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Dear Readers

Vitamins, in the form of industrial
feed additives presently available on
the European market, continue to be
indispensable for the production of
premixes and compound feed. As
important micro-ingredients for all
types of feed and food they constitute
an essential element of wholesome
nutrition and, thus, contribute to the
health of animals and consumers. It is
therefore not surprising that these
products are potential items for
control and inspection throughout
the food chain. Consequently, the
choice of the right analytical method
becomes a central issue.

Comprehensive collections of analyti-
cal methods for vitamins, suitable for
the use in the feed industry, have
been scarce but the awareness of qua-
lity issues has been steadily growing.
Hence, the FEFANA Working Party
Vitamins decided to put together a
publication giving an overview of
‘tried and tested” analytical methods,
currently used in the industry.

The procedures described will not
always be the most sophisticated
techniques available or necessarily fol-
low the latest analytical trends.
However, all methods described are
practised in and around the European
feed industry on a daily basis, often
by official and private reference labo-

ratories and, of course, by manufactu-

o

rers’ quality control facilities. Since
the whole field of analytical proce-
dures is constantly in motion, with
better methods replacing older ones,
updates to this brochure will become
necessary. Also in this case the prin-
ciple of ‘tried and tested’ will be fol-
lowed in order to try and ensure that
methods in general remain useful for

practical work at average laboratories.

This is the first part of a collection of
analytical methods, starting with the
determination of vitamins in com-
mercial feed additive products. As the
concentration of active substance is
usually high, and interfering ingre-
dients generally low, it is often pos-
sible to use standard or modified
methods derived from the pharma-
ceutical industry. Should this be the
case, copyright has been obtained
from the authorities concerned
(USP / EP).

The second part of the collection will
concentrate on the analysis of vita-
mins in premix and compound feed.
Again, emphasis will be placed on
‘tried and tested’ methods, which are
practised in the industry. Relevant
work is underway and will be com-

pleted in due course.

Dr. Kevin Collins
Chairman FEFANA Working Party Vitamins

Dr. René Blum
Chairman FEFANA Task Force Methods of Analysis of Vitamins

—b—
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Summary Table

Method of analysis of vitamins, provitamins

and chemically well defined substances
having a similar biological effect

Vitamin A

Beta Carotene

Vitamin D3

Vitamin E

Vitamin K

Vitamin B1

Viitamin A concentrate
(oily form, synthetic)

Vitamin A concentrate
(powder form, synthetic)

Cholecalciferol
concentrate
(powder form)

Cholecalciferol
concentrate

(oily form)
Cholecalciferol
concentrate
(water-dispersible form)

Calcifediol

Alpha-Tocopheryl
acetate (oily)

Alpha-Tocopherol acetate

concentrate
(powder form)

Menadione

Menadione sodium
bisulfite (MSB) and its
adducts

Phytomenadione (Vitamin
K1, powder form)

Thiamine hydrochloride

Thiamin nitrate

European Pharmacopoeia
01/2005:0219

European Pharmacopoeia
01/2005:0218

J. Schierle,

T. Schellenberger,
Chr. Fizet and

R. Betz. (2002),

Eur Food Res Technol
215:268-274

European Pharmacopoeia
01/2005:0574

European Pharmacopoeia
01/2005:0245

European Pharmacopoeia
01/2002:0598

European Pharmacopoeia
01/2005:0598

European Pharmacopoeia
04/2005:0439

European Pharmacopoeia
01/2005:0691

Vanetta

Vanetta

DSM

European Pharmacopoeia
01/2005:0303
corrected

European Pharmacopoeia
01/2005:0531

al

—b—

Ultraviolet absorption
spectrophotometry
(see PhEur 2.2.25) or
liquid chromatography
(see PhEur 2.2.29).

Liquid chromatography
(see PhEur 2.2.29)

Enzymatic digestion

at 50°C; extraction
with ethanol/
dichloromethane;

UV spectrophotometry
at 421 nm

Liquid chromatography
(see PhEur 2.2.29)

Liquid chromatography
(see PhEur 2.2.29)

Liquid chromatography
(see PhEur 2.2.29)

Liquid chromatography
(see PhEur 2.2.29)

Gas chromatography
(see PhEur 2.2.28)

Gas chromatography
(see PhEur 2.2.28)

UV spectrophotometry
at 250 nm

UV spectrophotometry
after alkaline hydroly-
sis and extraction in
dichloromethane

HPLC

Titration with 0.1 M
Perchloric acid

Titration with 0.1 M
Perchloric acid
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Summary Table ‘

Vitamin B2 Riboflavine European Pharmacopoeia  Dissolution with NaOH,
01/2005:0292 neutralisation with AcOH,
dilution with AcONa buffer
and spectrophotometric
determination at 444 nm
Riboflavine sodium European Pharmacopoeia  Dissolution with NaOH, neu- 37
phosphate 01/2005:0786 tralisation with AcOH, dilu-
tion with buffer with AcONa
and spectrophotometric
determination at 444 nm
Vitamin B6 Pyridoxine European Pharmacopoeia  Titration with perchloric 38
Hydrochloride 01/2005:0245 acid
Vitamin B12 USP 23; 1995; p. 1719 Microbial assay 39
using Lactobacillus
leichmannii
Vitamin C Ascorbic acid and salts European Pharmacopoeia  Titration with iodine 46
01/2005:0253
Ascorbyl palmitate DSM HPLC a7
L-Ascorbic acid phosphates ~ DSM/BASF HPLC 49
Pantothenic Calcium pantothenate European Pharmacopoeia  Titration with perchloric 52
acid 01/2005:0470 acid
D-Panthenol European Pharmacopoeia  Titration with perchloric 538
(Dexpanthenol) 01/2005:00761 acid
Niacin Nicotinic acid European Pharmacopoeia  Titration with NaOH 54
01/2005:0459
Nicotinamide European Pharmacopoeia  Titration with perchloric 55)
01/2005:0047 acid
Folic acid European Pharmacopoeia ~ HPLC 56
01/2005:0067
D-Biotin BASF HPLC 58
Choline Choline chloride Taminco lon Chromatography 60
Inositol European Pharmacopoeia,  Liquid Chromatography 61
published in Pharmeuropa
- Vol 13 (1), 164-165
(Jan. 2001)
L-Carnitine Lonza Titration with 62
hydrochloric acid
L-Carnitine - Lonza Titration with 64
L-tartrate perchloric acid
Betaine Betaine anhydrous or Danisco HPLC 66
monohydrate
3-Hydroxy-3- Lonza HPLC 67
methylbutyric
acid (HMB)
Essential fatty Omega-3 und Omega- European Pharmacopoeia ~ GLC 70
acids 6 fatty acids 01:2005:1352
Conjugated linoleic acid BASF Extraction with ethyl 75

esters (CLA)

5|
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acetate and determina-
tion by HPLC
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Vitamin A

The exact concentration of

retinol acetate CRS is assessed by
ultraviolet absorption spectro-
photometry (see PhEur 2.2.25).
Dissolve 25 mg to 100 mg,
weighed with an accuracy of

0.1 per cent, in 5 ml of pentane R
and dilute with 2-propanol R1 to

a presumed concentration of

10 Ul/ml to 15 Ul/ml

Verify that the absorption maxi-
mum of the solution lies between
325 nm and 327 nm and measure
the absorbances at 300 nm, 326 nm,
350 nm and 370 nm. Repeat the
readings at each wavelength and
take the mean values. Calculate the
ratioA_/ A39¢ for each wavelength.

If the ratios do not exceed:

0.593 at 300 nm,

0.537 at 350 nm,

0.142 at 370 nm,

calculate the content of vitamin A
in International Units per gram

from the expression:

Agyg *V * 1900
100 *m

A326 absorbance at 326 nm,
mass of the CRS, in grams, Footnote
for some products (eg Vitamin A palmitate)

V total volume to which the CRS is diluted to give complete saponification is reached by heat-

10 UVml to 15 Ul/mi, ing to 60 to 65°C for 10 minutes.

1900 factor to convert the specific absorbance of esters of
retinol into International Units per gram.

The absorption ratios A_/A,,, must conform.

11| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0218
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Beta Carotene

Analytical Method for the Spectro-

photometric Determination of total
p-Carotene in Product Forms

STRUCTURE:

S g N

all-E-p-Carotene

SCOoOPE:

Powders, emulsions and suspensions with total $-carotene contents above 0.8%.

PRINCIPLE:

Water dispersible formulations such as powders are digested with protease and extracted
with a mixture of dichloromethane and ethanol. Oily suspensions are directly dissolved in
this mixture. The extracts are diluted with cyclohexane and measured by spectrophotome-

try at an isosbestic wavelength of 421 nm.

Equipment - Spectrophotometer (e.g. dual

- Balance with readability of beam, wavelength range of
0.01 mg, e.g precision (std dev.) 190-900 nm, 1.5 nm fixed spectral
of £ 0.015 mg, capacity of bandwith, wavelength accuracy
205 g, AT261 DeltaRange, of 0.07 nm (at 541.92 nm),
Mettler-Toledo, CH-8606 wavelength reproducibility of
Ninikon-Uster, Switzerland) 0.01 nm, Cary 50 Scan, Varian,

- Ultrasonic water bath (e.g. D-64289 Darmstadt, Germany).
150 W, 35 kHz, 4 litre, TUC-160,
Telsonic, CH-9552 Bronschhofen, Reagents
Switzerland). - Butylated hydroxytoluene, (BHT,

- Syringe (e.g. disposable syringe, 2,6-Di-tert-butyl-p-cresol),
2 mL, Henke-Sass. Wolff) Cy5Hy40, FW: 220.36, CAS

- Filter (e.g. disposable, 0.45 wm 128-37-0 (purity: = 99%, grade:
pore size, 25 mm diameter, purum, available from Fluka,
for organic solvents, Chromafil Buchs, Switzerland).
Type O-45/25, Machery-Nagel, - Protex 6L, Bacterial alkaline
D-52313 Ditiren, Germany). protease enzyme preparation in
Calibration standard (e.g. certified water, Synonyms: subtilisin,
Holmium oxide glass filter, e.g. IUB 3.4.21.62, CAS9014-01-1.
Hellma, D-Muellheim, No. 666-F1). EINECS 2327522 (available from

1]

—b—
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Beta Carotene ‘

Genencor International, Inc.
WWW.genencor.com).

- Pronase E, Protease from
Streptomyces griseus, EC
3.4.24.4, EC-No. 232-909-5
(4’000°000 PU/g for bio-
chemistry, available from Merck
in Darmstadt, Germany).

- Water, HHO, FW: 18.01, CAS
7732-18-5, distilled or de-
mineralised.

- Fthanol, C,H¢O, FW: 46.07, CAS
64-17-5 (e.g purity = 99.5%
(GC), grade: pro analysis, avail-
able from Merck in Darmstadt,
Germany).

- Dichloromethane, CHZCIZ, FW:
84.93, CAS 75-09-2 (e.g. purity
= 99.5% (GC), grade: pro analysis,
available from Merck in
Darmstadt, Germany. Discard
1 month after opening).

- Cyclohexane, C¢H -, FW: 84.16,
CAS 110-82-7 (e.g. purity: 99.5%
(GC), grade: pro analysis,
available from Fluka, Buchs,

Switzerland).

Spectrophotometer control

Verity the wavelength adjustment
by comparison with an interna-
tional calibration standard.

If necessary, correct the working
wavelength according to the equation:

Ay = 4210 + A - N

W

where Aw is the working wavelength

used for analysis, M the wavelength

found for the reference peak at ca.
360.8 nm of Holmium oxide spec-
trum, and At the target wavelength
certified for the peak at ca. 360.8
of Holmium oxide spectrum.

Assay Procedure

Powders and Emulsions:

Accurately weigh test portion
equivalent to about 25 mg -
carotene into a 250 ml volumetric
flask. Add 100 mg BHT, 0.1 ml
Protex 6L or 50 mg Pronase and
10 ml of water and treat in an
ultrasonic bath at 50°C for 30 min.
Cool to room temperature and fill
with ethanol/dichloromethane
(1/1.5;v/v)' to volume. Shake
vigorously and let solids settle.

Oily suspensions:

Accurately weigh test portion
equivalent to about 25 mg p-
carotene, add 100 mg BHT, and
rinse into a 250 ml volumetric
flask with 200 ml ethanol/
dichloromethane (1/1.5; v/v)' and
shake vigorously. Dilute to volume
with ethanol/dichloromethane
(1/1.5;v/v)', and shake vigorously

again.

1 . . .
Mixing ethanol and dichloromethane is connected with cooling
and contraction. The mixture should be prepared at least 3 hours

before use since it must be added at room temperature.

—b—
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Beta Carotene |

Dilution and photometric measurement:
Pipette 5.0 ml of the clear extract
(prepared as described above) into
a 100 ml volumet-ric flask, add

5 ml ethanol, dilute with cyclo-

hexane to volume, and mix well.

Filter an aliquot of the solution
through a 0.45 ym-membrane into
a photometer cell and determine
the absorption exactly at 421.0 nm

against cyclohexane.

Calculation
Calculate the total B-carotene
content of the sample according to

the equation:

Total B-Carotene Content (%) =

A= 5000
1480 * m

14l

where A is the absorbance
measured at Aw, 5000 is the
dilution in mL, m is the test por-
tion amount in g, and 1480 is the
A1%/ 1cm-value (the theoretical
absorbance of an 1% p-carotene
solution in an 1-cm cell) in

cyclohexane at 421.0 nm.

This value is based on the
established A1%/ 1cm-value of
2500 for all-E-B-carotene at

the maximum of absorption
(approx. 456 nm) in cyclohexane
(421.0 nm = isosbestic wavelength
of various isomeric mixtures of

B-carotene in cyclohexane).

- J. Schierle, T. Schellenberger, Chr. Fizet and
R. Betz. (2002), A simple spectrophotometric
determination of total f-carotene in food
additives with varying E/Z-isomer ratios using
an isosbestic wavelength, Eur Food Res Technol
215:268-274

- European Pharmacopeia, 3rd ed. (1997), Beta
Carotene, p. 465

- USP 24 (2000) Beta Carotene, pp. 216-217
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Vitamin D3

Cholecalciferol concentrate

(powder form)

ASSAY

Avoid exposure to air and actinic light.

Examine by liquid chromatography After separation, transfer the
(see PhEur 2.2.29). aqueous-alcoholic layer to a third
separating funnel and the pentane
Test solution. Introduce into a layer to the first separating funnel,
saponification flask a quantity of washing the second separating
the preparation to be examined, funnel with two quantities, each of
weighed with an accuracy of 10 ml, of pentane R and adding
0.1 per cent, equivalent to about the washings to the first separating
100 000 IU. Add 5 ml of water R, funnel. Shake the aqueous-alcoholic
20 ml of ethanol R, 1 ml of sodi- layer with 50 ml of pentane R and
um ascorbate solution R and 3 ml add the pentane layer to the first
of a freshly prepared 50 per cent funnel.
m/m solution of potassium
hydroxide R. Wash the pentane layer with two
quantities, each of 50 ml, of a
Heat under a reflux condenser on a freshly prepared 30 g/1 solution of
water-bath for 30 min. Cool rapidly potassium hydroxide R in alcohol
under running water. Transfer the (10 per centV/V) R, shaking vig-
liquid to a separating funnel with orously, then wash with successive
the aid of two quantities, each of quantities, each of 50 ml, of water
15 ml, of water R, one quantity of R until the washings are neutral
10 ml of alcohol R and two quantities, to phenolphthalein. Transfer the
each of 50 ml, of pentane R. Shake washed pentane extract to a
vigorously for 30 s. ground-glass-stoppered flask.
Allow to stand until the two layers Evaporate the contents of the flask
are clear. Transfer the lower aqueous- to dryness under reduced pressure
alcoholic layer to a second by swirling in a water-bath at
separating funnel and shake with a 40 °C. Cool under running water
mixture of 10 ml of alcohol R and and restore atmospheric pressure
50 ml of pentane R. with nitrogen R.

1]

—b—
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Vitamin D3 ‘

Dissolve the residue immediately
in 5.0 ml of toluene R and add
20.0 ml of the mobile phase to
obtain a solution containing about
4000 TU/ml.

Reference solution (a). Dissolve
10.0 mg of cholecalciferol CRS
without heating in 10.0 ml of
toluene R and dilute to 100.0 ml
with the mobile phase.

Reference solution (b). Dilute
1.0 g of cholecalciferol for
performance test CRS to 5.0 ml
with the mobile phase. Heat in a
water-bath at 90 °C under a reflux
condenser for 45 min and cool.

Reference solution (c). Dissolve
0.10 g of cholecalciferol CRS with-
out heating in toluene R and dilute

to 100.0 ml with the same solvent.

Reference solution (d). Dilute
5.0 ml of reference solution (c) to
50.0 ml with the mobile phase.

Keep the solution in iced water.

Reference solution (e). Place

5.0 ml of reference solution (c) in
a volumetric flask, add about

10 mg of butylhydroxytoluene R
and displace air from the flask with

nitrogen R. Heat in a water-bath

rel

at 90 °C under a reflux condenser
protected from light and under nitro-
gen R for 45 min. Cool and dilute to
50.0 ml with the mobile phase.

The chromatographic procedure

may be carried out using:

- a stainless steel column 0.25 m
long and 4.6 mm in internal
diameter packed with a suitable
silica gel (5 pm),

- as mobile phase at a flow rate
of 2 ml/min, a mixture of
3 volumes of pentanol R and
997 volumes of hexane R,

- as detector a spectrophotometer
set at 254 nm.

An automatic injection device or a
sample loop is recommended.
Inject a suitable volume of reference
solution (b). Adjust the sensitivity
of the system so that the height of
the principal peak is at least 50 per
cent of the full scale of the recorder.
Inject reference solution (b)

6 times.

When the chromatograms are
recorded in the prescribed condi-
tions, the approximate relative
retention times with reference

to cholecalciferol are 0.4 for
pre-cholecalciferol and 0.5 for

trans-cholecalciferol.
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Vitamin D3 |

The relative standard deviation of Inject the same volume of the test
the response for cholecalciferol is solution and record the chro-
not greater than 1 per cent and the matogram in the same manner.

resolution between the peaks due

to pre-cholecalciferol and trans- Calculate the content of cholecalcif-
cholecalciferol is not less than erol in International Units per
1.0. If necessary adjust the propor- gram from the expression:

tions of the constituents and

the flow rate of the mobile phase

m V_ S+ (S
to obtain this resolution. I ° o ° T * 40000 * 1000
. . D
Inject a suitable volume of refer-
ence solution (d) and of reference
solution (e).
m mass of the substance to be examined in the test
solution, in milligrams,
Calculate the conversion factor (f) : , , ,
m mass of cholecalciferol CRS in reference solution (a),
from the expression: in milligrams,
1% volume of the test solution (25 ml),
f= K-L
M V! volume of reference solution (a) (100 ml),
SD area (or height) of the peak due to cholecalciferol in
. ) . the chromatogram obtained with the test solution,
K area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (d), Sy area (or height) of the peak due to cholecalciferol in the
. . . chromatogram obtained with reference solution (a),
L area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (e), SP area (or height) of the peak due to pre-cholecalciferol
in the chromatogram obtained with the test solution,
M area (or height) of the peak due to pre-cholecalciferol in
the chromatogram obtained with reference solution (e). { conversion factor.

The value of f determined in
duplicate on different days may be
used during the entire procedure.
Inject a suitable volume of
reference solution (a). Adjust the
sensitivity of the system so that
the height of the principal peak

is at least 50 per cent of the full

scale of the re-corder.

17| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0574
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Vitamin D3

Cholecalciferol concentrate

(oily form)

ASSAY

Avoid exposure to air and actinic light

Examine by liquid chromatography
(see PhEur 2.2.29).

Test solution. Dissolve a
quantity of the preparation to
be examined, weighed with

an accuracy of 0.1 per cent,
equivalent to about 400 000 IU,
in 10.0 ml of toluene R and
dilute to 100.0 ml with the

mobile phase.

Reference solution (a). Dissolve
10.0 mg of cholecalciferol CRS
without heating in 10.0 ml of
toluene R and dilute to 100.0 ml
with the mobile phase.

Reference solution (b). Dilute
1.0 ml of cholecalciferol for
performance test CRS to 5.0 ml
with the mobile phase. Heat in a
water-bath at 90 °C under a reflux

condenser for 45 min and cool.

Reference solution (c). Dissolve
0.10 g of cholecalciferol CRS
without heating in toluene R
and dilute to 100.0 ml with the

same solvent.

Reference solution (d). Dilute
5.0 ml of reference solution (c) to
50.0 ml with the mobile phase.
Keep solution in iced water.

Reference solution (e). Place

5.0 ml of reference solution (c) in
a volumetric flask, add about

10 mg of butylhydroxytoluene R
and displace air from the flask with
nitrogen R. Heat in a water-bath
at 90 °C under a reflux condenser
protected from light and under
nitrogen R for 45 min.

Cool and dilute to 50.0 ml with
the mobile phase.

The chromatographic procedure

may be carried out using:

- a stainless steel column 0.25 m
long and 4.6 mm in internal
diameter packed with a suitable
silica gel (5 pm),

- as mobile phase at a flow rate of
2 ml/min a mixture of 3 volumes
of pentanol R and 997 volumes
of hexane R,

- as detector a spectrophotometer
set at 254 nm.
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Vitamin D3 ‘

An automatic injection device

or a sample loop is recommended.
Inject a suitable volume of reference
solution (b). Adjust the sensitivity
of the system so that the height of
the principal peak is at least 50 per
cent of the full scale of the recorder.

Inject reference solution (b) 6 times.

When the chromatograms are
recorded in the prescribed
conditions, the approximate relative
retention times with reference

to cholecalciferol are 0.4 for
pre-cholecalciferol and 0.5 for
trans-cholecalciferol.

The relative standard deviation of
the response for cholecalciferol is
not greater than 1 per cent and the
resolution between the peaks due
to pre-cholecalciferol and trans-
cholecalciferol is not less than

1.0. If necessary adjust the propor-
tions of the constituents and the
flow rate of the mobile phase to
obtain this resolution. Inject a suit-
able volume of reference solution

(d) and of reference solution (e).

Calculate the conversion factor (f)

from the expression:

f= K-1L
M

area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (d),

area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (),

area (or height) of the peak due to pre-cholecalciferol in
the chromatogram obtained with reference solution (e).

The value of f determined in
duplicate on different days may be
used during the entire procedure.
Inject a suitable volume of
reference solution (a). Adjust the
sensitivity of the system so that
the height of the principal peak
is at least 50 per cent of the full
scale of the recorder. Inject the
same volume of the test solution
and record the chromatogram in
the same manner.

Calculate the content of cholecalciferol
in International Units per gram

from the expression:

1 °
m ’Y'w'él-OOOO'lOOO
m

% s,

m mass of the preparation to be examined in the test
solution, in milligrams,

m mass of cholecalciferol CRS in reference solution (a),
in milligrams,

V volume of the test solution (100 ml),

V! volume of reference solution (a) (100 ml),

SD area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (a),

S D area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (a),

SP area (or height) of the peak due to pre-cholecalciferol
in the chromatogram obtained with the test solution,

f conversion factor.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:0575
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Vitamin D3

Cholecalciferol concentrate

(water-dispersible form)

ASSAY

Avoid exposure to air and actinic light.

Examine by liquid chromatography
(see PhEur 2.2.29).

Test solution. Introduce into a
saponification flask a quantity of
the preparation to be examined,
weighed with an accuracy of

0.1 per cent, equivalent to about
100 000 IU. Add 5 ml of water R,
20 ml of ethanol R, 1 ml of sodi-
um ascorbate solution R and 3 ml
of a freshly prepared 50 per cent
m/m solution of potassium
hydroxide R. Heat under a reflux
condenser on a water-bath for

30 min. Cool rapidly under run-
ning water. Transfer the liquid to

a separating funnel with the aid of
two quantities, each of 15 ml, of
water R, one quantity of 10 ml of
alcohol R and two quantities, each

of 50 ml, of pentane R.

Shake vigorously for 30 s. Allow to
stand until the two layers are clear.
Transfer the aqueous-alcoholic layer
to a second separating funnel and
shake with a mixture of 10 ml of
alcohol R and 50 ml of pentane R.
After separation, transfer the aque-

ous-alcoholic layer to a third sepa-

rating funnel and the pentane layer
to the first separating funnel, wash-
ing the second separating funnel

with two quantities, each of 10 ml,
of pentane R and adding the wash-

ings to the first separating funnel.

Shake the aqueous-alcoholic layer
with 50 ml of pentane R and add
the pentane layer to the first fun-
nel. Wash the pentane layer with
two quantities, each of 50 ml, of a
freshly prepared 30 g/1 solution of
potassium hydroxide R in alcohol
(10 per centV/V) R, shaking
vigorously, and then wash with
successive quantities, each of

50 ml, of water R until the wash-
ings are neutral to phenolphthalein.
Transfer the washed pentane extract
to a ground-glass-stoppered flask.
Evaporate the contents of the flask
to dryness under reduced pressure
by swirling in a water-bath at

40 °C. Cool under running water
and restore atmospheric pressure
with nitrogen R. Dissolve the
residue immediately in 5.0 ml of
toluene R and add 20.0 ml of the
mobile phase to obtain a solution
containing about 4000 IU/ml.

—b—
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Reference solution (a). Dissolve
10.0 mg of cholecalciferol CRS
without heating in 10.0 ml of
toluene R and dilute to 100.0 ml
with the mobile phase.

Reference solution (b). Dilute
1.0 g of cholecalciferol for per-
formance test CRS to 5.0 ml with
the mobile phase. Heat in a water-
bath at 90 °C under a reflux con-

denser for 45 min and cool.

Reference solution (c). Dissolve
0.10 g of cholecalciferol CRS with-
out heating in toluene R and dilute

to 100.0 ml with the same solvent.

Reference solution (d). Dilute
5.0 ml of reference solution (c) to
50.0 ml with the mobile phase.

Keep the solution in iced water.

Reference solution (e). Place

5.0 ml of reference solution (c)

in a volumetric flask, add about

10 mg of butylhydroxytoluene R
and displace air from the flask with
nitrogen R. Heat in a water-bath at
90 °C under a reflux condenser
protected from light and under nitro-
gen R for 45 min. Cool and dilute to
50.0 ml with the mobile phase.

The chromatographic procedure
may be carried out using:
- a stainless steel column 0.25 m

long and 4.6 mm in internal

21

diameter packed with suitable
silica gel (5 pm),

- as mobile phase at a flow rate of
2 ml/min a mixture of 3 volumes
of pentanol R and 997 volumes
of hexane R,

- as detector a spectrophotometer
set at 254 nm.

An automatic injection device or a
sample loop is recommended.
Inject a suitable volume of
reference solution (b). Adjust the
sensitivity of the system so that the
height of the principal peak is at
least 50 per cent of the full scale of
the recorder. Inject reference
solution (b) 6 times. When the
chromatograms are recorded in the
prescribed conditions, the approxi-
mate relative retention times with
reference to cholecalciferol are

0.4 for pre-cholecalciferol and

0.5 for trans-cholecalciferol.

The relative standard deviation of
the response for cholecalciferol is
not greater than 1 per cent and the
resolution between the peaks due
to pre-cholecalciferol and trans-
cholecalciferol is not less than

1.0. If necessary adjust the
proportions of the constituents
and the flow rate of the mobile
phase to obtain this resolution.
Inject a suitable volume of refer-
ence solution (d) and of reference

solution (e).

—b—
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Calculate the conversion factor (f) Calculate the content of cholecalcif-
from the expression: erol in International Units per
gram from the expression:
— K-L
LY
1
m vV _ S+ (S
o L o M ¢ 40000 * 1000
V' m St
K area (or height) of the peak due to cholecalciferol in the
chromatogram obtained with reference solution (d), m mass of the preparation to be examined in the test
lution, in mill '
L area (or height) of the peak due to cholecalciferol in the Se LTS
chromatogram obtained with reference solution (e), m' mass of cholecalciferol CRS in reference solution (a),
in milli g
M area (or height) of the peak due to pre-cholecalciferol in S
the chromatogram obtained with reference solution (e). 74 volume of the test solution (25 ml),
V1 volume of reference solution (a) (100 ml),
The value of f determined in SD area (or height) of the peak due to cholecalciferol in
duphcate on different days may be the chromatogram obtained with the test solution,
used during the entire procedure, St D area (or height) of the peak due to cholecalciferol in the
X . chromatogram obtained with reference solution (a),
Inject a suitable volume of
. S area (or height) of the peak due to pre-cholecalciferol
reference solution (a) ’ 5 5
: in the chromatogram obtained with the test solution,
{ conversion factor.

Adjust the sensitivity of the system
so that the height of the principal
peak is at least 50 per cent of the
full scale of the recorder.

Inject the same volume of the
test solution and record the chro-

matogram in the same manner.

22| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0598
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Calcifediol

ASSAY

Avoid exposure to air and actinic light.

Examine by liquid chromatography
(2.2.29).

Test solution. Dissolve 1.0 mg
of the substance to be examined
without heating in 10.0 ml of the
mobile phase.

Reference solution (a). Dissolve
1.0 mg of calcifediol CRS without
heating in 10.0 ml of the mobile
phase.

Reference solution (b). Dilute
reference solution (a) 100 times
with the mobile phase.

Reference solution (c). Heat 2 ml
of reference solution (a) in a
water-bath at 80 °C under a reflux

condenser for 2 h and cool.

The chromatographic procedure

may be carried out using:

- a column 0.15 m long and
4.6 mm in internal diameter
packed with octylsilyl silica gel
for chromatography R1
(5 um),

- as mobile phase at a flow rate
of 1.5 ml/min a mixture of
200 volumes of water R and

800 volumes of methanol R,

2s]

- as detector a spectrophotometer
set at 265 nm,

- a loop injector.

Inject 50 pl of reference solution (c)
and record the chromatogram.
Make a total of six injections. When
the chromatograms are recorded in
the prescribed conditions, the
retention time for pre-calcifediol,
relative to calcifediol, is about 1.3.

The assay is not valid unless the
relative standard deviation of the
response for calcifediol is at most

1 per cent and the resolution
between the peaks due to pre-
calcifediol and calcifediol is at least
5.0; adjust the proportions of the
constituents of the mobile phase,
if necessary, to obtain this resolution.

Inject 50 pl of reference solution (a)
and 50 pl of reference solution (b)
and record the chromatograms.

Inject 50 pl of the test solution
and record the chromatogram
in the same manner, continuing
the chromatography for twice
the retention time of the

principal peak.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:012
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Alpha-Tocopheryl acetate

ASSAY

(oil)

Examine by gas chromatography (see PhEur 2.2.28)

Internal standard solution.
Dissolve 1.0 g of squalane R in
cyclohexane R and dilute to

100.0 ml with the same solvent.

Test solution (a). Dissolve 0.100 g
of the substance to be examined in
10.0 ml of the internal standard

solution.

Test solution (b). Dissolve 0.100 g
of the substance to be examined in
10.0 ml of cyclohexane R.

Reference solution (a). Dissolve
0.100 g of a-tocopheryl acetate
CRS in 10.0 ml of the internal

standard solution.

Reference solution (b). Dissolve
10 mg of the substance to be
examined and 10 mg of
a-tocopherol R in cyclohexane R
and dilute to 100.0 ml with the
same solvent.

24|

Reference solution (c). Dissolve
10 mg of all-rac-a-tocopheryl
acetate for peak identification CRS
in cyclohexane R and dilute to

1 ml with the same solvent.

Reference solution (d). Dilute
1.0 ml of test solution (b) to
100.0 ml with cyclohexane R.
Dilute 1.0 ml of this solution to

10.0 ml with cyclohexane R.

Column:
* material: fused silica,
esize: 1 =30m, @ = 0.25 mm,
* stationary phase:
poly(dimethyl)siloxane R
(film thickness 0.25 um).
Carrier gas:
helium for chromatography R.
Flow rate: 1 ml/min.
Split ratio: 1:100.
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Temperature: System suitability:
e column: 280 °C, e resolution: minimum 3.5
* injection port and detector: 290 °C. between the peaks due to impuri-
Detection: flame ionisation. ty C and all-rac-a-tocopheryl
Injection: 1 ul of test solution and acetate in the chromatogram
reference solution. obtained with reference solution
Run time: twice the retention time (b),
of all-rac-a-tocopheryl acetate. ¢ in the chromatogram obtained
Relative retention with reference with reference solution (), the
to all-rac-a -tocopheryl acetate area of the peak due to impurity
(retention time = about 15 min): C is not greater than 0.2 per cent
squalane = about 0.4; of the area of the peak due to all-
impurity A = about 0.7; rac-a-tocopheryl acetate.
impurity B = about 0.8;
impurity C = about 0.9; Calculate the percentage content of
use the chromatogram supplied C3Hg,O3 taking into account the
with the CRS to identify the declared content of a -tocopheryl
peaks due to impurities A and B acetate CRS.

in the chromatogram obtained
with reference solution (c).

25‘ Method taken from the monograph of
the European Pharmacopoeia 04/2005:0439
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Alpha-Tocopheryl acetate concentrate

(powder form)

ASSAY
Examine by gas chromatography (see PhEur 2.2.28), using dotriacontane R as the

internal standard.

Internal standard solution. packed with diatomaceous earth

Dissolve 0.20 g of dotriacontane R for gas chromatography R

in hexane R and dilute to 100.0 ml (125 um to 150 pm or 150 um

with the same solvent. to 180 um), silanised with
dimethyldichlorosilane and

Test solution. impregnated with 1 per cent

Weigh accurately a quantity of m/m to 5 per cent m/m of

the preparation to be examined poly (dimethyl)siloxane R;

corresponding to about 0.100 g a plug of silanised glass wool is

of a-tocopherol acetate in a 250 ml placed at each end of the column,

conical flask. Add 20 ml of 1 M e nitrogen for chromatography R as

hydrochloric acid and treat with the carrier gas at a flow rate of

ultrasound at 70 °C for 20 min. 25-90 ml/min,

Add 50 ml of ethanol R and * a flame-ionisation detector,

50.0 ml of the internal standard

solution and thoroughly mix the maintaining the column at a con-
two phases for 30 min. Allow to stant temperature between 245 °C
separate, and use the upper layer. and 280 °C and the injection port
and the detector each at a constant
Reference solution. temperature between 270 °C and
Dissolve 0.100 g of a-tocopherol 320 °C. Set the temperature of
acetate CRS in the internal stan- the column and the flow rate of the
dard solution and dilute to 50.0 ml carrier gas in such a manner that
with the internal standard solution. the required resolution is achieved.
The chromatographic procedure Make the injections directly onto
may be carried out using: the column or via an injection

port (preferably glass-lined) using

* a gas chromatograph an automatic injection device or

* a silanised glass column 2.0 m some other reproducible injection
to 3.0 m long and 2.2 mm to method. Measure the peak areas
4.0 mm in internal di-ameter by electronic integration.

26l

—b—



EO33-Fefana.xp 22/12/05 11:50 Page 27 $

Vitamin E ‘

Resolution.

Inject 1 ul of the reference solu-
tion. Repeat this operation until the
response factor (RF) determined as
described below is constant to
within & 2 per cent. The resolution
(Rg) between the dotriacontane
peak and the a-tocopherol acetate

peak is at least 1.4.

Interference test.

Weigh accurately a quantity of

the substance to be examined
corresponding to about 0.100 g

of a-tocopherol acetate in a 250 ml
conical flask. Add 20 ml of 1 M
hydrochloric acid and treat with

ultrasound at 70 °C for 20 min.

Add 50 ml of ethanol R and 50 ml
of hexane R and thoroughly mix
the two phases for 30 min. Allow
to separate. Inject 1 ul of the
upper layer and record the chro-
matogram, choosing an attenuation
such that the height of the peak
corresponding to a-tocopherol
acetate is greater than 50 per cent
of the maximum recorder
response; during the recording,
change the attenuation so that any
peak appearing with the same tg
value as for dotriacontane is
recorded with a sensitivity at least
eight times greater than for the

a-tocopherol acetate peak.

27]

If a peak with a height of at least

5 mm for a recorder paper width
of 250 mm is detected with the
same tg value as for dotriacontane,
use the corrected peak area

S/D (corr.) for the final

calculation.
NN
S/ (corr) = S/ - 22T
p(eorr) =Sp - 375
TI
S / D area of the peak corresponding to the internal standard
in the chroma-togram obtained with the test solution,
S area of the interfering peak (same tR value as that
I gp
of the internal standard) in the chromatogram
obtained in the interference test,
S area of the peak corresponding to a-tocopherol acetate
T p p g p
in the chromatogram obtained with the test solution,
ST[ area of the peak corresponding to a-tocopherol acetate
in the chromatogram obtained in the interference test,
f factor by which the attenuation was changed.

Inject 1 pl of the reference solution
and record the chromatogram,
choosing an attenuation such that
the peak corresponding to a-toco-
pherol acetate is greater than

50 per cent of the maximum

recorder response.

Measure the areas of the peaks
corresponding to a-tocopherol
acetate (St) and to dotriacontane
(Sp) and determine the response
factor (RF) as described below.
Inject 1 pl of the test solution in
the same manner.
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S/D(corr.)
St

S,
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Vitamin E

Measure the areas of the peaks cor-
responding to a-tocopherol acetate
(S/7) and to dotriacontane (S/p).
Determine the response factor (RF)
for a-tocopherol acetate in the
chromatogram obtained with

the reference solution from the
areas of the peak corresponding to
a-tocopherol acetate and the peak
corresponding to dotriacontane

using the expression:

S, m;
S, ¢ m,

Calculate the percentage content of
a-tocopherol acetate using the

expression:

100 * S/, m, * RF
S/D(mrr.) °m

area of the peak corresponding to the internal
standard in the chromatogram obtained with the
reference solution,

corrected area of the peak corresponding to the
internal standard in the chromatogram obtained
with the test solution,

area of the peak corresponding to a-tocopherol
acetate CRS in the chromatogram obtained with
the reference solution,

area of the peak corresponding to a-tocopherol acetate
in the chromatogram obtained with the test solution,

mass of the internal standard in the test solution
and in the reference solution in milligrams,

mass of a-tocopherol acetate CRS in the reference
solution in milligrams,

mass of the substance to be examined in the test
solution in milligrams.

26l

Footnote:

It is recommended to use the
capillary method described for
Tocopheryl oily form.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:0691
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Menadione

(2-methyl-1,4-naphthoquinone)

PRINCIPLE

Menadione content is determined by U.V. spectrophotometry at 250 nm by compa-

rison with Menadione R.S. solution.

Reagents and Equipment
Menadione RS.
2-Methyl-1,4-naphthoquinone dried
over silica gel for at least 4 hours.
Dichloro methane.

Methanol.

Analytical balance.

Normal laboratory glassware.
UV/Vis Spectrophotometer.

Assay

Preparation of test sample solution
Transfer about 80 mg of
Menadione (dried over silica gel
for at least 4 hours), accurately
weighed into a 250 ml volumetric
flask; dissolve and dilute to volume
with dichloro methane. Transfer 2.0
ml of this solution into a

100 ml volumetric flask, bring to
volume with methyl alcohol.

Preparation of reference standard solution
Transfer about 80 mg of
Menadione RS, accurately
weighed, into a 250 ml
volumetric flask; dissolve

and dilute to volume with
dichloro methane.

29 | Vanetta

Transfer 2.0 ml of this solution
into a 100 ml volumetric flask,
bring to volume with methyl
alcohol. The concentration of
Menadione RS in the standard
preparation is about 6.4 pg per ml.

Determine the absorbance of stan-
dard solution and test solution in
1 cm cells at 250 nm. Use a solution
of 1 ml of dichloro methane in

50 ml of methanol as blank.

Expression of Results
The content of Menadione is

expressed in per cent as follows:

TS = AS ° WS[d ° TS[d
AStd ¢ WS
where:

Tsm Content of Menadione per cent in standard
Ts Content of Menadione per cent in sample
Asui Standard Solution Absorbance
AS Sample SolutionAbsorbance
Wsm Standard weight (in mg)
WS Sample weight (in mg)

—b—
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Menadione sodium bisulfite (MSB)

and its adducts

PRINCIPLE
Menadione content in MSB, is determined by U.V. spectrophotometry after alkaline

hydrolysis and extraction in dichloro methane, by comparison with Menadione.

Reagents and Equipment

Menadione RS.

2-Methyl-1,4-naphthoquinone dried

over silica gel for at least 4 hours.

Dichloro methane.

Methanol.

Sodium carbonate solution (1 mol/I)

- 124g Sodium carbonate
monohydrate (NayCO3 * H,O)
dissolved in 1000 ml of distilled
water.

Dichloro methane solution

- 5 ml of dichloro methane diluted
to 250 ml with methanol.

Analytical balance.

Normal laboratory glassware.

1 cm quartz cells.

UV/Vis Spectrophotometer.

Assay

Preparation of test sample solution
Transfer about 1.3 g of Menadione
Sodium Bisulfite (about 1.8 g in
case of its adducts), accurately
weighed, to a 500 ml volumetric
flask, dissolve in distilled water,
shake for 30 minutes, then fill to

mark and mix.

Transfer 50 ml of clear solution to
a separatory funnel (250 ml), add
40 ml of dichloro methane, 40 ml
of distilled water, and 15 ml of
Sodium carbonate solution, shake
vigorously, allow the layers to sepa-
rate, draw off the dichloro methane
layer, filtering through a pledget of
dichloro methane moistened cot-

ton, into a 250 ml volumetric flask.

Extract again the aqueous layer
with 2 x 40 ml portions of
dichloro methane, finally wash
the filter with 20 ml dichloro
methane, combine all dichloro
methaneic solutions in the

250 ml volumetric flask.

Dilute with dichloro methane to
volume and mix. Transfer 5 ml
of this solution to a 250 ml
volumetric flask, dilute to volume

with methanol and mix.
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Preparation of reference standard solution
Transfer about 80 mg of
menadione, accurately weighed, to
a 250 ml volumetric flask; dissolve
with dichloro methane, dilute
with dichloro methane to volume

and mix.

Transfer 5 ml of this solution to
a 250 ml volumetric flask,
dilute with methanol and mix.
The concentration of Menadione
in the standard solution is about
6.4 ug per ml.

With a suitable spectrophotometer
read the absorbance at 250 nm of
test solution and standard solution
in 1 cm cell, using the dichloro
methane solution as blank.

31 | Vanetta

Expression of Results
The content of Menadione in MSB

feed grade is expressed in per cent

as follows:
— A M
T, = Tye 22— o]0
Ape M
where:
TS Content of Menadione per cent in sample
TR Content of Menadione per cent in standard
As Test sample solution absorbance
AR Reference standard solution absorbance
1\/[R Weight (in mg) of the standard
NIS Weight (in mg) of the sample

—b—



EO33-Fefana.xp 22/12/05 11:50 Page 32 $

Vitamin K |

Phytomenadione

(vitamin K1, powder form)

PRINCIPLE
HPLC method

Reagents and Equipment Sample solution
n-octanol Accurately weigh approx. 350 mg
diisopropyl ether into a 100-ml volumetric flask.
n-hexane Add 5 ml of 0.02% aqueous
ethanol ammonia solution maintained at
0.02% aqueous ammonia solution approx. 65°C, completely disinte-
Mobile Phase grate with the aid of ultrasonics at
- In a 2-liter volumetric flask mix max. 65°C, while swirling.
6.6 ml of diisopropyl ether and
1.34 ml of n-octanol, and bring Cool the flask under cold running
to volume with n-hexane (filtered water, add approx. 80 ml of abs.
over Al203 basic, activity I). ethanol to the suspension, mix,
treat with ultrasonics in a cold
HPLC Apparatus (e.g.) ultrasonic bath for 1 min and bring
Pump CONTRON 414 1 to volume with abs. ethanol. Into a

50-ml volumetric flask pipet

Injection system Spark Sph 125 autosampler 10.00 ml of this solution, and
Column Steel, 250 x 4.6 mm i.d. bring to volume with abs. ethanol.
Detector UVIKON 730 Le Pipette 10.00 ml of this solution,
7 ml of 0.1 N hydrochloric acid
Integrator Spectra-Physics SP 4200 and 40.0 0 ml of n-hexane into a
Assay 100-ml centrifuge tube, shake for
Standard solution: 5 min, and centrifuge for 5 min.
Accurately weigh approx. 85 mg Pipette 20.00 ml of the super-
of vitamin K1 of a known content natant layer (n-hexane) into a
into a 100-ml volumetric flask, 50-ml tapered flask, and evaporate
dissolve in n-hexane, and bring to to dryness at approx. 30°C on a
volume (solution I). Dilute 5.00 ml rotary evaporator. Dissolve the
of solution I to 100.0 ml with residue in 5.00 ml of mobile phase
mobile phase. (injection solution).

sl
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HPLC conditions

Stationary phase LiChrosorb Si 100 (5 wm)

Mobile phase 0.33% diisopropyl ether +
0.067% n-octanol in n-hexane

Column pressure approx. 40 bar
Flow rate 1.0 ml/min.
Wavelength 254 nm

Injected volume 100 ul

Calculation

A By XF +0.25
Ay Es

Content =

where:

As Peak area of cis -and trans-vitamin K4 in the sample
solution

A51 Peak area of trans-vitamin K4 in the standard solution
ES Weight of the sample, in mg
ESI Weight of the standard, in mg

XF Content of the trans-vitamin K4 in the standard, in
weight

0.25 Dilution factor

Remarks

Run time approx. 24 min.
Substance rel. retention time
Cis vitamin K 0.84

Trans vitamin Kl 1.00

Do not use a UV correction factor
for cis vitamin K1 if the described
conditions are applied. (254 nm,

area evaluation)
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Thiamine hydrochloride

ASSAY

Dissolve 0.110 g in 5 ml of anhydrous formic acid R and add 50 ml of acetic anhydride
R.Titrate immediately with 0.1 M perchloric acid, determining the end-point potentio-
metrically (see PhEur 2.2.20) and carrying out the titration within 2 min. Carry out a
blank titration.

1 ml of 0.1 M perchloric acid is equivalent to 16.86 mg of C;,H;gCl,N4OS.

Identification The upper alcoholic layer
First identification: A, C. shows an intense light-blue
fluorescence, especially in
Second identification: B, C. ultraviolet light at 365 nm.
Repeat the test using 0.9 ml
A. Infrared absorption spectro- of 1 M sodium hydroxide and
photometry (see PhEur 0.2 g of sodium sulphite R
2.2.24). instead of 1.6 ml of 1 M

sodium hydroxide. Practically
Comparison: Ph. Eur. reference no fluorescence is seen.
spectrum of thiamine
hydrochloride. C. It gives reaction (a) of
chlorides (see PhEur 2.3.1).
B. Dissolve about 20 mg in 10 ml
of water R, add 1 ml of dilute
acetic acid R and 1.6 ml of
1 M sodium hydroxide, heat
on a water-bath for 30 min
and allow to cool. Add 5 ml
of dilute sodium hydroxide
solution R, 10 ml of potassium
ferricyanide solution R and
10 ml of butanol R and shake

vigorously for 2 min.

34| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0303
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Thiamine nitrate

ASSAY
Dissolve 0.140 g in 5 ml of anhydrous formic acid R and add 50 ml of acetic anhydride R.
Titrate immediately with 0.1 M perchloric acid, determining the end-point potentiometrical-

ly (see PhEur 2.2.20) and carrying out the titration within 2 min. Carry out a blank titration.

1 ml of 0.1 M perchloric acid is equivalent to 16.37 mg of C{,H;7N504S

Identification
First identification: A, C.

Second identification: B, C.

A. Infrared absorption
spectrophotometry
(see PhEur 2.2.24).

Comparison: Ph. Eur. reference
spectrum of

thiamine nitrate.

B. Dissolve about 20 mg in 10 ml
of water R, add 1 ml of dilute
acetic acid R and 1.6 ml of
1 M sodium hydroxide, heat
on a water-bath for 30 min
and allow to cool.

Add 5 ml of dilute sodium
hydroxide solution R, 10 ml of
potassium ferricyanide solution
R and 10 ml of butanol R and

shake vigorously for 2 min.

The upper alcoholic layer
shows an intense light-blue
fluorescence, especially in
ultraviolet light at 365 nm.

Repeat the test using 0.9 ml of
1 M sodium hydroxide and
0.2 g of sodium sulphite R
instead of 1.6 ml of 1 M

sodium hydroxide.

Practically no fluorescence is
produced.

C. About 5 mg gives the reaction

of nitrates (see PhEur 2.3.1).

Method taken from the monograph of
the European Pharmacopoeia 01/2005:0531
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Riboflavine

ASSAY

Carry out the assay protected from light.

In a brown-glass 500 ml volumetric flask, suspend 65.0 mg in 5 ml of water R ensuring that

it is completely wetted and dissolve in 5 ml of dilute sodium hydroxide solution R’. As soon

as dissolution is complete, add 100 ml of water R and 2.5 ml of glacial acetic acid R and

dilute to 500.0 ml with water R. Place 20.0 ml of this solution in a 200 ml brown-glass

volumetric flask, add 3.5 ml of a 14 g/1 solution of sodium acetate R and dilute to 200.0 ml

with water R. Measure the absorbance (see PhEur 2.2.25) at the maximum at 444 nm.

Calculate the content of C;7H,)N4O¢ taking the specific absorbance to be 328.

Identification

A. It complies with the test for
specific optical rotation
(see Tests).

Specific optical rotation

(see PhEur 2.2.7):

-115 to -135 (dried substance).
Dissolve 50.0 mg in 0.05 M sodi-
um hydroxide free from carbonate
and dilute to 10.0 ml with the
same alkaline solution. Measure the
optical rotation within 30 min of

dissolution.

Absorbance

(see PhEur 2.2.25):

Dilute the final solution prepared
for the assay with an equal volume
of water R.The solution shows

4 maxima, at 223 nm, 267 nm,
373 nm and 444 nm. The ratio of
the absorbance at the maximum at
373 nm to that at the maximum at
267 nm is 0.31 to 0.33, and the
ratio of the absorbance at the maxi-
mum at 444 nm to that at the max-
imum at 267 nm is 0.36 to 0.39.

*
R = Reagent (PhEur 2005)
“Dissolve 8.5 g of sodium hydroxide R in water R and dilute to

100 ml with the same solvent”.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:0292
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Riboflavine sodium phosphate

ASSAY

Carry out the assay protected from light. Dissolve 0.100 g in 150 ml of water R, add 2 ml of
glacial acetic acid R and dilute to 1000.0 ml with water R.To 10.0 ml add 3.5 ml of a 14 g/1
solution of sodium acetate R and dilute to 50.0 ml with water R. Measure the absorbance
(see PhEur 2.2.25) at the maximum at 444 nm.

Calculate the content of C17H20N406 taking the specific absorbance to be 328.

Identification

A. Dissolve 50.0 mg in phosphate
buffer solution pH 7.0 R and
dilute to 100.0 ml with the
same buffer solution.

Dilute 2.0 ml of the solution to
100.0 ml with phosphate buffer
solution pH 7.0 R.

Examined between 230 nm and
350 nm (see PhEur 2.2.25), the
solution shows an absorption

maximum at 266 nm.

The specific absorbance at the
maximum is 580 to 640.

37| Method taken from the monograph of
the European Pharmacopoeia 01/2002:0786
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Pyridoxine hydrochloride

ASSAY

In order to avoid overheating in the reaction medium, mix thoroughly throughout and stop

the titration immediately after the end-point has been reached.

Dissolve 0.150 g in 5 ml of anhydrous formic acid R. Add 50 ml of acetic anhydride R.

Titrate with 0.1 M perchloric acid, determining the end-point potentiometrically

(see PhEur 2.2.20). Carry out a blank titration.

1 ml of 0.1 M perchloric acid is equivalent to 20.56 mg of CgH;,CINO3.

Identification
First identification: B, D.

Second identification: A, C, D.

A. Dilute 1.0 ml of solution S
(seeTests) to 50.0 ml with 0.1 M
hydrochloric acid (solution A).
Dilute 1.0 ml of solution A to
100.0 ml with 0.1 M hydrochloric
acid. Examined between 250 nm
and 350 nm (2.2.25), the solution
shows an absorption maximum at
288 nm to 296 nm.

The specific absorbance at the
maximum is 425 to 445.

Dilute 1.0 ml of solution A to
100.0 ml with a mixture of equal
volumes of 0.025 M potassium
dihydrogen phosphate solution
and 0.025 M disodium hydrogen
phosphate solution (2.2.3).
Examined between 220 nm and
350 nm, the solution shows

2 absorption maxima, at 248 nm
to 256 nm and at 320 nm to

327 nm. The specific absorbances
at the maxima are 175 to 195
and 345 to 365, respectively.

sel

B. Examine by infrared absorption
spectrophotometry (see PhEur
2.2.24), comparing with the
spectrum obtained with pyridoxine
hydrochloride CRS.

C. Examine the chromatograms
obtained in the test for related sub-
stances. The principal spot in the
chromatogram obtained with test
solution (b) is similar in position,
colour and size to the principal
spot in the chromatogram obtained
with reference solution (a).

D. Solution S gives reaction (a) of
chlorides (see PhEur 2.3.1).

Solution S

Dissolve 2.50 g in carbon dioxide-
free water R and dilute to 50.0 ml
with the same solvent.

Test solution (a). Dissolve 1.0 g

of the substance to be examined in
water R and dilute to 10 ml with the
same solvent.

Test solution (b). Dilute 1 ml of test
solution (a) to 10 ml with water R.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:0245
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ASSAY PREPARATION

Place a suitable quantity of the material to be assayed, previously reduced to a fine powder if
necessary and accurately measured or weighed, in an appropriate vessel containing, for each
g or mL of material taken, 25 mL of an aqueous extracting solution prepared just prior to use
to contain, in each 100 mL, 1.29 g of disodium phosphate, 1.1 g of anhydrous citric acid, and
1.0 g of sodium metabisulfite. Autoclave the mixture at 121° for 10 minutes.

Allow any undissolved particles of the extract to settle, and filter or centrifuge, if necessary.
Dilute an aliquot of the clear solution with water so that the final test solution contains
vitamin By, activity approximately equivalent to that of the Standard Cyanocobalamin

Solution which is added to the assay tubes.

Standard Cyanocobalamin Stock
Solution

To a suitable quantity of USP
Cyanocobalamin RS, accurately
weighed, add sufficient 25 percent
alcohol to make a solution having a
known concentration of 1.0 ug of
cyanocobalamin per mlL. Store in a

refrigerator.

Standard Cyanocobalamin
Solution

Dilute a suitable volume of
Standard Cyanocobalamin Stock
Solution with water to a measured
volume such that after the incuba-
tion period as described under
Procedure, the difference in trans-
mittance between the inoculated
blank and the 5.0-mL level of the
Standard Cyanocobalamin Solution
is not less than that which corre-
sponds to a difference of 1.25 mg
in dried cell weight. This concen-

tration usually falls between

sol

0.01 ng and 0.04 ng per mL of
Standard Cyanocobalamin Solution.
Prepare a fresh standard solution

for each assay.

Basal Medium Stock Solution
Prepare the medium according

to the following formula and
directions. A dehydrated mixture
containing the same ingredients
may be used provided that, when
constituted as directed in the
labelling, it yields a medium
comparable to that obtained from
the formula given herein.

Add the ingredients in the order
listed, carefully dissolving the
cystine and tryptophane in the
hydrochloric acid before adding
the next eight solutions in the
resulting solution. Add 100 mL

of water, mix, and dissolve the dex-
trose, sodium acetate, and ascorbic
acid. Filter, if necessary, add the

polysorbate 80 solution, adjust the

—b—
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solution to a pH between 5.5 and
6.0 with 1 N sodium hydroxide,
and add purified water to make

250 mL.

L-Cystine

L-Tryptophane

1 N Hydrochloric Acid
Adenine-Guanine-Uracil Solution
Xanthine Solution

Vitamin Solution I

Vitamin Solution II

Salt Solution A

Salt Solution B

Asparagine Solution
Acid-hydrolyzed Casein Solution
Dextrose, Anhydrous

Sodium Acetate, Anhydrous
Ascorbic Acid

Polysorbate 80 Solution

01g
0058
10 mL
5 mL
5 mL
10mL
10mL
5 mL
5 mL
5 mL
25mL
108
58

18

5 mL

Acid-Hydrolyzed Casein Solution
-Prepare as directed under Calcium
Pantothenate Assay <91>.

Asparagine Solution
Dissolve 2.0 of 'asparagine in
water to make 200 mL. Store under

toluene in a refrigerator.

Adenine-Guanine-Uracil Solution
Prepare as directed under Calcium
Pantothenate Assay <91>.

Xanthine Solution

Suspend 0.20 g of xanthine in
30 mL to 40 mL of water,

heat to about 70°, add 6.0 mL of
6 N ammonium hydroxide, and
stir until the solid is dissolved.
Cool, and add water to make

200 mL. Store under toluene in

a refrigerator.

Salt Solution A

Dissolve 10 g of monobasic
potassium phosphate and 10 g

of dibasic potassium phosphate
in water to make 200 mL.

Add 2 drops of hydrochloric acid,
and store under toluene.

Salt Solution B

Dissolve 4.0 g of magnesium
sulfate, 0.20 g of sodium chloride,
0.20 g of ferrous sulfate, and
0.20 g of manganese sulfate in
water to make 200 mL.

Add 2 drops of hydrochloric acid,
and store under toluene.
Polysorbate 80 Solution -
Dissolve 20 g of polysorbate 80
in alcohol to make 200 mL.

Store in a refrigerator.

Vitamin Solution I

Dissolve 10 mg of riboflavin,

10 mg of thiamine hydrochloride,
100 pg of biotin, and 20 mg of
niacin in 0.02 N glacial acetic acid
to make 400 mL. Store, protected
from light, under toluene in a

refrigerator.

—b—
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Vitamin Solution II

Dissolve 20 mg of para-amino-
benzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine
hydrochloride, 40 mg of pyridoxal
hydrochloride, 8 mg of pyridox-
amine dihydrochloride, and 2 mg
of folic acid in dilute neutralized
alcohol (1 in 4) to make 400 mL.
Store, protected from light,

in a refrigerator.

Tomato Juice Preparation
Centrifuge commercially canned
tomato juice so that most of the
pulp is removed. Suspend about

5 g per liter of analytical filter-aid
in the supernatant liquid, and filter,
with the aid of reduced pressure,
through a layer of the filter-aid.
Repeat, if necessary, until a clear,
straw-colored filtrate is obtained.

Store under toluene in a refrigerator.

Culture Medium

[NOTE: A dehydrated mixture
containing the same ingredients
may be used provided that, when
constituted as directed in the
labeling, it yields a medium
equivalent to that obtained from
the formula given herein.
Dissolve 0.75 g of water-soluble
yeast extract, 0.75 g of dried
peptone, 1.0 g of anhydrous
dextrose, and 0.20 g of potassium
biphosphate in 60 mL to 70 mL
of water. Add 10 mL of Tomato

Juice Preparation and 1 mL of

al

Polysorbate 80 Solution.

Adjust the solution with 1 N
sodium hydroxide to a pH of 6.8,
and add water to make 100 mL.
Place 10-mL portions of the
solution in test tubes, and plug
with cotton. Sterilize the tubes
and contents in an autoclave at
121° for 15 minutes.

Cool as rapidly as possible to avoid
color formation resulting from

overheating the medium.

Suspension Medium

Dilute a measured volume of
Basal Medium Stock Solution with
an equal volume of water.

Place 10mL portions of the diluted
medium in test tubes. Sterilize,
and cool as directed above for the

Culture Medium.

Stock Culture of Lactobacillus
leichmannii -To 100 mL of Culture
Medium add 1.0 g to 1.5 g of agar,
and heat the mixture, with stirring,
on a steam bath, until the agar
dissolves.

Place approximately

10-mL portions of the hot solution
in test tubes, cover the tubes
suitably, sterilize at 121° for

15 minutes in an autoclave
(exhaust line temperature),

and allow the tubes to cool in an
upright position. Inoculate three
or more of the tubes, by stab trans-
fer of a pure culture of

Lactobacillus leichmannii.*

—b—
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(Before first using a fresh culture in
this assay, make not fewer than

10 successive transfers of the
culture in a 2-week period.)
Incubate 16 to 24 hours at any
selected temperature between

30° and 40° but held constant to
within & 0.5°, and finally store in

a refrigerator.

Prepare fresh stab cultures

at least three times each week,
and do not use them for
preparing the inoculum if
more than 4 days old.

The activity of the
microorganism can be increased
dy daily or twice-daily transfer
of the stab culture, to the
point where definite turbidity
in the liquid inoculum can be
observed 2 to 4 hours after
inoculation. A slow-growing
culture seldom gives a suitable
response curve, and may lead
to erratic results.

Inoculum

[NOTE: A frozen suspension of
Lactobacillus leichmannii may be
used as the stock culture, provided
it yields an inoculum comparable
to a fresh culture. Make a transfer
of cells from the Stock Culture of
Lactobacillus leichmannii to

2 sterile tubes containing 10 mL of
the Culture Medium each.
Incubate these cultures for 16 to

24 hours at any selected tempera-

ture between 30° and 40° but
held constant to within * 0.5°.

Under aseptic conditions,
centrifuge the cultures, and
decant the supernatant.

Suspend the cells from the culture
in 5 mL of sterile Suspension
Medium, and combine.

Using sterile Suspension Medium,
adjust the volume so that a 1 in
20 dilution in saline TS produces
70% transmittance when read on
a suitable spectrophotometer that
has been set at a wavelength of
530 nm. equipped with a 10-mm
cell, and read against saline TS set
at 100% transmittance.

Prepare a 1 in 400 dilution of the
adjusted suspension using Basal
Medium Stock Solution, and use it
for the test inoculum.

(This dilution may be altered,
when necessary, to obtain the

desired test response.)

Calibration of
Spectrophotometer

Check the wavelength of the
spectrophotometer periodically,
using a standard wavelength cell

or other suitable device.

Before reading any tests, calibrate
the spectrophotometer for 0% and
100% transmittance, using water
and with the wavelength set at
530 nm.

—b—
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Procedure

Cleanse meticulously by suitable
means, followed preferably by
heating at 250° for 2 hours, hard-
glass test tubes about 20 mm x
150 mm in size, and other neces-
sary glassware because of the high
sensitivity of the test organism to
minute amounts of vitamin By,
activity and to traces of many

cleansing agents.

To test tubes add, in duplicata,

1.0 mL, 1.5 mL, 2.0 mL, 3.0 mL,
4.0 mL, and 5.0 mL, respectively,
of the Standard Cyanocobalamin
Solution. To each of these tubes
and to four similar empty tubes
add 5.0 mL of Basal Medium Stock
Solution and water to make 10 mL.

To similar test tubes add, in dupli-
cata, respectively, 1.0 mL, 1.5 mL,
2.0 mL, 3.0 mL, and 4.0 mL of the
Assay Preparation. To each tube add
5.0 mL of Basal Medium Stock

Solution and water to make 10 mL.

Place one complete set of standard
and assay tubes together in one
tube rack and the duplicate set in a
second rack or section of a rack,

preferably in random order.

Cover the tubes suitably to prevent
bacterial contamination and steril-
ize the tubes and contents in an
autoclave at 121° for 5 minutes,

arranging to reach this temperature
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in not more than 10 minutes by

preheating the autoclave, if neces-
sary. Cool as rapidly as practicable
to avoid color formation resulting

from overheating the medium.

Take precautions to maintain uni-
formity of sterilizing and cooling
conditions throughout the assay,
since packing tubes too closely in
the autoclave, or overloading it,

may cause variation in the heating rate.

Aseptically add 0.5 mL of
Inoculum to each tube so prepared,
except two of the four containing
no Standard cyanocobalamin
Solution (the uninoculated blanks).
Incubate the tubes at a temperature
between 30° and 40° held
constant to within * 0.5°,

for 16 to 24 hours.

Terminate growth by heating to a
temperature not lower than 80° for
5 minutes.

Cool to room temperature. After
agitating its contents, place the
container in a spectrophotometer
that has been set at a wavelength of
530 nm, and read the transmit-
tance when a steady state is
reached.

This steady state is observed a few
seconds after agitation when the
reading remains constant for

30 seconds or more.

—b—
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Allow approximately the same time

interval for the reading on each tube.

With the transmittance set at 100%
for the uninoculated blank, read

the transmittance of the inoculated
blank.

If the difference is greater than 5%
or if there is evidence of contami-
nation with a foreign micro-
organism, disregard the results of
the assay-With the transmittance
set at 100% for the uninoculated
blank, read the transmittance of

each of the remaining tubes.

Disregard the results of the assay if
the slope of the standard curve

indicates a problem with sensitivity.

Calculation

Prepare a standard concentration
response curve by the following

procedure.

Test for and replace any aberrant
individual transmittances. For each
level of the standard, calculate the
response from the sum of the
duplicate values of the transmit-
tances (3) as the difference,

y =2.00-3.

Plot this response on the
ordinate of cross-section paper
against the logarithm of the mL
of Standard cyanocobalamin

Solution per tube on the abscissa,

aa

using for the ordinate either an
arithmetic or a logarithmic
scale, whichever gives the better
approximation to a straight line
or smooth curve that best fits
the plotted points.

Calculate the response, y, adding
together the two transmittances for
each level of the Assay Preparation.
Read from the standard curve the
logarithm of the volume of the
Standard preparation correspon-
ding to each of those values of y
that falls within the range of the
lowest and highest points plotted
for the standard.

Subtract from each logarithm so
obtained the logarithm of the
volume, in mL, of the Assay
Preparation to obtain the
difference, x, for each dosage level.
Average the values of x for each of
three or more dosage levels to
obtain & = M’, the log-relative
potency of the Assay Preparation.

Determine the quantity, in pg, of
USP Cyanocobalamin RS
corresponding to the cyanocobal-
amin in the portion of material
taken for assay by the equation
antilog M = antilog (M’ + log R),
in which R is the number of pg of
cyanocobalamin that was assumed
to be present in each mg

(or capsule or tablet) of the
material taken for assay.

—b—
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Replication
Repeat the entire determination
at least once, using separately

prepared Assay Preparations.

If the difference between the two
log potencies M is not greater than
0.08, their mean, M, is the assayed
log-potency of the test material
(see Vitamin B, Activity Assay
under Design and Analysis of
Biological Assays <111>.

If the two determinations differ
by more than 0.08, conduct one

or more additional determinations.

From the mean of two or more
values of M that do not differ by
more than 0.15, compute the
mean potency of the preparation

under assay.

*

Pure cultures of Lactobacillus leichmannii may be obtained as
No. 7830 from the American Type Culture Collection, 12301
Parklawn Drive, Rockville, MD 20852.

45| Taken from USP 23; 1995; p. 1719
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Ascorbic acid and salts

ASSAY

Dissolve 0.150 g in a mixture of 10 ml of dilute sulphuric acid R and 80 ml of carbon dioxi-

de-free water R. Add 1 ml of starch solution R. Titrate

violet-blue colour is obtained.

with 0.05 M iodine until a persistent

1 ml of 0.05 M iodine is equivalent to 8.81 mg of CqHgOy.

Identification D.To 1 ml of solution S add

A. Dissolve 0.10 g in water R and
dilute immediately to 100.0 ml
with the same solvent.

To 10 ml of 0.1 M hydrochloric

0.2 ml of dilute nitric acid R
and 0.2 ml of silver nitrate
solution R2.

A grey precipitate is formed.

acid, add 1.0 ml of the solution
and dilute to 100.0 ml with
water R. Measure the
absorbance (see PhEur 2.2.25)
at the maximum at 243 nm
immediately after dissolution.
The specific absorbance at the
maximum is 545 to 585.

B. Examine by infrared absorp-
tion spectrophotometry
(see PhEur 2.2.24), comparing
with the spectrum obtained
with ascorbic acid CRS.
Examine the substance
prepared as discs containing

I mg.

C. Solution S. Dissolve 1.0 g in Footnote
carbon dioxide-free water R 1 ml of 0.05 M iodine is equivalent to
and dilute to 20 ml with the 9.91 mg of CcH7NaOg

(Sodium ascorbate).
same solvent. o .
1 ml of 0.05 M iodine is equivalent to

(see Tests) is 2.1 to 2.6. (Calcium ascorbate).

46| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0253
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Ascorbyl palmitate

PRINCIPLE

The product form is dissolved in ethanol containing 0.2% of oxalic acid as stabiliser.
This solution is analysed using reversed-phase HPLC monitored with a UV-detector set
at 254 nm.

Reagents and Equipment
Methanol

Ethanol
1,2-Dithiothreitol

Acetic acid, puriss. p.a.

Sodium acetate trihydrate, p.a.

Oxalic acid dihydrate, puriss. p.a.

Ascorbyl palmitate

Lab balance, sensitivity 0.01 g
Analytical balance, sensitivity
0.001 mg

Centrifuge

Glass ware (volumetric flasks,
pipettes)

Ultrasonic bath

HPLC Apparatus

Extraction solution
Dissolve 2 g of oxalic acid
dihydrate in a 1 L volumetric
flask in ethanol and fill up to
the mark.

Acetate buffer pH 3.8:
Dissolve 36.8 g sodium acetate
trihydrate in approx. 800 ml of
water, add 101 ml acetic acid
and fill up to 1000 ml with
water. Check the pH and, if

a7l

necessary, adjust to 3.8 using
aqueous sodium hydroxide

solution or diluted acetic acid.

Mobile Phase
Mix in a 1 L volumetric flask
20 ml of acetate buffer pH 3.8,
130 ml of water and fill up to
the mark with methanol.

Assay

Standard Solution

Weigh accurately approx. 50 mg
of ascorbyl palmitate standard in
a 50 ml volumetric flask and
dilute to the mark with extrac-
tion solution. This is the stock
solution. Prepare from this solu-
tion a 1:10 dilution with the
same extraction solution.

This is dilution A.

Prepare from this solution a 1:10
dilution with the same extracting
solution. This is solution B.

The final concentration should
approximately contain 10.0 ug/ml.
Prepare every day freshly and
store refrigerated.

—b—
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Sample preparation and extraction

Weigh accurately approx. 0.5 ¢

of the sample in a 25 ml

volumetric flask. The flask is

filled to the mark with extracting

solution.

Shake the resulting suspension

vigorously. Sonicate for 5 minutes

at room temperature and

centrifuge or filter through a
0.45 pm filter. 20ul of the clear
solution are injected into the
HPLC line.

HPLC-conditions

Stationary Phase
Mobile Phase

Flow
Temperature
Injection volume
Detection
Standard
Retention Time

Quantification

Nucleosil 100-5 C18 5um, 125x4.0 mm

20 ml buffer, 130 ml water, make up
to 1000 ml with methanol

0.8 ml/min
ambient

20 pl

254 nm (Range 0.1)
10.0 pg/ml

ca. 6-8 min

external standard method, peak area

Calculation
Calculate the content using the

following equation:

mg ascorbyl palmitate/kg = Ase c°F

Ag® Sy
where:
A, is the peak area for ascorbyl palmitate obtained
with the sample solution, in area units;
A is the peak area for ascorbyl palmitate obtained
with the standard test solution, in area units;
E is the dilution factor
© is the concentration of ascorbyl palmitate in the
standard test solution [ug/ml]
SW is the sample weight in g.
Remarks

The retention times can vary
due to aging of the columns.
Usually a regeneration of the
column can be achieved by

pumping methanol containing

5% water through the column
for 5-6 hours.
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L-Ascorbic acid phosphates

PRINCIPLE

Ascorbic acid phosphates in product forms are dissolved in diluted phosphoric acid and quan-

tified by means of HPLC. L-ascorbic acid phosphates and free ascorbic acid are determined.

Reagents and Equipment

Ortho phosphoric acid

Phosphoric acid solution: dilute
2 ml of ortho phosphoric acid in
1000 ml of water (This solution
should be prepared freshly).

Mobile Phase: into a 1000 ml
volumetric flask mix 150 ml of
methanol, one ampoule of
tetrabutyl ammonium hydro-
gensulphate (FLUKA 86847) and
bring to volume with KH,PO4
0.1M. Adjust the pH to 6.0
with NaOH 3N.

Lab balance, sensitivity 0.01 g

Analytical balance, sensitivity 0.001 mg

Centrifuge

Glass ware (volumetric flasks,

pipettes)

Ultrasonic bath

HPLC Apparatus

Assay

Standard solutions

Ascorbic acid

Into a 100 ml volumetric flask
accurately weigh approx. 19 —
21 mg. Dissolve and bring to
volume with water.

Dilute 1.0 ml to 10.0 ml with water.

o]

L-ascorbic acid 2-monophosphate
Into a 100 ml volumetric flask
accurately weigh approx. 15 —
25 mg. Dissolve and bring to

volume with water.

Sample preparation
Into a 100 ml volumetric flask
accurately weigh approx. 60 —

70 mg of product form.

Dissolve in 50 ml of phosphoric
acid solution and treat in an ultra-
sonic bath for 5 to 10 min. Bring
to volume with phosphoric acid
solution. Heat the flask in a water
bath at 60°C for 5 min and cool
subsequently. Filtrate through a
0.2 um cartridge filter. The clear
solution is ready for HPLC.

HPLC Conditions

Stationary Phase KROMASIL C18 5um, 250 x 4.6 mm

i.d. TOUZART & MATIGNON column

Flow rate 1.0 ml/min
Wavelength 250 nm
Response time 055
Injection volume 10 ul

Run time 30 min

—b—
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Calculation

Free ascorbic acid external calibration

method or titration

L-ascorbic acid 2-monophosphate  external calibration
expressed as ascorbic acid method

external calibration
method with conversion
factors based on the
molecular weights

diphosphate  0.762
triphosphate ~ 0.615

L-ascorbic acid-2-phosphates
expressed as ascorbic acid

Relative Retention Times

Ascorbic acid 05
L-ascorbate 2-monophosphate 1.0
Bis-ascorbyl phosphate 1.2
L-ascorbate 2-diphosphate 14
Bis-ascorbyl diphosphate 17
L-ascorbate 2-triphosphate 1.9
L-ascorbate 2-tetraphosphate 24
Unknown 3.1
ENE 3.8

Working Conditions

Stationary phase
Purosphere RP-18 e 5 um,
250 x 3 mm

Mobile Phase A: 900 ml of water,
100 ml of acetonitril, 3 g of
tetrabutyl ammonium hydroxide
(40%), 1 g of potassium
dihydrogen phosphate, 100 ul
of triethylamine.

Adjust the pH to 2.0 with
phosphoric acid.

Mobile Phase B: 250 ml of water,
750 ml of acetonitril, 3 g of
tetrabutyl ammonium hydroxide
(40%), 1 g of potassium
dihydrogen phosphate, 100 ml of
triethylamine. Adjust the pH to
2.0 with phosphoric acid.

The two mobile phases are filtered
through a membrane filter

0.45 um.

The column is equilibrated with

mobile phase A for at least 15 min.

Gradient conditions:

Step 1 0 to 15 min 0% B
Step 2 15 to 20 min 0-100% B
Step 3 20 to 30 min 100% B
Step 4 30 to 35 min 100 - 0% B
Step 5 35 to 50 min 0% B

HPLC Conditions
Flow rate 0.7 ml/min
Wavelength 250 nm (bandwidth & nm)
Injection volume 20 ul

Temperature of the column oven ~ 25°C

Run time 50 min
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Calculation

Standart CF = Conversion factor to
ascorbic acid equivalents

Tris-cyclohexyl ammonium-

L-ascorbic acid-2-phosphate 03181
Ca L-ascorbic acid-2-phosphate 0.5623
Na L-ascorbic acid-2-phosphate 0.5469
KMg L-ascorbic acid-2-phosphate 0.5565

DADI A, Sig=250,8 Ref=off (E:\003-0101.D)
mAU 1

100 4

“ Lutavit C-aquastab
60:

40

20 4

O_A_LL{L . JL
e
2.5 5 7.5 10 12.5 5 17.5 min

DADI A, Sig=250,8 Ref=off (E:\001-0101.D)
mAU A

2504

Standard (tris-cyclohexylammonium
asorbic acid 2-phosphate)

200
150

100

50

51| DSM/BASF
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Calcium pantothenate

ASSAY

Dissolve 0.180 g in 50 ml of anhydrous acetic acid R. Titrate with 0.1 M perchloric acid
determining the end-point potentiometrically (see PhEur 2.2.20).

1 ml of 0.1 M perchloric acid is equivalent to 23.83 mg of C; gH3,CaN,Oq.

Identification TESTS
A. It complies with the test for
specific optical rotation Solution S.
(see Tests). Dissolve 2.50 g in carbon dioxide-
free water R and dilute to 50.0 ml
B. Examine the chromatograms with the same solvent.
obtained in the test for 3-amino-
propionic acid. The principal Specific optical rotation
spot in the chromatogram (see PhEur 2.2.7):
obtained with test solution (b) is + 25.5 to + 27.5, determined on
similar in position, colour and solution S and calculated with
size to the principal spot in the reference to the dried substance.

chromatogram obtained with

reference solution (a).

C.To 1 ml of solution S (see Tests)
add 1 ml of dilute sodium
hydroxide solution R and 0.1 ml
of copper sulphate solution R.

A blue colour develops.

D. It gives reaction (a) of calcium
(see PhEur 2.3.1).

52| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0470




EO33-Fefana.xp 22/12/05 11:50 Page 53 $

Pantothenic acid |

D-Panthenol

(dexpanthenol)

ASSAY

To 0.400 g add 50.0 ml of 0.1 M perchloric acid. Boil under a reflux condenser for 5 h

protected from humidity. Allow to cool. Add 50 ml of dioxan R by rinsing the condenser,

protected from humidity. Add 0.2 ml of naphtholbenzein solution R and titrate with 0.1 M

potassium hydrogen phthalate until the colour changes from green to yellow. Carry out a

blank titration.

1 ml of 0.1 M perchloric acid is equivalent to 20.53 mg of CgH; gNOy .

Identification
First identification: A, B.

Second identification: A, C, D.
A. It complies with the test for spe-
cific optical rotation (see Tests).

B. Examine by infrared absorption
spectrophotometry (see PhEur
2.2.24), comparing with the
spectrum obtained with
dexpanthenol CRS. Examine the
substances using discs prepared
by placing 0.05 ml of a 50 g/1
solution in ethanol R on a disc
of potassium bromide R. Dry the
disc at 100 °C to 105 °C for 15 min.

C. Examine the chromatograms
obtained in the test for 3-amino-
propanol. The principal spot in
the chromatogram obtained
with test solution (b) is similar
in position, colour and size to
the principal spot in the chro-
matogram obtained with refer-

ence solution (a).

55|

D.To 1 ml of solution S (see Tests)
add 1 ml of dilute sodium
hydroxide solution R and 0.1 ml
of copper sulphate solution R. A

blue colour develops.

TESTS

Solution S.

Dissolve 2.500 g in carbon
dioxide-free water R and dilute to
50.0 ml with the same solvent.

Test solution (a). Dissolve 0.25 g of
the substance to be examined in
anhydrous ethanol R and dilute to
5 ml with the same solvent.

Test solution (b). Dilute 1 ml of test
solution (a) to 10 ml with

anhydrous ethanol R.

Reference solution (a). Dissolve the con-
tents of a vial of dexpanthenol CRS
in 1.0 ml of anhydrous ethanol R to

obtain a concentration of 5 mg/ml.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:0761
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Nicotinic acid

ASSAY

Dissolve 0.250 g in 50 ml of water R. Titrate with 0.1 M sodium hydroxide, using
0.25 ml of phenolphthalein solution R as indicator, until a pink colour is obtained.
Carry out a blank titration.

1 ml of 0.1 M sodium hydroxide is equivalent to 12.31 mg of CqgHgNO,.

Identification
First identification: A, B.

Second identification: A, C.
A. Melting point
(see PhEur 2.2.14):
234°C to 240°C.

B. Examine by infrared absorption
spectrophotometry (see PhEur
2.2.24), comparing with the
spectrum obtained with
nicotinic acid CRS.

C. Dissolve about 10 mg in 10 ml
of water R.To 2 ml of the
solution add 2 ml of cyanogen
bromide solution R and 3 ml
of a 25 g/1 solution of aniline R
and shake.

A yellow colour develops.

54| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0459
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Nicotinamide

ASSAY

Dissolve 0.250 g in 20 ml of anhydrous acetic acid R, heating slightly if necessary, and add
5 ml of acetic anhydride R. Titrate with 0.1 M perchloric acid, using crystal violet solution R
as indicator until the colour changes to greenish-blue.

1 ml of 0.1 M perchloric acid is equivalent to 12.21 mg of C¢H¢N,O

Identification TESTS
First identification: A, B.
Solution S.

Second identification: A, C, D. Dissolve 2.5 g in carbon dioxide-
A. Melting point free water R and dilute to 50 ml
(see PhEur 2.2.14): with the same solvent.

126 °Cto 131 °C.

B. Examine by infrared absorption
spectrophotometry (see PhEur
2.2.24), comparing with the
spectrum obtained with
nicotinamide CRS.

C. Boil 0.1 g with 1 ml of dilute
sodium hydroxide solution R.
Ammonia is evolved which is

recognisable by its odour.

D. Dilute 2 ml of solution S
(see Tests) to 100 ml with water R.
To 2 ml of the solution, add
2 ml of cyanogen bromide
solution R and 3 ml of a 25 g/1
solution of aniline R and shake.

A yellow colour develops.

55| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0047
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Folic acid

ASSAY

Liquid chromatography (see PhEur 2.2.29) Injection: test solution and reference solution (a).
Test solution. Dissolve 0.100 g of the substance to be examined in 5 ml of a 28.6 g/1 solution of
sodium carbonate R and dilute to 100.0 ml with the mobile phase. Dilute 2.0 ml of this solution
to 10.0 ml with the mobile phase.

Reference solution (a). Dissolve 0.100 g of folic acid CRS in 5 ml of a 28.6 g/l
solution of sodium carbonate R and dilute to 100.0 ml with the mobile phase.

Dilute 2.0 ml of this solution to 10.0 ml with the mobile phase.

Column:
-size:1=0.25m, @ = 4.0 mm,
- stationary phase: spherical octyl-

Run time: 3 times the retention time

of folic acid.

silyl silica gel for chromatography
Identification
First identification: A, B.

R (5 pm) with a carbon loading
of 12.5 per cent, a specific
surface of 350 m*/g and a pore
size of 10 nm. Second identification: A, C.
A. Specific optical rotation

(see PhEur 2.2.7): + 18 to + 22

(anhydrous substance).

Mobile phase: mix 12 volumes of
methanol R and 88 volumes of a

solution containing 11.16 g/1
potassium dihydrogen phosphate R
and 5.50 g/1 of dipotassium
hydrogen phosphate R solution.

Flow rate: 0.6 ml/min.

Detection: spectrophotometer at
280 nm.

Injection: 5 pl; inject the test solution
and reference solution (a).

56l

Dissolve 0.25 g in 0.1 M sodium
hydroxide and dilute to 25.0 ml

with the same solvent.

B. Examine the chromatograms
obtained in the assay.
Results: the principal peak in the
chromatogram obtained with the
test solution is similar in retention
time to the principal peak in the
chromatogram obtained with
reference solution (a).
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C.Thin-layer chromatography
(see Ph Eur 2.2.27).
Test solution. Dissolve 50 mg of
the substance to be examined in
a mixture of 2 volumes of
concentrated ammonia R and
9 volumes of methanol R and
dilute to 100 ml with the same
mixture of solvents.
Reference solution. Dissolve
50 mg of folic acid CRS in a
mixture of 2 volumes of
concentrated ammonia R and
9 volumes of methanol R and
dilute to 100 ml with the same

mixture of solvents.

Plate: TLC silica gel G plate R.

Mobile phase: concentrated ammo-
nia R, propanol R,
alcohol R (20:20:60 V/V/V).

Application: 2 pl.

Development: over 3/4 of
the plate.

Drying: in air.

Detection: ultraviolet light at 365nm.

Results: The principal spot in the
chromatogram obtained with
the test solution is similar in
position, fluorescence and size
to the principal spot in the
chromatogram obtained with
the reference solution.

57| Method taken from the monograph of
the European Pharmacopoeia 01/2005:0067
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D-Biotin

D-Biotin

PRINCIPLE
Biotin is chromatographed in a reversed-phase system and detected at 200 nm.

Quantifi-cation is carried out using an external standard.

Reagents and Equipment 0.5 ml of glacial acetic acid
Methanol the flask is filled up with water.
Deionized water Aliquots are used for HPLC analysis.
Potassium hydrogenphosphate
monohydrate p.a. In the case of samples having a
0.5 molar sodium hydroxide solution significantly higher biotin content
Acetic acid p.a. than expected (2.0 g/100 g),
Biotin dilution steps must be introduced
Usual laboratory equipment so that the biotin concentration of
HPLC apparatus the injection solutions is about

2 mg per 50 ml.
Procedure
Standard Solution HPLC conditions
Initial weights of the biotin Col ,

olumn LiChrospher 60-5 Select B (Merck),

reference material are weighed out 250 x 3 mm
in the same way as the samples and Eluent 0.01 M aqueous KHoPO,, : acetonitrile
diluted to several concentrations in t H3PO4 =950 50 : 1 (v/v/v)
such a way that the biotin concen- Flow rate 0.7 mi/min
tration in the injection solutions is Injection volume 10l

within the calibrated range.
Column temperature  room temperature

Sample preparation Detection 200 nm

Approximately 80 mg of sample
exact to 0.1 mg are weighed out
into a 50 ml measuring flask.
After dissolving it in 2 ml of

0.5 N sodium hydroxide solution,
adding 20 ml of water and then

sl
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Calibration
Calibration factor

- PA  mVse 50 ml

CF
B[C] mg
where:
CF calibration factor
PA area of biotin peak [mVes]
B[C] calculated concentration of biotin [mg/50 ml]
Results

Calculation is done using the

method of the external standard.

wE) = — A 4100
CF « p[S]
where:
W(C) mass fraction of biotin [g/100 g]
PA area of biotin peak [mVes]
B[S] concentration of sample solution [mg/50 ml]

Footnote:

HPLC method cannot be applied for some
formulations (eg formulations with starch
and soybean meal)

59| BASF
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Choline chloride

PRINCIPLE
The choline chloride (cc) content is determined by ion chromatography with external
standard calibration. The method is applicable to aqueous solutions and to preconcentrates

on silica and vegetal carriers.

STRUCTURE CI‘_I3
Choline chloride :CH; — N*— CH) — CH, — OH Ccr
o,
Reagents and Apparatus Calibration
e Instrument : Dionex Ion chroma- Starting with CC of known purity,
tograph 3 standards of CC are prepared in
+ Conductivity detector with chemical water. Concentration range :
suppressor (CSRS) 250 - 1000 - 5000 ppm.
« Column : TonPac CG12A guard col- A calibration curve is calculated

umn (4 x 50 mm) + IonPac with linear regression.

CS12A analytical column

(4 x 250 mm) (Dionex) Assay Procedure
 Mobile phase : The samples are extracted with

A =100 meqH,S04

B = purified water

water if necessary, and consequent-
ly diluted to contain about

0.1 % (or 1000 ppm) of choline
chloride.

¢ Gradient conditions : isocratic elution,

15%A +85%B
* Flow rate : 1 ml/min Calculation

* Temperature : 30 °C The CC concentration of the

* Injection volume : 25 ul sample is calculated from the
calibration curve, taking into

Retention times account the dilution of the sample.

NaCl : 4.3 min

TMA.HCI : 6.85 min

CC: 8.5 min

eol Taminco Belgium
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Inositol

ASSAY
Liquid chromatography (see PhEur 2.2.29).

Test solution. System suitability: reference solution (a):
Dissolve 5.0 g of the substance to

be examined in water R and dilute Retention time: inositol = about 17.5
to 100.0 ml with the same solvent. min.

Reference solution (a).
Dissolve 0.50 g of inositol CRS in

water R and dilute to 10.0 ml with Calculate the percentage content of
the same solvent. inositol.
Column:

-size: 1 = 0.3 m, @ =7.8 mm,
- stationary phase: strong cation

exchange resin (calcium form) R
(9 um)",

- temperature: 85 °C

Mobile phase: water R.

Flow rate: 0.5 ml/min.

Detection: refractometer.

Injection: 20 pl; inject the test solu-

tion and reference solutions (a).

RllIl tlme' thCC the I'etentlon tlme Of b Biorad-Aminex HPX87C and Mitsubishi-MCI CK 08 EC are suitable

inositol.

| Method taken from the draft monograph of
A the European Pharmacopoeia, published in

Pharmeuropa - Vol 13 (1), 164-165 (Jan. 2001)
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L-Carnitine

SCOoOPE

Determination of L-Carnitine by potentiometric titration.

Principle Assay Procedure

Basic components of concen- Sample preparations: Weigh out accu-
trated product are titrated by rately about 1.5¢g * 0,1mg of L-
IM HCI with potentiometric Carnitine into a 150ml beaker, add
endpoint detection. 40ml of acetone, 20ml of pure water

and mix. Each sample is weighed 2x.

This method is applicable for the

determination of L-Carnitine in Titration: The sample is titrated with
the final products where its content IM HCI to the 1* equivalence point
is from 90% to 110%. (EP) with potentiometric detection.
Equipment Parameters:

Autotitrator Metrohm 716 DMS Parameters of automatic titrator:
Titrino

a) Parameters of titration:
Combined glass electrode
No. 6.0203.100

meas. pt. density 4
Analytical Balance Sartorius A 200S o

min. incr. 5ul
Reagents titr. rate max. ml/min.
IM Hydrochloric acid signal drift 20mV/min.
Sodium carbonate secondary equilibr. time 38
reference material for acidimetry, startV -
Fluka 71363 or Merk 102405.

pause 0s
Pure water .

meas. input 1
Acetone p.a.

temperature 25°C

62|
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b) Stop conditions: Appendix
The determination of HCI factor:
StOpV abs.
StopV/ Sodium carbonate is dried at
0 15 ml
P " 100 °C for 8 hours and it is
Stop pH off cooled down in desiccator.
Stop EP 3
fllhng rate max.ml/min. Then about 0,6g t 0, 11’1’1g is
weighed, about 75ml of
water is added and this
Calculation solution is titrated with 1M HCI
Content of the analyte: to the 2™ EP
L-Carnitine concentration [%] = Velue*M,c f.= n*1000
n°l10 VeM/2
1% volume of 1M HCL to EP1 n weight of sodium carbonate
fHCI factor of HCI V volume of 1M HCI
M/2 one half of molecular weight of
n sample amount (g ) sodium carbonate
MI_C molecular weight of L-Carnitine

Maintenance, checking and
calibration

Metrohm 716 DMS Titrino and
glass electrode is checked once a
month.
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L-Carnitine L-Tartrate

SCOoOPE

Determination of L-Carnitine in L-Carnitine-L-tartrate by potentiometric titration.

Principle Parameters:
Basic components of concentrated Parameters of automatic titrator:
product are titrated by 0.1M
HCIO4 in Acetic acid with a) Parameters of titration:
potentiometric detection.
This method is applicable for the meas. pt. density 4
determination of L-Carnitine in
L-Carnitine-L-tartrate where its min. incr. 5ul
content is from 90% to 110%. .

titr. rate max. ml/min.
Equipment signal drift 20mV/min.
Autotitrator Metrohm 716 DMS Titrino
Combined glass electrode Metrohm equilibr. time 38s
No. 6.0203.100 - p
Analytical Balance Sartorius A 200S ¢

pause 0s
Reagents .
Perchloric acid in acetic acid meas. nput 1
(Merck No 109065)

temperature 20°C

Potassium hydrogenphtalate
(Merck No 104874)

Pure water .
Acetic acid p.a. b) Stop conditions:
Assay Procedure StopV abs.
Sample preparations: Weigh out accu-

rately about 0.2g = 0,1mg of L- Sl o
Carnitine-L-tartrate into 100ml Stop pH off
beaker, add 50ml of concentrated Stop EP .

acetic acid, 20ml of pure water and

Stir. Prepare ZX. fllhng rate max.ml/min.

Titration: The sample is titrated with
0.1M perchloric acid in acetic acid
to the 1% equivalence point (EP)
with potentiometric detection.

64|
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Calculation
Content of the analyte:

o . ° o
L-Carnitine concentration [%] = Vefuen®M
me100
1% volume of perchloric acid to EP1
chm perchloric acid factor (see Appendix)
m sample amount ( g )
MLC molecular weight of L-Carnitine (161.20)
Appendix

The determination of perchloric acid factor:
Potassium hydrogenphtalate is
dried at 100 °C for 2 hours and
it is cooled down in desiccator.

Then about 0,1¢g * 0,1mg is
weighed, dissolved in 50 ml
acetic acid and this solution is
titrated with 0.1M perchloric
acid to the 1* EP.

¢ = 101000

T VeM/10
n weight of sodium carbonate
Vv volume of 0.1M perchloric acid

M/10 one tenth of molecular weight of
potassium hydrogenphtalate
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Betaine anhydrous

or monohydrate

Determination of betaine and some other components in betaine molasses and liquid and

crystalline betaine products by HPLC

Principle
Betaine content is determined by
HPLC using a strong cation

exchange resin (Na* or Ca**-form)

and a refractive index (RI) detector.

Equipment and reagents

Eluents:

Na-column — 0,001 M Na,SOy in
ultra pure water

Ca-column — 0,001 M Ca(NO3),

in ultra pure water

Standards:
Na- and/or Ca-column
e.g. Betaine, sucrose, glucose,

galactose, inositol

Column temperature:
Na-column +75°C,

Ca- and Pb-column +85°C
Injection volume: 10ul

Flow rate: 0,6 ml/min

Run time:

Na-column 15 minutes,

Ca-column 35 minutes

66| Danisco

Sample solution: Measure the dry sub-
stance of the sample. Weigh 0,5-1 g
(dry substance) of sample and
dilute it to 100 ml with ultra pure
water. Filter sample through

0,2 um membrane and inject.
External standard method is used.
Standard is injected and the average
of two injections is used for

one-point calibration.

Results
are given as % of natural weight or

as % of dry matter

100 *A =100,

¢ ()= m(sample) * dm /b of dm

c(x) = 100-4 % of nw
m(sample)
C(X) betaine content of sample (% of dm or, % of nw)
A concentration given by the integrator, mg/100 ml
m(sample) sample weight, mg
dm dry matter
nw natural weight

—b—
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3-Hydroxy-3-Methylbutyric Acid

(HMB)

SCOPE

This test procedure describes the assay of 3-Hydroxy-3-methylbutyric acid and its salts (Na, Ca).

Principle Analytical balance (accuracy % 0.1

The sample is dissolved in water mg, Mettler AT 163).

and the solution acidified with per-

chloric acid. The components are Equivalent instruments and appara-

separated by gradient elution on a tus may be used in place of those

polymer phase column and detect- listed above.

ed at 210 nm. 3-Hydroxy-3-

methylbutyric acid is quantified If necessary, the parameters should

using an external standard. be adjusted to meet the require-
ments.

Instruments, reagents, standards

and accessories Procedure
Water: e.g. prepared with HPLC Parameters
MilliQ, Millipore Guard column: PRP-1 Guard
Acetonitrile: e.g. Merck gradient Column, Art.
grade Art. No. 1.00030 79445, Hamilton
Perchloric acid: 60 %, puriss. p.a., Analytical column: PRP-1 Analytical
e.g Art. 77232, Column, 150 x
Fluka 4.1 mm, 5 um,
Art. 79444,
HMB: Assay 3-Hydroxy-3- Hamilton
methylbutyrate Column temperature: 20°C — 30°C
ca salt : 78.2 wt.%, Eluent A: Perchloric acid
titration (50 mM) [8.37 ¢
Pump: Kontron Pump 420+ perchloric acid
Gradient Former 425 60% to 1000 ml]
Autoinjector: Kontron Autosampler Eluent B: Acetonitrile
460 Flow rate: 1.0 ml/min
Detector: Kontron DAD 440 Detection: 210 nm
Integrator: ~ Kontron Kroma Injection volume: 100 ul
System 2000 Run Time: 15 min
Post Time: 6 min

67|
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Gradient:
0 95 5
9 95 5
12 15 85
15 15 85

Retention time HBUS approx. 3.5 min

Integration parameters:

Integrator OFF 0.000
Integrator ON 2.500
Integrator OFF 6.000

The oven temperature has proved
to be insignificant between
20 and 30 °C.

The integration parameters must be
adjusted according to the instru-
ment used.

Analytical column

If any of the following symptoms
occur, then either the analytical
column must be rinsed with
acetonitrile, or the guard column
or analytical column need to be

replaced:
Double peaks

Peak width of 3-hydroxy-3-methyl-

butyric acid over 0.5 min

Tailing factor (USP) > 2

ol

Calibration solution

100 to 150 mg calcium 3-
hydroxy-3-methylbutyrate
calibration standard of known
assay are weighed out accurately to
T 0.1 mg into a 25 ml volumetric

flask and about 20 ml water are
added.

The flask is placed in an ultrasonic
bath for 5 * 2 minutes to dissolve
the material, then 0.5 ml perchloric
acid (60 %) are added and the flask

is filled up to the mark with water.

Sample solution

100 to 150 mg of the sample are
weighed out accurately to

T 0.1 mg into a 25 ml volu-
metric flask and about 20 ml water
are added. The flask is placed in an
ultrasonic bath for 5 = 2 minutes
to dissolve the material, then

0.5 ml perchloric acid (60 %) are
added and the flask is filled up

to the mark with water.

Blank solution
0.5 ml perchloric acid (60%) are
diluted to 25 ml with water.

81 to 83 wt. %

3-Hydroxy-3-methylbutyric acid



Analysis

Before each analysis series the

column is rinsed with acetonitrile:

water 80:20 for appr. 15 minutes!

Duplicate determinations are
carried out for all samples.
Two blank solutions are injected

before each series.

The injection sequence is:
1. Blank sample (2x)

. Calibration (3x)

. Control calibration

. Blank sample

. Sample 1, 1.Inj.

. Sample 1, 2.Inj.

. Sample 2, 1.Inj.

0 N O 1ok W

. Sample 2, 2.Inj.
9. Blank sample

10. Sample 3, 1.Inj.
1. ..

Generally, after 2 duplicate
determinations, a blank sample
is injected.

After 4 duplicate determinations,

a calibration solution is injected.

The calibration solution is injected

at least 5 times during a sequence.
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Evaluation

Assay (G%) of 3-hydroxy-3-methylbutyric

acid in wt %

Gop = EKeFPeT
EP * FK
where:
EK Mass taken for calibration solution 1
FP Area from sample solution
EP Mass of sample taken
FK Area from calibration solution 1
T Assay of calibration standard in wt %

The average from duplicate deter-
minations is submitted as the result.
The result is given to a maximum
of 4 significant figures. The relative

standard deviation of the duplicate

determination must be less than 1 %.
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Omega-3 und

Omega-6 fatty acids

OMEGA-3-ACID TRIGLYCERIDES

Definition

Mixture of mono-, di- and triesters
of omega-3 acids with glycerol
containing mainly triesters and
obtained either by esterification of
concentrated and purified omega-3
acids with glycerol or by transes-
terification of the omega-3 acid
ethyl esters with glycerol.

The origin of the omega-3 acids is
the body oil from fatty fish species
coming from families like
Engraulidae, Carangidae, Clupeidae,
Osmeridae, Salmonidae and
Scombridae.

The omega-3 acids are identified
as the following acids:
alpha-linolenic acid (C18:3 n-3),
moroctic acid (C18:4 n-3),
eicosatetraenoic acid (C20:4 n-3),
timnodonic (eicosapentaenoic)
acid (C20:5 n-3; EPA), heneicos-
apentaenoic acid (C21:5 n-3),
clupanodonic acid (C22:5 n-3)
and cervonic (docosahexaenoic)
acid (C22:6 n-3; DHA).

Content:

- sum of the contents of the
omega-3 acids EPA and DHA,
expressed as triglycerides: mini-
mum 45.0 per cent,

- total omega-3 acids, expressed as

triglycerides: minimum 60.0 per
cent. Tocopherol may be added as

an antioxidant.

Identification

Examine the chromatograms
obtained in the assay for EPA

and DHA.

Results: the peaks due to eicos-
apentaenoic acid methyl ester and
to docosahexaenoic acid methyl
ester in the chromatogram
obtained with test solution (b) are
similar in retention time and size
to the corresponding peaks in the
chromatogram obtained with

reference solution (a).

TESTS

Absorbance (see PhEur 2.2.25):
maximum 0.73 at 233 nm.
Dilute 0.300 g of the substance to
be examined to 50.0 ml with
trimethylpentane R. Dilute 2.0 ml
of this solution to 50.0 ml with
trimethylpentane R.

Acid value (see PhEur 2.5.1):
maximum 3.0, determined on
10.0 g in 50 ml of the prescribed

mixture of solvents.

—b—
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1.C14:0 8.C18:2 n-6
2.Cl6:0 9.C18:3n-3
3.Cl6:1 n-7 10.C18:4 n-3
4.Cl6:4 n-1 11.C20:0
5.C18:0 12.C20:1n-11
6.C18:1 n-9 13.C20:1 n-9
7.C18:1 n-7 14.C20:1 n-7

Figure 1352.-2. — Chromatogram
for the assay of total omega-3 acids
in omega-3-acid triglycerides.

ASSAY

Carry out the operations as rapidly
as possible, avoiding exposure to
actinic light, oxidising agents,
oxidation catalysts (for example,

copper and iron) and air.

Examine by gas chromatography
(see PhEur 2.2.28)

15.C20:2 n-6 22.C21:5n-3
16.C20:4 n-6 23.C22:5n-6
17.C20:4 n-3 24.C22:5n-3
18. EPA 25. DHA
19.C22:0 26.C24:1 n-9
20.C22:1n-11

21.C22:1 n-9

7]

The assay is carried out on the
methyl esters of all-cis-eicosa-
5,8,11,14,17-pentaoic acid (EPA;
20:5 n-3) and all-cis-docosa-
4,7,10,13,16,19-hexaenoic acid
(DHA; 22:6 n-3) in the substance
to be examined.
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Internal standard. Methy! tricosanoate R

Test solution (a)

Dissolve 0.300 g and about

70.0 mg of the internal standard in
a 0.05 g/1 solution of butyl-
hydroxytoluene R in trimethyl-
pentane R and dilute to 10.0 ml
with the same solution.

Introduce 2.0 ml of the solution
obtained into a quartz tube and
evaporate the solvent with a gentle
current of nitrogen R. Add 1.5 ml
of a 20 g/1 solution of sodium
hydroxide R in methanol R, cover
with nitrogen R, cap tightly with a
polytetrafluoroethylene-lined cap,
mix and heat on a water bath for
7 min. Allow to cool, add 2 ml of
boron trichloride-methanol solu-
tion R, cover with nitrogen R, cap
tightly, mix and heat on a water-
bath for 30 min.

Cool to 40°C to 50°C, add 1 ml
of trimethylpentane R, cap and
shake vigorously for at least 30 s.
Immediately add 5 ml of saturated
sodium chloride solution R, cover
with nitrogen R, cap and shake

vigorously for at least 15 s.

Transfer the upper layer to a
separate tube. Shake the methanol
layer once more with 1 ml
rimethylpentane R. wash the
combined trimethylpentane
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extracts with two quantities, each
of 1 ml, of water R and dry over
anhydrous sodium sulphate R.
Prepare two solutions for

each sample.

Test solution (b)

Dissolve 0.300 g in a 0.05 g/1
solution of butylhydroxytoluene R
in trimethylpentane R and dilute
to 10.0 ml with the same solution.
Proceed as described for the test

solution (a).

Reference solution (a)

Dissolve 60.0 mg of docosa-
hexaenoic acid ethyl ester CRS,
about 70.0 mg of the internal
standard and 90.0 mg of
eicosapentaenoic acid ethyl ester
CRSin a 0.05 g/I solution

of butylhydroxytoluene R in
trimethylpentane R and dilute to
10.0 ml with the same solution.
Proceed as described for the test

solution (a).

Reference solution (b)

Introduce 0.3 g of methyl palmitate
R, 0.3 g of methyl stearate R, 0.3 g
of methyl arachidate R and 0.3 g
of methyl behenate R into a 10 ml
volumetric flask, dissolve in a

0.05 g/1 solution of butylhydroxy-
toluene R in trimethylpentane R
and dilute to 10.0 ml with

the same solution.
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The chromatographic procedure

may be carried out using:

- A fused-silica column at least
30 m long and 0.25 mm in
internal diameter coated with
macrogel 20 000 R
(film thickness 0.25 wm),

- Hydrogen for chromatography R
or helium for chromatography R
as the carrier gas where oxygen
scrubber is applied,

- a flame-ionisation detector
- a split injector (1:200),

maintaining the temperature
of the column at 170 °C for
0.5 min, then raising the
temperature at a rate of 10 °C
per minute to 240 °C and
maintaining at 240 °C for

22 min; maintaining the
temperature of the injection
port at 250 °C and that of
the detector at 280 °C.

Inject twice 1 wl of each solution.

The assay is not valid unless:

- the chromatogram obtained
with reference solution (a)
shows three peaks
corresponding to EPA-methyl
ester, methyl tricosanoate
and DHA-methyl ester,

- the chromatogram obtained
with reference solution (b)
gives area per cent composi-
tions increasing in the follow-
ing order: methyl palmitate,
methyl stearate, methyl
arachidate, methyl behenate;
the difference between the
percentage area of methyl
palmitate and that of methyl
behenate is less than two area

per cent units,

experiments using the method
of standard additions to test
solution (a) show more than
95 per cent recovery of the
added eicosapentaenoic

acid ethyl ester CRS and
docosahexaenoic acid ethyl
ester CRS, when due
consideration has been given
to the correction by the

internal standard.
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Calculate the percentage content of
EPA and DHA, expressed as triglyce-
rides, using the following expression
and taking into account the assigned

value of the reference substances:

m, omixv'oio °
m A m 0.955 100

(A, * C) is a correction term for
any peak-co-eluting with the inter-

nal standard:
c=A
A,

mass of the internal standard in test solution (a) in milligrams,
mass of the sample in test solution (a) in milligrams,
mass of the internal standard in reference solution (a) in milligrams,

mass of eicosapentaenoic acid ethyl ester CRS or docosahexa-
enoic acid ethyl ester CRS in reference solution (a) in milligrams,

area of the peak corresponding to eicosapentaenoic acid
methyl ester or docosahexaenoic acid methyl ester in the
chromatogram obtained with test solution (a),

area of the peak corresponding to eicosapentaenoic acid
methyl ester or docosahexaenoic acid methyl ester in the
chromatogram obtained with reference solution (a)

area of the peak corresponding to methyl tricosanoate in the
chromatogram obtained with test solution (a),

area of the peak corresponding to eicosapentaenoic acid methyl
ester in the chromatogram obtained with test solution (a),

area of the peak corresponding to the internal standard in the
chromatogram obtained with reference solution (a),

area of the peak in the chromatogram obtained with test solu-
tion (b) with a retention time corresponding to that of the peak
due to the internal standard in the chromatograms obtained
with test solution (a) and reference solution (b),

area of the peak corresponding to eicosapentaenoic acid methyl
ester in the chromatogram obtained with test solution (b).

Total omega-3-acids

From the assay for EPA and DHA,
calculate the percentage content
of the total omega-3-acids,

as triglycerides, using the
following expression and
identifying the peaks from

the type chromatogram

(Figures 1352.-2):

EPA + DHA + “w* (EPA T DHA)

AEPA + ADHA

EPA percentage content of EPA obtained from the assay for EPA
and DHA,

DHA percentage content of DHA obtained from the assay for EPA
and DHA,

An,3 sum of the areas of the peaks corresponding to C18:3 n-3,
C18:4 n-3, C20:4 n-3, C21:5 n-3 and C22:5 n-3 methyl esters
in the chromatogram obtained with the test solution (b),

AEPA area of the peak corresponding to EPA methyl ester in the
chromatogram obtained with the test solution (b),

ADHA area of the peak corresponding to DHA methyl ester in the
chromatogram obtained with the test solution (b).

Storage

Store in an airtight, well-filled
container, protected from light,

under an inert gas.

Method taken from the monograph of
the European Pharmacopoeia 01/2005:1352
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Conjugated linoleic acid methyl

and ethyl ester
(CLA ME and CLA EE)

PRINCIPLE

CLA ester is a mixture of various isomers of the methyl or ethyl ester of conjugated
linoleic acid (linoleic acid: 9¢, 12¢-18:2).

CLA-ME and CLA-EE are extracted with ethyl acetate. The content is determined

quantitatively using HPLC via external standardisation.

Reagents and Equipment Add 50-100 mg of BHT, fill up
Ethyl acetate with ethyl acetate and treat the
Acetonitrile closed volumetric flask in an ultra-
sonic bath for 20 min at room
Methanol temperature, shaking occasionally.
2,6-Di-tert-butyl-4-methyl phenol After settling, either filter a part of
(BHT) the supernatant solution directly

into an HPLC-vial, or carry out any
Reference standards CLA-ME and

intermediate dilution step neces-
CLA-EE

sary (the concentration of the sub-
Disposable syringes sequent measuring point should be

Disposable filter, 0.45 ym flanked by two calibration points).

Crushing mill
Calibration

Heatable ultrasonic water bath Weigh-in oily formulations and

HPLC equipment: isocratic opera- adsorbates in 100 ml volumetric
tion, UV-detection flasks.

Assay The concentration of active
Sample preparation components in the weighed
Weigh-in oily formulations and portion should be 5-50 mg.

adsorbates in 100 ml volumetric
flasks. Add 50-100 mg of BHT, fill up

with ethyl acetate and treat the

The concentration of active closed volumetric flask in an ultra-
components in the weighed sonic bath for 20 min at room
portion should be 5-50 mg. temperature, shaking occasionally.
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After settling, either filter a part of
the supernatant solution directly
into an HPLC-vial, or carry out
any intermediate dilution step
necessary (the concentration

of the subsequent measuring
point should be flanked by two

calibration points.

HPLC conditions

Column LiChosorb RP-18, 5 mm, 250 x 4 mm
Mobile ph(lSC 90% acetonitrile with 10% methanol
Flow rate 0.8 ml/min

Injection volume 5l

Column temp. 10°C

Detection diode array detector, 233 nm

Quantification peak area, external standard

Calculation

Concentration of the standard solutions

p(mg/ml) = — "W
D+ 100 * 100
W, mass share of the CLA standard (%)
D dilution factor
m; weigh-in (standard) in mg
P concentration of the standard in mg/ml

Carry out the calculation separately
for all CLA-ME and CLA-EE

solutions.

76| BASF

Determination of the response
factor (RF)

A,
pS

RF =

A area of the calibration peak in the
chromatogram

P concentration of the reference standard

Determination of the content in the

specimen:

w, (g/100g) = A DV

10 « RF *m,

area of the calibration peak in area units

dilution factor

B

extraction volume (ml)
RE response factor

weighed portion of specimen in g

W mass component of the relevant analyt in the specimen
in %.

—b—
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