produced in the teet aol.utton b1 qanogen 

bromJ.de and aniline gtvea tbe l!umut value ea distilled 'Water 

in the p.hotoe1ectr1c oolovunete ... 

Oha~coe.l . - ·Darco G 60 

BJ'drocblorto ectd .... Concentrated bl'Arocblorto ac14 S.G .. 1.18 

1 Normal &olutton 

sodium twaros:14• . - 18. Bormal·· solution 

· · 1 :lormal solution 

Absolute eth;vl .alcohol . . . 
. ' 

Indicator• - Pbenolpbtha1e1n .(1 °/o. 1~ .eloobol) · .. 
o/o . 

BPomo·t·bVMOl blue (o,.o• . tn alcohol} 

Plve grame ottbe t1rae11 diVided noitorm aample 

are wetghed into a .eao · i'll. w1de•neok &rlonmeyer f1aait. 100 

ml,. 4lat11led water .are added en4 after at1rt-tng tor ·one 

minute_ the su•.peuton is autoclave« for 60 minutes at ·16 

pounds pl'*eaoure. In order to prevent lo•• due to f'rothtng 

the preeeve is gradUally reduced. ·iJ.the· rn1xt11re la well 

et1r:red ana quant'ltativel-t t,;anaf'erred while ettll hot to 

two '15 ml. c•nt1"1tuae tuboe tat.ng e~~all quanti t:t.es of bot 

. •ate., to wash out the tlaek. . The tubea are eent~ttuse4 attd 

tbe eupernate.nt l.1quS.d, decanted into a 250 ml. wide neot:t 

EJt;l$nmever flaek. Tb• »"es1due .1n oecb tube u rint$tl 

twtce •tth $5 ml.: bolling water and each time otter o•ntl'i­

tug1bS the .olution te combined with th(l ext~act. 'rbe 

solution la concentrat•ct oTernS.ght to· a vol\iil'W ot 2 • .s ml .. 

The solution •bould not b• · taken to d17neee. Ir tl11s oe­

oun, the ooaoent:ra.ted h}rdi'ocblorlc aetd (added tn the 

next step) reacts with the e:ittract producing a ver7 48lit 
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brown colour, Which later at the colour1meter sta~e Vield.s a 

high 'bl,Mk value and tb.1e at:r~cta the, valtditv .ot the. result~ 

'To the concentrated. araueoua extract 5 ml., ot con• 

ct.u\trated hydrochlor-ic acid tlr~ ~dded and the matet"1a·l sub• 

stantiall1 dtaaolved bg trnrnerslng the Erlenmeyer flaGk ·in a 

botli.ng W4\ter bath for at least two minutes. During tb.ia 

process tbe flask ·;.s removed and :rotated to enaura tbat tbe 

11(itt1d 1s brougbt into contract vrfth tbe sides. The sus"'" 

pe·mu.on to tranefe~red b¥ means of a policeman to a 15 .m1 .. 

~cuJ11brated test tube. · ??be tlnak 1s washed twtoe w!~b Ve'/!3 

sma.ll amounts of' bot water and the waehinga at'e added. to 

the test tube. .Tb.e t11be is cooled an.a the contents maae up 

to the marlt with d.1st1.11ed water. t;tt:b.e content& .are· mixed 
' ' 

bf ~ shak,tng at'l.d the test tube ts then tmmel'sed tn a boiling 

water bath and bydrolys1a ~l.l~ed to proceed .tor 4&. min';ltes 

wltb. oeoaslonal sbakl.ng ot tb.e solution. the sample :ia 
' ~ . . .. ' . . 

coole~ to room temperature ancl tbe -.:olmne restored to the 

16 ml. ma~»k wlth. dtsttJ .. led water. 

10 mi. or e.t>solu:te et~i alcohol a'f'e added and the 

solution is shaken up and tranaf~I'red to a 125 ml .. Erlen• · 

me,er flask. 500 mg. ebarooal (l>~o G 60) are added, the 0 

flask ahaken.tor 3 ml~ute'S and ua1·ng Whatman no. 42 (or 642) 

paper 'the aot·ut:t·on is f1ltere4 illt .Poorn temperature. 
' 

A otle halt el1Q11ot of tne filtrate :1,. e. 12.5 ml. 

is p1petted into a clean 15 ml'* ca:U.brated test tube. one 

drdp pbcnolphthale1n is added, and the sol11tion is n~utt'alieod 

1n the cold. to pll &.e. The f.1na1 pH adjustment ta matte ustftg 

b~omtbrmo~bltte as extGt:fUal tndioe.tor. The volume 1a then 

made up to tbe mark and the contents · :mioxed bN sbakta.g. . For 

· the neu..traltsatlon 18 No.vrnal sodium h7d~oxlde 1s used· e.t 

tii-st but the last stage ts ef~ected using norm.al solutions 
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or sodtum htdroxlde end Q'drOchlor1c acta~ During the · 

neutlf.'a11EUltion the solution bec:omes distinctly more :;e11ow 

in oolour end a white gelat1non.s pJteoipttate foit"fna wb1ob 

after making the solution up to volume ts remved by ceptrs. .... 
. , . 

< fug1ftg. The cleat- su_per.natant liquid 1a decanted and fl'Om 

this the altquots are taken tor the developMent of ool'OUr. · 

Fo:r thil stage 3 htquots ot 5 .~1. are take~ and :intl'O<tueed 

; lnto speclallJ matched tubes. -A .z ml, aliquot re,pr"esenta 

one .... tenth ot the original sample. 

!~S..t!tlf!!.\ .. 9f"*Aj19.UOt' . 

Al.tquot (a) • 1 ml'. alooboltc· butter solution ~ · · 
addea and mtxed· by l'Otatt.ng tube rapidlu • 

J\li.Q\lOt (b) .... 1 ml.. c:e.tl1llne aolu.t1on 1s added, tbe 
tube. _t'Otated rapidlJ, and this is im­
mediately tollowe4 b1 tbe aM1t'1on ot 
6 · ml •. -erancgen b~omtae solutte>n. TM 
con tents are asatn mbted,. 

A11Q-uot (c) • o.l ml <= 10,tt g.) standard n1oot1n1c 
ac1d solution is 'Etdd.cd followed by the 
reagents es in (b) • ·. . 

ln the cu~·s-e o.t (b) and (c) tnllted1.ately otter adding 'tb.e 

cranogen bt-omlde solution the tube 1e 1nserte4 in thecolouri""' 

meter and the maximum intensity ~ecorded. In the case of 

ma1ae ext~ects this usuallt4evel()pa in 5 -~ 6 minutes. 'the 

colour ll.s r$&\d _1n an Evelyn Photoelectric ool.crtu-imetov wt th 

the 400 m,a filter. 

By subtracting the photometric dens1 ty of solution 

(a) (d11e to residual_ colott.r)., from that ot (b) t·he photometric 

dens1t1 of'tbe J:l'eacted nioottnte acid 16 Obtained.- 'lble iS 

converted :tnto absol.nt" un1 ts or .n1eot1n1c .acid by correla.t-

1ng the itleJ-ement or. photome~r:tc density· ct solution (c) 

minus solution (b) with the .amount of, nicotinte ecld addetl. 



·xn the oolourimetr.lc measurement 1 t is necesaal'g 

·to· hs.ve two centre setti:nga 1 · end ll• centre eett1ns I to:t · 

evalun-t1ng the rest4ua1 colour ot the test solution ettti 

e·eo.t:re aett1ng II t:or the oGloul' dev~loped 'by ·the ehemte:Sl 

reaction,. 

sc>ltttion A ·tor centre setting t 

t~ater 2 ml.·. 
· Absolute e'hfl alcohol l n. 
· A1<tobo11o bUffer solution · f "· 

wate~ 2 na •• 
Absolute ett\11 elcobdl l " 
Aniline GOltttlota . l 11 

OJanoge.n bt-Omide sol.u:tlon 6 . " 

Tbe eolourimetet- is set to give .a gal'\l'aoomete• 

readtng ot lOEhO d th ·solution A ana the blanks are Ht1d in 

tum to determine tbe :residual oolour ot the test solution·. 
. . . 

the .·ooloutJlmeter le _then set to give a reading ot lOChO with · 

solution B and ell the subsequent solutions oontn1nlng l'e• 

aoted n1cotin1c aol4 .. are read ·ustns thle eentre. setting .•. · · 

Ga.lvanomete~ readings are converted into pboto• 

metrte dena1tV bJ the fol"mtlle 

L ,;,. ,_-Log. ~ 
where L :a pboto:met·rto densitr . 

g- = galvanometer reading. 

(Moat l'nat.-uments ar.-e supplied wftb a cattve~eion table.} 

gen~r:a1 .reertta. 
ibe method is long and tedious tatd.ng one opera.tol' 

4 • 6 date to work 6 oamplea tnrougb. in d.upl1cate. 
' 

0 . ' 

The :average reproduoib1.11 t7 ia a~ 9 ~ and repfto .. 

dqotblllty :c-atuJes tram o .• 4 • 6.9%. 'fbia · ls- .socd in eompal'i:. 

soo with the chemical. ~nd mtorob1olog1eal metbt>da available .·· 

today ... 



§.tg;tJ&~£gal ;:x:e,;t~,.~ .ot.J~~fapl,~!l 

'(a) Detel'ltlln~:ttcn or standard dev1at1on Of' a lar~t 

numbett · ot samples .• 

0'' - stnnd.nrd dev!.at1on \Uioorreetea tor Qt'OUlllOg 
- of <lata · 

c{' = · ·de'V'latlon of mt.dpolnt ot olasa interval 
from arbttra~v ortgta 1n terma or cla$s 
intervals · · 

t = t"req~enor ot 1 'tema ~n olass intervals 

c = alee ot class tntttrval 

N .J; number ·Of l tems 

e.neppar4*e coi':reation tor groupi.ftg i..e then ap,plied as fOllO.\fa .... 

2. 2. 9. 
• 0" ::: (]'' - .k 

11 

wtu~l'e cr == corrected standard devlet1on 

.. cr' = uncorre~ted. sts.nda~d de1ftat1on 

C = elaas intet'lval 

(b), .ueterrnlnotion of standard d(ftt1at1~nn ot a emn11 

. number ot $Ql!lples. 

t~n ceaes Whel'e the numbel' ot 1 tems is of t·ne Oi"d$1' 

BO QM. b$low the following to:rmule ·£a 1lBe4 

. d = de.-1atton of m:ldpoln-t of class 1nt.ervd 
f~om the mean, 

Then cr' is corrected for grouping ot data as .ln (.a) •. 
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(c} S1gntf1canee ot ditfet"enoe between two means. 

to common practtee wi tb other wtirttcrs, .1f the dt.t. 

fe~ence between two means ta greatel' tban twice the etander4 

ort:tol' of diffe.renee between the means . 1 t 1s "'Sal"ded . aa s tg .... 

· r.t1f1cnnt. 1'b.e .st.an4avtt: error of difference between the means 

n1 and. Ma te gtven bf the tornmla, 

a: = standar-d ex-ror- ot dltf'erence 'between 
J) two meana 111 ana lta · 

Ch e standard d~Ytotlon of t;trst sample 

a1 == standtnad. dev1a·t1on of aecond entnple 

N1 = number .of ltema in· t1l'B t sample 

N~ ~ number or 1 tetrJS , 1o eeooncl sample. 

The ditt&t-ence between the meana !!1 aad u2 is sigtd.ttcant 1tJ · 



lhlt'a.&• ••t ••"'' at aesa ""''' ••&• 
In ,._1• Yill are ••• _., ta aaeentt.na ..... •~ 

ateottale aoll eoat•\ tile 4a\a tor 101 lla• ot •t.••• fte 

_, 1\•Dt.ac teatwe of \be tallle ta tba •e., ldp at_. 

ttale ae14 ... , .. , ot ewetoen atoll ta tile \en Yutetlea 

etu4l .. n~t~•• tN• M • ftJJ.I•II• aa4 11•• aa _. ..... ot 

II a ••II• wbioll ta of tbe •- ora. •• wlleat. !tala taro ... 
ttoa ooaoertalDI enetoen na p•t to •• ta aa ea4ea'fOV to 

eetablleh ._. r .. tettal baete ot ,.._.,, .... ot atoo,lale 

aol4 -.. ~~atlas oN••• "••• • .,.., •4 at ... Q Yut•tt.ea. 

The .... atoo\lato aol4 eoaten' of tl aa.plee of ata..-, 

.... t.e 10.1 i,LI•/1• ( rr • .t 1.1). A Y•FI elplftoaat point 

t.e the w14e •••• wlltoh ea\H4e tN• 14.1 • 11.1 ftl•ll• Ia 

Yln ot tile teo\ that \lae aamplea we" powa .. \be •-

aoll ta the •- loealttr •• nap ta ....... ,,., ot till 

poaet~lll\f of peel\lYe ... wl\1 In aa &.-..1\aaee •ta4r• 
• 

1Vkbo14er, M.Vel&" aa4 ..,_. (It) atdlet tlae u••tate .. t.a 

••••• et ua etrataa aa4 br'•l41 ot rellow ea« wtdte -.tae 

tn tile u.s.A.. Ia .,allle IX '"• wft ot Buk1ao14el', ll«et.lll 

aa4 ..,.. Se 11ae4 up to• PvP••• ot • .,.. .. , ... with •• 

eoi'NaPOII&tq data ••"'.,.... to• an*ll Atfteaa tHWD •••• t.a . 
tide ....... b PHI•-· It w111 be •'•erte4 tut \be atoo-

ttato aol4 ... , •• , .ot 808ft Atftoaa •1•• ooato.- to \llat 

•bt.ataect ta •• u.s.A. 

Ot t...ala'• ,.,. • ..._. la ••• tao\ .._, ~· tata 

••' .. , ta talale YIII nppllH a hllla ter ebooalaa a Yarletr 

wt• a relatt.••lr Illata le"Yel ot at.•ttato aol4. It la 

atrease4 .._, tbe w~tte teat ...tatS.•• Bt.oter,r Kt.as ant Pat­

ol\eta•HO• Peel, the _, wl4elr powa ..... t.a antb Atrtoa, 

pa\bett.oallr oeoupr tbe 1 .... , poet tlo• ta tile taltle. ••• 

ot tbe popala• Yartetlea et a.~.. ...-• ta soutl\ ~tea ... 

llate4 tteln. 
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116 
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yellow tUat 

whito 4•t 

yell• 4-.t 

pllow f1lat 

st.Urd yellow cl•t 

49 )'0118 tU.at 

1'15 

-&8 

re11• ns.a 
,.u .. tl.Jat 

yell• tUat 

19.1 

19.1 
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TA.BLE IX 

· OOmpari:eon ot the Nicotinic Acid content ot ma.i~a grown 

in tho Utlited Statee of America and in SOuth .Atri~a 

~, .. ___ ,..,....... __ ", ~-w-·-·-·-·-• ..... · .-• i--------•-• ...... _ .. ___ . _____ _ 
··ID.ta of BUt'khol4el' et al. 

on u.s.A~ ma.iz.~ 

. n~sutte expressed on air--dry 
baS19 

Data of author 
on S .A. nni11:e · 

. Rosul to ·e~preeeed on moisture-free 
ba(li,.s · 

---------· -----------------------------------·-----------
Maize Rnn~e: Ave~ge 

~tS·Il£~ P s~/g. 

46 s~m1ns·;of 10 Stralna of 
swe~toom 18 .. 2 ... 62~1 !)4.6 I Sweat.corn '6- 72 5; 

94 VaTiet.ies 11.;-;6., 2l.o4 5' Va:detiee 16.7~,1.;. 21.8 
·G:f ·yellow· •of yellow 
fi~ld field 
maize malz~ 

86 va:rietioa 12.7·29.4 20.1 25 Varieties '14·9·25~5 19.6 
of whits of V~hite 
field field 
mai~e maize 

1 strain a o.f' 7·9-21.6 rr-4 
popcorn 
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DISTRIBUTION OF STARCHY MAIZE. 

IN RELATION TO THE NICOTINIC ACID CONTENT 
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nicotinic acid 
_Ag./g. 

white dent 

yellov1 dent 

yellow flint 

Iiickoey King 
Potchetstroom .'earl 
Anveld 

~ahara 
;;;obyn 

Hotnot (Improved Boesman) 

21.2 
21.8 

17.2 

It will bf.: observed that none or these Ytllues lie 

in the upper region of tnble VIII. There is a general move­

ment aro . t to try and sup 1lant the cul ttvotion or white 

maize with the nutritionally superior yellow mn1ze (higher 

provitamin A content) and this traneitionul step presents 

the idenl opportunity t'or select1 ng lines ·with A high nico­

tinic acid content. 

",rom the histogram (Fig. VI) shOII'Jing the distribu­

tion of starchy maize with respect to nicotinic acid content 

it 1?~ seen th~:~t the dispersion t~bout the men1 corresponds 

fairly well with B normal di~tribution. 

The result~ of some hybrids nos. 129, 119 118 

116, 155 151, 146 149, ar~~ shown in ·rable X. 

TABL}i; X 

Nioot1n1c acid content or some hybrids 

cross Parents Nicotinic acid Nicotinic Acid con- AVerage 
No. content or tent of hybricls N1cot1n1o 

paroents acid oon-
tent or 
hybrids 

,.~.tg.jg. J.(i•/g. ),i.g./g. 

l 22 x Hotnot 15.8 X 17.2 18.1 18.1 

2 2 X Hotnot 17.C: X 17.2 18.5, 19.0, 22.1 19.9 

3 50 x liotnot 19.3 X 17.2 19.1, 2l.C: 20.1 

4 49 x Hotnot 19.'7 X 17.2 17.1, 2C.3 1H.7 



n 

, .... tbeae rea•lta t.t appe ... \bat *•" two pa•eau 

~· a 1.. aloottalo ooateat ot the .... oratr tbe atootlato 

.ot.4 11 aM1 tt.Yelr 4etentrael. In tu two .... w'Mre tld.a 

11 not toa4 the atoottato Mil ••t•t ot tile '*Prll la 

OalJ" a alla4e lewer tllaa Gat. ot tbe lewe• pu•'· ONaa• 

1 to ' ••• •raare4 ta aeon4111 ..... t'NIIll.l x lf.l to 

19., x 17.1 eal tt 11 '"" tllat wt\ta tile uoeptlon ot OMia • 

\lae •••••11 ot the t»P•t41 fNII oroaa I ta ,...,.r Q.aa tba\ 

or .,.... 1 ~loll ta tva 11 peat•• tua tt&at ot onaa 1. 

••• r•••altr, tbe bliMP tM atootlato .. 14 eoat•t ot Ula 

••• pareat tba bllbe• tbe alootlato aell Yal•e ot tae hrbrl4 

aa4 tbla at"lllr aqgeata tbat a ,...,,. llltl.Haoe ~ Ito 

at wort. fteee Natalta altllnp •'"•lr tateNatta1 eaa­

aot •• ••_..... •• ooaoluat.Ye ta •••• ot the taot tbat t'­

pareata ... .., auttleleatlr ta~t..a. 

lbtll!J&I M14 M''IIS U l!lt.n •M IN'! MIM 
A .. .., .. ieee t.a ••• ot till atoottat.o .. ,. ooauat 

ot ataNbf nrlettee ot wbtte .. , ,.11n •1• ta tattle 11. 

It Ia ot tatenat to ouern with -.eapeot te ••aa• •ut ta 

eaob ot tile povpa wblte teat, ,.11.W ... , aal rollow tltat, 

the ateottalo ael4 oan .,..., aeulr w ,_, abftt .. ub1a lt­

ael:t. TMnten U1e obuaotenatte tftad to• tbe \otal .... 

tte• o:t •PIPl" auralnel le alae a teat•" et tile OOIIIPOGdt 

pcnapa. It la app•••' tba\ tM •aa et wllth •1• (1t.e 

,ac./1.) ta 1owr tbaa \be •• et re11h •t• (ll.l.ttl•/1•) 

ant 1111q tuala I 'be 41ft•"•• ot •·•ftl•ll• te touct to 

be allftlftoan. 

<r ::. ( 3·3W2. +(a· ?~D)" 
:J) 5"3 as 

= 0·71 

It- :tcr - 1·1.-lt 
J) 



!AILE X1 

Jt.en1ala Ao1d Ooft•t. of tellew w lhl\e M&J.m• 
-

lhlt.e .. , teU.ow ~t. tall" Plla\ 

S..p1• N1eot.!aU 8aap1a IO.eot.mu S&mp1• 11•ot!a1• 
Ao1cl Aatd 4e14 

P&-1&· ..a&•l&· .P-1./&• 

11okol'f ,,. u., - 16., ~ 15.7 

··~· JpO 18., llo1Dot, 17.1 
Paul u~., ,,. 18.1 J2.7 17.0 

" 1.S.9 u.s.1, 19.0 ,at 18.1 
a 17.0 ,. 1P·1 ~ 19.0 
s,aV.t.io 405 19.5 • 1,., 

Ann14 17.1 Go1 .. 10 19., 
1 174 St.alldaft 19·1 Jl6 19.1 
lf 17.5 ~ ao. 49 19.7 
sptbet.1o "' 10.8 rr 19.8 
Pot.ohetlt.rooa Sahua 11.2 20.0 

Paul 11.5 Rot.Ja u.a '" 20.1 
1 17.4 - 21.8 I 20., 
4 1i·' 4, aa.a 104 
18 1 .a ,.,. 

-~~ Teo.laa 20.9 

' 19.0 IP1 .,"" 2fO 21.0 
1' lJ.I ,.., a, .a 242 21.1 
20 ao., ,., 24.1 &1 11.1 
16 20.6 408 e.a 212 21., 
17 20.7 ,., .ID-4 Spt-h.U.. 
12 20.7 m 17.5 '1'..-.llla 21., 
14 20.8 28., 247 ' 22.0 
4m'al&t 11.1 412 •• .'00 22.1 
21 21.9 47 lJ..I • 21.1 2d4 24-4 • 12., 211 24·' 
10 •. , 2d7 24·' 
' IJ.O 547 21.6 

' ... a, 26.7 ,.,1 26.8 ,1 aa., 
211 ,1., 

Bwabarot ......... ot II\II'Mr ot ..., .... 15 .... 1•• 22 -.pl•• J1 
IUp 14 .9-2!5.1'&1 g. ,. Jan&• 16.,... .a ;t.'l ./,. aanae 1D.7-J1., .oa./1• 

MIU. 19 ·' (<T' .... 2 ·T') - u.an a.,tta./a.(cr!J.,1) llleu 21.1 ..aa./a.(P!).e) 

Total mabar of pllow -.J.aa eamplea • 'J 

. 
• 21.8 ..ua./a• < <r• ! '·"> 



'The obs&l'Ve4 dlfterenoe of ·e. 2 is much greater tbln 

S <T'.:D tlQd the Odde against auob a dltterence being due to. 
fl 

chance ta of the ord.et- 569t1. The dttrerence to favour ot 

rallow ma.tae 1~ an ln4icat1on that the, search tor a ltne of 

htgb ntoot1n1c aoid ,content ~s best made .emons the gellow 

v-arieties and in .adtU.t1cn lentie support to the move to re­

pl$Ce white malee with yellow matae tol' bu.man consumption. 

The means or )'ell.ow dent and rcllow tlint are close togeth-er 

and the ditterence of' o.a )1,1!•/g. 1s not s.1gn1tico.nt • 

.. ·Growing period ,<=las$eS al'e not clear cut but out 

ot tnte~eat to see vJb.ethe~ there 1e anv variation in the 

n:taotinio acid content the matee. samples irl Table XII ara 

soJ-ted into tne arbitv.aru dt.-taions eavly, tne41um ant late. 

The mean ot the medium group (19,9 ;,tl•lf1•} is l.owet- tb:an 

the mean or the earlr group (21.4 flS•l«·> t;~.nd the mean ot 

the late gr.oup (21. 8 fl g./g.). It te highlJ interesting to. 

point out on tbe bas·:ts of the e t:snit1eanoe tGet that though 

the means of eal'lV and late ltnea are practtca.lly tbe same 

onlr tb• difference between earl, and medtttm matuS'i.ng 

maize ts atgniftcant. 

sel~~.tlon of. mater&al.tor Oi'QAa~ .. gg mvpo§te,a, 

102 lines of' rru11ze have been inve•tigs.ted for 

their ·nteotintc act<S. content {Table VIII). but or these 

relsttvelr only a. tew ar• auff1c1entlu 1nbrea, to en~.ntre tb.e 

. blgb degtoee ·Of .l\omozusos1tu .neceesa;rr to,. breedtng purposes. 

:lhe following ru.ne ltnee we·~e selected aa the parental 

white de.n,t nos. 15; 2, 8, t. 

rellow dent fl 428, 430-. 

1~11ow t'l.tnt " SOli! 2'7.1. 

sweetoo.rn no. 96. 



!AJLI J.ll• 

8ample •(.JJ,;r 

HO pllw tl!at 
I wl\iw ._ 

IJD!Mttio 
......,..14 Wbi,. clat 

liotaot pllH fliat 
1 white clta1:1 
UY 7011•• flill:t 
1 wld.te ••• • white t.a 
lat JsPrid. (ladftaa)ra 
Ul ,.u .. tl1at 

• nito 4-' 
118 laprid (~)P'I ... ,.u. tlia'b 
Ill ,.:a. l• tlil* 
Ge14a 

st&Mal"d. ,.tlow cl-.tl 

• ,-11• tU.at .... lfil• tl.i.ll.t 
119 70U. tUat 
141 .,.u .. nat 
Aa'ft14 white at 
m yoU• tliat 
121 hpr14 et Kvtaot Fl 
24:7 ,.u. tliat 
11a !q'w14 (amtotaot)ra 
I ~·--• wb.i. 'b• dat 
10 Whit• dat 
I white cl.t 
2M ~1- tlb.t 
211 Jell•• tliat .. , ,.11• tllat, 

• wAite clet 

"' )ftll• tU.IIb 
Ill ,.tlow ll.iat 
101 ,.oUew AiD 
Al ,.u.ruat 
271 , .. u. tlin 

w-..w of ••Pl• IT 
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Bi*"laio J.C.cl O..._t ot Barly, Jled.i'* •4 Late YerlnS..• ot 81urohy Jlaiae. .. Kswu• 
IPll far! ' ' l'len1aio Sap:t. TariiiY- - Bioftiaio Sap:t. 

li.!...l 
T~ 

AeS4 • Ao.tl. oa Ao14 • 
Altlol\1M Atlaolute AlNtollt\e 
~~~ ~~~ ~~~ 
ltuia lluia ltuia 
.lli•/C• JtC•/&• ftl•/1• 

11.1 I! 1111.l!:l 1&.8 Jli~ liag whit• ct.•• 14.1 
11.0 138 li.Jltl'id. {White • at 11.9 Pnohetatrooa white 4_. 11.1 

:a: B ):P'I Pearl 

11.1 11 11b1te cl 16.1 .6()4 J8Uow= lt.t 
11.2 141 h,.wid 11.1 m yellow 18.1 
11.<& 111 11¥\rid f·t 11.2 u.a.11 ~u· .. lt.o 
1'1.1 123 }Q'brid ot B 11.2 iO Jell•!!: 11.1 
11.8 19 white 11.5 405 ,.u .. lt.l 
1T.t S.,_hebio white 4 17.1 I? I ,..u •• tl.lft lthl 
18.1 Pot;ch .hlll"1 M8 ~lWa ao., 
18.1 110 Jell• 18.5 d1 ~1- 20.8 
19.0 119 h)fbrid (~dot 18.1 •• yellow ao.a 
1t•o 18 white 18.8 811hara yellow . a.a 
19.3 126 hJ'trid (of' 18.9 Syatutio yellw tUtt 21.1 
19.7 48 y.llow lt.o teo.aiao 

188 ye1.1w 19.1 RoliJ'& 1'tllow d. 21.8 
1t.T lii hylri4 (80dotl 19.1 tot yell• .... u..a 
ao.o 11 whiw 19.6 410 ,-11aw _. aa.a 
10,1 • pllow , iat 19.'1 401 ,.11w 4elllt as.• 
ao.s 1. hJ'bt"14 ( ....... · t)ra zo.a liT p.ll.ew ... aa.e 
21.1 20 whit• ~ ao.a 1?9 )'ell.ow ,.._ •••• 21.1 16 waite t 10.6 408 ,.el1ow cl .. 21.2 
21.1 17 whit• 4 t ao.Y Q.8 ,.all• 4-t •. , 
n.t 11 whit• ao.T 411 ,ell• ... ••• aa.o 14 whit• ao.a 
aa.1 !eo.S.ae pl~• ao.9 
21.1 ItO yeU• a.o 
aa.t 111 h.)'bri.4 ( 21,0 
aa.9 61 yelloW m..a 
n.o 21 white ll.t 
24.4 100 pl1• 11.1 
249 1'18 ,.u.. aa.a 
24.9 189 yell• 21 ... 
2i.i 181 yell• IT,I 
26.6 
26.1 
ae.a 
•••• 11.1 

H•• ~ ••plea fa hal.ll.. ot ••pl.•• 22 
' 

Jtu.ae 11.7-a.l ,a&•/&• ._,. li.a-2T•i)ti~C• Rae• 14.1-28,8 A•/&-
~· 

.... a •" A•IC• (cr-+1.1) Xeaa lt.a JL-1•/g. tt+z.4T) J1au. 21-.l.a&•/&• (cr-+14118) - ' . . 
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ln order to determine whether n1eot1n1o acid ls 

n genette taotor and at the same t.1me i.n an effOrt to thl'ow 

_as much 11gb.t as possible on the mechanism of lts t,:nhe.-1• 

ta.nce tbe following tJPes or crosses were mad.e during the 

19;4-5 ... 1946 season. 

1. lllsk • 14. 
·White icJltn G a 0 ~ tlle ,~ifrocel t a a 
r~l.l,Ot'r tliJlta &01 a atl .. " · " m1 • 101 

s. •a.• a in 
ptkm 4.l1At .• *ht·te A•t 4m .. s B 

rel.l.o~, 4q' a ¥ClUow •~ 429 • .so)ma the re•1-J40®1 430 • ~· I 
",../' ---

fh lUet; :* low --
't... <&>'.! .~... ,. .. ~ 1'.... ~ . . . . . 'l 

f&~® "'~' .: ,~-· tlflnt 2'/~. s ~ ~ 
wn..ttn 4ento t 1.t IS . .. · · _,i• 
awootet:Jm • 17blte a-t 96 x_ll_.__ ~ 
VErllow fQJlt x-,el.low t).iut r4SQ .X 2'11 " 

Results ot; ,;crosseg 

" 8t 

Q " ft 1ft 

ft 

~ 1!: la91 
l& ~ 9 

,a = •• 

The results ot th~I'Osaes are s~t. out 1.n Table 

XIII. .Althougb tbe number ot crosses is fa1rlg limited a 

a.eflnlte tendency is apparent. It wi.ll be observed tbat in 

O$$es Whette the parents have a cof'ftent .of about 29.2 ,u,s .. /g. , 

or less the n.1cotln1c fiCid level or th~· hybrld. appee.rs to 

be a4d1tive1.u determined and exceeds tb,at of both parents. 

'l'bls 'ts true ln 12 ou.t of 18 bqbrtds. rlhere the con. tent ot 
'. 

the P$r·ents, or ot on.e of the paren·ta, te higher than 22.2 • 

the erose i.e intermediate and tbis :1a true in the ense ot 

19 out of 20 hybl'ida . 

\ 
I 

( 
A 

I 
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TABLE XIII 

Reeul ts of Croesea 

Nicotinic acid in p,g./g. 

·--··---"--·-·I""---·-···---- - -·---~,.... ... ---·· .............. -·--.---· 
15 2 428 4~0 ~ 9 501 271 

f'arente wd wd yd yd wd wd ~l.a yf 
16.9 17.0 20.0 22.2 25.0 25.5 51., 

15 ---f--- ' ... , ----- --·-·- .. 1 

,_,.,..,. .... ___ 1-------
wd 22.() 21.9 

16.9 _22 .1 . 
2 

wd 24·4 
l1·v -·· .. . .. --·· .. 

428 24·0) 
yd 26.0) 22.5) 20.8)21.7 

20 .o 2G.9)26.5 244)22.8 22.6) 
-~'-- .. 

20-4) 
·1----

4~ 24.4) 25.2) 
yd 2,.7)26.1 26.5)25.9 

22.2 26.0) 26.u) 
~.2) -· --

' 24·' wd 
_g,_.o 

I--

9 
_,_._ 

wd 24·7 2,., 
25.5 --1-- ·-··---· ,01 
yf 5o.a 

26.8 
271 

.. _ ·--· ··-1-·-·-. -
yf 26.9 24·4)26.5 

.1.}~ ·--- 1--·-.. ·-f--«•- 1----
_?8.5) 

26.2)- --
ec 25.5) 

6' 25.1)25.8 
25.~) 
26.6) 
26.2) ... -1-.--_ ....... ---

wd = white dent yd = yellow dent yf = yellow flint so = sweetoorn 

FXtL.".'!ple of reading the table :-

The result of a erose 5 x 9 is deter< ined by selecting the first 
enumerated ptrent (in this caee 5) in the lett-hand vertical column 
and running the finger along the horizontal column until opposite 
column 9. The anner is 24·5 )J.g./g. In the same way the reciprocal 
orooe 9 x 5 gives a value of 25.5 p.g./ g. 

96 
ec 
6' 
1--

26. 

-



- i 

-77 

some ver-11 inte~esting eroeeea· a.re grct\Ped to .. 

sether tn Table XIV and these crosses bear out .. tbe exist­

~nce or a _common · ancea ta:-y ettect. · 

TABLE XIV 

·common anceetn effect 

Cross .lrtbPed! crossed 5J.eottnic acid 
· No• to make tqbrld.o - content ot 

in breda 

p,g./g. 

1- -ao .• o x &1. e 

.- 4e0 -x 2'11 

ecll X 2?'1 96.8.x a1.e 

4 271 • 428 31.8 zao.o 

5 ~71 X 801 31.5 a 26.-e 

h'icot1nlc acta 
content·ot 
!Wbr1de 

ftg~/8• 

oo.s 

26.9 

S8.5 

The results are not onlN intermediate betwe!n ttl$ 

parents but fable- XIV ve~,. :rorct.bly 1n4tcateB tbe.t hf'bztids 

· trom line.e b1gb :ln ntcottn1c acid come tl'otn p.arenta high tn 

n1cot1nle acid acid for t·t ls seen that the Jltbrid of erose 

- no• s ls J'iche.- in nioot1n1c acid than flo. 2 Wb1cb 1n turn. 

ls rf.Ch$r 'tht\0 ftO• 1.. '!'be same is true Ot bJbr1da derive(\ 

trom crosses·,. .t\n4 -6~ 

on the basis of tb.ese findings n1cot1n1o eetd ie 

-deflnltelv a. genettcal.l:y .lnher1 ted character 1n me1ae .• 

'flte n1cotla1c ac1d content ot aw~etcorn ls nlllCb 

b1«hel' tban t'het or starchy; maize end the :reaul ts of tbe 

erose 96 x a and 1 ts t-~etproca1 s :x 96 bear out the vie• · 



h'Old bt ttathe~ and Barton-;fright ( 93) ·that n1cot1n1c actd 

fo11ows th~ acttcn of' the St4.-~u. gene even t.o 1te dornlnant 

stattcbr ( 5"" ) r~lation. 'l"ht bJbria. ot. the cz-oss 96 ;c; 2; 

between sUgary ond ettu•cb.y mai:ze, wb:ich must naturallr con­

tain the dominant stat"ObJ ( &u. ) gene 1e not onl;v starchu 

tn ehaPacte~ bu.t .tts nt.cottn1c acid. content ot 25_.s ft$•/i• 

·lies •ell witht,n the l-'anse ot· n1cot1nic a·cid: g1:tren b1 seed 

oomtng :ttaom e tattoby motbe~th "be data a bows that the 'V'Jr11 

.blgb ntcotinte acJ.4 content ot sweet.co.l'n cannot b,e ~sed for · 

1~lnhancing the td.ootirU.c actd contetrt of! starchy maize 

tbt-c.mgh bree4tng. 

If ~ l • 

ot,ple compound orosaea were mad.e between the f'cllo\dng :• 

t•-·;· ' ··- i' 

A .. [ax 15] ' 

B. {271 .~ 501] 
,, . 

c • .(96 k 2] 

Ni.oot:intc.Q.a:i.d . 
· ~ntent of· 

pat~ts 

24 .. 4 "as.e 
25.8 X 24.4 

N1~ottn1c acid · 
,content of 

hfbJ'ld 

26.e 
.26.,7 

A s:. a gives (low x low) x (b.1gh Jt· htgh) and aa 

the result ot the blbrld is strictlu ·of the aame order as 

that ot the PBH·ntea no comb.1n1ng ability ts demonet:t'sted. 



I lt 0 and A x 0 \fel"e cat-r!ed out· to .se-e whtit of;;. 

teot the sugary gen.f! h~d in various doses: agail'lSt d!ftetent 

sonet1e backgrounds bttt. ht11re ll!$n~n the rf!Jsults ·which are 

only al1gbtly b1gb.ar than the parents 4o not exhibit ang 

:etr!kinG varlatio.ns trom wh1eh the do.sage prinoi:ple ce.a be 

. ,, 

.· 

' ' 

1947 s~eson tlnd the reaults are recQtt4e4 in Tnble. XVI, 

'. 

~t\BLn XVI 

tf1cot1ntc ae1d content ot the l94G""'l947 Croea&.J . 

-- '. .. 

Nth Parents Ntcotin1c ac1d 11oot1n.1c ael4 
coo tent ot content ot 
pa~ents hJ'br1ds 

)l.it/t!,• .ai•IB• 
... --

1 390 lt 271 l_a.a • 61.3 24.3 
' . 174 Yt ' .... " ·• 

2 96 X .a 6'3 X 17.0 .95.4 
:eo. td 

3 e X 96 17.0 a 63 ee.a 
.114 eo 

" . ' .. 

4 15 X 06 16.9 X 63 21.0 
wd so 

6 96 X 16 63 X '1·6.9 .eo.z 
GO wd " ,, 

' -- - - ... 

e 383 a 271 27.&· ll 31.3 ss.e 
.5'4 yt 

v \g X 271 25.6 a 51.3 '94.8 
w4 Nf 

a 15 s 889 16.9 X 18.2 . ~e.a 
wd _g_t 

-· -~ 

9 9 X 129 25.5 
.. -wa _·"#f. 

10 2 .X 15 17.0 
74 wd 

I 11 15 lt 2 16.9 
·wd va 

.. -

r:ni~Rti, :t4 e- y.,llow dent 
. vt = 1{01low. flint 

X 

X 

~ 

"-

18.,2 23.1 
-

16.9_ .. 26.0 

).'7,0 21.9 
I 

.. 

w4 ·• wn1 te dent. 
ee·t:.t·nweetoorn 

--

. - -
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_ ~base resul te gsnerallN ·co:rr()bo:t:-ate the fint\:i!lga 

dedttoced Jr~om tbe flt-at set 1)f crosses. The cross~ .betneen 

sugary and starcb.tr maize, nanl$l:V 96 s. a and 96 x 1&, eon­

firm the Previous finding tha.t. niootin.ie eci.d follows the 

aetion o:t the Su.~!l"" g.ena ev$n to its ·dominant t-e1at1on,,­

Tbe croas:e$ 15 • 329 !Uld 1fU2 aubatantitite tho l"esnlt ·that 

bfbrtu from paJ'enta low 1n n1oet1n1e acid hav.e a higMr 

nie~ottnte acld content then ei thezt parent.' 

Four erosses were repeated and. the :results on• 

tailed tor both. seasons are il'O\lPed, in fttble XVII •. 

TABLE XVI:t 

comparitu>n · ot· o~asee mane "uring the '194& ... 1946 season 
· end the 1946-1947 eeason 

3 15 X fa 
4 2 X 16 

Nicottnlc e<tid 
oontent of 
parents 
A• It• 

:n'>·-~ ;:;;w_, _ ... '1,!1'1 inu·_· FH'i> · w~. · · -. ••!:~#:~•·· sr- 1 tW'lL 11:" ·· 

16•9 x l'l.o 
1·7.0 :t .16.9 

.. , 

. 22 •. 1 
S4-.4 

• ot! - •. • 1 f J I·~~~~ ...... ,.. 

as. a 
.S3.4 · 

21.9 
.26.0 

-- · _nt"u..-~r. r_·qr_u · · ettt.iliiM 

are they 1rt close agree~nt but , that the,- al~o tollQW tbe same . 

tx-eneJ,f It will f'u!'ther be obsePV'ed that with the $Jtli.t<:Pt1on of 
. . . ' 

the· ¢~0Stl 2 X 015 the .:results tor l946l-194f are lower than ~b.e 

cor-rea.pondtng 'falues tot- 1945•1946. lfhe Cl'o~e 2 x 15 glves a 
I ' 

high ·value of 26.0 ,~.~.q../g. but this .r.esult follows the same 
' ' 

trend as thnt ObaeMa4 in tbtt' '1945;..1946 Season'Vhel'$ a lt 15 

gave a ldghe:r result ·than tbe.t of tbe reciprpool 15 x. B. 

' . 
Jfbe results ot ~ll tbe eros sea hav:e 'been eort'Jbtned 

nnd .a.re pre&en·ted !n Table itVlii. 
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CCII,Pl.ete set ot croasea 

Jl1cot1n1c acid in ,ua./8• 

Par- 15 2 Ut ~·0 .. GO :5 ' SOl 381 8'11 16 
ents wcl ... , 7f 74 :rt :rt •4 •4 1f " yt so 

16.9 17.0 18.2 lS.S ao.o &2.8 2S.o D.IS 26.8 29.5 31.3 63 

. 
15 !l.t 
Wd 22.0 22.2 21.9 21.0 
!!~9 22.1 

2 24.4 25.8 
wd 26.0 26.3 
1?.o 
329 
yt 
18.2 
390 
7d u.s 
18.3 . 
4.28 24..0 
yd 26.0 22.5 2o.s 
20.0 26.9 u .• 22.6 

20 •• 
-&50 "·' yd u., u.a 
22.2 ao.o 86.1 

30.2 26.0 
3 

wd a..a 
23.0 

9 
Vd 24.'1 11.1 23.3 JM.S 
25.5 
301 
Tf ao.a 
26.8 _,. ,., 28.2 
2'1.5 
2'11 
yt 26.9 ..... 
31.3 18.5 

23 •• 
25.1 

96 25.1 
ISO ~Ju.3 25.3 
63 26.2 

26.2 .. 
26.6 -

•4 • white dent yt • yellow flint J4 • yellow d.a.t ao • eweetcorn 

This table 1a zead in the same n.y as Table llll 



OONOtUSYONS 

ete.x-cbf maize exhibits a wiae range or n1cot1nio 

ee.t4 oontent wbieb tor the 92 ll·nen tn.tt@ettgated extends trom 
' " ; 

14. g ..;. 51.3 PS•/g. In vlew of· the ft•Ct that all theme plnnte · 

~· en' tbe same soil. t1pe, !n the. ea.me locali. ty d.uring the 

.same year 1 t ~uld not be' a.n ext:rernelr W'lde ·gu:.esa ··t,c;· 1nte·r 

tbat n1cot1n1c acid mlght be a senet_i·c tactor~ Tha·t this ta. 

so le auppo~ted by the ~ollowing .tacts .~ ... 
. . 

1. ln <utsea where the· ntootintc aet·d ·content of.one or·. 

both parent$ exceeds 2~.2·PS•/B• the Cl'Osses. b.nve so 1nter- .· 

. mediate cqntent. wtters tbe parents do not· e~oeed this value 
' . ' l or B2 .• 2ftl•/1• · ttu1 n1cot1n1c. actd or tbe bJbttida appeEtra to 

be ad.al t1VEJ'l, 4eterm1nea. 

2. lirbrids high ln nt.oottnic acid come t~m par~nts 

btsh in a1eottni~ acid, 

3. -'Tbe f:act that mu.cb: ~eater 'V':ar1at~oos tn niqo:t1n1-o 

&cia content exist in tne oese of inbred li.rtes than in the 
. . . .· . . . - . . 

'hybr:14s tndte!atea. 11eey stronglr that the vartfittons are du,e to 
- . . ~ -

·gonetlo 1nfluen(Jeth - wheJ-etts the !'eng• ot pBtl'ents estenas trcm 

16.9 .... 31. &.pg.;g. that of the crosses is mucb smaller ex.-· 

tendtng from 20.8 • 30.8 .JA.f/,./S •.. Prr>m tb1a ~,~tgn1tteant tact 

:lt- ie presumed that 1f_.en OP$r'l pollinated starcbv, variety has 

a -\'fide ennugh genetic ttas!s·th-e Vat'1ous genotypes \fill show a 

b1eod.lng ett'·eot ao · that tne conteutt ot thG' middle · twenttea · 

la ach1·~tfed. 

Reeult~ of- the eross~~~~~- between starctqr and .sugarg . - -

maize indtcnte that the high nicotinic acld content of 

suganr matzo <:annot be used. to inc ... eoS~e the nicotinic acid , 

. co.ntent- of. ;&ttli'ehr var1et1eo b1 meatu;; or crocsi.ng., Untor• · 

1 tnnatelr no c.t'osses were made between varai.eties ·ot susarv 

ma.l.~e_and it .. rem(ti,fts to be d,,.s.coveJPed whether the tt1ghntco':" 

·tinto acid content of sugarJ maize· is also a genetic toe tot-. · 
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While this wor~ sttpporta the beliet that n1ootln1o 

ec14 i.$ t1 .genetioallr inhe.-tted t'llcto~ S.t t.a:tl.s to ·throw ... 

light tJn tbG m~chanism of. 1tg inher1 tanc~ an.a the dosage 

p~tno1pl$s 1¥lvolved. fbts aspect definitely mer-ita im­

mediate attention as .lts successfUl, eluclc.tatton will have 

t&r l'eaohtng ant valuable applloat1ott 1n ma1~e b~edi.DI• 

Xt 1a. :telt ·tb£lt this work aupplies a baSil ~ol! 

eeleot1ng and bHeding a mai~e \'Y1th. a ~~11ltlve1~ high oleo• 

ttntc acttll. contetlt. Eapeci'allr tn v.tew ot the present pro­

paganda to swltch··o•er bom Wbtte to yellow mo,tac pr.oduetton 
i . 
: on 14t~nl opportlltltt; ia otfetted to the reapons1ble at1tb<Yr1• 

ttea te select maize vat~1et1eo wtth a suitable 1evel·ot 

rt1cot1olo acta.. file most ·wi.delr grown maiee 1n South Af'l'tca 

tU.ckor, King and Potcbefstroom leerl h.eve an extremely pooz­

ntcotinia acid oonteot of about 15 )ig./g. In th~ lntere·ota 
•I 

of tho large native pepulation tn1s can nna must be improved 

QOn by grow1ftg mate$ w1th a ·content of the order as .... 30 ,a;./g. 
. - . ' .. .,lo . 

suet\ an increase. representing an increment or 68 ... 100 , ts 

well wttbin the bQttttd$ ot posstbtllt:Y and WOtlld be a protcnm4 
. " ,. . 

st~p 1n ttle l'ilbt 4U'ectton towards 1mp:rov1ng the exietlng 

l·tUldequote diet of the native. It ts .realtaed that tbe De .. 

p~tmen t of' A.;:l*toul tn»e would have to contend~ w1 ttl many 

:ractors ap.art &om thoae. Qpx-mallJ' involved 1n select1ng a new 

V~tPletr SllCh. aa unttormity. of stanc.t, high vte14. an4 4rougb.t 

~e.stattvttr. These othett ~ao·tore would. 1nolud.e prs3udtoes ·otJ 

the pas-t of the fermer (unro~tunatel7 no mean rectO!' to over­

came) and the tteQ\t1rements ot the trade w~tch hll$ an cetab• 

1leke4 pJte<iilection tor· the uflat wh1tt; type~ .ct mntze. 

1lle!iSOVal of the btatUl .and ger-m bV the .m1ll1ng pro.ceee 

, wb1eh involves concomitant loss o.t n1cottn1c acid $.nd other , 
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:a v1tamtru;a such as th1amlft and. rtbcflavlo will ;peatl7 re .... 

duce the atvnnt·&je that could. acor'-!e by cultivating a malze 

aui table tn. respect of it.a niootinic ac1d contet'it, Propa• _ 

gan4a should be Jttade· amoQg the na tivee tt) consume vm:Ol$ rna1ze 

r.ru::s'l and the sale of ref.i.&ed mea11e meal made trom White 

mealt·es abould be prob.U>i,ted.. · A wartime measure to the ·et-
- . . . . ~ 

feet that all mea11e meal must oofttatn at least 10 ~ot vellow 

ma:L~e meal wae l1tted tn Mag of this )tea.r. 'this retl!'Og~esotve 

step ts to be deeply deprecated. Le Riebe and Le IUeb.e {116) 

have itrd.t.oated tbat 'the whtte blghlv ref1taed meal 1a extnmel1 

lew ·tn fe.l, t.ron,, oslo tum, phosphorus and .s.n at141 tion to be­

t.na det1o,;ent 1n v1t.amtn A contains onl1 ·small qttant!tles ot 

a1oattntc ac14 ( 6 JA.B• IS•) • ·tb1amtn and rf.botlavta.r 

Va~iOUd S1lggest1ons naiVe 'been made on. tb.e Sllb~f)C~ Of 

1m»rovtog the nutrtt1ve •a~u$ ot mealte~ meal. Add.ition ot 

Soya, bean ·meal, rood Yeast and t1sb meal have been. reootn."nended .• 

I It 'ia potnte4 out tb.nt the soutb Atzt1can flailing industry- 1s 

eltl)andtng ~spidl:V antt the employment of t1sh -meal in matzo 

would doubtlesal3' ht11lP to encouf'age tbe prod.uetlon ot tb1s 
.. . 

useful br•proau.ct. Food Yeast (Torula ut111s) .ls high t.a B 

vltamino anil protein an:cl d.ue to the fact that it ia harmless 

to man an4 can be pt;tod:uoe~ ·to tntlk from oh.eap raw mtltoriala 

{waate ~UEJt;i~ mol,asses) mtdtes.· Food Yeast eminentlJ S1lltable 

r·ov lnoo;rporatlon in thia cereal. x,e JH.che and te lU.che ( 116) 

tn their wotok on the tot'tlttoa tlon of ma1 ze. have also delTIGn .... 

8tl'ated the,t lucerne meal and guava ~teal can be uee4 to goOd 

• od.van t.lge ·1,~ a ma ir;e enrichment programme. 
··'.• 

·.i 
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DP. A.,lt •.. sannlteJts tor.- 1ntereat ing himself ln thts 

(ll&f»ct>t:h ana placing the t.aoilittea or tbe Potchefatroom 
' 

Ool.1ege ot Agrticulture at t'b .. e disposal .ot the autho~. 
' -

~~ 1.1 .. Ln'Ub$cber,· senior Res$nroh Ofticor of the 

Potct"ii.efet .. oom Oollese of J>-lt'i.cul ture wno was in ot\a~ge of 

a11 th• ~ma;ise bNt!H11.ng and who- at all- t1men. waa extreme1r 

helpful in ad\f'ia iftg 08 the geBetiC · aspcu~ to Of the problem, 

. . 

and ed1'1ce gt'Ven thJ:tougbo\tt tb\s woi'k•. 

. 
ReeerxP.ch tabore·tory, .for f.J'Uggallting tb.e PMb).em ana tor b.is 

un~af:U.og enoo\it>a.semen' and e11trem~lN bel;ptul su,g_gentiontJ 

g1veil 1n all- upects ot ·tbe preblettt. 

'•embera of tJle staff or the LOft Te-~eraturt:l Be­

$earch Lnbo!!'ato~:t who in 1945 .atur.tiated 111 t'be azoduous tesk 

ot grt .. o41ng down t.t cons:t.d~rsbl~ numl)~r· of maize: eampl.e$. 
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