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GElTERll IITTRODUCTIOlr 

The identification of nicotinic acid as the 

pellagra-preventative factor has necessitated the 

development of accurate methods for its estimation. 

Most chemical methods are colorimetric procedures 

based upon the Konig reaction (52) in which the pyri­

dine ring is ruptured with cyanogen bror1.ide. ~he 

slight calor produced is intensified by the addition 

of an aromatic amine. ~his rP.action is net specific 

for nicotinic acid but is given by any alpha-unsub­

stituted pyridine compound (34). The natural­

ocouring nicotinamide and related cc~pounds which are 

biologically active must be converted to tl1e free 

acid by hydrolysis with acid or alkali prior to the 

application of the calorimetric procedure. Ae a 

result of this hydrolysis many materials give highly 

oolored extracts containing interfering substances. 

The numerous procedures for the chemical 

determination of nicotinic acid are chiefly concerned 

with the removal of pigments and compensating for the 

non-speoifioi ty of the Konig reaction. aonsequentl:r, 

the procedures are limited in their application since 

they are designed to overcome the specific interferine 

substances present in the particul~ir sa.r:ple beiY~g 



tlnalyead. For example, methode =or the ~al ~.r~ is of 
~ 

nicotinic acid in ani~al tiseu9s do not give satis-

factory results ,.,hen a)plied to cereals. stand~r-

dizing the technique, an indi·v·idual vJorker car ottai~ 

comparable results but the report of the 1~44-4f 

cornmi ttee on nicotinic acid ases..~r ( 79) indicates ·..4 

lack of agreement in the result£ obtained b'r di ~~ferent 
t. 

laboratories analysing the sa~.1e samples. 

Jlicrobiological assu~E poseees the a~v~ntage 

over ohernioal methods in tt.:J.t turbidi t:.'" and calor do 

tl1e nresence o·~ ~-~on-r~icct~nic .s_(.;id .. -.,c,~·,..._l,_ -pro .. ;ot1· r- ;,. 
.... # u ... •. • . l . ' 

- -

substance9 in cereals {lS, 62, ~, 14). 

quired to carr~~ out t!le :-1icrobiologi;~al methods !:l~ .. ::es 

a 11ore rapid metl1od desirable. 

l·llch effort has beer directed to e2_i~~in~ting 

the sources of interference in t},_e che::1:~al p:"ocedrre£ 

but comparativel:~ little has been dcne tc i'.l:::'l'OVe t~:.e 

speoifici ty of tl1e reaction, and so Li-'7'r t~:9 prcced;~1re 

wider application in the anal~~"S8E of both )l~rt and 

animal products. ~ adaptive enzyne ca~able o= 

spaoifioally destroying nicotinic acid can be obtained 

from bacteria whioh \Vill gro\v on a ~i~~:.:rle s: ... r~thetio 



medium containing niccti~ic acid as the scle source o: 

carbon and nitrogen. ~.llinson (1) utilized tl1is bio­

logical epecifioity of bacterial enzymes in & method 

for the determination of nicotinic ao:d in blood. ~his 

makes possible the ~ne asurement of the non-r i cotinio 

acid chromogenic materi.J.ls which ca.ru:ot be accc~.l=~~lished 

by chemical procedures. h.ftar correctin~c.:: ~or tl1e iLter-
~ 

fering calor the method gives a reliable erti~ate cf t~:.e 

nicotinic acid content of a euuple. 

This study is concerned ··'li t:l the :r~'( ratien 

and characterization of such bacterial en~~7"·.1es a~d their 
" 

application to the c:1emioal deterninutior: of nicotinic 

acid in foods. 
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PJu-qT I 

OF NICOTITIIC aCID 



P1~1T I ---------

Karstrom (43) was the first to differe~tiate 

between adaptive and constituted enz~es in bacteria. 

Dubos and !Tiller ( 21) isolated from soil a Gra:n­

positive pleomorphic bacterium capable of deccmposing 

creatinine which they designated re {neutral culture). 

An adaptive enzyme produced by this organism v..'as used 

for the analysis of creatine and creatinine in tissues 

by J.-!iller, Allinson and Baker ( 68). ~ .. ~ore recently, 

Allinson ( 1943) used the JTQ organism to produce an 

enzyme whioh specifically destroyed ~icotinic acid. 

When grown on a medium containinG· creatir!.ine as the 

only source of carbon and nitro~en en~~mes capable of 

attacking nicotinic acid were not produced. 

Koser and Baird (53) made an extensive in-

vestigation of bacteria which destro:r Licotinic acid, 

They report that Serratia marcescens and Peeudo~onas 

fluorescens can grow on a synthetic mediun in r:hich 

nicotinic acid is the onl~r organic compound. 
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1. Selection of an organism 

To find the organisms which are most active in 

destroying nicotinic acid the properties of several 

oulturee were compared. Colorimetric determination of 

the nicotinic acid in a medium showed that the gror:th 

of the organism oan serve as a measure of the nioo-

tinio acid destroyed, The rate of growth and some of 

the nutrient requirements of the cultures listed in 

Table I were studied. 

Table I - Souroe and designation of bacterial cultures. 

Culture designation Souroe Isolated by 

:rrc (neutral culture) soil Dt:boe and lriller(21) 

CO ( oontaiilinant) water J~uthor 

Serratia marcescens soil "G-r a~.r 

Pseudomonas fluorescens 
1 water Gra::." 

2 v1ater Gra~., 
tl 

3 water Gray 

4 water Gra:" 

12 water I:oser and Baird { ~ r; ) 
c, L.-

30 water ::os er and Baird (5~) 

*'Department of Bacteriology, r.~cdonald ~ollege, P. ~; 

An unsterile flask of liquid medi~m developed 
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a bacterial growth which was encouraged by incubation. 

The active organism, CO, whioh destroyed the nicotinio 

aoid in the medium was isolated but was not classified. 

taller, Allinson and Baker (68} found it 

difficult to culture llC when the medium was made up with 

Chicago tap water so they prepared an artificial tap 

water approximating the composition of that in ~Taw York 

city. Growth of NC was unsatisfactory with I.~cdonald 

College tap water and was improved only slightly with 

artificial tap water. Allinson (1) incubated rrc at 

37.5°0. The optimum temperature for Pseudomonas 

fluoresoens was 2cPto 25° and for Serratia marcescens -- ------ ----
25°to 30°0. The organism active at roon temperature 

was preferable since special incubation ~7as not re-

quired during the assay procedure. 

To find the culture beet able tc obtain nit-

rogen from the pyridine rir:g, three media \·1ere compared: 

(I) Allinson's medium containing 200 mg. iJifco yeast 

extract per liter and made up with artificial tap water; 

(II) The ICoser and Baird medium containing (rr:r4 )'"':rn;4 - G 

and niootinio acid as the sources of nitrogen; (III) 

The Koser and Baird medium containing r ... a2HP04 and 

niootinio aoid as the only source of nitrogen. Inno-

oulation from nutrient agar slopes was made into 



50 ml. of medium in 250 ~. 3rlerJleyer flae~:~. :),:tar 

72 hours aeration on an automatic shaker 'J.t a consto.~--t 

temperature of 25°C the growth on each ~edium was eo~-

pared,with the results indicated in Table II. 

Table II - Comparison of growth on :aedium I, II, and 
III after 72 hours. 

Culture designation liedium I t!edium II T.:ediun III 

1TQ XX ........ X 

eo XXX X -

Serratia maroesoens XXX X X 

Pseudomonas 
fluoresoens 2 xxxx XXX XXX 

" 4 XX X , .. -. 

" 12 x.xxx xxxx xxxx 

" 30 xxxx xxxx xxxx 

- indicates no growth, x indicates very li~ht tur­
bidity, xxxx indicates heavy turbidi t~.T s.nd complete 
destruation of nicotinic acid. 

Serratia marcescens and CO requ~red 7 tc 8 

days to completely destro~.,. all the nicotir.ic acid i!'.L 

medium I vvrhereas Pseudo~1cnas fll~ore ~cens 2 l1ad des-

troyed the nicotinic acid ir. :"ledirtu I:!:I iri r da:·f. 

Greatest activity ~as shown by cultures 12 ~nd ~0 

wl1ioh destro~,red the nicotinic acid ir~ ~~1ed:n::1 III ,:!i t~1-

in 36 hours. The mineral reqt:irements o: r-~eudo::1c!1~~ 



fluorescens 12 and 30 v1ere easil~i met since ee:·.cl: 

was found to grow well on media ne..c1e U!) ~·'i th tap 

water or distilled water :plus 1.~sc4 • These two 

cultures were selected for further study since 

they destroy nicotinic acid very rapidly at reo~ 

temperature. 

2. Culture of the organism 

Growth Vv'ae satisfactory on a medil1;1 made 

up of 

ITa2HP04 2.0 gm. 
:rrn:2ro4 1.5 " 
NaCl 5.0 " 
MgS04 0.1 " 
I~iootinio acid 2.0 " 
Distilled water 1000 ml. 

After neutralizing the nicotinic acid the 

hydrogen-ion oonoentration wae adjusted to 

pH 6.8 - 6.9 with FaOH. Stook cultures were 

maintained on agar slopes of this medium and on 

nutrient agar. The organisms became adapted to 

growth on the nicotinic acid medi.u2.1 b~7 repeated 

transfers in liquid medium. ~i'his activi t:r ·.7as 

maintained for long periods in cultures ·:~ro~.rir~g 

on niootinio acid agar. Ps. fluorescens 12 and 

30 were repeatedly transferred on nicotinic acid-

agar slopes over a period of six ~onthe without 
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loss of activity • 

. d. characteristic of gro~:Jth on nicctir4ic ~cid 

agar was the production of a bright green :pit;!1ent 

within 18 to 24 hours. The col or diffused tilrou~~h­

out the agar and darkened to a reddish brown by the 

end of 48 hours·. i.Jl attempt to establish a CJ.Uanti­

tative relationshi:=> betv1een the pigment and s~.1ull 

amounts of nicotinic acid nroved to be unsatis-... 

factory. 

1.1. different grOViTth ,_..,l1ich lacked t1~~ normal 

oolor vvas observed in one fl~f:k r.rtj_cll h::..d ti~ped 

over on the shaker so that the cotton plug bec.~~·1e 

wet. This grovvth under conditions of :,~~ult~r 

aeration suggested that carbon dioxide ~as utilized 

for growth. Cl.1he source of carbon in the r1Pdium was 

restricted to nicotinic acid. 

Four bubbler-tubes containing nicotir:ic '"·-cia 

medium \Vere innoculated with Ps. ~luc~mscer.s ~_,0. 

Two of the tubes received norr:1c;.l ~ir v.r:1:.le the 

other two received air from ~hich the carbon dio-

xide was removed by \Vaslling with .. 
l1ydroxide and soda lime. .t~S the ttlrtidit:· c: tLe 

-f-Appreoiation is exr;~essed tc ~~ • .•• 3. T'erli!' 
for the use of ~'lis a~_':_;c:!. .. a tt:.s. 
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oulture increased, the nicotinic acid in tte medium 

was determined b;r the colorimetric &8Ea:r. ( '..:c.ble I!~). 

When the nicotinic acid v.'a~ co:lnletel~.~ deF-... ~' 

troyed, the bact~ria were throv1n down and res~1~rended 

in distilled water, one-twentieth o~ the origi~&l 

volume. ~1 ve days 1:.1 ter tL.e eel le ----rov.'r ir: ti·u~ 

preeence of carbor:. dio:·:ide ccr·ld be ~~rP~~l~.,. ~Ps~er.ded 

b;r shaking but the cell 9 grc·:rn i r t~le s.bE~!' 'J~ of 

_carbon cl 1 ox i Cl e had c o a c·'p 1. at ~ d • 

Table III - 1ffect o~ carbcn ~ioxi~e or t~ ~ rate 
of gror.'th. 

Cbeervation -) < t - .. o. e cf I~ :cc\.' tll 
·.-. i t:l eo~ .. t' t .. l ~lOU -~o 

.J • 
... .,J ..... 

l,irst turbidi t~r( i) 1 ~J Lour~ ' ,... hours (._. ' 

( ii) 14 " 4.0 " 
Complete destruction(i) 30 " CL,- '' 

of nicotinic acid (ii) ;:.4 " 
,... ~· If 
L·~ 

The abser.ce of carter dic~::ide c~~~:ed a de-

finite inJ1ibi tion O:f cro·::th Of ~~ • fluoref3Cens ir: 

nicotinic acid mediu~1 and deoreased t~1~ vi: .. bi~i t~r 

of the organis:~. ...·:..si tation of the medil,_n tc 
\. 

improve aeration facili tat~s grovlt~:.. 



from nicotinic acid agar slopes to 5C :U. o: :---.edi~~:.: 

in 250 ml. Erlenmeyer flas~s. ·'· .L· t :'l r 0 ~ h r . ., r s 0 r 
...... ~ -.J '--~ - I. •• 

the shaker 10 ml. of this cultu:."n '.~:as irl2-:oc:,lated 

li.ll of the nicotinic acid ':!e.e destroyed v1i t:1:r. 18 

t 0 24 hours V'ihen thP. me cl. iE:-.1 VJS.S aci ta ted • 

only a ~eak color test for ricotin~c ~eid ·:.'aS c ::.-

in fiftietll r.1olc-.r ste:t·i:!..e r:8·-.t·ral buffer s..r.d rBcl: s-

pended in sterile ',Jater one-t~.:e~,tieth the volume 

of the culture mediu,~J. 

Bacterial suspensions £tored at E°C retained 

of the stored suspensions waE observed to increase 

gradually V'ii th age to appro}:i:·:la tel;.:-- p~: 8. This 

change did not appreciably -f~ect the activity of 

the organism. ~J·herl stored in fifteenth :~olar 

neutral phosphate buffer the bacteri~ coa~ulated 

and could not be evenly dispersed by j_'he 

visoosi ty of the buffered sr:_epension ·.Jl.-.2 also 

observed to increase. 

5. !Tethod of te_sting tl1e activi_t~r of ~- su~ .... ~r:sicn 

::11e act i vi t:.' of a st: s ::;:'e nr i cr. is ~~ :.1e ::..f',:Ye c: 

it~ ability to destroy nicotinic acid anc is 



expressed as the amount of nicotinic acid ,.vhic~ a 

given amount of the suspension will destroy iL a 

given time. Allinson calculated that 1 ru. of the 

TTQ suspension could decompose at least 200 .. ~icro­

grame of niootinic acid in 30 minutes. 

To 5 ml. a1inuots containi~-:· ~c ."'~icro-,·1.~3. ~~ 
4 -· 

of a standard nicotinic acid EOlntirn 1 7c'..~ ~~dded 

0. 5 ml. of 0. 2 rr phospl1a te buffer p;~ 6. 0 and 0. 05 

ml. of the bacterial sus~ension. '~he cells v1ere 

dispersed by shaking and the tubes allo~ed to 

stand at room ter!l~erature for 10, 15, 20, !_;) ar.d 

30 minutes respectively. The act:_vi t~~ of the •, 

enzyme was stop:ped after each period b~:- placirc 

the tube in a water bath at 90°C for five r:1int1tes. 

A heated or inactive ~uspe!~sion rJas added to a 

similar aliqtlot. The cells were removed from each 

aliquot by centrifuging at 10,000 r.p.n. for 15 

minutes using the six place head for the r~ter­

national I·!Ultispeed attachment. 5 ~·:1, of the clear 

supernatant was taken for color develo:~ent as 

described in the 3.nc l:~tical ~rocedt~-~,e. Dlan~: 

quired (Fig. I). 



It was found that 50 ~.1icrograne cf ricot:r.ic 

acid were destroyed by 0.05 ml. of a suspension of 

Ps. fluorescens 30 in fifteerJ. rr1inutes at roo:1 te·1-

perature. 

6. Specificity of t!1e active s n ~ ne ~. ~ i c, !1 -

l-rsing s.li~uotE containir_g fO 1icro~l'ar1s of 

nicotinar1ide a similar test for t~1e activi t'T of tl~e 

suspension was carried out. :_:_1 1le SJ;tount of nicotin-

amide destroved during one ho~r was observed. 
~ -

. 1' 
lJ.EJ 

reEults are presented in ~.,ic. I. 
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Under the conditions o: the ae~a~,.,. "tJroc~dl~ re 
~ .... 

the enzyme was specific for nicotinic acid. -,~ p c ':~ .. ::. - ·- .... ~ .. _ ~ .... _, 

amount of the active sus~ension uhich destroved 5C 
~ 

miorograms of nicotinic acid in lf raintltes deco:-1rosed 

only 7 micrograms of nicotinU!1ide at the end of one 

hour. 

7. pH of optimum activity 

Aliquota containing 50 micrograr1s of nicotinic 

acid were buffered over a range of hydrogen-ion con-

centratione from pH 3 to 9 and 0.05 ml. of active 

suspension vvas added to euch tr:be and alloi-.'ed to act 

for 15 minutes. After heating at S0°~ for five minutes 

the cells vvrere throvv'n do'Nn b~r centri:'"u~in~ e.nd r ml. 
~ - ~ 

aliquots of the supernatant v.rere ta~:'3n for the color 

reaction. The intensity of the cclor develoned is a 

measure of the activity of the er_spensicn at each 

pH. (Fig. II). 
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Fig. II - Relationship of the en~y-me activity to p~: 

Optimum aotivi t~.r of the enz~_.,.me ~:HiS at p:~ 7 

but the aoti vi ty vvas maintained over a fairl~"'" ~"fide rs.n~·e. 

For the assay procedure p~ 6.0 was chosen since colcr 

development could then be carried out ·rithc11.:t ft1~ct~1er 

adjustment of tl1e hydrogen-ion corlcentration. 

8. Effect of cell destruction on enzyme activity 

Complete removal of the bacteri-.:ll cell~ 

essential before applying the color reaction and this 
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required centrifuging at high speed. •· .. cell-free e:·:-

tract of the enzyme could Eim-r)lif ... r the aPe3.-~ ~rccedur-3. 
·- ~ . 

Dubos and J~iller (21) v1ere unable to extr~.ct 3.n active 

soluble enzyme from the lTfJ bacteria. 

To study the effect of cell destruction on the 

activity of the enzyme a suspension of Ps. flt:orescens Z{' 

was alternately frozen and thawed, the cycle being re-

peated eight tirnes within tv1ent;,;-four hours. ~L'his pro-

cedure ruptured the bacterial cells. The test for 

enzyme activity was carried out as described on tl1e 

intact and the ruptured cells. (Table !V). 

Table I 1T - Effect of cell destruction on enzyme activi t~r 

Time I'Jicrograms nicotinic acid destro:~ed by 
( i ) rrormal cells ( 11) :~t:ptured cells 

5 minutes 29.6 5.4 

10 " 47.0 9.9 

15 " 50 - 17.0 

30 " - ~.- 3 LC..e 

Although this experi~ent indicated that re­

peated freezing and th~~in~ de~troyed 75 - 80 ~ o~ the 

normal activity of the suspension, it did rot preclude 

the possibility that an active extract cf t~e 

may yet be prepared by other techniqueE. 



9. Thunberg experiments 

, C.: 
..,(.; 

Experiments appl:ring the ~hun!;erg technique 

were carried out with suspensions o:: :?s. flu ore scans ~-;0 

using nicotinic acid, alcohol, glucose, sodi~~ lact~te, 

and sodium succinate as subetrates. ~he results iL-

dicated that the enzyme attackinf_; r1icotinic &cid · .. 'clS 

not a dehydrogenase although the raechanisr.1 oi' a :te.c~: 

was probably oxidative. ?owever, the presence of 

nicotinic acid inhibited the dehydrogenaticn of (j_lco~~ol, 

glucose, lactate and succinate. 

10. ~Narburg experimerlts 

\'ii.irburg e:-::pe rirJen t s Y.re re 8 :~::cried opt a-+: 2 ry 0 ~ 

using 0.5 ml. of T··~/5 phosphate bu~:e.t ~ .... t p:I 7 .. 0 arr1 

1. 0 ml. of e suspension of Pe. flnore scer~s ~0. 0.1 .:-.11. 

of 1'.~/10 nicotinic and T,./10 scdiur.: a~3ide arid ~J.ydro:-:~/1-

amine h~.rdi·ochloride reepectivelv ,,-.rer~ added from t~1e 
~ ~ 

side arn1s. The centre ,.7ell contained o. 2 r-.11. o:"' f·O ·~ , 

I:OII for the absorption of carbon c1io:·:ide. ~he conte~.tc 

of each vessel rvas 7-.lade up to 3.C' ~.11. ,,.rj_tL ster·ile 

water and the final ooncent2._,ation of t~19 i!-::L_ibi tc~"S 

~he mode of attack b:.'" the en~::~·Jc on nl.cot:.~-..io 

acid ~~s oxidative. ~he results ~resented ir ~~:• r:: 

i nd i oat e that o x~r g en uptake b :l :? e • :f 2. :1. c re s c ens : ~ C ~ r : :~ e 
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acid. To de ter~nine rn.ore exac tl ~ the o:-:: .. :.. e ~~ t:pt :1ke , 

ohloroacetic acid v'la[ added to dt" stro::- tl1a a~t .:_-.~i -~~:,- c: 

a la:_r in oxy~~·en u~tu::c follovved the uddi t ion o: the 

trichloroelcetic ecid. 'il1erefore, ~urtL.er e:-:~~~rir:l9ntE 

are in pr ogre s s t o de t er ~J.i ne v.r l1 e the l' _ 1 c no c: ~: c :.;_-- c _ 'J e t i c 

or dichloro~ce ti'J acidE c:: .... r halt the o::: .... ciell uptc....'":e .:lol~e 

abrurtly. 

Lan g ( 58 ) in ex -p e r i me r t s 1. · .' i t 11 i 1 o tl se i. i , ... g :c • 

11. Inhibition of at]tiv:tv 
& 

Tllo inhibit i o 11 of er ?.: ..... lr-l 

ucti ve a,~ents such ac tolu.e11e u~~c1 oct~~l :..~lcohol ~~n(1 cy 

poisons of heavy !:te tu.l cc. tal~lsts cuch _A~ ecd i· __ ·a a::i'"l e 

and h;rclroxylamine ll:rclrochloride ~:.':....~ a.lt:o E:tud5.e<.l 'uJ t~~e 

col or in1e tr i c de term.ina tic n of r~ i cot ir i c acid. ~e :J0.r ~ te 

tests for the ::i_ctivi t;.r of t!:e ens pension \'.'el .. e c ..... rried 

out in tl~A presence o~r:- J.~/60 eodiur!l azide, l~/6:) lt~'"dro:x~.~l-

amine hydrochloride, C.l ~12.. of toltlene a_y~d o. ~- ::1. c: 

ootyl alcohol. 

The percentage inhibition of ~10I~.~:k~l 3.Ct :vi t~r 

by the poisons com.parPd closel~.r by the .. c..rburg tecl:ni ~ue 

and by the oolorimetric deteJ.~:.li~le..ticl1 of r.i'Jot.:nic :....cid 

as indicated in ·.2uble "tr. :_,lle activit:.: of tl1e enz:.-:.1e '..·~~ 

almost oompletel;.: inhibited b~,. ~odiu.:.1 u::ide. 



Table "TT- ~ffgct o= some in.~.ibitc::. .. E on r_orr:cl ~ctivi't:: 

Percent(;..; e i'>i··-··t-=or-· 
Inhibitor 

...... ~l ....,) ..,_ ~ ... ~ 

( i ) v:arbur?: (i~) ~ c 1 : r i _ :: e t :-: .. -,. ... 

1'TaiT -' 3 ~!J 60 99.8 c ~- G ..,....._. 

l'TT.,. OH 
,;1 ... 2 17/60 78.4 75.6 

Octyl alcohol - 68.0 

Tol11ene - 80.0 

the a c t i v it y o ::· t hA s P s pens i on ( ~r a·: 1 e ~ r ) • · ~ ~ ~ e c os '3 1·-

vat ion that the enzyme J.cti ~.~i t~r ~::s.s greatly ~ n:ii bi ted '~' ... ·"3r~ 

and thav~Ting ar1d als.o by cell poi~ons ~l;.ch o.E tolue)':e t-nd 

oot~rJ. alcohol indicated that a l:_.A.cf3e p:irt o: the act:v-=J 

enzyme vJas bourd to the cell et·:.'llCtr~_re. 
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Several culture~ of bacteria Tiere ccn~ared 

for their ability to destroy nicoti~ic acid. C1 .. 1 t~,re 
~. -- 1.. 

of Peett~omon~s fluorescens r!&s used as a source of an 

enzyme \Vhich rapidly deco8nosed nicotinic acid but did 

not attack nicotinamide appreoiabl~r. 

active at room temperatures and could be e~~::Dloyed to 

determine nicotinic acid at the pH reQtlired :·or t:1e 

oolor reaction. 

Surface active agents suc11 as toluene ctnd oct:.rl 

alcohol inhibited the destruction of nicotinic acid and 

repeated freezing and thawing of a cell suspension des­

troyed 75-80% of the normal activity of the enz~rne. 

The enzyme mechanism appeared to be oxidative and its 

activity was reduced by poisons of he·_tv:.T metal catal:rsts. 
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PART II 

lTicotinic acid, 3-pyridine carbox;,rlic aci<i, 

was first p~epare~ by Huber (37) in 1867 by the 

oxidation of nicotine. Seventy years later Jlve:1jem 

and ooworkers (22, 23) found that nicotinic acid 

effectively cured blacktongue in dogs and could be 

isolated from anti-blacktongue liver extracte. I~ the 

same year Pouts and coworkers (2~,) reported the first 

eucceesful treatment of lu,__ ·1a.n pella;:r.·,l ,::i th nicotin-

ar1ide. Accurate deter.n.inaticn of this v·i tc...·-:in boca. :e 

of imrnedia te i~-:1portance. 

The experimental ani:-1ale tlu~t SllOV·,' t~~r--ical 

nicotinic acid deficienc;.1" are the do~s, nig and ~::o~l:e~.r. 

I'·Teasurement of the grov~Jtll response of tl1e doi; has beer. 

used with success (25, 83) but other biological assays 

such as the chick test (51) have not proven us satis-

factory (17). 3ubenstein and Shekun (73) described~ 

sensitive test for nicotinic acid based upor the 
r 

development of nevvly-hatched larvae of the motil 

Galleria melonalla. 

The essential nature o£ nicotinic acid for 

certain microorganisms made possible growth tests 

using a dysentery bacillus ( 20, 54), a colon-t7p:~oid 

ba c t er i a ( 4 6 ) , S t a ph;,~ 1 o c o cc u e CL u re t: s ( 4. 7 , -~ 8 ) , 



Shigella paradyeenter~ae (30, 39), and ~eu~c~ostoc 
--~-------

meeenteroids ( 40). 1Ioviever, the rn.e tl"' .. od of Snell and 

VJright ( 78) using lactobacillus arabinosus has been 

most widely applied. The ~~aunt of lactic acid pro-

duoed when this organism is grov·.'n on a specified ~.1edi:::-1 

was proportional to the amount of nicotinic acid pre-

sent. Jv!odifioations of the basal medium (8, ~G, ,-\' 
'-' ~· t 

i5) improved the response of Lactobacillus arabinosuE --------

and increased the sansi ti vi ty of the method. .i·~1 thou;~·ll 

this microbiological procedure ~roved [enerally satis­

factory (33) it was subject to variationP in technique 

and to the presence of non-nicotinic acid rrowth 

stimulants in cereals (2, 14, 15, 34, 44). 

The reaction bet\·!een p:li."idir.e deri vs. tiver 

( 87), rv<-·.s adapted to the color~netri0 dete1--··1in·~tio;~ o~ 

nicotinic acid in foods b~I l~o.i."'rar and ~~eller ( 4(.:) and 

( 19) used phospho~ 10l~.tbdic acid v1l1ich combines \Vi t~1 

nicotinic aoid, i.e. after treating the washed, ra­

dif'solved precipitate \Ji tl1 a reducing solution, the 

oolor produoed WC:iS matched \Vi th a standc..l"d ir~ a t :L­

tometer. Lingane and ~:J.vis ( G9) a1~d -~c :~~~:ins and 

Solunidt ( 85) ap:Jlied pol~rographio teclu:ique2 to t:1e 
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determination of nicotiric acid. ~he se t ... ~.'o ~:.ethcdf 

ware of li~ited ap,lication. 

The 1Conig reaction (52) ir: ··(lici the -~l~.T.ridir:e - . 
ring is opened with c~rano~_,en bror-:ide l1as been tb.e basi~ 

of the most accurate chemical matl1ods. ~~T:cido:>~ir_e, 

the only other vi taPlin knovvn to cont:_~i~~ t~lP :r:;yric1ir8 

ring, has a ·methyl rs:COUT1 in the alpha }JOSition und does 

not react V'ii th cyanogen bror~1ide. I-:::ovvever, .~ .. ll al -:'"'h::-.-

unsubsti tuted pyridine compounds such us nicotin: 1·~ide, 

nicotinuric acid, nicotinic acid 1T-d:LR th~.~l~-- 'ide, be1:a-

:!Jicoline, alpha-aminop~rridine u11d n(~pe,:;oti'~ ·_~cid ave 

positivA tests (88). ( . 6 ) • Y' r} • ) ;...i.l j \.. 

Bandier ( 5} rA"00rtsd tl1at the presence cf :;ota~:sir'_r!1 

dihydrogen phOS!illute rednced tl1e ir:ter:eJ.'erce fror~ 

these related con~ounds. 

in the I~onig reaction :~odicgk ( GU) found that t·_.=. eol"'"ter.ts 

produce a s1ight color \"Jl1icl1 v.'as n :c o b <:. 'u 1 ~r d l: e t o i ~-
~ . 

purities. .t~shford and -'"}lclrt (4) re:r;orted that acid 

hydrolysis of wheat sa~n::~le s prodl,_ced furftli'G.l v\'lt2 eh 

reacted with the reagents to give a non-speci~ic color. 

J ":el..ni c:: ( 62) re duce d tl1i s ir: terference b:.r e:·.d j u. stin:~· 

the hydrogen-ion concentration during the colcr re~ct:on. 

The derivative trigonelline produced an int~rfering 
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col or when hydrolyzed by alkali ( t)4, G7, ?0) • ·.·; ar. ;..2· ~r.<! ·-

~~odioak ( 89) used a vveak alkc~line hyd:col-~sis to overco:·.:e 

this difficulty in the analysis of nicotinic acid in 

urine. 

l~icotinic acid ealdor1 occurs na turall ~r in the ,) 

free forn1 and its biologicall~r active derivatives must 

be hydrolyzed prior to the chemical deter.:1ination ( 2E ~. 

Coanzymes I and II are easily hydrol~rzed (50) and 

treatment with weak acid vias sufficient to convert 

nicotinamide to the free acid ( 13). -.-icotinur1 c acid 

can be hydrolyzed by alJ:ali but is fairl:.r resiEtant to 

acid (70). The nicotinic acid deriv~tivee in ~lant 

materials require 30 minutes heatin;~· at 100°J ,:/ith 2~· 

acid { 34), The pigments ana int~rferi~;~· er~b~ tar_cgs 

produced during h~rdrol;rsif: v·Jere cli~1inat.::~d b~~ V3.ric·us 

techniques. 

The effectiveness of prF-cipi tatin -· :~_J_.-·ente 

depends upon the type of sa1·~1plP being r-.nal:r~:ed. 

Tungstic acid v~Tas proy:>osed by ~· 1,'n minatl1an ( 81) and 

has been vvidely applied to the a.n(:lysi s cf blood and 

urine (1, 45, 69, 80). In the anal~sis of tissues 

Kodicek (50) preoipitated the ni~nents ~ith acetone or 

alcohol. Other preoipi tating agents comrnonl~." used 

inolude barium hydroxide ( 27) , zino h~rd orxide { 31) , 

and lead hydroxide (18, 36, 70). 
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Swaminathan (81) and I~elnic1: ar:d rield (u~)) 

removed interfering ~Jigments fro.:-1 urine ~ai t:1 c~:urco~l. 

Jlelnick, Oser and Siegel ( 66} reported th:it pre~erential 

adsorpt~on on charcoal removed most of ti~e -.~i.-~rJent :l'C<~l 

oereal hydrolyzates without losE of nicotinic acid. 

However, Dann and Handler {18} and ,.Vaisman and Jlve:1.~e::1 

(88} found this technique unsatisfactory because of 

incomplete decolorization. Perlzweig, Levy and Sarett 

(70) showed that charcoals remove varying amounts of 

nicotinic acid from pure a·queous solutions in a range 

pH 1 to 10 and since nicotinic acid can be <~dsorbed on 

filter paper special treatments must accompany fil­

tration. wang a~d l:odicek (89) found that vari~tion 

in the quality of tl1e charcoal was an addi t ionc.l :::ource 

of error. J.i method for the s.dsorption of r:.icotir~ic 

acid by medicinr.l cl1urcoal v~as Etlg.:_;ested b7 r:;iri and 

ITagann~ ( 32) but other \VOl"'l:ert. \rJere unc:ble to cbtain 

reproducible results. 

Oxidation of interferi11g pie:·r1entE ·,·/i th 4~~ 

potassium permanganate yielded almost colorles~ extracts 

of urine which had been washed v.ri th isobu tanol but tl1e 

use of the solvent required a corrective factor (8~). 

Brown, Thomas and Bina ( 1~/) four:d l1ydro~~erJ. pei'O:{ide 

efficient for decolori zing cereal e:-:trbct s ~~.d reported 

two procedures for tl1e rer1ova1 of t~1e exce ef peroxide s 

(14). 



Perlzweig, Levy and Sarett (70) showed that 

nicotinic acid could be qusntit~tively ~dsorbed and 

eluted from Lloyd's reagent. ~11 nyridine deriv~tives 

were adsorbed on Lloyd' s reagent belo"~:J ~~-: 1 and al­

though a large proportion of the Digments v1ere adsorbed 

and eluted, all but a trace of these could be removed 

by precipitation with lead hydroxide. ~his technique 

has been applied to the determination of nicotinic acid 

in animal tissues by Dann and Handler (18) and to 

cereal products· by Haus1nen, ~~osner and lj:_.nnon ( 06). 

Colorless blanks could be obtained b~r this me tl1o<1 but 

VJang and Kodioek (89) and Dina, Thomas, and :Srov!n (11) 

pointed out that Lloyd's reagent doeE not eliminate 

chromogens. 

Other workere ha,re atter:1pted solvent e::-

traction of the colored complex which nicotiric acid 

forms with the amine follor1in~ tl1e c~I~-nogerJ. bro_:'lid tJ 

reaction. Sv1a11inathan ( 81) suggested aJn~rl e.lcohol. 

~itsert (72) and Perlzweig and coworkers (70) used 

butanol but i,Vai sman and Pll vehj em ( 88) found the se 

solvents unsatisfaotor~r for calor comparison. .i· .. r~old, 

Sohreffler and Lipsius (3) reported that the colcr~d 

complex formed with p-(l~1inoacetonhenone vva2 sele.Jtivel~.· 

extractable with ethyl acetate. This technique 

been applied successfully and Bro\vn, Thomas and Bir.a ( 13) 
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stated that the interfering srtbstar c;e s in c~:ceal ext1.·1.cts 

were not extractable in ethyl acetate. 

consistent plan but varied \Nidel~r in detc:1il. ,_ .. l1en the 

oyanogen bromide reaction had reached co~·lpletion an 

aromatic amine vJas added. I,.axir~1u::·.1 c olor in tensi t~"'" v1a.s 
t.. 

allowed to develop and readings were rnade ir: a photo-

electric colorimeter at the wave length of opti .. :u··1 

trar1amission. The numerous procedures recorded iL t>.e 

1 i t e rat u re d i ff e re d in d e t a i 1 be c ·:1 r!. se ( i ) t 11 e c ~ .r [~, r. o ge r~ 

bromide reuction Y~Jas carried out under diff0rc11t sne-

blc.~nl: correct i or1 s ,~rpr~ . F'dP. in c•P,,T·':'.r·~- -, 
\· l.' ,_, . • 'J._~. __ .. . .J -l ~-' -J ' \..A . 

Fron1 ar1 inve stiE;ation of the reported che~:lical 

methods for nicotinic acid it rrae evident that · . .nid~r 

application of a sin~J.e ~)~coce dEl"e could or1l~.~ to ::_;_CC-

ompli sl1e d b;_; a s~1e ci fi c d A ter .. :lina t ion. ~.rer-~ 1: t tle 

had been done to irnnrove the speci:=ici t;T, i111e P.Ee o= 

in blood v1as sur:-gested by .d.llinson (1). StEdies v.rere 

undertaken v.'i th a vievJ to G~pl~""ing e,'e·Ji~ic bacte:ti~ .. 2. 

enzymes to tl1e cl1emical deter1ninaticn of :licot:_:ic :...8~ C. 

in foods. 
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1. Conditions for the cyanoge:c~ b~'O:.~ide I'eo.ction 
----------~-----· --- -·--------

aliquots, Harris and R&ymond {3f) lle\..A.t~d tl1e react~cr 

rnixture at 80°0 fol-- 10 ~~r:utee-; Kodicek (CC) ::_~llo·J·-:;~~ 

the solution to stand for 5 rair.n.tes at tl1is tP_::pe:c\j_tur9; 

and more recentl:T ,_iang and ~=odiceL: { f9) reported that 

optirnum con.di tions vJGre obt.~-1ined b'7" lleatint_~ c..t C·C tc 60° 

for 5 rr1inu. te s. Terri and 3lli .. ·Jer { 0~) ( ' ~l. t ' . ; y ·, ~ d 
-·-- .... 1 ..j 

dtlc i ble results vJi th G nu. of 'j:~ .. ~r :l.n J. to t~~l 'rolume 

of 20 rnl. ·_tnd a reaction ti '_e 

ternperatv_r8. J 

i'"l 1 ., 
·~ .1e n ·L_. 

7 1nl • re t~~ c t e c1 vv i t h r i c o t i n i c a. c i d ~i. t r o o :-n. t o . : ~ r: r at 1, ;_::., e , 

Steele (7~~) found tl1at after 15 minllt 0 f" the color ~~ro-

duced on the c:ddi tion of r~1etcl did rot iricrec..se st·~~r.i-

fiouYl.tly. The lacL of an ade~uate basis :oT cc-1r~ .. ~~l· __ · 

the various condi tioPs under \7hich tl1e =~cnig l'ec. ... 8tio··~ 

t hi s re a c t i on Y· .. ~ i t 11 re s p e c t t o ( i ) t 1-: e :J. i c v~ L t o f ·;- -_; Y 

required, (ii} titne of l'ec:ction, {iii) ter:IJer:lture cf 

reaotion and (iv) pH. 

:.:odicel: (50) observed no change i11 col or 

rnl. to 4 ral. in 15 nu. of solution. Provided tl~u t ~ 



important ( 35). One ''11., which v.'as sLol"Jr; to t~ adequatA 

(79), was used in this stud:r. I'Ia::i .. ,:u:-1 color develo·-,ed 

immedia taly when rn-phen:Ilenedia~.1ine ,_.,o.e used, This amir.9 

was most applicable because the change in pii rer~uired to 

stabilize the color terminated the ,tjlTBr rec.ction. 

One ml. of G~"~"Br wae allowed to rec;.ct \Vi tr1 25 

miorograms of nicotinic acid (5.5 ml. at p=-: 6.0) at 

different temperatures for given periods be·~ore color 

development' Tabl8 1.TI). 

Table VI - ~elatior. betv1eer1 ti :e ~lrlcl ter1:pe:·atl1re cf 
Cl~.Jr reaction. 

Time 20°0 
Ph o t o me t :::· i c =.J e 11 s i t :.,. 

. 40°/j . C0°C 

3 min. .180 .301 .509 
6 " .272 ,4Z~8 ,6GB 

9 " .319 r· 61 
• f.) 

(" C!Q • u..;.., 

12 " .387 • 602 .cas 
15 " .403 .. ~ [ 

• U'-= ', • 6;_38 

20 n .469 • 668 • G78 

25 " .509 .G88 • {) () tJ 

30 " ,5[,3 .699 ~ .7 G ,lJ, 

The oolor WQ.S reL:.d in the :Jole~·.lal1 3pectro-

photometer at 420 millimicrons wi tl1 the t;(. .. l vanome ter 

soale reading adjusted to 100 with distilled nater. 

The photome trio densi t;.r vn-1.s oalcula. ted f~"C·:-1 t~:e for[1Ula. 

D:2-log G where D is the photometric densi t;.r ~ ... r_d S., t:le 

galvanometer n3ading in perce11t transy.ri.seicn. 

The reaction \Vas cOLlpleted ir. G ~inntes :....t 

http://CH.br


,.. ' 

60°C but at room temperature the reaction v1c:.s still i~--­

complete at the end of 30 minutes. Using 5 rnl. 'J~~.c;r 

at room temperature the col or intensity increased steadil~­

for 20 minutes but the greater dilution decreased the 

sensitivity. 

The time required to complete the c:-~r reLcticn 

was found to depend on the temperature and the ru~ount of 

Cl!Br. The reaction must reacl1 co~:roletion before the 

addition of the aromatic ar.1i_;rle, since tl1e resPltir:g n:i 

is no longAr favorable. 

The hydrogen-iorl concentration e::t whicL the 

I:onig reaction. vve.s cc::rried out affected t11e ir:tensi t;,- of 

·the col or and the optimum rH varied \"Ji th different amine s. 

Using p-aminoace tophenone, reproducible re s~-~1 ts ·ne re 

obtained within u range of pH 5.5 to 7,5 (LO). J~tol 

gave good results at pH 5.0 to G.l v;it~l the opti~n:n at 

pH 5.8 (79). ~./ith orthoform tl1e reaction was maint~:ned 

within pH 6.2 to 7.0 (61). 

Standard solutions containing 25 microgra~s of 

nicotinic acid were adjusted over a range of pH 5.0 to 

8.0 with phosphate buffers before the addition of the 

CNBr. The intensity of the col or produced b;;l" :1-phenylene­

diamine and aniline at the different ll~.rdrogen-ion 

concentrations is indicated in ?able ~II. 
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Table VII - The effect of P~I on the color :produced in 
the CNBr reaction. 

pH 
Photometric density 

m-phenylenediamine aniline 

5.0 .668 .496 
5.3 .638 .475 
5.6 .594 .502 
6.0 .545 rn8 ,;)tJ 

6.2 .523 • 509 
6.6. .495 .456 
7.0 .469 .398 
7,4 .462 .377 
a.o .46CJ •,· Cl~, 

• t_l .... ;. . 

Terri and Shimer ( 82) n.sed a buffer at nH c .• 6 
4 

with m-phenylenedicmine but it was evident tl1at a more 

intense oolor was produced at pH 5.0 ;illiline appeared 

to give optimum results at abot1t p~-= 6,0 

To standardize the CFBr re£ .. ction o J~/f phos­

phate buffer (pH 6.0) was used in all further experi-

ments. The adaptive enzymes were active at this pH 

so further adjustment vvas unnece sssr~T. 

2. Properties of some aromatic arnines 

-~!hen the pyridine ring has been opened b~~ 

CNBr, the addition of certain aromatic amines ~reduces 

a more intense oolor. Since oolor develo~~Ant depend~ 

on the presence of the anine [roup, 2ever~l di~:c~~nt 

amines have been nropoeed, such as a~iJi~e (fG), 



p-aruno~~h~nol ( 80), b-ns. r;ht::t~-..::_: r:Une ( 27) , me tol ( ---~:_-~ t!~~--1-

aminophenol sulfate) (7), p-c~:linoacetopt.enone (:.::-.), 

p-a;Jinophe.nylsulfonamide (71) ~ ortl1o:'or~~ (~~+..lJ.~;-1 r_-a.rni:Lc-

p-h;y-droxybenzoa te J ( 61) , m-pl1er~"t·1enedi~::l.r.1ir.e { 8~) L·.nd 

procaine hydrochloride (1~). 

amines differ 'Videly ar~d a. comparison based on tl1e 

literature is complioat~ d b~r varia tione in te chnit~ue :-....nd 

by the fact that the reading~s have been rnade at different 

vvave 'lengths. .-

produced by e eve ral a runes r1i tl1 2~ _.1 i er O[~l'·: -.:12 o :· n ~- c o-

d ens i t i e s we re c o .r re c t e d b ;,r a b 2. c l-~ · ~ r ~ e1 d. i r e: o ::- t 1 d:1 ; o 1 or 

d v .. e t o the ~-~rn i ne re a~-.:· ant • 

Table VIII - 'Jornr'arison of t~1e cclol'e ;:.:·odEced by 
several amir~e s. 

Ti~·1e required for ?hotometria Opt ir·~ur: 
Aruine ma:{irnum i n t e 11 si t :.: densit~.J r;lr ·:: 1 C', 11 c si or . ..... . ..... .. ..... . 

m-phenylene-
diarnine 0.5 r1inu te s ~s7 . ._: 42C' : 'L i .,_1 .:_ - ~ j C~ T "' ~- -8 

aniline 5 " t:,RCl 42C " • c.. . ~-

orthoform 5 " • f-37 440 " 
p-aminoa.ce to-

phenona 30 " .398 400 n 

metol 60 " .203 420 " 

3. Stabilization of color bJ,. i~;~drC'cLlorirJ acid 

The stable oolor f!.iven with orthofrr:l reported t:: 



Martinek et al ( 61) could not be renrodu.ced. ~~11e Jolo! .. 

faded rapidly after reaching a na:~i"1ur1 in 5 L~_irj.r:.te2 but 5t 

was observed that H01 decrAased the rate of fad:~~. 

Sta.bilizaticn of the calor for 2C 11inutes ,,.·~·'--S effected 

1 f 0. 3 rnl. of 10~0 IIGl VJ(_I s added at the "!)e s.~: o :f c olor 

intensity (.Table I:{} • ...~11 samples contained 50 ::r_i cro-

grams of nicotinic acid and readings were made after 

adjusting the galvanometer to read 100 \~Ji th distilled 

water. 

Table IX - Hydrochloric acid as a stabilizer of the calor 
given with orthoform. 

Time after Photorne tri c density 
addition of lTo HCl 0.1 ml 0.3 ml. 0.5 r"·ll !1 • 

orthoform 1~ I-ICl 10:~ 2Cl 10 -: ~T("l 
- .. .J 

5 minutes .414 .398 .347 • 301 

7 " .352 .398 .337 .292 

10 " .268 .382 .337 .314 

15 " .229 .372 .332 .337 

20 " .221 .367 .332 • 357 

25 " .214 .362 ,332 ,;j67 

30 " .211 .357 • 347 .382 

.A.niline gave a color oi' ~:·ood intersi t~7 but it 

faded quickly after rec.lchin~~ a :n~~:-:i·'lura in C ·1inutc~. 

Stabilization of this calor VIas attPmpted c.J~- t:4 =~jl. 

' addition Of 0.2 rnl, Of 10~~., :-IJl at the point Of r:lC..Xl:--11.~~ 

color intensity prevented fadir:g for lb minn.tes (._,able ·:). 

Eaoh· sample contained 50 micro grams of nicotir.ic acid. The 
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presence of HCl was observed to increase the color 

normally obtained with an equivalent ali~uot. 

Table X - Hydrochloric acid as a stabilizer of the color 
given with aniline. 

Time after Phot orne t1.· i c dersi t'T addttion of "' ITo 0.1 ml 0.2 Lll. 0.3 I'll. 
aniline HCl 1o;: r-:c1 10~ :ICl 

_, 

10'~: -·1"\1 
-- J 

5 minutes .733 .886 ,870 .854 
7 " .668 ,870 .886 .870 

10 n .553 .824 .886 .870 
15 " .420 .770 ,886 • sL:,4 
20 " ,337 .699 ,870 • 82 1-± 
25 " ,266 .620 .838 .810 
30 " ,214 ,569 .810 .796 

Teeri and Shimer (8~) were able to stabilize 

the col or produced by m-phenlyenedic:.-;_rnine for 20 r:1inu te s 

with HCl. It was ne·aessary to determine tl1e optimum 

amount of HCl to be employed with the volumes of 

solution used in the procedure adopted. 5 r-11. aliqt:.ots 

of a standard solution of nicotinic acid (10 _.licro~-~·l':J.~:~~; 

ml.) and 0. 5 ml. of JI/ f.": ~lllOS?llate buffer ( :p:: 6. 0) ·;:ere 

heated at 60°C for 10 :1inutes ,,·ritll l '.11. of ·J~-Jr. I., 1 
I._~ 

before the adding to each of 1 ml. o: [.;: m-~)ller;~.-le.ne-

diamine. -rrarying a~nounts .. of ~~'jl ·.1ere c .. dded i_-_1J1edit t3l:/ 

and the s tab i 1 i t ~'~' o f the c o 1 or s v .r b s d e t e l' r'li r e (, '( _\.~ t l0 "':I ) • 

In the presence of 0.5 ml. of 20:; ::~1 t~1e ·:!olo~t dir:J not 

fade for 15 minutes, eo this amount \}as used ir: ::.~11 



fv .. r the r e z: ~ e :c 5 .. :r1s n t s . 

Tab 1 e :-c I - : r. i r cl r o c __ ._ 1 or j c a c i d a r 3. c t ab i 1 ~ : ~ r o ~ 
' c o 1 or g i 't ~- r: v1 -5_ t h : --~- :n ll e rj ~7 -~ t3 ne a i arn ~ s • 

'lime after 
addition of ~:~11ot ome tr ~~ c c1 er_ s ~ t ;,r 
m- phen~;rle ne- 1·To 0.1 r~l 0.5 1 •l 1.0 ,....,l 

~'-~. J. ~...1.. • -·~. 

d iB y1ine HCl 20~-·; :-1:(~ 1 "·o·A HJl cif HCl ,_, . 
~ -

J -

1 r1~nute 1.000 l.OCC C• ,-. l . -.' ~ ... : ~ .745 
r> " 070 l.OCC Q'~l ,770 t.') • .. l ;:; ... : .. 
r· 

" .939 l.GOO 0"1 ... ,78[ t_j . ,./ -

:o " .824 • 93~: .9t:l .310 
15 T1 • t_)88 .8~8 c (-: i 

• ... C.-- .81C 
20 n .602 .782 .903 .770 
2::-, " :.-:oo • 7 3~- 8r \ .74f '-·' • t_l ... ' • L-'.) 

30 " • 41~4 .G99 ,-, 8 .-J . ( '--' .72:_ 

4 • Se 1 e c t i on o f J. n a.1." o ~ :.<- ~- t i c :~ .. :j. ne ---------------- --------~---- ··~ ---

an (:·:line are ( i) staL~ility and inte~sity o;? tL8 colcr, 

~ t l ,-:) '-i s + 
~ _,_ J .._A ...., Cl1A ~ _ OUY • ~r0'''8 - ... ~ -,., . . ,; . _... ....... ' 

th a c~p., ... ,:-llo-r,r"'P.Ylt of nl:· ...... ; r··- ., col cl· 
.-----1 .l ~.-~ ',) - .J.. .. 1. . .' - ~ -- -· _ _,_l, .. _ 

~ r}t~ n Q ~ tiT .-. r. Cl '''h9 n 
.J......... -· .... t....,; _.._ ~ .. : ....,.,.. 4 .1. 

C. r ' .. 1' • -.l, • . ;;p + :..-, ~ --~ ol 0 l' ·v .. ~ tl' 
-- '-""- . .J.. J • V ' l..o - ._ · ' ~ I o • • --

· ~e to 1 v: :::1. e 0 -... ; C· ~ ~ r 1· fl t A v; c i +- y _.._ .,. .J ~_ . .,.ut 

.J. d r-~ i t i c n 

0 .p .,.. ..,.. r\ ~ t C P n . '11• ) ~ C '-. Q A t 0 r '\... e r: 0 r 0 . -~ t h ..L. n J ....~- - -.J.,.;.: _ . '-~ • • · _ _ • • • .10 _ 

' . t h ~ 1"'11 T .. ' ',.1 

j_ L. cu .. .J .! r , _ .... o-

d .. l - d ' ' l • ' -,-• '. 1- ; h f r '-· C" ,,_. 0 C t ,! n + Q n se r: t 1 0 •. 1 c ('\ .., ... '"'l e r. ..._ -~ '- t ~ . " 
\A, o d ~ J o ..J.. J ~ . __ c ~-. '-"' "- .~.. . .;. ..... -~ ... >J <::1 .. - L L; . ~ .1 ........ ..1.. c n-: 



of H~l. 

r: ( 
""' .. 

vi as cons id ere d t o be u L s s. t i s fa c t c :r ~.r t 9 ~ :;::_ u s g i t 1 ::. ·J ~ :e cl 

s pe c i fi c it~' • 

.. ~lthOtle·ll the addition Of ~~'~l :~,·~~-Ve c.'='tl• r·--:.r:,....t0'"'-.:1 c-ta..,_·il:: r·r t~ or 
, '--· ._4. . - -· -"" v ~ •_, .._, l_• ~ - • . '-- j_ • f 

the color intensity v1o.s le2e than vF.<-2 ncl":J.al:l_}r obtained, 

could be sto.bili zed by ~~i'";l. rtor:ev'3:c, to re ;;rcdl:ce t~~e 

col or with a given quanti t:i· of nicotir~ic acid the ~;81 l1~d 

to b.e added at the exact ,oint of ;_~~j-:l''lU::-1 color int.gn~i t~:. 

highly oolored, m-phenylenedic..~·1ir~n \Vtts se~~?ct9d fc:.." l~se 

because a col or of hi~~h ir~t'3ns~. ty '7c.~.c c1 ~'t,·elo:ped i: .:.~~a ia tel:.~ 

and it could be stabilized ~or 15 

addition of r~cl. 

5. Optimu.m amount of ~c~-~line 

d :') 1 ( 1 8) . t d t .4-, + t~ .Jann an I~&TICi. e 1:' - "';C l!l e OU ui~a ~ ;~e 

final oolor intensity denends on thP. ccr:cPntr~ltior o: the 

amine rather tl1an the absolute quanti t:~. Sir.ce h:: .:·h bl:.;.r_·.: 

corrections decrease the sensitivit:·, tl1e c.:-.lot-:.nt o:: t~~e 

amine employed should be such as to gj_"'."e ~:.::.·.::i.:-J~:r·:~ color 

intensity wi thont increasing the blc.~ri>~ reading. 
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Follo1·.'ing the tJOm!)letior of the j~~=r re: __ ~tior, 

varying amounts of 5c-11 m-l}hen~rlenedi8.!"::ir:e .... ~re ao.ded to 

tubes each containing 25 ;~_icrogra~-.12 of r.icotir:ic s.cid. ~h-1 

color of the teEt solutions and the re2..;;er.t bl=~!".l:s r.·.;re 

measured {Table XII). 

Table :~II - Optimum amount of ~-r;hen\Tler:edia1ine 
-· ~) .. ... 

50/o m-phenylene-
Photometric de liE it"'~ 

25 t11icrograms 
~ 

I 

diamine nicotinic acid ~{eagent blanl: ~if:=erence 

0.2 ml. .367 0''" • ~- u r;_A7 
• t.J':.:. 

0.5 " .516 cr.: c~ .477 I u •/ 

0.8 f1 .602 .060 : ~ f 1 ,-_, 

eu'~t--

1.0 n .658 .081 • :·.7 7 
1.5 " .688 .105 .58~ 

2.0 " .721 .134 .DS7 

The difference in photometric densi t~r LetvJeeY~ 

the blank and the test solutions indico.ted thc..t t~-l~ color 

due t o r1 i c o t in i c a c i d in c 1~ n as e d 1.l n t o 1 ~11 • o f t t '3 8.::1 l r. a 

creased \Vi thout a corres,onding increu'3e in the cc~_ or 

attributable to ~icotinic acid. In subseQue~t ex~eriM~nts 

1 ml. of a f,~~ :1-phen: .... lenediamir-_r-~ r.r<::.s t:sed. Si. -:.~larl;.-, it 
_, 

was found that 1 ml. of 4c1

J aniline .,.>Jc'.s tl1e outi:::u·1 b~:ct:rt. 

6. The 'acid blank' correction 

The discrepancies in the values reported for 

the nicotinic acid content of foods are due to variations 

in the methods employed to correct for the bl~~r11·: ~nd to 
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different techniques. It is essential that the extr~cts 

be water-olear since the col or re sul tirlg from the ir:ter­

aotion of the reagents with residual nicnents would oe 

oaloula ted as nicotinic acid. ~·~p::~are ntl:,. colorle es 

extracts produced a sli~ht calor by reaction Tiith the 

reagents. 

The bl~nk described by Bandier (5) consisted 

in adding all the reagents except the arornatic base to 

an aliquot of the test solution. E:owever, ClrBr l'e:_~cts 

with nicotinic acid to produce a slight calor even in 

the absence of the base (66), Other investigators omitted 

ClJBr and added the aromatic amine to the blanl-c tube. 

Here again, the base has been shown to rehct with substances 

in the hydrol;r~ates to -produce a cola:." f~~:lar to tl1( 4 t 

given in the test for nicotinic ~cid (63), r 'rol~;c' .... _.....,_._j, .. _ .. -, 

Oser and Siegel ( 66) El1o,ved tl1at" tl1is rt?E:_cti on did not 

ooour in the pre se nee of IJT'"Dr but CO!"Lcluded that t:1e 

amine should not be added to the blank or loTI values will 

result. The nicotinic acid content of breads and flours 

was observed to vary depending upon the blanl: correction 

used in the calculations. 

The separate measurement of tl1e residual color 

in the extraot and the color due to the ~ea~ent~ does r.ot 

compensate for tl1e side reactions knov1n to t~1:e place in 

the test solution when the reagents are added to the 



extraot, Theoretically, a correct blant: sl1ould coritain 

all the reagents. Vlang and l:odicek ( 89) found th:1t J:;_~r 

did not react with nicotinic acid at low hydrc?en-icn 

concentrations. The sample and all rea08nts could be 

included in one blank if HCl was added be:=ore the C!~3r. 

This so-called 'acid blank' was adopted in this investi­

gation. The same amount of 20~ ~~Cl'(0.5 ml.) as was 

required to stabilize the color with m-phenylenedic..mine 

gave a satisfactory blank when c~.dded to the so.·:1rle b~~ore 

the ClTBr. 

blank vvhich is described b 0 lOVJ and vvith tl1e more cc~·.unon 

correction secured by the s·~narate i':e::.tsurer:lent of the 

c o 1 or c- i v e n b :r the sa r-n.1J 1 e r: n d r r & s~· er t b 1 c-.t r J: s ( ~ Ci L. l P 'C I I I ) • 

7. The 'enzyme blank' correction 

The bacterial suspension described in Part I 

was used as a specific reagent to destroy tl1e nj cotir~ic 

acid in an aliQUOt of a sa~~ le. ~~,he 'enzy:n.e blar::' v;as 

secured by applying the color reaction to thi~ tlir~aot. 

Using two aliquots of an extrt:~.ct, the differe~ce b9t·.:ee11 

the oolor developed by tl1e test solut:cn and the eL~:~.~:::e 

blank is a measure of the color produoed b~.r nicotinic 

aoid, The col or developed in the enzYine blcn~: is un 

accurate measurement of non-niootinio acid chrc~:1ogenio 



material. 

Allinson added a heat-inactivated suspension 

of the bacteria to the aliquot used for full color 

development. 1To difference was found in the vulues 

obtained with and without the inactive suspension so 

this procedure was discarded, 

The inacti.vi ty of each bacterial ru~pensior: ·.·.:8-f 

determined by the method outlined. Tl1e anount of st:sper.-

eion used to prepare the enzyme blank ,.~,ae sufficient to 

destroy lOO rnicrograms of nicotinic acid ir~ 15 :,linu te s. 

·This amount of suspension (usuall;r 0.1 ml.) \·Ja~ added 

to a 5 ml. aliquot of the water-clear extruct plus 0.5 

ml. of T.T/5 phosphate buffer, pH 6.0. L.fter 30 ~ninutAs 

at room temperature the bacterial cells were removed by 

centrifuging at high speed for 15 ~-:1inutes and 5 ~11. of 

the clear superna tant were taken for the col or rec.-ction. 

Table XIII - Comparison of three different methods of 
making the blank correction. 

Sample 
Photometric density ,. Reagent+sample Acid blank Enzyme blank t) 

Standard sol'n 
50 micrograms .060 .063 .071 

Yeast I .069 .099 .108 

" II .079 .146 .167 
n III .079 .113 .11 ~} 

Coffee .116 .197 l/ 2 c·• 
• .... k 

Table XIII con~ are s tl:e en~~yme blur]:, 3.8id 

blank and the com.monl~r used correction value rer-:rerer~tin~ 

the sum of the sample and reage11t blanks. 



standard solutions vvas c;ocd ai~r0e~1ent obtained •:5_ tl: 

three corrections. 
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i , 
-----l. 

known to have a relativel:.r low content of interfeJ.'i1:~· 

substances, a V'lide difference is evident bet.~~eL t_~e 

ordinar:r blank and the acid blr:_nl:. Cn tl·1e othei' llb.nd, 

the acid blank CO!J.lJared fu.vorabJ~r ··.ri th t~1e en7.:~:rle bl~r ~:. 

' ... ii tl1 coffee v1l1ich contains ~K·.n:r interfe:-.. .. ing f;Fbstarl:J·:- :_·, 

the enzyme blanl: VJL~e much hi~:'11e:t than the acid bJ.~:Arl~~ 

thus ind i eating that non- ni eo tint c ~~c id cl1l ... c :..,.10 __ ..... ni J 

materials gave r3 se to color ir~ the ·-·be .":ly· ,-.::::: 
l-... ""-' , ~ .J' 

v1us not cornr"ensa te d for b:.r the acid 'ulank.. ~r: sv en -~ '.lE8 E, 

would give erroneous values. 

To ascertain if so~1e S,,bc+: J ne i ,- t;le co...(:'.J_."er::. 
~' ~u-J.v -.J.· 6 ~-· ~· 

extract might l1ave i11hi bite et the en~ ~n~1e act i ·v-i t:l, -t· JC 

enzyme blanks vvere prepared, to one of v·.rhi,~~l ·-.:~-s addQd 

10 micrograms of a standard solution of l~i cot inic a\; id 

before adding the suspension. The~e t,To blun~:s ·.-.rere in 

olose agreement indicating that enz~rr1e activit:.T ::lS 

measured b;,r destrt1otion of nicotinic c:.cid ~:,~:s 2~ct 

inhibited. 

8. Interference from Llo;rd '_s :~eagant 

'"'r·':'! "~""'~r ~- ~-. g 
~ - -



clear extracte pr8pared b·7 tl~iE techr:ique, a rSt-ria i_ncr·"?aEe 

in color intensi t~r ·nEJ.e obsA~"ved i= the c .. ddi tion of ~-~;:!_ tc 

stabili ?;e the calor, ·~·.'r·.s de1a~red, 

independent of the c~n:J.nOf~n bror1ide reaction, St \J~d:::..l~d 

solutions vJhich had not been treated ·:ith ~lo~·d'2 re3.~eLt 

did not &·ive this calor, 

Tvlo blanl: solutions r!ere carried throu~.h t~~e 

clarification procedure as outlined by Steele (79), ~t 

each step involving Lloyd's reagent, one \-,ras sl1a~~en 

vigorously in a stoppered 50 .'·::J_. centrifr_.·8 tube for 

one minute and the other for five :.1inutes. ,...,. bl .,r ..,..,r ·:·a e .' 1 • . .\,. ~' 

compares the calor intensi t~7 de,.reloped b~.r t~·~·-~ addition 

of m-phe·nylenediamine to c liquots of tl1ese t· . .ro solutions 

and shows the effe'ct of dela~,ring the addition of :.:~1. 

Table XIV- Interference produced by Lloyd's reagent in 
blank solutions. 

Photometric densi t~.T 
Sample HCl added : ~('1 

- ~ .J ~dded 

immediate l~r c.,_ft e :-c 5 ·-.11 n. 

Distilled vva te r .071 .07~ 

Solution I - shaken 
1 min • 'vi tl1 Lloyd's 
reagent .086 .187 

Solution II - shaken 
5 min. wi t.L·1 J~loyd' s 
reagent .097 • :~GO 

The oolor produced with m-phenylenedi~~-·~i~~e in 

blank extracts prepared with Lloyd's rea~·ent was related 

to the time that the solution was shal:en \'Jith I.loyd'e 
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re agen~ and to the t i::J.e th& t e ~ap~ed L/- t· .'e en t::.e C.ld. d it 1 cr. 

of the amine and the addition of ~he ---:-,., l - j--. . ~ . -..... ~ ,_., ~ St . - d. . 
l l .. o _, _ -'- ....... n ~, 

the technique by shaking \Ji tl1 Llo~rd' s reae·er.t :o~c 1 

minn te and adding the ~-lCl im..ae j latel:,- t..:=te: ~c~d:n.s t~le 

m-phenylenediamine yielded reproducible result~. 

The extracts were tested for lead with ~ydrocer 

sulfide v~Jhich might l1ave interfered but t:1e -~ .. erult r.'~:.s 

negative. 5olin and Berglund (28) called attention to 

the solubility of Lloyd's re&gent in ~cid solutions. ~he 

Aluminon test indicated tl1at the 0.2. r sulfuric acid 

employed in the adsorption of nicotinic acid dissolved 

a considerable quantity of aluminurn. E=orJever, tl1is ion 

was removed during tl1e lead nitrate treatment ar.d phosp~lute 

precipitation. An ~~luminon test on the firP. l e:{tract 

was negative. The presence o=:? inorg'-~nic salts of lead, 

9, Adsorption of nicot_inic acid or. s~,rntllet~!J __ r~siLs 

The 'Duolite' s:.rnthetic :tesir~2 r:seo. for the 

separation of amino acids are reeiEta~t to acids ard 

bases {16, 26). Three of these resins were tested ~or 

their ability to remove nicotinic ~cid irom sol~tion. 

glass funnels of constant bore usi11t; ~·round resi2·~s 

would pass through a GO l~1esh but not throt: .. h ari 60 

screen, The resins were c~rclized be::ore l:se c~CCC'1~ ing tc 
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the directions given by the u2n~facturer. St ·:.- rd ·--~a ·~1 • ._...L. 

solutions of nicotinic acid (10 -l ) --. 
were passed through the columns at di~t:·ferer"t h~rd~ccge~­

ion ·concentrations. The a~·1ount of r1icotinic ocid ~-d- . 

sorbad vlfas determined by colori.:·,'letric anal~Tsis. -~2 -ion 

exchanger il..-2 and cation exchar~;~:·er C-3 din r~ot re:~:o\:--e 

nicotinic acid from acidic, basic or neutral solutio~~. 

However, nicotinic acid vvas c_;_uanti tativel:/ r:~.Jo\red from 

acid solution by cation exchanger C-1. 

Columns vvere prepared contai11ir1g 50 _-nge. of 

resin C-l and the amount of nicotinic acid adsorbed frow 

standard solutions at differAnt hydrogen-ion concen-

trations was determined by colorinetry,~able X7). 

Table XV - Relation be tv~Teen ll:~ctl·og·:~rl-ion co::1certrat-; on 
and n i c o t in i c a c i d a cl. 2 o :r be d b 'T ~-- e s i r: j - .,_ • 

:pH JTicotinic acid 3.dsorbed 

6.0 0 m.r·s. 
/-;: 0 0,75 n 
Ut 

1.0 2.0 " 
0.2 G n 

100 mioro~rQMS of nicotinic acia in E ·~. o~ 

0.1 Tr I-!Cl was quantitative l~T s.d s Ol'be d an(l ·~ 1 L~ te -~ r~r :111 

equal colume of 0.4 JT T ... ac:-r. ~-~{.:~sirl --_;-1 ·'::o~:lpletel: 7 ~d­

sorbed the nicotinic acid fro1n s. 0.1 ~~ sPJ_:r..~:.--ic uaid 

I:r • t" t - + ""·' c l r 0 
.!. ow ever , much of the c o 1 or 1 n ~ l_ ~ e: ~ r::- J ~.~ ~ · -.A~ --- ~ 

sorbed and eluted along vvith tl1e !~icct:nic t:cid. 3~.-~:ing 
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intensity. 

10. mxtraction of 1~icotinic acid 

be such to r r~sure t "1l P ·" r· ~ -~ 1 - t , e ... - -~- -.. c ~ · -· n o .c · ~ t -= • .... _. J .• _ ..... .... j ..... .. _; e. .... ·... ... .L ....:.4. • v 1 c _ r. l c c. .J,... r: 1 c 

of interfei·in,· 

t 0 t 11 r3 -~r 8 e G. c id • 

related compounds. 

ensure complete e::trc-.ction <:.~nd ccnver:.·2.on o:: n-=cct:\-ic 

acid derivatives but thie \Vu.s el~o,-,,:- tc prcdUJt3 -~ntel---

faring substances Yther~ s.:;plied to cei·eals (12-, 0~). 

wi tl1 strong i"I'Jl gave a d;_I'l: b:..· c,.-.'l'l col er rJi t:~ .l'3tcl :..~~~d :.... 

(13). Hausman, ~~osner, '":..nd :jannon (36) cc·~_:;· .... ::ced 

H2s~ in the hydrolysis of cereal productc. 



~T,., 1 ~" e cu, to cl 
.... J .J.. ~- .J.. \..I 

r1e tl1od s cl c, not J o~-1)e ns~. ~e 

~reduced in hydrol~sis. 

DetArr~lir.o.tior~ of nicotir~ic :.1~2.d in ident~c:;.: 

samples of yeast v.rere L1&d8 after h~rcl_::_ .. olysis for one het:~' 

at 100°~ with different 8Gnce~t~ations cf acid. 

cor.tributed \Vas ·.1easured b~: tll.P. er_?;.,.;::-~e 
~ ~ 

( , - b., 
-~ -'2 

rr~rdro chl or i c acid g~_rvc- l1~ g-h~ 1 ... ·~ralne s :or 

bJ~nk and for total cola~. T- r ,,,,l!l ,.r o -,, 
-. - .. ' .. ' '' -- ' tr1e 

~~r-t-ract-~ n("J' ..,.Te '' ~t •·r; +,1·1 'Kf<_·, to·,·> O'<:"l~ ... ,C "Tl"·_~, 'le~-- .~Q.'l'n'_-~--" tbl ~ tc 
- 'J ~ • '-' . (.:,' •) u "-' .J .... .J • J ~ '- "'" c.- <._.... ' ..J V '-"" - ·- ' "" -- - - V 

those b;1 acid extr:..~.ction. 

r~~able - ~.1elation bet··.rsnn er::J ... me 1..,lanl: and 
of a~-} id ern~J.o~~ed -r-,.-... :-::-cl!. .. ol~"SiE. 

~'11 o to 1 1e t r i a de nsi t~r 

0onr;en"uraticn 

:-~~:trac tan t ir z~r:ne 
, .., -o L c.•.n .. : ., t ,- l 

L Q '- l__ c o2. Cl" Di::eren~~e 

VJ'ater .119 .420 • ~--01 
I~2so4 .114 .409 r: (_ r-0 ,, TT • G ... ) • ,: J 

.1-: g 4r-;'"' c 8' 2.0 TT H2S04 e LJL • 'J '-

2.0 1i HCl • ~~48 r, f -~ 8 
• t_ t 

~--, ClQ . •·· .. 



fO 

to not more than 5 grar.1s and cont~inil~_;::· lCO to 5CC nic:.. .. o-

grams of nicotinic acid) is suspended irl 7E ~11. of :2~ ... 

H2so4 in a lOO ml. volumetric flas~: and ~laced in a boilini_:· 

v~ater bath for one hour \'Ji th occasional ~~·i tc.tion. -~he 

flask ie then cooled to room temperature and the coLt:~ r~ts 

adjusted to pH 1.0 v1i th 40~"' rraoH usir<<. ··1eth:.rl violet as 

an external indicator. Tl1e volume is made up to 100 ~"11. 

with distilled water and r1ixed thorou:~hl;r. ~~r~:,. st1ener.ded 

material may bF rr.moved by centri~Pgi;.g. . '-, 
: 4.:.... ~1liquc t 

, , 

is transferred to a c.o Ml. ce:r;trifu). e tube ar~d cr~e ra:n o"! 

Lloyd' s re avent i~ .. added. . b., t . n.. ru l~ er e 0 r pe l-. J. ~· "r\1 '~-:lCod i y· 
..1 _._c. ' 

tube is centrifuged and t~le clec:.r EPi';el"natant is di~~~rded. 

The Lloyd 1 s rea.~~:>~nt is vvashed t\'Ii ce b~T suspending in 10 .:~.:_. 

of 0.2 JT H2sc4 and recentriftl[irlg. The \"lasllir~::s fre dis­

carded and the tube is inverted and allo,::ed tc· drc..ir: ~·:ell • 

.il.fter adding sufficient 0.4 JT TTaci: to 1:1t.ke th~ total ~ ... olu,~e 

25.5 ml., tl1e contents are mixed tl1orou:,lll~.~ for one :1inute 

and centrifUged • 

The clear superna tant is poured intc a dr:J 

centrifuge tube containing 1. 6 .:·raJls of powdered lead 

nitrate and the contents stirred rJi tl~ a -~·1~~ s rod. ~~~r~e 

drop of phenolphthalein is added to (1.Scertair: i: t~~e 
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solution is acid, ...:...n ctll::al~ne recction usua11~T i~ rlic'J.tes 

insufficient mixing and if the indicator is ~ot decolrr­

ized by further stirring more lead nitrate is add~d until 

a slight excess is present. The tube is tl1en cer.tri:=r;_c_~·ed 

and the eupernatant poured into a dr:r centrifu~e tube. 

Solid ITa3ro4 is added until the solution is pink to 

phenolphthalein and then the solution is adj~sted to 

with 10% H3F04 using indicator papers. lhe precipitate 

is removed by centrifuging ~nd the clear extract is de-

canted into u dry test-tube. 

In eacl1 deter;·,1ination :our ~· 11. aliqt:ots c-! 

the extre.ct are tranef 0 rred tc teet tu.t)PS :·L'.r}:ed "a", "b" 

"o" and "d". The enz~T!~le blant, "b", rAcejves o.c ru. of 
' 

l.~/5 phosphtite buffer ( -r;fi 6,0) and 0.1 ~l. o: tLe b:-.Lctr.tial 

volume of the suspension of Ps. :1r~cre scens 30, 

as described above, \Vi.ll destro:~ 100 .·:icroc_;r~:~s of Lico-

tinic acid in 15 minutes at roo:-'1 te:-jDerature. '.lo eacil 

of the remaining tubes is added 0.6 ~Q. of the buf~er • 

. t~fter standing for 30 minutes tl1e cells are re~1oved fro 1 

"b" by centrifuging at 10,000 r.p.:-1. (usin~· th~ eix-place 

head for the International lll.ltispeed attachmer~t) for l:· 

minutes or longer. 5 ml. aliquots from each t~be are 

transferred to clean test tubes. To the acid blc.!"1~:, "a'', 

is added 0.5 ml. of 2~~ HCl. 1 ml. of a et:J.J:d~~l"·d scl:~tion 



containing 10 ~icrograrns of r~icotiL:.c a0id 3.s :.:.-~ded tc 

"d" and 1 r11. portions cf distil]_ed v1ater ~re added tc 

tu be s "a" t "b n and "c" • 1 ll ~ ...,, --- . d ~ -- t . 
;

1 
• o_;__ J • ..-:~ 1s a oea c e:.....c.-: 

7 to 10 minutes. 

l ,..., n 1lA n., -:A ,.-, ~ -... - .... '_.} ..l , J ..!. J. t...- -

diamine is added to eacl1 o~ th9 fonl" t 1_·beE and ti1en (.:.;-

1nl. 

. . 
r· 0 l 1 • . -.• r 0 r,...... •-:-. )~' (l UiJ-~ t' ~:11.. 1 ll C -,-_ ~·._._ l- 1 V1 _; u ll t c .:..'e ad 

S in c e the fa c t or s o. f f P c t i n g t 11 A c c<: .. c<c i n ~ er is ~ t -

of evaluation ie PP9 11 , 1'l10t0·•n -t·-.1· C dcnc·i t .. 7' 
- ... ._, . .,; J.. ~ ._ ~ ' 

, o~,..,. 
..... c 

( I 
0 

/ I ) , c e. n be o :· l_ on l a t e d t: : - ~: ~ ~ ~ ~r or~ ~ n -:. e. :) = ~ - 1 o E' ""'~ , 

v._rl1ere ]) is the photo~-1etrio dersit;T and G, the ,:·:J.1~'"ar·c-

rr1eter reading in percer1t trc.:.ns~·:j_ssiorl. 

"d" - "c" • the colol"' developed fi'C.1 10 -~~cro2_'a .. ~E 
o f n i c o t i l1 i c c.....~~ i d • 

"d" - "b" = tl1e colOl" due to nicctiilic ~cid ; y 

aliquot. 

"b" - "a" = tl1e color dt:e to suost8.r.ces ot~...::r t:. _;.,~ 

nicotinic acid. 

1o 
"c" -- "dl", the color prod:-- cad "d" -

~ . t . . . ~ o.l. n::.~o lnlc ac1~..:. 

" 0 " - " b " ;-:, ~ , - (' 
" d 1" X L' ; b )( -~ .· X· . .' t • 2' 0..:. 

1 



Foods of plant e.nd animal cri; in r'ere anal· .. 3ed -- ~ 

by the propoeed method and the result~, col1IJ:li'Pd ':Jith 

the values reported in the liter~ture, are presented 

in Table XVII. Values calculated usini: the enz:.1"::1e 

blank represent the nicotinic acid contert of the 

sample. The difference between the res~lts based u~on 

the acid and enzyme blanke respecti7el:r represents t·:~~ 

non-nicotinic acid chromo:_·enic r-:(lterial. 

The values based U"!)011 t·he en~~~;te bl.: n~:: ~1e1'e 

consist~ntl~r ~-o\ver than those calcr~_lo.ted usi~f the 

acid blank. The difference, however, ~.r~.ried r.rt th the 

sample being analyzed. Least interference Das found 

in yeast ~1ile coffee and distillers' dried sclubles 

contained the largest proportions o~ non-nicotinic 

acid chromogenic materials. Tl1e resrlts ott.J.ined ·:,erA 

in gen~ral agreement ,,._rith the report~d vo.:_1~e~. 



Table XVII ~ Nicotinic acid content of foods analyzed by the proposed method. 
(Results are ex~ressed as milligrams ~er lOO grams) 

·- Sample Proposed 11ethod Reported Values 
Enzyme Blank Acid Blank Chemical Microbiological 

. 
Beef Liver, (raw) 14.6 16.6 9.2-25.0 -

.-17.9 (60) 

Ham, (cured, roasted) 5.30 6.36 - 2.80-4.42 (74) 

Coffee, (roasted beans) 6.70 11.6 ~ 8.0-10.9 ( 83) 
-

Brewers' Yeast, 66.0 68.5 20.0-65.0(33) 23.0-60.0 (33) 
{dried, concentrated) • 40.0 (60) 60.0 (8) 

Whole Wheat Bread 1.89 2.22 4.1 (15) * 2.88 ( 84) 
3.80 (15) 

Brown Bread 1.40 1.86 0.8-1.2 (60) * 1.eo (60) 

Vfhite Bread 
(Canada Approved) 3.84 4.11 - ... 

Distillers' Solubles 19.1 26.4 - 21.0-23.2 {9) 
(dried, wheat) 

* Value generally accepted 
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SUMMARY 

1. At roam temperatures the cyanogen bromide reaction 

was incomplete after 30 minutes. Opttmum conditions 

for this reaction were obtained by heating at 60°c 

for 6 minutes. 

2. The color produced with orthofor.m, aniline and 

m-phenylenediamine was stabilized by hydrochloric acid. 

3. Extracts prepared with Lloyd's reagent produced an 

interfering calor with m-phenylenedirunine. Treatment 

with Lloyd's reagent for 1 minute and the immediate 

addition of hydrochloric acid following the addition 

of the amine eltminated this interference. 

4. Nicotinic acid was quantitatively adsorbed from acid­

ified solutions by "Duolite" ~ynthetic resin C-l and 

was completely eluted with dilute alkali. 

5. A bacterial ~uspension w's used to destroy the nicotinic 

acid in an extract of the sample being analyzed. The 

•enzyme blank' obtained by applying the calor reaction 

to this extract measured the non-nicotinic acid chromo-

genic material. 

6. A propo~ed method was applied to the determination of 

nicotinic acid in foods. The proportion of interfering 

substances varied with the material being analyzed. 
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CONCLU~ION 

A method is propo8ed for the determination of 

nicotinic acid in foods. A bacterial suspension which 

destroys the nicotinic acid in an extract of the 

sample is used to obtain an •enzyme blank'. This 

provides a more adequate correction for the non­

nicotinic acid chromogenic materials. The method 

was applied to several foods and the proportion of 

the interfering substances varied in the different 

materials analyzed. 
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