
Jisfisnn[{rnsrwnu r6uilnri
an[ecn otr cnnno rnoi
0.//OClObeO rneotcor /c:encg

e,a-ea
Folic acid uu?]tul.ut1:u13n0wtJ

Rl]r!1Rq oBnl:tl:QtnlJlnto.fit.!|Jn?n
r rr !.. I e
tRUtflr,ll3llldnlu:StnnrnuJnnnlrulJ i'l:
l:lnolfrriusur nro,r Fotic Acid l0!:1x.')

nulJttun2'r Folate (|UPAC. 1966) ltlJtl
1 e.

RUl',lU Falate lJ1 TlI10l 3o urfigltn?nfi'ul

n':rr.rirfrlrnil metabotism i0,r totate lunu
r ,! I
rtn?g[:na1,r .l nunl.t l,}l lnqn R']1lfi1fts

V.
!D,l Folate metabolism Uut tn [Og!01,{1]
t -., I e ) -lunnr t!tnY[n0Jnno?gu! 6n:t!nil]lrUU

e v I a er ,- ! , I r ;
t't1R?UYl.tUlUO,txltln U,t l:JllloUtt oS l,tyl

r.l t a
t:uont1 !u:JU tln! dn'llnrJn nn?0utJou.l

' I h' -! rlJItnt:0 R:illr(1:rJl!n0!r?rntl| ln or
! | r r.i r- .i'

LUlll4RJ l$ql l:LO lolate n:1inlgn0n

n t:fiInanr:nnf,rvnaru r: !rn:

rlr:ng a-tu Fotic acid lognrJ

l.llvl
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THE METHODS OF QUALITATIVE AND QUANTITATIVE
ANALYSES OF FOLATE IN NATURAT, PRODUCTS. THE

DETECTION AND IDEN'I IFICATION OF FOL^A,TE.

(n::riilunr:n:rlar ilrnr un: ouarvtlorl rnnrrndlrrr:rt1;)

n?qJiu rnuldngt, Ph,D.

orYr? 'l tutlnu::lrn1tq $n!
i; I

n11n R Rtr Ult',lt0JU 1,t

r1n'tf

..1 i '. .a - I
lJ QX1r qltllll nl:finBltnslnutr0J

E tt
tr0n lolale uu ntlO nl:nt11tl1 :I1lll

.a .il
l|n]R$n1fl ruonlJ,lrlnrunfl?1 d1:tJt3n0u

| 4..
tltnlut11uluu0!ltln l llxn,:n1,t 1 n1

- -v a dl
ft:tJtln Rnuu [}{or.Lun11t14lln21!:Yl1i

) - n. .le
n1qn1:nnBltn?l?nU folate hllgUtJ[ot

t!
tRnlltn!utn!1n:l ?fnttnlJ 1 7ltl11111n

. e ll )a.re
[f u:3 l,rrtuYtl.to"tuurll t1n?n'nltnI lxnu

nllglt?OU'l ; 1Ol:I0r Forate otr
! f! -.,Y.l1[un lnunlg?fonuflB

r. iinr:vrr*ni (Chemicat methods)

z. ifnr:nrdinri (physicar mathods)

s. iinr:rr.:irivr01 (Biotosicar merhods )

Rltl ftlgl'lnuaflll|l'|nu, !ll1)tut0ulltt lrunatun,
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r. ?t'nltvtlJtflu ln ul: tutu l0Lsl{l:

'd'n1:?nut l0lt0r folate Yll'lluttltflnou
- t - Y ..'.

1lrllfll1lJuldYlf (i RJuul.J lf iunltn:l1

r"nrarrlirrnr i0r f orate luuvlrsrtiudrt^
--1.! 4 -rtuq lln!?5u itulu]tn1:Yl1iitl rlr'1filti t

lllnl:n:?1!11 tolate luUl (U.S. Pharma-
, - A !,.

copoeia, 1965J RJUUl: Llu 1l1gn3l0B R

ltltlllu lullu

'l' <

2. ?f RlTll',l{flf,ni{ r0s flllnu 01u

Itnl0nu tt'r{

2.1 Ultrsviolet spectroscopy if"n'u

Yr
:J1nn{yl1{nlun11ntl1lt1 M0t t[n3 ftl]l

i - a ^in11ln0ii1:Ylu:ttYlt 2r n 1:Yl1lR 1l{n:111,r 1

L. rlrR n1flUu nn I ln t0gn lt IttYlU:l spectra

e ae- | ta ; In !0Jn: nU01(n?n pH 01J'l (fl1:lJn | ,ll{
fY

Ic:cl1ulun']:nt?11,,t )u'|J"loluu nn1 ln lnu

nt:1; spectra fintirurun'rlnaorn"u

ltn1lnO tuu

2,2 Nuclear magnetic lesonance

spectroscopy n nl:U1ti1l,lunl:n:111t'l

:J:lruttn: Rilnlvl!0't folate $nn0Jn i:a1 I

A - C.E.d
e, A

A . Absorbance ; C = n1l l! !Ut!u Molar

E = Extinction coefficient $at3

d = o't1 n'11.J!t0,t111,tlft u10i Ia{,r yi?,t,]ufi1:n:0.1riryl1n1:n1.tl111 ;!10{
& u-. ; , e

$'t1,D 1J E UUrtl{OJ l? lun1:1J?t I rtunu

Vol. 9 No. 3

- t- v I I

n10it 1Jfll1?ntri ln 1 tln: :6rtn,tuut: tll

RfltilJ 11lututtll,ltLnl:flnBltnuln! lolate

lut:lxn1rr nlu !l.lQ3: lin.Jtl{0 nllnl?9
A9

u1[fl:'tfl: ]JlJ0,t lolates lln3 10t31.10'lt flu fl?1

'. 
i .i r.

n'ln.J o'rr1{uou Iu n1:?i !:1.,11'] tfl1l Yll: !i
Nualear magneiic resonance spectroscopy

lxnlTnflB1fi 1':lJllJltru0u luf rl trln tln

nBJ t! flBux R1]11fi ltr lun

2.3 chromatography lin"ulrnlu
nr:finsrrfforn"u totate lur'::rtri i
n1:liYlJ Column, Thin-layer tln: paper

chromatography iinr:vrrr chromato-
.. ; 4

graphy lftjt! l0tu [un1:ltgnfi ]: RsRltltllu u
.l

flllHi XlI lolate otn?U u:0 lul{l?
l- | i a!^r | 'iRiBlllr1tl lolates nOuYllSlt?[n1:0u'l.t011

lun1Tnt111.11ll:lJ1U |tng R n tyin0 t
l. t.. I

taur't 'l lu ?fn'llYl linlltru

2.3.1 Column-ultfaviolet spec-

troscopy UnnnllnnO li column chroma-

tography tlnlU'l

I11-t)'t41 absorbance
i.4

r'1t! 0utuunT l

lractionated eluates

^v.Yl 280 nm l1nl.tUu]
a.(BJ ll.J 0 tYll]ljn!fi11
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lJ1n:xlu nl: Lto rtl1,r1llrt1u t|n: R0lI11r

ln

2.3,2 Cplu - mnmicrobiol og ic al
- ri.,

assays Unnlll:nip UnJllnr i.t column
i"

chrornatoqraphy / 1U.11:ttB llfi1:HfiXlJ0 J
I

' t )a
folates 0OntJlO1!1tn11llUlJ 2.3.1 tl$?U'l

eluates :J1li1i'l: microbiological assays

fl,: Yrl.lAnLlUflB Lu tUn0 3.

2.3.3 Thin layer - ulrraviolet

light ( wavelengths 254 or 36s nm )
- Lrr t, ;

UnnnllUnlrlUi?i Thin layer plates ?1

.r.
lnRD!n10fi1TY)lUU lluorescent indicator

iiunlllnnll'l developed thin layer plates

rtu lolates tln? ltnlr-n:n1tts1t""l rttllIn?
1{1I lelUU1fl1 Rf n1! lnlln'J ultraviolet

1]n?l ofrnu 254 Un: 365 nm lrotnlu
nlJsllrln r5lu nt3tlt tunltnttll,t"tn n1R

I r ! | tar^-

'!OJf, It foiate In fl?0U1,110J n']t ldlt.
! r.r ;

n1: u ttflRi !2 lunl:lJYt 2

2.3.4 Thin layer or paper

chromatography-microbiological assays uRh

n1:nR0 8J11nn developed chromatography
eE

l|'nlnU1t01 plate 1,1|1O paper yuttnn
4,
tuui? rYrl i nu 10 r{?u ?tro ]n

n?lltn ]|lnn2llln 0.Jn 1: |'0u nflfi']!!tu?
??1J n-r.l:; u: yt r.Jfin r:n-.t 0 i 1i;J lil yt",tli

n11lf{tlltfr?0U1Jnt [ :lu ptate vt:u paper
v - .,a, ; d _uu ttYrurnx lfitLuqn 1 Ilgttl InuI roli

r't .l lLlttrnS ltlRu.lu lt'tJultonafl[1t,]
I .,Dr ; A ._

10.ilRti:Jf1u 1"i01!.nl Lu Louqfin I ninu
.' ,u a o . - !:

14',r0 txrn:0,ti0n'tu:lJfl 1tu iRutol.,lltysl
dl'

UnJllnnfr chromatograms uJUfl'tU 1 n1

r73

ae
frfrarnrrrrn1t:ridroln?unrJ 1 l etuted

!ln?U1101 eiuates l lrln'11 microbiological

assays ? J1: lf,nn'11O0 lU

2,3,5 Bioautography !!un'it It
nnnl:0n'tu 1 n']90 2,3.4 tlnr?1lr]tn1:

-q'iO chromatograms lUUfilU I ttn: nl:
I

|fifi1:fl?0urJn l!t|'uurn 1 0ulJuTno rtn!

n1:d1 microbiologicat assay fivr'rlu:rJ
o , 1 t. t

10. lir,l tl8: nlT0 rut{n . nDlu LnR )un"l

' . ,. it
lRU01f1u fl11t1! h4tn0tt Lltu[?.tu chroma-

a.
togram n'l :U?fnlluUnlnRlU 1 n nlt

-dl
OT?111161:lltllU antilotate O.!n160;1j1SJ

tln? ( K.Ratanas th ien, 1976,/ l.J9olrfinO1.t
a.w Y.'r eA

tltlYl rniqleqlg3n;srns yl LSUU L1' Lfln{d1ll

tlljUR 0 L.casei,S.faecalis !l0l P.cerevisiae
f.i.!lOnnl:?11 bioautography ul:l1tllrU
fi?Ur! n l:r1:QlnU l'n10J microorganisms
4 - / - ,a ,

llj U! llnilU O,J11n:J n 11lU n !U: I lDJ tetra-
r .-- d i

zolium 1ln lI n lUUfilltlJ?0 JOU$B formazan

" t' ,.
fi'lUllJlunl: reduction lln! l 0nlnUqJ l
YllllJ background Yll.rf,IlntrlUlUlU0,l

- ^lllnnl:|'1: qln! lnl0i micororganisms nJ
Y . e . r ;-

UUI Jtl0J ti nicroorganisms tllJ folale
'l 

<
0ll lu culture r'lluJlnnUoil 1.,|:O llJ:Jlnu l U

?11n1ln'll cultLre Yllll: lJl.J I'lU1:lJlttl t8-24
Vai. nOUTU rill:Yltt00J I nTJfl?U assay

vz
media ilnUulRgl microorganism ll lU

meaia fitrii fotate(assay meaia) 5n :y
, c ' a ae

l']l]l 6 !x. unillnuuntian I-3 R:.JR?U

assay media lln ) 1n11[r011J microorganisms
,t

tJt3lJ10t 1 :20 ltnuu ul I |1L1.1L0un1tyr']

Bioautography 10.,antif olate.
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OlT'ltn I Absorpton spectr! ot lolotes and lolate analoguas.*

VoL I No. 3

Compound pH max (nm) E max (mol.) x to-3

Folic acid

| 0-tormyllolic acid

Dihydrololic acia (OHf)

5-mothyF5,6-DHF

l0-m6thyl DHF

Tetrahydrololic aciO (rHf)

1

I
7

11

t3

13

I

7

t3
t3

I

I

7

7

It
13

l3
13

7

0

I

3

7

7

7

246

247

265

256

256

256

262

246

267

266

256

224

225

296

296

282

2A2

2A3

283

284

269

282

283

282

282

283

284

284

248

285

290

2a1

267

271

270

297

297

2S8

298

241

12,4

346

365 26.5

365 24.6

365 26.9

366 21,6

o2t 21,4

348 20.0

366 31.6

366 31.8

304 32.7

30r 21.1

306

306

306

309

306

292

290 ,10.8

3r.4

20,4

'19.7

27,6 7 ,2

26.3 9.4

23.1 8.5

26.9 9.4

24.6 8.6

7.6

20.9 5.7

o.6

19.9

15.i1

28.1

22.4

| 9,0

22,6

27,0

| 8.2

20,4

31.2

30.0 30.3

| €,4 20.6

21,4 t 9.1

26.4 22,8

29,1

22.0

28.0

25.0

2t 5

220
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Compound PH max (nm) Emax (mot.) r ro-3

5, | o-melhylene THF

S.formyl THF

1O-formyl THF

5- l 0-dlformylTHF

S.formyl-l 0-methylTHF

5. | 0-methanylTHF

5-tormimlnoTHF

5-m6lhylTHF

Homotolic acid

3 -mothylfolic acid

3.bromotolic acid

3 -chlorofolic acid

3:iodotolic acid

298

298

298

tol!

294

295

285

282

| 5.3

| 7,1

281 3t 4

294 3t4
290 g4a

284 345

283 352

2A1 360

286

2e0

290

e03

27A 387

307 13.0

30,t 26.0

302 368 25.2

281 366 2!1.6

286 365

296

282 366 26,2

278 365

280 365

20.5

| 3.5 20.0

I | .8 25.O

26.1

35.4

31.7

r 7.8

25.0

26.4

26.9 9.6

.J9.6 7.e

21. 6

25,0 8,9

7.2

7.5

r3

13

7.2

7

7 25A

t3 253

13 266

I

t3

0

0

2

3 263

7

28,1

22.0

25.7

2 t.6

32.0

25.0

37.2,

2e.2

8-dchydro-4r-hydroxyb-mothylTHF 7
2-Dimothylamino-2-d6aminotolic .cld | 246

| o-m.thylfolic acid

t3

| 250

7 282

t3 255

13 255

13 265

'r 3 256

13 265

13 255
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Compound pH .a* (nm) E max (mol) x to-3

3',-s'-dinitrofolic A 13 258

3',-dichlorofolic A | 280

13 256

3r-chloro-10-methylfolic acid 1 303

13 267 280

3',0'-dichloro-10'methyllollc acid t 318

13 252

2'hydroxy-2-doaminofolic acid 1 298

13 280

4'amino-4'deoxylolic acid I 244 29i

(animopterln) 13 260 2s1

4-amino''10'methy l-4'deoxyf olic acid 1 244 307

(amethopterin) 13 257 302

4'amino-2'-dimsthylamino-2-deamino-4- | 253 293

deoxytolic acid 13 275

4-amino-3'-chlorodeoxyfolic acid 13 260 280

e-amino-3,'s'-dichtoro-4-deoxyfolic acid | 280

13 269

4-amino-g',6'-dichloro- I o.melhyF4- 240

&oxylolic acid 13 258

,t-amino-3'-chloro- | o-msthyl'4-deoxytolic 1 ' 2+2 282

acid i3 2e9 280

.4-amino-3ibromo- t o-mdlhyF4-deoxy | 211 28g

follc acid 13 260 280

4-amino-3'-bromo-s',-chloro-10'methyF,{' I 21o

dsoxylolic scld 13 267

367

365

362 27,6

r 3.7

| 8.6 A.4

12.7

9,,1

't1.8

26.2 7.1

21.3 12.0

26.4 8;6

| 9.7

22.O 7,1

'12.1

... 7:6.

14.4 11,O

18.0 7.5

,t t.l 10.8

17.8 7.5

'| 1.9

7.9

JOJ

355

370

397

369

370

18.6

28.5

23.0

2A,2

gsd '' ?s.r

370 25.6

335 20.5

370 28,3

336 21.1

370 24,2

332 26.0

37 2 26.7

modified lrom Blakley' 1969, and Gapski et al, 1971.
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r7g Vor. I No. B

OltlnYl 3 Chromstography solvsnts used in the work ol Table 2

Solvent system Composition

t.

2.

O.lM phosphat6 buffer, pH 7.0.

n-Propanol/ammonium hydroxide (s.g. O.8e)/water,

zoo/r/ee (v-v).

Made immediately belore use.

n-Butanof/acetic acia/ water, a/ t / s,

upper phase. Equilibrated lor 18 to 24 hour

at room temperalure before use.

st (w /V) aqeous ammonium chloride.

All chromatography solvent systems contained

as anti-oxidant , unless otherwise sDecified.

2.4 34ryv_ ranhnr:loriiiri
j a'.

louolfl!n1: n1r ru yl?1 lu ur :J Id.ril. 1,t

n1I1:nl! lolate 11 ln lln: n?1l.tl1lt1ln
t/lunlttU. folate u (chitis, 196?) nI

I l_i - .! - v e
Rlfl.tvlDlll,lu,t fl!uun1 1n r: 1!11ll 1: n rru n

a4 u - ! r.
r! 1tll:mtuln?tll totate u lln rrnl

tntnlT ln radiQtctive folale l?t fi?l
.:

t:1n lx1tn Lt lunl:nT?! ?0111 1lr1:u ?oJ

tr I lt- - ttolate ltl loml: Itn'ltlJ - lolate lu
.-i:i.

lJ:lr]st1rl .l nllun;ln]nff (114:!n1:t

tl fu/v) 2-mercaptoethanol

folate d,tnl1 lull llfl:R1llYll111:n 1111,11i

i l rr*unlr,ln-.: rr nfr rotate t'rn!ir:ff!:1
rt'

13n r1tulnn1!ulrRrtn'1 Lndn21! tr1n lfl

radioactive lolate n'llrJ,irururilr 1 n"u
'a)-). l,lilJot?lln! lolate Yll:11lnt?11,1llln?x ]n

nirRrrrntlt:nrorn'rilr::-uliti un"2

lt1nfifid:JtO'l radioactive lolate O0nI"l

IRali activated charcoat tioorirl6u
r!nl radioactivity troJ folate lulf:n:nfA
a ' ,auugattl:r nuBrr a.:o:Ji lltnu ;xr$toJ

.:
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,Arolate t11ltn:?11t1 tr,tl3n1h4t:1n111tn

d:-t.l standard curve $nl nfltUtlit10i
. rDJ _r,i.!rr0J fotare lr)?,J1rr It lflu ll nlnuod

rvx | { j- .!e
:J 1 r'r rJlUlln ! J Lxi tu lty,u0t h n uao.1,t!tlt,t nl8
A - '.lu0J1lnUJ0tJ tttlll.l?'l,Jn'l: .'!l -. J n1tttt

(W""man, Schreiber and Herbert, 1971;

Rothenberg, dacosta and Rosenberg, i972;

Archibald. Mincey and Morrison, 1972

Tajudin and Gardyna, r 973)

n.lrrUlltin1U:ignIl0Ufl t0n.;f n1{,l
o r ,. - r!. j!
ri1*ur rnrqliluyrri rdiarr"rrndru16

v
rlnuun$00'l,t0 i n,tnn tluu

3. ?5n1:14tnt??ytB1 (Biotogicalme-

thods) 1iu::larriliiriru:'!nr:n:rc!ir'
rli:L "olol toiate 1un r ri1nr'.r: rl t r;lad

tanl!lrn6r: :turorurt iinr:r t.l
l- t ; ,

'lt't?yElUltytJ u,ljlj y'n0u ntJ! R?1ttI rlltl
111:nJIn3 i n !,],,rrtIe1]tJi.l nu

3.1 chick a.t"y riunr:liiiriou
- Y. \,l rJ lt!1n-tu rn.ts:tlf] I lt i 1Ln J R,:Ur.rllh,

r i u fr lr- s rJ'i{n-."r u n-n n'r',,i'r, i, i i n t ur,,,i,i
,!

RB !{nn lnlRrLUnn .l llnitnBiR.u0.ll.t-t

ff 1l':l'nrrirrr rcn:.n.irrrnliulinntn
, ) 4 | -rannruu.lrluncilyrrda.Jfl ruotur: rrn:i.iruru

totate L:l1 nri 1 n-u luanr:riurn-urili
! ' r 'i A ' ;. ,

Rn Innn Bu.l ln UJti? g0ll.! l'rfit fl?u :tn0U

179

av e y
tO.lfl ltnn0,tnlttJlr'l folate ?lRJi'ln!n0l

,ssnln! nlu t: .0r z-e orfrndrif rrornn'lri
.Y

nn lln1,lrl lJltJ141h )UUn nltlul{ Slandard

^ 
---_:

curve t1,i0ti tUnttftlU?tLUt 1tut fi1tyl

,iuJ,, ,''1i

3.2 Microbiological assay t!Un::I
r!znr1it?? 91|.nunl:[nUJ c nf ],ryrr fl?tN

- ^:.no,tn1: f olate lun1ln: q|nrj [n [u cutture
eb^

media YIU:]fltrln folate r'lnuUlnll(1:
|..'a|

f olate llt!: tJlnlfr ",t .l tl'r0 lntUB Standard
At

curve tLnllnInl0UlJfl1: o0{n1:Utn,tl 1$
it.

culture tube OU .'l {,lJ0n1nlt01U ln1 O.D.

i0,l cuiture lln2ltYdl 1t0flt'tJ Standard

'_ .t
curve llnJl,|llll 101tr0J lolate iUttitfi
- I! 4 -ltirn0{n1:n:?1'u't lo filu::Jlht1,{ Lr Lnsn'!

t, j
t1.J lluodn )unultntutllJlJ !t8tRl1ljn 0,t

n1i tolate 10,Jlnf uulJtn1,t 1 n llrtl.lirO1-l
A.

nl-|flnlrf,R,l n lu 01111.111 + (ft613n3516;en,

?! n]:o:?a 111 u: 101 lloc n nl 1a.r
I _a

folate IOil )tr' microbiological assbys

f!
Loun? 1 lln nus:r o,ri I n r:fr lilu

nDntlqul folate :l hnUEU 0J,rL!n0

1f aseptic addition method !!n! extraction

me thod
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I
O1tlilyl 4 Response of lolates on various miclobiologioal" assays.

Compound L. cas€i S, la6calis P. carevisi96

Pte

5-CHO H( Pt6

ro-CHO Hr Pte

PteGlu

FteGlu 2

PlscluS

R{sChr
ro.cHQ pleG{u.

'10-CHO Pt6Glul.

R.'PteGlu

io-CHO H2 Pteclu

SCIN I -5'6.H2 Fti;Qlt

&ct{B -6&tlP Pro(uu

lla Ptsclu

s.CHO Hj Plsclu

3;cHO H4 Pteclu2

S"CHO' R{, Pteglo3

5.NCHO Ha PteGlu

10-CHO Hr PteGlu

5,1O-CH2 -H4 Pteclu

3- 1 olCtlFH4 . Plogu ,

S.CHJ H1 Pl.6hr.:

4a-oH-s-cH-3 4a, 5,6,7-H4 PtrGtu

+'.

(*),*

+

+

+.

+

+

+

+

+.

+

+

+

+

+

a

+

+

+

(t ) indi"ates rgsulls er.' neggti{a, when agcorbic rcld ulg omitted
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| -i vlu?fn1:ltllu*:nuU n'l't141 folate
tiv.lunllnlJ .l 1!n'rlululunBu lqnl:fi '1fi ,01

fi 'l: totate oonlrlrncr:ffn'ororrurtiario,,
f rr
tfiUlltntlU autoclave ,1S C O min. ttn:
tr. at - |Lt ascorbic acid tllun tt1!nfltttf,l Utn !J

tl.l0Jt 'nn1:$n.un )10,1 folate lu$ i r|
,.inr:nl ( autoctave ) rrilnnn:n oulrj:fiu

.iY
o8n l d2u lun:T tD.!L!y n0Juux:oo i
81fld't1tn Iu:081Lt1.:n nI lttinltnI 0u1iyl

rl ar !r.r r
D! !u aseptic condition ||stt Dnt:u lx ifl
a: a e
nfi r9lUn?ot 1Jtn0fl [.".{ 0 n 11n fl 1tJ 1: otn u

nirdr.rl6hjcirr rnu"nun: triinr:o rgriura,:

6r) iotate o'u lfa rtL t c1n n r:n"Lt lud,l I lr n I

nnlnrTnnn0u'1.J?trtln

a tt
?6[0u,0g?DnlT u0nilr!f].ro.rtu0Yt

. .l t ! &. ri , n I1ltuu rut40,'UJUnnltyt? LU,lR?0.t00 l ul!
n-siirtu'r

- Folic acid ( pteroyt gtutamic
v. r4 . Xacid,, tt11,1l!L!lltu Standard ( i.e. tO

lnlln BDH, Sigma, Fischer).

- O. lN phosphate bufler pH 6.1

- Universal containers Tio test tubes

iuln 16 x t zS l,tio t6 x 
' 
oo lJ.

.,d
IUJtlllnltgunlgg ( [nu:x:0y{n1!nnnu

fl2]rJ:OU J

? jr .UlnnuilUtuqttli double glass-

distilled water

l8l

- Nricroorganisms; Lr casei, S. taecalis

or P. cerevisiae i.e. 14r lnnln

National Collection of Industrial

Bacteria ( NcrB )

Torry R;search Siation , p.O, Dox gl

Aberdeen AB I 8 DS. SCOTLAND.

A
- Water bath 1r:0n 0lYlflt tlofl.tu

nxailuni\6

- Culture nedia !is: assay media
- . ;r

rilr:-lrrn n;trinl o lr ninffn"ornr:1i

- Spe c t rophot ometer

- Autoclave

- d a r ra.rR1:OtStCltu d11,1rUR',l:r:tJ Lu 0n:J0un
.ios Ifl1l g{ tr,lflclYl1 lR0u

; I t.l
uontln?finn1l "l nnR l,trJ 1t!n?uqJu1

';titnqr:orinnr:lfi microorganisms lu*uu
-u

Yl llJ1l contamiqation frJUUl:n0Jnl:t{ R'11

t y)1'ttllll microbioloqv 1,{o31 R'lltyrOnl!
,r v ) .

ll"lljltnn:?lR Lfr11 culture yrn 0Lt1XUtI A1l1

$"lvl1n11 sub.culture ttfl ?U,t0U lUtluuytnO\t
eY--)aa

n]:u:o Lt n,tux tf nllyroltf{oet1?t:ult0J
Id -u01]nnl:nn0rn1:nR yl rnlt to noJ un [n0

n1:fi r cutture fi n"olnr:lfrrnu"or Uiu?nrt
a ta ! ra . .
ou .'l Yr ttorrruuurtt lrrnr ritr,t:-tlri

rJ:ann:[nsiir:iunuu ir-ulninun:yr lnlur
a^

n1t flotSlll'tltBtlltln: ru1,)flulnotnfl|l l,
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., .a.! ;r
n itlnn LO microorganisms nnO't

n1:Unln t:nojl n 1t sub - culture lOJ

, . ,i. !
culture (s, Yrr.n:J1 n12-3 !tun1l, lln!

\ .l
nr:tfru culture ( s ) runlunll' lJn -

.V ' . rtqnl: lru111J11nl:rn! 11 tU:UnoJfi1: n]8',1u

. c.r{r'lll culture media uu l,t InnllnS6:o?n

n0unlTlrlnl:rnn0l un? u1! n0ir

n1:d'l subcullure llo't microorganrsms
.ae i l,a - tr A.
rrnornrrltrfr oiir:li culture Yl!01U .: l']tl

r - rl;
l6-l R tlJ. tt n: lu ? u: ill u 111! 111n 1: Ylo n 0.1

- Y.
t3no,lfl'ln1: subculture OnRt.J lu assay

i i!,! . r id
media !'l'li0 h.t Ltt Culture (s, YI|JO"UU:3lJ1lll

o tr. lurrnrfflirnrlllu assay tesrs
AI r , \ !e

nJUlln0JvllnltnlJ Culture (a,l uR lU

single strength assay media tlIlal
Y . I ti

1-3 fltn titltln2llotlJ 1 n0 20 ni{oYl

13 ttrltr to

R1?tOtutlS['l:ll1OtSlU (Standard

solutions) stock solution ritr.l:i L.casei

and. S.laecalis il l0 lJn. to.t tolic acid

(pteroylglutamic acid,, lls2nlnl!lu 1,000 ml

e V &r .e
volumetrlc flask n?Utr1nRu l00l! NaOH

,a , a i rt)l
rnnuou tlroi 10 ll, nllnln 1g lnn!$1lnru

ljlllt ln pH 7.0 n?0nlnlnn ottnltnr

othanol lt'llu 200 18. lln:UtulUtn

Vol. I No 3

E . rer r t 'trlnt 1 00: tlnuutnu L'l lun tuu 4 t.
.l
\1o -/f gl nt)

rirr,t:-u p. cerevtsise l',r 20 ln. lo.t

i folinic acid ( J 5'formylte trahydro-

pteroylglutamic acrd/ 5J1ln0'Jl biological

activity 1o n. t!n"?nin1r,1u 2/ ascorbate

water 1 6n: (to -,r'g/ nl) rnu"uurjo
d ;i . ^lrnllluilornn1 vrrirJrunlrnnl 1J!r0r

h. '. e. . I t
2 n J 3 :Jn. nl:tnul" lu!n! lun $!!t1.t

(-zo' q) $n:t1n1lifiuroon:"ln:nruli

fl:'l1s: 1 t?O Working standard

A'
Llo11J Stock standard 1/100 o?tl

phosphate bulfer pH o.r (rirra:-l extraction

method) rtscn"ru z/ ascorbate warer

.,.,, \ .( "/" , nlu':D aseptic addition melhod

( r oo ng/mt)

llllr:ll P. cerevrsiae l14 1n1ll!011'l

stock standard 'l: 100 t!11111.1 lfrn11ljln nu

100 ngl ml

Staodard Curves

nln]ltl0t1J wotking slandatd n20

0.1 N phosphate bufler pH 6.1 lt1ll:!

extraction method tlsl 2/ ascorbate

water tirra:-u sseptic addition m€thod

e
lJo?l:Jtllljtu 0Jllinltunlllnr 5
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OltlitYl 5 Standard solutions n'fu:-u StanOara curves ioi microbiological .".ry ito
L, casei, S. Faecalis lln! P. cereyisiae.

Standard (ng/ml)
Test organism

0 0,5 1.0 1.5 2.0 3.0 4,o 50 10.0 15.0 20.0 30.0

L, casei

S, faecalis

P. c6revisiae

xxx
xxxxxx
xxxxxxx

xx
!(x
x

l.
611:1.1fi 6 n1ttfl:tJll Test d1141U microbiological assay R?U L, casei, S. faecalis

. / .. .,,,. \& t'. cerevrstae taseottc addrlton,/

Test
Double strength

assay meora

2,/ Ascolbate water

(rnt)

Standard

(mt)

0.1

Unknown

(mr)

Standard

Unknown -l
20
2.0 0.110

A.
O1t'liYl 7 n'lltnlall Test tll :! microbiological assays tr?!t T. casei, S. faecalis

lln: P. cerevisiae tlll,ltU?!' extraction,

Aa
011T1{Yl 7 nl:rnt u extract iBlil:nt001lInJ standard

T€st Standard (mt) Sample (mt)

Standard

0.1 M phosphate bulfer pH 6.1

Serum

4.5

u.c

Tn'Jllnln;d:Jn1 nl:t,J 7 n, un"rrirLjn"ln".:rl autoctav. fi .r zo' t. r.rio r s :Jsuri
,tl'-

no 1 n111,!li? luunnl 5 uryr rrnirrsnrgrncnoulilt;uoonLJ n"Jtln centrifugs r3r.t0l

10o0xg luUl?n1 10 UlYl
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orTl.tYt 7 1. nrnnr ur Test fi11'ltlj'lt' extraction

Double strenqth
'-"' a""ry me dia (ml)

0.1 N phosphate buffer

pH o.r (ml)

extract

(ml)

lta
nl:ln0JtiB L.casei n?u 0.,| N NaOH
) -x -

uJ001uftnt:t3!t:nRJu$n2 nYl',ln'l:llltiu

standard curve rLn:o luHne0n:J l!flqlni10

ng/mt n"todr't slandard cufve rirr,til

L. casei, S. faecalis [Ln] P,cerevisiae
c r'.

uurrnni ll LuJ1111 l.

um?41:ot

lunr:n:irurlil'rnrion fotate 1rr
.Y

fi 11t1ntrr&trnrrutil.nn l 115n11 Ylg.l l{ejtJ

Lfnuuunflo microbiological assays In!
r Itnu0urt!!1,{run,uq lflu !d L.casei, S.

laecalis !!R! P. cerevisiae nl:lilnirT
r,"r n r l.ru u ri i rJ : :1 u ru'ri r l n u riifi ni ulrir rn

)a
n1:1rn r' tti Rf v{.ro nJrlljU 111i111lJ1lnltl u

rnuLnln!u culture YllJ lolat6 tt UnlJ'l
A ' . r,.iinlulntirnautruljUo 1 nl!ttlR?]1111

v . t t,
fi11411J L. casei Uu Lin:?11,11 tolste ln

^ Y r]
tnoun,JulJRtrn! s. laecalis ltn:'ltul ln

ftnll 1 nUn L. cas€i $n0nllu 5'me-

thyltetrahydropteroylglutamic acid nnU$

slandard

(ml.l

Samples 1.0

Standards 1.0

R1tt1n1:YtOn0i

nlt[n1.] sample n1n]1!lL venous

blood 11nflL ltl 1410 q]ilflU]rl:'lfl0ln1:

rsnrlnulLii rlu io rin. irnuvu riod
.| -. . \ f
Iut8 0o$iJn ? l11ljtRBfittnl (tl'!nn!?) L0!l

ttr?n)u::1101 1/ 2 gr 1 tlr. ?lo$ynlJ

' V.r, , '
l,i0,t lrnUuUMJ centriluge n 1000x9

!:!tu101 10 0J I5 U1?] Onlltunl0',]

serum 00nI l lll 11 LU11fli1'13^RUl ttnJlnU

ascorbic acidl2-5 rn/rr.) riouffr:drhJ
i tu

tnuBt!!1lJ (-20 t, 1!ln?1l1n'rr?nlYllt It
;e

nJt1nnlln:$n:B!fltn]J 6:l nn0i

nr:lt"rirl!:"oartir firir n r:rnn o.rlnu n r:
!t.

llltr llnnin?001nlUU triplicate a]lt:lJ
^aY2fvlJglOi llnd1l,ltL.ll! aseptic addition

R?:t:Yl1 blank tl'll,l:lJ lln n in 1OB 1 .t n n '1

e tl
nl:nnnaJ lln] llnJllnYllRU,t microor-

;e
ganisms n11lnn0Jn t:tllfl tuncl (1 6-20

t!.) uniririrnr:drurfioulr.rnlounr:l-n
a a/

opticsl dsnsity YlR2lInt'01l 690 nm

1.0

1.0

lr|tO 020n1: titrate ltlntonnnlul1n
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nt0{ntt ttnndtJ:lu'ir.tnr:inR"rU L. casei

nit S. taecalis tlrillnt:nlttlrt s-me-

thyltetrahydropteroytglutamic acid (Johns

and Bertino, t96s) tit11 p. cerevisiae
-!.a,UU Inllxltnnnl,tnu S. faecalis Otjyl

- lr
rRty{l,tll1Ju l,Ud" 1:nn: qrnU LnlU culture

30J lolic acid ( pteroylglutamlc acid )

||n! 1 o-rormytpteroylg lutamic acid OiUvu

A?lrrrnnritir;Ui1.r S. faecatis n-u

P. cerevisiae tSftunltnl?tlr.l 1o-tormyt-

pteroylglut€mic acid 1,io pteroylglutamic

acid

tas

.ii
tl'11.,|:li folate yl:J p. cerevisiae

a '+actrvity UUIIU)Iloflyl? .l UJIU serum
Illn: urine lJtUt{ | 0-formyttetrahydro-

ptefoylglutamic acia (gtair et ar r9Z4;

Ratanasthien et al | 974; Nlxon and

Bertino. 1e72) nr:1iiiu:.rujm 1 ridal
{ }. ' I E , t

ljon [nL]lUJR:1') .1 tytluu 
'l,rllultlnt:ra. \.

fl 11xt-uhxlniuircn-s.tinr: n:no h;rlu
v /.nfl TJn011yt1 ln tflgtf bioautography

firU L. casei, S. faecalis !!nt p. c€r€visiae
i.. tlt -A e v ;
T,t'lYr1 to tnu?5nn]u "l nunl:nl.ttllltt1rn
a/

tUu antifolates (Ratanasthien, K. 1976).

6)

)
o
I

,, ,)

0.5 to r5 t ul'.....o',.,"o 'l ('

i.(l

Figure I Standard curvbs drntl l. casel, S. faecalrs $n: p. cerevlsiae (o-tor;t,,

tol standard curvas toit cultur. olqtj:!ll10l t6-20 trr.)

o.a li
s

lo
UNII

2.O

( ng ,' ml )
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nr:1ii# microbiological assays Ylsr

1.. . r e V | .
ttoittu!;lt14!(lgnluu u]n Jn n3 i1lllultr

v'
oxtraction method uiin iiDJ folalE Y)

r.Y - I . . - Ul
n:2ru1ln"turni:fi1n l1 R)1lJ !uu 1:l vr.lu

rUB.ltl111nn1tfln1lln'l10in'11 lolate 11n
it

n1Innnl1:Jlou lu n$! Yr Y]l nll nnnSnou

[Ulnuolgnl: autoclave f, 11,111J?t aseptic
Y.r -

addition method uulnDl(u oo 1n'l'l
Y

sample YlrnltLo lrl; o n'llr1n1:Ylfln0,luu

ll.jo0 i11 aseDtic condition 1;lt'] i}ltlnnl:
r {! -

nnnotr{n ltl Rn 011t1 Lnft rvldln'llunn

- Y.. 4 t ,
niUUl 'rr1rUUo0,t11l sample blank ellulll

i.
tlnnl sample tl'l01l13 Ln n!qulln01n1l

-, , .ir ..Y
nltYt? 1q1n lflu ufl Jtn u !u!u 0,Jr11 rnn'l:'n')

V ! 'rn'!:flOn0,luu1tJ09t1-l aseptic condition
,v

6 1}l1! ? n',n l: Yl1'l o ru radioassay 1l'.rtJnn'l:

lt0Ro,thJrtnnnl Jhll1nn0Jln microbiological

- v ^-'..assays Ltn! l lJ specificity R'lr'lu'lnu ll
{ '., l
tur U1! !t trt{ !1n lUn11 microbiological

!! I q ;^

assays ltni u 't u lLluYlulllJlt!'1: n1ulu0JIJ I

llnfl11MJfl1nfl1.lfl]Ut0JOJ!O llns 1firltr
(i.e. radioactive folates)

dru:-:Jnt:n:rqutluiiunl: identifi-

cation troi folic acid derivative" u'uugn
Aa

1lnnl:tt bioautographic technique a.lr

specificity
1 a .. v 'n!lntvt:l3luunt: lfn Jfl l

Rf values t!n; biological 
"ctirity 

(nr:rlff

Vol. I No. S

2 rtnt 4) n11!t?tl1]J Thin-layer

chromstoorsphy (TLC, ItlU?! t0 sample

luuriunl lrUlll]in!nl.llflutroJ solYeol

fffi1unr: devetop TLc Itn1fl1n1l

microbiological assays !0.1 eluied samplgs
4)

nlnnl:flfl TLC Plate tlJu 10 1410 20

ciru 6 n nrr:n 1i uvr',r bioautographic

technique In fl.

6'll4T!n1:!! colur'n chromatography

jrln'unl ultraviotet spectroscopy l.iv

Lr'r rr ::lfliu lLnlln:?1141 folic acid

^ r!
derivatives LftfrviaRr: lu0,Jllnn11tt

Y4
column chromatography Uulljunllllgn

derivatives n',,:'l lo': Iotate 00nI1 ltnl
v4

ultraviolet spectroscopy UqtU u nllU1

?l1ililt{ characteristics 1O.l folate 6.t

LRl extinction coefficient (e,i iutli
.r--1. r.E

270-370 nm n11ltrl5',l1.lll'l1JllntflYlJ
- ,--lr
:lrrU ttnl fl$n1lr Ltfl?tUL variation

a'Y
:J1 0' ofl?:5.t:11J11.t column condil ion l{1-l

Rt1:JllU1{trOJn1: pack column, a UnlJ
,4.

ool l'l1t L}lnloJ solvent 1Lolt'lnlJ
! c ..!-.lr'4 ;^

variation lJ'lnUl0'11 JYll llr?t1r tN.llU?'lU llll
-e.t t

Irlt:unt trn: linutqlil:i1ul10uun?1r

rq.

d: tJ

1. n1:nl'ltYl111nulOJ serum llR:

u(ine tolate Ottnl-[o [n!16 rniclobiolo-



Set)t€Dbei lg?f,

I !-.
gical assay nlu L. casai lrt0 tntf
radioassay

2. n 1l n 11111 18U 1n 10 J folic acid
t {e,

1.1u0'l1nt'11 lRn:11.1 i,RUn11U1 dilferential

rnicrobiological assay n"':a L. casei,

S. taecalis lllli P, cerevisiae

3. n rttl:?!l410Uln1B,t folic acid

oti r luuuo r.,u"urrr 1d bioautographic

technique lnuorO"8 L.casei, S. taecatis

Lrn! P. cerevisiae u"li r 1o"lrn6:.r rn rrnl

hirir!rndrr'ou

+, nr:1{ thin-layer chromatography

lttJU horizontal line application itln-u

microbiological assay (R"tu L. casei,

S. faecalis tlnl P. cerevisiae) uoufitlr:n

h'yrn*nu bioautographic technique lfi
t..i'e5. lUnl?fi nUltng?n U01,|.1 tolate

metabolism u'u nrrtitfiarn-u chromato -

sraphy ruurirr 1 u"r'j rirJ::lolriri rn

Abstract
Principle of various nlethods for

the detection and idenrification of
folate in natural products had been

discussed. The discussion lay stressed

on borh detection and idenrification
of folic acid derivatives. Chemical,
Physical and Biological methods had

rar

been dcalt wirh in due cause. Only
physical and microbiological methods

are useful for both crireria. The
combination of both physical and mi-
crobic'logical techniques provided rather
specific rechniques for folate detection
andidentificarion. These techniques

included bioaurographl,, horizontal line
anplicarion rhin-larer chromatography
plus microbirlogical assar s with L.
casei, S. laecalis and P.cerevisiae, The
use of column chromatogranhy and
the fracrionared eluares ultraviolet
sp3ctroscopy is also one of the best

technique for folate derection and
identificarion in clinical research. This
paper is writren as borh introduction
and applrcations of larious techniques
used in the folare fieid.
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