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GENERAL INTRODUCTICI

The identification of nicotinic acid as the
pellegra-preventative factor has necessitated the
development of accurate methods for its estimation.
Most chemical methods are colorimetric procedures
baged upon the Xonig reaction (52) in which the pyri-
dine ring is ruptured with cyanogen bronide., The
slight color produced is intensified by the addition
of an aromatic amine. "his reraction is nct srecific
for nicotinic acid but is given by any alnha-unsub-
stituted pyridine compound (34), The natural-
oceuring nicotinamide and related ccmpounds which are
biologically active must be converted to the fres
acid by hydrolysis with acid or alkali prior to the
application of the colorimetric procedure. A8 a
result of this hydrolysis many materials give highly
colored 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-specificity of the Xonig reaction. Consequently,
the procedures are limited in their application since

they are designed to overcome the specific interferine

substances present in the particular sample beirg



uhalysed., For example, methode “or the =nalveis of
nicotinic acid in aninal tissuzs do not give satis-
factory results hen anplied to cereals. 37 standur-
dizing the technique, an individual worker car obttain
comparable results but the report of the 1¢44-4rf
committee on nicotinic acid asszy (79) indicates 2
lack of agreement in the resultc obtained by diiferent
laboratories analysing the ca.i» camples.

licrobiological assu s poscecs the acdvuntage
over chemical methods in tlhiut turbidit;: and color do
not interfere. Althou:h concsidered to be .icre srezilic
than che.aicul rmethods, .:icrobiologicul prccedures ure
cubject to error due to vurictions ir teciini~ues and to
the vpresence o7 ron-ricctinic zcid rowti-pronoting
substances in cereals (1F, 62, £, 14)., Tha time re-
quired to carr:- out the nicrobiologiczcal methods rniles
a lore rapid method desirabls,

Mich effort has beer directed to slirinuting
the sources of interfaerence in the chemnical vrocedvrecs
but comparativel; 1little has been dcne tc iinrove tie
specificity of the reaction, and <o :ive tls prccedurs
wider application in the anaiys=s of both »plurt and
animal products. an adaptive enzyrns carable of

specifically destroying nicotinic acid can be obtained

from bacteria which will grow on a cinple s;rnthetic



medium containing nicctinic acid as the scle source oZf
carbon and nitrogen. .llinson (1) utilized this bic-
logical specificity of bacterial enzymes in « method
for the determination of nicotinic acid in blood. [ his
makes possible the neasurement of the non-ricotinic
acid chromogenic materiils which canrot be acecc:irlished
by chemical procedures, After correctinzg Tor the i:ter-
fering color the method gives a reliable ectimate cf the
nicotinic acid content o0f a cunnle.

This study 1s concerned itii the rran raticn
and chearacterization of such bacteriul enc;71es and tieir
application to the chemical deternminutionrn of nicotinic

acid in foods.



PART 1

STUDIBES ON THE EZITLYIATIC oICIRUCTION
OF NICOTINIC aCID
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PART I HISTORICAL IITRODUZTICI

—kra - se———

Yarstrom (43) was the first to differentiate
between adaptive and constituted enzymes in bacteria.
Dubos and !7iller (21) icolated from soil a Gran-
positive pleomorphic bacterium capable of deccmposing
oreatinine which they designated I'C (neutral culturs).
An adaptive enzyme produced by this organism was used
for the analysis of creatine and oreatinine in tissues
by Miller, Allinson and Zaker (68). 'ore recently,
Allinson (1943) used the I'C organism to produce an
anzyme which specifically destroyed nicotinic acid.
When grown on a medium containine crcatinine as the
only source of carbon and nitrozen enzmes capable of
attacking nicotinic acid were not produced.

Koser and Baird (53) made an extensive in-
vestigation of bacteria which destroy ricotinic acid.

They report that Serratia marcescens and Pseudoronas

fluorescens can grow on a synthetic medium in vhich

nicotinic acid is the only organic compound.



AXPIRIITTTAL

l. Selection of an organism

To find the organisms which are most active in
destroying nicotinic acid the properties of several
cultures were compared., Colorimetric determination of
the nicotinic acid in a medium showed that the grovth
of the organism can serve as a measure of the nico-
tinic acid destroyed. The rate of growth and some of
the nutrient requirements of the cultures listed in

Table I were studied.

Table I - Source and decsignation of bacterial cultures.

Culture designation Sourcse Isolated by
I'C (neutral culturs) soil Dubos and 1ller(21)
CO (contaminant) water Author
Serratia marcescens soil «GCray

Psesudomonas fluorescens

1 water Gray

o water Gra;

3 water Gray

4 water Grar
12 water |iloser and Baird (5%)
20 water |oser and Baird (5%)

% Department of Bacteriology, lMacdonald College, P.7.

An unsterile flask of liquid medium developed



a bacterial growth which was encouraged by incubation.
The active organism, CO, which destroyed the nicotinioc
acid in the medium was isolated but was not classified.
Miller, Allinson and Baker (68) found it
difficult to culture NC when the medium was made up with
Chicago tap water so they prepared an artificial tap
water approximating the composition of that in ew York
city. Growth of NC was unsatisfactory with I'acdonald
College tap water and was improved only slightly with
artificial tap water. Allinson (1) incubated I'C at

37.5°C, The optimum temperature for Pseudomonas

fluorescens was 20° to 25° and for Serratia marcescens

‘25°to 30°C, The organism active at room temperature
was preferabls since svecial incubation vas not re-

aquired during the ascay procedurs.

To find the culture best ables to obtain nit-
rogen from the pyridine rirg, three media were compared:
(I) Allinson's medium containing 200 mg. Difco yeast
extract per liter and made up with artificial tap water;
(II) The Koser and Baird medium containing (FH4)EHIC4
and nicotinic acid as the sources of nitrogen; (III)

The Xoser and Baird medium containing I'a HPO, and

nicotinic acid as the only source of nitrogen. Inno-

culation from nutrient agar slopes was made into



50 ml. of medium in 250 ml, 3Irlenneyer flas:s, . ter
72 hours aeration on an automatic shaker 2t a constant
temperature of 25°C the growth on each nedium was con-
pared, with the results indicated in Table II.

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

Culture designation Nbdium I |ltedium II [l’ediun III
1nc XX 7 X
co XXX X -
Serratia marcescens XXX X X
Pseudomonas
fluorescens 2 XXXX XXX XXX
" 4 XX X ¥
" 12 XXXX XXXX XXXX
" 30 XXXX XXXX XX XX

- indicates no growth, x indicates very 1li ht tur-
bidity, xxxx indicates heavy turbidity =nd complets
destruction of nicotinic acid.

Serratia marcescens and ZC required 7 tc 8

days to completely destro all the nicotiric acid in

medium I whersas Pseudorcnas fluoreccens 2 had des-

-

troyed the nicotinic acid in medium IIT in & dars.
Greatest activity was shown by cultures 12 znd O

which destroyed the nicotinic acid ir mediIum TIT with-

in %6 hours. The mineral requirementc o Tceudononcs
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fluorescens 12 and 30 were easil; met since ec¢ch

was found to grow well on media made un ith tap
water or distilled water nlus 12804. These two
cultures were selected for further study since
they destroy nicotinic acid very rapidly at room

temperature.

2. Culture of the organism

Growth was satisfactory on a mediu: made

up of
KH2I04 l.,56 "
NaCl 5,0 "
NgS04 O.1 "
Micotinic aciad 2,0 "

Distilled water 1000 ml.,

After neutralizing the nicotinic acid the
hydrogen-ion concentration was adjusted to
PH 6.8 - 6.9 with I'aCH. Stock cultures were
maintained on agar slopes of this medium z2nd on
nutrient agar. The organisms became adapted to
growth on the nicotinic acid medium by reveatsd
transfers in liquid medium, This activity was
maintained for long periods in cultures :rowing

on nicotinic acid agar. Ps. fluorescens 12 and

30 were repeatedly transferred on nicotinic acid-

agar slopes over a period of six months without
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loss of activity.

A characteristic of growth on nicctinic :cid
agar was the production of a bright green pisnent
within 18 to 24 hours. The color diffused tirou:.h-
out the agar and darkened to a reddish brown by the
end of 48 hours. :in attempt to establish a quanti-
tative relationshi» between the pigment and s:all
amounts of nicotinic acid proved to bs unsatis-

factory.

3, Effect of carbon dioride on ~rowth

i different zrowth vhich lacked the normal
color was observed in one flzck which hod tirned
over on the shaker so that the cotton plug becus
wet. This growth under conditions of I=ulty
asration suggested that carbon dioxide was uvtilized
for growth. The source of carbon in the medium was
restricted to nicbtinic acid.

Tour bubbler-tubes containing nicotiric wcid

medium were innoculated with Ps. “luciescers -0.

Two of the tubes received nor:mul oir wi.ile the
other two received air from which the carbon dio-
xide was removed by washing with 50 potussiun
hydroxide and soda 1ime? Ac the turbtidit; cf the

#Appreciation is exnressed tc . .. 3. Terlir
for the use of hic arrcratus.
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culture increased, the nicotinic acid in the mecium
was determined bv the colorimetric assar. (72eble IIT),
When the nicotinic acid vas completel: dec-

troyed, the bsctsaria were throwvn down and resucrernded

volums. Tive days luter the cells ~rowr in tha
precence o0f carbor dioxide ccrld be avenly erenagrded
by shaking but the cells growmn ir the =beerza of
carbon dioxide had cocacrrlated,

Table III - 7ffect o7 carbcecr dioxide or %' 2 rate
of grovth.

Cbearvation 2ate cf trcevtn
w1ith CO¢ “.ithout 0.
Mret turbidity(i) 1i. lLours <7 hours
(11) 14 " 40 "
Complete dectruction(i) 30 " oL "
of nicotinic acid (ii) | < " ¢ "

The abgserce o0f cartcr diczzide c.iiced a ds-

finite irhibition of growth of ¢, fluorescens in

nicotinic acid mediua and decreased the viihility
of the organiasn, .Lcitation of the medivnm tc

improve aeration facilitates growt:,

4, Treparation of the buctericl susrarsicr

Trangfere of Pc, Flurorececares SC "'arse rmiia




from nicotinic acid agar slopes to 5C =1, 0F rmedin:
in 250 ml. Erlenmejer flasis. Aftar 24 herre on
the shaker 10 ml. of this cultur~ was in~cerlated
into 500 ml., of the czme mediua irn = 2 1., flacsl.
All of the nicotinic acii wees destroyed witair 18
to 24 hours when the mediun wos aritated, :itan
only a weak color tezt for ricotinic -cid vas ci-
tained the cells vware throwr dovr, wached twi~:
in fiftieth molcr sterile nz tral buffer =rd racue-
pended in sterile water one-tuerntieth the volumse
of the culture mediun.

Bacterial suspensions stored at £°7 retained
their activity for more than tiv:o rnionths. e p
0f the stored suspensions was obgserved to increace
gradually with age to appro:ximatel; pI 8. This
change did not appreciebl; 8ffect the activit; of
the organism. Vhen stored in fifteenth :.olar
neutral phosphate buffer the bacterii coagulated
and could not be evenly dispersed by saciins. The
viscosity of the buffered suspension icc also

obsarved to increass,

5. I'ethod of testing the activity of u susrercicn

The activity of a suspencicn is o newcnre ¢f

ite ability to dectroy nicotinic acid and ie
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expressed as the amount of nicotinic acid which a
given amount of the suspension will destroy irn a
given time. Allinson calculated that 1 ml. o< the
I'C suspension could decompose at least 200 iero-
grams of nicotinic acid in %0 ninutes.

To 5 ml. aliquots containin> IC rdcero-rane
0f a standard nicotiric acid soluticrn wacs :dded
Oeb5 ml. of 0.2 IT phosphate buffer p” 6.0 and 0.05
ml. of the bacterial susnension. T"he cells wvere
dispersed by shaking and the tubss allocwed to
stand at room temnerature for 10, 15, 20, (5 ard
50 minutes respectively. The activit;: of the
enzyme was stopned after each period b placing
the tube in a water bath at 90°C for five ninutes.
A heated or inactive cuspernsion was added to a
similar aliquot. The cells were removed from each
aliquot by centrifuging at 10,000 r.p.m. for 15
minutes using the six place head for the Inter-
national Iultispeed attachment. ©& 1, of the clear
supernatant wés taken for color develorment as
described in the an:1l:tical rnrocedure. IZlani:
corrections ware n2de and tie amount of ri:ctiric

gacid destrored was ~lctted a~ainst the tine ra-

quired (Pig.I).



It was found that 50 micrograms cf ricotiric

acid were destroyed by 0.05 ml. of a sucpension of

Ps., fluorescens 30 in fifteen minutecs at roo:a te -

peraturs.,

6. 3necificity of tue active suepencicn
e ——

Using 2linuots containirg £0 aicrograns of

nicotinanide a similar test for tlie activity of tle

suspencion was carried out. <The amount of nicotin-

amide destroved durina one hour was observed. 'he

recults are presented in ig. I.

DESTROYED

MICROGRAM S

50 - — — — T —/ = ©
~
jog
/
40- //
/
/ — — NICOTINIC AC!(D
20- o ©
/ A—-— NICoTi~N Am I DE
/
20- /
/@
/
10 - /
/
F . _._—a
s 1o = 20 25 30
T IimMmE - MINUTES

Mg, I - Rute of dectructicr of ricotiri: acia
and ricotinanide in soluticre ceortuining
50 mierocrams of each.



}_)
s,

Under the conditions of the asca; nrocedure
the enzyme was specific for nicotinic acid, “he s -
amount of the active sus-ension which decstrored 5C
micrograms of nicotinic acid in 1f ninutes decocnrosed
only 7 micrograms of nicotinunide at the end of one

hour.

7. PH of optimum activity

Aliquots containing 50 microzrams of nicotiniec
acld were buffered over a range of hydrogen-ion con-
centrations from pH 3 to 9 and 0,05 ml. of active
suspension was added to euch tube and alloved to act
for 15 minutes., After heating at ¢0°C for five minutes
the cells were thrown down by centrifuging aznd ! ml.
aliquots of the supsernatant viere taizen for the color
reaction, The intensity of the cclor develorsed is a

measure of the activity of the csvspensicn at each

pH. (Pilg. II).
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GALVANOMETER TREADING
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-

20

L L v 1 4 L

3 9 5 7 3 9

]
pH
Fige II - Relationship of the enzyme activity to pi

Optimum activity of the enz;me was at pi 7
but the activity was maintained over a fairlyr —ide run;e.
For the assay procedure »¥ 6.0 was chosen since colcr

development could then be carried out "'ithout further

adjustment of the hydrogen-ion corcentration,

8. BEffect of cell destruction on enzyme activity

Complete removal of the bacterial cells wus

escential before applying the color reaction and this
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required centrifuging at high speed. .. cell-fres e::-

tract of the enzyme could sim»1if’ the asea— nrrccedurs,

Dubos and Miller (21 ) were unable to extr.ct an active

soluble enzyme from the "7 bacteria.

To study the effect of cell destruction on the

activity of the enzyme a suspension of Ps. fluorescens &C

was alternately frozen and thawed, the cycle being re-

peatsed
cedurs
enzyme

intact

eight times within twenty-four hours. “‘his pro-

ruptured the bacterial cells. The test for

activity was carried out as described on the

and the ruptured csells.

(Table IV),

Table IV - iffect of cell destruction on enzyme activity

Iicrograms nicotinic acid destro;'ed by

Time (1) Normal cells (ii) uptured cells
5 minutes 29.6 5.4
10 " 47,0 9.9
15 " 50 - 17.0
30 " - £Ce
Although this expefiment indicated that re-
psated freezing and thowine destroved 75 - 80 7. o the

normal activity of the suspension, it did rot orecludse

the possibility that an active extract cf the en=yne

may yet be prepared by other techniquec,




9. Thunberg experiments

Gxperiments apnlying the Thvnverg technigue

were carried out with suspensions o s, fluorescers .U

using nicotinic acid, alcohol, glucoss, sodiun lactute,
and sodium succinate as subestrates. The results in-
dicated that the enzyme attacking nicotinic weid ias
not a dehydrogenase although the mechanisn o0f attuc.:
was probably oxidative. Zowever, the presence of
nicotinic acid inhibited the dehydrogenaticr of ulcoliol,

glucoge, lactate and succinate.

10. Warburg expsriments

ljarburg evveriments were c.rried ovt a* 27%

using 0,5 ml. of N/5 phosphete bulfer ~t plI 7.0 ard

1,0 ml, of & suspencion of Pe., flvorescerncs 0., 0.1 1,

of 17/10 nicotinic and /10 scdiurn azide and hydroxl-
amine hyvdrochloride respectively weres added from tie
side arms., The centre well contaired 0.2 ml. 07 £0,
II0H for the absorption of cuarbon dicide. The contertc
of each vessel was nade up to 4,0 1. viti. sterile
water and the final concentration of tue irniibiters
was 17/60,

"he mode oI attack by the en::~i1e on nicotiniec

acid vvas oxidative, "The results »resented ir ¥ri ., TIIC

indicate that oxygen uptake by 2e, flucreccens ¢C ir the
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acid. To determine more exactlv the o en uptake, tii-

- —

chloroacetic acid wac added to drstro: the azt vity of
the organism, The experinert was not catis uctory eircs
a lac in oxyzen untalze followed the addition of ths
trichlorozcetic @«cid., Therefore, Turther exrarirants
ara in progress to deternine vihether icnochleorc .zetic

or dichlorouacetic acide cw.r halt the oxrgen uptuie .aore
abrurtly. Such an obegervation iraeg race tly reporied U

Lang (58) in exmerimerts vith iocuse Yivar,

11, Inhibition of enz:nue aztivity

Thie inhibitiown of erzg- e cctivitr by surfaca
tiective arents such ac toluene wund octyl lcohiol =nd by
poisons of heavy metul coutalystz such .c scdia aunide
and hrdroxylamine hidrochloride 'us w«lco ctudied v tle
colorimetric deterninaticn of ricotiric acid. 9Senerute
tests for the =zctivity of t'e cucspension veire c.rried
out in the presence o7 I7/60 godium azide, 17/60 hLydrox;l-
amine hydrochloride, C.1 .. of toluene and O.,% 1, cf
octyl alcohol.

The percentage inhibition of normul activit-
by the poisons compared closel;” by the .crburg techni ue
and by the colorimetric deter:iinaticn ox rizotinic wcid
as indicated in ITuble V. he activity of the enzine us

almost completelr inhibited br sodiuwna unide.



Table 7 -~ iffact 0f some iniibitcre on rorral wetivity

Percent.:e irnicition

hibi . - )
Inhibi tor (i) Warburzs (i2) Zclcorietry

ral'y /60 99.8 CL.C

1I,0H 1560 78.4 75.6

Octyl alcohol - 08,0

Toluene - 80.0

Toluene znd oct 1 alzschol =trorgly inhibit=d
the activity of the srspension (Ta le 7)., ‘‘.e cosar-
vation that the enzyme uctivity weas greatly Inliibited w.3n
the bacterial ~elle warse runtured u7 2lternatz freezing
and thawing and also by cell poisons such ac iolueve tnd

octvl alcohol indicated that a liurpe part of the activs

enzyme was bourd to the cell struvcture.



SUINRT

Several culturec of bacteria were ccrinared
for their ability to destroy; nicotiric acid, .. erltvre

of Pseudomonas fluorescens vwes used &s u source of an

enzyme which rapidly decomnosed nicotinic acid but did
not attack nicotinamide appreciablyv., This arz;me tvrus
active at room temperatures and could be emnloyed to
determine nicotinic acid at the pH recuired Zor tl.e
color reaction.

Surface active agents such as toluene und oct;l
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 enzyne.

The enzyme mechanism appeared to be oxidative and its

activity was reduced by poisons of heuvy metal catal;ests,
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PART II HISTORICAL II'T2CDUGTICN

Ilcotinic acid, 3-pyridine carboxylic acid,
was first prepared by Huber (37) in 1867 by the
oxidation of nicotine. Seventy yearcs later Jlvelijem
and coworkers (22, 23) found that nicotinic acid
effectively cured blacktongue in dogs and could be
isolated from anti-blacktongue liver extracts. In tase
camae year Touts and coworkers (2¢) reported the first
succecsful treatment of liniwn pella~ri with nicotin-
anide. Accurate detersinaticn of this vitaniin boca e
of immediate importancs.,

The experimental aninale thot sunow tyrical
nicotinic acid deficienc; are the dogz, vig and .:onley.
Measuremaent of the growth response of tie dos: has beer
used with success (25, 83) but other biological assars
such as the chick test (51l) have not proven &s satis-
factory (17). 2Qubenstein and Shekun (73) described =
sgnsitive test for nicotinic acid based upor the

development of newly-hatched larvae of the moth

Galleria melonella.,

The essential nature of nicotinic acid Zor
certain microorganisms made possible growih tests
using a dysentery bacillus (20, 54), a colon-trrioid

bacteria (46), Staphylococcus zurevs (47, I8},




Shigella paradvcenteriae (30, 39), and ILeuzcrostoc

mesenteroids (40). However, the method o7 Snell ard

Wright (78) using lactobacillus arabinosus has been

most widely applied. The amount of lactic acid prro-
duced when this organism is grown on a svecified .1ediun
wag proportional to the amount of nicotinic acid pre-
sent. Modifications of the basal medium (8, o6, o,

75) improved the response of Lactobacillus arabinosus

and increased the sensitivity of the method. .lthou:h
this microbiological procedure nroved :enerally satis-
factory (23) it was subject to variationrs in technique
and to the presence of non-nicotinic acid <rowth
stimulants in cereals (2, 14, 15, 34, 44),

The reaction between pyridire derivectivers
and 2,4-dinitrochlorober-ene, rrorcsed b Tonrericiiten
(87), wes adapted to the colorinetric determination of
nicotinic acid in foods by Zarrer and :‘eller (4%) and
in urine by Tilter, Sriec wnd l'ztheve (86)., Duroza
(19) used phospho:i0lvbdic acid which combines wita
nicotinic acid, i.e. after treating the washed, re-
dicsolved precipitate with a reducing solution, the
solor produced was matched with a standerd in a tin-

tometer. Iingane and Davis (59) sud Zc:tiins and

Schmidt (85) apnlied polwrographic techriques to tis
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determination of nicotiriec acid., Theca tvo rathcds
weres of limited apnlication.

The lonig reaction (52) in 'riiech the =~vridire
ring is opened with cyanoser broiride lizs been thie basis
of the most accurate chemical methods. Tridoxirs,
the only other vitamin known to contiir the pyridira
ring, has a methyl zrour in the alpha »osition and does
not react with cyanozen bromide. However, =11 alrh=-
unsubgtituted pyridine compounds such us nicotin:niidse,
nicotinuric acid, nicotinic acid U-dieth:lt . :ide, beta-
nicoline, alpha-aminonryridine wuid neneczoti~ wcid ave

-

positive tests (88). Irin.etzad arnd "eaecs (.6) und

Bandier (5) reworted that the presence cf »otacsivn
dihydrogen phoshhuté reducad the interfersrce frcn

these related comnounds,

In an extensivs studr of comnourdes irterier’ neo
in the I'onig reaction :‘odicaik (HC) found that t = =olveris
isobutyl alcohol, benzene, tolrnre wrd nropvl alcclcl
produce a slight color which was nrobtovly due to 1 .-
purities. Ashford and 7lark (4) renorted that acid
hydrolysis of wheat samples produced furfural witich
reacted with the reagents to give a non-crecific color,
Telnici: (62) reduced this interference by wdjustiny

the hydrogen-ion concentration during the colcr rexzctlon.

The derivetive trigonelline produced an interferinrg



color when hydrolyzed by alkali (¢4, 67, 70). Tars aro
“odicek (8¢) used a weak alkeline hydrol—sis to overcc: e
this difficulty in the analysis of nicotiniz =zcid in
urine.

Nicotinic acid seldon occurs naturally in the
free form and its biologically active derivatives must
be hydrolyzed prior to the chemical deter.iination (2I).
Coenzymes I and II are sasily hydrolyzed (50) and
treatment with weak acid was sufficient to convert
nicotinamide to the free acid (13)., " icotinuric acid
can be hydrolyzed by wullkali but is fairl:” resistant to

acid (70). The nicotinic acid derivetives in nlant
0 -

~

matarials require 30 minutes heatins =2t 100 O with &
acid (34), The nigments and intarferins svbetarcas
produced during hydrolyvsie were clininat=d b7 varicus
techniques.

The effectiveness of orecipitatin- w-ente
depends upon the type of samnple being cnalrzed.
Tungstic acid was proposed by Eweminaéthan (81) and
has been widely applied to the an:lyeis c¢f blood and
urine (1, 45, 69, 80)., In the analysics of tissues
Kodicek (50) precipitated the nizments with acetone or

alcohol., Other precipitating agents commonl: used
include barium hydroxide (27), zinc hidorxide (31),

and leaed hydroxide (18, 36, 70).



Swaminathan (81) and !'elnici ard Tield (65)
removed interfering vigments from urine wity c.arco=l,
Melnick, Oser and Siegel (66) reported thzt pre<erential
adsorption on charcoal removed most of tie —~i-nent frcon
cereal hydrolyzates without loss of nico%inic acid.
However, Dann and Handler (18) and Waismen and 3lvelie:x
(88) found this technique unsatisfactory because of
incomplete decolorization. Perlzweig, Levy and Surett
(70) showed that charcoals remove varying amounts of
nicotin;c acid from pure aqueous solutions in a range
PH 1 to 10 and since nicotinic acid can be «dsorbed on
filter paper special treatments must accompany fil-
tration. Weng and Zodicek (89) found that variwtion
in the quality of the charcoal was an additionzl source
of error, A4 method for the =zdsorntion of ricotiric
acid by medicindl charcoal was cugcested ty Tiril and
MTaganna (32) but other woriiers were uncble to cbtain
reproducible results.

Oxidation of interfering pi:uente with 47
potassium permanganate yielded almost colorlesc extracts
of urine which had been washed with isobutanol but the
use of the solvent required a corrective factor (8¢),
Brown, Thomes and Bina (1.) fourd hydrocern peroxide
gafficient for decolorizing cereal exiructs w:d renorted

two procedurss for the removal of tie excesr peroxides

(14),



Perlzweig, Levy and Sarett (70) showed that
nicotinic acid could be quentitetively edcorbed and
eluted from Lloyd's reagent. .11 nvridine derivutives
were adsorbéd on Lloyd's reagent below »7 1 and al-
though & largse proportion of the »igments wiere adsocrbed
and eluted, all but a trace of these could be removad
by preecipitation with lead hydroxide. This technique
has been applied to the determination of nicotinic acid
in animel tissues by Dann and Handler (18) and to
cereal products by Hausmen, 3Rosner and S.nnorn (¢6).
Colorless blanks could be obtained by this method but
Wang and Kodicek (89) and Bina, Thomas, and Zrown (11)
pointed out that Lloyd's reagent doec not eliminate
chromogens.,

Other workers have attempted solvent e:-
traction of the colored complex which nicotiric acid
forms with the amine-following the crenogen bro.xid=
reaction. Swaminathan (81) suggested amyl &lconol.
Ritsert (72) and Perlzweig and coworkers (70} used
butanol but Waisman and HBlvehjem (88) fourd these
solvents unsatisfactory for color comparison., ..rnold,
Schreffler and Lipsius (3) reported that the colcr~
complex formed with p-aninoacétonhenone wac selectively
extractable with ethyl acetate. This technique L.s

been applied successfully and Brown, Thomas and Bira (13)



gstated that the interfering substaicec in careal sxtricts
were not extractable in ethq7l acetate.

The technique of color devalormaert follcewed =
consistent plan but varied widel: in detail., '.lien the
cyanogen bromide reaction had reached co:pletion an
aromatic amine was added. Il%aximuna color intensit;” wzas
allowed to develop and readings were made ir a photo-
electric colorimeter at the wave length of optimna
transmission. The numerous procedures recorded in ti.=
literature differed in detail bec=use (i) tiue crenogern
bromide réaction wae carried out under differecint snae-
cified conditions, (ii) eaveral =zronitic -iines having
different nrovertice crnld be us~¢ stecess®ully, (1if)
blanl: correctiors wera unde in e/vera’ walT.

Prom ar investigation of the revorted che:mical
methode for nicotinic acid it veae evident that wider
application of a single nrocednre ccuvld onll” te uce-
omplished bw a snecific dater.aination. Ter— little
hed been done to imrrove tiie snecificitr. he vuee oFf
adeptive enzvnes for the dete:rination of nicotiris acid
in blood was sucgested by ..llinson (1). Studies vare
undertaken with a view to a»plying smezific bactericl
enzymes to the chemical determinaticn of nicotirie Lc2°@d

in foods.
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l. Conditions for the cyanogen bro.ide reaction

—— e s —— - — B

Using 2 ml. of c¢runogen bronide iy comrvarziis
aliquots, Harris and Raymond (37) heuted the rezct.cn
mixture at 80°C for 10 irutess Xodicekxz (£C) wlloiad
the solution to stand for b ninntes at tiis te reruturs;
and more recantly 'ang and Zodicei: (£9) reported that
optimum conditions were obtained bv lheating ot L tc 60°
for 5 nminutes. Terri and Shiler (oL) citiined rerro-
ducible results with O ml. of 77 r in a totul vclume
of 20 ml. und a reaction ti-e ¢ ZC ‘Jnuteg 2t recon
temperatura.. Vhen 1 10, of 07r in . total velve cf
7" ml. reccted with ricotirnic aueid =t room tem~rature,
Steele (7¢) found that ufter 15 minutec the cclor rro-
duced on the éddition of metcl daid rot increwss si;ri-
ficurtly. The lacl: of an adecuate basis TJor cc.puri’
the various conditiors under which the Ilcnig rewctior
has been carried out mede necessury ~r irvestizuticn of
this reaction with respect to (i) the wicurt of 7 .
required, (ii) time of recction, (iii) ternsrature cf
reaction and (iv) pH.

-odicek (50) observed no change in color

¢
()

intensitv when the anount of 0I'Br wue vuaried fren o.0
ml, to 4 nle. in 15 ml., of solution. TFrovided tial «

reasonable excess wus used, the amcunt o7 2I'5r was rotd



important (25). One ml,, which was showr to ts adequate
(79), was used in this studv. I!axi.un color develo—~d
immediately when m-phen;lenedia:nine was used, Thics amirs
was most applicable because the change in pZ re-~uired to
stabilize the color terminated the CI'Br recction.

One ml. of ZI'Br was allowed to recct with 25
micrograms of nicotinic acid (5.5 ml. at p~ 6.,0) at
different temmeratures for given neriods beore color
development{ Table VI),

Table VI - Relation between ti:e and tenve:rature cf
Clor reaction,

Time 2000 Photometrigogen31ty 0%
S min, « 180 « 201 . 509
6 " 272 408 . 6U8
9 n « 519 « 61 009
12 " « 387 . 602 . (88
15 " .403 . GAE . 658
20 v 469 . 668 078
25 " «D09 . 688 « 0L
30 " «DL3 « 699 076

The color was read in the Cole:ian Cpsectro-
photometer at 420 millimicrons with the gtlvanometer
gcale reading adjusted to 100 with distilled water.

The photometric density wus calculated froa tie formula
D=2-log G where D is the photometric densitl” .rd 7, tle
galvanometer reading in percent trans-iscicn,

The reaction was comnleted in o inntss =t


http://CH.br

60°C but at room temperature the reaction wes still ir-
complete at the end of 30 minutes. Using 5 ml, %izr

at room temperature the color intensity increased steadil-

for 20 minutes but the greater dilution decreased the
gensitivity.

The time required to complete the 7 -r rsucticn
was found to depend on the temperature and the amount of
ClI'Br. The reaction must reach comnletion before thse
addition of the aromatic anire, esince the resvlting ni
is no longer favorable.,

The hydrogen-ior. concsntration «t whicn the
lonig reaction was cérried out affected tie intensit; of
‘the color and the optimum pH varied with different aminrec.
Using p-aminoacetophenone, reproducible res:lts were
obtained within a range of pd 5.5 to 7.5 (L0). letol
gave good results at pH 5.0 to 6.1 witli the optinunm at
pH 5.8 (79). .ith orthoform the reaction was maintained
within pH 6.2 to 7.0 (61).

gtandard solutions containing 25 micrograns of
nicotinic acid were adjustsd over a range of pZ 5.0 to
8,0 with phosphate buffers before the addition of the
CNBr., The intensity of the color produced by 1-phenylenre-
diamine and aniline at the different Lvdrogen-ion

concentrations is indicated in Table VII,



Table VII - The effect of pil on the color vroduced in
the CUBr reaction,

oH Photometric density
n-phenylenediaminae aniline
5,0 .668 496
5.3 . 638 o475
0.6 «594 « 502
6.0 « 545 « 538
6.8 « D23 « 509
6e6. 495 456
7.0 o469 . 598
7.4 462 YA
8.0 469 o UL

Terri and Shimer (82) used a buffer at pH (.6
with m-phenylenedicmine but it was evident that & more
intense color was produced at pH 5.0 .niline anpeared
to give optimum results at about piI 6.0

To standardize the CI'Br reaction & 17/f phos-
phate buffer (pH 6.0) was used in all further experi-
ments. The adaptive enzymes ware active at this pH

so further adjustment was unnecess«rl’.

2., Properties of some aromatic amines

/hen the pyridine ring has been opened Db
CNBr, the addition of certain aromatic amines rroduces
a more intense color. Since color develorrent depends
on the presence of the anine group, cgveral dif’erant

amines have been nropocad, such ac arilire (Z0),



,
en

p-&aninorhenol (80), b-nzrhthl:mine (27), metol ( --~ti-—1-

aminophenol sulfate)(7), p-zminoacetovhenone (i),

p-aiiinophenylsulfonamide (71), orthofor: (rme*tnl r-anirc-

p-hydroxybenzoate}(61), m-phen-lenediuniire (8f) wnd

procaine hydrochloride (1%},

amines differ widely ard «

M~ mropertie:z of ti.ece

comparison baced on ti

literature is complicated by variatione in technicue =nd

by the fact that the readinzs have beer made at different

wave lengths,

Ueing standard soluticns at »¥F 6.0, the color

nroduced by ceveral amnines with &°

tinic c¢cid wes compurad

(Tuble VIIT),

aAlerogriiis ol nt

co-

e vhoteistric

densities were corrected by a bliv. readirs of ti.e ~olor

due to the tmine reacsnt.

Tablse VfII - Jomrarison of the cclors rnroduced by

sgveral amires,

. Time required for | Thotometric Optirum
Amnine maximm intensity density Trareaied or
m-phenylense- - o
diamine O.5 ninutes « 587 420 it 1ll dorers
aniline b " « DRQ 42C "
orthoform 5 " .87 440 "
p-aminoaceto-
phenons 30 " « 598 400 "
me tol 60 " 209 420 "
%, Stabilization of color by Lydrcciiloric acid

The stable color given with orthofer:: reported

N

o,



Martinek et al (61) could not be renroduced. ~“he =clor
faded rapidly after reaching a maxi-un in 5 cinvtes but it
wags observed that HC1 decreased the rate oi fadin:.
Stabilizaticn of the color for £C minutes wie effected

if 0.3 ml. of 10% 121 wos added at the nesk of color
intensity (Table I¥). 41l samples contained 50 :icro-
grems of nicotinic acid and readings were made after
adjusting the galvanometer to read 100 with distilled

water.,

g

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

Time after Photometric density
addition of ITo HC1 O.1 ml O.% ml., 0.5 ml,
orthoform 100 Hel  10¢% =cl 10 101
b minutes 414 « 598 o 34T « 301
7 " 0 352 0398 ¢ 037 0 292
10 n 268 ¢ 382 e 337 . 314
15 " 229 372 0352 o 337
20 " 221 e 50T o 332 « 357
25 n 214 « 3682 o 038 o S6T
30 " 211 e 357 o 347 . 582

Aniline gave a color o -ood intersity but it

faded quickly after rewching a muaxi-mn in & iinutes,

]

Stabilization of this bolor was attempted wit. 171,
addition of 0.2 ml., of 1C%: I71 at the pcint of rexinun
color intensity prevented fadirg for 10 minutes (able ).

Bach sample contained 50 micrograms of nicotiric acid. The



presence of HCl was observed to increase the color

normally obtained with an equivalent aliruot.

Table X - Hydrochloric acid =g a ctabilizer of the color
given with anilins,

Time after Photometric derci
addition of 1To 0.1 ml o.g ug. ltyo.s rl.
ahiline HC1 10 Z2l 107 Hel 1055 2171
b minutes e 733 | .886 . 870 .8h4
7 " .668 | .870 .886 .870
10 n .55% | .824 «886 . 870
15 " .420 | .770 .886 8.4
20 " 337 |.699 .870 .824
25 " 266 | 4620 .838 .810
30 " 0214 |.569 810 .796

Teeri and Shimer (8Z) were able to stabilize
the color produced by m-phenlyenedicmine for 20 :miinutes
with HCl., It was necessary to determine the optimum
amount of HCl1l to be employed with the volumes of
gsolution used in the procedure adopted. 5 1l. aliquots
of a standard solution of nicotinic acid (10 .aicrosrune/
ml.) and 0.5 ml, of IT7/i phosphate buffer (p’ 6.0) vare
heated at 60°C for 10 minutes withi 1 1, of 27Zr. .11
tubes were cooled for & ninutes in runrir: tan wa
before the adding to each of 1 ml. oFf £\ m--her—lens-

diamine. Varying amounts of 731 were cddsd iaedi: taly
and the stability of the colors wus deternirsad {’utle VI,
In the presence of 0.5 ml. of 205 1701 tie color did not

fade for 15 minutes, o this amount was used in =11



further exnerimants,

Table XI

rdroe..loric acid as s

ctahil”

A

(BN
(08

- A
oar

' color giver with nm-nhevy enediani =,

Time after 3

addition of ‘hotometric dercsity

m-nhenvlene- 0 O.1 1, 0.5 .11, 1.0 1.
dia-1ine HCL 20, 71n1  £07 HI1 £ Hol
1 minute 1.000 1.0CC 021 . 745
& " « 979 L.oce 91 770
£ " « 939 1.000 «C7 . 785

20 " . 824 . 03¢ . 9¢ . 310

1E " . 088 . 8348 LEL . 61C

20 " . 602 782 . 903 JTT0
5 " .09 N IO 745

%0 " Al4 . 099 .78 2L

4, Selection of an wrowtic w.vine

The pronertiec which determine tie ~ciacice ¢
an ¢1ine are (i) stability eand intensity of tza colcr,

(ii) tire reruired “or colcr devalerment, ¢ nd

- a4 - L. - -
-"JJ'.;"‘ S.lne Irv <0

amount of color imparted to the tl.ark UL

I"atgol lree

'~ e

hag ~rcver catisfactery vecauss 17

a color which is steble for at laust cne ‘our., “Tover:r,

it -rus inconvenient n thet ore hour wee required for

tha devalonient of p:-rirswa coler intensity ond vhen =2or-

nurad with ="henvleved e ine cr wriine, tha color with
etel vae 07 1o intercity.

~rccedures eaploying r-aiinoscetd "herone cequ e

te saditior of a enecified anount cof IT., Gweoadaiticn
of H2Z tc p-amircucatcerherore ~*th or -~ ithecut ZI"'r, _ro-

)

soLnr viIieh weae moet ‘ntense at low corcenir.oticn?

ducad w



of H71, Althoveoh this color £2ded ot *ve ncrzern+ - s+’cr
of HCl recommended in scie rrocedures (8¢), < .le L ira
wag considered to be urcztisfacters taciuse it 12:2ed
specificitv.

The color with orthoform was ¢ lo intensity.
althourll the addition of 71 n2ve esaticfanctory statilis-tior,
the color intensity wae lece than w.s ncrnallv obtained.,

.

aniline gave « color of nigzn1 irtencity wiicl
could be stubilized by ii°l. However, %o renrcduce tle
color with a given quantity of nicotinic acid the ™71 hud
to be added at the exact »noint of nuxiwn color intencity.

Although the rearent blanii was comaratively
highly colored, m-phenylenediciiine was selectsad fco vee
because a color of hizh irntensity e doveloped i:iadiatelr”

and it could be stabilized Ffor 15 inutes b tie ronnt

addition of 7C1,

5. Cptimum amount of cuine

Dann and Tandler (18) ncinted out that tle
final color intensity demends on the ccrcentraticr of the

amine rather than the absolute quantit;s Sirce hi.h blur:

corrections decrease the sensitivity, the criount oI the
amine employed should be such as to give :wximum color

intensity without increasing the blarn:z reading,
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FPolloving the comnletior of the 7" °Ir resictior,
varying amounts of 5" m-nhenvlenedismire are zdded to
tubes each containing 25 ~micrograis of ricotinic =zeid. Tha
color of the tect solutions and the rezcert blurks vare

measured (Table XII).

Table XJI - Optimum amount of m-vhenylerediamine

. _ Photometric dencit;-

% m-phenylene-| 25 micrograms
diamine nicotinic acid leagent blank Lifference
0.2 ml, 0 567 070 o 4T
0.0 " . 516 CEY 47T
0.8 " . 602 . 060 « Ol
1.0 n 0658 0081 oi—i‘77
1.5 " . 688 .105 .58¢
2,0 " 721 134 087

The difference in vhotometric densit:” Letwaen
the blank and the test solutions indicated thet taie color
due to nicotinic acid incrnased un to 1 ml. ¢of the chire
reagent but with larcer volumes the blanx roudins in-
creased without a corres»nonding increcc<e in the ccler
attributable td ricotinic acid. In subsecuent esxxmeriments

1 ml. of a 5 ri-phenrlenediamire wes used. 2i-ilarly, it

was found that 1 ml. of 47 aniline wes the optiim1 anrcurt,

6., The 'acid blank' correction

The discrepencies in the values reported for

the nicotinic acid content of foods are due to variations

in the methods employed to corract for the blunit und to
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d1fferent techniques. It is essential that the extr:cts
be water-clear since the color resulting from the inter-
action of the reagsnts with residuzl virments would Gbe
calculated as nicotinic acid. .prarentl: colorlecss
extracts produced a slisht color by reaction with the
reagents.,

The blank described by Bandier (5) consisted
in adding all the reagents except the aromatic base to
an aliquot of the test solution. Yowever, Cl'br reucts
with nicotinic acid to produce a slight color even in
the absence of the base (66). Other investigators omitted
CNBr and added the aromatic amine to the blank tubs.
Here again, the base has been shown to react with substances
in the hydrolyrates to »roduce a cclor cinmilar to thet
given in the test for nicotinic a2cid (63). I=lricn,
Ogser and Siegel (66) showed that this recction did rot
ocour in the presence of C''br but cconcluded that the
amine should not be added to the blank or low values will
rasult. The nicotiniec acid content of breads and flours
was observed to vary depending upon the blani correction

used in the calculations.

The separate measurement of the residual color
in the extract and the color due to the recagents does rot
compensate for the side reactions known to tuie vlace in

the test solution when the reagents are added to the
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extract. Theoretically, a correct blanys should contain
all the reagents. V/iang and ‘odicex (89) found th=zt 2i.r
did not react with nicotinic acid at low hrdreczen-icn
concentrations. The sample and all reaszants could be
ineluded in one blank if HC1l was added before the CI ir.
This so-called 'acid blank' was adopted in this investi-
gation. The same amount of 207 C1: (0.5 ml.) as was
required to stabilize the color with m-phenylenedicmine
gava a satisfactory blank when cdded to the swuarle bzIlors
the CliBr.

The acid blank was comnared with the snu,ne
blank which is described b~low and with the more cciuaon
correction secured by the s narate imeusurement of the
color civen by the s=mnle #nd reragert blarie (Taile YITI),

Te color reactions were mads with -nhenvlenedia:iire,

7. The 'enzyme blank' correction

The bacterial suspension described in Part I
was used as a specific reagent to destroy tie nicotinric
acid in an alicuot of a samrle. “he 'enzyme blurit' vas
secured by applying the color reactior to this ¢liruot,

Using two aliquots of an extrect, the difference bat.een

blank is a measure of the color produced by nicotiniec
acid., The color developed in the enzyme blen! is un

acourate measurement of non-nicotinic acid chrc:iiogenic



material,

Allinson added a heat-inactivated suspension
of the bacteria to the aliquot used for full color
development. MNo difference was found in the velues
obtained with and Withogt the inactive susvensicn so
this procedure was discarded.

The inactivity of each bacterial cucpension us
determined by the method outlined. The armount of csusper-
sion used to prepare the enzyme blank was sufficient to
destroy 100 micrograms of nicotinic acid in 15 -iinutes.
This amount of suspension (usually 0.1 ml,) wae added
to a 5 ml. aliquot of the water-clear extruct plus 0.0
ml, of 17/6 phosphate buffer, pH 6.0. /,ifter 30 ainutes
et room temperature the bacterial cells were removed by
centrifuging at high speed for 15 nminutes and 5 1l. of
the clear supernatant were taken for the color recction.

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

Photometric density

¢ Sampls Reagent+sample Acid blank Enzyme blank
Standard sol'n
50 micrograms . 060 063 071
Yeast I 069 <099 .108
" IT 079 «146 167
n ITI 079 113 «11¢
Coffes «116 . 197 e 205

Table XIII cornares the en~rme blariz, acid
blank and the commonly used correctior value rerresertin.

the sum of the sample and reagent blanks, Only with
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standard solutions wasg gocd a;rerement obtained with

21
three corrections. In the analvsis of yeast w.ich is
known to have & relatively low content of interfering
substances, a wide difference is evident tat een t..s
ordinarv blank and the acid blrnk, (n tiie other hand,
the acid blank compared fuvorabl- ith the enr;mne bluril.
"/ith coffee which contains :1tn;” interfering cubstanceso,
the enzyme blani: wes much hirher than the acid blani
thus indicating that non-nicotinic wuecid clircmo_~nic

materials gave rise to color irn the wbearze o7 ~cid which

€8¢,

o

was not comrensated for by the wcid vlank. In suven
a correction based on the rrau~rt ard semple blaris
would give erronsous values,

To ascertain i1f soce svbetiace ir tie colfee
extract might have inhibitea the ennyme activity, tuc
enzyme blanks were prepuared, to one of which s added
10 micrograms of a standard solution of nicotinic acid
before adding the suspension. There t/0 blunis were in
close agreement indicating that enzyre activit] us
measured by destruction of nicotinic wecid wus nct

inhibited,

8, Interference from Llord's leagent

4 method of wide anrlicatior for rroararirg
water-clear extracts inveclves the use of Il-cd'e rear~an-

and lead nitrate, ‘hen m-vhen-leracdicnine wes addad tce



clear extracts prepared bv thic techrique, a ruria incr=ace
in color intensity wae observad if the :ddition of "1 tc
stabilize the color, vi.s delaved., The -olor develcmed s
independent of the crvanogen tromide reacticrn, St dzrd
solutions which had not been treated -'itn Tle:d'es reazarnt
did not give this color.

Two blank solutione vere carried throu:h tie
clarification procedure as outlined by Steele (79). .t
each step involving Iloyd's reagent, one was shaxen
vigorously in a stoppersd 50 ml, centrifi.. = tube for
one minute and the other for five nminutes. ‘'able IV
compares the color intensity developed by t..2 addition
of m-phenylenediamine to ¢liquots of these t./0 solutions
and shows the effect of delaying the addition of 71,

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

Photometric density’

Sample HCl added 2131 added
immediately ofter b nin,
Distilled water 071 075

Solution I - shaken
1 min., with Lloyd's
reagent .086 « 187

Solution II - shaken
5 min., witi JTloyd's
reagent 097 e 260

The color produced with m-phenylenediu.:ine in
blank extracts prepared with Iloyd's rea.ent wes related

to the time that the solution was chaken with Iloyd's
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reagent and to the time that elapsed L-tean tre sddi‘icr

- PR

of the amine &and the additior of *he -~ Sting.-dising
the technique by shaking witu Iloyd's reagert for 1
minute and adding the =1 immejiatel:; «~te- ctding tae
m-phenylenediamine yielded revroducible resulte.

The extracts were tested for lead with ardroger
sulfide which might have interfered but tlie vesalt s
negative. "olin and Berglund (28) called attention to
the solubility of Lloyd's reagent in «cid solutions. “ie
Aluminon test indicated that the 0.2 1" sulfuric acid
employed in the adsorption of nicotinic acid dissolved
a4 considerable quantity of aluminum. Iowever, this ion
was removed during the lead nitrate treatment ard phospliute
precipitation. An Aluminon test on the fin:l extract
was negative. The prescnce of inorcenic salts of lead,

aluminum or silica did not ciuse any ¢pnparent irterfersrecs,

9. Adsorption of nicotinic acid or synthetic recirs

. ————————— . — i e

The 'Duolite' s:nthetic recirc uwsed for the
separation of amino acids are recistant to acids ard
bases (16, 26). Three of these recins were tected for
their ability to remove nicotinic wcid Zfrom solution.

Adsorpticn columnes ‘vere rrenared in _[rel
glass funnels of constant bore using ground resi:es iich
would pass through & 60 esh but not throuw. h an ©0 nesh

screen., The resins were crclized before use wecccer ing to
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the directions ziven by the nenvfacturer, Stard.rd
solutions of nicotinic acid (10 iero-rane ne )
were passed through the columns at di“ferert hrrdrcgen-
ion concentrations. The aiount of nicotinic =zcid -a-
sorbed was determined by colorimetric analrsie. ‘i ion
exchanger i-2 and cation exchanger C-3 did rot reove
nicotinic acid from acidic, basic or neutral solutior:.
However, nicotinic acid was cuantitatively r-.10ved fronm
acid solution by cation exchanger C-1.

Columns were prepared containing 50 mge., of
resin C-1 and the amount of nicotinic acid adsorbed froa
standard splutions at different hydrogen-ion concen-
trations was determined by colorinstrr(_’able 717,

Table XV - Relation between hrdroosn-ion coxncertration

~ -

and nicotinic acid adsorbed b7 resin T-",

rH TMicotinic acid =2dcornad
| ] O O m; S .
560 O.,75 "
1.0 2,0 "
0.2 G "

[

100 mierocroms of nicotinic acid in £ . of
0.1 1" HE1 was quantitatively =dsorbed and =lute? Ty an
equal colume of 0,4 1T T"ald, =sin 7-1 completelr .d-
sorbed the nicotinic acid from & 0.1 ™ svlluric acid
extract of yeast and it was eluted by O.% 7 Talto

However, much of the color in thes extract

sorbed and eluted along with tiie nicetinic weid. 3i..iing
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a quantity of the recir vith an ccidi"ted stardard solu-icr
did not give complete wds - mtion of ncosiric zcid. Ticc-
tinic acid could not be ¢-nzruied “rom rcotinanids oy

resin C-1 c=ince ULotli annezred to lLe zdccribeld with eaucl

intensity.

10, Txtraction of ricotinic acid

The concentrution ¢f the ydrolvtic cor-nt .o A
be such «: to ernsure the zcinlate extruciicn of ricctinic
ecid from the sc . le witiacent e producticn oo etricticn

1

of interferin:y substunces. .21d "{rolyeic is nrefecrall=s

D

since biologicelly acti—e :rmpournds wre tiersl 7 -crvartad
to the “ree acid.
Tieotinic w2’ wias comnlatelt atroactct Iron
animal tissues (L0), reast (34), and rlunt natericle
(62, 6C) by treatmert for cne hour w'ith bo’liwns wetsr
but strenser hrdrolveis o La reguired to extlract
ralated compounds., Stronc ceid or aliuli hrdrolveis car
ensure complete extruction wnd ccnverclon of nicetiviec
acid derivatives but this wus showr tc preduze nter-
fering substances wher zrplied to cereals (1%, ui).
The chromozen produced by Lirdrolysis ol cereal sitracis
with strong 171 gave a duric buovn eoleor with istcl wrd o
lemon 5ellow color with uniline wnd p-uiinoacetc .-
(13)., Heusmen, .osner, .nd Cannen (36) cc-iured 101 wrd

stg:in the hydrolysis of cereal productc., “he uee of



~r~

251 resuited in color not prcduced by H.ST,. Zherical
netilods dc not scoapenscie Ior tle interfering substarzas
rroduced in hydrolreis,

Detarmirction of nicotiric uzid in identicul
samples of yeast vere nade after hydrolysis for one hcu.
at 100°7 with differcnt concentrations ¢f acid. ‘he color
coriributed was 1easursd by the ervrme blon ( Jubla YUIN.
Hydrochloric acid guve higher valuas for the ansma
blenk and for total color, Iirwaver, the zclor »icducad
by nicotiric acid (tot.) color minve anz;me bl:nk) was
constart and wac irdarenden®t c¢Z “ha a:xztractert uscd.

<

™., 4 2 - I O “ ‘A -~ | -~ . PR
Trtracting yveast ith water gave valnes comaribla tc

those by acid extr-ction,

"gble 77T - elation betieen enzyme Lllanii and cocncensraticn
of a:id emnload for Lrdrolysies,

S tant “l1otonetric density
ariractan Trzorae bDlong Jotal colcexr Differen:s

Vater 116 4¢0 . 01
0.5 T IigSQ, .114 . 409 L2805
2.0 T HoS0y 1.9 AL o8
2,0 1" HC1 .48 « 08 . 290
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A sample of finely divided mataricl (zmcuntin:
to not more than 5 grams and cont.inirz 1CC to £CC nicro-
grams of nicotinic acid) is suspended in 7E 11, of oT
HZSO4 in a 100 ml, volumetric flask and »nlaced in a boilin:

water bath for one hour with occasional c; itetion. The
flask 1s then cooled to room temperature and the cor.t-r.ts
adjusted to pH 1.0 with 407 I'aOH usir: ~ethvl violet as
an external indicator, ‘The volume is made up to 100 nl,
with distilled water and nixed thoroushly. ..r:- susrer.ded
material may be removed by centrifvgireg, A 26 il. uliqucet
is transferred to a 0 ml, centrifu.e tube ard crie ram’éf
Lloyd's reasyent iec added. . rubter steorper ie nlacad irn
the tube and it is chulinn vigorovel:; for cne "irt=2, The
tube is centrifuged and the cleur sunernatant is diccarded.,
The Iloyd's reasant is washed twice b;” csuspending in 10 ..,
of 0.2 1" HoS(4 and recentrifuging. The wachir.'s ¢re dic-
carded and the tube is inverted and allowed tc drein well,
4LTter adding sufficient 0.4 I' TaCll to meke thz total volure
25,5 ml., the contents are mixed thorou.hl; for one inute
and centrifuged .

The clear supernatant is poured intc a dry
centrifuge tube containing 1.6 .rais of powdered lead

nitrate and the contents stirred witii a -lacss rod., <(rs

drop of phenolphthalein is added to ascertain if tiis
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solution is acid. 4in allaline rezction usuzll- irdicates
insufficient m;xing and if the indicator is rot decolcr-
1zed by further stirring more lead ritrate is addad until
& slight excess is present. The tube is ther cer.trifuzed
and the supernatant poured into a dry centrifu.:e tube.,

Solid Ha3P04 1s added until the solution is pink to

Al

phenolphthalein and then the solution is adjusted to DI 6.0
with 10% HzPO, using indicator papers., The precipitate
is removed by centrifuging =znd the clear extract is de-
canted into a dry test-tube,

In each deternination four £ 1. @liguots cFf
the extract afe tranefrrred tc test tubes norized "a", "b",
"e" and "d". The enzyme blank, "b", receivecs O.,7 rnl. of
17/5 phosphate buffer (»F 6,0) and 0,1 ml. of tlis bucterial
suspension vhich is evenl;” dispercsed by chu.ins, ‘hie 1

volume of the suspension of Ps. “lvcrescens &0, rr=avpurad

"as described above, will destro; 100 1iicrogra.s c¢f rico-
tinic acid in 15 minutes at roon tesiveratura, Lo each

of the remaining tubes is added 0.6 11, of the bulfer,
After standing for 30 minﬁtes the cells are re:noved fron
"b" by centrifuging at 10,000 r.p.m. (usirng the six-vlace
head for the International lultispeed attachmert) for 1T
minutes or longer. &5 ml. aliquots from each tube are

transferred to clean test tubes. To the acid blani, "a",

is added 0.5 ml. of 20°: HCl., 1 ml., of a stundurd sclution



containing 10 nicrograms of ricotir‘c acs ‘s ="ded tc
"d" and 1 ml. portions cf dictilled water are added tc
tubes "a", "b" and "e"., 1 1., 0f T ir is edded tc e-c-
tube and ©ll are heated ir a vater Latl a+t o2 “or

7 to 10 minutes. “The tubes are cooled :n ¢ bea.er of
cold water 20°C for 5 -inutes. 1 11, of 7 m-mhenl ene-
diamine is added to each o0*f +%iis four %t bes and then C.:
ml., of 20% I'C1l are 1mediatel;” uddad to eacll tabe witil
the excention of "a". T ccler e read mithr 1Z2
nirutes ir the Zolem v “vestrovhcte rater 2t at i
millidcrons ond with the 2olverointer 7 reted teo -ead
100 against distilled vater.

Since the factors alffecting the cclcr intensit-
may vary with diflerent cuianles, tie irversinri sethed

of evaluation ig negd, The mhoteonetric dansity, log

(IO/I), can be ¢’ leulated L the forimia D = 2 - log 7,
where D is the photonetric dersity and &, the ulrarc-
meter reading in vercent trensnissior.

"d" - "g" = the color develorsd frc.1 10 .iferoz-a.s
of nicotinic wzid.

n"a" o "p" = the color due to nicctinie ucid ir. tle
aliquot.
"p" o "g" = the color due to suvesterces ot..er tiia

nicotinic acid.

" ¥ :
nan o "g ndln’ the color prodrced Uy Ccne . crora .

IC 0f nizcotinic acid,.
"won npKn
A D40 10 1 - .
' @ D .-k . = ;'“1 - _
" X — X7 X7 o7 rerls ir rme. o C

~rane of nicotini~ gcid melr srum Il Tha samrle,
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Foods of plant and animal cri: in vere anal:zed
by the proposed method and the results, coiipzred with
the values reported in the litercture, are presented
in Table XVII. Values calculated usin: the enz;ns
blank represent the nicotinic acid contert of the
gsample. The difference between the results based urcn
the acid and enzyme blanke respectively revresents tus
non-nicotinic acid chromo-enic muterial.,

The values based unon the enz:me Llinl were
consistqntlﬁ Tower than those calculated using the
acid blank. The difference, however, v.ried with the
sample being analyzed. Least interference was Iound
in yeast while coffee and dictillers' dried sclubles
contained the largest prorortions of non-ricotiniec
acid chromogenic materials. The recults ottained vere

in general agreement with the reported vzluec,



Table XVII - Nicotinic acid content of foods analyzed by the proposed method.
(Results are expressed as milligrams per 100 grams)

Sample Proposed Method 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) x 40.0 (60) 60.0 (8)
Whole Wheat Bread 1.89 2.22 4.1 (15) * 2.88 (84)
380 (15)
Brown Bread 1.40 1.86 0.8-1.2 (60) ¥ 1.80 (60)
White Bread
(Canada Approved) 3484 4.11 - -
Distillers' Solubles 19.1 26+4 - 21.0-23.2 (9)
(dried, wheat)

% Value generally accepted

14%
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SUMMARY

At room temperatures the cyanogen bromide reaction

was incomplete after 30 minutes. Optimum conditions
for this reaction were obtained by heating at 60°C

for 6 minutes.,

The color produced with orthoform, aniline and
m-phenylenediamine was stabilized by hydrochloric acid.
Extracts prepared with Lloyd's reagent produced an
interfering color with m-~phenylenediamine. Treatment
with Lloyd's reagent for 1 minute and the immediate
addition of hydrochloric acid following the addition
of the amine eliminated this interference.

Nicotinic acid was quantitatively adsorbed from acid-
ified solutions by "Duolite" synthetic resin C-l1 and
was completely eluted with dilute alkali.

A bacterial suspension wgs used to destroy the nicotinic
acid in an extract of the sample being analyzed. The
'enzyme blank'! obtained by applying the color reaction
to this extract measured the non-nicotinic acid chromo-
genic material.

A proposed 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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CONCLUSION

A method is proposed 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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