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In the light of the results of a previous trial to find a suitable method for
measuring dietan fibre in cereal foods (Part I), a modified Englyst procedure
for measurement of non-starch poll'saccharides has been tcsted. Seventeen
laboratories panicipared in this phase of the study by analysing blind duplicate
samples of cereal foods including $holemeal. white, rye and pea-hull bread,
high and lo\a fibre brown bread. and a mixture of breads. In the trial, the
method showed good repeatability within laboratories but the reproducibility
between laboratories was unsatisfactory. Laboratories with expedence of this
type of analysis did significantly better than those without, possibly bccause of
the lack of suitable equipment for carbohydrate chemistry in the latter. Other
methods tested by some laboratories on the same samples were shown to be
inaccurate for the measurement of NSP. As a result of this t al, it is
recommended that the Englyst method be further modified to avoid the necd
for specialized equipment and expert knowledge of carbohydrate chemistry,
ard then be sub.iected to a new trial.

By the mid 1970s it was clear that dictary fibre consisted of a complex mixture
of polysaccharides with different chemical and physiological properties.
Although a number of methods for measurement of fibre had been developed,
none was sufficiently accurate for food labelling or detailed enough to provide
the necessary information for the investigation of the physiological properties of
these dietary polysaccharides. The variable and often conflicting results
reported in clinical experiments and epidemiological studies with fibre have
highlighted the need for an accurate and more informative method for its
measurement. It was therefore decided at the outset of the trials currently being
reportedl to determine dietary fibre as the sum of its chemical components.
Lignin, which is virtually absent from human foods, was excluded from the
method because it is not a carbohydrate, and for other reasons that were given in
the Report on Part I of the trialsl. Dietary fibre is defined, for analytical
purposes, as the sum of the non-starch polysaccharides (NSP) and measured as
the monosaccharides released by hydrolysis of NSP.

We have reportedl the results of an inter-laboratory collaborative trial of 5
methods for the determination ofdietary fibre in cereal foods. The study showed
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that widcly differing values could be obtained for the same sample with different
methods, and that considerable intcrlaboratory yariation occurred with any
given sample. No one method was satisfactory but it was fclt by thc Analytical
Advisory Panclr that the Englyst procedure2, used by 7 of the ZZ participants,
was the most accurate. gave the most uscful information and offered the greatest
potential for development as a statutory method.

A detailed description of the development of the Englyst procedure, and its
validation is given elscwhcrc2,3'4. The aim of the procedure is to measure the
non-starch polysaccharides in plant foods. In devcloping it, thcrcforc, thc main
purpose has been to identify and completely recover this fraction without
contamination from other polysaccharidcs such as starch. In thc mcthod, starch
is gelatinised and then removed by enzymic digestion. The remaining
polysaccharides are hydrolysed with 12 molil sulphuric acid and individual
sugars measured by gas liquid chromatography as alditol acetate derivatives.
Uronic acids are measured by a colorimetric method5. In addition to values for
total NSP. small modifications allow values to be obtained for cellulose. and
soluble and insoluble NSP.

Remoyal of Starch

A major problem in all methods for mcasurcment ofdietary libre (NSP) is thc
removal of starch. In the present method, which depends on identification of
component sugars after hydrolysis, starch must be removed completely so that
any glucose present can be considcrcd as dcriving from NSP. Contamination
with 2-3 per cent. of residual starch will lead to a substantial overestimate of
NSP in foods such as potatocs, white bread, rice and cornflakes, in which NSP is
a relatively small proportion of the total polysaccharidcs.

In thc method used in the previous triall, starch was dispersed in acetate
butler before enzymic hydrolysis with a mixture of G-amylase and pullulanase.
1'his procedure does not completelv rcmovc starch. lcaving bchind a fraction
rcsistant to enzvmic digestion (resistant starch, RS). To obtain a figure for NSP,
theretbre. the result had to bc corrccted for RS, which was measured separately
after dispersion with potassium hydroxide. For thc prcscnt trial, the method has
been modificd to include an initial treatment of the sample with dimethyl-
sulfoxide (DMSO), which renders all starch susceptible to enzymic hydrolysis.

Dimethylsulfoxide is known to be an effective agent for disrupting intermol-
ecular hydrogcn bonds6.7 and has been used in the measurement of starch8. In
preliminary studies. we obscrvcd that incubation in 100 per cent. DMSO. but
not 90 per cent., for 24 h at room temperature enabled the dispersion of all
starch from white brcad. However, these conditions failed to disperse
completelv the starch granules fiom wheat flour or to redisperse the resistant
starch from cookcd potatoes or dried peas. Starch in these products, and in high
amylose corn starch, was successfully dispcrscd with 100 pcr cent. DMSO at
100'C for t h. Foltowing this treatment, effective hydrolysis with a-amylase and
pullulanase was obtaincd by diluting DMSO 1 :5 with 0.1 molil sodium acetate
buffer at pH 5.2. This treatment with DMSO does not cause any loss of NSP3.

Two systems that measure NSP have been described. In one. starch is
dispersed with acetate buffcr and in the other with DMSO. For the present
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study, analysts were asked to measure NSP after complete starch removal using
DMSO. Some analysts also chose to follow the procedure detailed in the
previous trialt and measured NSP + RS. In addition, some laboratories
reported results using the method of Asp e, al.e, and the recently developed
AOAC methodro.

Collaborative Trial Organisation, Samples and Results

LABORATORIES AND METHODS

Seventeen analysts participated in the study. The method used was the
Englyst procedure as previously testedl, but with the modifications described
above.

The dry matter content of each sample was obtained by drying the
homogenised sample to constant weight at 103 (+2)"C.

SAMPLES

There were 7 samples analvsed bv participants. They ivere circulated as
"blind" duplicates-i.e. each analvst received 14 samples and was asked to
analyse each one once only.

The samples were:
(a) wholemeal bread
(b) brown bread, low fibre
(c) pea-hull bread
(d) rye bread
(e) white bread
(f) brown bread, high fibre
(g) 1:1 mixture of (e) and (f)

Samples were all prepared commercially by baking special lots. Each bake
was thoroughly ground and homogenised before being sent to participants.
Samples were coloured during preparation so that each appeared uniform when
finally received by the analyst.

Analysts were asked to analyse each sample once only and to report the single
result as a percentage by weight of the sample on a dry matter basis.

Statistical Analysis

The data obtained were analysed using Cochran's and Dixon's Tests for
outlying results with the procedures given by the British Standards Institutionll.
Some outlying results were found and these were not included in the calculation
of means (r), repeatabilities (r) nor reproducibilities (R), as defined by the
British Standards Institution.

Results

The results obtained by the participating analysts using the prescribed method
are given in Table I. Results that were obtained using other methods are given in
Table II. As may be seen from Table I, the method proved to be adequately
repeatable in any given laboratory but there was substantial variation between
laboratories, giving high reproducibility values (3.7-8.6); the greatest variability
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being sccn with wholemeal bread (R : 8.6) and the mixture ofbreads (R : 7.4).
The mixture gave results that were slightly higher at 5.7 per ccnt. than might
havc been expected, as the sample was prcpared from the white bread (3.3) and
brown bread (6.75) samples used in the trial. Mean valucs for the whole group
for each sample tended to be slightly higher than tbund by the Cambridge
laboratory (laboratory 8).

The majority of experienced analysts commentcd that the method worked
well and did not cause any major difficulties. A number of minor problems were
encountered however in laboratories with less experience in carbohydrate
analysis. Thcsc problems included the inadequate mixing of cnzyme and sample
during incubation, difficulties with the evaporation step and with the GLC
detcrmination of constituent sugars. More consistent difficulties were reported
with the barium carbonate neutralisation stage, which several laboratories
found slow, tedious and unsatisfactory. Some laboratories lacked equipmcnt
such as suitable glass tubes, a rotating device for incubation with enzyme and a
vortex evaporator. This led to samples being left for prolonged pcriods during
thc method at times when this was not appropriate. Much of the inter-laboratory
variation can probably be explained by the relative expcrience or inexperience
of each collaborating team with this type of analysis. Laboratories with
experience of, and equipment available for, similar carbohydrate chemistry
showed good agrecmcnt but inexperienced and less well equipped laboratories
did not.

Another reason for the discrepancies in the results relates to the use of GLC
column packing material of doubtful quality. At the time of the trial, packing
material bearing the label Supelcoport 100/200 mesh 3 per cent. SP 2320 (as
recommended in the procedure) was produced by a firm other than Supelco
Inc., Pennsylvania, U.S.A. This material was subsequently shown to bc
virtually useless for sugar analysis and this caused considerable problems for
some participants.

In addition to the main trial procedure, where starch is dispersed by DMSO,
six laboratories carried out the Englyst procedure using acetate butlerz. In
contrast to DMSO, acctate does not disperse all starch, and RS is included in the
value for total NSP. The results presented in Table lI show (except for
laboratory 15) good agreement within and between laboratories using this
method for measuring NSP + RS. The good agreement between laboratories
with this method resulted mainly because it was carried out by the more
experienced analysts. Since RS is included in the measurcment of NSP by this
technique, the results in Table II are significantly higher than those obtained by
dispersing starch with DMSO.

One experienced laboratory carried out measurements using the method of
Asp et al.e and the AOAC procedurelo. Results obtained by these procedures
were in close agreement with each other (Table II) but even highcr than the
Englyst NSP + RS values. Both methods are based on gravimetric analysis of
dietary fibre and share a number of features in common. Part of the difference
between Englyst NSP + RS and these two methods can be attributed to
"substances measuring as lignin", but this cannot be the explanation for food
such as white bread. After completion of the trial, an interlaboratory study
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TABLE I
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS

PERCENTAGE OF DIETARY FIBRE BY SIMPLIFIED DUNN NSP METHOD. (DRY MATTER BASIS)

S.rmplc type

Wholemeal
bread

Pcahull
bread

Ryc
bread

White
bread Mixture

Brown bread Brown bread
high fibre

Sample coie numbers

Laboratory l410 13

1

2
3
4
5

6
7
8
9

10

11
12
r3
14
l5
It)
"17

7.31. 7.13
5.68 5.84
9.45 9.26
8.74 7.79
10.59 11.08
fi.2a fi.12
1t.47 11.74
10.70 10.28
12.34 13.45
5.30, tz.w"
4.89 6.92
10.22 1.2.12

11.11 11.1r
10.95 12.12
14.34 14.28
2.39 2.30
8.93 9.11

3.95 3.35
5.43 5.n
5.33 5.52
0.20, fi.n"
6.30 6.13
7.r9 5.88
6.50 7.12
6.31 5.86
9 05 10.06
5.89 6.39
3.44 4.08
6.01 5.79
6.52 6.X
6.34 6.33
4.6U 10.94.1.r2 rn
5.24 5.62

4.64 5.19
5.01 1.33
6.01 '7.30

0.72" 1.5.02"
6.92 7.50
6.38 1.66
8.75 8.29
7-67 7.60
10.64 10.28
8.79 7.34
4.71 4.60
1.06 7.68
7.42 7.79
8.25 7.t6
5.s4, 14.94"
1.70 1.81
6.99 7-60

1.89 2.12
3.30 3.44
3.22 3.28
3.05. 5.64"
4.12 3 81

5.07 5.51
5.42 5.99
3.81 3.81
6.59. 7.70"
4.25 4.05
2.59 2-41
2.74 2.
3.95 3.38
5.37" 813,
4.43" 11 93"
0.68 0 70
3.97 3.82

1.19 t.05
8,73, 5.69"
27t 2.59
It 20 5.89
2.88 2 81

3.31 3.r9
4.37 4.52
3.25 3 13

8.10 7.69
2.63 3.80
1.61 2.65
2.38 2.21
3.84 3.67
3.16 2-12
2.62" 7.91^
0.59 0.51
2.64 2.79

3 91 3.88
4.',7a 7.32
6.23 7.44
5.38" 0.09.
8.94 9.ll
7.38 9.10
8.04 8.23
7.37 7.69

12.80b 12.78b
7.49 8.58
4.36 6.29
8.',74 7.24
1.99 8.05
7.2r 7.83
6.91 6.29
1.13 1.55
6 s1 6.35

3.52 3.05
4.55 4.34
4.69 4.38
10.02 10.69
5.61 5.89
5.12 5.94
7.6b 6.77b
5.56 5.26
9.08 9.45
5 84 6.14
3.29 3.88
4.84 4.40
5.32 5.96
5.24 4-71
10.58 12.19
1.09 1.30
5.22 5.03

o
i

=

2,

o
lrl

ir

Meani
Repeatability r
Reproducibility R

952
l.'74
E65

5.65
1.13
5.23

687
t.92
5.76

3.3
'\.49

5.50

3.1',7

0.59
3'73

6.75
2.26
5.69

569
1.20
'7.44

a,
h.

Result discardcd in Cochran's test at P < 0 05 levcl. Not included in the calculation of mean, rePeatability and reproducibility.
Resuh disca.ded in Dixon s tcst at P < 0.05 level. Not included in thc calculation of mean, repeatability and reproducibility. o.
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TABLE II
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS

PERCENTAGE OF DIETARY FIBRE BY ALTERNATIVE METHODS FOR NSP, (DRY MATTER BASIS)

Sample type

bread
Brown bread

lo$ fibre
Pcahull
bread

Brown bread
high fibre Mixturc

Rye White
bread

Sample code numbers

Laboratorv Melhoil 1410 12 i3

3

6
8

12
13

15

otherd
otherd

3-71
5.10
4.33
3.1',7

2-t9
2-87
4.8
4.4

7.57
u.28
8.62
8.,19
'7.07

6.83
9.9

10 1

NSP + RS! 10.65 10.85
NSP + RS 10.63 10.44
NSP + RS 11.46 11.76
NSP + RS 11.85 12.20
NSP + RS tt.0'7 9.89
NSP + RS 10.65 20.06
AsPo 13 6 l3'2
AOAC. 13.3 13.3

6.19 6.11
7.12 6.46
6.87 6.86
6.52 6.99
7.49 5 58
5.16 11.56
7.1 8.2
7.1 7.9

7 88 7.43
7.22 8.57
8.89 8.28
8.39 8.10'7.53 7.30
6-72 19.23
8.9 U.9
9.0 9.1

4.97 5.01
5.83 5.78
5-32 5.23
4.53 4.90
4.22 3.19
4.93 12.11.
5.5 6.1
5.4 5.8

3.',10 7.7'7
4.12 8.08
4.08 8.06
3.51 8.27
3.17 10.34
271 6.94,1.5 9.7
4.4 9.4

s.58 5.7r
7.32 6.56
6.05 6.03
7.65 5.99
4.86 5.14
5.04 12.60
7.0 7.2
7.3 7.4

v

z
O-
-l

S

a.

b.

d.

Englyst procedure, using acetate buffer for dispersing starch, Englyst et o1..79822.
Asp et al. , 1983e .

Prosky e, dl., 1984ro.
Laboratory experienced with this method.

I
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between the Department of Food Chemistry, Lund, Sweden and the Dunn
Clinical Nutrition Centre, Cambridge was carried out in which it was shown that
approximately half of the starch measured as RS by the Englyst procedure was
removed in the procedure of Asp er a/. Analysis of high and low-NSP cornflakes
gavc 2.8 g of RS/100 g for both samples by the Englyst procedure, but only 1'4
and 1 '3 g of RS/100 g was recovered from the two samples by the Asp procedure.
This remaining RS is included as dietary fibre in the Asp and AOAC
procedures.

Conclusion

The trial showed the Englyst method to be accurate and repeatable within
laboratories. but the reproducibility between laboratories was not satisfactory.
A major problem u as the lack of suitable equipment and experience in this sort
of chemistry. It is recommended that the method be further simplified and
adapted to avoid the need for special equipment and then submitted to a new
trial. Other methods tested in this trial gave values that were much greater than
true NSP content of foods and the discrepancies cannot bc accounted for on the
basis of the presence of RS alone.

Following completion of this trial. the Englyst procedure has been further
modified and subjected to validation by collaborative trial together with two
potential qualit] control procedures. A report of that trial will appear in a

subsequent issue of this Journal.
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APPENDIX I

MODIFIED ENGLYST PROCEDURE USED IN THE SECOND TRIAL

1. scops aNo FrELD oF AppLrcATIoN

The method determines the principal fraction of dietary fibre, the non-starch
polysaccharides (NSP), in foods of cereal origin.

2. osrrNrrroN

The content of dietary fibre: the content of non-starch polysaccharides as
determined by the method specified.

3. pruNcrpre

The starch is gelatinised and then removed by enzymic digestion. The
remaining polysaccharides are hydrolysed by sulphuric acid. The resulting
individual neutral sugars are determined by gasJiquid chromatography (GLC)
of their alditol-acetate derivatives. Uronic acids are determined bv a color-
imetric procedure.

4. npecrurs
High purity reagents are used throughout the whole method. Distilled water,

or water of an equivalent purity, is to be used.

4.1. Acetone

4.2 Dimethyl Sulphoxide

4.3 Sodium Acetate Buffer, 0.1 molll, pI1 5.2.. Dissolve 13.608 g of sodium
acetate trihydrate, CH3COONa.3H2O, in water saturated with benzoic acid,
and make up to 1 litre with benzoic acid saturated water. Adjust to pH 5,2 with
acetic acid 0.1 mol,4.

To stabilize and activate enzymes add 4 ml of calcium chloride solution, 1

mol/I, to 1 litre of buffer.

4.4 a-Amylase Enzyme

Hog pancreas c-amylase, EC 3.2.1.1 (Sigma A 4268) (specific activity is 20
units per mg. 1 ml of enzyme preparation contains 5 mg).

4.5 Pullulanase Enzyme
Pullulanase, EC 3.2.1.4.7 (Boehringer 108944) (100 units per ml).
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4.6 Mixed Enzyme Solution: Containing 4000 units of c-amylase (4.4) and 5

units of pullulanase (4.5) per ml of sodium acctate buffer (4.3). Prepare fresh
immediately before use.

4.7 Ethanol. absolute

4.8 Ethanol, S5 per cent. vlv

4.9 Sulphuric Acid, 12 molll: Standardised solution.

4.70 GLC Internal Standard Solution

Add 1 g of erythritol and 1 g of myo-inositol to \\ater saturated with benzoic
acid and make up to 1 litre with benzoic acid saturated water.

4.11, Octan-2 ol

4.72 Barium Carbonure. Ba CO;. Solitl: Use as a fine powder'

4.73 Ammoniunt Hvdroxide Sodlunt Borohvdride Solution: Solution of ammo-
nium hydroxide (3 mol l) containing 100 mg of sodium borohydride (NaBHa)
per ml (ammonium hrdroxide reagent strength is not critical).

4.14 Methanol

4.15 Acetic Acid. glacial

4.1,6 Aceric Anhvdride

1.17 Sodium ChloridelBoric Acid Solution: Add 2 g of sodium chloride, NaCl,
and 3 g of boric acid, H:BO], to 100 ml of water. Shake to dissolve.

4.18 Sulphuric Acid, concentrated

1.79 Dimethylphenol Solution: Add 0.1 g of 3,5-dimethylphenol ((CH:)r-
C6H3.OH), to 100 ml of glacial acetic acid (4.15). Shake to dissolvc.

4.20 Glucuronic Acid: Solid, for prcparation of standards used in uronic acid
determination.

4.21 Standard Sugar Solutions

Weigh 250 mg of each of the following sugars (dried to constant weight under
vacuum with P2O5) into separate 500 ml volumetric flasks:

t-rhamnose
L-arabinose
>xylose
D-mannose
D-galactose
o-glucose.

Add 250 mg of both erythritol and myo-inositol to each flask. Dissolve the
contents in, and make up to volume with, watcr saturatcd with benzoic acid
which has been diluted '1 :5 before use.

Prepare a single standard solution containing 0.500 g/l of each of the above six
standard sugars and 0.500 g/1 of crythritol and 1.000 g/l of myo-inositol.

67
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Reduce and acetylate 2 ml of each of the standard solutions as described
below for the sample (sce Sections 6.6.1.1 and 6.6.1.2).

5. eppntc.rus

5.1, Centri.fuge: Capable of ccntrifuging to at least 2500 r.p. m. (i.e. of the order
of 1500 g).

5.2 Centrifuge Tubes: Glass centrifuge tubes of 50 ml capacity and fitted with
screw-tops.

5.3 Magnetic Stirrer Hot Plate: Fitted with a beaker of water. The temperature
is variously adjusted during the course of the procedure. If necessary, cover the
beaker to maintain boiling.

5.4 Magnetic Stirrers, PTFE-coated: To fit the centrifuge tubes (5.2).

5.5 Evaporator
Buchler Vortex evaporator with capacity to take 56 x 15 ml tubes, or an

equivalent evaporator.

5.6 GLC Chromatograph

GLC Chromatograph fitted with flame ionisation detcctor and, if possible, a
peak area integrator.

5.7 GLC Column and Conditions

The GLC column and conditions must be selected to give separation of the
alditol acetate derivatives of the individual sugars. The method has been
developed on thc basis of the following conditions, but others are available:

Glass column, 2.1, m x 2 mm i.d., packed with Supelcoport (100/120 mesh)
coated with 3 per cent. SP 2330.
Injector temperature : 250"C
Column temperature : 215'C (isothermal)
Detector temperature: 250"C
Carrier gas : nitrogen
Carrier gas flow-rate: 25 mlimin.

Typical chromatograms are given in Appendix I. If the crythritol internal
standard is not isolated or quantified, repack the first 5 cm of the GLC column
and recondition.

6. pnocrounp

6.-l Pre-treatment of Samples
As far as possible foods are analysed without any pre-trcatment. If there are

problems in taking a representative sample, the foods with a low water content
are ball-milled for 2-3 min, and foods with a higher water content are
homogenised, or heeze dricd and ball-milled.



DIETARY ITIBRE IN CEREALS 69

6.2 Analysis Sample

Accurately wcigh, to the nearest 0.1 mg, between 200 and 500 mg of sample
(but containing not morc than 200 mg of dry matter), into a 50 ml screw-top
centrifuge tube (5.2) and add a stirrer.

6.3 Fat Extraction
Dry samples (i.e. 90-100 per cent. dry mattcr) with less than 2-3 per cent. fat

may be analysed directly. Otherwise, add 40 ml of acetone (4.1), mix for 30
minutes using a magnetic stirrer, centrifuge and remove by aspiration as much of
the supernatant liquor as possible without disturbing the residue. Air-dry the
residue or dry it by mixing at 62.5 + 2.5'C (see 6.4.2).

6.4 Dispersion and Enzymic H;drolysis
To the sample or residue. add 2 ml of dimethyl sulphoxide (4.2) and heat in a

boiling water bath for t h, timed from when re-boiling commences, stirring
continuously. Then without cooling. add 8 ml of sodium acetate buffer (4.3) at
50 + 5'C, and immediately mix with a whirlimixer.

Cool the tube to 42 t 2"C and immediately add 0.2 ml of mixed enzyme
solution (4.6).

Incubate the sample at 42 + 2"Cfot 1G18 h mixing continuously. After the
enzyme treatment add 40 ml of absolute ethanol (4.7), mix well and leave to
stand for at least t h at ambient temperature. Centrifuge at 2500 r.p.m. for 10

min or until a clear supernatant liquid is obtained. Remove by aspiration as

much of the supernatant liquor as possible without disturbing the residue and
discard it. Wash the residue twice with 50 ml of 85 per cent. ethanol (4.8) each
time by mixing to form a suspension of the residue, centrifuging until clear and
removing the supernatant liquor as previously.

Add to the washed residue 40 ml of acetone (4.1), stir for 5 min and then
centrifuge at 2500 r.p.m. for approximately 10 min until clear. Remove the
supernatant liquor by aspiration and discard it.

Place the tube in a water bath at 62.5 t 2.5"C on the magnetic stirrer hot plate
and mix the residue for a few minutes until it appears to be dry. The beaker may
be covered and the acetone vapour removed by water pump. Care must be takcn
to avoid loss of material at this stage.

6.5 Acid Hydrolysis of the Residue from Enzymic Digestion

Disperse the dried residue from Scction 6.4 in 2 ml of 12 molfl sulphuric acid
(4.9) using a whirlimixer and the stirrer. Leave at 35 + 2"C for 1to 1.25 h to
solubilise the cellulose and then rapidly add 12 ml of water, followed by 10 ml of
GLC internal standard solution (4.10).

Mix the contents of the centrifuge tube.
Place in a boiling water bath for 2 h timed from re-boiling, stirring

continuously. Remove approximately 14 ml (for the determination of uronic
acids.---see 6.7). To the remainder (approximately 10 ml) add 1 drop of
octan-2-ol (4.11),1.5-2.0 g of barium carbonate (4.12). Mix with whirlimixer
and then the magnetic stirrer at 40 + 2'C. Aftcr the 10 min, add a further 1.S-
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2.0 g of barium carbonate (4.12) and mix for 10-20 min at 40 t 2"C as above
until neutral (by pH papcr).

Centrifuge and take 2 ml of the supernatant liquor for the detcrmination of
the neutral sugars by GLC.

6-6 GLC Determination of Neutral Sugars

6.6.1 Preparation of Alditol Acetates

6.6.1.1 Reduction

To 2 ml of neutral supernatant liquor in Procedure 6.5, add 0.1 ml of
ammonium hydroxide/sodium borohydride solution (4.13). Mix and leave for at
least 2 h but preferably overnight at ambignt temperature. Add 0.5 ml of
methanol (4.14),0.1, ml of glacial acetic acid (4.15) and evaporate to dryness at
40'c.

Add a further 3 ml ofmethanol (4.14) to the residue and evaporate to dryness.
Repeat this last step twice.

Similar amounts (2 ml) of the standard solutions (4.21) are treated in the same
way.

6.6.1.2 Acetylation

To the dry residues from 6.6.1.1, including thc sugar standards, add 0.3 ml of
acetic anhydride (4.16), put on the screw-cap, mix well and heat for2hatl2O'C
with frequent shaking during the first 10 min.

6.6.2 GLC D etermination

6.6.2.1 Cafiy out conventional GLC determination of the prepared alditol
acetate derivatives of the neutral sugar solutions obtained from Section 6.6.1.2
using the standards prepared from the standard sugar solutions in Section 4.21,
GLC columns and conditions given in Sections 5.6 and 5.7, and taking 1-2 pl of
the supernatant solutions for injection.

6.7 Uronic Acids

Mix 0'3 ml of supernatant liquid obtained from Section 6.5 (diluted, if
necessary, so that it contains between 25 and 100 pglml of uronic acids) with 0.3
ml of sodium chlorideiboric acid mixture (4.17). Add 5 ml of concentrated
sulphuric acid (4.18) and mix on a whirlimixer. Place the tube (40-50 ml) in a
heating block set at 70'C. Leave for 40 + 1 min and then cool to room
temperature by placing in water.

When cool, add 0.2 ml of dimethylphenol solution (4.19) and mix
immediately. Between 10 and 15 min later read the absorbance at 400 and 450
nm in a spectrophotometer against a water reference cell.

Subtract the reading at 400 nm from that at 450 nm for each sample. Plot the
difference in absorbances obtained for glucuronic acid (4.20) standards (over
the range 25-125 mglml) and read the sample concentrations from the graph.
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7. exprsssrolrr oF RESULTS

7.1 Calculation of Neutral Sugars

Calculate the amount of each sugar in g/100 g by the following formula:
mg of Internal Standard x Response for Sugar x 100

Responsc for Internal Standard x mg of Sample

Use myo-inositol as the internal standard.

7 .2 Coruections

Experiments with pure sugar mixtures and with polysaccharides have shown
that the hydrolysis and dcrivatisation proccdurcs result in losses of approxi-
mately 10 per cent. of sugars. In order to express NSP as polymers or anhydro
sugars the GLC results should be decreased by approximately 10 per cent.
Because these two corrcctions are approximatcly of the same value the GLC
results are calculated and then directlv expressed as polymers or anhydro sugars.

There is incomplete hydrollsis and acetylation of any rhamnose in the
samples. This is corrected by apply'ing a x2 factor to the rhamnose value as

determined experimentally. In practice. only traces of rhamnose are present in
cereal products.

7.3 Total Non-Starch Polysaccharides

NSP = Arabinosc + Xylose + Galactose * Glucosc * Mannosc * Uronic
Acids*2xRhamnose.

NSP is then expressed as polymers in 9/100 g of material taken for analysis.
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Determination of Dietary Fibre in Cereals and Cereal
Products-Collaborative Trials

Part III: Study of Further Simplified Procedures

Hlrs N. ENcr-vsr*, JouN H. Curr.rrurucs* AND RocER WooD+i
*MRC Dunn Clinical Nutrition Centre, 100 Tennis Court Road, Cambridge

CB2 1QL and iMinistry of Agricubure, Fisheries and Footl,65 Romney
Street, London SWIP 3RD

A collaborative trial has becn caried out in l9laboratories to compare methods
of analysis for dietary fibre. defined as total non-starch polysaccharides (NSP).
The methods tested were the Englyst proccdure with GLC end-point
determination, the Engl.vst method with colorimetric end-point determination,
and a rapid method, based on the pentose content ol cereal products,
devcloped by the Flour Milling and Baking Research Association (FMBRA).
The last two techniques were designed lo be quality control procedures. The
results of all three methods are satisfactory when compared with those from
trials already carried out using previously published procedures for dietary
fibre. The Englyst procedures permit the mcasurement of total NSP togcther
with resistant starch, as well as total NSP by itself.

The Englyst procedure with GLC end-point determination can be recom-
mended for inclusion in legislation.

The need to establish a definition for dietary fibre and to agree on a method of
analysis to measure it has been discussed in previous reportsl,2; it was concluded
that there is a need for an agreed method of analysis and that dietary fibre should
be defined for analytical purposes as "non-starch polysaccharidcs (NSf;"t. 1n

addition, the draft Guidelines on Nutrition Labelling recently issued by Ministry
of Agriculture, Fisheries and Food (MAFF) stipulate that a definition and
method of analysis need to be developed and agreed3.

In an attempt to agree such a method, MAFF has sponsored collaborative
trials to evaluate methods for thc determination of dietary fibre, and the results
have been publishedt,z.

In thc first trial, a number of diffcrcnt techniques for the estimation of
"dietary fibre" were assessedl, from which it was concluded that the Englyst
method was the most accurate and gave the most information about dietary fibre
in a food. In the second trial, a modified Englyst procedure was used2, and
shown to be repeatable within laboratories but the reproducibility was
unsatisfactory between laboratories. It was noted that significantly better results
were obtained where there was cxpericnce of this type of analysis, largely
because of the availability of suitable equipment. Laboratories unfamiliar with
carbohydratc chemistry techniques produced less consistent results.

t To whom any correspondcnce should be addressed

000+57ri0/87i 030073 + 3lJ
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On completion of the second trial, it was decided to simplify the Englyst
procedurc further in ordcr to reduce the need for special equipment, whilst
retaining the capacity ofthe method to provide detailed information about NSP
from an analysis of its constituent sugars using a gasJiquid chromatograph
(GLC).'Ihis modified method has now been subjected to a collaborativc trial
and the results are given in this Rcport.

In addition, two methods suitable for use as quality control procedures have
been tested. One of these methods is the Englyst procedure furrher simplificd by
incorporating measurement by colorimetry of the constituent sugars released
from NSP, thus obviating the need tbr a GLC; the other method is a procedure
developed at the Flour Milling and Baking Research Association (FMBRA),
Chorleywood, based on the measurement of pentose as a marker for total NSP.
It is described in detail elsewherea.

Definition of Dietary Fibre and Interference from Starch
Early in the devclopment of the dietary fibre hypothesis it was apparent that

fibre could not be defined for human nutrition as crude fibre, since crude fibre
bears littlc rclation to the plant cell wall polysaccharides that are associated with
physiological changes in man. ln 1972, Trowell redefined fibre as "the skelctal
remains of plant cells that are resistant to digcstion by enzymes of man"s. With
the devclopment of interest in dietary fibre has come the nced for an accurate
method for its measuremcnt. However, analysts have found it difficult to
establish which part of plant material should be mcasured as dietary fibre. For
analytical purposes, a precise chemical objective is needed. In thc light of
subsequent research, Trowell in 19856 concluded that "At the present time there
is considerable international agreement concerning the principal constituents of
dietary fibre. They are all polysaccharides, mainly cellulose, hemicellulosc and
pectic substances, conveniently designated non-starch polysaccharides (NSP)".
This gives thc analyst a clear task; to identify and mcasure the chemically
well-defined non-starch polysaccharides.

Dictary fibre defined as NSP consists of plant polysaccharides sharing the
common feature that they do not contain c-glucosidic linkages. Dietary fibre
defined in this way includes the cell-wall and related plant polysaccharides, but
does not include starch (c-glucans) in any form.

With the introduction of gas-liquid chromatography for measuremcnt of the
constituent sugars of NSP it became apparent that starch was interfering in the
measuremcnt of dietary fibreT. In starch-rich foods somc starch was not being
removed, due partly to insufficient gelatinisation and partly to the use of less
potent enzymes for starch hydrolysis. A small amount of thc starch in processed
foods was shown to resist dispersion in boiling water and hydrolysis with
pancrcatic amylaseT. If not removed, this starch is included in the measurement
of NSP, leading to an unrealistically high proportion of NSP-glucosc.
Subsequently, it was shown that the starch resisting hydrolysis could be
disperscd with potassium hydroxide and then hydrolysed with amyloglucosi-
dase. This particular fraction of starch was termed resistant starch (RS), and
defincd as starch resistant to dispersion in boiling water and hydrolysis with
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pancreatic amylase and pullulanaseT. An accurate mcasurcment of NSP in foods
can be obtained only whcn RS is taken into account.

Thc amount of RS formed during the processing of starchy foodstuffs is

influenced by many factors, including water content, pH, heating temperature
and time, number of heating/cooling c1,cles, freezing, drying and the ratio of
amylose to amylopectin8. The RS content of starchy food therefore dcpcnds to a
largc extent on the type of processing thc food has undergone. The RS content

TABLE I

DIEI'ARY FIBRE COLLABORATIVE TRIAL RESUL'I'S FOR WHOLEMEAL BREAD BY
THE ENGI-YST GLC END POINT METHOD
(Pre-Trial Samplc idcntical with SamPle 10/11)

75

gt 100 t dry maxer

Laboratory

Non starch
polysaccharides

(NSP)

NSP +
resistantstarch

(Rs)
Rcsistant

starch

1

2
3
4
5
6
7
8
9

10
11

1.2

1.3

1.4

15

16
t7
18
19b

10 63.
10 56.
8 47,

10 55,
11.4.
710,

10 96,
8 81,

11.03,
8.87,
9.36,
98.
9.41,
9 95,
9.66,
7.2.

10.41
10.78
8.71

10.30
10.8
7.68

10.35
9.08

11.-34
10.54
8.16
9.2
9.52
9.36

10.63
9.4
8.01

11.53,
10.68,
10. ,
tt 64,
11.6,
9.12,

11.32,
10.02,
11.51,
8.92,

10.23,
10 4,

'9.85,
12.24,
8.6,
9.17,

11.45
12.25
9.93

11.70
11.3

8.91
12.09
9.64

11 50
L0.12
9.48

10.0
10.11
10.50
11.56

7.',7

9.99

0.87, 0.93
0.64, 0.92
1.07, 1.12
1.16, 1.1I

-0.3. -0.2.1.34, 0.97
0.36", 1.74.
1.21, 0.56
0.84, 0.71
0.43, 0.44
0.87, 1.34
0.6, 0.6
1.41, 0.88
0.66, 0 95
1.34, 104
0.9, 0
1.27, _ t.r3

9.9

Mcan (i)
Repeatability (/)
Reproducihility (R)

9.57
t.73
350

10.46
1.51
3.27

0.85
0.'71
1.10

For key, see Table XX.

of a number of widely available cereal foods has been measurede. The actual
amount of RS is small, being less than 1 pcr ccnt. in brcad. Thc highcst contcnt
of RS, 3.1 per cent., is found in cornflakes. On the whole, these RS values are
nutritionally insignificant. The interest in RS in starchy foods lies in thc fact that
it is technically possible to increase these values to 20 per cent. or more and,
consequently, to make a substantial difference to the site of digestion and
physiological properties of these foods in man.

Using ileostomy subjects, a series of test meals have been ted to permit
observation of the digestion of various types of starch and NSP in the small
intestine of manrL12. These studics have clcarly shown that although RS largely
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escapes digestion in the small intestinc it is only a small proportion of the
substantial amount of starch to do so. Starch escaping digestion in the small
intestine cannot therefore be quantified or described by measuring only RS in
food. This has led to investigation of the chemical and physical structure of
starch, and to a new classification of starch based on its digestibilitys. Starch
escaping digestion in the small intestine may well be an important food

TABLE II
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR WHOLEMEAI- BREAD BY

ENGLYST COLORIMETRIC END-POINT METHOD
(Prc-Trial Samplc-identical with Sample l0/11)

gl 100 I dry matter

I-aboratorv

Non starch
polysaccharides

(NSP)

NSP +
resistantstarch

(Rs)
Resistant

starch

1

2
3
4
5

6
1
8
9

10
ll
t2
t3
14
15

16
17
18

19b

r 1.51,
11.14,
10.13,
10.44,
11.4,
9.01,

12 95,
10.49,
10.90,
11.6,
11.53,
8.6,
9.1t,

tt.23,
10.04,
9.7,
9.46,

8-0,

11.42
11.23
1o.44
9.97

11.3
9.68

12.25
10.93
11.27
11.5
10.39
8.8
8.40

11.04
tL.27
10.6
9.67

5.0

12.26
12.t6
11.85
10.60
t2.8
10.76
13.44
10.83
11.55
11.9
I 1.16
10.5
10.31
11.69
11.95
10.5
10.19

14.0

12.15,
12.16,
11.52,
10.v2,
13.0,
o.o,

13.46,
11.54,
r1.55,
12.0.
12.13,
9.8,

tt-69,
11.73,
10.95,
10.6,
10.70,

13.0,

0.64, 0.84
1.02, 0.93
1-41, 1.41
0.48, 0.63
1.6, 1.5
0.91, 1.08
0.51, 1.19
1.05 -0.10.0.6s, 0.28
0.4, 0.4
0.6, 0-77
1.2, 1.7
1.98, 1.91
0.50, 0.65
0.91, 0.68
0.9, 0.0
1.24, 0.52

10.0, 4.0

Mean (D
Repeatability (r)
Reproducibility (R)

10.59
1.29
3.00

11.48
1.20
2.69

0.90
0.91
1.42

For key, see Table XX.

component in its own right. If it proves to be so, a case will need to be made for
the measurement of all the dietary starch that escapes digestion, and not just the
currently measured RS.

There are marked differences between starch and NSP, both analytically and
in their role in the small and large intestinc. It is therefore essential that NSP and
starch escaping digestion in the small intestine are measured separately.

Lignin
Lignin has not been included in the analytical definition of dietary fibre.

Lignin is not a carbohydrate and should not be grouped analytically with NSP. It
is a minor component of the human diet and, with the exception of cereal bran,
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few foods contain measurable quantities. Lignin is difficult to determine
chemicallyl3, and none of the present dietary fibre methods that include a value
for it can justify this on strict chemical grounds. These methods simply isolate a
collection of material (including Maillard and other food degradation products)
which is better referred to as "substances measuring as lignin". lnclusion in the
measurement of dietary fibre of an imprecise lignin value with an accurate

TABLE III
DIETARY FIBRE COLLABORATIVE TRIAL RESUI-TS FOR WHOLEMEAL BREAD BY

ENGLYST GLC END.POINT METHOD
(Sample Code l0/1l-idcntical with pre-trial sample)

gl 100 I dty na$et

77

Laboratory

Non starch
polysaccharides

(NSP)

NSP +
resistantstarch

(RS)
Resisunt

starch

t
2
3
4
5

6
7
8
9

10

l1
t2
13

l4
15

16
11

18
19b

10.35,
9.00,

12.03,
10.28,
11.05,
10.04,
10.28,
1.76,
9.36,
7.62,
7.18,
9.6,
8.65,
8.76,
7.84,
8.4,

7.8,
6.0,

10.03
9.15

tt-97
9-66

11.46
8.15

1.0.76
8.30
9.69
8.10
7.14

11.3
"t0.29

8.12
8.11
9.6

10.23
7.9
8.0

10.98,
fi.4,
13.31,
11.51,
14.46,
9.00,

12.21,
8.14,

10.02,
8.12,
9.30,

13.6,
12.80,
ll.81,
9.15,
8.8,

10.10,
7.95,
9.1,

10.75
10.04
13.36
tt.32
12.53
9.86

11.60
8.90

10.30
9.14
7.63

155
11-05
1_174
9.25
94

10.88
9.01
80

0.79,
1.0,
1.04,
0.98,
181,
0.0,
142,
0.92,
0.82,
0.83,
1.18,
18,
109,
2..r8d
0 89,
0.5,
0 65,
06,
2.'7,

0.87
0.90
l.l3
0.94
0.82
1.01
1.05
0.14
0.48
0.85
0.58
1.3
0-76
2.224
0.90
0.4
0.76
1.0
0.8

Mean (,r)
Repeatability (r)
Reproducibility (R)

9.33
1.69
3.83

10.69
1.94
5.40

0.91
0.87
1.00

For key, see Table xx.

measure of NSP is self-defeating; even if precise values for lignin were available,
inclusion would invalidate the information obtained by measurement of NSP. If
lignin is shown to be an important dietary constituenl, then it should bc
measured separately; as should any other plant cell wall-associated substance,
such as silica, cutin, etc.

Methods Used in the Trial
1. ENct-ysr PRocEDURE FoR THE

MEASUREMENT BY GAS LIQUID
sUGARS RELEASED rnou NSP

The previous trial showed that three steps in the procedure caused particular
problems for some of the participants3.

DETERMINATION OF DIETARY FIBRE AS NSP:
cHRoMATocRApHy (GLC) or coNsrrruENT
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1. Adequate starch removal without having access to an effective, but
nevertheless expensive, mixing device originally described for the method.

2. Neutralisation of hydrolysate with barium carbonate.
3. Repeated evaporation of batches of samples when preparing derivatives

for GLC without access to an Evapomix.

These problems have been overcome by using pancreatin for starch hydrolysis
instead of purified amylase, and by modifying the mcthod of preparation of

TABLE IV
DIETARY FIBRE COLLABORATT!'E TRIAL RESULTS FOR WHOLEMEAL BREAD BY

ENGLYS'T COLORIMETRIC METHOD
(Sample Code 10/1l-identical with prc-trial sample)

91100 gdry matter

Non starch
polysaccharides

(NSP)

NSP +
resiskntstarch

(RS)Laboratory
Resistant

starch

1

2

3

4
5

6
,7

8
9

10

u
12

13

t4
15

t6
t7
18

19b

10.77,
10.92,
12.30,
8.14,

I1.80,
11.71,
10.74,
8.27,

10.69,
11.35,
8.6,
1.8,

11.11,

11.15,
14.5,
7.68,

14.7,
8.0,

t0.71
11.2t
12.07
9.89

11.56
9.93

10 99
886
9.98

11.14
8.95
85

10.75
10.40
11.69
L2.3
8.10

t4.9
7.0

11..67,
r r.68,
12.70,
I1.11,
13.25,
9.86,

12.34,
9.14,

12.02,
11.90.
9.5,

11.49,
11.91,
11.23,

8.63,
15.4,
t2.0,

11 35
11.68
12.48
10 80
12.10
12.42
11.79
9.40

12.21
12.38
9.85
6.6

11.80
11 8s
11.55
12.7
8.14

15.6
10.0

0 90, 0.64
0.76, 0.41
0 40, 0.41
2.97, 0.91
1.45, 0.54

-1.85., 2.49
1.60, 0.80
0.87, 0.54
r.33, 2.23
0.55, 0.94
0.9, 0.8?
1.7, 0.1
0.38, 1.05
2.49, 1.45
0.08, -0.14"0.0, 0.6
0.95, 0.04
0.7, 0.7
4.0, 3.0

Mean (i)
Repeatability (r)
Reproducibility (R)

10.66
1.79
5.23

11.45
2.tt
5.26

0.91
2.02
2-09

For key, see Table xx.

alditol acetates using n-methyl imidazole as catalyst. Full details of the new
technique and its validation are given elsewherel4 ls. The working procedures as
used by the trial participants are given as Appendix I.

2. ENcrvsr pRocEDURE FoR THE DETERMTNATIoN oF DTETARy FIBRE ls NSP:
MEASUREMENT OF CONSTITUENT SUGARS BY COLORIMETRY

In this method, the fractionation techniquc from the Englyst procedure has
been combined with a colorimetric method for measurement of reducing
sugars16. This technique permits thc determination of soluble and insoluble
NSP, but does not characterise these fractions by measurement of individual
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sugars. However, such detailed intbrmation is not required for most routine
analyses. The colorimetric procedure is simple and rapid, and obviatcs thc nced
for cxpcnsivc GLC equipment. The colorimetric procedure described for the
present trial has been compared with results obtained by GLC for a large
number of cereals, vegetablcs and fruits. This and thc validation of the
proccdurc is rcported elsewherelT. The working procedures as used by the trial
participants are given as Appendix ll.

TABLE V
DIETARY FIBRE COLLABORATI\'E TRIAL RESULTS FOR WHITE BREAD, BY ENGLYST

GLC END-POINT METHOD
(Sample Code 4/13)

gl I 00 I dr! mattet
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Laboratory

Non-starch
polysaccharides

(NSP)

NSP +
resistantstarch

(Rs)
Rcsistant

starch

1

2
3

4
5

6
7
8
9

10
11
t2
l3
t4
15

16
17
18
19b

2',70,
3.09,
3.07,
3.06,
3.15,
2.23,
2.t2,
2.4t,
3.16,

2.35,
32.
3 22,
101,
2.t4,

2.39,
2.4,

3 64,
1.32,
1.76,
3 95,
105,
3.92,
4 39.

4.81,

2.47,

3.87,
s.39.
3 64.
36,
3 46,
3.7,

3.72
4.05
4.92
3.89
4.15
3.11
4.66
3.51
5.05
2.79
2.96
4.0.
4.17
566

31
3.45
30

1.04,
1.30,
1.36,
1.11,
1..07,
1.35,

1 11,
1.25,
0.98,
0.61,

1.16,
2.0@,
L.32.
1..1,

1,03,
1.2,

1.10
1..21

1.42
1.15
t.41
1..29

r.37.
1.12
r.34
0.82
0.97
1.1"
1.18
2.41d
1.19
1.0
1.12
0.8

2.53
2.8
3.39
2.51
3.58

3.32
2.49
3.@
2.16
r '80
3.8
3.08
3.74
2.34
2.2
2.U

Mean (r)
R(rpeatability (/)
Reproducibility (R)

3.93
068
2.15

2.'t8
0.86
1.63

1.14
0.35
0.51

For key, scc 'l ablc XX.

3, RepIo DETERMINATTON OF DIETARY FIBRE IN WHEAT PRODUCTS FROM MEASURE-

MENT oF pENrosF- coN reNr (FMBRA uerrioo)
This procedure is based on previous detailcd analyscs using Southgate's and

Englyst's proccduresr8 T. Such analyses show a relation between the NSP
pentose content and total NSI'in a cereal food (wheat). Using information
about the monosaccharide composition of the NSP in a food, total NSP can be
calculated from a measurement of pentose alone for wheat products.

A colorimetric method for rapid estimation of pentosc in white flour has been
adapted for use with products of a wide range of dietary fibre contents, by
introducing a prehydrolysis step with 0.5 mol,ii H2SOa for 0'5 h. Pcntose is
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measured as xylose using a phloroglucinol reagent. Validation and application
of this method has been described by the Flour Milling and Baking Research
Association (FMBRA)4. The working procedures as used by the trial
participants are given as Appendix III.

TABLE VI
DIETARY FIBRE COLLABORATT\€ TRIAL RESULTS FOR WHITE BREAD. BY ENGLYST

coLoRrMETRrc 
eENDJ?rrf; 

*urHO"

gl100 I dry natter

Laboratory

Non-starch
polysaccharides

(NsP)

NSP +
resistantstarch

(Rs)
Resistant

starch

1

2
3
4
5
6
7
8
9

10
1l
12
13

t4
15

16
17
l8
19b

2.98,
3.50,
3.46,

3.43,

2.61,
2.5a,

3.64,
2.69,
3.05,
3.1,
1.)1
1.7,
3.0,

3.11
3.64
3.58
l.9G
3.97
2.98
3.61
2.54
2.
3.60
2.4
2.5
3.32
3.40
341
4.2
1.31
3.6
4.0

4.15,
4.6,
5.12,
4.18,
4.57,
4.09,
4.34,
1.7l

5 08,
3 66,

4.35,
5.83d,
3 89,
4.4,
4.98,

4.0,

4.18
4.98
531
4.82
4.67
3.63
461
3.60
4.55
450
3.7
2.7
4.27
8.49d
3.79
4.2
2.29
2.5
6.0

1.07
1.34
r.79
2.97
0.70
0.65
1.00
1.06
r.57
0.m
l3
0.2
0.95
5.09
0.38
0
0.v2
1.0
2.0

Mean (;)
Repeatability (r)
Reproducibility (R)

3.08
r.55
t.19

4.19
1.78
2.M

1.04
1.1 I
1.36

For key, see Table XX.

Organization of the Trial
METHODS

Participants were asked to use the three dietary fibre methods described
above and a moisture procedure (drying to a constant weight at 103 + 2'C in an

atmospheric pressure drying oven) to enable all results to be expressed on a
dry-matter basis.

LABORATORIES

A total of 18 analysts received samples and were able to attempt the requested
analyses. Two of these analysts indicated that they would not be using the
FMBRA pentose method.
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Samples

Participants received samples in two stages, a pre-trial sample (wholemeal
bread) and seven trial samples proper. The seven trial samples were subdivided
to give 14 individual samples, each to be analysed once only, i.e. as blind
duplicates.

TABLE VII
DIETARY FIBRE COLLABORATTVE TRIAL RESULTS FOR 1: 1 MIX OF WHOLEMEAL
(TABLES III,{V) AND WHITE (TABLES V,'VDJREADS BY ENGLYST GLC END.POINT

(Sample Code 5/9)

gl 1 00 I drr matter

81

Laboratory

Non-starch
polysaccharides

(NsP)

NSP +
resistant starch

(RS)
Rcsistant

starch

1

2
3
4
5
6
7
8
9

10
11

12
13
l4
15
16

17
18
19b

7.lq

6.83,
7.48,
6.54,

6.01,

6.10,
5.08,

11.6d,
7.6s,
7.51,
s.36,

6.16,
3.5,
8.0,

1tl
632
'7.77

7.05
8.22
5.98
'7.92

6.01
'7.77

5.63
6.5,1

L2.6a
6-76
6.11
5.47
8.5
7-t)4
5.',7

4.0

813,
8 37,
9.40.
7 51,
8.27,
7.27.
6.46.
7.34.
8.07,
6.82.
5-34,

10.8,
6.80,
1.92.
7.75,
1.3,
6.63,
6.46,

16.0,

8.30
7.35
9.68
7.86

t1.19

9.86

7-39
5.69
7.20
9.1
8.04
8.81
652
69
E70
54
59

1 03,
1 03,
L.42,
0 82,
0 80,
0 98,
1.08,
1.07,

0.91,
o.'71,
0.1,
0.06,
1.58,
t.62,
0.7,
0.71.
1.3.
4.1.

113
1.ts
1.39
081
1.93
r.06
1.58
0.83
|.41
0.34
0.75
0.1
0.75
2-02
0.91
0.ti
t.2'7
0.3
t.'7

Mean (r)
Rcpcatability (r)
Reproducibility (n)

6.66
2.20
3.01

0.96
t.02
1.34

'7-75

2.97
3.95

(u)
(b)

For key, see Table XX.

The samples used were:

Pre-trial: wholemeal bread
Trial proper: wholemeal bread (coded 10 and 11, and same as pre-trial
sample)

White bread (coded 4 and 13)

1 : 1 mix of wholemeal and white brcads above (coded 5 and 9)
High bran bread (codcd 2 and 1,1)

Rye bread (coded 6 and 8)
Cornflakes (coded 1 and 7)
Oat cereals (coded 3 and 12)
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Each of the samples was commercially
bcforc dcspatch to participants. The.v
preparation so as to appear identical.

RF-SULTS

Each analyst received the l5 samples and was asked to carry out duplicate
determinations on the pre-trial sample and single determinations on the 14 trial

TABLE VIII
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR 1 :1 MIX OF WHOLEMEAL
(TABLES II V) AND WHITE (TABLES V/VD BREADS, BY ENGLYST COLORIMETRIC

END.POINT METHOD
(Sample Code 5/9)

gl 100 I dry maxet

prepared, ground and homogenised
were all arti[icalli colourcd during

I-aboratory

Non-starch
polysaccharides

(NSP)

NSP +
resistant starch

(RS)
Resistant

starch

1

2
3
4
5

6
1
8

9
10
11

12

l3
14
15

16
11

18
19b

7.36,
8.06,
8.03,
8.62,
8.30,
6.75,
5.62,
6.1r,
7.03,
8.86,
1.1

7.80,
'7.70,

8.6,
1.53,
1.7,

11.0,

1.10
1.75
8.46
1.M
8.91
6.60
7.95
6.28
7.
8.28
4.8
6.4
7.99
7.fi
1.43
8.1
4.50

10.3
6.0

8.61,
8.47,
9.30,
8 64,

7. qo

5.19,
7.',73,

8.59,
9.20,
8.16,
4.8d,
8.91,
8.14,
7.58,
9.3,
8.33,
8.5,

15.0,

1.96
9.15
9.92
7.11
9.62
7.19
9.61
6.87
9.07
9.05
7.0
5.3d
9.42
9.27
8.41
9.3
6.51

11.6
8.0

1.28,
0.,11,
1 65,
0 02,
0 92,
1.15,
0.t7,
1.62,
r.56,
0.34,
0-'73,
01,
1.11.
0.44.
0.15,
0.7,
0.80,
0.8,
4.0,

0.86
1.35
146
067
0.11
0.59
1.66
u.59
)..2L

0.77
2-2
0.1

1.43
1.67
1.04
1.2
2.01
1.3
2.O

Mean (x)
Repeatability (r)
Reproducihitity (R)

743
273
3.39

8.53

3.15

0.9'7
163
1.60

For key, sce Tablc XX.

samples proper. Analysts were asked to report results of the pre-trial sample
beforc procccding to thc analysis of thc rcmaining samples. For thc two Englyst
methods, analysts were asked to report:

(a) total NSP
(b) total NSP 1 resistant starch
(c) resistant starch content

The results obtained using the two Englyst procedures (i.e. with GLC or
colorimctric cnd-point dctcrminations) arc givcn in Tablcs I XVL

I



DIETARY FIBRE IN CEREALS

For the FMBRA method. the final "dietary fibre" content is calculated from
the determined pentose value using the given factor (see Appendix III). Thc
results are given in Tablcs XVII-XIX.

STAT'IS'TICAL ANALYSES OF T}IE RESULTS

The results were analysed for outliers by thc Cochran's and Dixon's Tests
using procedures given by the British Standards Institutionle. Some outlying

TABLE IX
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR HIGH BRAN BREAD BY

ENGLYST GLC END.POINT METHOD
(Sample Code 2/14)

gl 100 I dry mattet

83

Laboratory

Non-starch
polysaccharides

(NSP)

NSP +

(RS)
Resistaflt

starch

I
2
3
4
5
6
1
8
9

10
11

12
13

14
15

16
1.7

18
19b

11.20,
10.26,
13.06,
10.49,
11.74,
0.57
8.16,
q. ?'l

11.02,
10.00,
9.50,
8.4,
7.87,

11.53,
10.53,',
24.1",
10 44,
10.2,

11.59
10.57
12.86
1.2.10
12.73

9.',73

11.79
9.44
9.38

11.10
8.52
9.9

11.65
10.92
9.65
8.7.

10.68
9.4

11.98.
10.96.
1,{.16.
13.78.
13.03.
10.03.
8.69.
9.32.

10.50.
10.15.
r0.23.
6.0.
8.1E,

t2-L7,
9.68,

24'/",
11 37,
11 3,
1,1.0,

12.20
L1-20
13.89
13-32
13.60
9.50

13-27
9-4',7

10.46
9.85
9.38
9.6

13 32
12 18
10 07
99.

11 30,:

0.72,
0.51,
0.97,

0.47,
0 49,
0.74,
0.52,
0.47,
0.46,
0.58,
01,
0.30,
t.'t7d,
0.46,
1.2,
0.70,
1.2,
1.9,

0.611

0.'72
0.83
1.',71d

1.00
0.31
1.15
0.41
0.63
0.49
0.51
0.1
0.91
1.74d
0.52
0.5
0.59
0.5

062
070
0.'79

10.45
3.08
3.75

tttean (;)
Repcarabiliry (r')
Reproducibility (R)

I0.98
3.96
5.40

For key, see Table XX.

results were identified and these were not used in the calculations of means (;).
repeatabilities (r) or rcproducibilities (R).

In,addition, the results from one laboratory were not uscd in any of the
calculations as that Iaboratory clearly encountered substantial analytical
dilficulties.

The final values of the means, repeatabilities and rcproducibiliries are given in
Tables I-XIX, and collatcd for convenience in Tables XXI-XXIII. The values
are as defined and calculated by the procedures described by the British
Standards Institutionle.



84 H. N. ENGLYST EI A/,

Discussion

From the results of the collaborative trial, a comparison may be made
between the three mcthods being tested. Comparison of the mean values
obtained for total NSP and total NSP with rcsistant starch by the two Englyst
mcthods indicates that there is no significant statistical diffcrcncc between the
means obtaincd by each method, though the values obtained with the
colorimetric end-point are always slightly greater than those obtained by the
GLC end-point.

TABI-E X
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR IIIG}I BRAN BREAD BY

ENGI-YST COI-ORIMETRIC END.POINT METHOD
(Sample Code 2/14)

91100 g dr!- matter

Laboratory

Non-starch
polysaccharides

(NSP)

NSP +
resistantstarch

(RS)
Rcsistant

starch

0.98
0.80
069
0.28
0
0.30
1.20
0.88
1.36
0.88
0.2
0.1
020
283
0.90
03
3.94
05
2.0

1

2
3

4

5
6

7
8

9
10

11

12
13

14

15

16
17

l8
t9b

tt.32
11.80
13.20
12.79
t3.44
10.20
12.51.
9.38

tt 61
12 61_

10.2
15.,{.
9.00

10.78
12-37
12-9
3.73.

12.6.
14.0

12.03,
11.88,
13.75,
12.54,

10.35,
8.80,
9.18,

12.51,
13.73,
10 7,
6.3,

10.94,
15.9,
11.88,
11.0,
13.0,

12.30
12.60
13.89
13.07
13.28
i0.50
13.71
r0.2.6
13.03
13 49
10.4
1.21.
9.20

13.61
13.27
13.2

1.3.?

16.0

Mean (i)
Rcpcatability (/)
Reproducibility (R)

11.53
1.54
,+.40

r1.85
4.60
5.70

0.85
r.99
2.38

For key, see Table XX.

If a comparison is made between the repeatabilities and reproducibilities for
samples obtained by each Englyst method, then no consistcnt pattern emerges;
the two methods have, within experimental error, the samc precision
parameters.

The choice between the two Englyst methods is dependent only on the
circumstanccs in which they are to be used. It is suggested that the procedurc
with the GLC end-point may be regarded as the referencc method, giving
detailed information on thc specific sugar composition of the dietary fibre
fraction of a sample, and that the colorimetric method be regarded as a "quality

11.45,
1t 21,
13.2L,
14 1',7 ,

12.16,
10.34,
7.E9.,
9.51,

11.06,
13.34,
9.4,
1.1.,
9.05,

t1.22,
11 19,
14.0,
10 63.,
9.ti.,

11 0,

0.58,
0.67,
0.54,

0,
1.78,
0.01,
0.91,
0.27,
1.51,
0.39,
1.3,
0.1,
0.19,
1.70,

-0.25.,

1.2,
2.0.
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TABI-F XT

DIETARY FIBRE COLLABORATNE TRIAL RESULTS FOR RYE BREAD BY ENGLYST GLC
END.POINT METHOD

(Sample Code 6/8)

Bll0A I dr! mauet

85

control" method, which may be assumed to give equivalent (though less
dctailed) results to the reference method.

The actual values of repeatability and rcproducibility obtained for either
Englyst method are considcred to be satisfactory for this particular determina-
tion. In particular, they are similar for ccreal samples to those obtained in recent
trials of the mcthod of Prosky e/ a/. and which has now been adopted by the
Association of Official Analytical Chemists (AOAC;zo.:t.

[-aboratory

Non-starch
polysacchaddes

(NsP)

NSP +
resistant starch

(RS)

I
2
3
4
5

6
7
I
9

10
11
12
13

t4
15

16
17
18
19b

4.60,
4.91,
5.19,
3.88,
4.16,
3.91,
5.08,
3.91,
,1.96,

3.41,
3.63.
9 8.,
1 t)1 ,

4.81,

3.8,
3.87,
2.8.
5.0.

,1.65

140
513
4.38
3.30
4.04
5.10
l.g0
4.81
2.90
3.00
7.1.
4.55
561
346
31
3.86
3.0
5.0

5 75,
6 0,{,
6.79,
5.58.
6.36,
5.24.
6 55,
196,
6-7L,
4.51,
5.17,
1.9.,

'7 35.

1.1,
4-97,
1.09,
6.5,

590
5.69
6.90
5.79
6t4
5.23
639
509
694
3.80
4-63
4.2.
481
756
5.3?

4.82
.1.3

9.1

1.34
1.43
t.72
1.31
2.13
1.29
1.49
t25
t.'71
088
139
0.1
0.80
2-51,r
1.50
11
1.06
1.2
6.2

Mcan (i)
Repeatability (/)
Rcproducibility (R)

4.10
115
2.30

For key, see Table XX.

Study of the repeatabilities and reproducibilities obtained when resistant
starch alone is calculated shows that the variation in the assay of this parameter
is exccssive. It is therefore recommended that there be no requirement that
resistant starch values alone be claimed.

Comparison between the results from samples analyscd by thc FMBRA
method and the Englyst procedures shows that the methods will give equivalent
mean values for wheat-based samples, though the FMBRA procedure yields
somewhat lower values than either Englyst method. This may bc due to
incomplete digestion within thc method or an inappropriate conversion factor

Resistant
starch

1.32,
1.46,
1.62,
1.36,
1.38,
1.35,
1.59,
1.18,
1.60,
1.15,
1.52,
1.1,
1..17,

2.4/Jd,
1.50,
0.1,
1.15,
0.9,
3.4,

1.30
0.79
1.0E

5.53
0.63
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being used in the pentosc/dietary fibre calculation. The precision characteristics
of the thrce methods are similar, though the valucs of reproducibility for the
FMBRA procedure are somcwhat higher than those obtained for the Englyst
methods.

The results of the trial show that the range of samples to which the FMBRA
method may be applied is limited. The values obtained for the cornflakes and
oat cereal samples are, as expected, much lower than the "true" dietary fibre
content values.

TABLE XII
DIE'TARY FIBRE COLLABORATIVE TRIAL RESULTS FOR RYE BREAD BY ENCLYS'I'

'"'o*'"'&ll,to'! tfil!fi l ue,roo

91100Idty mauer

Laboratory

Non-starch
polysaccharides

(NsP)

NSP +
rcsistant starch

(RS)
Resistant

starch

1

2
3
4
5
6
7
8
9

10

l1
12
13

l4
15

t6
t7
18

19b

4.99,

5.36,
5.14,
4.94,
4.46,
4.85,
4.07,
4.62,
5.91,
3.56,
2.8,
5.04,
3.88,
4-57,
5.4,
4.98,
4-7,
4.0,

4.86
5,13
s.62
3.37
5.36
4.54
5.01
4.05
4.71
5.18
4.01
4.7
s.09
5.2A
4.55
5.3
3.06
5.3
4.0

6.22,
6.48,
6.46,
6.28,
6.76,
5.17,
6.36,
5.07,
6.32.
7.04,
4.9,

6.27,

5.84,

5.6,
60,

6.t4
615
6.72
5.2t
7.38
5.28

6.23
6.07
4.5
4.3d
6.07
8.00
6.15
5.8
6.03
5.8
7.0

r.23,
1.26,
1.10,
1.14,
ln,
0.71,
1.51,
1.00,
1.70,
1.13,
1.34,
0.1,
1.23,
3.36d,
tn,
0.7,
0'54.,
0.9,
2.0,

1.28
r.02
1.10
1.84
2.4
0.74
1.31
1.17
1.52
0.89
0.49
0.1
0.98
2.7ld
1.60
0.5
2.97"
0.6
3.0

Mean @
Repeatability (/)
Reproducibility (R)

4.11
1.75
2.02

r.10
0.6'7
1.32

6.08
0.91
2.10

For key, see Tablc XX.

Nevertheless, thc method can be recommended as a "quality control"
procedure when applied to the appropriate samples.

Comparison of thc mean values obtained by all three methods studied in the
trial on the wholemeal and white breads, and the 1:1 mixed bread sample
prepared from these two breads, indicates that the methods are giving good
recoveries. The mean value determined for the mixed sample is only slightly
grcater than the value calculated from the analysis of the individual samples.

The Englyst procedure is able to measure dietary fibre with or without
resistant starch. The authors believe that dietary fibre should be defined and
measured as non-starch polysaccharides and not NSP plus RS. Since recent
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studiesl0,11,12 have shown that RS is only a small proportion of the starch
escaping digestion in the small intestine no sound reason can be seen for the
measurcment of NSP together with RS.

The Englyst procedure is considcred to be more appropriate than the AOAC
procedure for the measurement of dietary fibre, as it is more specific and gives
more detailed results. Further, dietary fibre measured as NSP is independent of
food processing and treatment applied to the sample before analysis.

TABLE XIII
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR CORNFLAKES BY ENGLYST

GLC END'POINT METHOD
(Sample Code 1/7)

gl 100 g dry mattcr

87

Laboratory

Non-starch
polysaccharides

(NSP)

NSP +
rcsistantstarch

(Rs)
Resistant

starch

I
2
3
4

5

6
7
8
9

10

11

12
r3
l4
r5
16

t7
18
tgb

0.60,
0.87,
1.01,
0.s8,
0.82,
0.13,
1.41,
0.54,
1.61,
0.52,
2.48",
3.8.,
1.16,
1.3"t,
1.08,
0.5,
0.49,
0.4,

14.0,

0.57
0.89
1.09
0.83
0.48
0.58
1.01
0.57
1.27
0.53
0.61.

0.?5
2.01
0.45
0.6
0.54
0.05
4.0

4.t2.
r,l,
5.25.

4.31.
4.85.

4.36.
3 41,
3 81,
4.5,
1.1)

12.@d,

2.4,
3.40,

23.0,

3.43
4.31
4.48
5.42
3.90
4.66
1.44
3.57
1.20
3.10
1.2',7

7.1
3.35

11.15d
4.09
1.4
3.74
3.5
1.9

2.96,
3.25,

4.58,

3.46,
3.t2,

2.93,
0.95,
1.7.,
2.74,

10.74.,
4.87,
1.8,
2.93,

9.0,

2.84
3.37
338
4.53
3.43
3.96
3.43
3.00
2.96
2.54

5.3"
2.60
9.76"
3.45
3.8
3.16
3.4
3'9

Mean (;)
Repeatability (/)
Reproducibilily (R)

0.81
0.65
1.16

4.18
2.02
2.46

3.25
181
2.32

For key, scc Table xx.

In contrast to the Englyst procedure, the value for dietary fibre obtained by
the AOAC method20,21 will vary depending on food processing and pre-
treatment of samples for analysis. This makes the AOAC method unusable as a

means of enforcing labelling regulations for dietary fibre.
It has been suggested that the residual starch that is included as dietary fibre in

the AOAC (1985) analysis rcflects the amount escaping digestion in the small
intestine. This has not been proved and, from a number of experimental studies
in man, it is clear that much greater amounts of starch escape digestion in the
small intestine than can be accounted for by the AOAC procedurc. The dietary
fibre value obtained by the AOAC (19t15) procedure is not a measure of any

I

I

I

I
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definable component of the diet, such as NSP, nor does it represent NSP plus
starch escaping digestion in the small intestine of man.

Methods for measuring dietary fibre that include starch in any form are
fundamentally in error and likely to lead to confusion and disputes. If starch is
accepted as dietary fibre, then food manufacturers will be able to increase the
dietary fibre content of starchy foods in a way that will undermine the true value
of dietary fibre as a food component.

]'ABLE XIV
DIETARY FIBRE COLLABORAI'IVE I'RIAL RESULTS FOR CORNFLAKES BY ENGLYST

'"'"*'"'6ll'0,?t?;l?fl j"o''ioo
gl 100 g dry mauer

Laboratory

Non-starch
polysaccharides

(NSP)

NSP +
resislant starch

(RS)
Resistant

starch

1

2
3
4
5
6
7
8

9
l0
11

12
13

14
15

16
17
18
19b

1.11 ,

1.15,
1.69,
1.91,
1.24,
0.49,
1.33,
0.78,
0.85,
1.15,
1.6,
3.7.,
1. r8,
1.24,
0 95,
1.0,
1.41,
n/d

60,

1.22
1.51
1.1
0.89
1.19
0.64
1.08
058
0.E5
1.39
0.70
1.6"
1.27
1.60
1.L4
0.7
0.72
0.8
2.0

3.79,
4.16,
4-70,
1.q1

4.12,
3'90,
4-17,
3'73,
3.89,
4.43,
4.3,
3.9,
4.15,

t2.49d.

3.6,

4.5,
9.0,

3.81
4.52
4.59
1.59
4.16
3.8s

3.68
3.88
4.82
3.00
2.3
4.00

11.33d
3.51
4.1
3.82
4.4
4.0

2.68,
3.01,
3.01,
2.02,
2.88,
3.41,
2.84,

3.04,
3.28,

0.2d,

11.25d,
7. \'
2.6,
r.31,
4.5,
3.0,

259
3.01
2.88
0.70
2.9'7
3.21
3.14
3.10
103
3.43
2.30
0.7,1

2.73
9.73d

4.t)
3.10
3.6
2.0

Mean (xl
Repeatability (r)
Reproducibility (R)

1.09
0.91
1.L4

3.89
t12
1.97

2.81
1.43
195

For key, see Table Xx.

A few technical modifications have been introduced in the Englyst procedure
since the present trial was initiated. These changes have reduced the anallsis
time but do not affect the results obtained or thc accuracy of the method. T'he

Englyst procedure, including the latest modifications, the measurement of
soluble and insoluble NSP and with both the GLC and colorimetric options, is

described elsewherels.

Conclusion

The results of this trial indicatc that thc Englyst method with CLC end-point
determination may be recommended as the reference method for the

I
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determination of dietary fibre in the U-K. Thc method may be adjusred to
provide an analytical result that equates to total non-starch polysaccharide
content or total non-starch polysaccharide and resistant starch content. The
method is not suitable for the evaluation of the resistant starch content of a
sample.

The results also indicate that the othcr two methods evaluated, i.e. thc
Englyst procedure with colorimetric end-point dctcrmination and the FMBRA

'I'ABLE XV
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR OAT CLREAL BY ENGLYST

GLC END.POINT ME'I'HOD
(Sample Code 3/12)

gl 100 I dry mattet

{J9

Laboralory

No!] starch
polysaccharides

(NSP)

NSP +
rcsistant starch

(RS)

1

2
3

5

6
,7

8

9
10

11
t2
13

t4
15

16
t'7
18

19b

8.42
831
9.14
805
s.04
7.69
9.11"
7.51
8.85
6.81
7.tt
8.0
8.24
8.85
'7.63

8.2
8.26
,.4

8.18,
9.88,

I0.()5
9.3',7,

8 5E,
7.S8.
3.12,
7 59,
8 71,
1 01,
715,
6.7,

11.84.
t2-t6,
8.31,

11 .1 
,

6.52,
9.9,
8.0,

8.36
8.29
9.79
8.01
90E
7.48
916
'7 59

8.11
6 6',7

6 ,19

8.2
'7.69

).2-61
8.62
'7-4

9.20
6.8

15.0

8 34.
8 80.
8 91,
9.48,
8.74,
1.75,
3.33,.
1.27,
8.93,
1.59,

10.6,
9.62,
9.05,
7-14,
95,
6 30.
'7.2,
'7.0,

-0.16,.
0.64,.
0.62,
0.03,
0.03,
0.11,
0.09,
0.31,.

-0.38,.

-0.01,.
<0.1,

0.91,"
3.47 d

0-71,
0.4,
0.16,.

2.0,

0.17
0.1&
0.55
0
0.02

-0.13.
-0.14.

0.
-0.34.
-0.33.
-0.38.

0.1

-0.64...
3.60d
0.65
0.4
0.82.

-0.T*

Mean (.r)
Repeatability (r')
Reproducibility (R)

8.23
2-04
2.67

0.11
0.14
0'70

845
4-53
512

For key, see Table XX.

method, are suitable for use as quality control methods, provided that the
applicability of the FMBRA method, in particular, was confirmed. This method
has been designed to be used with wheat products.

The Englyst procedures havc bccn applied to the analysis of non-cereal
product samples; it is suggested that their applicability to such samples be
confirmed by carrying out further trials using a range of non-cereal foods.
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TABLE XVI
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS FOR OAT CEREAL BY ENGLYST

COLORIMETRIC END-POINT METHOD
(Sample Code 3/12)

gl 100 g dry matter

Laboratory

Nonstarch
polysaccharides

(NSP)

NSP +
resistant starch

(Rs)
Rcsistanl

starch

I
2
3
4
5
6
7
8
9

l0
ll
t2
13

l4
15
16
t7
18

l9b

8.63,
9.48,
9.48,
8.,
9.t9,
8.11,
3.48,.
1.24,
8.61,
9.13,
7.3,
1.1,

1r.70,
9.10,
8.60,

10.8,
8.06,
6 0,.

4.0,

8-46
9.97
9.5r
853
8.98
7.80
8.34.
7.'74
8.73
9.34
7.8
4.4

12.28
10.16
8.83
9.7
5.44

12.8"
9.0

8.68,

10.02,
7.98,
9.58,
8.13,
3.58,.
7.9t,
9.86,
9.97,
1.5,
6.6,

r ).oo

1.63,
11.4,
8.82,"
7.5,"
7.0,

8.48
9.91

10.05
8.18
9.38
7.24
8.67.
1.80
9.25
9 {55

8.2
6.8

11.80
13.06
8.73
9.9
5.88c

12.0.
10.0

0.02
0.0
0.54
0.0
0.40

-0.56.
0.33
0.06
0.52
0.31
0.4
2.4"
1.05
2.9U

-0.1&
0.2
0.44

-0.8"€
1.0

Mean (r-)
Repeatability (r)
Reproducibility (R)

8-73
2-13
4.43

9.30
1.36
493

036
059
1.06

For kcy, see Table XX.
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TABLE XVII
DIETARY FIBRE COLLABORATIVE TRIAL RESULTS BY THE

FMBRA METHOD

9I

Dietaty fibtc (91100I dry mattet)

Laboratory

Wholemeal bread
pre-tdalsample

(same as Sample 10/11)

wholemcal brcad
Sample 10/11

(same as pre'trial samplc)
White bread
Sample 4/13

1

2
3
4
5
6
1
8

9

10
11

t2
13

1_4

l5
16
t7
l8
19b

10.5,
1.1..12,
9.51,

10 5,

8.24,
10.31,

10.3,
11.4,
10.5,
11.60,
10.64,
12.33,

10.06,

17.4,

9.81.
E.s2,
8.39,

12.69,
8.9E,
1.48.
8.99, _.
'7.32,

10.2,
9 5,
8,16,
6.27.
8.06.

11.',7 ,

7.50,

14.0,

3.91,
1.21 ,

2.02.
0.99,
1.84,
1.84,

1 65,
38,
36,
2.00,
).nJ
184,
3.1,
1-t)7,
2.t,
2-0,

10.7
11.31
8.93

10.7
10.34

1.0.12

10.3
13.3
11.0
10.93
10 87
10.87

10.40

16.0

10.05
8.50
7.',78

12.50
7.83
6.81
9.99

8.27
93
84
895
611
853
9.9
5.86
8.9
'7.0

2.86
3.52
2.01.
1.81
2.09
1.23
1.95

1..34

4.3
1..9

1.35
1.68
2.18
0.2
2.14

4.0

Mean (;)
Repeatability (/')
Rcproducibility (R)

l0 51
1.55
3.05

8 7'7

1 7t9

4.63

2.24
2.t6
2.73

For key, see Table XX.
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TABLE XVIII
DIETARY FIBRE COLLABORATT\'E TRIAL RESULTS BY THE

FMBRA METHOD

Dietaty ftbte (91100 gdry ma er)

Laborator_y

1:lmixwholemeal
white breads
Sample 5/9

High bran bread
Sample 2/14

Drybread
Sample6/8

1

2
3
4
5
6
7

8

9
10
11
t2
13

t4
15
16
17
18
19b

7.t2,
8.37,
7.62,
8.13,
5.03,
4 55,
6.78,

6.45.
69,
9.4,

5.57,
4.98,
6.2,
8.28,
4.7.

12-0,

7.68
8.41
5-97
1.90
4.94
5.06
6.28

5.68
5.9
7.8
6.39
3.93
6.01
8.3
5.71
6.0

11.0

10.55,
13.71,
11 05,
t4.91,
10 00,
10.51,

10.02,
8.4

10.2,
11.35,

9.41,
r0.0,
12.89,
10.7,
15.0,

5.11,

1.31,
3 61,

3 59,
3.9,
5.4,
3.09,

3.03,
6.0,
4.42,

6.0,

10.'7 4
14.55
7.05

13.25
10.16
10 16

11.06

9 42.
'7.8

88
989
705

t0 99
r'3
12 3l
i 1.4
130

4.18
.1.87

3.66
{.08
2-17
2-51
3.37

2.68
3.8
4.9

2.58
3.19
7.4
3.63
4.0
7.0

Mean (i)
Repeatihility (r')
Reproducibility (R)

655
2.53
3.93

3.75
146
3.2E

10.58
3.13
5.11

For key, see Table XX.

APTENDIX I

ENGLYST PROCEDURE FOR DETERMINATION OF DIETARY FIBRE AS NON-STARCH

POLYSACCHARIDES: MEASUREMENT OF CONSTITUENT SUGARS BY GAS.LIQUID

CHROMATOGRAPHY

1. scoPE AND FIELD oF APPLICATIoN

The method determines dietary fibre as non-starch polysaccharides (NSP).

2. orrrlrrrroN
The content of dietary fibre: the content of non-starch polysaccharides as

determined by the method specified.

t
I
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TABLE XIX
DIETARY FIBRE COLLABORATIVE TRIAL RESUI-TS BY THE

FMBRA METHOD

93

Dtetary fibrc (gl 100 I dry matter\

Laborator],
Cornflakes
Sample 1/7

Oatcereal
Sample 3/12

1

2
3
4
5

6
1
8

9
10
11

12

13

14

15

16
11

18

19b

0.0,
0.09,
0.0,
0.0,

-0.84,.
-0.81,"

triI
nil

<0.1,.
0.0,
0.0,

-0.58,.
0.0,

-0.31,"
rlld

1.4,

0.0,
0.09
0.0,
0.0,

-0.61.
-rjr"

nil
nil

2.5.
00,
0.0,

-0.39.
0.0,

-0.36.
n/d
5.0

5.83,d
2.45,
3.28,
t.19,
3.38,
2.82,

2.51,
,,o
4.0,
4.03,

3.9,
3.s8,
3.1.,

1.0,

3.82
5.96J
2.62
3.45
2.60
1.79
2.91

2.33
3.0
3.6
3.24
186
2.4E
52
i.95
14
30

Mean (-x)

Repeatability (/)
Reproducibility (R)

0.01
0.00
0.01

2.96
177
2.10

For key, see Table XX.

3. pnrNcrprr

The starch is gelatinised and then removed by enzymic digestion. The
remaining polysaccharides are hydrolysed by sulphuric acid and the resulting
individual neutral sugars are measured by gas-liquid chromatography (GLC) of
their alditol acetatc dcrivativcs. Uronic acids are measured separately by a

colorimetric procedure. Two alternative procedures are described for the
dispersion of the starch thus enabling evaluation of the sample's resistant starch
content if required.

4 nracrNrs
High purity rcagents arc uscd throughout the method. Distilled water. or

water of an equivalent purity. is to be used.

TABLE XX
DIETARY FItsRE COLLABORATIVE TRIAI- RESIILTS

KEY TO TABLES I XIX

a. Analvsis not carried out b],Laboratory.
b. Laboratory results not includcd in any calculations of mean, repeatability or reproducibility.
c. Rejected by Cochran's Tesl P <0.05. Values not used in calculations.
d. Rejected by Dixon's Test P <0 05. Values not used in calculati()ns.
e. Results reported as negative, considered as zero (0.00) io calculations.
n/d: not detected, considcrcd as zero (0.00) in calcularions.
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4.1 Acetone

4.2 Dimethyl Sulphoxide (DMSO)

4.3 Benzoic Acid Solution, 50 per cent. satwated
Dilute saturated benzoic acid solution 1:1 v/v with water.

TABLE XXI
DIETARY FIBRE COLLABORATIVE TRIAL SUMMARY OF MEANS, REPEATABILITIES

AND REPRODUCIBILITIES FOR THREE METHODS

Sampie

Wholemealbread-
Pre-trial

Wholemealbread
10/11

White bread
4t13

Englyst GLC
NSP: i

f
R

NSP+RS: i
t
D

RS: i
f
R

Engllst Colorimetric
NSP: 7

R
NSP+RS: i

f
R

RS: i
r
R

FMBRA:
DietaryFibre: ;

9.57
1.73
3.50

10.46
r'51
3.21
0.85
0.74
1.10

10.59
1.29
3.00

11.48
1.20
2.69
0.90
0.sl
1.42

10.51
1.55
3.05

9.33
1.69
3.83

10.69
1.94
540
0.91
0-87
1.00

10.66
1.79
s.23

11.45
2.11
5.26
0.9r
2.02
2.09

8.77
1.78
4.63

2-',78
0.86
1.63

-'l 93
0 6lt
:15
l.1l
0.35
0.51

3.08
1.55
1.79
,1.19

1.78
2.04
1 0,{
1.11
1.36

2.16
2-73R

Key
;: mean of resulrs (from Tables I-XIX).
.: repeatability of results (from Tables I-XIX).
R: reproducibility of results (from Tables I-XIX).

4.1 SotJium Acetate Buffer, 0.1 molll, pH 5.2

Dissolve 13.6 g sodium acetate trihydrate. CH:COONa.3H2O, in water and
make up to I litre with benzoic acid solution (4.3). Adjust to pH 5.2 with aceric
acid, 0.1 moUl. To stabilize and activate enzymes, add 4 ml of calcium chloridc
solution, 1 mol/I, to 1 litre of buffer.

4.5 u-Amylase Enzyme:

c-Amylase, EC 3.2.1 .1.; Pancrex V Capsules (approximarely 9000 BP units
cy-amylase pcr capsule (Paines and Byrne Ltd).

I
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4.5.7 a-Amylase solution,2000 BP unitslml
Empty 2 Pancrex V Capsules (4.5) into a centrifugc rube. Add 9 ml of water

and dispersc using a vortex mixer. Ccntrifuge at 1500 g for 10 minutcs and use
the supernatant liquid as a-amylase solution. Prcpare immediately before use.

TABLE XXII
DIETARY FIBRE COLLABORATIVE TRIAL SUMMARY OF MEANS. REPEATABILITIES

AND REPRODUCIBILITIES FOR THREE METHODS

Sample

95

1 | 1 Mix white and
wholemeal brcads 5/9

Iligh hran bread
2i14

Ryc bread
6t8

Englyst GLC
NSP: i

R
NSP + RS: T

f
R

RS: i
r
R

Engllst Colorimetric
NSP: i

f
R

NSP+RSI i
r
R

RS: V
f
R

FMBRA
DietaryFibrc:

6.66
2.20
3.01
'7.75

291
395
096
1.02
1.34

7.43
2',73
3.39
8.53
2.87
3.15
0.9'7
163
r '60

6.55
2-53
3.93

r0.45
308
375

10.98
3.96
5.40
0.62
0.70
079

11.53
1.54
4.40

11.85
1.60
5.70
0.85
r.99
2.38

4.10
1.15
2.30
5.53
0.63

130
0.19
1.08

4.7t
1.75
2.02
6.08
0.97
2.10
1.10
0.67
l'r2

3.15
L.16
328

10 58
313
541

I

R

Key
i: mean of results ([rom Tables I-XIX).
,,: rcpeatability of rcsults (from Tables I XIX)-
R: rcproducibility of results (from Tables I-XIX).

4.6 Pullulanase Enzyme
Pullulanase, EC 3.2.1.41 (Boehringer 108914), 100 units/ml.

4.6.1 Pullulanase Solution, I unitlml
Dilute pullulanase (,1.6) 1 : 100 (e.g. 0.010 ml made to a final volume of 1 ml)

with acetate buffer (4.4). Prepare immediately before use.

4.7 Dthanol, Absolute

4.8 Ethanol, 85 per cent. vlv

4.9 Sulphuric Acitl, 12 molll



96 H. N. ENGLYST E, 4/,

4.10 GLC Internal Standard Solution, 1 mglml
Acculately weigh allose (dried to constant weight under reduced pressure

with P2O5) and make up the volume with benzoic acid solution (4.3).

4.ll Octan-2-ol

4.12 Ammonium Hydroxide, 12 molll

TABLE XXIT
DIETARY FIBRE COLLABORATIVE TRIAL SUMMARY OF MEANS. REPEATABILITIES

AND REPRODUCIBILITIES FOR THREE METI.IODS

Sample

Comflakes
1t7

OatCereal
3n6

EnglystGLC
NSP: i

R
NSP+RSI i

f
R

RS: i
R

Englyst Colo metric
NSP: i

t

NSP + RS, i
r
R

RSi i
r
R

0.81
0.65
1.16
4.18
2.02
2.46
3.25
1.81
2.32

109
0.9i
1.11
3.89
1.72
L.9',7

2.8'l
1.43
1.95

8.23
2.M
2.67
8.45
4.53
5.12
0.17
0.14
0.70

8.73
2.13
4.43
9.30
1.36
4.93
0.36
0.59
r.06

2.96
r.77
2.40

FMBRA
Dietary Fibre: i

n

0.01
0.00
0.07

fet
r:

mean o[ resuhs (irom Tables I-XIX).
repcatability of results (from Tables I-XIX).
reproducibility of results (from Tables I XIX).

4.13 Ammonium Hy droxidel Sodium Borohy dride Solution
A solution of ammonium hydroxide, 3 moVl, containing 50 mg sodium

borohydride (NaBHa) per ml.

4.'1.4 1 - Methylimklazole

4.t5 Acetic Acid, Glacial

4.16 Acetic Anhydride

4.17 Potassium Hydroxitle, 7.5 molll
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4.18 Sodium ChloridelBoric Acid Solution

Dissolve 2 g of sodium chloride, NaCl, and 3 g of boric acid, H3BO3, in 100 ml
of water.

4.79 Sulphuric Acid, Concentated

4.20 D imethylphenol Solution

Dissolve 0.1 g of 3,5 dimethylphenol (CH3)2C6H3OH, in 100 ml of glacial
acetic acid (4.15).

4.21 Glucuronic Acid (solid)

Solid (dried to constant weight under reduced pressure with P2O5), for
preparation of standards used in uronic acid determination.

4.22 Standard Sugar Solutions, 1 mglml
Use pure preparations of r-rhamnose, l-arabinose, n-xylose, D-mannose,

o-galactose and o-glucose (dried to constant weight under reduced pressure
with P2O5). Dissolve the sugars in, and make up the volume with, benzoic acid
solution (4.3).

4.23 Sulphuric Acid. 2 molll

5. eppenerus

5.7 Centifuge

5.2 Centrifuge Tubes

Class centrifuge tubes of 5G60 ml capacity, fitted with screw-tops.

5.3 Magnetic Stirrer Hot Plate

Fitted with a beaker of water of sufficient capacity and height to contain the
required number of tubes, e.g. 12. Place a layer of Scotch-Brite or similar
material in the bottom of thc beaker to prevent breakage. Cover the beaker,
e.g. with tinfoil, to aid boiling and ensure even temperature distribution.

5.4 Magnetic Stirrers, PTFE-coated

To fit centrifuge tubes (5.2).

5.5 Vortex Mixer

5.6 Water Bath

5.7 Spectrophotometer

5.8 Oven

5.9 GLC Chromatograph

GLC Chromatograph fitted with flame ionization detcctor and preferably,
peak area integrator and auto injector.

5.10 G LC Column and Conditions
Column: 2.1 m x 2 mm i.d. glass column packed with Supelcoport (100/120

mesh) coated with 3 pcr cent. SP 2330.
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Conditions must be selected to separate and quantitate alditol acetate
derivatives of the individual sugars. The mcthod described has been developed
based on the following conditions; but others are available.

Injector temperature
Column temperature
Detector temperature
Carrier gas

Carrier gas flow-rate

275"C
215"C (isothermal)
275"C
Nitrogen
25 ml/min

A typical chromatogram is given in Figure l. When tailine from the solvent front
increases repack the first 5 cm of the column and recondition.

6. pnocsoune

6.1 Pre-lreatment of sample

Foods are analysed without pre-treatment whenever possible. If there arc
problems in taking a representative sample, foods with a low \ ater content may
be milled and foods with a higher water contcnt may be homogenized or
freeze-dried and milled. No sample should be subjected to ball-milling for more
than 2-3 min.

6.2 Test Samples

Accurately weigh, to the nearest 0.1 mg, two portions [(a) and (b)] of each
sample, each portion wcighing between 100 and 500 mg (containing not more
than 200 mg of dry matter and 50 mg of NSP, e.g. 200 mg of flour or 100 mg of
bran), into 50 ml screw-top centrifuge tubes (5.2). Add a stirrer (5.4) to each'
Portion (a) will be used to measure thc total NSP content ofthe sample; portion
(b) will be used to measure total NSP together with its resistant starch content.

6.3 Fat Extraction

Dry samples (i.e. 90-100 per cent. dry matter) with less than 5 per cent. of fat
may be analysed directly. Otherwise add 40 ml of acetone (4.1), mix for 30

minutes using a magnetic stirrer, centrifuge and remove by aspiration as much of
thc supernatant liquid as possible without disturbing the residue. Dry it with
stirring at 62.5 + 2.5"C (see 6.4.2).

6.4 Dispersion and Enzymic Hydrolysis

6.4.1 Dispersion of the Starch

Add 2 ml of DMSO (4.2) to tube (a) containing test portion (a), and mix for
about 2 min at room temperature, using the magnetic stirrer. Add 10 ml of
acetate buffer (4.4) to tube (b) containing test portion (b). Cap and place tubes
(a) and (b) into the beaker with boiling water (5.3) lor 7-7'25 h, timed from
when re-boiling commences. Use the magnetic stirrer. (Note that in tube (a) gel

formation may occur to such an extent that the stirrer is prcvented from moving,
but this will not affect the procedurc.)

Remove tube (a) from the beaker and immediately, without cooling, add 8 ml
of acetate buffer (4.4), pre-equilibrated at 50 I 5'C, and vortex mix. Then
remove tube (b) from the beaker.
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Slondord sugor soluiion

I Rhomnose 2 arobrnose

3 xylose 4 Allose (rnternol stondord)

5 Monnose 6 Goloctose 7 Glucose

GLC Column ond condilions

3 per cent SP-233O on IOO/120 Supelcort

2.lO m x 2 mm gloss columflr

Column lemperoture 215 oC

N flow rote 25 mllmin

Somple size l,pl
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Fig. 1. Typical chromatogram of standard sugars.
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6.4.2 Enzymic Hydrolysis of the Starch

Note: all portions of the samples in their associated tubes are to be trcated in
the same manner in the procedure given in Section 6.4.2 through to
Section 6.7 of the mcthod. Reference to "a sample ' or "a tube" is to be
taken to include "all samples" or "all tubes" being analysed in this part
of the method.

Allow to cool, eithcr at room temperature or in a rvater bath at 35'C to
between 30'C and 40"C, and then immcdiatell,add 0.-i ml of o-amylase solution
(4.5.1) followed by 0.1 ml of pullulanase solution (1.6. 1) and rorrex mix. (N.B.
Do not mix the enzyme solutions before addition. )

Incubate the sample at 42 + 2"C (5.6 or 5.8) for 16_1S h. \-orrex mix after the
first hour.

After the enzyme treatmcnt add 40 ml of absolute ethanol (.1. - ) ro each tube.
mix well by inversion and leave for t h at room temperature. Centriiuc. at 1500
g for 10 min or until a clear supernatant liquid is obtained.

Without disturbing the rcsidue, remove by aspiration as much of the
supernatant liquid as possible and discard it. Wash thc residue tu ice u ith E5 pcr
cent. ethanol (4.8), using 50 ml each time. Mix by inversion and then usc a
magnetic stirrer to form a suspension ofthc rcsidue (about 5-10 min), centrifuge
until clear and remove the supernatant liquid by aspiration and discard as
before.

Add 40 ml of acetone (4.1) to thc washed residue, stir magnetically fbr 5 min
and then centrifuge at 1500 g for approximately 10 min or until clear. Remove
the supernatant liquid by aspiration and discard it.

Place the tube in a beaker ofwater at 62.5 + 2.5'C on the hot plate stirrer (5.3)
and mix the residue for a few minutes until it appears dry. The beakcr may be
covered and the acetone vapour removed by a water pump.

6.5 Acid Hydrolysis ol the Residue from Enzymic Digestion
Disperse the dried residue from section 6.4.2 in 2 ml of sulphuric acid, 12 mol/l

(4.9) with vortex mixing. Leave at 35 + 1'C (5.6) for 1-1.25 h, with occasional
mixing, to disperse thc ccllulose. Rapidly add 22 ml of water and mix. Place in
boiling water (5.3) tor 2-2.25 h from re-boiling, stirring continuously. Cool and
add 5 ml of GLC internal standard solution (4.10) and vortcx mix.

6.6 GLC Determination of Neutral Sugars

6.6.1 Preparation of Alditol Acetate Derivatives
Add 0.2 ml of ammonium hydroxide, 12 mol/l (4.12) to 1 ml of each

hydrolysate (6.5). Test that the solution is alkaline, add a little more ammonium
hydroxide if required, and then add 0.1 ml of a freshly prepared ammonium
hydroxide/sodium borohydride solution (4.13) and 1-5 pl of octan-2-ol (4.11).
Mix, leave for t h at 40'C, in a hot block (5.3.1) add 0.1 ml of glacial acetic acid
(4.15) and mix again.

To 0.5 ml of the acidified solution add 0.5 ml of 1-methylimidazote (4.14), 5
ml of acetic anhydride (4.16) and mix. Leave for l0 min and thcn add 0.6 ml of
ethanol (4.7) and mix. After 5 min add 5 ml of water, mix and leave for a further
5 min. Place the tubes in a water-bath at room temperature. Add 5 ml of KOH,
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7.5 mol/l (4.17) and a few minutes later a further 5 ml of KOH, 7.5 mol/l (4.17).
Cap each tube and mix by repeated inversion. Leave the tubes for 10 min or until
the separation into two phases is complete. Draw the top phase into a Pasteur or
automatic pipette.

If any of the lower phase is included, allow this to separate then run it out
before transferring the top phase alone to a small vial. Store at 5'C; the solution
is stable for 1-2 weeks.

Mix each of the standard sugar solutions (4.22) with an equal volume of
internal standard (4.10). Then dilute 1 :1 v/v with sulphuric acid,2 molll (4.23).
Carry these mixtures through the procedure (6.6. t) with the sample hydroly-
sates.

6.6.2 G LC Determination

6.6.2.7 Carry out conventional GLC determination of the alditol acetate
derivatives obtained from section 6.6.i using the GLC column and conditions
given in section 5.9 and 5.10; use 1-2 pl for injection on the chromatograph.

6.7 Uronic Acids

Mix 0.3 ml of the aqueous dispersion obtained from section 6.5 (diluted if
necessary to contain no more than 100 pg of uronic acids per ml: e.g. no dilution
for flour, I : 5 for bran) with 0.3 ml of sodium chloride/boric acid mixture (4. 18)

in 40-50 ml tubes. Add 5 ml of concentrated sulphuric acid (4.19) and vortex
mix. Place the tubes in a heating block (5.3.1) at 70'C. Leave for 40 t l min and
cool to room temperature by placing in water.

When cool, add 0.2 ml of dimethylphenol solution (4.20) and vortcx mix
immediately. Between 10 and 15 min later, read the absorbance at 400 and 450
nm in a spectrophotometer (5.7) against a watcr reference.

Subtract the reading at 400 nm from that at 450 nm for each test sample. Plot
the difference in absorbance obtained for glucuronic acid (4.21) standards over
the range 25-125 pglml. Calculate or read sample concentrations from the
graph.

7. expnesstoN oF RESULTS

7.1 Calculation of Neutral Sugars

Calculate the amount of each sugar in 9/100 g by the following formula:

l,y.x,4.xl00-=antr- = Per cent sugar

where

W" is the weight of internal standard in mg.
A, and A. are the peak areas for the test solution and the internal standard,
respectively.
,yr is thc weight (in mg) of test sample taken for analysis. When using an
auto-injector and a computing integrator, the internal standard (4.10) may be
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added as a constant percentage (e.g. 5) of the sample rveieht. thus allowing all
calculations by computer as follo*,s:

AtxP,-a- = per cent sugar

where Ps is the internal standard as weight percentage of the sample taken for
analysis; i.e. P" : (W"/IryJ x 100.

7 .2 Cotections
Experiments with mono- and polysaccharides have shown that the hydrol) sis

and derivatisation procedures result in losses of approximately 10 per cent. of
sugars. In order to express results as polymers or anhydro sugars, the GLC
results should be decreased by approximately 10 per cent. Because these two
corrections are of approximately the same value, however, the GLC results are
calculated and expressed directly as polymers or anhydro sugars.

There is incomplete hydrolysis and acetylation (50 per cent.) of any
rhamnose. This is corrected for by applying a factor of x2 to the rhamnose
values as determined experimentally. In practice, only traces of rhamnose are
present in food products.

7.3 Total Non-starch Polysaccharides (NSP)

Total NSP = rhamnose x 2 + arabinose + xylose + mannose + galactose +
glucose, all as measured in section 7.1 for test portion (a) + uronic
acids as measured in section 6.7 for test portion (a).

7.3.1 Total Non-starch Polysacchaides, together with Resistant Starch (RS)

Total NSP + RS = Rhamnose x 2 + arabinose + xylose + mannose +
galactose * glucose all as measured in section 7.1for test portion
(b) * uronic acids as measured in section 6.7 for test portion (b).

7.3.2 Resistant Starch (RS)

RS = glucose measured for test portion (b), section 7.3.1 minus
glucose measured for test portion (a), section 7.3.

All values above are expressed as grams of polymers in 100 g of material taken
for analysis.

appsNnrx II
ENGLYST PROCEDURE FOR DETERMINATION OF DIETARY FIBRE AS NON.STARCH
POLYSACCHARIDES: MEASUREMENT OF CONSTITUTED SUGARS BY COLORIMETRY

1. scopg,q.No FIELD oF AppLIcATIoN

The method determines dietary fibre as non-starch polysaccharides (NSP).

2. oprlrqrtoN
The content of dietary fibre: the content of non-starch polysaccharides as

determined by the method specified.
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3. pnrNcrpls

The starch is gelatinised and then removed by enzymic digestion. The
remaining polysaccharides are hydrolysed by sulphuric acid and the resulting
sugars determined colorimetrically. Two alternative procedures are described
for the dispersion of the starch thus enabling evaluation of the samples for
resistant starch content if required.

4. nreceNrs

High purity reagents are used throughout the method. Distilled water, or
water of an equivalent purity, is to be used.

4.1 Acetone

4.2 Dimethyl Sulphoxide

4.3 Benzoic Acid. 50 per cent. saturated solution

Dilute saturated benzoic acid solution 1 : 1 v/v with water.

4.4 Sodium Acetate Buffer,0.1 molll, pH 5.2

Dissolve 13.6 g sodium acetate trihydrate, CH3COONa. 3H2O, and make up
to 1 litre with benzoic acid solution (4.3). Adjust to pH 5.2 with acetic acid,0'1
molfl. To stabilise and activate enzymes, add 4 ml of calcium chloride solution, 1

mol/l to 1 litre of buffer.

4.5 u-Amylase Enzyme

c-Amylase EC 3.2.1.1; Pancrex V Capsules (approximately 9000 BP units
a-amylase per capsule, Paines and Byrne Ltd.).

4.5.1 a-Amylase solution, 2000 BP unitslml
Empty 2 Pancrex V Capsules (4.5) into a centrifuge tube. Add 9 mi of water

and disperse using a vortex mixer. Centrifuge at 1500 g for 10 min and use the
supernatant as c-amylase solution. Prepare immediately before use.

4.6 Pullulanase Enzyme

Pullulanase, EC 3.2.1.41 (Boehringer 108944), 100 units/ml.

4.6.1 Pullulanase Solution, I unitlm
Dilute pullulanase (4.6) 1:100 (e.g. 0'010 ml made to a final volume of 1 ml)

with acetate buffer (4.4.4). Prepare immediately before use.

4.7 Ethanol, Absolute

4.8 Ethanol, S5 per cent. vlv

4.9 Sulphuric Acid, 12 molll

4.10 Glucose Solution, 0.5 mglml
Dissolve 25 mg of glucose in 50 ml of saturated benzoic acid solution (4.3).

4.11 Sodium Hydroxide

4.12 Sodium Hydroxide Solution, 3.9 molll
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4.I3 Sodium-Potassium Tartrate

4.74 Dinitrosalicl late SoIution

Dissolve 10 g of 3.5-dinitrosalicylic acid, 16 g of sodium hrdroxide (4.11) and
300 g of sodium-potassium tartrate (4.13) in redistilled \\ arer and make up to 1
litre with this water. Store in a well-capped dark bottle. Keep for 2 days bifbre
use. The solution is stable for at least six months at room remperature.

4.15 Standard Sugar Solutions

Dissolve 600 mg of arabinosc, 800 mg of x)lose and 6ot t ms .ri glucose in 50 pcr
cent. saturated benzoic acid solution (4.3) and make up lo 5r)0 ml with the
benzoic acid solution to provide a stock solution. To prepare srrndards, takc 1,
2, 3 and .l ml of stock solution and make up to -l ml ll irh :h: benzoic acid
solution. Add 4 ml of sulphuric acid, 2 moUl (4.16) to gi\e sranddrds of 0.5. 1.0,
1.5 and 2.0 mg of total sugars/ml in sulphuric acid, 1 mol 1.

4.16 Sulphuric Acid, 2 molll

5. npp,qnerus

5.1, Centrfuge

5.2 Centri.fuge Tubes

Glass centrifuge tubes of 50-60 ml capacity, fitted with screw-tops.

5.3 Magnetic Stirrer Hot Plate

Fitted with a beaker of water of sufficient capacity and height to contain the
required number of tubes, e.g. 12. Place a layer of Scotch-Brite or similar
matcrial in the bottom of the beaker to prevent breakage. Cover the beaker,
e.g. with tinfoil, to aid boiling and ensure even lemperature distribution.

5.4 Magnetic Stirrers, PTFE-coated

To fit centrifuge tubes (5.2).

5.5 Vortex Mixer

5.6 Water Bath

This should be of such a capacity that there is no significant change in
temperature when a rack containing all the tubes, samples and standards is
placed in it.

5.7 Spectrophotometer

5.8 Oven

6. rnoceounr
6.7 Pre-treatment oJ sample

Foods are analysed without pre-treatment whenever possible. If there are
problems in taking a representative sample, foods with a lou'water content may
be milled and foods with a higher watcr contcnt may be homogcnised or
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freeze-dried and milled. No sample should be subjected to ball-milling for more
than 2-3 min.

6.2 Test Samples

Accurately weigh, to the nearest 0.1 mg, two portions ((a) and (b)) of each
sample, each portion weighing between 100 and 500 mg (but containing not
more than 200 mg of dry matter and 50 mg of NSP e.g. 200 mg of flour and 100

mg of bran), into a 50 ml screw-top centrifuge tube (5.2) and add a stirrer (5.4).
Portion (a) is used to measure the total NSP content ofthe sample; portion (b)

is used to measure total NSP together with resistant starch.

6.3 Fat Extraction

Dry samples (i.e. 90-100 per cent dry matter) with less than 5 per cent. fat may
be analysed directly. Otherwise add 40 ml of acetone (4.1), mix for 30 min using
a magnetic stirrer, centrifuge and remove by aspiration as much of the
supernatant as possible without disturbing the residue. Dry it with stirring at
62.5 +2.5"C (see 6.4.2).

6.4 Dispersion and Enzymic Hydrolysis

6.4.1 Dispersion of Starch

Add 2 ml of DMSO (4.2) to tube (a) containing test portion (a) and mix for
about 2 min at room temperature, using the magnetic stirrer. Add 10 ml of
acetate buffer (4.4) to tube (b) containing test portion (b). Cap and place tubes
(a) and (b) in the beaker with boiling water (5.3) for 1-1.25 h timed from when
re-boiling commences. Use the magnetic stirrer (note that in tube (a) gel
formation may occur to such an extent that the stirrer is prevented from moving,
but this will not affect the procedure).

Remove tube (a) from the beaker and immediately without cooling, add 8 ml
of acetate buffer (4.4), pre-equilibrated at 50 +5'C, and vortex mix. Then
rcmove tube (b) from the beaker.

6.4.2 Enzymic Hydrolysis of the Starch

Note: all portions of the sample in their associated tubes are to be treated in
the same manner in the procedures given in Section 6.4.2 through to
Section 6.6 of the method. Reference to "a sample" or "a tube" is to be
taken to include "all samples" or "all tubes" being analysed in this part
of the method.

Allow the tubes to cool, either at room temperature or in a water bath at 35"C,
to between 30 and 40"C, and then immediately add 0.5 ml o-amylase solution
(4.5.1) followed by 0'1 ml of pullulanase solution (4.6.1) and vortex mix. (NB
Do not combine the enzyme solutions before addition.)

Incubate the sample al42 +2"C (5.6 or 5.8) for 1G18 h. Vortex mix after the
first hour.

After the enzyme treatment add 40 ml of absolute ethanol (4.7) to each tube,
mix well by inversion and leave for t h at room temperature. Centrifuge at 1500
g for 10 min or until a clear supernatant liquid is obtained.

Remove by aspiration as much of the supernatant liquor as possible (without
disturbing the residue) and discard it. Wash the rcsidue twice with 85 per cent.
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ethanol (4.8), using 50 ml each time. ( \Iix b\ in\ er\ion and then use a magnetic
stirrer to form a suspension of the residue (abL)ur -i-lr min). centrifuge until
clear and remove the supernatant liquor br aspiration rs befr'rre. )

Add 40 ml of acetone (-1.1)to the uashed residue. stjr itrr I min and then
centrituge at 1500 g for approximately 10 min or until .lear. Remove the
supernatant liquor by aspiration and discard it. Place the rul'e in a beaker of
water at 62.5 12.5'C on the hot platc stirrer (5.3) and mix the residue tbr a few
minutes until it appears dry. The beaker may bc covered and the ac!'rL\ne \ apour
removed by a water pump.

6.5 Acid Hydrolysis ol the Residue from Enzymic Digestion
Disperse the dried residue from section 6.4.2 in 2 ml of sulphuric acid, 12 mol I

(1.9) with vortcx mixing. Leave at 35 11'C (5.6) for 1-1.25 h, with occasional
mixing, to disperse the cellulose. Rapidly add 22 ml of water and mix. Place in
boiling water (5.3) for 2-2.25 h from rc-boiling, stirring conrinuously. Cool to
room temperaturc.

6.6 Measurement ol Total Reducing Sugars

Place into separate test tubes 1 ml of blank solution (1 : 1 v/v mixturc of 50 per
cent. saturatcd benzoic acid and sulphuric acid, 2 mol/l), 1 ml of each of the
standard solutions (4.15) and 1 ml of the hydrolysatc (6.5). Add 0.5 ml of
glucose solution, 0.5 mg/ml (4.10), and 0.5 ml of sodium hydroxidc, 3.9 mol/I,
(a. I2) to each lube and vortex mix.

Add 2 ml of dinitrosalicylate solution (4.14) to each tube and vortex mix
again.

Place the tubes, all a1 the same time, in a briskly boiling water-bath (5.6) for
10 min. Cool in water to room tempcrature. Add 20 ml of water and mix well by
repeated inversion. Read the absorbance at 530 nm.

7. r,xpntssloN or RESULTS

7 .7 Calculation

7.7.1. Calculation of Non-starch Polysaccharides
The NSP content, in g/100 g is given by:

where .4, is the absorbance of the test solution obtained from tube (a), Iu, is the
total volumc of the test solution (here 24 mI), A. is the absorbance
corresponding to .l mg sugar/ml taken from the line of bcst fit for the standard
and I4l, is the weight (mg) of sample taken for analysis in tube (a).

7.1.2 Calculation of Non-starch Polysaccharitles together h)ith Resistant Starch
The NSP content together with resistant starch, in 9/100 g, is given by:

Atx Vrx 100
A,xWl

,.4rx%x100
AsxWl
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where Ar is the absorbance of the test solution obtained from tube (b), V, is the
total volume of the test solution (here 24 ml), A" is the absorbance
corresponding to 1 mg sugar/ml taken from the line of best fit for the standards
and Iy, is the weight (mg) of sample taken for analysis in tube (b).

APPENDIX III

ESTIMATION OF DIETARY FIBRE FROM THE TOTAL PENTOSE CONTENTS OF WHEAT
PRoDUCTS ..RAPID,, METHoD FRoM THE FLoUR MILLING AND

BAKING RESEARCH ASSOCIATION

1. scopr,arNo FIELD oF APPLICATIoN

The method determines total pentose in wheat products, from which an
estimate of the content of dietary fibre (DF), including lignin, is derived.

2. oerrurnoN
Estimate of dietary fibre: the value for DF from a predetermined correlation

of DF with total pentose, where total pentose is determined by the method
specified, and DF is determined by the Englyst method, with separate analysis
for lignin.

3. pruNcrrr,s

The sample is partially hydrolysed with dilute sulphuric acid to bring
pentosans into solution. After centrifuging, an aliquot of diluted supernatant is
taken for determination of total pentose, using a colorimetric procedure.
Pentose is expressed as xylose.

4. lrncrvrs
High purity reagents and distilled or deionised water are used throughout the

method.

4.1 Sulphuic acid 0.5 molll

4.2 Xylose

Solid, for preparation of standard solution, dried over phosphorus pentoxide
under vacuum.

4.2.1 Xylose, standard solution, 100 pglml
Aqueous solution of 25 mg ofxylose made up to 250 ml, using water saturated

with benzoic acid as a preservative (stable for up to 6 months at G-4"C).

4.3 Glucose solution

Dissolve 1.75 g glucose in 100 ml water.

4.4 Hydrochloric acid, concentrated, sp. gr. 1.18

4.5 Acetic acid, glacial

Some brands turn the reagent pink shortly after preparation. Analar acetic
acid supplied by BDH Ltd., Poole, is recommended.
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1.6 Phloroglucinol, solid
Laboratory reagent gradc is satisfactorr'.

4.6.1 Phloroglucinol reagent

Preparc fresh by dissolving 1 g of phloroglucinol (.1.6) in 5 ml 95 per cent.
ethanol by warming. Add 110 ml of acctic acid (4.5), I ml or i.-5 per cent.
glucose solution (4.3) and 2 ml of hydrochloric acid (4.4) immediare1r prior to
usc.

5. epp,rnetus

5.1 Magnetic stirrer hotplate
A hotplatc capable of boiling a water bath large enough to contain up to 16

tubes supported in a rack. The magnetic torque should bc sufficient to rotate the
stirrcrs (5.2) in all the tubes.

5.2 Magnetic stirrers
PTFE-coated, to fit centrifuge tubes 5.3.

5.3 Centrifuge tubes

Screw-capped glass centrifuge tubes of 25-30 ml capacity are ideal, but
stoppered tubes (15-50 ml) may be used. To prevent evaporation during boiling,
stoppers should be held in place by elastic bands.

5.4 Centrifuge

Capacity 8 to 16 tubes, capable of approximately 2500 r.p.m. (about 1875 g).

5.5 Volumetric fLasks
Capacity 10 to 250 ml.

5.6 Glass tubes

Stoppered tubes of 25 ml capacity for pentose estimation.

5.7 Pipexe

A 10 ml bulb pipette attached to a syringe, for dispensing acetic acid-
containing reagent 4.6.1. A plastic disposable syringe may be used.

5.8 Sp e ctrop hotometer I col o rimeter

A narrow bandpass instrument for determining absorbanccs at 552 and
510 nm.

5.9 Cuvettes

Cells of 10 mm path length or 10 mm diameter tubes.

6. pnocsouns

6.1 Pre-treatment of sample

Extraction of fat (see 6.4) and/or drying mav be required. Coarse samplcs are
ground to pass a 1 mm gauze.
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6.2 Bulk sampling

Take two separate bulk samples, where possible.

6.3 Analytical samples

From each bulk sample accurately weigh to nearest 0.1 mg a sub-sample to
contain 200 + 20 mg of dry matter, after fat extraction if necessary.

6.4 Fat extraction

May be required with high fat samples. Add 20 ml of acetone, mix for 30 min
using a magnetic stirrer, centrifuge, and remove by aspiration as much of the
supernatant liquor as possible without disturbing the residue. Air-dry the
residue, or dry it by mixing at 6(H2"C until no acetone remains. It may be
possible to avoid fat extraction, if centrifuging (6.6) gives a clear layer of
hydrolysate from which the aliquot (6.7) can be taken.

6.5 Prehydrolysis

Add 10 ml sulphuric acid of 0.5 mol/l (4.1), using it to wash down particles
adhering to the tube walls. Place tubes in boiling water bath with magnetic
stirring for 0.5 h. Cool to room temperature in water. Centrifuge at c. Z5O0
r.p.m. (c. 1875 g) for 10 min.

6.6 Dilution of hydrolysate

Dilute an aliquot of the supernatant liquor with water to contain 25-:75 p"glml
of pentose and less than 0.1 molfl sulphuric acid. Typical dilutions are:

White flour 1-'10 ml
Wholemeal flour 1-25 ml
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1-50 ml
1-100 ml

6.7 Determination of pentose

Add 10 ml of phloroglucinol reagent (a.6.1) to a 2 ml aliquot of diluted
hydrolysate (6.6) and to 2 ml aliquots ofstandards containing G-150 prg pentose,
prepared from xylose solution 100 lt"glml (4.2.1).

Place the tubes in a boiling water bath for 25 min. Cool in water for 5 min.
Immediately read the absorbances at 552 nm then 510 nm, with water in the
reference cell. Tubes should be placed in water bath at 5 min intervals, to
eliminate variable delays before reading, as the colour is subject to fairly rapid
fading.

NB The reagent should be used for no more than 20-25 samples. If samples
and standards to be analysed exceed this number, the analysis should be planned
so that replicates are in separate blocks, with fresh reagent for each block.

Subtract the reading at 510 nm from that at 552 nm for each sample. Plot the
difference in absorbance obtained from xylose standards against the concentra-
tion and calculate sample concentrations using the line of best fit.

Offal
Bran
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7.1. Calculation of pentose

The percentage of pentose in the sample is calculated as xylose from the
formula:

mgxylose x dilution x 100

mg sample

and adjusted to dry matter basis, using the pre-determined moisture content.

7 .2 Estimation of dietary fibre
The dietary fibre content is calculated from the predetermined calibration

equation of DF against total pentose (both on a dry matter basis) for a variety of
wheat products: DF Englyst = 1.75 Pentosc -0.t17.

The DF Englyst value includes lignin, determined separately.
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Pesrrcroe Errrcrs oN Sorl MrcnorLou. Edited by L. Solrenurrr and M. P.
Gneevss. London: Taylor and Francis, 19U7. Price f35.00.

Pesticides are biologically active compounds and must therefore be expected
to offer some potential risk, however small, to man and his environment. Most
governments exercise control over the supply and use of pesticides through a
registration procedure which is essentially predictive. Registration implies the
acceptance by a competent authority of evidence submitted in support of a
company's claims for the safety and efficacy of the proposed pesticide
product and its use.

Over about 30 years, scientists in governments and industry have developed
an extensive programme of testing in plants and experimental animals. Data
from this programme are extrapolated with reasonable confidence to predict the
effects of a pesticide on man and his animals. Unfortunately the "state of the
art" in test procedures which can produce data relevant to predicting some
environmental effects has not progressed nearly as well. By comparison with the
above, guidance on reliable test procedures to estimate the effects of pesticides
on soil micro-organisms is almost non-existent, anywhere in the world.

The work described in this book is an attempt to improve the situation.
Groups of interested scientists have met and corresponded since 1978 to assess

the current meagre guidelines, and to develop recommendations for appropriate
test procedures for assessing the effects of pesticides on soil microflora. Official
registration scientists, however, were not involved.

The task has clearly been an uphill struggle. Chapter 15 starts by admitting
that one of the most important functions of the international workshops has
been to identify the limitations of current methods. Many of these limitations
have been known for some time and although Annex B uses paragraphs from
the FAO Consultation on Environmental Criteria for the Registration of
Pesticides, Rome, May 1981, therc is no reference anywhere in the book to this
basic document on the general requirements for environmental criteria for the
registration of pesticides.

The main reason for slow progress is identified in a sentence in Chapter 14
(and misquoted with a wrong reference two pages later)-"There is inadequate
knowledge of what a soil ecosystem is and which processes and organisms are of
major importance in maintaining soil quality". Natural variability in soil
microbial activity is inevitable, and many environmental factors may influence
micro organism populations and their activity.

Even if reliable and reproducible methodology is developed, the extrapola-
tion of laboratory studies to the field is unproven, and the ecological significance
of any predicted local effect is unknown.
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Scveral chapters summarising experimental data are useful in defining the
present state of knowledge but contribute little to identifr ine new methodology
which may be of value to registration authorities. The recommended laboratory
tests in Appendix B have alreadv been published separatelr and made widely
available to interested parties.

The transposition of Figures 1 and 2 in the first chapter get the reader off to a
somcwhat poor start, but the text in general is easr to read. regularly
emphasising how little we really do know about soil ecosystems. The rer iewer
can only fully support the final inevitable recommendation that 'more research
is csscntial". But there must be some doubt as to whether a f35.00 book is
needed to get this message across.

J. A. R. BArES

ICUMSA PnocmorNr;s 19'r'H SESSIoN Cexxss 1986. Peterborough: ICUMSA.
19t17. Hardback, Price f28.00. ,166 pp. + index. ISBN: 0 905003 l1 X.

This is the latest in the series of ICUMSA proceedings and covcrs thc meeting
of 117 delegates from 28 major sugar-producing countries at Cannes in 1986.

ICUMSA. the Intcrnational Commission tbr Uniform Methods of Sugar
Analysis addresses itself to the unified approach to sugar analysis and plays a
vital role in the drawing up of methodology for use by the trade. There are close
links with IUPAC, the AOAC and the APA. and although its purposc is not to
formulate statutory methods, it plays a significant part in that work.

'fhis book is best described as a full and frank account of the meetings and it
includcs not only details of methodology but a verbatim report of all of thc
discussions. For this reason it does not lend itself 1o routinc laboratory use, since
the reader would have difficulty extracting the relevant information quickly.
Having said this, however, the series does enable the reader to learn of thc
latest practices in the sugar tradc and to discover the trade's thoughts on
analytical mattcrs from simple polarimetrv to the more esoteric qualities of
sugar and sugar products.

The book deals with 31 subjccts in 466 pages. and contains much statistical
informalion on thc performance of nearlv all well used analytical methods.
Somc uscful comparisons of methods are alsr.l included, as arc dctails of
microbiological tests for sugar.

The book is welcome in the reviewer's librar-v. bu1 should bc rcad in
conjunction with the ICUMSA Sugar Analysis Book (1979) which is more useful
to a practising analyst.

Close involvcment with ICUMSA does not colour the revicwer's judgement
of this series-he only wishes he had bccn at Cannes last summer!

C. J. Snrr.roN


