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Modified starch — Determination of adipic acid content of
acetylated di-starch adipates — Gas chromatographic method

D

1 Scop

This Interpational Standard specifies a method for the gas chromatographic determination of total gdipic content
and free afipic acid content of acetylated di-starch adipates.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
Internatiorjal Standard. At the time of the publication, the editions indicated were valid. All standards gre subject to
revision, and parties to agreements based on the International Standard are encouraged to inyestigate the
possibility jof applying the most recent editions of the standards indicated below. Members of IEC and SO maintain
registers df currently valid International Standards.

ISO 1666:[1996, Starch — Determination of moisture'content — Oven-drying method

ISO 3696:[1987, Water for analytical laboratory~ise — Specification and test methods

3 Princ|ple

The test portion is dispersed in-moderately concentrated sodium hydroxide solution, to hydrolyse fully the adipate
from the sfarch. After acidification, the free adipic acid is extracted with ethyl acetate. The ethyl acetate is removed,
and the dry residue is silylated. An aliquot portion of this solution is injected into a gas chromatograph gquipped with
a capillary|column. Pimefic acid is used as internal standard.

Free adipi¢ acid is_extracted by washing out the starch with water, acidifying the extract, and extracting|the free acid
with ethyl acetate:

The deter

4 Reagents and materials

Use only reagents of recognized analytical grade.

4.1 Water, complying with at least grade 3 in accordance with 1ISO 3696.
4.2 Waxy maize starch , commercial grade.

NOTE Waxy maize starch is chosen as the base material, as it represents the bulk of starch adipate on the market. This may
be substituted with another native starch, if appropriate.
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4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

Adipic

acid solution , p(CgH1004) = 50,0 mg/l.

Pimelic acid solution , p(C7H1204) = 50,0 mg/l.

Sodium hydroxide solution , ¢(NaOH) = 4 mol/l.

Hydrochloric acid , concentrated, c(HCI) = 12 mol/l.

Ethyl acetate (C4HgO»).

Nitrogen gas , purity 99 %.

©1SO

Acetor]

Silylat

(TMCS).

itrile

on reagent : bis(trimethylsilyl)trifluoroacetamide (BSTFA) which includes 1 % trimethylc

4.11 Helium gas , purity 99,9999 % (e.g. grade N60).

4.12

4.13

Hydro

Air, pu

5 Appara

Usual labora

5.1

Glass

rubber seals

jen gas , purity 99,99 % (e.g. grade N400 or better).

rity 99,999 % (e.g. grade S).

us
ory apparatus and, in particular, the following.

feaction tubes, 100 mm x 16 mm, with screw@aps fitted with polytetrafluoroethylene (PTF
resistant to concentrated hydrochloric acid (4:6).

s, adjustable, of 1,00 ml and 5,00 ml capacity, accurate to 0,01 ml.

shaker.
r pipettes.

g device , capable-of being maintained at (30 £ 2) °C.

Ultras¢nic bath—, power 120 W.

5.2 Pipettq
NOTE Thep
5.3 Rotany
5.4 Pastel
5.5 Heatin
5.6 Evapo
5.7

58 Gasc

pettes should be tested to see if they cemply to manufacturer's tolerance. Calibration may be required.

hlorosilane

F) covered

Fation device,; based on solvent removal with a stream of nitrogen (e.g. Pierce Reacti-Vap III)1).

hromatograph , accommodating capillary columns, fitted with a flame ionization detector,

on-column

injector, and a computer integrator. See annex A for typical conditions for chromatography.

5.9 Sieve, 800 um.

5.10 Blade mill.

5.11 Laboratory centrifuge , capable of operating at a radial acceleration of 1 100 gp,.

1) Ppierce Reacti-Vap Il is an example of suitable apparatus available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this apparatus.
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6 Sampling

It is important that the laboratory receive a sample which is truly representative and has not been damaged or
changed during transport or storage.

Sampling is not part of the method specified in this International Standard.

7 Preparation of test sample

Sieve the laboratory sample through the 800 um sieve (5.9). If the material does not pass through the sieve, then
grind the pampte with—a bfade mitr(5-10) untit it passes comptetely througih the 800 T Sieve. Homogenize the
sample.

8 Procedure

8.1 Calibration for total adipic acid content

8.1.1 Weigh, to the nearest 0,1 mg, approximately 50 mg of waxy maize_starch (4.2) into each pf four glass
reaction tybes (5.1).

8.1.2 Info one tube, pipette (5.2) 1,00 ml of adipic acid solution (4.3) ‘and into the others 0,75 ml| 0,50 ml and
0,25 ml, rgspectively, of adipic acid solution (4.3).

8.1.3  Adgljust the volume in each tube to 1,5 ml with water (4:3) and add 1,00 ml of pimelic acid solution (4.4) to
each tube| Each tube then contains 50 pg of pimelic acid, and*50,0 ug, 37,5 ug, 25,0 ug and 12,5 ug réspectively of
adipic acid.

NOTE It i§ possible that pimelic acid contains some adipi¢ acid. If this is proven, a fifth tube should be prepared in a similar
fashion but|without addition of adipic acid solution (4.3)s

8.1.4 Agitate the tubes manually to dispersethe starch fully. Add 2,5 ml of sodium hydroxide solutior] (4.5).
8.1.5 Seal the tubes well and place en:the rotary shaker (5.3) for 5 min.

8.1.6 Remove the tubes and, with-cooling, add 1,0 ml of hydrochloric acid (4.6). Mix well.
8.1.7 Add 5 ml of ethyl acetate (4.7). Seal the tubes tightly and shake vigorously for 1 min.

8.1.8 Let the tubes stand until good phase separation is achieved. With a Pasteur pipette (5.4)] transfer the
supernatapt layer (ethyl acetate) to a clean screw-top tube.

Make surqg that none of the aqueous layer is carried over with the organic layer.

8.1.9 Placethetubesinthe heating-device{5-5)-se
stream of nitrogen (4.8) with the evaporation device (5.6).

etely under a

8.1.10 Repeat steps 8.1.7 to 8.1.9 three times more, accumulating the dried residue in the same tube.

8.1.11 Dissolve the total residue in 0,6 ml of acetonitrile (4.9) and place the closed tubes in the ultrasonic bath
(5.7) for 2 min.

8.1.12 Add 0,3 ml of the silylation reagent (4.10). Close the tubes and homogenize in the ultrasonic bath for 2 min.

8.1.13 Place the tubes in the heating device (5.5) set at 30 °C, for 30 min to complete derivatization.
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8.1.14

chromatography.

8.2 Total adipic acid content

8.2.1
(5.1).

8.2.2
portion.

8.2.3

Proceed in accordance with 8.1.4 up to and including 8.1.14.

©1SO

Inject 0,5 ul of the solution into the gas chromatograph. See annex A for typical conditions for

Weigh, to the nearest 0,1 mg, approximately 50 mg of the prepared test sample into a glass reaction tube

Add 1,5 ml of water (4.1) and 1,00 ml of pimelic acid solution (4.4) and shake well to disperse fully the test

8.3 Calibra

8.3.1 Weig
reaction tube

8.3.2 Into
0,25 ml, resp

8.3.3 Adju
each tube. H

of adipic acid.

NOTE Itisp
fashion but wi

8.3.4 Seal

8.3.5 Renj
centrifuge (5

8.3.6 Tran

(4.6) and 5 njl of ethyl acetate (4.7).

ition for free adipic acid content

h, to the nearest 0,1 mg, approximately 500 mg of waxy maize starch (4.2) into-each of
s (5.1).

one tube, pipette (5.2) 1,00 ml of adipic acid solution (4.3) and into the~others 0,75 ml, 0
ectively, of adipic acid solution (4.3).

5t the volume in each tube to 4,0 ml with water (4.1) and add 1,00(ml of pimelic acid soluti

ach tube then contains 50 pg of pimelic acid, and 50,0 pg, 37,54dg, 25,0 ug and 12,5 pg, re

pssible that pimelic acid contains some adipic acid. If this is fraven, a fifth tube should be prepared
hout addition of adipic acid solution (4.3).

the tubes and agitate for 16 h in a shaker.

ove the tubes from the shaker and centrifuge for 5 min at a radial acceleration of 1 100
11).

sfer the clear supernatant liquid intoNa clean glass reaction tube (5.1). Add 50 ul of hydrog

the tubes tightly and shake vigorously for 1 min.

eed in accordance with 8.1.8 up to and including 8.1.14.

dipic acid content

4,0 ml'of water (4.1) and 1,00 ml of pimelic acid solution (4.4) and shake well to disperse fu

four glass

50 ml and

bn (4.4) to
spectively,

in a similar

Onp in the

hloric acid

h, to the nearest 0,1 mg, approximately 500 mg of the prepared test sample into a glass reaction tube

lly the test

8.3.7 Seal
8.3.8 Prog
8.4 Free a
8.4.1 Weig
(5.2).

8.4.2 Add
portion.
8.4.3

8.5 Moistu

Determine th

Proceed in accordance with 8.3.4 up to and including 8.3.8.

re content

e moisture content of the test sample in accordance with ISO 1666.


https://standardsiso.com/api/?name=9ee873d42c6d0ccb4d2e575a890d5697

©1S0 ISO 11215:1998(E)

9 Expression of results

9.1 Calibration graph

Establish retention times for pimelic acid and adipic acid, and determine the peak areas for the calibrant solutions
prepared (8.1.3). See annex B for a typical chromatogram.

Plot a graph with the different masses (in micrograms) of adipic acid added to the waxy maize starch on the x-axis,
and the corresponding ratios of the area of the adipic acid peak to the pimelic acid peak on the y-axis. Using linear
regression, derive the best fitting curve.

For each sample, calculate the ratio of the area of the adipic acid peak to the area of the pimelic acid peak, and
derive the|corresponding mass of adipic acid from the graph.

9.2 Calqulation of total and free adipic acid content

Calculate the total adipic acid content and the free adipic acid content of the dry test sample by the equition:

_my 100 %
Wy =+ X ——————
m  (100% - wy)

ig the adipic acid content, in milligrams per kilogram, of the drydest sample;

S

ig the mass, in micrograms, of adipic acid derived from the graph (9.1);

e

3

ig the mass, in grams, of the test portion;

4 the moisture content, in percentage by mass,of the test sample (see 8.5).

Wm
Round the result to the nearest 1 mg/kg.

9.3 Caldulation of bound adipic acid.content

Calculate the bound adipic acid content'\by subtracting the free adipic acid content from the total adipic pcid content.

10 Pregision

10.1 Intg¢rlaboratory test

Details of |an interlaboratory test on the precision of the method are summarized in annex C. The values derived
from this ipterlaboratory test may not be applicable to concentration ranges and matrices other than those given.

10.2 Repeatabitity

The absolute difference between two independent single test results, obtained using the same method on identical
test material in the same laboratory by the same operator using the same equipment within a short interval of time,
will in not more than 5 % of cases exceed the value of r mentioned in or derived from table 1.

10.3 Reproducibility

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 in not more than 5 % of cases exceed
the value of R mentioned in or derived from table 1.
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11 Test r¢

The test repg

0

0

all information necessary for the complete identification of the sample;

the sam
the test
the test
if the req

all opers
any incig

Table 1 — Repeatability limit ( r) and reproducibility limit ( R)
Mean total adipic acid content r R
mg/kg mg/kg mg/kg
90 5 33
386 21 91
405 7 114
430 22 142
659 36 175

pport

rt shall specify:

pling method used, if known;
method used;

esult obtained;

eatability has been checked, the final quoted result obtained;

©1SO

ting details not specified in this International Standard~or regarded as optional, together with details of

ents that occurred when performing the method whieh may have influenced the test result(s).



https://standardsiso.com/api/?name=9ee873d42c6d0ccb4d2e575a890d5697

©1S0 ISO 11215:1998(E)

Annex A
(informative)

Typical conditions for chromatography

A.1 Column

WCOT fused silica, 0,32 mm internal diameter, 10 m length, coating CP-SIL 5CB, thickness 0,12 um.

A.2 Opegrating conditions

Helium (4.11), carrier: 25 kPa (0,25 bar)
Hydrogen|(4.12) : 50 kPa (0,5 bar)
Air (4.13) 100 kPa (1,0 bar)

A.3 Chiomatograph conditions

Detector: 300 °C.

A.4 Temperature-time programme

Initial temperature: 100 °€
Hold time: 2min
Rate of in¢rease: 25 °C/min
Final temperature: 290 °C
Hold time: 5 min
Cool tempgrature: 100 °C

NOTE Thé¢ conditions'described have been successfully used for the analysis. A column of a different specificgtion, using the
same liquid phase «will*also resolve the silylated acids, but probably with conditions modified from those describegl.
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Annex B
(informative)

Typical chromatogram

Figure B.1 shows a typical chromatogram of an acetylated adipyl cross-linked corn starch sample. The retention
time of the adipic acid derivative is 3,2 min, and of pimelic acid 3,7 min.

ADPZO0D25 RAW
60 [ H

50 —

3,74

40| —

5323

30 —

20 4

10| A

1,98

I | [ J i [ |
0 1 2 3 4 5 6 7 min

Figure B.1 — Typical chromatogram of an acetylated adipyl cross-linked
corn starch sample
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Annex C
(informative)

Results of an interlaboratory trial

An international collaborative test involving nine laboratories was carried out on five different samples of acetylated
di-starch adipates with waxy maize starch as the base material.

The results obtained were subjected to statistical analysis in accordance with ISO 5725 [1] to give the precision data

shown in tables-G-1and-G2
Table C.1 — Statistical results for total adipic acid content
Parameter Sample 1)
3 4
Number [of laboratories retained after eliminating 9 9 9
outliers
Number of outliers (laboratories) 0 0 0 1 1
Number ¢f accepted results 18 18 18 16 16
Mean totl adipic acid content, mg/kg 430 386 659 90 405
Repeatall)ility standard deviation (s,), mg/kg 22 21 36 5 7
Repeatall)ility relative standard deviation, % 51 5,3 55 5,4 1,7
Repeatall)ility limit (1) [r= 2,8 x 5], mg/kg 61 58 102 14 19
Reprodugibility standard deviation (sg), mg/kg 50 32 62 12 40
Reprodugibility relative standard deviation, % 11,7 8,4 9,4 13,0 10,0
Reprodugibility limit (R) [R = 2,8 x sg], mg/kg 142 91 175 33 114
1) All samples were acetylated di-starch adipates with waxy maize starch as the base material.
NOTE Reference [2] shows that better precision can be obtained with the method in certain cases.
Table C.2 +— Statistical results for free adipic acid content
Parameter. Sample 1)
1 2 3 4 5
Number |of laboratories iretained after eliminating 9 9 9 8
outliers
Number ¢f outliers\(laboratories) 0 0 0 0 1
Number of aetepted results 18 18 18 18 16
Mean frep adipic acid content, mg/kg 33 110 17,8 14,6 100
Repeatability standard deviation (s,), mg/kg 3,4 6,1 2,0 2,3 2,5
Repeatability relative standard deviation, % 10,3 55 11,3 16,1 2,5
Repeatability limit (r) [r= 2,8 x 5], mg/kg 9,6 17,1 5,7 6,6 7,0
Reproducibility standard deviation (sg), mg/kg 11,4 29,3 6,0 6,0 31,2
Reproducibility relative standard deviation, % 35,0 26,7 33,7 41,0 31,2
Reproducibility limit (R) [R = 2,8 x sg], mg/kg 32,4 82,8 17,0 17,0 88,3
1) All samples were acetylated di-starch adipates with waxy maize starch as the base material.
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Annex D
(informative)
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