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VITAMIN ANALYSIS
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Definition and importance

• Vitamins are defined as relatively low-molecular-weight
compounds which humans, and for that matter, any living
organism that depends on organic matter as a source of
nutrients, require small quantities for normal metabolism.

• Humans cannot synthesize most vitamins and therefore need
to obtain them from food and supplements.

• Insufficient levels of vitamins result in deficiency diseases.
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Importance of analysis

• Vitamin analysis of food and other biological samples has
played a critical role in determining animal and human
nutritional requirements.

• Accurate food composition information is required to
determine dietary intakes to assess diet adequacy and
improve human nutrition worldwide.



4

Vitamin units
• When vitamins are expressed in units of mg or μg per tablet

or food serving, it is very easy to grasp how much is
present.

• Vitamins can also be expressed as international units (IU),
and % Daily Value (DV).

• These definitions are unclear.

• The precise definition of 1 IU differs from substance to
substance.
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• IU definitions for vitamins include the following:
– 1 IU of vitamin A is the biological equivalent of 0.3 μg retinol,

0.6 μg β-carotene, and 1.2 μg of other provitamin A active
carotenoids (α-carotene and β-cryptoxanthin).

– One retinol equivalent (RE) is defined as 1 μg of all-trans-
retinol.

– The conversion factors of 1 RE equals 6 μg and 12 μg for β-
carotene and other provitamin.

– 1 IU of vitamin C is the biological equivalent of 50 μg L-
ascorbic acid.

– 1 IU of vitamin D is the biological equivalent of 0.025 μg
cholecalciferol/ergocalciferol.
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METHODS

• Vitamin assays can be classified as follows:

– Bioassays involving humans and animals.

– Microbiological assays making use of protozoan organisms,
bacteria, and yeast.

– Physicochemical assays that include spectrophotometric,
fluorometric, chromatographic, enzymatic, immunological,
and radiometric methods.
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• On account of the sensitivity of certain vitamins to adverse
conditions such as light, oxygen, pH, and heat, proper
precautions need to be taken to prevent any deterioration
throughout the analytical process.

• Proper sampling and subsampling as well as the preparation
of a homogeneous sample are critical aspects of vitamin
analysis.
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Commonly used regulatory 
methods for vitamin analysis

Vitamin
Fat-soluble 

vitamins

Application Approach

Vitamin A (and precursors)

Retinol Vitamin A in milk-based infant 
formula

LCa 340 nm

Retinol Vitamin A in food LC 328 or 313 nm

all-trans-retinol
13-cis-retinol

All foods LC 325 nm or fluorometricb

(Ex λ = 325 nm; Em λ = 475 nm

-carotene -carotene in supplements and 
raw materials

LC 445 or 444 nm

-carotene All foods LC 450 nm

a LC, liquid chromatography (high-performance liquid chromatography).
b Fluorometric test, giving excitation (Ex) and emission (Em) wavelengths.
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Vitamin Application Approach
Vitamin D
Cholecalciferol
Ergocalciferol

Vitamin D in foods Bioassay

Cholecalciferol
Ergocalciferol

Vitamin D in infant formula and 
enteral products

LC 265 nm

LC 265 nmCholecalciferol
Ergocalciferol

Vitamin D in foods

Vitamin E
R, R, R, - tocopherols Vitamin E in foods LC or fluorescence

(Ex λ = 295 nm; Em λ = 330 nm)

Vitamin K
Phylloquinone Vitamin K in milk and infant 

formulas
LC postcolumn reduction

Fluorescence (Ex λ = 243 nm; 
Em λ = 430 nm)Phylloquinone Vitamin K in foods
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Vitamin
Water-soluble 
vitamins

Application Approach

Ascorbic acid (Vitamin C)
Ascorbic acid Vitamin C in juices and vitamin 

preparations
2,6-dichloroindophenol titration

Ascorbic acid Vitamin C in vitamin preparations Fluorescence
(Ex λ = 350 nm; Em λ = 430 nm)

Ascorbic acid Vitamin C in foods LC 265 nm
Thiamin (Vitamin B1)
Thiamin
Thiamin·HCl

Thiamin in foods Thiochrome
Fluorescence
(Ex λ = 365 nm; Em λ = 435 nm)

Thiamin Thiamin in foods LC
Thiochrome
Fluorescence
(Ex λ = 366 nm; Em λ = 420 nm)



11

Vitamin Application Approach
Riboflavin (Vitamin B2)
Riboflavin Riboflavin in foods and vitamin 

preparations
Fluorescence
(Ex λ = 440 nm; Em λ = 565 nm)

Riboflavin Riboflavin in foods LC, Fluorescence
(Ex λ = 468 nm; Em λ = 520 nm)

Niacin
Nicotinic acid
Nicotinamid

Niacin and niacinamide in 
vitamin preparations

Microbiological

Vitamin B6
Pyidoxine
Pyridoxal
Pyridoxamine

Total Vitamin B6 in infant 
formula

LC, 
Fluorescence
(Ex λ = 290 nm; Em λ = 395 nm)
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Vitamin Application Approach
Folic acid, Folate

Total folates
Total folates in cereals and 

cereal products – trienzyme 
procedure 

Microbiological

Vitamin B12
Cyanocobalamin

Cobalamin (Vitamin B12) in 
milk-based infant formula

Microbiological

Biotin Biotin in dietary supplements LC 200 nm or 
Microbiological

Pantothenic acid
Ca pantothenate

Pantothenic acid in milk-based 
infant formula

Microbiological
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Extraction methods

• Vitamin assays in most instances involve the extraction of a
vitamin from its biological matrix prior to analysis.

• This generally includes one or several of the following
treatments: heat, acid, alkali, solvents, and enzymes.

• Extraction procedures are specific for each vitamin and
designed to stabilize the vitamin.

• Some procedures are applicable to the combined extraction
of more than one vitamin, for example, for thiamin and
riboflavin as well as some of the fat-soluble vitamins.
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• Typical extraction procedures are as follows:
– Ascorbic acid: Cold extraction with metaphosphoric acid/acetic

acid.
– Vitamin B1 and B2: Boiling or autoclaving in acid plus enzyme

treatment.
– Niacin: Autoclaving in acid (noncereal products) or alkali (cereal

products).
– Folate: Enzyme extraction with α-amylase, protease and γ-

glutamyl hydrolase(conjugase)
– Vitamins A, E, or D: Organic solvent extraction, saponification,

and re-extraction with organic solvents.
• Analysis of fat-soluble vitamins may require saponification,

generally either overnight at room temperature or by refluxing
at 70 °C.
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Bioassay methods
• Bioassays at the present are used only for the analysis of

vitamins B12 and D.

Microbiological assays
• Applications:

– Microbiological assays are limited to the analysis of water-
soluble vitamins.

– The methods are very sensitive and specific for each vitamin.
– The methods are somewhat time consuming.
– All microbiological assays can use microtiter plates in place of

test tubes.
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• Principle:

– The growth of microorganisms is proportional to their
requirement for a specific vitamin.

– In microbiological assays the growth of a certain microorganism
in an extract of a vitamin-containing sample is compared
against the growth of this microorganism in the presence of
known quantities of that vitamin.

– Bacteria, yeast, or protozoans are used as test organisms.

– Growth can be measured in terms of turbidity, acid
production, gravimetry, or by respiration.
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• Niacin:

– Lactobacillus plantarum is the test organism.

– A stock culture needs to be prepared and maintained by
inoculating the freeze-dried culture on Bacto Lactobacilli
agar followed by incubation at 37 °C for 24 h prior to sample
and standard inoculation.

– Growth is measured by turbidity.

– If lactobacilli are employed as the test organism, acidimetric
measurements can be used as well.



NIACIN MICROBIOLOGICAL ASSAY PROCEDURE

Test Sample Preparation

Weigh out a sufficient amount of sample to contain ≤5.0 mg
niacin/ml, add volume of 0,5 M H2SO4 equal in ml to ≥10×
dry weight of test portion in g, macerate, autoclave 30 min at
121–123 °C, and cool. If dissolved protein is not present,
adjust mixture to pH 6.8 with NaOH solution, dilute with
deionized H2O to volume (ca. 0.1–0.4 μg niacin/ml), mix,
and filter.
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Assay Tube Preparation
In at least duplicate use 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 ml

test sample filtrate and make up the difference to 5.0 ml with
deionized H2O, then add 5.0 ml of Niacin Assay Medium to
each tube, autoclave 10 min at 121–123 °C, and cool.

Niacin Standard Preparation
Prepare assay tubes in at least duplicate using 0.0, 0.5, 1.0, 1.5,

2.0, 2.5, 3.0, 4.0, and 5.0 ml standard working solution (0.1–
0.4 μg niacin/ml), make up difference to 5.0 ml with
deionized H2O, then add 5.0 ml of Niacin Assay Medium
and treat identically as the sample tubes.
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Inoculation and Incubation

Prepare inoculum using Lactobacillus plantarum. Add one drop
of inoculum to each tube, cover tubes, and then incubate at
37 °C for 16–24 hr; that is, until maximum turbidity is
obtained as demonstrated by lack of significant change
during a 2 hr additional incubation period in tubes containing
the highest concentration of niacin.
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Determination

Measure %T at any specific wavelength between 540 and
660 nm. Set transmittance to 100% with the inoculated blank
sample. Prepare a standard concentration-response curve by
plotting %T readings for each level of standard solution used
against amount of reference standard contained in respective
tubes. Determine the amount of niacin for each level of the
test solution by interpolation from the standard curve.

21



22

• Folate:
– Folate is the general term including folic acid (pteroylglutamate)

and poly-γ-glutamyl conjugates with the biological activity of
folic acid.

– Folates are labile to oxidation, light, thermal losses, and leaching
when foods are processed.

– Folic acid is 85% bioavailable whereas food folate is only 50%.
– Quite sophisticated liquid chromatography methods are

necessary for accurate quantitation of folic acid and the
multiple forms of folates in foods.

– A microbiological procedure based on the trienzyme extraction
quantifies only total folate and cannot differentiate between
added folic acid and food folate.
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− Folate in the sample is extracted with a buffer at 100 °C (boiling
water bath).

− The extract is then digested with α-amylase and protease (to free
macromolecularly bound folates) and conjugase (to cleave poly-
γ-glutamyl folates to PteGln3 or lower).

− Growth response of the assay microorganism is measured by
percent transmittance.

− Transmittance depends on folate concentration.

– Care must be exercised to protect labile folates from oxidation and
photochemical degradation.

– Reducing agents including ascorbic acid, β-mercaptoethanol, and
dithiothreitol are effective in preventing oxidation.



FOLATE MICROBIOLOGICAL ASSAY PROCEDURE

Sample Preparation

To 1.2–2.0 g of sample, add 50 ml of specified buffer,
homogenize, and proceed to digestion step. (High fat samples
should be extracted with hexane, and all samples should be
protected from light and air.)

Trienzyme Digestion

Boil samples for 5 min and cool to room temperature. Digest
each sample with specified α-amylase, protease, and
conjugase. Deactivate enzymes by boiling for 5 min. Cool
tubes, filter, and dilute an appropriate aliquot to a final
concentration of ca. 0.15 ng/ml.
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Preparation of Standard Curve and Blank Tubes

Construct an 8-point standard curve using a working standard
solution of folate. Add 5 ml of Lactobacillus casei (spp.
rhamnosus) assay medium to each tube. Prepare an
uninoculated blank and an inoculated blank to zero the
spectrophotometer, and an enzyme blank to determine the
contribution of the enzymes to microbial growth.
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Assay

Folic acid is assayed by the growth of Lactobacillus casei (spp.
rhamnosus). Prepared tubes of samples, standard curve,
inoculated and uninoculated blanks, and enzyme blank are
autoclaved at 121–123 °C for 5 min and then inoculated with
one drop of the prepared inoculum per tube. After tubes have
been incubated at 37 °C for 20–24 hr, the growth response is
measured by percent transmittance at λ = 550 nm.

26
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Chemical methods
Vitamin A
• Vitamin A is sensitive to ultraviolet (UV) light, air (and any

prooxidants), high temperatures, and moisture.
• Steps must be taken to avoid any adverse changes in this

vitamin due to such effects.
• Steps include using low actinic glassware nitrogen, and/or

vacuum, as well as avoiding excessively high temperatures.
• The addition of an antioxidant is highly recommended.
• High-performance liquid chromatographic (HPLC)

methods are considered the only acceptable methods to
provide accurate food measurements of vitamin A
activity.
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• Principle:
– The test sample is saponified with ethanolic KOH, vitamin A

(retinol) is extracted into organic solvent and then
concentrated.

– Vitamin A isomers – all-trans-retinol and 13-cis-retinol – levels
are determined by HPLC on a silica column.

• Critical point:
– All work must be performed in subdued artificial light.
– Care must be taken to avoid oxidation of the retinol throughout

the entire procedure.
– Solvent evaporation should be completed under nitrogen, and

hexadecane is added to prevent destruction during and after
solvent evaporation.



VITAMIN A HPLC ANALYSIS PROCEDURE

Test Sample Saponification

Transfer 40 ml of ready-to-use formula or fluid milk to a
100 ml digestion flask containing a stirring bar. For
saponification, add 10 ml of ethanolic pyrogallol solution
(2% (w/v) pyrogallol in 95% ethanol) and 40 ml ethanolic
KOH (10% (w/v) KOH in 90% ethanol). Wrap the flask in
aluminum foil and stir at room temperature for 18 hr, or at
70 °C using the reflux vessel. Dilute to volume with
ethanolic pyrogallol solution.
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Extraction of Digest

Pipet 3 ml of digestate into a 15 ml centrifuge tube and add
2 ml of deionized H2O. Extract Vitamin A with 7 ml of
hexane:diethyl ether (85:15, v/v). Repeat extraction 2× with
7 ml portions of extractant. After extractions, transfer the
organic layer to a 25 ml volumetric flask. Add 1 ml of
hexadecane solution (1 ml hexadecane in 100 ml hexane)
and dilute to volume with hexane. Pipette 15 ml of diluted
extract into a test tube and evaporate under nitrogen.
Dissolve the residue in 0.5 ml of heptane.
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Chromatography Parameters

Inject 100 μl standard working solutions into the HPLC. Inject
100 μl test extract. Measure peak areas for all-trans-retinol and 13-
cis-retinol. The exact mobile phase composition and flow rate are
determined by system suitability test to give retention times of 4.5
and 5.5 min for 13-cis-retinol and all-trans-retinol, respectively.

31

Column 4.6 mm × 150 mm packed with 3 μm silica
Mobile Phase Isocratic elution; heptane containing 2-propanol (1–5%, v/v)
Injection 
Volume 100 μl

Detection UV, 340 nm
Flow Rate 1–2 ml/min
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• Calculation:
All-trans-retinol (ng/ml milk or diluted formula) =

(At/Ast) × Wt × Ct ×DF
At = peak area, all-trans-retinol in test sample
Ast = peak area, all-trans-retinol in standard
Wt = weight, mg, oil solution used to prepare working standard

solution
Ct = concentration, ng/ml, all-trans-retinol in oil solution
DF = dilution factor = 1/50 × 25/15 × 100/3 ×1/2 ×1/40 =  5/360
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13-cis-retinol (ng/ml milk or diluted formula) =
(Ac/Ast) × Wc × Cc ×DF

Ac = peak area, 13-cis-retinol in test sample
Ast = peak area, 13-cis-retinol in standard
Wc = weight, mg, oil solution used to prepare working standard

solution
Cc = concentration, ng/ml, 13-cis-retinol in oil solution
DF = dilution factor = 1/50 × 25/15 × 100/3 ×1/2 ×1/40 =  5/360
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Vitamin E (Tocopherols and tocotrienols)

• Vitamin E compounds

– Vitamin E is present in foods as eight different compounds: all
are 6-hydroxychromans.

– The vitamin E family is comprised of α-, β-, γ-, and δ-tocopherol.

• Principle

1. General food products. The sample is saponified under reflux,
extracted with hexane, and injected onto a normal phase
HPLC column connected to a fluorescence detector, Ex λ =
290 nm, Em λ = 330 nm (Ex, excitation; Em, emission).
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2. Margarine and vegetable oil spreads. The sample is dissolved in
hexane, anhydrous MgSO4 is added to remove water, and the
filtered extracts are assayed by HPLC.

3. Oils. Oil is dissolved in hexane and injected directly onto the
HPLC column.

• Critical points

– Vitamin E is subject to oxidation.

– Saponification is completed under reflux, in the presence of the
antioxidant, pyrogallol, with the reaction vessel protected
from light.



VITAMIN E HPLC ANALYSIS PROCEDURE

Sample Preparation

General food products: Add 10 ml of 6% (w/v) pyrogallol in
95% ethanol to sample, mix, and flush with N2. Heat at 70
°C for 10 min with sonication. Add 2 ml of 60% (w/v) KOH
solution, mix, and flush with N2. Digest for 30 min at 70 °C.
Sonicate 5 min. Cool to room temperature, and add sodium
chloride and deionized H2O. Extract 3× with hexane
(containing 0.1% BHT). Combine hexane extracts. Add 0.5 g
of anhydrous MgSO4 and mix. Filter through a Millipore
filtration apparatus (0.45 μm). Dilute to volume with hexane.
Inject sample into HPLC.
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Margarine and vegetable oil spreads: Add 40 ml of hexane
(containing 0.1% BHT) to a 10 g sample and mix. Add 3 g of
anhydrous MgSO4, mix, let stand ≥2 hr. Filter and dilute
combined filtrate to volume with hexane (0.1% BHT). Inject
sample into HPLC.
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Column Hibar® LiChrosorb Si 60 (4mm × 250mm, 5 μm particle
size) and LiChromCART® 4-4 guard column packed with
LiChrospher® Si 60 (5 μm)

Mobile Phase Isocratic, 0.85% (v/v) 2-propanol in hexane
Injection 
Volume

20 μl

Flow 1 ml/min
Detector Fluorescence, Ex l = 290 nm, Eml = 330nm
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Chromatogram of rice bran oil showing tocopherols and tocotrienols
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Vitamin C
• The vitamin (L-ascorbic acid and L-dehydroascorbic acid)

is very susceptible to oxidative deterioration, which is
enhanced by high pH and the presence of ferric and cupric
ions.

• The entire analytical procedure needs to be performed at
low pH and, if necessary, in the presence of a chelating
agent.

• Mild oxidation of ascorbic acid results in the formation of
dehydroascorbic acid, which is also biologically active
and is reconvertible to ascorbic acid by treatment with
reducing agents such as β-mercaptoethanol and
dithiothreitol.
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• 2,6-Dichloroindophenol titrimetric method

Principle:

– L-ascorbic acid is oxidized to L-dehydroascorbic acid by the
oxidation–reduction indicator dye, 2,6-dichloroindophenol.

– At the endpoint, excess unreduced dye appears rose-pink in acid
solution.
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Chemical reaction between L-
ascorbic acid and the indicator
dye, 2,6-dichloroindophenol.
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Procedure:

– In the presence of significant amounts of ferrous Fe, cuprous Cu,
and stannous Sn ions in the biological matrix to be analyzed,
it is advisable to include a chelating agent such as
ethylenediaminetetraacetic acid (EDTA) with the extraction
to avoid overestimation of the ascorbic acid content.

– The light but distinct rose-pink endpoint should last more than
5 s to be valid.

– With coloured samples needs to be determined by observing the
change of transmittance using a spectrophotometer with the
wavelength set at 545 nm.



VITAMIN C ASSAY PROCEDURE 2,6-
DICHLOROINDOPHENOL TITRATION

Sample Preparation

Weigh and extract by homogenizing test sample in
metaphosphoric acid-acetic acid solution (15 g of HPO3 and
40 ml of HOAc in 500 ml of deionized H2O). Filter (and/or
centrifuge) sample extract, and dilute appropriately to a final
concentration of 10–100 mg of ascorbic acid/100 ml.

Standard Preparation

Weigh 50 mg of USP L-ascorbic acid reference standard and
dilute to 50 ml with HPO3-HOAc extracting solution.
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Titration

Titrate three replicates each of the standard (to determine the
concentration of the indophenol solution as mg ascorbic acid
equivalents to 1.0 ml of reagent), test sample, and blank with
the indophenol reagent (prepared by dissolving 50 mg of 2,6-
dichloroindophenol sodium salt and 42 mg of NaHCO3 to
200 ml with deionized H2O) to a light but distinctive rose
pink endpoint lasting ≥5 sec.

44
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Calculations:

mg of ascorbic acid/g or ml of sample = (X −B) × (F/E) × (V/Y) 

X = average ml for test solution titration
B = average ml for test blank titration
F = mg ascorbic acid equivalents to 1.0 ml indophenol

standard solution
E = sample weight (g) or volume (ml)
V = volume of initial test solution
Y = volume of test solution titrated
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• Microfluorometric method
Principle:

– This method measures both ascorbic acid and dehydroascorbic
acid.

– Ascorbic acid, following oxidation to dehydroascorbic acid, is
reacted with o-phenylenediamine to produce a fluorescent
quinoxaline compound.

To compensate for the presence of interfering extraneous material,
blanks need to be run using boric acid prior to the addition
of the o-phenylenediamine solution.
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Calculation:

mg of ascorbic acid/g or ml = [(X − D)/(C − B)] × S × (DF/E)

X and C = average fluorescence of sample and standard,
respectively

D and B = average fluorescence of sample blank and standard
blank, respectively

S = concentration of standard in mg/ml
DF = dilution factor
E = sample weight, g, or sample volume, ml
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Thiamin (Vitamin B1) in foods, thiochrome fluorometric
procedure
• Principle:

– Following extraction, enzymatic hydrolysis of thiamin’s
phosphate esters and chromatographic cleanup (purification),
this method is based on the fluorescence measurement of the
oxidized form of thiamin, thiochrome, in the test solution
compared to that from an oxidized thiamin standard solution.

• Critical points:
– Thiochrome is light sensitive.
– Therefore, the analytical steps following the oxidation must be

performed under subdued light.
– Thiamin is sensitive to heat, especially at alkaline pH.



THIAMIN ANALYSIS BY THIOCHROME PROCEDURE

Sample Preparation
Weigh out sample containing thiamin, add volume of 0.1 M HCl
equal in ml to ≥10× dry weight of test portion in g, mix,
autoclave for 30 min at 121–123 °C, then cool. Dilute with 0.1
M HCl to measured volume containing ca. 0.2–5 μg thiamin/ml.

Enzyme Hydrolysis
Take aliquot containing ca. 10–25 μg thiamin, dilute to ca. 65 ml
with 0.1 M HCl and adjust Ph to 4.0–4.5 with ca. 5 ml 2 M
CH3COONa. Add 5 ml of enzyme solution, mix, incubate for
3 hr at 45–50 °C. Cool, adjust to ca. pH 3.5, dilute to 100 ml
with deionized H2O, and filter.
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Sample Extract Cleanup

Apply an aliquot of the test sample extract containing ca. 5 μg
thiamin to a specified ion-exchange resin column, and wash
column with 3×5 ml portions of almost boiling water. Then
elute thiamin from the resin with 5×4.0 to 4.5 ml portions of
almost boiling acid-KCl solution. Collect the eluate in a
25 ml volumetric flask and dilute to volume with acid-KCl
solution. Treat standards identically.
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Oxidation of Thiamin to Thiochrome

To a test tube, add 1.5 g of NaCl and 5 ml of the thiamin · HCl
standard solution (1 μg/ml). Add 3 ml of oxidizing reagent
[basic K3Fe(CN)6], swirl contents, then add 13 ml of
isobutanol, shake vigorously, and centrifuge. Repeat steps
for the standard blank but instead replace the oxidizing
reagent with 3 ml of 15% (w/v) NaOH. Decant the
isobutanol extracts (the standard and blank) into fluorescence
reading tubes, and measure at Ex λ = 365 nm and Em λ = 435
nm. Treat the test solution identically, and record the
fluorescence intensity of the test sample and blank.

51
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• Calculation

μg of thiamin in 5 ml of test solution = [(I − b/S − d)]

I and b = fluorescence of extract from oxidized test sample and
sample blank, respectively

S and d = fluorescence of extract from oxidized standard and
standard blank, respectively
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μg of thiamin/g = [(I − b/S − d)] × C/A × 25/Vp × Vo/WT

I and b = fluorescence of extract from oxidized test sample and
sample blank, respectively

S and d = fluorescence of extract from oxidized standard and
standard blank, respectively

C = concentration of thiamin · HCl standard, μg/ml
A = aliquot taken, ml
25 = final volume of column eluate, ml
Vp = volume passed through the
chromatographic column, ml
Vo = dilution volume of original sample, ml
WT = sample weight, g
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Riboflavin (Vitamin B2) in foods and vitamin preparations,
fluorometric method
• Principle:

– Following extraction, riboflavin is determined fluorometrically.
• Critical Points:

– Due to the extreme sensitivity of the vitamin to UV radiation, all
operations need to be conducted under subdued light.



RIBOFLAVIN ASSAY PROCEDURE BY 
FLUORESCENCE

Sample Preparation

Weigh out homogenized sample, add volume of 0.1 M HCl
equal in ml to ≥10× dry weight of test portion in g; the
resulting solution must contain ≤0.1 mg riboflavin/ml. Mix
contents, autoclave for 30 min at 121–123 °C and then cool.
Precipitate interfering substances by adjusting pH to 6.0–6.5
with dilute NaOH immediately followed by a pH
readjustment to 4.5 with dilute HCl. Dilute with deionized
H2O to ca. 0.1 μg of riboflavin/ml, and filter.
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Oxidation of Interfering Materials

Oxidize as follows: Transfer 10 ml of test filtrate to each of
four tubes. To two of these tubes, add 1.0 ml of deionized
H2O, and to the remaining ones add 1.0 ml of a standard
solution (1 μg/ml of riboflavin). Then to each tube, one at a
time, add 1.0 ml of glacial HOAc followed by 0.5 ml of 4%
(w/v) KMnO4. Allow the mixture to stand for 2 min, and
then add 0.5 ml of 3% (v/v) H2O2. Shake vigorously until
excess O2 is expelled.
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Measurement of Fluorescence

Measure fluorescence at Ex λ = 440 nm and Em λ = 565 nm.
First read test samples containing 1 ml of added standard
riboflavin solution, and then samples containing 1 ml of
deionized H2O. Add, with mixing, 20 mg of Na2S2O4 to two
of the tubes, and measure the minimum fluorescence within
5 sec.

57
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• Calculation

mg of riboflavin/ml final test solution = 
= [(B − C)/(X − B)] × 0.10 × 0.001

B and C = fluorescence of test sample containing water and
sodium dithionite, respectively

X = fluorescence of test sample containing riboflavin standard

– Note. Value of [(B − C)/(X − B)] must be ≥0.66 and ≤1.5
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mg of riboflavin/g of sample =
= [(B − C)/(X − B)] × (CS/V) × (DF/WT)

B and C = fluorescence of sample containing water and sodium
hydrosulfite, respectively

X = fluorescence of sample containing riboflavin standard

CS = concentration of standard expressed as mg/ml

V = volume of sample for fluorescence measurement, ml

DF = dilution factor

WT = weight of sample, g
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COMPARISON OF 
METHODS

• Each type of method has its advantages and disadvantages.
• In selecting a certain method of analysis for a particular

vitamin or vitamins, a number of factors need to be
considered, some of which are listed below:

1. Method accuracy and precision.
2. The need for bioavailability information.
3. Time and instrumentation requirements.
4. Personnel requirements.
5. The type of biological matrix to be analyzed.
6. The number of samples to be analyzed.
7. Regulatory requirements
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• Bioassays are extremely time consuming.

• They sometimes do not require the preparation of an extract,
thus eliminating the potential of undesirable changes of
the analyte during the extract preparation.

• Both microbiological and physicochemical methods require
vitamin extraction.

• The applicability of microbiological assays is limited to
water-soluble vitamins, most commonly applied to
niacin, B12, and pantothenic acid.
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• Because of their relative simplicity, accuracy, and precision,
the chromatographic methods using HPLC, are preferred.

• Standard HPLC is commonly employed as an official
method of analysis for vitamins A, E, and D, and as a
quality control method for vitamin C.
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SUMMARY
• The three most used types of methods for the analysis of

vitamins – bioassays and microbiological and physico-
chemical assays.

• They are applicable to the analysis of more than one vitamin
and several food matrices.

• The analytical procedures must be properly tailored to the
analyte in question and the biological matrix to be analyzed;
issues concerning sample preparation, extraction, and
quantitative measurements are also involved.

• It is essential to validate any new application appropriately by
assessing its accuracy and precision.

• Method validation is especially important with chromatographic
methods such as HPLC.
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MINERAL ANALYSIS
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Importance of minerals in the diet

• Calcium, phosphorus, sodium, potassium, magnesium,
chlorine, and sulfur make up the dietary macro minerals,
those minerals required at more than 100 mg/day by the
adult.

• Ten minerals are required in milli- or microgram quantities
per day and are referred to as trace minerals.

• These include iron, iodine, zinc, copper, chromium,
manganese, molybdenum, fluoride, selenium, and silica.

• Ultra trace minerals, including vanadium, tin, nickel,
arsenic, and boron.
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• Some mineral elements (lead, mercury, cadmium, and
aluminium) are toxic to the body and should, therefore, be
avoided in the diet.

• Essential minerals such as fluoride and selenium also are
known to be harmful if consumed in excessive quantities,
even though they do have beneficial biochemical
functions at proper dietary levels.
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Minerals in food processing
• Minerals are of nutritional and functional importance, and

for that reason their levels need to be known and/or
controlled.

• For example, milk is a good source of calcium.

• Direct acid cottage cheese is very low in calcium because of
the action of the acid causing the calcium bound to the
casein to be freed and consequently lost in the whey
fraction.

• A large portion of the phosphorus, zinc, manganese,
chromium, and copper found in a grain kernel is lost when
the bran layer is removed in processing.
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• Fortification of some foods has allowed addition of
minerals above levels ever expected naturally.

• Prepared breakfast cereals often are fortified with minerals
such as calcium, iron, and zinc, formerly thought to be
limited in the diet.

• Fortification of salt with iodine has almost eliminated goiter
in the USA.

• Water quality is a major factor to be considered in the food
processing industry.

• Water is used for washing, rinsing, blanching, cooling, and
as an ingredient in formulations.
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• Important, the mineral content of water used in food
processing.

• Waters that contain excessive minerals can result in clouding
of beverages.

• Textural properties of fruits and vegetables can be influenced
by the “hardness” or “softness” of the water used during
processing.
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Mineral content of selected foods
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BASIC 
CONSIDERATIONS

Nature of analyses

• Separation of minerals from the food matrix is often specific,
such as complexometric titrations or precipitation
titrations.

• In other cases, separation of mineral involves nonspecific
procedures such as ashing or acid extraction.

• These nonspecific separations require that a specific
measurement be made as provided by colorimetry, ion-
selective electrodes, atomic absorption spectroscopy, or
inductively coupled plasma-atomic emission
spectroscopy.
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Sample preparation

• A major concern in mineral analysis is contamination
during sample preparation.

• Comminution (grinding or chopping) and mixing using
metallic instruments can add significant mineral to
samples and, whenever possible, should be performed
using nonmetallic instruments or instruments not
composed of the sample mineral.

• Glassware used in sample preparation and analysis should
be scrupulously cleaned using acid washes and triple
rinsed in the purest water.
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• Solvents, including water, can contain significant quantities
of minerals.

• All procedures involving mineral analysis require the use of
the purest reagents available.

• Reagent blank, representing the sum of the mineral
contamination in the reagents, is then subtracted from the
sample values to more accurately quantify the mineral.
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Interferences
• Factors such as pH, sample matrix, temperature, and other

analytical conditions and reagents can interfere with the
ability of an analytical method to quantify a mineral.

• Water may need to be boiled to remove carbonates that
interfere with several traditional methods of mineral
analysis.

• Background matrix containing interfering elements known to
be in the food sample.
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• If a food sample is to be analyzed for calcium content, a
background matrix solution of the known levels of
sodium, potassium, magnesium, and phosphorus should
be used to prepare the calcium standards for developing
the standard curve.

• The standard curve more closely represents the analysis
response to the sample mineral when analyzing a food
sample.
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METHODS

EDTA complexometric titration

• Ethylenediaminetetraacetate (EDTA) forms stable 1:1
complexes with numerous mineral ions.

• This gives complexometric titration using EDTA broad
application in mineral analysis.

• The complexation equilibrium is strongly pH dependent.

• With decreasing pH the chelating sites of EDTA become
protonated, thereby decreasing its effective concentration.
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• Endpoints are detected using mineral chelators that have
coordination constants lower than EDTA (less affinity for
mineral ions) and that produce different colours in each of
their complexed and free states.

• The pH affects a complexometric EDTA titration in several
ways.

• The pH must be 10 or more for calcium or magnesium to
form stable complexes with EDTA.
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Hardness of water using EDTA titration

• Water hardness is determined by EDTA complexometric
titration of the total of calcium and magnesium, in the
presence of Calmagite, and expressed as the equivalents
of calcium carbonate (mg/L).

• Calmagite becomes an effective indicator for calcium
titration if we include in the buffer solution a small
amount of neutral magnesium salt and enough EDTA to
bind all magnesium.
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• Upon mixing sample into the buffer solution, calcium in the
sample replaces the magnesium bound to EDTA.

• The free magnesium binds to Calmagite, and the pink
magnesium–Calmagite complex persists until all calcium
in the sample has been titrated with EDTA.

• The first excess of EDTA removes magnesium from
Calmagite and produces a blue endpoint.



WATER HARDNESS-EDTA TITRATION
Titration of Water Sample

Dilute 25 ml sample (or such volume to require <15 ml titrant)
to 50 ml in a flask.

⇓
Bring pH to 10±0.1 by adding 1–2 ml buffer solution (NH4 in

NH4OH, combined with Na2EDTA and MgSO4 or MgCl2)
and 1–2 drops Calmagite indicator solution.

⇓
Titrate with a standard solution of ca. 0.01 M EDTA to a blue

endpoint.
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Standardization of EDTA

Weigh 1.000 mg CaCO3 into a 500 ml Erlenmeyer flask and
add HCl (1:1 dilution with water) until dissolved. Add
200 ml H2O and boil a few minutes to expel CO2. Let cool.

⇓
Add a few drops of methyl red indicator and adjust to
intermediate orange colour with 3 M NH4OH or HCl (1:1) as
required. Transfer to 1 L flask and dilute to volume.

⇓
Titrate calcium standard solution with EDTA solution, to
Calmagite endpoint.

⇓
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⇓

Determine CaCO3 equivalents as mg CaCO3/ml EDTA
solution.

Calculations

Hardness (EDTA) as mg CaCO3/L = (mg CaCO3/ml EDTA ×
ml EDTA)/L sample

84
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Applications

• The major application of EDTA complexometric titration is
testing calcium plus magnesium as an indicator of water
hardness.

• EDTA complexometric titration is suitable for determining
calcium in the ash of fruits and vegetables and other foods
that have calcium without appreciable magnesium or
phosphorus.
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Precipitation titration
• When at least one product of a titration reaction is an

insoluble precipitate, it is referred to as precipitation
titrimetry.

• The Mohr method for chloride determination is a direct or
forward titration method, based on the formation of an
orange-coloured solid, silver chromate, after silver from
silver nitrate has complexed with all the available chloride.

42
2
4 CrOAgCrO2Ag

AgClClAg





 Until all Cl− is complexed.

Orange only after Cl− is all complexed.



SALT – MOHR TITRATION
Titration of Butter Sample

Weigh about 5 g of butter into 250 ml Erlenmeyer flask and
add 100 ml of boiling H2O.

⇓
Let stand 5–10 min with occasional swirling.

⇓
Add 2 ml of a 5% solution of K2CrO4 in d H2O.

⇓
Titrate with 0.1 M AgNO3 standardized as below until an

orange-brown colour persists for 30 sec.
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Standardization of 0.1 M AgNO3

Accurately weigh 300 mg of recrystallized dried KCl and
transfer to a 250 ml Erlenmeyer flask with 40 ml of water.

⇓
Add 1 ml of K2CrO4 solution and titrate with AgNO3 solution
until first perceptible pale red-brown appears.

⇓
From the titration volume subtract the milliliters of the
AgNO3 solution required to produce the endpoint colour in
75 ml of water containing 1 ml of K2CrO4.
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⇓
From the next volume of AgNO3 calculate normality of the

AgNO3 as:

Calculating Salt in Butter

[0.585 = (58.5 g NaCl/mol)/100]

89

Molality AgNO3 = mg KCl
ml AgNO3 × 74.555 g KCl / mole

Percent salt = ml 0.1 M AgNO3 × 0.585
g of sample
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• The Volhard method is an indirect or back-titration
method in which an excess of a standard solution of silver
nitrate is added to a chloride-containing sample solution.

• The excess silver is then back-titrated using a standardized
solution of potassium or ammonium thiocyanate with
ferric ion as an indicator.

• The amount of silver that is precipitated with chloride in the
sample solution is calculated by subtracting the excess
silver from the original silver content.

FeSCNFeSCN
AgSCNSCNAg

AgClClAg

3 









 Until all Cl− is complexed.

To quantitate silver not  complexed with chloride 

Red when there is any SCN− not complexed to Ag+



SALT— VOLHARD TITRATION
Titration of Sample

Moisten 5 g of sample in crucible with 20 ml of 5% Na2CO3 in
water.

⇓
Evaporate to dryness.

⇓
Char on a hot plate under a hood until smoking stops.

⇓
Combust at 500 °C for 24 hr.

⇓
Dissolve residue in 10 ml of 5 M HNO3.

⇓
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⇓
Dilute to 25 ml with d H2O.

⇓
Titrate with standardized AgNO3 solution (from the Mohr
method) until white AgCl stops precipitating and then add a
slight excess.

⇓
Stir well, filter through a retentive filter paper, and wash AgCl
thoroughly.

⇓
Add 5 ml of a saturated solution of FeNH4(SO4)2 × 12 H2O to
the combined titrate and washings.

⇓
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⇓
Add 3 ml of 12 M HNO3 and titrate excess silver with 0.1 M
potassium thiocyanate.

Standardization of Potassium Thiocyanate Standard Solution

Determine working titer of the 0.1 M potassium thiocyanate
standard solution by accurately measuring 40–50 ml of the
standard AgNO3 and adding it to 2 ml of FeNH4(SO4)2 × 12 H2O
indicator solution and 5 ml of 9 M HNO3.

⇓
Titrate with thiocyanate solution until solution appears pale rose
after vigorous shaking.
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Calculating Cl Concentration

Net volume of the AgNO3 = 
Total volume AgNO3 added – Volume titrated with thiocyanate 

1 ml of 0.1 M AgNO3 = 
3.506 mg chloride

94
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Colorimetric methods
• Chromogens are chemicals that, upon reaction with the

compound of interest, form a coloured product.

• Chromogens are available that selectively react with a wide
variety of minerals.

• Each chromogen reacts with its corresponding mineral to
produce a soluble coloured product that can be quantified
by absorption of light at a specified wavelength.

• The relationship between concentration and absorbance is
given by Beer’s law.
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• Concentration of mineral in a sample is determined from a
standard curve developed during the analysis, in some
cases it is possible to directly calculate concentration based
on molar absorptivity of the chromogen–mineral complex.

• Samples generally must be ashed or treated in some other
manner to isolate and/or release the minerals from organic
complexes that would otherwise inhibit their reactivity with
the chromogen.

• The mineral of interest must be solubilized from a dry ash
and subsequently handled in a manner that prevents its
precipitation.

• The chromogen reacts rapidly to produce a stable product.
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• Colorimetric determination of iron in meat

– The total iron content of foods can be quantified
spectrophotometrically.

– In this method, the absorption of light at 562 nm is converted to
iron concentration in the sample via a regression equation
generated from a standard curve developed during the
analysis using a standard solution.



IRON DETERMINATION OF MEAT – COLORIMETRIC 
ASSAY

Preparation of Standards
Prepare solutions of 10, 8, 6, 4, 2 μg iron/ml from a stock
solution of 10 μg iron/ml. Make dilutions using 0.1 M HCl.

Analysis of Sample
Place 5 g sample into crucible and accurately weigh.

⇓
Heat on hot plate until well charred and sample has stopped
smoking.

⇓
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Ash in furnace at ca 550 °C until ash is white.
⇓

Dissolve ash in small amount 1 M HCl and dilute to 50 ml
volume with 0.1 M HCl

⇓
Transfer 0.500 ml of diluted sample and standards into 10 ml
test tubes.

⇓
Add 1.250 ml ascorbic acid (0.02% in 0.2 M HCl, made fresh
daily). Vortex and let set 10 min.

⇓
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Add 2.000 ml 30% ammonium acetate. Vortex. (pH needs to
be >3 for colour development)

⇓
Measure absorbance at 562 nm. Determine iron concentration
in sample digest (μg iron/ml) from standard curve.

100
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• Applications

– Colorimetry is used for the detection and quantification of a
wide variety of minerals in food, and it is often a viable
alternative to atomic absorption spectroscopy and other
mineral detection methods.

– Colorimetric methods generally are very specific and usually
can be performed in the presence of other minerals.

– Many colorimetric methods will perform with precision and
accuracy similar to that obtained by experienced personnel
using atomic absorption spectroscopy.
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Ion-selective electrodes

• Many electrodes have been developed for the selective
measurement of various cations and anions, such as
bromide, calcium, chloride, fluoride, potassium, sodium,
and sulfide.

• The pH electrode is a specific example of an ISE.

• For any ISE, an ion-selective sensor is placed such that it
acts as a “bridging electrode” between two reference
electrodes carefully designed to produce a constant and
reproducible potential.
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• Potentials develop at the sensor surfaces according to the
Nernst equation, dependent on sample ion activity in the
solutions contacting each surface.

• Ion concentration is generally substituted for ion activity,
which is a reasonable approximation at low concentrations
and controlled ionic strength environments.
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Examples of ion-selective electrode calibration curves for ions 
important in foods
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Electrode calibration and determination of concentration
• In using an ISE, ion concentration can be determined using

either a calibration curve, standard addition, or endpoint
titration.

• It is common practice to develop a calibration curve when
working with an ISE because it allows a large number of
samples to be measured rapidly.

• The electrode potential (volts) is developed in a series of
solutions of known concentration and plotted against the
standard concentrations.

• The observed electrode potential is used to determine ion
concentration by referring to the calibration curve.
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• The standard addition method is of great value when only
a few samples are to be measured and time does not
permit the development of a calibration curve.

• An aliquot, or spike, containing a known amount of the
measured species is added to the sample, and a second
measurement of electrode potential is determined (Espike).

• Concentration of active species in the original sample is
determined from the absolute difference in the voltage
readings (ΔE = |Espike − Esample|) according to the
following relationship algebraically derived from the
Nernst equations.
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CO = original concentration of sample ion (mol/L)
CΔ = change in sample ion concentration when spike was

added (mol/L)
E = difference in potential between the two readings (V)
S = 0.059/number of electrons in the 1/2 reaction of the

sample ion

• ISEs can be used to detect the endpoints of titrations using
species that form a precipitate or strong complex with the
sample ion.

110
CC ΔE/S

Δ
O 
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Applications
– Salt and nitrate in processed meats,

– salt content of butter and cheese,

– calcium in milk,

– sodium in low-sodium ice cream,

– carbon dioxide in soft drinks,

– potassium and sodium levels in wine,

– nitrate in canned vegetables.
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• A major advantage of ISEs is their ability to measure many
anions and cations directly.

• Relatively simple compared to most other analytical
techniques.

• Analyses are independent of sample volume.

• A major disadvantage in the use of ISEs is their inability to
measure below 2–3 mg/kg, there are some electrodes that
are sensitive down to 1 mg/kg.

• At low levels of measurement (below 10−4 M), the electrode
response time is slow.
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COMPARISON OF METHODS

• For a small laboratory with skilled analytical personnel, the
traditional methods can be carried out rapidly, with
accuracy, and at minimal costs.

• If a large number of samples of a specific element are to be
run, there is certainly a time factor in favour of using
atomic absorption spectroscopy or emission spectroscopy,
depending on the mineral being analyzed.

• The graphite furnace on the atomic absorption
spectrophotometer is capable of sensitivity in the parts per
billion range.
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SUMMARY

• The mineral content of water and foodstuffs is important
because of their nutritional value, toxicological potential,
and interactive effects with processing and texture of some
foods.

• Traditional methods for mineral analysis include titrimetric
and colorimetric procedures.

• These procedures generally require chemicals and equipment
routinely available in an analytical laboratory and do not
require expensive instrumentation.

• These methods may be suited to a small laboratory with
skilled analytical personnel and a limited number of
samples to be analyzed.


