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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Animal feeding stuffs — Determination of tryptophan
content

1 Scope

This International Standard specifies a method for determination of the total and free tryptophan (Trp)
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remixtures containing more than 2 % of tryptophan.

bs not distinguish between D- and L-forms.

Principle

he determination of the total tryptophan, the sample is hydfolysed under alkalin
saturated barium hydroxide solution and heated to 110 °C for-20 h. After hydrolysis
lard is added.

he determination of free tryptophan, the sample is extracted under mild acidic cond
ence of an internal standard. For commercial pure stibstances and premixtures cont
2 % of tryptophan, it is possible to add the interndl’standard after the extraction.

tryptophan and the internal standard in th&‘hydrolysate or in the extract are det
'sed phase C1g HPLC with fluorescence detection.

Reagents and materials

nly reagents of recognized analytical grade, unless otherwise specified.
Double-distilled water, or water of equivalent purity (conductivity <10 uS/cm).

Standard substance and control substance: tryptophan (purity 299 %) dried un
phosphorus pentoxide.

two products are considered as 100 % pure. Control substance shall come fr
[facturerthian the standard substance (see 3.17.2).

The control of the purity of the standard substance can be performed by measuring th
plution of tryptophan at 280 nm. Prepare a solution of about 5 mg/1in HCI 10-3 N from a stocK

W materials,
substances

b conditions
an internal

itions in the
aining more

ermined by

der vacuum

bm another

e absorbance
solution and

hn is:

meas

we‘the nph'r‘a] nnncify (nn) 2t 280 nmversus HC110-3 N 'T'hnn’ the concentration anrypfnph

C=0D/5 630 * 10+06

where

5630 is the molar extinction coefficient of tryptophan in water at 280 nm;

C isexpressedin umole/l.

The standard substance purity is then (C/Cg)*100 where Cp is the theoretical concentration of the diluted
solution, expressed in yumole/1 (about 25 umole/1).

The c

© ISO

ontrol of the purity is performed every 6 months of use; it shall be 299 %.
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3.3 Internal standard substance: a-methyltryptophan (purity =299 %), dried under vacuum over

phosphorus

3.4 Bariu

pentoxide.

m hydroxide octahydrate.

Care should be taken not to expose the Ba(OH); 8H20 excessively to air in order to avoid formation of
BaCO3, which could disturb the determination (see observation in B.3).

3.5 Sodiu

m hydroxide.

3.6 Orthgphosphoricacid, w==85%%:

3.7 Concgntrated hydrochloric acid, pzp = 1,19 g/ml.

3.8 Meth4nol, HPLC grade.

3.9 Light

3.10 Sodiu
Dissolve 40,

petroleum, boiling range 40 °C to 60 °C.

im hydroxide solution, c = 1 mol/l.

3.11 Hydrgchloric acid, c = 6 mol/l.

Take 492 m] of HCI (3.7) and make up to 1 I with water (3.1):

3.12 Hydrgchloric acid, c = 1 mol/l.

Take 82 ml

fHCI (3.7) and make up to 11 with water (3.1).

3.13 Hydrgchloric acid, c = 0,1 mol/L

Take 8,2 ml

of HCI (3.7) and make up toyl'1 with water (3.1).

3.14 Orthgphosphoric acid, c = 0)5 mol/l.

Take 34 ml

3.15 Conce

In a 500 ml
hydrochlori

f orthophosphaerie acid (3.6) and make up to 11 with water (3.1).

-18 °C for a maximum of four weeks

0 g of NaOH (3.5) in water (3.1) and make up to 1 1 with water (3.1).

ntrated tryptophan standard solution and control solution (3.2), c= 0,50 g/1.

volumetric flask, dissolve 0,25 g of tryptophan (3.2) (weighed to the nearest 0,1 mig) in
C acid (3.13) and make up to the mark with hydrochloric acid (3.13). Store at approxim|

ately

3.16 Concentrated internal standard solution, c = 0,54 g/1.

In a 500 ml volumetric flask, dissolve 0,27 g of a-methyltryptophan (3.3) (weighed to the nearest
0,1 mg) in hydrochloric acid (3.13) and make up to the mark with hydrochloric acid (3.13). Store at
approximately -18 °C for a maximum of four weeks.

3.17 Calibration standard solutions of tryptophan and internal standard.

3.17.1 Calibration standard solution for the analysis of tryptophan in feeding stuffs, (c = 0,010 g/1).

Take 2,00 ml of the concentrated tryptophan solution (3.15) and 2,00 ml of concentrated internal
standard solution (a-methyltryptophan) (3.16). Dilute with water (3.1) and methanol (3.8)

2
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to approximately the same volume and to approximately the same concentration of methanol
(10 % to 30 %) as the finished hydrolysate.

This

solution shall be prepared freshly before use.

Protect from direct sunlight during preparation.

3.17.2 Calibration standard solution of tryptophan for the analysis of tryptophan in commercial
pure substances and premixtures containing more than 2 % of tryptophan, (¢ = 0,010 g/1).

Take 2,00 ml of the concentrated tryptophan solution (3.15) and 2,00 ml of concentrated internal

stan
Dilut]
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For v
This
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trypf

3.18

3.19
Add

NOTH
reasg

3.20

Dissq
solut

Shelf
be cH

See §
chea

4

fardsotutiomteemrethyttryptophan3-163:

e it with hydrochloric acid 0,1 mol/1 (3.13) in a 100 ml volumetric flask. Fill up to'the n
solution shall be prepared freshly before use.

ect from direct sunlight during preparation.

erification of the calibration standard solution, it is possible to use a-control solution of
control solution is prepared and analyzed as it is described for, the“calibration standj
thall come from another manufacturer than the standard substance (3.2). The
ophan in the control solution sample shall be between 99 %-dand 101 %.

Ethanolamine >98 %.

1,1,1-Trichloro-2-methyl-2-propanol solution:

| g of 1,1,1-trichloro-2-methyl-2-propanol tocl00 ml of methanol (3.8).

ns and may require special disposal.

Mobile phase for HPLC.

lve 3,00 g of acetic acid in 900'ml of water (3.1) and add 50,0 ml of 1,1,1-trichloro-2-methyj
ion (3.19). Adjust the pH(to'5,00 using ethanolamine (3.18). Make up to 1 000 ml with w3

life of the mobile phase (especially stability of the mixture of acetic acid and ethanola
ecked by the retention times.

1Iso Annex BAfor an alternative mobile phase: The mixture of phosphate buffer and
ber and harmless; pH adjustment is not necessary. The mixture is very stable.

Apparatus

hark.

tryptophan.
ird solution,
recovery of

1,1,1-trichloro-2-methyl-2-propanol, solution (3.19) could be considered critical for epvironmental

|-2-propanol
ter (3.1).

mine) has to

methanol is

Usua

4.1

4.2

4.3

4.4

4.5

© ISO

1 laboratory apparatus and, in particular, the following.

HPLC equipment with a spectrofluorimetric detector.

Liquid chromatographic column, 125 mm x 4 mm, with C1g, 3 um packing, or equivalent.

pH-meter.
Polypropylene flask, of capacity 125 ml, with wide neck and screw cap.

Membrane filter consisting of cellulose acetate (0,45 um or 0,22 um pore size).

2016 - All rights reserved
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lave, capable of being maintained at (110 * 2) °C, [(140 £ 10) kPa (1,4 £ 0,1) bar].

A pressure-tight covered dish that may be put into a drying oven adjustable to (110 * 2) °C can be used.

4.7 Mechanical shaker or magnetic stirrer.

4.8 Vortex mixer.

4.9 Glassware - filters.

4,10 Grady

jated Erlen meyers flasks: 200 ml, 250 ml, 600 ml.

4.11 Volunmpetric: 100 ml, 500 ml, 1 000 ml (all class A).

5 Procedure

5.1 Preparation of samples

5.1.1 Fee

ling stuffs

Grind the s

mple to pass through a 0,5 mm sieve. Samples high in moisture shall be either air-drie

temperatur¢ not exceeding 50 °C or freeze-dried prior to grinding» Samples with high fat content
be extracted with light petroleum (3.9) prior to grinding.

5.1.2 Commercial pure substances and premixtures-containing more than 2 % of tryptoph

Grind the sgmple to pass through to a 0,25 mm sieve-and homogenize it well.

5.2 Detel

5.2.1 Fee

Weigh, to th
conical flas}
solution (3.
Allow the s{
of orthophg
methanol (3
Transfer to

for the chro

‘mination of free tryptophan-(extract)

ling stuffs

e nearest 1 mg, an apprdpriate amount (1 g to 5 g) of the prepared sample (5.1.1) i
k. Add 100,0 ml of hydrochloric acid, (3.13) and 5,00 ml of concentrated internal stan
16). Shake or mix“for 60 min using a mechanical shaker or a magnetic stirrer

pdiment to settlé-and pipette 10,0 ml of the supernatant solution into a beaker. Add
sphoric acid (314). Adjust the pH to 3,0 using sodium hydroxide (3.10). Add suffi

h volumetric flask of appropriate volume and dilute with water (3.1) to a volume nece;s
matography [approximately, the same volume as the calibration standard solution (3.1

1l ata
shall

nto a
dard
(4.7).
5 ml
cient

.8) to give\a concentration of between 10 % and 30 % of methanol in the final volume.

sary
7.1)].

Filter a few]

millilitres of the solution through a 0,45 yum or 0,22 um membrane filter (4.5) b

cfore

injection on

the HPLC column. Proceed to the chromatography step according to 5.4.

Protect the standard solution and extracts against direct sunlight. If it is not possible to analyze the
hydrolysates the same day, they may be stored at 5 °C for a maximum of three days.

5.2.2 Commercial pure substances and premixtures containing more than 2 % of tryptophan

Weigh to the nearestof 0,1 mg, 0,5 gto 5 g of well homogenized sample (5.1.2), depending on the expected
concentration of tryptophan in the sample (for example, see Annex C) into a 1 000 ml volumetric flask.

Fill up to volume with 0,1 mol/1 hydrochloric acid (3.13).

The mixture is stirred during 30 min on a mechanical shaker or a magnetic stirrer (4.7). Allow the
particles to settle.

4
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Transfer an aliquot of 2 ml of clear solution into a 100 ml volumetric flask. Add 2 ml of the concentrated

inter

nal standard (3.16).

Fill up to the mark with 0,1 mol/1 hydrochloric acid (3.13).

This diluted test solution should have a tryptophan concentration as close as possible as the tryptophan
concentration in the calibration standard solution (3.17.2) and the internal standard concentration
shall be similar (c = 0,010 8 g/1) to the one of the calibration standard solution (c = 0,010 g/1, 3.17.2).
Refer to Annex A for example of samples preparation.

Filter a few millilitres of the solution through a 0,45 ym or 0,22 ym membrane filter (4.5) before

injec

Prot
thes

5.3

Weig
flask
hydr
4.7)
wate|
boili

Befo

of B4(OH), 8H30, add to the warm mixture 30 ml of water (3.1) which is at room temperaty

Stir §
the v

Then
6 md
meth
toa\y

for the chromatography (for example, 100 ml). The addition of methanol should not cause p

Filte
injec

Prot
the b

5.4

The
prov

tion on the HPL.C column Proceed to the chromatography step accordingto 54
pct the standard solution and extracts against direct sunlight. If it is not possible to'do

ame day, then the extracts shall be stored below 5 °C for not more than three days-

Determination of total tryptophan (hydrolysates)

h, to the nearest 0,2 mg, from 0,1 g to 1 g of the prepared sample (5.1.1) into the pg
(4.4). The weighed test portion should have a nitrogen content of @bout 10 mg. Add 8,4
pxide octahydrate (3.4) and 10 ml of water (3.1). Mix on a vortex mixer (4.8) or mag
Leave the Teflon-coated magnet in the mixture. Wash down the walls of the vessel
r (3.1). Put on the screw cap and close the flask loosely. Trardsfer to an autoclave (4.6) wh
g water and steam for 30 min to 60 min. Close the autoclave and autoclave at (110 * 2)

e openingtheautoclave, reduce the temperature tojustunder 100 °C.Inordertoavoid cr}

bently. Add 2,00 ml of concentrated internal standard solution (a-methyltryptophan)
essel in a water/ice bath for 15 min.

, add 5 ml of orthophosphoric acid (3.14). Keep the vessel in the cooling bath and ney
1/1 HCI (3.11) whilst stirring and adjust the pH to 3,0 using 1 mol/l HCI (3.12). Ag

rolumetric flask of appropriate velume and dilute with water (3.1) to the defined volun|

F a few millilitres of the solution through a 0,45 ym or 0,22 ym membrane filter
tion on the HPLC column: Proceed to the chromatography step according to 5.4.

ect the standard-soldtion and hydrolysates against direct sunlight. If it is not possibl
ydrolysates thé'same day, they may be stored at 5 °C for a maximum of three days.

HPLC determination

the analyses

lypropylene
g of barium

netic stirrer
vith 4 ml of
ich contains
°C for 20 h.

ystallization
re. Shake or
(3.16). Cool

tralize with
Id sufficient

anol to give a concentration of between 10 % and 30 % of methanol in the final volume. Transfer

e necessary
recipitation.

(4.5) before

e to analyze

follewdnig conditions for isocratic elution are offered for guidance; other conditions may be used,

ded they yield equivalent results

Liquid chromatographic column (4.2): 125 mm x 4 mm, with C1g, 3 um packing or equivalent

Column temperature:

Mobile phase (3.20):

Flow rate:

Total run time:

© ISO

Room temperature

Dissolve 3,00 g of acetic acid in 900 ml of water (3.1)

and add

50,0 ml of 1,1,1-trichloro-2-methyl-2-propanol solution (3.19).
Adjust the pH to 5,00 using ethanolamine (3.18). Make up to

1 000 ml with water.
1 ml/min

approximately 34 min

2016 - All rights reserved


https://standardsiso.com/api/?name=c25d44197d492197514aae3f617a23ce

ISO 13904:2016(E)

Detection wavelength: excitation: 280 nm; emission: 356 nm

Injection volume: 20 ul

6 Calculation of results

6.1 Feeding stuffs

The content of tryptophan, w, in grams per 100 g of sample, is calculated:

w— Ais,Jal x Atrp,sam x Vtrp X Ctrp x Vis,sam x 100 (1)
A X A 1% Xm

. X V.
is,sam trp,cal is,cal

where
Ajscal [is the peak area of the internal standard in the calibration standard solution (3.17.1);
Atrp,samlis the peak area of tryptophan in the extract (5.2.1) or hydrolysate’t5:3);

Verp is the volume, in millilitres (2 ml), of concentrated tryptophanolution (3.15) added tp the
calibration solution (3.17.1);

Ctrp is the concentration, in grams per litre (=0,50), of coneentrated tryptophan solution (3.15)
added to the calibration standard solution (3.17.1);

Vis,sam |is the volume, in millilitres, of concentrated intetfnal standard solution (3.16) added af the
extraction (5.2.1) (=5,00 ml) or to the hydrolysate (5.3) (=2,00 ml);

Viscal |is the volume, in millilitres (=2,00 ml), of concentrated internal standard solution (3.1p)
added at the calibration solution (3.17.1);

Ajs,sam |is the peak area of the internal standard in the extract (5.2.1) or hydrolysate (5.3);
Atrp,cal |is the peak area of the tryptophan calibration standard solution (3.17.1);

m is the sample mass, in grams (corrected to the original mass if dried and/or defatted),
6.2 Comrpercial pure products and premixtures containing more than 2 % of tryptophan

6.2.1 Conitrol of thecalibration

It is necessqry to«werify the quality of this solution. If it does not conform, a new solution mugt be
prepared (3{17.2):

Analyze a calibfation solution after every four test solutions-

6.2.2 Calculation
The content of tryptophan, w, in grams per 100 g of sample, is calculated by Formula (2):

Ais,cal X Atrp,sam X Ctrp xdx100
o (2)

Ais,sam x Atrp,cal xm

where

Ajscal  isthe peak area of the internal standard in the calibration standard solution (3.17.2);

6 © IS0 2016 - All rights reserved
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Ajssam is the peak area of the internal standard in the diluted test solution (5.2.2);

Atrp,sam is the peak area of tryptophan in the diluted test solution (5.2.2);

Atrp,cal  is the peak area of tryptophan in the calibration standard solution (3.17.2);

Cerp concentration of the standard calibration solution (3.17.2) in g/I;
m is the sample mass in g;
d dilution factor (see Annex C).
7 Precision
7.1 | Interlaboratory test
7.1.1 Feeding stuffs
Detajls of an interlaboratory test on the precision of the method are summarized in Annex 4. The values

deriy
than

7.1.2

Detal
deriy
than

7.2

7.2.1
The

those given.

those given.
Repeatability

Feeding stuffs

hbsolute difference between:two independent single test results, obtained using the s

on identical test material in the.same laboratory by the same operator using the same equip,

a shg

given in Tables A.1to A3.

7.2.2
The

hbsolute difference between two independent single test results, obtained using the s

on identicaktest material in the same laboratory by the same operator using the same equip

a shd

rt interval of time, will not in more than 5 % of the cases be greater than the repeatal

give1|1 imAnnex D.

ed from this interlaboratory test may not be applicable to concéntration ranges and matrices other

Commercial pure substances and premixtures containing more than 2 % of tryptophan

Is of an interlaboratory test on the precision of themethod are summarized in Annex I). The values
ed from this interlaboratory test may not be apphicable to concentration ranges and matrices other

hme method
ment within

rt interval of time, will'not in more than 5 % of cases be greater than the repeatabjility limit, r,

Commercial)pure substances and premixtures containing more than 2 % of tryptophan

hme method
ment within
ility limit, r,

7.3

Reproducibility

7.3.1 Feeding stuffs

The absolute difference between two single test results, obtained using the same method on identical
test material in different laboratories with different operators using different equipment, will not in
more than 5 % of cases be greater than the reproducibility limit, R, given in Tables A.1 to A.3.

© ISO
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7.3.2 Pure products and premixtures containing more than 2 % of tryptophan

The absolute difference between two independent single test results, obtained using the same method
on identical test material in different laboratories by different operators using different equipment, will
not in more than 5 % of the cases be greater than the reproducibility limit, R, given in Annex D.

8 Testreport

The test report shall specify the following:

a)
b)
‘)
d)

e)

all infor i i ificati ;
the samipling method used, if known;

the test

all oper
with de

the test

method used, with reference to this International Standard, i.e ISO 13904:2015;

ating details not specified in this International Standard, or regarded as-optional, together
Lails of any incidents which may have influenced the test result(s);

result(s) obtained, or, if the repeatability has been checked, the finalquoted result obtafined.

© ISO 2016 - All rights reserved
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(informative)
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An interlaboratory test for feeding stuffs was arranged within the European Union in which three
samples were analyzed by up to 12 laboratories to certify the method for hydrolysis. Five replicate

analyses were performed on each sample. The results are given in Table A.1.
Table A.1
Sample 1 Sample 2 Sample 3
Pig feed
Pig feed supplemented with Feedf%rncier;trate

L-tryptophan pig
Numper of laboratories submitting results 12 12 12
Numper o_f test results from remaining 50 55 50
laboratories
Mean value x, g/kg 2,42 3,40 1,22
Repdatability standard deviation, s,, g/kg 0,05 0,05 D,08
Repdatability relative standard deviation, % 1,9 1,6 1,9
Repgatability limit, r (=2,8 sy), g/kg 0,14 0,14 D,22
Reprjoducibility standard deviation, sg, g/kg 0,15 0,20 D,09
Reproducibility relative standard deviation; % 6,3 6,0 2,2
Reprjoducibility limit, R (=2,8 sg), g/kg 0,42 0,56 D,25
Another collaborative study wastarranged in which two samples were analyzed by up to 13 Jaboratories
to ceftify the method for extraetion of free tryptophan. Five replicate analyses were performed on each
sample. The results are givenin Table A.2.

Table A.2
Sample 4 Sampl¢ 5
Wheat and soyla mixture

Wheat and soya mixture

(=sample 4) w|

ith added

tryptophan (0457 g/kg)

Numberioflaboratories cnhmifﬁng results 12 12

Number of test results from remaining laboratories 55 60

Mean value x, g/kg 0,391 0,931
Repeatability standard deviation, s, g/kg 0,005 0,012
Repeatability relative standard deviation, % 1,34 1,34
Repeatability limit, r (=2,8 s,), g/kg 0,014 0,034
Reproducibility standard deviation, sg, g/kg 0,018 0,048
Reproducibility relative standard deviation, % 4,71 511
Reproducibility limit, R (=2,8 sg), g/kg 0,05 0,134
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Another interlaboratory test was arranged in which four samples were analyzed by up to seven
laboratories with the aim of a tryptophan certification for hydrolysis. The results are given in Table A.3.

Five replicate analyses were performed on each sample.

Table A.3
Sample 1 Sample 2 Sample 3 Sample 4
Mixed pig feed| Low-fat fish Soybean Skimmed
(CRM 117) meal meal milk powder
(CRM 118) (CRM 119) (CRM 120)
Number of lgboratortfessubmittimg resutts 7 7 7 7
glégllgigfiitse st results from remaining o5 30 30 30
Mean value k, g/kg 2,064 8,801 6,882 5,234
Repeatability standard deviation, s,, g/kg 0,021 0,101 0,089 0,04
Repeatability relative standard deviation, % 1,04 1,15 1,30 0,76
Repeatability limit, r (=2,8 s;), g/kg 0,059 0,283 0,249 0,117
Reproducibility standard deviation, sg, g/kg 0,031 0,413 0,283 0,221
Reproducibility relative standard deviation, % 1,48 4,69 4,11 4,22
Reproducibility limit, R (=2,8 sg), g/kg 0,087 15156 0,792 0,619
10 © IS0 2016 - All rights reserved
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Annex B
(informative)

Observations on the method

B.1 The following special chromatographic conditions may give better separation between tryptophan

nt

Ction)

hterial used.
han and the
bd from the
d be run in
e run time is

The linear
andard and

and gmethylterptephan-
I[soctjatic elution followed by gradient column cleaning:
Liquld chromatographic column: 125 mm x 4 mm, with C1g, 5 um packing erjequivalg
Column temperature: 32°C
Mobille phase: A: 0,01 mol/1 KH2PO4/methanol;95'+ 5 (volume fra

B: Methanol
Gradjient programme: Omin 100% A 0%B

15min 100% A 0% B

17 min 60% A_40% B

19 min 60 %A" 40 % B

21 min .100% A 0%B

33min 100% A 0%B
Flowrate: 152°ml/min
Tota] run time: Approximately 33 min
B.2 | The chromatography will.vary according to the type of HPLC and column packing m
The pystem chosen should.be’ capable of giving baseline separation between the tryptop
internal standard. Moreover, it is important that degradation products are well separat
trypfophan and the internal standard. Hydrolysates, without the internal standard, shou
ordef to check the baséline under the internal standard for impurities. It is important that th
suffi¢iently long fotthe elution of all the degradation products, otherwise late eluting peaks nmay interfere
with|subsequentichromatographic runs.
The cchrenyatographic system should give linear response over the range of operation
resppuse ‘should be measured with a constant (normal) concentration of the internal sf
Vary 115 LUllLClltl Qt;UllD Uf tl _yptuphau. It iD illllJUl tclllt that thC DiLC ufbuth thc tl _letUthclll

and internal

standard peaks are within the linear range of the HPLC/fluorescence system. If either the tryptophan
and/or the internal standard peak(s) is (are) too small or too high, the analysis should be repeated with
another sample size and/or a changed final volume.

B.3 With age, barium hydroxide becomes more difficult to dissolve. This results in an unclear solution
for the HPLC determination, which may produce low results for tryptophan.
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Annex C
(informative)

Sample preparation: Example for analyses in pure products and

premixtures
Table C.1
Concentrated
Expected frlee | Sample weight R Dilution fac- congeritration
Dilution standard .
Trp % (g)/1 000 ml . tord ofdree Trp in the
solution (3.16) .
solution (g/1
ml
2-10 500g 2mlin 100 ml 2 50 0,0020t0 0,014 0
10-20 2,50g 2mlin 100 ml 2 50 0,0050t0 0,019 0
20-40 1,25¢g 2mlin 100 ml 2 50 0,005 to 0,010(0
40 - 60 080g 2mlin 100 ml 2 50 0,006 4 to 0,009 6
60 - 80 0,60g 2mlin 100 ml 2 50 0,007 2t0 0,009 6
80 - 100 0,50g 2mlin 100 ml 2 50 0,008 0to0 0,019 0
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