
GEN ERAL REF EREE RE PORTS

Com mit tee on Food Nutrition

Fat-Sol u ble Vi ta mins

CHRISTOPHER J. BLAKE

Nestlé Re search Cen ter, Qual ity and Safety As sur ance
De part ment, Vers Chez-les-Blanc, 1000 Lausanne 26,
Swit zer land, Tel: +0041 21 785 8348, E-mail:
chris to pher-john.blake@rdls.nes tle.com

Sum mary

Potential major changes are being considered by some of

the international regulatory bodies which will impact on

fat-soluble vitamins (FSV): The Codex Alimentarius (1)

wishes to introduce maximum level of vitamins with Upper

Safe Limits for infant formula and AOAC Official Methods

are recommended for FSV analysis. The UK Food Standards

Agency (2) made a comprehensive review and reported risk

assessments for FSV: vitamin A, beta-carotene, vitamin D,

vitamin E, and vitamin K. Guidance levels were established

for vitamin A, vitamin D, and vitamin K and safe upper levels

were established for beta-carotene and vitamin E. The

European Union (EU) is also proposing major changes in a

draft revision of the EU directive on infant formula and

follow-up formula which would mean major reformulation

changes for FSV and other nu tri ents.

An other topic of in creas ing im por tance is the use of

no men cla ture rules for ex press ing vitaminic ac tiv ity in food;

“vi ta min E” is an ex am ple of a com plex sit u a tion. The

def i ni tion of the vi ta min af fects how the an a lyst ex presses

an a lyt i cal re sults and may lead to prob lems in com par ing

val ues from dif fer ent sides of the At lan tic. 

The anal y sis of the fat-sol u ble vi ta mins A, E, D, and K1 is

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). Com mit tee E has is sued no new

meth ods in 2003 or 2004 for FSV. A sum mary of the cur rent

AOAC meth ods is given in Ta ble 1. Many of these meth ods

are out dated. Re cent meth ods is sued by CEN and ISO are

given in Tables 2 and 3, re spec tively. Some method

har mo ni za tion work be tween the var i ous or ga ni za tions would 

be use ful in the area of FSV. 

The main fo cus should be on ca rot en oids anal y sis, since

the cur rent AOAC pro ce dures (Meth ods 941.15 [1947];

970.64 [1974]; 938.04 [1938]) are rather out-dated and need

re plac ing. Val i da tion of a hor i zon tal multi-method for added

and nat u ral ca rot en oids in food prod ucts should be a pri or ity.

At the mo ment, the sup ple ments area has the pri or ity and a

col lab o ra tive study pro to col has been sub mit ted for re view for 

“De ter mi na tion of car o tene in sup ple ments and raw ma te ri als

by re versed-phase HPLC,” study Ka014, Study Di rec tor

Jon a than DeVries. An other area which needs some at ten tion

is the si mul ta neous liquid chromatographic (LC) anal y sis of

FSV in vi ta min pre mixes and con cen trates which are used for

for ti fi ca tion pur poses. A large va ri ety of pre mixes are

cur rently used within the food and pet food in dus try for which

the cur rent meth ods of anal y sis may not al ways be

ap pro pri ate.

A re view of re cent lit er a ture pub li ca tions is given be low.

For anal y sis of vi ta mins A, D, and E, the sam ple prep a ra tion

step nor mally in volves saponification of the en tire sam ple

ma trix or an iso lated lipid frac tion, fol lowed by liq uid

ex trac tion with sol vents like pe tro leum ether or n-hex ane. A

need ex ists to sim plify these te dious steps. Rapid

di rect-ex trac tion pro ce dures were re ported by

Rodas-Mendoza et al. (3) for the de ter mi na tion of retinol

ac e tate, d-, g-, a-tocopherol, and a-tocopherol ac e tate in

in fant for mula. Two ex trac tion pro ce dures were eval u ated

us ing ei ther dichloromethane–methanol or ethanol–hexane on 

one sam ple of in fant for mula. While the tech nique ap pears to

be prom is ing, fur ther val i da tion on a wide range of in fant

for mula and ref er ence ma te ri als of known FSV con tent would

be nec es sary be fore the pro ce dure can be ap plied on a rou tine

ba sis. A di rect-ex trac tion was also se lected by Hewavitharana

et al. (4) for ex trac tion of all 8 vi ta min E homologs from

chicken meat. In con trast, for ce re als Panfili et al. (5) noted

that hot saponification and sol vent ex trac tion gives

con sid er ably higher re cov er ies of to coph erols and

tocotrienols com pared to a di rect ex trac tion with out

saponification. Perretti et al. (6) eval u ated super criti cal fluid

ex trac tion (SFE) for FSV de ter mi na tion in cheese and sa lami.

This ap proach mer its fur ther study us ing broader classes of

food prod ucts.

An HPLC-flu o res cence de tec tion pro ce dure was re ported

by Iwase (7) for de ter min ing retinol palmitate in nu tri tional

sup ple ments con tain ing emul si fy ing agents. Monosodium

glu ta mate was cho sen as the sam ple-dis solv ing agent with a

cleanup on a C2 SPE col umn.

A val i dated col labor atively tested HPLC method was

is sued by the Food Stan dards Agency, UK, for de ter mi na tion
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of vi ta min D3 in pet foods (8). Apart from milk and egg yolk,

lit tle re cent data ex ist for con tent of vi ta min D and its

me tab o lites in food prod ucts. Clausen et al. (9) mea sured the

con tents of vi ta min D3 and the bi o log i cally ac tive me tab o lite

25-hydroxyvitamin D3 in raw and cooked pork cuts by 2

step-HPLC. The 25-hydroxylated form has a higher

bi o log i cal ac tiv ity than D3 (fac tor of 1.5 or 5 de pend ing on

sys tem of cal cu la tion). 

The British Standards Institution (10) pub lished an of fi cial

method for de ter min ing vi ta min K1 in in fant for mula, which is 

sim i lar to AOAC Of fi cial Method 999.15. Weizmann et

al. (11) re ported a study of vi ta min K1 and the

dehydrogenation prod uct dihydrophylloquinone (dK) in fast

foods and snack foods. This in volved, ex trac tion with

hex ane–isopropanol fol lowed by solid-phase extraction

(SPE) on sil ica col umns and re versed-phase HPLC. Dumont
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Table 1. Analytical methods for fat-soluble vitamins and carotenoids published in Official Methods of Analysis of
AOAC INTERNATIONAL

Method
No. Method title

First 
Action

Final 
Action Analytical technique

960.45 Vitamin A in margarine 1960 Surplus 1980 Spectrophotometric

974.29 Vitamin A in mixed feed, premixes, and human and pet foods, 
(Codex adopted–AOAC method)

1974 Yes Colorimetric

992.04 Vitamin A (retinol isomers) in milk and milk-based infant formula 

(Codex adopted–AOAC method)

1992 1995 Liquid chromatographic

992.06 Vitamin A (retinol) in milk-based infant formula

(Codex adopted-AOAC method)

1992 No Liquid chromatographic

2001.13 Determination of vitamin A in foods 2001 No Liquid chromatographic

936.14 Vitamin D in milk, vitamin preparations, and feed concentrates 1936 Yes Rat bioassay

932.16 Vitamin D in poultry feed supplements 1932 Yes Chick bioassay

975.42 Vitamin D in vitamin preparations 1975 1977 Colorimetric

979.24 Vitamin D in vitamin preparations 1979 1980 Liquid chromatographic

980.26 Vitamin D in multivitamin preparations 1980 1980 Liquid chromatographic

981.17 Vitamin D in fortified milk and milk powder 1981 1982 Liquid chromatographic

982.29 Vitamin D in mixed feeds, premixes, and pet foods 1982 1983 Liquid chromatographic

985.27 Vitamin D in vitamin AD concentrates 1985 None Liquid chromatographic

992.26 Vitamin D3 (cholecalciferol) in ready-to-feed milk-based infant formula

(Codex-AOAC method)

1992 1995 Liquid chromatographic

995.05 Vitamin D in infant formula and enteral products 1995 No Liquid chromatographic

2002.05 Determination of cholecalciferol (Vitamin D3) in selected foods  

(Joint AOAC-NMKL method)

2002 No Liquid chromatographic

948.26 a-Tocopheryl acetate (supplemental) in foods and feeds 1948 1980 Colorimetric

971.30 a-Tocopherol and a-tocopheryl acetate in foods and feeds 1971 1972 Colorimetric

975.43 Identification of RRR- or all-rac-alpha-tocopherol in drugs and 
food or feed supplements

1975 1980 Polarimetric

988.14 Tocopherol isomers in mixed tocopherols concentrate 
(FCC, USP, AOAC method)

1988 No Gas chromatographic

989.09 a-Tocopheryl acetate in supplemental vitamin E concentrates 1989 No Gas chromatographic

992.03 Vitamin E activity (all-rac-a-tocopherol) in milk-based infant formula 1992 1996 Liquid chromatographic

974.30 Menadione sodium bisulfite (water-soluble vitamin K3) in feed premixes 1974 1975 Gas chromatographic

992.27 trans Vitamin K1 (phylloquinone) in ready-to-feed, 

milk-based, infant formula

1992 1995 Liquid chromatographic

999.15 Vitamin K in milk and infant formula 1999 No Liquid chromatographic

938.04 Carotenoids in macaroni products 1938 Yes Colorimetric

941.15 Carotene in fresh plant materials and silages 1941 Yes Spectrophotometric

970.64 Carotenes and xanthophylls in dried plant materials and mixed feeds 1970 1974 Spectrophotometric



et al. (12) re ported a sim i lar method for mixed dishes and

pro cessed foods.

Ca rot en oids oc cupy a large part of the FSV lit er a ture at the
mo ment. Coo per (13) and Kiokias and Gordon (14) eval u ated
the con tri bu tion of ca rot en oids in health and dis ease. These
ef fects are well known and in clude provitamin A ac tiv ity,
en hance ment of the im mune sys tem, and re duc tion of the risk
of de gen er a tive dis eases, e.g., can cer, car dio vas cu lar dis ease,
and macular de gen er a tion. Many pub li ca tions fo cus on
de vel op ing meth ods for spe cific groups of foods which are
then used to pro vide data for nu tri tional databases. 

Cortés et al. (15) re viewed cur rent HPLC tech niques for

ca rot en oids anal y sis. Ex trac tion is still a dif fi cult prob lem. In

some prod ucts sol vent ex trac tion is suf fi cient, but in high-fat

prod ucts saponification is nec es sary. Saponification is also

used to eval u ate the pres ence of carotenoid es ters but may lead 

to losses of xan tho phylls. Saponification may also lead to

for ma tion of cis-iso mers. Var i ous com pounds can be used as

in ter nal stan dards, in clud ing b-apo-8¢-carotenal (trans),

Su dan 1, canthaxanthin, echinenone, nonapreno-b-car o tene

or, all-trans-retinol palmitate. 

Re versed-phase chro ma tog ra phy us ing gra di ent-elu tion
with ei ther C18 or C30 col umns is gen er ally ap plied. Cortés et 
al. (15) ob served that ca rot en oids may un dergo losses and
trans for ma tion on the HPLC col umn, and the ad di tion of
am mo nium car bon ate to the or ganic phase can im prove
re cov ery. Di ode ar ray de tec tion (DAD) is very use ful for
iden ti fy ing ca rot en oids in fruits and veg e ta bles, tak ing
ad van tage of the spe cific spec tral data avail able for many of
these pig ments, and cir cum vents the lack of com mer cially
avail able stan dards. How ever, mass spectrometry (MS) is
be com ing in creas ingly the de tec tion method of choice for
iden ti fi ca tion.

A few ex am ples of the many re cent pub li ca tions are

out lined. An im por tant study was made by Jewell et al. (16)

for de ter mi na tion of lutein and zeaxanthin con tents in in fant

for mula and hu man milk. The method in volved saponification 

and ex trac tion of the FSV into hex ane prior to HPLC anal y sis.

Lin and Chen (17) de ter mined the var i ous cis- trans-forms of

b-car o tene, lutein, and lycopene in to mato juice. This

in volved ex trac tion with eth a nol–hex ane (4 + 3, v/v) and

sep a ra tion on a C30 HPLC col umn u sing a gra di ent mo bile
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Table 2. Methods published by CEN for fat-soluble vitamins

Reference Title
Year 

published Matrixes validated
Analytical 
technique

EN 12823-1 Foodstuffs–Determination of vitamin A by HPLC–Part 1:

Measurements of all-trans-retinol and 13-cis-retinol

2000 Margarine, milk powder HPLC

EN 12823-2 Foodstuffs–Determination of vitamin A by HPLC–Part 2:

Measurement of b-carotene
2000 Margarine, vitaminized drink, pudding

powder, mixed vegetables
HPLC

EN 12821 Foodstuffs–Determination of vitamin D by
HPLC–measurement of cholecalciferol (D3) and

ergocalciferol (D2)

2000 Margarine, milk powder, oat flakes HPLC

EN 12822 Foodstuffs–Determination of vitamin E by

HPLC–measurement of a-, b-, g-, and d-tocopherol
2000 Margarine, milk powder, oats powder HPLC

EN 14148 Foodstuffs–Determination of vitamin K1 by HPLC 2003 Milk powder, milk, and infant formula Colorimetric

Table 3. Methods published by ISO for fat-soluble vitamins

Reference Title Year published Matrixes validated Analytical technique

ISO 14565 Animal feeding stuffs–determination of
vitamin A content

2000 Animal feeding stuffs and pet food HPLC

ISO 6867 Animal feeding stuffs–determination of

vitamin E content

2000 Animal feeding stuffs and pet food HPLC

ISO 14892 Dried skimmed milk–determination of

vitamin D content

2002 Dried skimmed milk HPLC

ISO 12080-2 Dried skimmed milk–determination of

vitamin A content: Part 2

2000 Dried skimmed milk HPLC

ISO 12080-1 Dried skimmed milk–determination of
vitamin A content–Part 1

2000 Dried skimmed milk HPLC



phase of acetonitrile–butanol (7 + 3, v/v) and meth y lene

chlo ride with de tec tion at 476 nm. Humphries and

Khachik (18) de ter mined lutein, zeaxanthin, and re lated

geo met ri cal iso mers in fruits, veg e ta bles, wheat, and pasta

prod ucts. Surles et al. (19) com pared carotenoid pro files (a-,

b-car o tene, lutein, and lycopene) in dif fer ent col ored car rots

(pur ple to white); b-apo-8¢-carotenyl deconate was used as an

in ter nal stan dard. Ca rot en oids were ex tracted with al ter na tive

washes of di chloro methane and ac e tone with de ter mi na tion

by gra di ent elu tion HPLC with DAD. Burns et al. (20) used

HPLC–DAD to study ca rot en oids and to coph erols in fruits

and veg e ta bles. de Sá and Ro dri guez-Amaya (21) care fully

eval u ated the anal y sis of ca rot en oids af ter stir-fry ing of

sev eral veg e ta bles. Saponification of ac e tone ex tracts was

nec es sary to re move chlo ro phyll deg ra da tion prod ucts that

in ter fered with the HPLC anal y sis. Great care was nec es sary

at the saponification/wash ing step to avoid sig nif i cant losses

of lutein.

Ca rot en oids are of ten added to foods as food col ors, as well 

as for their role in health. Multi-meth ods for the anal y sis of

this large range of com pounds are rather scarce. Sev eral

meth ods are listed in the Ger man of fi cial col lec tion of

meth ods ac cord ing to para graph 35, LMBG (2002) as well as

by the AOAC Of fi cial Meth ods of Anal y sis. How ever, a

multi-method was re ported by Breithaupt (22) for the

de ter mi na tion of the fol low ing carotenoid food ad di tives:

norbixin, bixin, capsanthin, b-apo-8¢-carotenal,

b-apo-8¢-carotenoic acid ethyl es ter, b-car o tene, and lycopene 

in pro cessed foods. Ac cel er ated sol vent ex trac tion (ASE) was

com pared with a man ual ex trac tion us ing a sol vent mix ture

meth a nol–ethyl ac e tate–light pe tro leum (1 + 1 + 1).

Echinonene was added as an in ter nal stan dard. Re cov er ies for

all analytes were 91–97% for ASE, with the ex cep tion of

norbixin (67%) and be tween 89–103% for the man ual

pro ce dure. Sep a ra tions were ob tained us ing RP C30 col umn

with DAD, and for un equiv o cal iden ti fi ca tion, the mass

spec tra of all analytes were re corded us ing LC-atmospheric

pressure chemical ionization (APCI)-MS. For b-car o tene, the

cis and trans iso mers were summed and re ported as all-trans

b-car o tene. Scotter et al. (23) de scribed a pro ce dure for

de ter min ing trans-b-car o tene and trans-b-apo-8¢-carotenal in

a wide range of food prod ucts us ing HPLC-DAD. The

cis-forms were only mea sured semiquan ti ta tively because

stan dards were not avail able. Sol vent ex trac tion was made

with ethyl ac e tate, ac e tone, and eth a nol (2 + 1 + 1). For

high-fat prod ucts, lipase was added to hy dro lyze lipids be fore

ex trac tion.

LC/MS is play ing an in creas ingly im por tant role in

ca rot en oids re search. Glaser et al. (24) per formed qual i ta tive

and quan ti ta tive de ter mi na tions of carotenoid stereoisomers

in a va ri ety of spin ach sam ples by use of matrix solid-phase

dispersion (MSPD) be fore HPLC-UV, HPLC-APCI-MS, and

HPLC-NMR on-line cou pling. Pott et al. (25) in ves ti gated the

ca rot en oids pro file in mango us ing LC/MS with a C30

sep a ra tion. Kurilich et al. (26) de vel oped an LC-APCI-MS

pro ce dure for quan ti fy ing some 13C-la beled ca rot en oids and

vi ta min K1 in kale (Bras sica oleracea).
Favaro et al. (27) in ves ti gated the geo met ri cal retinol

iso mers and car o tene in enteral feed ing for mu las. By us ing a
nor mal-phase HPLC col umn and a mo bile phase con sist ing of 
1-octanol in n-hex ane, 6 retinol iso mers could be iden ti fied.
The (Z) iso mers have lower vi ta min A ac tiv ity.

Bhosdale et al. (28) eval u ated Raman res o nance

spec tros copy for rapid nonde struc tive es ti ma tion of

carotenoid lev els in in tact fruits and veg e ta bles and their

juices. A high cor re la tion was found be tween to tal ca rot en oids 

mea sured by Raman spec tros copy and HPLC for sev eral types 

of ripe to ma toes. In di vid ual cal i bra tions need to be

es tab lished for dif fer ent types of fruits and veg e ta bles.

How ever, var i ous types of di luted juices (car rot, to mato,

or ange, grape, and veg e ta ble mix) could be in cluded in a

sin gle cal i bra tion.
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Fax: +31 40 2911600, E-mail: Erik.Konings@vwa.nl

Sum mary

In earlier General Referee reports, it was often mentioned that 

progress in establishing new vitamin methods for foods is rather

slow. To identify gaps in the water-soluble vitamin area, AOAC

Official Methods of Analyses are summarized in Table 1.

From Table 1, it can be concluded that the analytical

techniques used for the determination of water-soluble vitamins 

are mostly outdated. HPLC is used in few of the methods.

However, a method for the LC analysis of vitamin B6 in infant

formula was collaboratively tested by AOAC and has just

recently achieved First Action status.  Results of a collaborative 

study for the LC determination of vitamin C in fruit juices and

related products were not satisfactory for AOAC First Action.

For enforcement reasons, most of the important matrixes,

like infant formula, vitamin preparations, and enriched foods,

seem to be reasonably covered. However, it can be questioned

if, for instance, compositions of vitamin preparations

currently available on the market can be correctly analyzed by

methods described above. For instance, Kall et al. (2000)

described the degradation of folic acid during extraction of

multivitamin-mineral preparations possibly caused by the

presence of copper ions. It can be imagined that at the time

Method 944.12 was finalized the combination of folic acid

and copper was neither tested nor available on the market.

Not only for enforcement reasons but also for nutritional

studies like dietary intake studies or epidemiological studies

which look into associations between intake of vitamins and

development of diseases, it is essential to have up-to-date and

correct analytical data. 

It is therefore essential that available Official Methods for

the determination of water-soluble vitamins shall be updated

to the currently common analytical techniques and available

matrixes on the market.

Until this is accomplished, it might be useful to look into

other standardized methods for the determination of

water-soluble vitamins, like methods of the European

Committee for Standardization (CEN). Table 2 list methods

published by CEN in the area of water-soluble vitamins.

The CEN working group on vitamins is currently working on

new standards for the determination of niacine and niacinamide,

a method for biotin, and a method for the individual vitamin B6

vitamers (pyridoxine, pyridoxal, and pyridoxamine). All

methods are using HPLC as the analytical technique.

Several members of the CEN working group are currently

working (independently) on methods for the single-run

determination of several water-soluble vitamins in

premixes/vitamin preparations (tablets, capsules, etc.). It is to

be expected that this work will lead to collaborative tested

European Standards.

The currently published CEN methods are collaboratively

tested according to ISO 5725.

CEN methods gained a more official status within the
European Food Law. According to regulation  882/2004 of the
European Parliament and of the Council of April 29, 2004, official
controls need to be performed to ensure the verification of
compliance with feed and food law, animal health, and animal
welfare rules. These rules are applicable from January 1, 2006.
Article 11 states that sampling and analysis methods used in the
context of official controls shall comply with relevant Community
rules, or, if none exist, internationally recognized rules or
protocols, for example, those that the CEN has accepted or those
agreed in national legislation, or,  if none exist, other methods fit
for the intended purpose or developed in accordance with
scientific protocols.
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Table 2. Published methods by CEN in the water-soluble vitamin area

Method No. Title
Year

published Matrixes validated
Analytical 

technique used

EN 14122 Determination of Vitamin B1 2003 Whole meal flour, milk powder, mixed vegetables,

pig’s livera
HPLC

EN 14152 Determination of Vitamin B2 2003 Milk powder, pig’s livera HPLC

EN 14166 Determination of Vitamin B6 2001 Whole meal flour, milk powder, mixed vegetables,

pig’s livera
Microbiological

EN 14164 Determination of Vitamin B6 2002 Baby food, biscuit, cereal, yeast, tube-feeding
solution, chocolate powder, cereal, powdered milk

HPLC

EN 14131 Determination of Folic Acid 2003 Whole meal flour, milk powder, mixed vegetables,

pig’s livera
Microbiological

EN 14139 Determination of Vitamin C 2003 Orange juice, liquid soup, powdered milk,

freeze-dried soup, breakfast cereal, baby food

HPLC

a Matrixes are available as Certified Reference Material at IRMM in Geel, Belgium.

Table 1. Analytical methods for water-soluble vitamins published in Official Methods of Analysis of AOAC
INTERNATIONAL, 17th Edition

Method 

No. Method title

First 

Action

Final 

Action Analytical technique

938.12 Thiamin Hydrochloride (Vitamin B1) in Vitamin Preparations 1938 1938, Surplus 1965 Growth bioassay

942.23 Thiamin (Vitamin B1) in Human and Pet Foods 1942 1942 Fluorometric

953.17 Thiamin (Vitamin B1) in Grain products 1953 1953 Fluorometric

957.17 Thiamin (Vitamin B1) in Bread 1957 1960 Fluorometric

986.27 Thiamin (Vitamin B1) in Milk-Based Infant formula 1986 1988 Fluorometric

940.33 Riboflavin (Vitamin B2) in Vitamin Preparations 1940 1960 Microbiological

970.65 Riboflavin (Vitamin B2) in Foods and Vitamin Preparations 1970 1971 Fluorometric

981.15 Riboflavin in Foods and Vitamin Preparations 1981 1982 Automated 

985.31 Riboflavin in Ready-to-Feed Milk-Based Infant Formula 1985 1988 Fluorometric

944.13 Niacin and Niacinamide (Nicotinic Acid and Nicotinamide) in Vitamin Preparations 1944 1960 Microbiological

961.14 Niacin and Niacinamide in Drugs, Foods, and Feeds 1961 1962 Colorimetric 

968.32 Niacinimide in Multivitamin Preparations 1968 1969 Spectrophotometric 

975.41 Niacin and Niacinamide in Cereal Products 1975 1976 Automated 

981.16 Niacin and Niacinamide in Foods, Drugs, and Feeds 1981 1982

985.34 Niacin and Niacinamide (Nicotinic Acid and Nicotinamide) in Ready-to- Feed

Milk-Based Infant Formula

1985 1988 Microbiol-turbidimetric 

945.73 Calcium Pantothenate in Vitamin Preparations 1945 1969 Surplus 1974 Spectrophotometric

945.74 Pantothenic acid in Vitamin Preparations 1945 1960 Microbiological

992.07 Pantothenic acid in Milk-Based Infant Formula 1992 1995 Microbiological turbidimetric 

961.15 Vitamin B6 (Pyridoxine, Pyridoxal, Pyridoxamone) in Food Extracts 1961 1975 Microbiological

985.32 Vitamin B6 (Pyridoxine, Pyridoxal, Pyridoxamine) in Ready-to-Feed Milk-Based

Infant Formula

1985 1988 Microbiological

952.20 Cobalamin (Vitamin B12 activity) in Vitamin Preparations 1952 1960 Microbiological

986.23 Cobalamin (Vitamin B12 activity) in Milk-Based Infant Formula 1986 1988 Turbidimetric 

944.12 Folic Acid (Pteroylglutamic Acid) in Vitamin Preparations 1944 1960 Microbiological

992.05 Folic Acid in Infant Formula 1992 1995 Microbiological

967.21 Ascorbic acid in Vitamin Preparations 1967 1968 Titrimetric

967.22 Vitamin C (total) in Vitamin Preparations 1967 1968 Microfluorometric 

984.26 Vitamin C (Total) in Food 1984 1968 Semiautomated fluorometric 

985.33 Vitamin C (Reduced Ascorbic Acid) in Ready-to-Feed Milk-Based Infant Formula 1985 1988 Titrimetric 


