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Sum mary

The anal y sis of the fat-sol u ble vi ta mins A, E, D, and K1 are
cov ered by the AOAC Of fi cial Meth ods in Chap ters 45 (vi ta -
mins and other nu tri ents) and 50 (in fant for mula, baby foods, and 
enteral prod ucts). The col lab o ra tive study of the NMKL pro ce -
dure for vi ta min D3 was pub lished (1). This pro ce dure had been
pre vi ously ap proved as AOAC Of fi cial Method 2002.02. How -
ever there is still a need for fur ther hor i zon tal food meth ods of
anal y sis for FSV and a val i dated method for car o tenes.

Since the last re view (2) some fur ther de vel op ments have
been made in the area of sam ple prep a ra tion. Hoeller et al. (3)
de scribed a rapid mi cro wave tech nique for saponification fol -
lowed by cyc lo hex ane ex trac tion of vi ta mins A and E from
bev er ages. This mer its fur ther study on other ma tri xes. Ro dri -
guez-Comensana et al. (4) de scribed a rapid pro ce dure for
con trol ling nu tri tional la bel con tent of beta-car o tene by di rect
in jec tion of the drink onto an HPLC-UV system.

A ma trix-spe cific method for supplemented vi ta min A
palmitate in liq uid milk has been ap proved for First Ac tion
through Com mit tee F (5). Retinyl ac e tate is used as the in ter -
nal stan dard.

One of the ma jor prob lems in anal y sis of FSV is to op ti -

mize the saponification and ex trac tion con di tions. Some prog -

ress has been made in this area by Paixao and Cam pos (6) who 

in ves ti gated the in trin sic vari abil ity of anal y ses of fat-sol u ble

vi ta mins by re versed-phase HPLC-UV. They con cluded that

meth a nol and eth a nol saponification me dia with out heat pro -

vided the best con di tions for si mul ta neous ex trac tion of FSV.

Tanumihardjo and Penniston (7) re ported the use of

3,4-didehydroretinyl ac e tate as an in ter nal stan dard for vi ta -

min A anal y sis in breast milk by HPLC. The au thors re port

that it can be added to milk be fore saponification and is car ried 

through the anal y sis as dehydroretinol (vi ta min A2).

One of the ma jor re cent de vel op ments is the use of LC/MS

as a sen si tive and se lec tive means of de ter min ing one or more

FSV in foods. The sin gle-quadrupole mass spec trom e ter is ca -

pa ble of pro vid ing good sen si tiv ity and quan ti ta tive lin ear cal -

i bra tion over sev eral or ders of mag ni tude. Kalman et al. (8)

made a pre lim i nary study of the de ter mi na tion of

a-tocopherol in for ti fied food prod ucts us ing the se lec tive ion

mon i tor ing (SIM) mode with deu te rium la beled a-tocopherol

as an in ter nal stan dard. Heudi et al. (9) de scribed a nor -

mal-phase isocratic sep a ra tion of vi ta mins A, D3, and E with

SIM de tec tion for in fant for mula. A com mon

saponification/ex trac tion/SPE pro ce dure was used for all 3 vi -

ta mins. Both all-trans-retinol and 13-cis-retinol were quan ti -

fied to pro vide the to tal vi ta min A con tent. The use of the

readily-avail able vi ta mins D2 and 5,7-dimethytocol as in ter nal 

stan dards im proved the quan ti fi ca tion of vi ta mins D3 and E

(a-tocopherol), re spec tively. The use of vi ta min A2 as an in -

ter nal stan dard was in ves ti gated for anal y sis of vi ta min A but

was not im ple mented due to some dif fi cul ties to ob tain it suf fi -

ciently pure, free of vi ta min A.
The area of di etary sup ple ments is be com ing in creas ingly

im por tant. A re cent study was made (10) for the si mul ta neous
de ter mi na tion of vi ta min A and beta-car o tene in di etary sup -
ple ments. Two ex trac tion meth ods were used: hex ane–meth y -
lene chlo ride for soft gel cap sules and di rect sol vent ex trac tion 
for di etary sup ple ments in tab let form. The LC gra di ent
method could sep a rate all-trans-retinol and beta-car o tene
from cis-iso mers which have different biological activities.

The large num ber of re cent pub li ca tions shows the main -
tained in ter est in ca rot en oids anal y sis, prob a bly due to in -
creas ing in ter est in us ing ca rot en oids for food for ti fi ca tion
pur poses. Re views of carotenoid anal y sis were made by
Minguez-Mosquera et al. (11), Ol i ver, and Palou (12), and
Schoefs (13). Hayashi et al. (14) de scribed the si mul ta neous
anal y sis by TLC-densitometry of ca rot en oids used as col or -
ings in foods. The ca rot en oids in cluded annatto ex tract
(norbixin), beta-cryptoxanthin (or ange color), crocin, crocetin 
(gar de nia yel low), capsanthin (pa prika), lycopene (to mato),
lutein (mari gold), and beta-car o tene. The pro ce dure was ap -
plied to 294 food ma te ri als com mer cially avail able in Ja pan,
in clud ing con fec tion ery, ice cream, bev er ages, meat prod ucts,
dairy prod ucts, and noo dle dishes. A rou tine isocratic HPLC
method for de ter mi na tion of the ma jor ca rot en oids in ul tra
frozen or ange juices was re cently re ported by
Meléndez-Martínez et al. (15). Huck et al. (16) mon i tored ca -
rot en oids in veg e ta bles us ing both HPLC and LC/MS/MS.
The lat ter tech nique showed clear ad van tages for un am big u -
ous iden ti fi ca tion of the var i ous carotenoids.

A study for de ter mi na tion of al pha-car o tene, beta-car o tene, 
and lycopene is be ing set up for di etary sup ple ments un der the 
spon sor ship of FDA/NIH. This work is ex pected to be as -
signed to Com mit tee E for First Action.
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Se lected Study Di rec tor Top ics

(1) 2001.13 Vi ta mins A and E in Foods by HPLC.—Col -

lab o ra tive study for vi ta min E to be re-run us ing an in ter na -

tional col lab o ra tive study pro to col. Study Di rec tors, Jon a than

W. DeVries and Karlene Silvera. No prog ress.

(2) Car o tene in foods.—Study Di rec tor, Lynn Hagemann.

The col lab o ra tive study re sults were not ac cepted by re view

com mit tee. The method will not be pro posed as First Ac tion.

How ever the study re port is be ing re drafted for pub li ca tion in

J. AOAC Int.
(3) De ter mi na tion of vi ta min K1 in foods us ing C30 re -

versed-phase HPLC, sep a ra tion of cis- and
trans-phylloquinone.—Study Di rec tor, Va cant. No prog ress.

(4) De ter mi na tion of vi ta min K3 in hu man and pet foods
us ing re versed-phase HPLC.—Study Di rec tor, Va cant. No
progress.

Rec om men da tions

(1) 2001.13 Vi ta mins A and E in Foods by HPLC.—Study
Di rec tors, Jon a than W. DeVries and Karlene Silvera, Me dal -
lion Lab o ra to ries. Con tinue topic to in clude vi ta min E.

(2) Car o tene in foods.—Study Di rec tor, Lynn
Hagemann, Nes tlé USA. Dis con tinue topic.

(3) De ter mi na tion of vi ta min K1 in foods us ing C30 re -

versed-phase HPLC, sep a ra tion of cis- and

trans-phylloquinone.—No Study Di rec tor. Con tinue topic.
(4) De ter mi na tion of vi ta min K3 in hu man and pet foods us -

ing re versed-phase HPLC.—No Study Di rec tor. Con tinue topic.

Sug ars and Sugar Prod ucts

MARY AN GODSHALL

Sugar Pro cess ing Re search In sti tute, Inc., 1100 Rob ert E.
Lee Blvd, New Or leans, LA 70124, Tel: +1-504-286-4329,
Fax: +1-504-282-5387, E-mail: godshall@srrc.ars.usda.gov

Sum mary

Sug ars and Sugar Prod ucts has 7 sub sec tions: (1) sug ars
and syr ups, (2) mo las ses and mo las ses prod ucts, (3) con fec -
tion ery, (4) honey, (5) ma ple sap, ma ple syrup, and ma ple
syrup prod ucts, (6) sugar beets, and (7) corn syr ups and other
starch-de rived sweet en ers. The sub com mit tee con tin ues to be
un der-rep re sented in sev eral ar eas.

Sug ars and Syr ups

Topic Ad vi sor, Mary An Godshall. This topic could be in -
cluded in Sugar and Sugar Prod ucts.

Mo las ses and Mo las ses Prod ucts

Topic Ad vi sor is needed.

Con fec tion ery

Topic Ad vi sor is needed.

Honey

Topic Ad vi sor, Pe ter Mar tin, Q.P. Ser vices, Or chard Cot -

tage, Cra zies Hill, Read ing RG10 BLU, United King dom, Tel:

+44-118-940-2212, Fax: +44-118-940-1235, E-mail:

honeysci@aol.com. Did not fol low up on his plan to list the

meth ods that need to be up dated, and is con sid ered in ac tive at

this time.

Corn Syrup and Other Starch-De rived Sweet en ers

Topic Ad vi sor, Jennifer Snyder, Corn Re fin ers As so ci a -

tion, Inc., Reg u la tory & Tech ni cal Af fairs, 1701 Penn syl va nia 

Ave, NW, Suite 950, Wash ing ton, DC 20006, Tel:

+1-202-331-1634, E-mail: jsnyder@corn.org. Snyder has

been nom i nated and agreed to serve as Topic Ad vi sor. The

AOAC meth ods within this sub sec tion were mailed to the

Corn Re fin ers As so ci a tion, Inc., for re view, and Snyder, with

the as sis tance of the mem ber ship of CRA, sent the fol low ing

com ments: (1) Corn In dus try Re search Foun da tion is still ref -

er enced rather than CRA and cur rent re vi sion dates are not

used. (2) AOAC Method 977.21 Mois ture in Corn Syrup:

Sec tions of this method need re vi sion and up dat ing. For ex -

am ple, un der sec tion B, De ter mi na tion, the method de scribes

the use of a pan bal ance for weigh ing. Pan bal ances are ob so -

lete, and their men tion should be de leted. (3) AOAC Method

943.05: The de scrip tion on the Baume’ and DS ta bles for mea -

sure ment by refractometer do not re flect if these are IX or

Non-IX syr ups. (4) AOAC Method 969.39 Glu cose Oxidase

Method: May be an ob so lete method; May have been dropped

from the CRA method man ual. (5) AOAC Method 979.23
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Sac cha rides in Corn Syrup (Ma jor) and AOAC Of fi cial

Method 983.22 Sac cha rides (Mi nor) in Dex trose Prod ucts:

Both are on the list of meth ods to be up dated.

Ma ple Sap, Ma ple Syrup, and Ma ple Syrup
Prod ucts

A Topic Ad vi sor is needed.

Sugar and Sugar Prod ucts

Topic Ad vi sor, Mary An Godshall. There is no new ac tiv -

ity to re port. The 2002 re port rec om mended up dat ing meth ods 

and elim i nat ing ob so lete meth ods. It had been hoped to li ai son 

with the In ter na tional Com mis sion for Uni form Meth ods of

Sugar Anal y sis (ICUMSA) so that meth ods al ready col labor -

atively stud ied and ac cepted by ICUMSA un der the IUPAC

har mo nized pro to col could be rewrit ten in AOAC for mat and

rec og nized by AOAC. We were in the pro cess of con tact ing

var i ous Study Directors for this pur pose when the is sue of the

large fee for rec og ni tion of meth ods arose. Since the sugar in -

dus try will not be in clined to pay these fees for rec og ni tion of

their meth ods by AOAC, this ini tia tive has been halted. There

is, there fore, the con cern that AOAC meth ods in this area will

con tinue to fall be hind and be come ob so lete.

Cane and Beet Sugar Prod ucts

Topic Ad vi sor, Gillian Eggleston, U.S. De part ment of Ag -

ri cul ture, SRRC-ARS, 1100 Rob ert E. Lee Blvd, New Or -

leans, LA 70124, Tel: +1-504-286-4446, Fax:

+1-504-286-4367, E-mail: gillian@srrc.ars.usda.gov. See be -

low for Eggleston's up date on oligosaccharide anal y sis. Oli go -

sac cha rides are gain ing more im por tance as mark ers for var i ous 

forms of deg ra da tion of sugar and syr ups dur ing pro cess ing.

She also re it er ated her con cern from 2002 that AOAC sugar

meth ods need to be up dated.

Se lected Study Di rec tor Top ics

Form al de hyde in Ma ple Syrup by a
Spectrofluorimetric Method

Study Di rec tor, Nathalie Mar tin, Cen tre ACER, 3600 Blvd

Casavant, Saint-Hyacinthe, Que bec, Can ada J2S 8E3, Tel:

+1-450-773-1105, Fax: +1-450-773-8461, E-mail:

nathaliemartin@centreacer.qc.ca. Mar tin has with drawn the

pro posed col lab o ra tive study on form al de hyde in ma ple syrup 

by a spectrofluorimetric method, in view of the new fee struc -

ture im posed by AOAC for col lab o ra tive stud ies.

Rec om men da tions

(1) In view of the fact that many AOAC meth ods in the

area of sugar and sugar prod ucts are badly out dated or ob so -

lete, and that the sugar in dus try will not likely fund their rec -

og ni tion by AOAC, it is re quested that AOAC con sider a

mech a nism for cross-ref er enc ing rel e vant meth ods to the

up-to-date ICUMSA method and re move or sur plus out dated

AOAC meth ods.

(2) Con tinue the re view of meth ods re lat ing to corn syrup

and other starch-de rived sweet en ers and make spe cific, de -

tailed rec om men da tions in next year’s re port.

Cane and Beet Sugar Prod ucts

GILLIAN EGGLESTON

U.S. De part ment of Ag ri cul ture, SRRC-ARS, 1100 Rob ert
E. Lee Blvd, New Or leans, LA 70124, Tel:
+1-504-286-4446, Fax: +1-504-286-4367, E-mail:
gillian@srrc.ars.usda.gov

Sum mary

Sep a ra tion and Anal y sis of Oli go sac cha rides

De spite the trend to more so phis ti cated (and ex pen sive) in -
stru men tal meth ods for the anal y sis of oli go sac cha rides, the tra -
di tional meth ods of pa per chro ma tog ra phy and thin-layer chro -
ma tog ra phy (TLC) still have their place. TLC, in par tic u lar, is
still a use ful tech nique for the rapid sep a ra tion of large num bers
of sam ples, re quir ing lit tle or no prior cleanup. For screen ing
stud ies, TLC may be used to an a lyze hun dreds of sam ples in a
sin gle day. It has the added ad van tage of rel a tively low cost, as no 
ex pen sive in stru men ta tion is nec es sary. De vel oped plates may be 
scanned us ing or di nary desk top scan ners and an a lyzed us ing
densitometry soft ware, yield ing quan ti ta tive re sults that are per -
fectly ac cept able for many pur poses.

High-per for mance size ex clu sion chro ma tog ra phy
(HPSEC) and gel per me ation chro ma tog ra phy (GPC) with la -
ser light scat ter ing (LLS) or re frac tive in dex de tec tion al low
the sep a ra tion and di rect de tec tion of oli go sac cha rides and
pro vides mo lec u lar weight dis tri bu tion in for ma tion. How -
ever, LLS can some times give er ro ne ous re sults, be cause of
mol e cule–mol e cule in ter ac tions and as so ci a tions which can
oc cur in higher MW oli go sac cha rides, and re frac tive in dex
de tec tion of oli go sac cha rides is very insensitive (detects only
in the mg and hundreds of mg range).

Oli go sac cha rides can be sep a rated by high-per for mance
liq uid chro ma tog ra phy (HPLC), us ing re versed-phase col -
umns, amino-sil ica col umns, or ion-ex change sulfonate resin
col umns with cal cium, lead, or sil ver counterions. High-per -
for mance an ion ex change chro ma tog ra phy (HPAEC) with
pulsed amperometric de tec tion (PAD) is now fre quently used
to sep a rate and di rectly de tect oli go sac cha rides at al ka line pH
us ing gra di ent meth ods. HPAEC of fers high sep a ra tion res o -
lu tion of oli go sac cha rides and even oligosaccharide iso mers,
cou pled with very sen si tive de tec tion. How ever, the mass sen -
si tiv ity of PAD decreases with an increase in degree of
polymerization (DP). 

High-per for mance cap il lary elec tro pho re sis (HPCE) with
la ser-in duced flu o res cence (LIF) de tec tion also pro vides high
res o lu tion of oli go sac cha rides, but a precol umn derivatization 
is re quired to pro duce spec tro scop i cally ac tive com pounds.
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HPCE has also been cou pled with PAD to an a lyze
oligosaccharide and alditol mixtures.

McPherson and Jane (1), us ing HPAEC-PAD on en -
zyme-di gested starches, were able to de tect
maltooligosaccharides up to DP 85. In com par i son, in a re cent
com par a tive study of oli go sac cha rides by Kuhn et al. (2) us -
ing cap il lary elec tro pho re sis and ma trix-as sisted la ser
desorption ion iza tion time-of-flight mass spec tros copy
(MALDI-TOF MS) and HPAEC-PAD, dex tran oli go sac cha -
rides up to 45 DP were de tected by HPCE and HPAEC-PAD,
whereas MALDI-TOF MS al lowed de tec tion from DP 4 to
DP 60. HPAEC-PAD was ob served to be the most sen si tive
tech nique, but the sep a ra tion res o lu tion per for mance was
better in HPCE and MALDI-TOF MS. An other ad van tage of
MALDI-TOF MS is that it can pro vide ac cu rate mass val ues,
and the ex act num ber of monosaccharides pres ent in an
oligosaccharide can be found. Con versely, a dis ad van tage of
MALDI-TOF MS is that it is a de struc tive tech nique and,
there fore, pre para tive work can not be un der taken. 

Fluorophore-as sisted car bo hy drate elec tro pho re sis
(FACE) tech nol ogy is also used to sep a rate and de tect oli go -
sac cha rides, par tic u larly from glycoconjugates. Anal y sis in -
volves 4 steps: re lease, la bel ing with a flu o res cent tag, sep a ra -
tion us ing pre cast polyacrylamide gels, and im ag ing.
Al though FACE tech nol ogy is sim ple and re li able, its use is
not yet wide spread. This may be due to a lack of pa pers de -
scrib ing spe cific ap pli ca tions, or pos si bly due to unfamiliarity
with the technique.

An other tech nique also used to sep a rate and de tect oli go -
sac cha rides is the au to mated use of mod ern pla nar chro ma tog -
ra phy. This uti lizes HPTLC plates, au to mated mul ti ple de vel -
op ment, com pletely au to mated elu tion sys tems, and sam ple
po si tion ing and spots de tec tion ap pa ra tus, all of which al lows
re pro duc ible sep a ra tion of dif fer ent oli go sac cha rides and
other com pounds in com plex mix tures. De spite the im prove -
ment of TLC and HPLC tech niques, gas chro ma tog ra phy
(GC) still con tin ues to have a place in oligosaccharide anal y -
sis, par tic u larly for structural studies, although
prederivatization is required.

Nu clear mag netic res o nance (NMR) is a pow er ful tech -
nique used to elu ci date the struc ture of oli go sac cha rides, es pe -
cially with the ad vent of 2-D and var i ous hy phen ated meth ods 
for the de ter mi na tion of po si tion and con fig u ra tion of
glycosidic linkages.

Many of the sep a ra tion and an a lyt i cal tech niques men -
tioned above are used in con junc tion with en zy matic or chem -
i cal deg ra da tion of an un known oligosaccharide. A typ i cal
struc tural anal y sis of a com plex oligosaccharide may in volve
par tial acid hy dro ly sis or hy dro ly sis by spe cific en zymes, fol -
lowed by sep a ra tion and iden ti fi ca tion of the hydrolytic prod -
ucts. This com bi na tion of meth ods of ten yields struc tural in -
for ma tion that can not be ob tained by methylation anal y sis,
NMR, or chro mato graphic tech niques alone. In par tic u lar,
mono mer se quence and dis tri bu tion of branches and other
substituents may be obtained in this way.
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Wa ter-Sol u ble Vi ta mins
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Food and Consumer Prod uct Safety Au thor ity/In spec tor ate
for Health Pro tec tion and Vet er i nary Pub lic Health, 
PO Box 2168, 5600 CD Eindhoven, The Neth er lands, Tel:
+31 40 2911500, Fax: +31 40 2911600, E-mail:
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Sum mary

De vel op ments within the Com mit tee of Eu ro pean
Nor mal iza tion (CEN) Con cern ing Wa ter-Sol u ble
Vi ta min Anal y sis

CEN has pub lished 5 stan dards. For the de ter mi na tion of
vi ta min B6 in foods, ENV 14164 spec i fies an LC method for
the de ter mi na tion of vi ta min B6 (the mass frac tion of the sum
of pyridoxine, pyridoxal, and pyridoxamine, in clud ing their
phosphorylated de riv a tives in foods). ENV 14166 spec i fies a
mi cro bi o log i cal as say for the de ter mi na tion of the to tal vi ta -
min B6 con tent in foods. EN 14152 de scribes an LC method
for the de ter mi na tion of vi ta min B2. CEN has re leased LC
meth ods for vi ta mins B1 (ENV 14122) and C, (ENV 14130),
as well as a mi cro bi o log i cal method for fo late (ENV 14131).

In sup port of com ing Eu ro pean leg is la tion with har mo -
nized rules on the sale of di etary sup ple ments that con tain vi -
ta mins and min er als and prob a ble in tro duc tion of com mon
safety rules on up per lev els of vi ta mins, the vi ta min work ing
group of CEN de cided to in ves ti gate pos si bil i ties for stan -
dard ized meth ods of anal y sis. It ap pears that due to prob lems
that may oc cur in sam ple prep a ra tion, stan dard ized meth ods
for wa ter-sol u ble vi ta mins in di etary sup ple ments should be
pri or i tized. For ex am ple, Kall et al. (1) de scribed the deg ra da -
tion of fo lic acid dur ing ex trac tion of mul ti vi ta min–min eral
preparations possibly caused by the presence of copper ions.

The vi ta min work ing group of CEN will elab o rate a new
Eu ro pean stan dard for the de ter mi na tion of ni a cin in food -
stuffs by LC. The stan dard will be based on the work of Ndaw
et al. (2). An en zy matic ex trac tion will be used for the sep a rate 
de ter mi na tion of nic o tinic acid and nicotinamide, while for
the de ter mi na tion of the sum of nicotinamide and nicotic acid
an acid hy dro ly sis can be used. Also a new Eu ro pean stan dard
for the de ter mi na tion of bi o tin will be elab o rated. This pro ce -
dure is based on the work of Lahély et al. (3) and Arella et
al. (4). D-Bi o tin and D-biocytin are ex tracted from foods af ter
an en zy matic treat ment and quan ti fied by HPLC with
post-col umn derivatization.
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Vi ta min C

In the re port ing year a method for the de ter mi na tion of vi -
ta min C in fruit juices and re lated prod ucts was pub lished (5).
The re sults of this col lab o ra tive study were not sat is fac tory for 
AOAC First Ac tion due to analyte instability.

Re gard ing vi ta min C, it will be im por tant to have (col lab o -
ra tive tested) stud ies for the de ter mi na tion of ascorbyl
palmitate, be cause this sub stance may be used as vi ta min C
source in food stuffs. Ascorbyl palmitate is not de ter mined by
the usual meth ods for the de ter mi na tion of vi ta min C. A pos si -
bly suit able method for the de ter mi na tion of ascorbyl
palmitate was pub lished a few years ago by Dieffenbacher and 
Trisconi (6).

Ni a cin

Lacroix et al. (7) per formed ad di tional data on vari abil ity,
ro bust ness, and ac cu racy of AOAC Peer-Ver i fied MethodSM

1:2000 for the de ter mi na tion of ni a cin in in fant for mula by
solid-phase ex trac tion/LC (8).

Vi ta min B6

Kall (9) de scribed an LC method for the de ter mi na tion of
to tal vi ta min B6. By application of a mild acid hy dro ly sis prior 
to en zy matic di ges tion with acid phosphatase and
b-glucosidase and anal y sis of the 2 di gests sep a rately, it was
pos si ble to dis tin guish be tween free pyridoxine and
b-glucosilated forms of pyridoxine. Fur ther more pos si ble rea -
sons for the dif fer ence be tween to tal vi ta min B6 val ues by the
LC method and the mi cro bi o log i cal tech nique are dis cussed.

Fo lic Acid

In 2003 a col lab o ra tive study for the anal y sis of added fo lic 
acid in ce real-based foods was per formed by AACC. The
method is based on an isocratic re versed-phase LC de ter mi na -
tion with UV de tec tion pre ceded by solid-phase ex trac tion.
How ever, this cleanup might in tro duce chromatographical in -
ter fer ences. In that re gard a re cently pub lished method by
Doherty and Beecher (10) showed the sub jec tion of an ap pro -
pri ate seg ment of the HPLC col umn ef flu ent to photolytic
con di tions and thereby mea sures fo lic acid as a flu o res cent
prod uct, which might be more se lec tive for the de ter mi na tion
of fo lic acid.

Multi-Meth ods

A rapid, re li able, and con ve nient liq uid chro mato graphic (LC)
pro ce dure for rou tine com pli ance con trol and la bel ing of sev eral B 
vi ta mins in in fant for mu las has been pub lished by Woollard and
Indyk. Ri bo fla vin, ri bo fla vin, pyridoxin, and niacinamide can be
de ter mined si mul ta neously, with con sec u tive mea sure ment of thi -
a mine un der mod i fied elu tion con di tions (11).

Re cently an LC method for the sep a ra tion and de ter mi na -
tion of sev eral wa ter-sol u ble vi ta mins of the B group was pub -
lished (12). The pro ce dure is based on the use of a new am -
ide-based sta tion ary phase, which avoids the need of us ing the 
ion-pair tech nique, lead ing to nar rower peaks and a sim pler
mo bile phase. The per for mance of the method seemed good

ac cord ing to the anal y sis of 2 cer ti fied ref er ence ma te ri als. Af -
ter ad ap ta tion of phos phate buff ers the method might be
useful in combination with MS.

New An a lyt i cal Tech niques to Quan tify
Wa ter-Sol u ble Vi ta mins

Sur face plasmon res o nance (SPR).—The Biacore®Q Bio -
sen sor sys tem ex ploits the op ti cal phe nom e non of SPR to de -
tect and mea sure bi o log i cal in ter ac tions at an in ter face. The
in ter face is a thin gold film on a sen sor chip, to which is at -
tached a layer of carboxymethyl dex tran. The sen sor mon i tors
changes in the resonans an gle which shifts when biomolecules 
bind to the chip sur face and change the re frac tive in dex on the
sur face layer. The change in an gle is di rectly pro por tional to
the change of mass on the sur face. As says for bi o tin and fo lic
acid us ing the Biacore Bio sen sor sys tem had al ready been de -
vel oped. New as says have re cently become avail able for the
quan ti fi ca tion of ri bo fla vin (vi ta min B2; 13) and pantothenic
acid (vi ta min B5; 14) in foods.

Cap il lary zone elec tro pho re sis (CZE).—Re cently
Okamoto et al. (15) de scribed the in-cap il lary en zyme re ac -
tion method for the de ter mi na tion of ri bo fla vin phos phate in a
vi ta min-en riched drink based on its con ver sion to ribiflavin
with al ka line phosphatase. Si mul ta neously, 3 wa ter-sol u ble
vi ta mins could be quantitated. Prac ti cal util ity of a CZE
method for the de ter mi na tion of flavin de riv a tives in foods
and bev er ages was dem on strated by Cataldi et al. (16).

LC/MS.—More work is pub lished where LC/MS is used in 
the de ter mi na tion of wa ter-sol u ble vi ta mins. Thomas et
al. (17) de scribed a sta ble iso tope LC/MS method for the
quan ti ta tive de ter mi na tion of 5-methyltetrahydrofolic acid
and fo lic acid in a va ri ety of com mer cial cit rus juices. It was
de scribed that sta ble iso tope di lu tion as say is a prom is ing tool
for the quan ti fi ca tion of pantothenic acid and folates (18, 19).
Soon re sults will be pub lished of the de ter mi na tion of
pantothenic acid in a range of for ti fied prod ucts by re -
versed-phase liq uid chro ma tog ra phy with electrospray ion -
ization and mass spec trom e try de tec tion (20).

Yang and Irudayaraj (21) de scribed the use of near-in fra red 
(NIR) tech niques for rapid de ter mi na tion of vi ta min C in pow -
dered mix tures and so lu tions.

Se lected As so ci ate Ref eree Top ics

(1) Vi ta min C in Foods, LC Method.—Study Di rec tor,
Allan Brause. Re peat col lab o ra tive study in fruit juices. Pre -
pare the method pro to col for AOAC ap proval at the ear li est
opportunity.

(2) De ter mi na tion of Cal cium Pantothenate in Vi ta min
Pre mixes and Tab lets Us ing LC.—Study Di rec tor, Ger ald
Woollard. Pre pare the re vised method pro to col for AOAC ap -
proval at the ear li est opportunity.

(3) De ter mi na tion of Fo lic Acid and
5-Methyltetrahydrofolic Acid in Foods by LC.—Study Di rec -
tor, Erik J.M. Konings. Pre pare the method pro to col for
AOAC ap proval at the ear li est op por tu nity.
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