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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
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Animal feeding stuffs — Enzymatic determination of total starch
content

1

This jnternational Standard specifies a method for the enzymatic determination of the total star
animal feeding stuffs and raw materials for animal feeding stuffs.

The

It is
extin

The Inalytical range of the method is 40 g/kg to 1 000 g/kg starch~Fhe standard procedure is

the r
stand

cope

ethod is also applicable to the determination of the purity of starch.
important that in the sample matrix no components are present which contribute to th

ction at 340 nm.

nge 200 g/kg to 1000 g/kg. For the lower range, 40 g/kg to{200 g/kg, another dilution proc
ard glucose solution and samples can be used.

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO

ISO ¢

3

For the purpose ofthis’"document, the following terms and definitions apply.

3.1
starg
natur

Terms and definitions

ormative references

nces, only the edition cited applies. E@p undated references, the latest edition of th
ment (including any amendments) appliés.

696:1987, Water for analytical laberatory use — Specification and test methods

498:1998, Animal feeding stuiffs — Preparation of test samples

h
plvegetable polymer consisting of long linear unbranched chains of 1,4-a-D-glucose un

ch content of

e measured

applicable to
edure for the

t. For dated
b referenced

ts (amylose)

and/

r leng o-1.6-branched chains of a-1.4-linked glucose units (amylopectin)

3.2

starch content
mass fraction of starch and its high molecular mass breakdown products, insoluble in 40 % ethanol, and
determined in accordance with the method of this International Standard

NOTE The starch content is expressed in grams per kilogram.
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4 Principle

The milled test sample is extracted with 40 % ethanol to remove the soluble sugars. Sample disintegration
and starch solubilization is achieved by dispersing the extracted test portion in aqueous DMSO (90 % volume
fraction) at 100 °C, followed by addition of concentrated hydrochloric acid at 60 °C. The solubilized and
dissolved starch is quantitatively converted into glucose by the enzyme amyloglucosidase. The glucose
quantification is carried out by the well-known hexokinase method (see [1], [2]).

5 Reagents

Use only reafents of recognized analytical grade.
5.1 Water| complying with at least grade 3 in accordance with ISO 3696:1987.

5.2 Ethanpl (C,H50H), 40 % (volume fraction)

Take 417 ml|of ethanol (96 % volume fraction) and dilute with water to 1 000 ml
5.3 Hydroghloric acid, ¢(HCI) = 12 mol/l.
5.4 Aquequs sodium hydroxide, ¢(NaOH) = 4 mol/l.

Dissolve in @ beaker 40 g of NaOH in about 50 ml water. After cooling, transfer quantitatively to a 2p0 ml
volumetric fl3sk and dilute to the mark with water.

WARNING — Heat develops. Wear safety glasses.

5.5 Acetid acid solution, ¢(CH3;COOH) = 2 mol/l.

Add to a 500 ml volumetric flask about 200 ml water, followed by 59 ml of glacial acetic acid. Dilute o the
mark with water.

5.6 Sodium acetate solution, ¢(CH;CQONa) = 2 mol/l.
Dissolve, in @ 500 ml volumetric flask, 82,0 g of sodium acetate in water and dilute to the mark with water|
5.7 Sodium acetate buffer,¢(GH;COONa/H) = 2 mol/l, pH = 4,8.

Mix 41 ml of acetic acid“solution (5.5) with 59 ml of sodium acetate solution (5.6). Check the pH with a
pH-meter ang, if necessary, adjust to obtain the correct pH with the acetic acid or the sodium acetate solytion.

Prepare a frgsh buffer solution daily.

5.8 AqueCWd‘ime’t‘h‘y‘l‘su‘l‘fo*i‘de, (UDMSO) —96% (VU:UIIIU fractior |).
Mix pure DMSO and water in a volume ratio of 9:1.
5.9 Clarifying solutions, according to Carrez, prepared as follows.

5.9.1 Potassium hexacyanoferrate(ll) solution, c[K,Fe(CN)g] = 0,25 mol/l.

In a 1 litre volumetric flask, dissolve 106 g of potassium hexacyanoferrate(ll) trinydrate [K,Fe(CN)g-3H50] in
water. Dilute to the mark with water.

5.9.2 Zinc acetate, solution in 0,5 mol/l acetic acid, c[Zn(CH3CO,),] = 1 mol/l.

2 © ISO 2004 — All rights reserved
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In a 1 litre volumetric flask, dissolve 219,5 g of zinc acetate dihydrate [Zn(CH3CO,),-2H,0] and 30 g of glacial
acetic acid in water. Dilute to the mark with water.

5.10

lodine solution in potassium iodide

In a 1 litre volumetric flask, dissolve 12,7 g of iodine (I,) and 24,0 g of potassium iodide (KI) in water. Dilute to
the mark with water. Dilute this solution 10-fold before use.

5.11

Standard glucose solution

5.11.1 Samples containing 200 g/kg to 1 000 g/kg starch

Prepjare three independent standard glucose solutions (c =0,0194 mol/l). In each 100 ml~veol

disso

5.11.

Prepare three independent standard glucose solutions (¢ = 0,0039 mol/l). In_each 500 ml vold

disso

Prepare fresh standard glucose solutions daily.

5.12

Dissd
(AMd
and t

When another enzyme is used, the activity should\be estimated as given in Note 1. The mass o

shou

NOTH
Stand
1 umd

NOTH
5.13
No. 7
5.13.
5.13.

Dissd
and

I Buffer/substrate solution (Bottle 1)

lve 350 mg anhydrous glucose (CgH4,0) to the nearest mg in water. Dilute to the markywith

P Samples containing 40 g/kg to 200 g/kg starch

lve 350 mg + 1 mg of anhydrous glucose (CgH,,0g) in water. Dilute to the-mark with water.

Amyloglucosidase solution, 160 U/ml AMG.

Ive, in a mixture of 9 ml of water and 1 ml of sodium acetate buffer (5.7), 267 mg of amyl
) [EC 3.2.1.3 (Aspergillus niger; Roche Diagnostics, No. 1 202 367, 6 U/mg)].!) With respe
he use of the enzymes, follow carefully the recommendations of the enzyme supplier.

d be adapted to the activity found.

1 Different enzyme suppliers use different definitions for the units of activities of enzymes. In th
ard the following definition for the unit of activity for AMG has been used: 1 unit of amyloglucosida
| of glucose from glycogen in 1 min at 25 °C and pH = 4,75.

2 10 ml of enzyme solutions)is enough for about 75 determinations.
D-Glucose UV test set, for quantifying glucose enzymaticly, with the hexokinase method

162512), according.to’the manufacturer, the unused kits may be stored for 1 year at 4 °C
1to 5.13.3.

Ive the content of Bottle 1 in 45 ml of freshly prepared distilled water. Store this reagent in
Hark\ place for not longer than for 4 weeks. Use the required amount of this solutior

Lmetric flask
water.

metric flask,

bglucosidase
ct to storage

f the enzyme

s International
e will release

R-Biopharm,
, as given in

a cool (4 °C)
at ambient

temp

erature.

5.13.2 Enzyme solution (Bottle 2)

This solution is ready for use.

1)

Roche Diagnostics No. 1 202 367 is an example of a suitable product 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

produ
2)

ct.

R-Biopharm AG No. 716251 is an example of a suitable product 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 products.
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5.13.3 Colouring solution

Mix 22,5 ml of buffer/substrate solution (5.13.1) with 95 ml of water and 0,45 ml of enzyme solution (5.13.2)
and homogenize. This amount of reagent is enough for a series of about 40 measurements. If more or less
measurements are be carried out, the mixing volumes may be adapted.

Only use fresh prepared colouring solutions at ambient temperature.

6 Apparatus

Usual labora

6.1 Analy

6.2 Centri
(the value of

6.3 Water

6.4 Water

6.5
0,01 pH unit.

6.6
and a dispe
6.7 Spect

6.8 Rotary

6.9 Dispe

6.10 Heatin

6.11 Centri
seals.

6.12 Meas\

It shall be po

6.13 Tube
the starch, a

6.14 Shaking-water bath, adjusted to (100 + 2) °C, with a stroke of 2 cm and a shaking frequency of 1

OTy apparatus and, in particular, the following.

ical balance, capable of weighing to the nearest 0,1 mg.

ffuge, with an acceleration of (180 + 10) g and of 3 000 g, suitable for screw cap. tubes of
o is given for the bottom of the tube).

bath, adjusted to (100 + 2) °C.

bath, adjusted to (60 + 1) °C.

pH-meter, calibrated, with a combined glass electrode, capable of measuring the pH to the ne

Microlitre pipettes, calibrated and adjustable from 40 pl to 200-ul, 200 pl to 1 000 pl, and 1 ml to

ser, adjustable from 1 ml to 5 ml.

fometer, with a flow cuvette, capable of measuring at 340 nm.

¥ shaker, speed 50 r/min, for screw-cap-clesed centrifuge tubes (6.11).
1sor/diluter (e.g. Hook & Tucker Conipudil D3)).

g oven, with forced air circulatioh.

ffuge tubes, 100 mm x 16 mm, made of glass, with screw cap fitted with PTFE covered r

ring flasks, of capacity 100 ml, wide-neck, equipped with a ground glass joint 14/23.

5sible to measure the pH in the flask with the combined glass electrode.

mixer, (e.g/ Vortex mixer3)), for the alternative method for the disintegration and solubilizat
5 described in 8.4.2. The following apparatus is also needed.

12 ml

arest

5 ml,

ibber

on of

50 to

200 strokes per minute. The water bath should be equipped with a holder in which the tubes fit horizontally in

the water.

6.15 Centrifuge tubes, made of glass, of capacity at least 20 ml, with a screw cap fitted with PTFE covered

rubber seal.

6.16 Glass

pearls, 3 mm in diameter.

3) Hook and Tucker Compudil D and Vortex are examples of suitable products available commercially. This information
is given for the convenience of users of this International Standard and does not constitute an endorsement by ISO of
these products.
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7 Preparation of test sample

Prepare the test sample in accordance with ISO 6498.

8 Procedure

8.1 Test portion

Carry out the determination in duplicate.

Weigh approximately 200 mg of the test sample (Clause 7), to the nearest 0,1 mg, in a centrifug* tube (6.11).
In a $econd centrifuge tube, weigh, to the nearest 0,1 mg, another 200 mg as the duplicate of the pretreated
sample (Clause 7).

Repgat the procedure for each tube.

8.2 | Extraction of the sugars
Add fo each tube 10 ml of ethanol (5.2). Extract the solubilized sugars by-tetating the suspension|continuously

for 10 min in the rotary shaker (6.8). Then centrifuge for 10 mif in the centrifuge (6.2) yith a radial
acceleration of (180 + 10) g and discard the supernatant. Repeat this extraction procedure once ggain.

8.3 | Sample blank

From| this stage in the procedure, in each analysis series a sample blank shall be analysed. Use an empty
tube ps a sample blank.

8.4 | Disintegration of the starch

8.4.1 General

The dlisintegration/solubilization of.starch may be carried out in two ways, i.e. according to 8.4.2|or according
to 8.4.3. When the alternative procedure (see 8.4.3) is used, the larger glass reagent tubes with screw caps
(6.15) shall be used.

8.4.2] Procedure |

With the dispensof under continuous vortex mixing on a vortex mixer (6.13), add 10,0 ml of agyeous DMSO
solution (5.8) to the tube and keep mixing until a lump-free suspension is obtained. Close the fube with the
screw cap.

NOTH Vigorous homogenization during the addition of DMSO is necessary to prevent the formatign of microgel
and/of lumps. Microgel and lumps will result in incorrect starch contents

— due to microgel and lumps producing an inhomogeneous sample solution, and

— the microgel and lumps will not completely be hydrolysed by AMG into glucose, so an incorrect (mostly too low)
starch content will be determined.

Immediately after homogenization, attach the tube to the rotary shaker (6.8) and disintegrate the starch under
continuous rotation for 30 min in an oven (6.10) set at 100 °C. Cool the tube and add, with an adjustable
pipette (6.6), 1,7 ml of concentrated hydrochloric acid (5.3) and mix well. Close the tube and place it in the
rotary shaker. Partly hydrolyse the sample by placing the tube under continuous rotation for 30 min in an oven
(6.10) set at 60 °C.

Proceed as in 8.4.4.

© 1SO 2004 - All rights reserved 5
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8.4.3 Procedurell

Add 15 glass pearls (6.16) to the residue in the glass centrifugation tube (6.15). Add with a dispensor/diluter,
under continuous vortex mixing on a Vortex mixer (6.13), 10,0 ml of aqueous DMSO solution (5.8) to the tube
until a lump-free suspension is obtained. Close the tube with the screw cap.

NOTE Vigorous homogenization during the addition of DMSO is necessary to prevent the formation of microgel
and/or lumps. Microgel and lumps will result in incorrect starch contents

due to microgel and lumps producing an inhomogeneous sample solution, and

the micrqge
starch coptent will be determined.

low)

vater.
d mix
Partly

Place the tuhe horizontally in the holder of the water bath (6.14) and shake the tube for 30 min in‘bailing
Cool the tubé and add, with an adjustable pipette (6.6), 1,7 ml of concentrated hydrochloric acid{(5.3) an
well. Close fhe tube and place the tube in a water bath adjusted to a temperature of (60'+ 1) °C.

hydrolyse thg

Proceed as i

8.4.4 Adju

Cool the tuq
aqueous SO
Measure the
hydrochloric

sample by shaking the tube for 30 min in the water bath at (60 + 1) °C.

N 8.4.4.

stment of pH

e and transfer the contents quantitatively to a 100 ml volumetric flask (6.12). Add 5,0
ium hydroxide (5.4) and 2,5 ml of sodium acetate buffer:(5.7) and homogenize the sol
pH of the solution with the pH-meter (6.5). Adjust the pH, if necessary, to 4,8 + 0,1 with
Aacid or sodium hydroxide. Rinse the pH electrode indthie volumetric flask and dilute the solut

the mark with water.

8.5 Enzyrn

hatic conversion of the starch into glucose

Pipette (im
calculation i
dry glass tu

Inactivate th
add, by pipe
pipette, 0,12
solution (=¥
Transfer the

Check for th
cooling, and
therefore inc
sample resta

ediately after careful homogenization), with the adjustable pipette (6.6), 5,00 ml (=
9.2) of the homogenized solution/of\dissolved and partly degraded starch (8.4.4) in a clea

ml of
ition.
dilute
on to

7, in
h and

(6.11). Add by pipette (6.6), 0,125"'ml of the AMG enzymatic solution (5.12). Close the tubg with
a screw cap pnd homogenize well. Incubate the solution in a water bath set at 60 °C overnight for at leas

AMG by placing the tube (in)boiling water for 15 min. Cool the tube to ambient temperatur
tte, 0,125 ml of potassium’ hexacyanoferrate(ll) solution (5.9.1) and shake for 1 min. Ad
b ml of zinc acetate solution (5.9.2) and shake again for 1 min. The tube now contains 5,3
b in calculation in 9:2). Then centrifuge for 10 min with radial acceleration of at least 3 (
supernatant to a-clean and dry tube.

b presence of-starch by adding a few millilitres of water to the centrifuge tube, boiling for 1
then adding 0,2 ml of iodine solution (5.10). A blue colour indicates the presence of starc
bmplete.conversion. The solution for that test portion shall be discarded and the analysis fo
rted\(see 8.1).

16 h.
b and
d by
/5 ml
00 g.

min,
h and
r that

8.6 Enzymatic determination of the glucose content

8.6.1

Samples containing 200 g/kg to 1 000 g/kg starch

Dilute, with the dispensor/diluter (6.9), 0,5 ml of the supernatants of the hydrolysed starch solutions (8.5), the
sample blank (8.3), the three standard glucose solutions (5.11), and the water blank (5.1), respectively, with
9,5 ml of water (5.1) and homogenize.

© ISO 2004 — All rights reserved
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8.6.2 Samples containing 40 g/kg to 200 g/kg starch

Dilute, with the dispensor/diluter (6.9), 0,5 ml of the supernatants of the hydrolysed starch solutions (8.5), the
sample blank (8.3), the three standard glucose solutions (5.11), and the water blank (5.1) respectively with
1,5 ml water (5.1) and homogenize.

If a low starch content is expected (< 200 g/kg), it is advisable to improve the sensitivity of the determination
by applying another ratio of dilution for the enzymatic conversion of the starch into glucose. It is strongly
recommended to use the same ratio of dilution for the sample blank. It is also recommended to prepare the
standard glucose solutions at a comparable lower concentration level and to dilute these standard solutions in
the same way as is done for the sample solution and the blank.

The ¢olorimetric measurements of the blanks (8.3), the water blank (5.1), and the three glucoge standards
shall pe carried out in duplicate. Samples containing hydrolysed starch shall be measured onge.

8.6.2| Pipette, with the adjustable pipette (6.6), 0,4 ml of the diluted solution into a clean, dry ceptrifuge tube.

Add, by pipette (6.6), 2,62 ml of colouring solution (5.13.3), and mix well. Measure the\absorbancg (see 6.7) of
the splution at 340 nm against water.

9 Calculation and expression of results

9.1 | Calibration graph

Calcylate the corrected absorbance value for each of the standard glucose solutions using the equation:

F1gs = (EOQS - EOwb)

wherg
K1g4s s the numerical value of the corrected absorbance of the standard glucose solution;
Kogs s the numerical value of thelabsorbance of the standard glucose solution;

Fowp is the numerical value-efithe mean of the absorbance of the water blanks.

The gqverage corrected abserbance value of the water blanks is (by definition) equal to zero.

Using linear regression-analyses, calculate the calibration graph for the corrected absorbance values against
the glucose content (inygrams per litre) of the undiluted standard glucose solutions.

Calcylate the corrécted absorbance value of each of the sample solutions using the equation:

F1s ~(£o0s — Eosb)

wher

E.s is the numerical value of the corrected absorbance of the sample solution;

Eys is the numerical value of the absorbance of the sample solution;

Epgp is the numerical value of the mean of the absorbance of the sample blanks.

Using the calibration graph (9.1), calculate the glucose content (pg) of the undiluted sample solutions (8.5), in
grams per litre.

See Annex A.

© 1SO 2004 - All rights reserved 7
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9.2 Starch content

Calculate the starch content of the test sample using the equation:

100
Pg % x Vo x0,9
g V1 2
Wg =
mq
where

w, iS t[‘n numarical valua of the starch cantant of thae test samnle in arames naer kiloaram:

S PTTETTTET TR AT o ekl TR R - - ST,y T gr=reTy P TRITE g T
Pyg is the numerical value of the glucose content of the sample solution, calculated accordingyto 9.

grams per litre;

Vi isth
Vo is th
(=5

For calculating the starch content using the above equation, its is necessary that corresponding dilutions

been used fq

10 Precis

10.1 Interlaboratory test

Details of an

from this int¢rlaboratory test may not be applicable to concentration ranges and matrices other than

given.

10.2 Repeatability

The absoluts
identical test

interval of time, will in not tmere than 5 % of cases be greater than the repeatability limit of

— 14 g/kg

— 17 g/kg

e numerical value of the pipette volume of the starch solution in 8.5 (= 5,00 mf),-in millilitres;

e numerical value of the total volume after enzymatic conversion of the-starch into glucose
,375 ml), in millilitres;
e numerical value of the mass of the test portion, in grams.

r both the sample in 8.6.1 and the standard glucose solutions in 5.11.

on

interlaboratory test on the precision of the method is summarized in Annex B. The values ds¢

difference between-two independent single test results, obtained using the same methg
material in the;same laboratory by the same operator using the same equipment within a

or peas, dairy compound feed and tapioca,

orpiglet feed, and

— 48 g/kg for layer feed (see Annex B).

10.3 Reproducibility

1,in

n 8.5

have

rived
hose

d on
short

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 be greater than the reproducibility limit of

— 25 g/kg for piglet feed,

— 34 g/kg for tapioca,

© ISO 2004 — All rights reserved
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— 36 g/kg for dairy compound feed,
— 48 g/kg for layer feed, and

— 50 g/kg for peas (see Annex B).

11 Test report

The test report shall specify:

— 1-I‘I information necessary for the complete identification of the sample;
e sampling method used, if known;
— the test method used, with reference to this International Standard;

— all operating details not specified in this International Standard, or regarded as optional, fogether with
details of any incidents which may have influenced the test result(s);

— the test result obtained, or the two test results obtained if the repeatability has been checked

© 1SO 2004 - All rights reserved 9
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Annex A
(informative)

Notes on procedure
A.1 From statistics, it is known that the reliability of a calibration curve, calculated using linear regression

analysis, based on a blank and a standard solution, each measured three times, is better than a calibration
curve based on a blank and five standard solutions of different concentrations, each measured once (see [5]).

A.2 In thisjmethod it is assumed that the sample matrix has no influence on the absorbance of theysgmple

blank. It is n¢cessary to control this every time new sample matrices are tested with this method( This can be
done in the fpllowing way.

Prepare an amount of the colouring reagent according to 5.13.3, without the enzyme solution. Pipette 0,4 ml
of the diluted sample solutions (prepared according to 8.6.1) to be tested, and also of the diluted sample plank,
in a glass reagent tube. Pipette 2,6 ml of the colouring reagent without enzyme into these tubes.

After 30 min [to 60 min, measure the absorbance of all these measuring solutions)at 340 nm. The absorjance
difference bgtween the sample solutions and the sample blanks should nof\éxceed 0,002. When for cgrtain
sample matrices this difference is larger, this method is not applicable to-these sample matrices. The sample
matrices studlied for this International Standard, i.e. starches, animal feeding stuffs, cereals (maize, whegt and
quinoa) and freeze-dried potato pulp, all meet this condition.

10 © 1SO 2004 — All rights reserved
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