
J.A!6oc.Publ.Ardlrrs" 1992, 28, 1-10

Determination of the Levels of Aflatoxin in Peanut Butter
using the Aflaprep Immunoaffinity Column Clean-Up

Procedure: Collaborative Trial

Fiona M. Worner, Alan L. Patey and Roger Wood

I'ood Scicnce Laboratory, Munslry ofAgnculture. Iishenes and Food, Colncy Lane, Norwjch, NR4 7UQ, U.K.

Summary:
Twenty one United Kingdom laboratories participated in a collabora-
tive trial to evaluate the Aflaprep imt?runodlrtniry column .for the de-
termination of aflatoxins in peanut butter. Ed.ch pdrticipant received
ten randomly numbered samples ofroasted peanut butter which were
prepared as fiye sets of blind duplicates. One set of samples was
blank, uncontaminated peanut butter. The other four sets oJ samples
contained dilferent concentrations oJ total aJlatoxin - ca 8; 12; 35;
5 0pg/kg. These latter samples were prepared.from naturally contami-
nated peanuts, the mdjor contamination being from aflatoxin G I Par-
ticipdting laboratories were instructed to Jbllow a set procedure with
regard to the use of the immunoaftinity column for extraction and
r)ere to quantitate total aflatoxin levels by HPLC with post-column
deriyitisation with iodine. The relative :ttdndard deviations for repro-
ducibiliE- @SD) for the total dllatoxin levels, from the f en\) one
Iaboratories, for the firu' concentrations of contaminated pednut
butter, were respectively; 54% (on a mean of 7.0p9/kg); 30?6 (on a
mean of 1l.3pg/kg); j5% (tn a mean oJ 3j.2pg/kg); and j6'% (on a
mean of 47.7pg/kg).

Introduction:
The four aflatoxjns Br. B?. Cr. and G- are toxrc metabolites ol- lhe fungi

AspsfgtlluS_llayu and A. parasiticus '. They are potent li\er toxins showing
carcinogenic properties, with aflatoxin B, being the most toxic compound. They
can contaminate some cereal crops and ground nuts and their products.

One of the problems conceming the determination of aflatoxins in
foodstuffs has been the sample extraction procedure. The immunochemical
analytical methods which have been devised simplily and shorten the time
required fbr the clean-up of extracts of aflatoxin from foodstuffsr'a. The
immunoaffinity column contains a gelatinous suspension of monoclonal
antibodies covalently attached to a solid support. Any aflatoxin present in the
sample is retained by the antibody within the gel suspension. The column is
washed to remove any extraneous non-specihc material. The eluate is collected
by elution of a suitable organic solvent for analysis by either high performance
liquid chron.Etography (HPLC) or thin layer ckomatography (TLC).

Two previous collaborative trials5 o evaluated an immunoaffinity colunrn
clean-up procedure to detemine the aflatoxin levels in peamit butter.
Participants in these trials were experl laboratories routinely carrying out
aflatoxin analyses. The specific column used was the Total Easi-Extract column
from Biocode, UK. in the first trial5, which involved l0 UK laboratories, each
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laboratory had to follow a protocol for the use ofthe column but could choose
their own end detection method. In that trial the two levels of aflatoxin B.
contamination were 12 and 35pg/kg respectively. Relative standard deviationd
for reproducibility? (RSDR) for tliLe two levels wire 460/o and 36%. The second
collaborative tnal' involved 13 laboratones from 7 different countries and
analysed total aflatoxin concentrations present. Another difference between this
and the first trial was that the instrumental method used was strictly specified
namely HPLC with post column derivitisation with iodine. The mean levels of
total aflatoxin found were 4, 15, and 35pgikg with RSD* values between 33 and
45Yo. It was concluded that more development was needed before this particular
method could be submitted for adoption as an AOAC approved method because
the RSDR values were too high. This report describes a study of twenty one UK
laboratories lmostly Public Analysts) using the May & Baker Aflaprep
immunoaffinity column for the preparation of peanut butter extracts for
aflatoxin analysis. The end-point determination was by HPLC, but the method
to be used (see Appendix I, Section 5.8) was not as closely defined as in the
second Biocode trial.

The trial was carried out on samples of peanut butter which contained
concentrations of total aflatoxins close to l0pg/kg and at levels significantly
above that value. l0pg/kg is the most common statutory limit proposed or
introduced by regulatory authorities for aflatoxin contamination of nuts and nut
products8.

Organisation of the Trial:
The trial was organised by the Food Science Laboratory, MAFF, in

conjunction with BFMIRA who supplied the samples and May & Baker
Diagnostic Limited who provided immunoaffinity columns and the protocol for
the extraction and HPLC determination.

Participants:
Nineteen public analysts, one food manufacturer's laboratory and the

Laboratory of Govemment Chemist participated in the trial.

Method, Reagetrts, Apparatus and Procedure Used:
The method used in this trial is given in Appendix I. It requircs the

quantitative determination by HPLC of the individual aflatoxins present in
peanut butter after using the Aflaprep ImmunoafEnity Chromatography for
sample clean-up.

Sample Preparation:
The samples were prepared by BFMIRA U.K. who were asked to prepare

a "blank" and four contaminated butters at levels between 5 - 60pg/kg total
aflatoxins. The contaminated butters were prepared by blending high level
contaminated butter with uncontaminated butter. The highly contaminated butter
was produced from nattrmlly contaminated peanuts. Homogeneity data for each
of the samples were considered to be satisfactory (Coefficient of variation for
total aflatoxins + 8%, n:10 for each sample).

For the four samples the percentage ofeach aflatoxin present (as a function
of the total) was the same. About 70% ofthe total aflatoxin contamination r as
caused by G,, about l3% ofthe aflatoxin contamination was caused by B,, with
G, and B, being responsible for 5% and l2% contammation respectively. The
distribution ofaflatoxins in the trial samples is unusual even though prepared as
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a result of natural contamination. Normally B, would be the predominant
aflatoxin rather than G,. Nevertheless it was concluded that using these samples
would provide an additional evaluation of the method. Each participant was
given 10 samples (5 pairs, blind duplicates) each coded wrth an individual 3
figure number.

Results:
Participants were asked to report their results for all four levels of

aflatoxins obtained, uncorrected for recovery. as this is the prefemed approach
in submrtting data for collaborative trials . The resulls received from each
paficipant are shown in tables I - V. Each table gives the concentration of
aflatoxins B, and G present in each of the blind duplicates. Each table also
shows the total aflatoxin concentration (Br + B2 + G, + Cu) present in each
sample. The individual values of B, and G, were very small in comparison with
the individual values of B, and G, lbeing ol the order of aboul l0oo) and so
were only considered as part of lhe total aflaloxin concentration.

Statistical Analysis of the Results:
The results obtained were statislically analysed as outlined in the

AOAC/ISO/IUPAC hamronised protocol' for the analysis of collaborative trial
data. For the detection of the outliers two statistical tests are used. Cochran's
maximum variance test (P<0.05) was used to detect the presence of laboratories
with an exceptionally high value for the range. Grubbs test (P<0.05) was used to
determine whether the extreme values (highest and lowest) for the laboratory
means are sufficiently different to wamant their removal from the data set.
Outlying results are marked in the tables of results.

For tables I - V, mean concentrations for the samples containing different
levels of aflatoxin were calculated on results remaining after removal of
outliers. The repeatability (r), reproducibility (R), their standard deviations (SD.,
SDo), and the repeatabihty and reproducibility relative standard deviation
(RSD., RSD-) were also calculated fbr the naturally contaminated peanut
butter!; these values are given in tables ll - V.

Discussion:
The peanut butters analysed consisted of a blank and four contaminated

samples. The level of aflatoxin (consisting entirely of aflatoxin B, ) in the blank
was very low (total 0.19 pg/kg) with many of the results being reported as
below the participants' limits of detection. All these results have been noted in
table I as 0.0 and because of the large number of such results rt was decided
only to obtain a mean value for these data, after removal of outliers, as any other
more complex statistical evaluations would not produce meaningful results. For
the other four samples, where a more detailed statistical evaluation ofthe results
was carried out, mean levels for total aflatoxin were found to be 7.0, 11.3,33.2
and 47 .7 pg,/kg. The mean levels of the first two of these samples straddle the
common [0 -pg/kg 

statutory limrt8. RSD* values were 54oh and 30%
respectively. This latter figure is probably not significantly better than the RSDR
values for the two high level peanut butters which were 35 and 36%. RSD* of
the assay would not be expected to be greater at I I pg/kg than at 48 pg/kg.

In general a collaborative trial is aimed at evaluating the analytical
procedure without specirying or endorsing a parlicular product. However when
immunoat'finity columns are being used the performance of thc n.rethod is
dependant on, and thus linked to, the specific column being tested. hr table VI
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the RSDR values, for the total aflatoxin levels in the san.rples, are compared with
those from previous trials using the Biocode immunoatfinity colunm. The
RSD^ values for the total aflatoxin levels, for the Aflaprep column, ranged from
30-54%. These were compared with the RSD* values from the BiocodC column
trials, which were 33-469'o. All these tnals analysed samples containing a
similar range of aflatoxin contamination. From these results it can be concluded
that there is no significant difference in RSD,. values for each of the columns
that have been subject to collaborativc tests for the determination of aflatoxin
levels in peanut butter.

The samples which were analysed showed an unusual pattem of aflatoxin
contamination in so far as the major compound present was aflatoxin G,. As far
as we know no collaborative trial has been undefiaken on samples whi'ch were
so contaminated, all previous trials analysing material principally contaminated
with aflatorin B,. The samples. after preparation and before the tnal took place,
were analysed by BFMIRA using aqueous acetonitrile extraction, the Biocode
clean-up procedure and HPLC (method based on reference 5). Mean rcsults for
the four contaminated sarnples were, respectively 

" 
7.0,9.2,33.8 and 45.0 pg/kg

total aflatoxin. These results were similar to the results obtained for each
respective sample in this collaborative trial and, as the majority of
contamination in these samples was frorn aflatoxin G,, it can be suggested, even
though this work with the Biocode colunn was carried out by only one
laboratory, that the antibody present in the Aflaprep column has an equivalent
affinity for aflatoxin G, than does the antibody used in thc Biocode columns.

Conclusion;
For the analysis of aflatoxin contaminated peanut butter the method

described in this report (using the Aflaprep column) will give analytical results
of similar precision as the method described in the previous collaborative trials
(using the Biocode column). This trial was undertaken by laboratories which
undefiake a wide spectrum of food analysis work and not all of which analyse
aflatoxins regularly. lf a further collaborative trial was organised on an
intemational level with expert laboratories to test the Aflaprep method it may be
anticipated that lower RSD* values than those obtained here may be achicved.

Appendix I
Quantitative Determination by HPLC of Aflatoxins present in Peanut
Butter using AFLAPREP Immunoaffinity Chromatography Sample
Clean-up

1. Scope And Field Of Application
The method is designed to evaluate the Aflaprep immunoaffinity column fbr the
determination of aflatoxins in peanut butter.

2. Definition
The content of aflatoxin: the concentrations ofthe aflatoxins B,, B, G, and G,
in peanul buner in pg/kg as determined by rhe method.

3. Principle
The aflatoxins are extracted fiom the samples with a methanol-water mixture. A
portion of the diluted extract is passed through the immuloaffinity column. The
column is washed to remove non-specific interlenng substances followed by
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elution of aflatoxins from the affinity column. Individual and, hence, total
aflatoxins can be quantitated by HPLC deteminatlon of the eluate.

4. Reagents
4.1 Sodium Chlonde (Analytical Grade).
4.2 Methanol. Technical grade is suitable for the extraction solvent which
consists of methanol : water (70:30 v/v). HPLC grade methanol is required for
elution, preparation ofthe aflatoxin standards and the HPLC mobile phase.
4.3 Acetonitrile(AnalyticalGrade).
4.4 HPLC Mobile Phase. This solution consists of distilled water :

acetonitrile : methanol (50:30:20 v/v/v).
4.5 HPLC Postcolumn Reagent (saturated iodine in water).
4.6 Aflatoxin Standards. Crystalline powder of aflatoxins B,. Br, G, and G,
is resuspended in benzene : acetonitrile (.98:2 v/v) to give a stock concentrate
solution containing 1mg/ml. To prepare the allatoxin standard working solution
first dilute 50pl of the respective toxin stock concentrate to 5ml with methanol.
Measure the absorbance ofthe toxin solutions in a U.V. spectrophotometer, set

362nm, and blank agarnst methanol.
Dilute each toxin solution with methanol to give 100ng/rnl. Mix lml aliquots of
the toxin solutions to give a mixture of i00ng total aflatoxins per lml methanol.
To prepare the HPLC standard solution, ditute lml l00ng/ml total aflatoxins
with 4ml acetonitrile : water (15:25 v/v). Inject 200p1 standard solution into the
HPLC to produce 4 peaks: each peak height or area is equivalent to lng toxill.
The elution order is G, G,, Br, and B,.

5. Apparatus
5.1 Laboratory Balance. Working range I - 1009, capable of accuracy to
lmg.
5.2 Blender. A high quality waring blender or equivalent incorporating a

high speed motor, complete with 1 titre heat resisting glass container with lid
and stainless steel cutter.
5.3 Filters. Whatman filter papers, 25cm, qualitative, grade 4. Whatrnan
glass microfibre filters, 1 lcm.
5.4 U.V.Spectropholometer.
5.5 Laboratory Glassware. Filter funnels; measuring cylinders for measuring
15nrl, 30m1, and l25ml volumes; beakers (100-250m1 capacity) for collecting
sample filtrates and waste materials, lOml amber vials for collecting eluates.
5.6 Clampstand.
5,7 Pipettes. Calibrated pipettes to cover the range 50-1000p1.
5.8 HPLC System. A typical system to be used was: 2 x Waters M50l
pumps or equivalent to deliver (a) mobile phase at a flow rate of O.SmVmin and
(b) saturated iodine solution at a flow rate of 0.4mUnrin. Waters U6K uriversal
injector or equivalent to introduce 50-200p1 sample volumes onto the column.
Hichrom guard columl - Sphensorb ODSI, 5pm, 5cm x 5mm. Hichrom
analytical column - Spherisorb ODS l, 5pm, 25cm x 5mm. Mixing T to
introduce postcolumn reagent into column effluent and a reaction coil of 5ft. x
0.02 inch stainless steel tubing immersed in a water bath at 70'C. Waters 420
AC fluorescence detector or equivalent with 365nm excitation filter and 430nm
emission filter. 5.9 Aflatest Kit Components. 25 immunoaffinity columns, 1

glass syringe barrel (10rn1), 1 plastic syringe (pump unit), I rubber connectot.
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Table I
Aflatoxin level - ppb - Sanple 1 &lan})

Table II
Aflaloxin level - Sample 2

l,aboratory Aflaloxin

No
B1 G1

Aflatoxitr
Total Aflatoxin

Bl Gr (Br,B2,Gl,G2)

Total Aflatoxin

(B1,B2,Gr,G2)

I

2

1

4

5

6

7

8

I
10

lt
t2

l3
14

15

t6
t7

l8
l9
N
2t

M€an

sq
FSD,%

R

sDR

0.00 0.51 0.c0(a) 0.86(a) 0.00(a) 1.31a)

0.00 0.00 0.00 0.00 0.00 0.00

045 0.52 7.00(b) 7.30(b) 735(b) 7.82\',b)

0.50 0.50 0.50(a) 0r0(a) 1.40(b) 1.4qb)

o00 0.00 0.00 0.00 0.00 000

0.40 020 0.00 0.00 0.40 0.20

0.00 0.00 0.00 000 0.00 0.00

0.60 0.60 0.00 000 0.60 0.60

0.00 0.00 0.00 0.00 0.00 0.00

0.10 0a 0.00 0.00 0.10 0.40

0.00 0.60 o.m(a) 9.60(a) 0.Cr0(a) 10.5(a)

0.00 0.00 0.00 0.00 0.00 0.00

0.40 0.00 0.00 0.00 0.40 0.00

o2o 0.30 o2qb) 0200) 0.40 o.5o

0.30 0.20 0.C0(a) 0.30(a) 0.50 0.60

0.00 0.00 000 0.00 0.00 0.00

l.Ea) 0.00(a) 0.00 0.00 1.80(a) 0.00(a)

0.00 0.00 0.00 0.00 0.00 0.00

0.40 0.40 0.00 0.00 0.40 0.40

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.0r) 0.C0(a) 0r0(a)

0.19 0.00 0.19

1.90 0.66 10.30 5.93 12.20 6.59

0.$ 040 4.q 4.10 5.80 4.90

127 1.05 12.00 10.10 14.27 12-55

1:0 120 7.00 6.40 890 8.50

3.70(a) 0.00(a) 8.14 0.00 11.84 0.00

0.90 120 5.60 6.60 7.00 8.20

0.00 0.00 0.00 4.29 0.00 4.8
110 1.60 8.00 8.00 10.10 10.00

0.00 Lx 5.10 2.50 5.10 3.70

0.60 0.90 5.10 4ao 752 7.06

1.30 0.90 6.10 4.90 7:t0 5.80

0.70 1.70 6.50 610 7.$ 8.50

1AO 1.40 t.20 760 10.00 10.30

1.00 0.20 5.30 0.80 6.70 1.00

0.80 l.l0 4.70 4.50 6.00 610

0.00 0.00 Lx 7.@ 2.90 10.10

2.10 0.6t) 10.30 1.40 12x0 200

0.00 0.00 0.00 0.00 0.00 0.00

0.90 1.10 4.m 4-fi 7.10 7.50

1.60 1.50 8.30 6.50 9.$ 9!0
'7 .2c(4 n5q4 $nW) 2,.20(b) 26.80(b) 38J0(b)

5.44 6.99

6.90 8.80

Rs& 7"

1.t4

4.96

10.47

3;t4

53.51

For K€y, ree Table vII

6, Procedure
6.1 Sample preparation and extraction. Weigh 25g sample, 59 NaCl, and add
125m1 metharol : water (70/30, v/v) into blender jar, cover and blend for I min
at high speed. Immedrately after mixing, pass 25-30m1 sample extract through
Whatman No. 4 filter paper. Measure l5m1 filtrate and 30ml distilled water into
a small beaker and mii. Refilter through glass microfibre filter immediately
before passing through immunoaffinity column.
6,2 Unit Assembly. Aflatest immunoaffinity columns should be at ambient
temperature prior to use. Ensue that the column has not dned out and contains
buffer above the resin. Remove the cap ftom the top ofthe column, cut off the
sealed end and replace on the column. Finnly attach the column to the l0m1
glass syringe barrel and place in the clampstand. Ensure that the bottom plug of
the afEnity column is still in place.

0.93

t.24

0.44

47.45

1.65

0.59

63.41

2.46

45.32

8.12

2_9',1

54.68

6
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Aflatoxin Level - SaEple 3
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Table IV
Altatoxm Level - Sample 4

Laboralory Aflatoxi[

No
BI G1

Aflatoxin
Total Aflatoxin

G1 (Bl,B2,Gr,G2)
Total Aflatoxin

(tsI,B2,G1,G2)

1 2.12 2.63 10.@ 13.65 1231 16.98 8.54 7.50 s2.v 3026 An 38.86

2 1.10 1.10 6.70 5.00 8.40 7.50 4-20 4.10 2220 21.50 29.10 n.W
3 Ln 1.65 12.00 12.80 14.52 15.55 232 2.02 17.20 15.10 23.22 2012

4 I 80 1.80 10.80 11.00 13.50 11.70 5.80 6.00 36.m 36.50 43.10 45.30

5 3.53(a) o.Oqa) &58 10.51 l2.ll 10.51 4.13 3.53 22.42 20:12 26.55 425
6 1.50 l-50 10.40 9.90 13.00 12.10 4.80 4;70 29:10 D.30 3750 37.00

? 0.00 0.00 18.79(a) 6.21t<a) 18.79(a) 12.51(a\ 0.m 2.83 7.25(a) 44.53(a) 7.63(a) 48.8(a)

8 2.m 3.00 r0 15.50 't4a0 t9.2x 8.90 9.60 45.50 4750 56.20 59.10

9 22A0(a) 0.00(a) 30.10(a) 7.8,0(a) 53.80(a) 7.80(a) 250 1.60 1220 14.6 1590 16.20

10 1.50 1.00 9i0 6.00 14.16 9A0 244 6.70 11.90 19.00 18.38 n.62

11 1.60 1.$ 9.60 10.70 ll.50 12.90 5.40 5.20 3130 31.20 38.00 31.@

12 1.50 1.30 8.00 5.70 11.20 7.90 4.90 4.10 21.00 11.50 2820 U.4A

13 1.80 2.N 11.80 12.00 1s.20 15.60 5.10 5.40 v.q 35.10 46.20 46.fi
14 000 L50 0.00 8.70 5.80 10.60 4.50 4.30 26j0 24.80 31.90 b.q
l5 1.30 1.20 1.20 7.80 9.30 9.80 1AI) 4.00 31.$ 21.70 41.10 x3{)
16 0.00 1.60 3a0 610 3,40 8.30 4.00 1.70 33.00 14.00 39.00 18.30

1't tAl r.40 10.20 8.90 11.60 10.30 4.00 3.& u50 19.00 28.50 22.6
t8 1a0 0.00 5.30 4.50 7.10 4.50 3.60 340 19.q 19.& 25-20 23.00

19 130 1.30 6.80 6.70 10.80 10.40 3.80 4.70 20.20 n.rc 28.t0 32.10

20 1.30 1.40 8.70 9.80 11.50 11.20 5:0 4.00 *.& n.20 41.$ 33.90

21 13.50(b) 920(b) 30.00i6) 29.60\'b) 43.r{b) 3830(b) 19.80(b) 22.50(b) 67.800) 9.60!'b) 87.60(b) 122.10(b)

Me3r

SD

SD^

RSDR %

1.39

1.44

0.51

0.70

50.28

9.11

382

1.37

2.80

3A;14

11.30

5.47

1.95

4.53

1.11

LlI

26.23

15.99

5.71

33.t7

18.06

6A5

19.45RSq% 36.83 t499

R 1.96 7-U

t'1.29 24.52 2t.73

965

3.45

5.67 n36 32.92

9.W 1t;76

3049 44.73 37A6 3544

For Key, see T.ble !'II

6,3 Immunoaffrnity Chromatography. Remove the bottom plug from the
immunoaffinity column and pass 15m1 sample filtrate (equivalent to 1g onginal
sample) slowly through the colunrn using the hand purnp. A flow rate of
2-3mllmin is strongly recommended. Collect the waste in a suitable container.
Wash the colunm 2 times wlth 1Oml distilled water. Ensure that all the residual
water lras been expelled ftom the column before the next stage. Place a lOml
amber collection vial directly beneath the column. Pipette ltnl methanol :

acetonitrile (20:30 v/v) into the glass syringe barrel. Elute aflatoxins from the
colurrul by slowly passing the eluant though the column at a flow rate of I drop
per second. Back flushing with the eluant 2-3 times is recommended to ensure
complete denaturation of the monoclonal antibody with the subsequent release
of aflatoxins into solution. Pipette lml distilled water into the glass syringe
barrel, pass through the columl and collect in the amber vial, to give a 2ml total
volume.

1
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Table V
Aflatoxin Lcvcl - Sample 5

lnboratory 
Bl

No-

Aflatoxin
Tolal Aflarorill

Gl (Bl,B2,Gl,G2)

I 8.61 10.58 33.10 n.i 41.71 59.31

2 5.50 5.50 28.10 n.zo 36.50 36i0
1 3_6'.1 1.50 15;t0 11.10 y.87 17.00

4 7A 1.fi 47;t0 49.40 51.q 59.@

5 1R 5.85 15.52 11.82 43.00 39Sl

6 1fr 6.80 4820 41.10 59.60 53.90

7 4.10 3.05 90.r, 58.87 S5.04 63.54

8 l2l0 11.50 68.00 61.90 82.90 75.90

9 0.00 3.50 15.80 18.50 16.70 U.10

l0 7.@ 790 26.4 33.90 39.12 55.96

l '1.70 1!0 4720 u30 56.30 53.10

t2 1 .& 5.00 1b.N 26.W 36.4 v10
t3 6_70 &30 48.80 59-40 o.fi 78.40

l4 7.10 5.80 37.30 vA 46:10 42j0

15 ?.00 6.00 18.60 30,t 48.50 39j0
16 3.40 5.60 17.00 45.00 72.70 55.40

t'7 5.21 5.80 y10 44. 39.m 50.40

18 4t0 3.80 2t.90 24.40 n.m 29.80

19 630 6.90 4.10 33.80 8.4 46.50

m 5.m 5.60 41.60 4030 51.40 50.00

2l 36.50(a) 23.70(a) 161.40(b) 15s.90(b) 200.10(b) 185.E0(b)

Mean 6.21 18.25

r 2.96

sD, r.06

RSD,0/" 1697

R 6.82

SD" 2.41

PSD*"/" 39.08

22.66

8.0s

21.16

$.n
15.63

40_n

47.72

26.62

9.51

B.n
4.4
t124

36.14

For Key, see Table YII

Table VI

Biocodetrial Biocodclnternational

U.X. Irill

sdnfre (14&g)

Colhborative
Trial

Aflaprep-May&Bikor
U.K.Trial

1t

l0

33

35

t5

f6

12

46

r

,a

36

1

54

8
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6.4 Quantitation of Aflatoxins by HPLC. Following start-up and
equilibration of HPLC system, inject 200p1 aflatoxin standard solution onto
HPLC. The elution order is G, G,, B, and B,; each peak height or area is
equivalent to lng toxin. Inject"20oll t6st sample (equrvalent to-0.1g original
sample) onto HPLC. Quantitate aflatoxin concentrations by comparing sample
peak heights or areas to the standards.

7, Precautions
Aflatoxins are very hazardous substatrces. Rubber gloves, safety glasses and
laboratory coats should be wom throughout the assay. All materials and
reagents must be decontaminated by soaking lbr at least 2 hours in a solution of
sodium hypochlorite (10% v/v), pnor to rinsing thoroughly with distilled water.
It is recommended that the glass synnge barrel is rinsed through with methanol
and then distilled water at the end of each assay.

8. Expression 0f Results
8.1 Calculation of aflatoxins: The concentration of aflatoxins, in pglkg is
given by:- 

!,r.nlaroxrry, 6rg/kg) = peak ht 'or area of sample-" l0
peak ht. or area of standard

Add the concentrations of the four aflatoxins to obtain total aflatoxin
concentration.

8.2 Repeatability: To be assessed from the results ofthe collaborative tdal.
8.3 Reproducibility: To be assessed from the results of the collaborative
trial.
8.4 Relative standard deviation for reproducibility: To be assessed from the
results of the collaborative trial.

TABLE VII

SD,

SD.

IdSD.

RSIT
(a)

R€peatability (lvithinlab variaiion). The value below which the absolute difference between two singl€

test resrrlts obtained under the same method on identical test material mder the same conditiois may be

expected to lie with 95 % probability.

R€producibility (betwe€n-lab variation). The value below \rhich the absolute differenc€ between two

single test results obtained under the same method on identical test malerial rmdeI diferent conditions

may b€ expecled 10 lie with 95 % probability.

The sta ard deviation ofthe rQeatability.

The star md deviation ofthe ftproducibility

The relative srandard devration ofthe repelabilily SD . 100 /x ti = meant

The relauve standard deviation of the reproducibilrl) SDRx 100/x 1i =mezn)

Result re,jected as outlier by Cocluan's test (p < 0.05) values not used in calculation of mearL

repealability, rpmducibility and r€lative standard deviation of r?eatability and repmducibility

Result rejected as outlier by C'nrbb's test (? < 0.05) values not used in calculation of mean,

repeatability, rcproducibility and relative standad deviation ofrepeatability and rcproducibility
o)

9
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MAFF VALIDATED METHODS FOR THE ANALYSIS OF
FOODSTUFFSl

No. V0

INTRODUCTION, GENERAL CONSIDERATIONS AND ANALYTICAL

QUALITY CONTROL

Introduction

The European Communiry (EC) is laying down rules for food analysis
which will aid the operation ofthe Single Market. Firm guidelines have
been adopted which define the criteria to be considered when a method of
analysis is to be included in a foodstuffs Directive(r) These criteria
include specificity, accuracy. precision, sensitivity, practicability and
applicability; they are similar to those required by the Codex
Alimentarius Commission(2). In palticular, precision parameters such as
repeatability (r) and reproducibility (R) are required, and these must be
determined by collaborative trial. General agreement on many aspects of
the conduct of such trials has now been reached as a result of the
development of the collaborative trial protocol of the Intemational Union
of Pure and Applied Chemrstry IIUPAC)('); the way now lies open
towards recognition of analytical protocols and hence one element in the
acceptance of analytical results across the EC.

Other elements include demonstration of laboratory quality standards; the
availabilrty of accepted methods of analysis will not diminish the need for
individual laboratories to demonstrate their competence on a continuing
basis via accreditation and participation in proficiency testing schemes.

Before a food analysis procedure can be acceptable for legislative
purposes, an appropriate method must be selected, its protocol
standardised and its performance characteristics established. In order to
promote harmonisation, the Ministry of Agriculture, Fisheries and Food
(MAFF) has developed a collaborative trial programme to validate
methods of analysis for food. The repofis olthese collaborative trials are
normally published in the scientific literature; in addition methods
successfully validated will be published within the Joumal of the
Association of Public Analysts.

This Series may also include methods of particular interest which have
been validated by a collaborative trial not canied out under the direct
auspices of the MAPF collaborative trial programme.

The performance characteristics of the methods, and guidance as to their
interpretation, are presented in the validated methods series separately

I 
Comfrunications to be adalressed to Dr. R.Wood, Minisfiy of Agriculture, Fisheries and Food. Fooal

Safety Directorate, Food Science Laboratory. Colney Lane, Norwich, NR4 7UQ
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from the protocol text and in the form recommended by IUPAC(a).General
procedural considerations and principles ofAnalltical Quality Control are
given in Protocol V0 ofthe series and also the introductory booklet, and
apply to all methods: specific applications are covered individually with
each method.

Although methods validated in this Series will not have any specific legal
status in food law enforcement, their reliability and authority will make
them invaluable to both the food industry and to enforcement authorities.

In addition, a further series ol booklets is being prepared, "Statutory
Methods" (S1, 52, etc.), which will give the pnnciple and references for
those methods of analysis and examination which are already part of UK
legislation for foodstuffs.

General Considerations

Preparation of the Analysis Sample

1.1 The mass of the sample presented to the laboratory for analysis
shall be sufficient to enable all the determinations required ofthe sample
to be camed out.

1.2 Mixing
The sample for analysis shall always be mixed thoroughly before any test
portion is weighed out. Samples in powder or paste form shall be

removed from the container, any lumps broken down, the sample mixed
in an appropriate manner and placed in a suitable container. Samples in
liquid form shall be mixed by stining.

1.3 containers

The sample shall always be kept in an airtight and moistuetight
container, at a temperah[e which ensures that no change takes place
which would aflect the result ofthe analysis.

Reagents

2.1 Water

Wherever mention is made of water for solution, dilution or washing
purposes, distilled wateq or demineralised water of at least equivalent
purity, shall be used.

2,2 Solvent

Wherever reference is made to "solution" or "dilution" without further
indication, "solution in water" or "dilution with water" is meant.

2.3 Chemrcals

All chemicals shall be of recognised analytical reagent grade quality
except where otherwise specified.

12
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Equipment
The lists of apparatus contain only those items with a specialised use and
items with a particular specification. "Analytical balance" means a
balance capable of weighing to a precision of at least 0. I mg.

Expression of Results

The result stated in the anallical repofi shall be the mean value obtained
from at least two deteminations, the repeatability of which is
satisfactory. lt shall not contain more significant figures than are justified
by the precision of the method of analysis used. Except where otherwise
specified, the result shall be calculated as a percentage by mass of the
sample.

Test Report
The test repod shall identifu the method ofanalysis used (with references
where appropriate) as well as the results obtained. ln addition, it shall
mention all details of procedure, not specified in the method of analysis,
or which are optional, as well as any circumstances that may have
influenced the results obtained.

The test repofl shall grve all the information necessary for the complete
identification of the sample.

ANALYTTCAL QUALITY CONTROL

GENf,RAL PRINCIPLES

Repeatability
When a check on the precision ofanalysis within a laboratory is required,
two test results lor each sample must be obtained under conditions of
repeatability, i.e. conditions where independent observed values or test
results are obtained with the same method on identical test material, in
the same laboratory by the same operator using the same equipment,
within the shortest feasible interval of time. Each protocol gives
observed values of repeatability, q for the method it describes, and
suggests a practicable target for the repeatability, r.

The term 'single test result' shall be the value obtained when the
standardised test method is applied fully and once to a single sample.

Acceptability of Test Results

When two test results are obtained under conditions of repeatability, the
final quoted result is their mean (e.g. arithmetic for chemical analysis,
geometric fbr fbod examination procedures), provided that the conditions
fbr acceptable repeatabihty are met. lf this is not the case, the cause
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should be investigated; if there is no obvious cause, further results must
be obtained until the overall repeatability becomes acceptable.

2.1 Procedure for assessing acceptability
2.1.1 If the absolute difference between two test results x, and x, is less

than r, the precision is acceptable, and the quoted result is their mean.
Ifnot, the procedure is continued (2.1.2).

2.1.2 A third result x, is obtained. If the absolute difference between the
highest and lowest values of x is less than 1.2r, the precision is
acceptable, and the quoted result is the mean ofall three values ofx. If
not, the procedure is continued (2,1.3).

2.1.3 A fouth result xo is obtained. Ifthe absolute difference between the
highest and lowest values of x is less than 1.3r, the precision is
acceptable, and the quoted result is the mean of all four values ofx. If
not, the precision is questionable but the quoted result should be the
median of the four values of x, i.e. the mean of the middle two values.

Reproducibility

When a check on the precision of analysis in two or more laboratones is
required, two test results for each sample must be obtained under
conditions of reproducibility, i.e. conditions where observed values or test
results are obtained with the same method on identical test material in
different laboratories with different operators using different equipment.
Each protocol gives observed values ofR for the method it describes, and
suggests a practicable target for the reproducibility, R. It should be noted
that the values of reproducibility (R) apply in the particular case where a

single test result from each laboratory is compared. If it is desired to
compare final quoted test results, which are the mean results from two or
more "single test results" carried out by each laboratory on identical
laboratory samples, the appropriate values for R may be calculated as
outlined in ISO 5725 Parr 6 Section 2.

Trueness ( Bias )
When a check on the trueness ofthe test results is required, one or more
reference materials (certified or prepared in- house), of similar matrix and
analyte concentration to that of the test samples, must be analysed in
parallel with the test samples. A decision is then made as to whether the
difference, if any, berween the expected value(s) for the reference
material(s) and that obtained by analysis of the latter is statrstically
significant. With certified reference materials, confidence limits are cited;
prepared in- house reference materials need plotted data such as those on
control charts. In the latter case, a test result obtained for the prepared
reference material which falls within +2 units of the standard deviation
(S) of the accepted mean value for the analyte of interest may be
considered acceptable. Here, the accepted mean value and standard
deviation would be calculated from the results obtained from not less than

14
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ten analyses of the prepared in-house reference material. If the difference
between the test result and the mean value exceeds +3S, the test result
must be rejected.

ln appropriate cases, a check on consistent method and individual
laboratory bias may be made by spiking and determining the recovery of
the added analyte.

Limit of Detection

Recommendations have been made by various organisations on the
determination of detection limits (e.g. by the Analytical Methods
Committee of the Royal Society of Chemistry)(s). In this series of papers
the lower limit ofprecise determination, or ofabsolute detection, can only
be estimated by analysing samples with known low levels of analyte. In
the absence of such data, the limiting concentration has been taken to be
the value ofthe repeatability, r, extrapolated to such levels.

Interpretation of Observed Levels

Each protocol tabulates the statistical parameters observed in the
collaborative trial ofthe method: these include the mean observed level of
analyte, the repeatability (r), the reproducibrlity (R), the corresponding
standard deviations S. and S,., and the corresponding relative standard
deviations (coefficients of vanation), RSD. The following relationships
are employed: R :2.8SR; r: 2.8S.; RSD : 100S/mean.

COSHH
No information has been given on COSHH (Control of Substances
Hazardous to Health) aspects ofthe methods. Analysts must make the
appropriate hazard and risk assessments required by COSHH before
using the methods in their own laboratories.

8 Key to the Symbols and Delinitions ofthe Statistical Parameters used
in the Protocols

Symbol De finition
i Overall mean value
S" Thc standard deriation of r€peatabilitl
RSD. The rclative statrdard devirtion oI repeatsbilit!,, expressed rs a percentage

of thc mcan (co€Ificicnt of variance of repcatsbility CV, )
r Repeatability
SR The standard dcyiation of reproducibility
RSD8 The relative standard deviation of reproducibiliiy, expressed as a

pcrcentage of thc mcan (coelficient of variancc of reproducibitity CVR )
R Repr"du(ibi|it]

7
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MAFF VALIDATED METHODS FOR THE ANALYSIS OF
FOODSTUFFS

No.Vl
DIETARY FIBRE (COLORIMETRY)

Correspondance on this melhod may be sent lo R. Wood, Statutory Method! (Chemistry and

Microbiology) Dcpartment, Minisfy of Agiculture, Fislrcries and Food, Food Scicncc

Laboratory, Food Safety Directorate, Norwich Research Pari! Colney, Nonvich NR4 7UQ

Scope and field of application

The method determines dietary fibre as non-starch polysaccharides (NSP)
and as NSP plus resistant starch (RS).

Definition
Content of dietary fibre: the content of NSP, or NSP plus RS, as
determined by the method specrfied.

Principle
The starch is gelatinised and then removed by enzymic digestion. The
remaining polysaccharides are hydrolysed by sulphunc acid and the
resulting sugars determined colorimetrically. Two altemative procedures
are described for the dispersion of the starch thus enabling evaluation of
the samples for dietary fibre as NSP alone and as NSP plus RS. The
procedures are sunmarised in Appendix 1.

Reagents

High purity reagents are used tkoughout the method. Distilled water, or
water ofan equivalent purity, is to be used.

4,1 Acetone
4.2 Dimethylsulphoxide
4.3 Benzoic acid, 500/0 sahrrated: prepare with saturated benzoic acid

and water diluted I litre + I litre.
4.4 Sodium acetate buffeq 0.1 mol/l, pH 5.2

4.4.1 Sodium acetate, 0.1 mol/l: prepare by dissolving 13.6 g sodium
acetate tnhydrate, cH.,cooNa.3Hro, and making up to I litre with
berzoic acid solution (4.3).

4.4.2 Acetic acid, 0.1 moVl.

4.4.3 Calcium chloride, I moYl.

4.4.4 Sodium acetate buffer, 0.1 moVl: adjust sodium acetate 0.1 moyl
(4.4.1) to pH 5.2 with acetic acid, 0.1 moVl (4.4.2). To stabilise and
activate enzymes, add 4 ml of calcium chloride, I moyl (4.4.3) to 1

litre of buffer.

0004-5780/93 +8 $02.00 t1 O 1993 Crowr Conright
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4.5 o-Amylase, EC 32.1.1: Pancrex V Capsules (approximately 9000
BP units q-amylase per capsule, Paines and Bryne Ltd).

4.5.1 o-Amylase solution, 2000 BP ulits/ml: empty 2 Pancrex V
capsules (4,5) into a centrifuge tube. Add 9 ml of water and disperse
using a vortex mixer. Centrifuge at 1500 g for 10 min. and use the
supematart as cr-amylase solution. Prepare irnmediately before use.

4.6 Pullulanase, 100 units/ml: E,C.3.2.1.41 (Boehringer 108944)

4.6.I Pullulanase solution, I unit/ml: dilute pullulanase (4.6) 1:100 (eg
0.010 ml made up to final volume of I ml) with acetate buffer (4.4.4).
Prepare imrnediately before use.

4.7 Ethanol, absolute

4.8 Ethanol, 85% (.V/I).

4.9 Sulphuric acid, 12 molfl.
4.10 Sulphuric acid,2 mol/|.

4.11 Glucose solution, 0.5 mg/ml: in 50% satuated benzoic acid
solution (4.3).

4.12 Sodium hydroxide

4.13 Sodiurn hydroxide solution, 3.9 mol/I.

4.14 Sodium potasstum taflrale

4.15 Dinitrosalicylate solution: dissolve i0 g of 3,S-dinitrosalicylic acid,
16g of sodrum hydroxide (4.12) and 300 g of sodium potassium
tarfiate (4.14) in re-distilled water and make up to I litre with this
water. Store in a well-capped dark bottle. Keep for 2 days before use.

The solution is stable for at least six months at room temperature.

4.16 Standard sugar solution: dissolve 600 mg of arabinose, 800 mg of
xylose and 600 mg glucose in benzoic acid solution (4.3) and make up
to 500 ml with the benzoic acid solution to provide a stock solution.
To prepare standards, take 1, 2, 3 and 4 nil of stock solution and make
up to 4 ml with the benzoic acid. Add 4 ml of sulphuric acid, 2 mol/l
(4.f0), to give standards of 0.5, 1.0, 1.5 and 2.0 mg total sugars/ml in
sulphuric acid 1 mol/I.

Apparatus:
5.1 Centrifuge
5.2 Centrifuge tubes: glass centrifuge tubes of50-60 fi capacity, fitted

with screw-tops.

5.3 Hot plate and stirrer: Place a beaker of water on the nlagnetic
stirrer/hot plate and brirg it to the requircd temperature. use a beaker
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 ofthe beaker to prevent breakage. Cover the beaker, e.g. with
tinfoil, to aid boiling and ensure even temperature distribution.

5.4 Magnetic stiners: PTFE coated, to fit centrifuge tubes (5.2).

5.5 Vortex mixer

18
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5.6 Water-bath: this should be of such 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, capable of measuement at 530 nm.

5.8 Oven, capable of rnaintaining a temperature of 42 ! 2oC for 24hr.

Procedure

6.1 Pre-treatment of samples

Foods are analysed without pretreatment whenever possible. lf there
are problems in taking a representative sample, foods with a low
water content may be milled and foods with a higher water content
may be homogenised or freeze-dried and milled. No sample should be
subjected to ball-milling for more than 2-3 mrn.

6.2 Test samples

Accurately weigh, to the nearest 0.1 mg, two portions (a) and (b) of
the sample, each between 100 and 500 mg (but containing no more
than 200 mg of dry matter and 50 mg NSP, e.g. 200 mg flour, 100 mg
bran) into a 50 ml screw-top centrifuge tube (5.2) and add a stirrer
(s.4)

Portion (a) in tube (a) will be used to measure the total NSP content of
the sample: portion (b) in tube (b) will be used to measure total NSP
together with RS. These methods should be considered to be
altematives, so normally only tube (a) or tube (b) will be needed.

6.3 Fat extraction
Dry samples (i.e. 90-100% dry matter) with less than 5% fat may be
analysed directly. Othenvise add 40 ml acetone (4.1), mix for 30 min.
using a magnetic stirrer, centrifuge and remove by aspiration as much
of the supematant as possible without drsturbing the residue and dry it
with stirring at 62 .5 ! 2.5'C (6.4.2).

6.4 Dispersion and enzymic hydrolysis
6.4.I Dispersion ofthe starch

Add 2 rnl of DMSO (4.2) to tube (a) and mix for about 2 min. at room
temperature, using a magnetic stirrer. Add l0 ml of acetate buffer
(4.4.4) to tube (b). Cap and place tubes (a) and O) in the beaker with
boiling water (5.3) for 1 to 1.25 hr. timed from when re-boiling
commences. Use the magnetic stirrer (note that in tube (a) gel
formation rniiy occur to such an €xtent 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 (4.4.4), pre-equilibrated at 50 t 5"C, and
vortex mix. Then remove tube (b) from the beaker.

6.4,2 Enzymic hydrolysis of starch

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

Leave the tubes at room temperature or in a water bath at 37"C, but
only until the contents have cooled to between 30"C and 40"C and then
immediately add 0.5 rnl c-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 at 42 r 2'C (5.6 or 5.8) for 16 to 18 hr. Vortex
mix after the first hour.

After the enz),rne trearnent add 40 rrl ofabsolute ethanol (4.7) to each
tube, mix well by inversion and leave for t hr. at room temperature.
Centrifuge at 1500 g for 10 min. or until a clear supematant liquid is
obtained.

Remove by aspiration as much of the supematant as possible without
disturbing the residue and discard it. Wash the residue twice with 85%
ethanol (4.8), using 50 ml each time. Mix by inversion and then use a
magnetic stirrer to form a suspension of the residue (about 5 to 10
min.), centrifuge until clear and remove the supematant by aspiration
as before.

Add 40 ml ofacetone (4.1) to the washed residue, stir magnetically for
5 min. and then centrifuge at 15009 for approximately l0 mtn. or until
clear. Remove the supernatant by aspiration and discard it. Place the
tube in a beaker of water at 62.5 t 2.5"C on the hot plate stiner (5.3)
and mix the reside for a few minutes until it appears dry. The beaker
may be covered and the acetone vapour removed by a water pump.

6.5 Acid hydrolysis ofthe residue fiom enzymic digestion

Disperse the dried residue fiom Section 6.4.2 in 2 ml of sulphuric
acid, 12 mol/l (4.9) with vortex-mixing. Leave at 35 t l"C (5.6) for I
to 1.25 hr., with occasional mixing to disperse the cellulose. Rapidly
add 22 ml of water and mix. Place in boiling water (5.3) for 2 to 2.25
hr. from re-boiling, stirring continuously. Cool to room temperature.

6.6 Measurement oftotal reducing sugars

Place into separate test tube I ml of blank solution (Benzoic acid
solution (4.3) and sulphuric acid solution,2 moVl, (4.10) diluted 0.5
ml + 0.5 ml), I r of each ofthe standard solutions (4.16) and I rnl of
the hydrolysate (6.5). Add 0.5 ml glucose solution,0.5 mg/ml (4.11)
and 0.5 ml of sodium hydroxide, 3.9 moVl (4.13) to each tube and
vortex-mix.
Add 2 ml of dinitrosalicylate solution (4.14) to each tube and
vortex-mix again.

Place the tubes, all at the same time, in a briskly boiling water-bath
(5.6) for l0 min. Cool in water to rcom temperature. Add 20 ml of
water and mix well by repeated inversion. Read the absorbance at 530
nm.
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COSHH
Analysts are reminded that appropriate hazard and risk assessments
required by the Control of Substances Hazardous to Health
Regulations, 1988 (See "Control of Substances Hazardous to Health -
Approved Code of Practice, Control of Substances Hazardous to
Health Regulations 1988") must be made before using this method.

Expression of Results

8.1 Calculationofnon-starchpolysaccharides
The NSP content, in g/100g, is given by:

NSprs tOos)- f;.ff,n0
where:

,r, is the absorbance ofthe test solution obtained from tube (a);

r, is the total volume (ml) ofthe test solution (here 24 ml);
l, is the absorbance comesponding to 1 mg sugar/ rl taken

from the line ofbest tit for the standard; and
m is the weight (mg) of sample taken for analysis in tube (a).

8.2 Calculation of non-starch polysaccharides with resistant slarch

The NSP content together with resistant starch, in g/100g is given
by:

\SPTRStg, l00gt 1= 
*lL, rco

where:

l, rs the absorbance ofthe test solution obtained from tube (b);
r, is the total volume (ml) of the test solution (here 24 ml);
,4" is the absorbance corresponding to I mg sugar/ml taken

from the line ofbest fit for the standard; and
rrl is the weight (mg) of sample taken for analysis in tube (b).
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APPENDIX I
SCHEMATIC DIAGRAM FOR ANALYSIS OF DIETARY FIBRE

100-200 mg sample

I
I

(a)

I
Add 2 ml DMSO

I
Hcrt t hr. ,t 100'C

I
Add I ml huffer pH 5.2 and cnzymc solution at 35oC

I
(b)

I
Add 10 ml buffer, pH 5.2

I
Heet t hr. .t 100oC

I
Add cDzlme solution rt 35'C

Incubate 16 hr at 42'C
I

Add 40 ml EtOH

Leave t h.l. cent'ifueet"
Add 2 ml 12 mol/l sulphuric atid

I
Lcave I hr.at 3YC

I
Add 22 

fl 
water

L€ave 2 hr. .t 100'C

To I ml add 0.5 ml glucose solution,
0.5 ml 3.9 M NaOH and

2 ml dinitrosalicvlate solution

t"
I

Leave 10 min at 100'C

I
I

Alternatively, at this stage measure
MSP as alditol snd acetates by GLC:

( See 9.3 )

Add 20 ml \Yater and read
thc absorbance at 530 nm

APPENDD( 2

AnaMical Quality Control
Ceneral principles of analytical qualiry control are outlined in protocol
V0 ofthe series.

Al Repeatability
The absolute difference between two test rcsults obtained under
repeatability conditions shor d not be greater than the repeatability, r,
deduced from the collaborative trial data sunmarised in Tables 1 and 2.
Although these do not show a consistent pattem among samples with
different matrices and fibre contents, r should normally be taken as 2
gi 100g.
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Reproducibility
The absolute differences between two test results carried out under
reproducibility conditions should not be greater than the reproducibility,
R, deduced from the collaborative trial data below (Tables I and 2).
Although these do not show a consistent pattem among samples with
different matrices and fibre contents, R should normally be taken as 4
g/100g.

Trueness @ias)
The trueness ofthe results cannot be estimated directly in the absence of
pure analyte and of reference materials. Comparison of mean values from
wholemeal and white breads and a mixture ofthe two indicates consistent
recoveries during the collaborative trial. All the mean values ofNSP and
NSP plus RS observed during the trial agree quantitatively with those
obtained by the full Englyst procedure (9.3), which may be regarded as a
reference procedure only because it gives more detailed information of
the specific sugar composition ofthe dietary fibre, after analysis by GLC.
In this sense the full and simplified procedures are both accurate in the
determrnation of dietary fibre as defined rn Section 2 of this protocol, but
observed values do not necessarily agree with results using other methods
and other types of sample. in particular, they may not agree with the true
levels of polysaccharide that escapes assimilation by an animal during
digestion, though they are designed to reflect this. It is recommended that
analytrcal data should normally be based on NSP alone, since RS is
usually a minor constituent, it depends on the processing history of the
sample and its physiological significance is uncertain.

The determination of RS alone, by subtracting NSP from NSP + RS
(calculated as in Section 8.1 of the protocol) introduces excessive
variability and cannot be recommended. The method is not precise
enough to be suitable for the estimation by difference of the small levels
of RS usually encountered.

Limit of Detection

This limit has not been established. The collaborative trial data suggests
an accuracy which, if maintained at low fibre levels, corresponds to a
lower limit ofroughly I g/100g for a duplicate determination.

Statistical Data: Derived from Results of Interlaboratory Tests

Participants in the collaborative trial at 19 laboratories each analysed a
sample of wholemeal bread in duplicate as a pre-trial check. They then
each analysed 14 samples once in the trial proper. These comprised 7
different samples (including the same wholemeal bread) in blind
duplicate. The samples had been commercially prepared, ground and
homogenised; they were artificially coloured to appear identical.

Tables 1 and 2 sunmarise the statistical data; the dietaxy fibre levels were
expressed as a percentage by mass of the sample on a dry weight basis,
and t was the overall observed mean value.
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TABLE I

Statistical Analysis of the 7o Non-starch Polysaccharide in Various Matrices
Sample - S. RSD. r Sn RSDR

Wholemeal bread
(pre-trial sample)

Wholem€al bresd

Whol€m€avwhite bread
(1:1)

White bread

High bran brerd
Rye bread

Cornflakes

Oat cereal

10.59 0.46 4.4 1.29 t.07 10.1 3.00

10.66 0.64 6.0

7.43 0.98 13.1

3.08 0.55 18.0

11.53 0.55 4.8

4.17 0.63 13.3

1.09 0.33 29.8

8.73 0.76 8.7

1.87 17.5 s.23

t.2t 16.3 3.39

0.64 20.8 1.79

1.57 13.6 4.4

o.72 15.3 2.02

0.41 37.4 t.t4
1.s8 18.1 4.43

1.79

2.73

1.55

1.54

1.75

0.91

2.13

IABLE 2

Statistical Analysis of the 70 Non-starch Polysaccharide Plus Resistant Starch in
Various Matrices

Sample S. RSD. r S* RSDR R

Wbolemeal bread
(pre-trial sample)

Wholemeal bread

Wholemeavwhite bread
(r:l)
White bread

High bran tlresd

Rye bread

Cornflakes

oat cere&l

11.48 0.43 3.7 1.29 0.96 2.698.4

11.45

8.53

4.19

11.85

6.08

3.89

9.30

0.75

1.03

0.64

1.64

0.35

0.61

0.49

6.6

12.0

ts.2
13.9

5.7

15.8

5.2

2.tt
2.47

1.78

4.60

0.98

1.72

1.36

1.88

1.13

0.73

2.04

0.75

0.70

1.76

16.4 5.26

13.2 3.15

t'1.4 2.04

17.2 5.70

12.3 2.10

18.1 1.97

18.9 4.93

A6 K€y to Tables 1 and 2

Symbol D efinition
t
S.

RSD"

sR

RSDR

R

Overall meen value
The strndard dcviation of repeatsbility
The relative standard deviation of repeatability, expressed as a percentage
of the mean (coclfici€nt of varisnc€ of repeatability Cv, )
Repeatrbility
The standard dcviitiotr of reproducibility
The relative standard deviation of reproducibility, expressed as &

percentagc of thc mein (cocfficient of yariNnce of reproducibility CVR )
Reproducibility

24
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MAFF VALIDATED METHODS FOR THE ANALYSIS OF
FOODSTUFFS

No. v2
DIETARY FIBRE (GLC)

Englyst Procedure for D€termination of Dietary Fibre as Non-Sttrch
Polysaccharides Plus Resistant Starch: M€asurement of Constituent Sugars

by Gas-Liquid Chromrtography

Corrcspondence on this method ruy b€ sent to R. Wood, Statutory Methods (Chemistry and
Microbiology) Depanment, Minisfy of Agriculture, Fishcrics and Food, Food Science Labomtory,
Food Safety Dircctorate, Norpich Resc.arch Parlq Colney, Non ich NR{ 7UQ

Scope and field of Application
The method determines dietary fibre as non-starch polysacchandes
(NSP) and as NSP plus resistant starch (RS).

Definition

The content of dietary fibre: the content of NSP or NSP plus RS as

determined by the method specified.

Principle

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 gasJiquid
chromatography (GLC) as their alditol acetate derivatives. Uronic
acids are measured separately by a colorimetric procedure. Two
altemative procedures are described for the dispersion of the starch
thus enabling evaluation ofthe samples for dietary frbre as NSP alone
and as NSP plus RS. The procedures are summarised in Appendix l.

Reagents

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

4.1 Acetone
4.2 Dimethyl sulphoxide
4.3 Benzoic acid,50o/o saturated: prepare with saturated bemoic acid and

water diluted I litre + I litre.
4.4 Sodium acetate buffer, 0.1 moVl, pFl 5.2.

4.4.1 Sodium acetate, 0.1 moVl: prepare by dissolving 13.6 g sodium
acetate trihydrate, CH]COONa.3HrO, and making up to 1 litre with
benzoic acid (4.3).

4.4.2 Acetic acid, 0. I moVl
4.4.3 Calcium chloride, I moVl

000{-5780/93 +l I $020.00 25 O 1993 Crowr Coprright

4.
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4.4.4 Sodium acetate buffer, 0.1 moVl: adjust sodium acetate, 0.1 mol{
(4.4.1) to pH 5.2 with acetic acid, 0.1 mol/l (4.4.2). To stabilise and
activate enzymes, add 4 ml of calcium chloride, 1 moVl (4.4.3) to 1

litre of buffer.

4.5 cr-Amylase, 8C3.2.1.1: Pancrex V Capsules (approximately 9000

BP units d-amylase per capsule, Pains and Byrne Ltd.).

4.5.1 o-Amylase solution, 2000 BP tutits/ml: empty 2 Pancrex V
Capsules (4.5) into a centrifuge tube. Add 9 ml of water and disperse
using a vortex-mixer. Centrifuge at 1500 g for 10 min. and use the
supematant as cr-amylase solution. Prepare immediately before use.

4.6 Pullulanase, 100 units/ml: EC 3.2.1.41 (Boehnnger 108944).

4.6.1 Pullulanase solution, 1 unit/ml: dilute pullulanase (4.6) l:100 (e.g.
0.010 rnl made up to a final volume of I rnl) with acetate buffer
(4.4,4). Prepare immediately before use.

4.7 Ethanol, absolute.

4.8 Ethanol, 85% (V/V).
4.9 Sulphuric acid, 12 moVl.

4.t0 GLC Intemal standard solution, 1 mg/ml: accurately weigh allose
(dried to constant weight under reduce pressure with phosphoms
pentoxide, PrO,) and make up the volume with benzoic acid solution
(4.3).

4.11 Octan-2-ol
4.12 Ammonium hydroxide, 12 moUl.

4.I3 Ammonium hydroxide/sodium borohydride solution: ammonium
hydroxide, 3 moyl, containing 50 mg/ml sodium borohydride
(NaBH4).

4.14 1-Methylimidazole
4.15 Acetic acid, glacial.

4.16 Acetic anhydride
4.17 Potassium hydroxide, 7.5 moVI.

4.18 Sodium chloride/boric acid solution: dissolve 2 g of sodium
chloride, NaCl, and 3 g of boric acid, H.,BO.,, in 100 ml of water.

4.19 Sulphuric acid, concentrated.

4.20 Dimethylphenol solution: dissolve 0.1 g of 3,5-dimethylphenol,
(CHr)rC6H3OH, in 100 ml of glacial acetic acid (4.15).

4.21 Glucuronic acid, solid: for preparation of standards used rn uronic
acid determination (dried to constant weight under reduced pressure
with phosphorus pentoxide, PrOr).

4.22 Standard sugar solutions, I mg/ml: use pure preparations of
L-rhamnose, L-arabinose, D-xylose, D-mamose, D-galactose and
D-glucose (dried to constant weight ulder reduced pressure with
PrOr;. Dissolve the sugars in, and make up the volume with benzoic
acid solution(4.3).



5.

J. Assoc. Publ. Analysts, 1992,28,25-35

4.23 Sulphuric acid,2 moUl.
Apparatus
5.1 Centrifuge

5.2 Centrifuge tubes: glass centrifuge tubes of 50-60 ml capacity, fitted
with screw-tops.

Hot plate and stirrer. Place a beaker of water on the magnetic
stirrer/hot plate and bring it to the required temperature. Use a beaker
of sufficient capacity and height to contain the required number of
tubes, e.g. 72. Place a layer of Scotch-Brite or similar material in the
bottom ofthe beaker to prevent breakage. Cover the beaker, e.g. with
tin foil, to aid boiling and ensure even temperature distribution.

Hot block
Magnetic stirrers, PTFE-coated, to fit centrifuge tubes (5,2).

Vortex-mixer
Water bath. This should be of such capacity that there is no

significant change in temperature when a rack containing all the tubes,
samples and standards is placed in it.

5.8 Spectrophotometer, capable of measurement at 400 and 450 nm.

5.9 Oven, capable of maintaining a temperature of 42+2"Cfor24la.
5.I0 Gas-liquid ckomatograph, fitted with flame ionisation detector

and, preferably, peak area integrator and auto injector. The
chromatographic column and conditions must be selected to separate
and quantify alditol acetate derivatives of the individual sugars. The
method described above has been developed based on the following
conditions, but others are acceptable. A typical ckomatogram is
given in Appendix 2. When tailing from the solvent front increases,
repack the first 5 cm ofthe column and recondition.
Chromatographic column : 2.1 m x 3 mm i.d., glass

5.3

5.4

5.5

5.6

5.7

I

Column packing

Injector temperature

Column temperature

Detector temperature

Carrier gas

Carrier gas flot'-rate :

Procedure

6.1 Pre-treatment of sample

: Supelcoport (100/120 mesh) coated with SP
2330

': 275" C

215'C (isothcrmal)

275" C

Nitrogen

25 ml/min.

6.

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

Accurately weigh, to the nearest 0.1 mg, two portions (a) and (b) of
the sample, each of between 100 and 500 mg (but containing more
than 200 mg of dry matter and 50 mg of NSP, e.g. 200 mg flour, 100
mg bran) into a 50 ml screw-top centrifuge tube (5.2) and add a stirrer
(s.4).

Pofiion (a) in tube (a) will be used to measure the total NSP content of
the sample: portion (b) in tube (b) will be used to measure total NSP
together with RS. These methods should be consrdered to be
alternatives, so normally only tube (a) or tube (b) will be needed.

6.3 Fat extraction

Dry samples (i.e.90-100% dry matter) with less than 5% fat may be
analysed directly. Otherwise add 40 rnl of acetone (4.1), mix for 30
min. using a magnetic stirrer, centrifuge and remove by aspiration as
much of the supematant as possible without disturbing the residue and
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) and mix for about 2 min. at room
tempemture, using the magnetic stirrer. Add 10 ml of acetate buffer
(4.4.4) to tube O). Cap and place tubes (a) and (b) in the beaker with
boiling water (5.3) for 1 to 1.25 hr. 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) ftom the beaker and immediately, without cooling,
add 8 rnl of acetate buffer (4.4.4), pre-equilibrated at 50 + 5"C, and
vortex-mix. Then remove tube (b) from the beaker.

6.4.2 Enzymtc hydrolysis ofthe starch

Note: All portions of the sample in their associated tubes are to be
treated il the same manner in the procedures given in Section 6.4.2
through to Section 6.7 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 ofthe method.

Leave the tubes at room temperature or in a water bath at 35'C, but
only until contents have cooled to between 30 and 40"C and then
immediately add 0.5 ml of a-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 at 42 + 2"C (5.7 or 5.9) for 16 to l8 hrs.
Vortex-mix after the first hr.
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After the enzyme treatment add 40 ml ofabsolute ethanol (4.7) to each
tube, mix well by inversion and leave for I hr. at room temperature.
Centrifuge at 1500 g for l0 min. fbr until a clear supematant liquid is
obtained.

Remove by aspiration as much of the supematant as possible without
disturbing the residue and discard it. Wash the residue twice with
85% ethanol (4.8), using 50 ml each time. Mix by inversion and then
use a magnetic stirrer to form a suspension of the residue (about 5 to
l0 min.), centrifuge until clear and remove the supematant by
aspiration as before.

Add 40 ml ofacetone (4.1) to the washed residue, stir magnetically for
5 mrn. and then centrifuge at 1500 g for approximately 10 min. or until
clear. Remove the supematant by aspiration and discard it. Place the
tube in a beaker of water at" 62.5 r 2.5'C on the hot plate stirrer (5.3)
and mrx the residue for a few mrn. until it appears dry. The beaker
may be covered and the acetone vapour removed by a water pump.

6.5 Acid hydrolysis ofthe residue from enzymic digestion

Disperse the dried residue from section 6.4.2 in 2 ml of sulphuric acid,
12 moUl (4.9) with vortex-mixing. Leave at 35 + 1"C (5.6) lbr I to
1.25 hrs., with occasional mixing to disperse the cellulose. Rapidly
add22 ml of rvater and mix. Place in boiling water (5.3)for 2 to 2.25
hr. fiom re-boiling, stirring continuously. Cool, add 5 ml ofgas-liquid
chromograph intemal standard solution (4.10) and vortex mix.

6.6 Determination of neutral sugars by GLC
6,6.1 Preparation of alditol acetate derivatives.

Add 0.2 nn of ammonium hydroxide, 12 molll (4.12) to I 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 arnmonium hydroxide/sodium borohydnde solution (4.13)
and I to 5 pl of octan-2-ol (4.11). Mix, leave for I hr. at 40'C in a
hot block (5.3.1), add 0.1 ml ofglacial acetic acid (4.15) and mrx. To
0.5 ml of the acidified solution add 0.5 ml of l-methylimrdazote
(4,14), 5 ml of acetic anhydride (4.16) and mix. Leave for 10 min.
and then add 0.6 ml of ethanol (4.7) and mix. After 5 min. add 5 ml of
watet mix and leave for a further 5 min. Place the hrbes in a water
bath at room temperature. Add 5 ml ofpotassium hydroxide,7.5 mol/l
(4.17) and a few min. later a further 5 ml of the potassium hydroxide.
Cap each tube and mix by repeated inversion. Leave the tubes for l0
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; stable for 1 to 2 weeks.
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Dilute each of the standard sugar solutions) wlth intemal standard
(4.10), 1 ml + lml. Then dilute these solutions with sulphuric acid, 2
moVl (4.23), I rnl + lml. Carry these mixtures through the procedure
(6.6.1) above.

6.6.2 GLC
Carry out conventional GLC determination of the alditol acetate
derivatives obtained ftom section 6.6.1 using the GLC columl and
conditions given in section 5.10; use l-2 pl for injection onto the
chromatograph.

6.7 Determination of uronic acids

Mix 0.3 ml of the supematant obtained ftom 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
chlonde,rboric acid solution (4.18) in 40-50 ml tubes. Add 5 ml of
concentrated sulphunc acid (4.19) and vortex-mix. Place the tubes in
a block (5.3.1) at 70'C. Leave for 40 + I mrn. and cool to room
temperature by placing in water.

When cool, add 0.2 rnl of dimethylphenol solution (4.20) and
vortex-mix immediately. Between 10 and 15 min. later, read the
absorbance at 400 nm and 450 nm in a spectrophotometer (5,8) against
a water 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 runge 25-125 pglml. Calculate or read
sample concentrations fiom the graph.

COSHH
Analysts are reminded thrt appropriate hazard and risk assessments
required by the Control of Substances Hrzardous to Health R€gulations,
f9E8 (See "Control of Substances Hazardous to Health - Approved Code of
Practice, Control of Substances Hazardous to Health Regulations, 1988")
must be made before using this method.

Expression of Results

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

8.1 Calculation ofneutral sugars

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

sugar (9/100 g) : W"xAtxl00
A"xW1

where:

14" is the weight (mg) ofinternal standard added (6.5).

A, is the peak area for the test solulion.
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A, is the peak area for the intemal standard.

l,yt is the weight (mg) of the test sample taken for analysis.

When using an auto-injector and a computing integrator, the internal
standard (4.10) rnay be added as a constant percentage (e.g. 5) of the
sample weight, thus allowing all calculations by computer as follows:

sugar(g/Ioo e, : +:
where:

P, is the intemal standard as weight percentage of the sample
taken for analysis:

^ W,xl00."_ *,
where:

W, is the weight (mg) ofthe intemal standard added (6.5).

Wt is the weight (mg) ofthe test semple taken for analysis.

8.2 Corrections

Experiments with mono- and poly-saccharides have shown that the
hydrolysis and derivatisation procedures result ln losses of
approximately 10% of sugars. In order to express results as polymers
or anhydro sugars, the GLC results should be decreased by
approximately 10%. 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 (50%) hydrolysis and acetylation of any
rhamnose. This is corrected for by applying a factor of x2 to the
rhamnose values as determined experimentally. In practice, only
traces ofrhamnose are present in food products.

8.3 Calculation of non-starch polysaccharides

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).

8.4 Calculation of non-starch polysaccharides, together with resistant
starch

NSP + RS : Rhamnose x 2 + arabinose + xylose + mannose +
galactose + glucose, all as measured in section 7.1 for test portion O)
+ uronic acids as measured in section 6.7 for test portion O).

8.5 Calculation of resistant starch

RS : Glucose measured for test portion (b) minus glucose measured
for test portion (a), as described in section 7.1. Note: RS levels

calculated in this manner are unlikely to be precise (see Appendix 3).
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APPENDX 1

Scbematic Diagrrm for Analysis of Diet&ry f'ibre

Add 2ml DMSO

I
Heat I hr at 100'C

I
Add 8 ml pH 5.2 a.nd enzlme solution at 35"C

Incubate hr at 42'C

I
Add l0 ml Buffer, pH 5.2

I
Hear t hr at 100'C

Add elrz]4ne at 35'C

Allematively, ai this srage measue
NSP as reducing sugars by
colorimcrry (8.4)

I

Add 40lml EIOH

Il.zve I hr .enffhroe

ed<l: u lz Jol4 srloiunc acla

I
Leave I lu at 35'C

edd zz inl w,ater

I
L-€ave 2 1r. at I 00'C

ft I mt add 0.2 nrl 12 noyl
NH4OH, 5nl oclan-2-ol and 0. i nrl

I Eave I hr at 40.C
Add 0. 1 ml glacial acetic acid
To 0.5 rnl add 0.5 rnl l-melhylimidazole
and 5 ml acetic anhyalride

I
lrave 10 min.

I
Add 0 6ml EIOH

I
l,eav6 5 min-

I
Add 5 dl'w.t6r dd
2x5n 7.5 movl KOH

100-200 mg sample

Add 5 ml Intemal Standard

Use top phase for GLC

32
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APPENDX 2

T,?ical Chromatogram of Standard Sugars

Standard sugar solution
l. Rhamnose;

2. Arabinose;

3. Xylose;

4. Allose (intemal standard);

5. Mannose;

6. Galactose;

7. Glucose.

GLC column and conditions
3% SP-2330 on 100/120 Supelcoport in
2.10 m x 2 mm dia. glass colurnn at
215'C; flow rate, 25 ml nitrogen per
min; sample size, 1 pl.
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Fibre, Englyst Method: Colorimetric End-point Determination. London, 1990.

APPENDIX 3

Analytical Quality Control
General principles of analytical quality control are outlined in protocol
V0 ofthe series.

Repeatability
The absolute difference between two test results obtained under
repeatability conditions should not be greater than the repeatability, r,
deduced from the collaborative trial data summarised below (Tables I
and 2). Although these do not show a consistent pattern among
samples with different matrices and fibre contents, r should normally
be taken as 2 9/100 g.
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Reproducitrility
The absolute difference between two test results obtained under
reproducibility conditions should not be greater than the
reproducibility, R, deduced from the collaborative tnal data below
(Tables 1 and 2). Although these do not show a consistent pattem
among samples with diflerent matrices and fibre contents, R should
normally be taken as 4 g/100 g.

Trueness (Bias)

The trueness ofthe results cannot be estimated directly in the absence

of pure analye and of reference materials. Comparison of mean
values from wholemeal and white breads and a mixture of the two
indicates consistent recoveries during the collaborative trial. All the
mean values of NSP and NSP plus RS observed during the trial agree
quantitatively with those obtained by the simplified Englyst procedure
(8.4); however, the full protocol described here may be regarded as a

reference procedure since it gives more detailed information on the
specific sugar composition of the dietary fibre. In this sense the full
and sirnplified procedures are both accurate in the determination of
dietary fibre as defined in Section 2 of this protocol, but observed
values do not necessarily agree with results using other methods and
other types of sample. In particular, they may not agree with the true
level of polysaccharide that escapes assimilation by an animal during
digestion, though they are designed to reflect this. It is recommended
that analytical data should normally be based on NSP alone, since RS
is usually a minor constituent, it depends on the processing history of
the sample and its physiological significance is uncertain.

The determination of RS alone, by subtracting NSP from NSP + RS
(calculated as in Section 7 of the protocol) introduces excessive
variability and cannot be recommended. The method is not precise

enough to be suitable for the estimation by difference of the small
levels of RS usually encountered.

Limit of Detection

This limit has not been established. The collaborative tnal data

suggests an accuracy which, if maintained at low fibre levels,
corresponds to a lower limit of roughly 1 9/100 g for a duplicate
determination.

Statistical Data derived from the Results of Interlaboratory Tests

Participants in the collaborative trial at 19 laboratories each analysed a

sample of wholemeal bread in duplicate as a pre-trial check. They
then each analysed 14 samples once in the trial proper. These
comprised 7 different samples (including the same wholemeal bread)
in blind duplicate. The samples had been commercially prepared,

A4
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ground ard homogenised; they were artificially coloured so as to
appear identical.

Tables I and 2 summarise the statistical data; the dietary fibre levels
were expressed as a percentage by mass ofthe sample on a dry weight
basis, and ; was the overall observed mean value.

TABLE 1

Statistical Analysis of the 7o Non-storch Polysacch&ride in Various Matrices
Sa m ple , s. RsD, r s" RsDa

Wholemeal brerd (pre-triil semple)

wholemcal bre.d

wholeme.l/\Yhite brcad (l:l)
White breed

High-brrn bre.d

Rye bread

Cornflekes

Oat cereol

9.57 0.62

9.33 0.60

6.66 0.79

2.7t 0.3t

10.45 r.1

4.r0 0.41

0.8t 0.23

8.23 0.73

6.5 l.?3

6.5 1.69

tl.a 2.20

11.0 0.t6

10.5 3.08

r0.0 1.15

24.7 0.65

a.9 2.04

1.25 l3.l 3.50

l.!7 14.7 3.83

1.08 16.1 3.01

0.58 20.9 r.63

1.34 12.8 3.75

0.82 20.0 2.30

0.41 51.1 1.16

0.95 tt.6 2.67

stetistical Analysis or t . x Non-.JfrX1f,"""rrno" orrs Resistant starch in
Vsrious Matrices

S am ple t s, RsD. sR RSDR

Wholemerl brcad (pre-trial sample)

Wholemeal brcad

Whol€me.l/rYhite brc.d (1: l)
White hread

High-bran bread

Ryc brerd

CorDflakes

Oet cereal

10.46 0.54 5.2

10.69 0.69 6.s

7.75 1.06 13.7

3.93 0.24 6.2

10.9t r.41 12.9

5.53 0.23 4.1

4.1E 0.72 t.5

8.45 1.62 19.1

1.s1 1.17

r.94 1.93

2.97 1.41

0.6t 0.77

3.96 1.93

0.63 1.01

2.02 0.88

4.53 l.83

ll.2 3.27

18.0 5.40

18.2 3.9s

19.5 2.15

17.6 5.40

18.2 2.a2

2l.r 2.46

21.6 5.12

A6 Key to Tables I and 2

Sym bol D efin iti o n
x
s,
RSD.

a

sR

RSDR

R

Overall mean vrlue
The slstrdard deviaaion of rcpeatebility
The relative standard deviation of repeatability! expressed as . percentage
of the mean (coeflicieot of variance of repeatability CV, )
Repeat.bility
The stand.rd deviatiotr of reproducibility
The r€lAtive strDdard dcviation of reproducibility, €xprcssed as i
percentage of the mean (coefficient of veri{trce of reproducibility CvR )
Reproducibility
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MAFF VALIDATED METHODS FOR THE ANALYSIS OF
FOODSTUFFS

No. V3

ERUCIC ACID IN OILS AND FATS

Corespondatrce on this method may be sent to R. Wood, Statutory Methods (Chemistry and

Microbiology) Departnent, Miristry of Agiculnre, Fisheries and Food, Food Scietrc€ Laboratory,
Food Safety Directorate, Norwich Res€arch Park, CoLoey, Norwich NR4 7UQ

Scope and Field of Application
The method allows the determination of the erucic acid
(crir- l3-docosenoic acid) content of oils and fats, including: (i) oils and
fats containing cetoleic acid (a cls-isomer of docosenoic acid, which
occurs in fish oils), and (ii) hydrogenated oils and fats containing
,rars-isomers of docosenoic acid.

Definition
Erucic acid content: the content of erucic acid as determined by the
method specified.

Principle
Separation of the methyl esters of the component fatty acids by low
temperature argentation thin-layer chromatography and quantitative
determination ofthe separated esters by gasJiquid chromatography.

Reagents

All solvents and chemicals should be ofanalytical reagent quality.

4.1 Diethyl ether, peroxide-free.
4.2 n-Hexane
4.3 Silica gel G, for thinJayer chromatography.
4.4 Silica gel, for column chromatography.
4.5 Silver nitrate solution, 200 g/l: dissolve 24 g of silver nitrate in

water and dilute to 120 ml with water.
4,6 Methyl erucate solution, 5 mg/ml: dissolve 50 mg of methyl

erucate in light petroleum (b.p.40 - 60"C) and dilute to 10 ml.
4.7 Methyl tetracosanoate (intemal standard solution), 0.25 mg/nrl:

dissolve 25 mg of methyl tetracosanoate in light petroleum (as 4.6)
and dilute to 100 ml.

4.8 Development solvent, toluene and hexane diluted I litre + 1 Litre.
4.9 2,7-Dichlorofluorescein solution, 0.5 g/l: dissolve by warming and

stiffing 50 mg of 2,7-dichlorofluorescein in 100 ml of so%(lt/l)
aqueous methanol.

5. Apparatus
5.1 Thin-layerchromatography

The apparatus required for thin-layer chromatography to include, in
particular, the following:

2.

3.

4.
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5.1.1 Deep-freeze unit, capable of maintaining the development tank and
contents at a temperature ofbehveen - 20'C and - 25'C.

5.1.2 Glass plates, 200 mm x 200 mm.

5.1.3 Ultra-violet lamp

5.1.4 Column, glass, length about 200 mm, intemal diameter about 10
mm, wit h sintered-glass filters.

5.1,5 Applicator, for depositing solutions in the form ofa narrow band or
streak on the plates.

5.2 Apparatus for gasJiquid chromatography, fiued with an electronic
integrator.

Procedure

6.1 Preparation of fatty acid methyl esters

Take a representative sample of about 400 mg of the oil or fat and
prepare a solution containing about 20-50 mghnl of the fatty acid
methyl esters in hexane.

6.2 Thin-layerchromatography

6.2.I Preparation of plates

Place 60 g ofsilica gel in a 500 ml round-bottom flask with 120 rnl of
silver nitrate solution and shake for one minute to obtain a fully
homogeneous slurry. Spread the slurry in the usual manner over the
plates, adjusting the layer thickness to 0.5 mm. This quantity of slurry
is sufficient for the preparation of five 200 x200 rnm plates. Allow the
plates partially to air-dry fureferably in the dark for about 30 minutes)
and then dry and activate them in an oven at 100'C for 2.5 hr. The
plates should be used as soon as possible a{ler activation, otherwise
they should be stored carefully in a dark cabinet and activated before
use. (Note: activation at 110'C for I hr. may be found satisfactory
provided the plates are not darkened.) Score lines through the coating
10 mm from the sides and the top of each plate before use to reduce
edge effects during the development.

6.2.2 Application of methyl esters

Using the applicator, deposit 50 pl of the prepared sample methyl
esters solution in a narrow streak about 50 mm long, at least 40 mm
from the side of the plate and 10 mm from the bottom. Apply in a
similar way 100 pl of a solution containing equal volumes of the
prepared solution of methyl esters (6,1) and the methyl erucate
solution (4.6). Particular care is neccssary during the application of
solutions because of the fragile nature of the coating. (Note: if
desired, 50 pl of the methyl erucate solution may be applied to the
plate as above to assist in identrfication of the methyl enrcate band
after development.) After the application of the methyl esters the
bottom edge ofthe plate may be stood in diethyl ether until the ether
ascends to about 5 nrm above the area of sarnple application; thrs will
concentrate the methyl esters into a narow band.
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6.2.3 Development of plates

Pour sufficient development solvent into the tank to give a depth of
about 5 mm and place the tank, complete with lid, in a deep freeze
cabinet at - 25'C, or as near to this tempemture as possible. (Lining
the tank with paper may in some cases be advantageous.) After two
hr. place the plate carefully in the tank and allow the solvent to ascerd
to about one-half to two.thirds of the height ofthe plate. Remove the
plate and gently evaporate offthe solvent from the plate with a stream
of nitrogen. Replace the plate in the tank and allow the solvent to
ascend to the top ofthe plate. Remove the plate and dry with a stream
of nitrogen as before, then spray with 2,7-dichlorofluorescein solution.
When viewed under ultra-violet light, the methyl erucate in the sample
can be located by reference to the intensified band in the sample to
which methyl erucate has been added.

6.2.4 Separation ofthe methyl ester fiactions
Scrape off quantitatively the methyl erucate band derived from the
sample into a 50 ml beaker. Scrape olT quantitatively the silica gel
above and below the methyl erucate band, which coniains all the other
fatty acid methyl ester fractions, into another 50 ml beaker. To each
beaker add 1.0 r of the methyl tetracosanoate standard solution and
l0 ml of diethyl ether. Stir and transfer separately the contents of the
beakers to the colunn or filters containing about 1 g of silica gel, and
extract the esters using three or four 10 ml portions of diethyl ether.
Collect the filtrates in small flasks. Evaporate the filtrates to small
volumes under a gentle stream of nitrogen and transfer them to small
glass tubes *ith pointed bottoms. Remove all solvent by evaporation
under nitrogen in such a way that the methyl esters are concentrated at
the bottom ofthe tubes. Dissolve the methyl esters in about 25-50 pl
ofhexane.

6.3 Gas-liquidchromatography
Inject 1-2 pl of the solutions of methyl esters obtained from (i) the
fraction containing methyl erucate and (ii) the fractions containing the
ren.ninder of the fatty acid methyl esters. From the electronic
integrator obtain the following peak areas:(i) from the chromatogram of the fraction containing methyl
erucate,

(a) methyl erucate [E];
(b) internal standard [2,],
(c) total methyl ester peak areas excluding the internal standard [EF];

(ii) from the chromatogram ofthe fractions containing the remainder
of the fatty acid methyl esters,

(a) totai peak areas excluding the iotemal standard [.RF];
(b) intemal standard [/.,].
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COSHH
Analysts are reminded that appropriate hazard and risk assessments
required by the Control of Substances Ilazardous to Health
Regulations, 1988 (See "Control of Substances Hazardous to Health -
Approved Code of Practice, Control of Substances Hazardous to
Health Regulations, 1988") must be made before using this method.

Expression of Results

8.1 Formula and method ofcalculation
The erucic acid content of the sample, expressed as a percentage of the
total fatty acids, is given by:

Z, erucic acid = 77;fi *^x t}o

where E, EF, RF, L, atd, Z, are the peak areas referred to in the previous section,
corrected as necessary by the use of calibration factols. If peak areas are obtained in
percentages, the values for EF and RF may be calculated as follows:

EF: 100 - Lt
RF=100_Lz

The method of calculation assumes that the level of tetracosanoic acid in
the sample is negligible. If significant amounts of this acid are found to
be present, the value for tetracosanoic Lcid (Lr) obtained from the
chromatogram of the fiactions containing the remainder of the fatty acid
methyl esters must be reduced to ,2*, where:

Lr* is the peak area of tetracosanoic acid derived from the internal
standard and is calculated.lusing L* = L2- T,

t is the peak area of tetracosanoic acid derived from the sample
and which forms part of the peak area attributed to the intemal
standard ill the chromatogram of the remaining fiaction of fatty
acid methyl esters and is calculated using Tr: TrP, / P*

P2 is the peak area of palmitic acid obtained fiom the same
chromatogram as f}

Io is the peak area of tetracosanoic acid obtained fiom the
chromatogram ofthe total fatty acids,

P0 is the peak area of palmitic acid obtained from the same
chromatogram as Ir.

8,2 Derivation of formula
The fatty acid content of the fraction containing methyl erucate,
expressed as a percentage of the total fatty acids in the sample, rs given
by:

ozototal fatry acids TpffiVrxtoo
or

% rorat fatry u"id, =7*ffip114*to}
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The erucic acid content of the fraction containing methyl erucate,
expressed as a percentage ofthe fatty acids in the methyl erucate fraction,
is given by:

o/o erucic acid in methyl erucate fraction : E/EF x 100

Hence the erucic acid content ofthe sample, expressed as a percentage of
the total fatty acids, is given by:

7o erucic acid content =f 
"-fifl66x 

S x r oo

or
o/o erucicacid content i{Ed + wl1xtoo

References
9,1 RB Player and R Wood, J. Assoc. Publ. Aralysts, 1980, !!,77- 89

9,2 RS Kirk, RE Mortlock, WD Pocklinglon and P Roper, J. Sci. Fd. Agric.,
1978,29, 880.

APPENDIX 1

Analytical Quality Control
General principles of analytical quality control are outlined in protocol
V0 of the series.

Repeatability
The absolute difference between two test results obtained under
repeatability conditions should not be greater than the repeatability, q
deduced from the collaborative trial data summarised in Table l. At
abofi 7o erucic acid, r may be taken as 1.30lo, at l1olo erucic acid r is
about 1.9%. This precision corresponds to an overall relative standard
deviation of repeatability (coefficient of variance of repeatability), RSD.,
of about 7%.

Reproducibility
The absolute difference between two test results obtained under
reproducibility conditions should not be greater than the reproducibility,
R, deduced fiom the collaborative trial data summarised in Table l. R
may be taken as 4Yo at erucic acid levels of 7%o; this precision
corresponds to a relative standard deviation of reproducibility (coefficient
ofvariance of reproducibility), RSD^, of some 20%.

Trueness (Bias)

The collaborative trial included the analysis ofa sample of oil before (A)
and after (D) spiking wirh 4.78% authentic methyl erucate. An overall
mean difference of 4.37Vo erucic acid was found, suggesting a recovery of
95%o; however there was no statistical evidence that this recovery was
less than quantitative. The method is therefore unlikely to be
systematically biased.

A3
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Limit of Detection
This limit has not been established, but the collaborative tnal data
suggests an accuracy which, if maintained, corresponds to an extrapolated
lower limit of roughly 1% erucic acid for a single determination.
Statistical Data Derived from the Results of Interlaboratory Tests
Participants in the collaborative trial each analysed four samples (A-D) in
duplicate. The samples were known mixtures of rapeseed oil, com oil
and/or partially hydrogenated marine oil; one ofthem (D) was sample A
spiked with 50lo methyl erucaie. A summary of statistical data is
tabulated beiow; the erucic acid levels were expressed as a percentage of
total fatty acids.

TABLE 1

Statistical Analysis of the 7o Erucic Acid in Mixed Oil Samples

A5

Sample

Number of Laboratories retained after 18

eliminatin g outliers
Number of Laboratories eliminated as 6

outliers
Number of results
eliminating outliers
LEVEL OF ANALYTE
Mean observed value i
REPEATABI LITY
Standard Deviation S,

accepted after 33

11l818

3235

Relative Standard Deviation RSD, (%)
Repeatability r [2.5 xS,]
R EP R ODIJCIBILITY
Stan dard Deviation S*

Relative Standard Deviation RSDR (9/,)

Reproducibility R [2.5 x S-]

6.8 4

0.4 I
6.0
1.16

1.43
20.9

4.00

33

6.0 8

0.47
7.7
t.32

| .25
20.6

3.5 I

6.10 tt.zt

0.46 0.69
7.5 6.2
1.29 1.94

| .21 1.57

19.8 14.0
3.3 9 4.40

A6 Kev to Table 1

s,
RSD,

I
s-
RSDR

The standard deviation of repeatability
The relative standard deviation of repeatability, expressed as a percentage of
the mean (coefficieut of variaDce of repeatability Cv, )
Repeatability
The standard deviatiotr of reproducibility
The relative standard deviatiou of reproducibility, expr€ssed as a percentage of
the mean (coefficient of variance of reproducibility CVR )

R Reproducibi lit!,
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MAFF VALIDATED METHODS FOR THE ANALYSIS OF
FOODSTUFFS

No.V4

BIPIIEIIYL AND 2-IIYDROXYBIPHENYL IN CITRUS FRIIITS

Conespo[dance on this method may b€ setrt to R. Wood, Stalutory Methods (Chemistly and

Microbiology) Departrrefi, Ministry of Agiculture, Fisheries ard Food, Food Science LaboBtory,
Food Safety Directomte, Norwich Research Park, Coloey, Norvich NR4 7UQ

Scope and Field of Application
The method allows the examination of citrus fiiits and their juices for
trace residues of the fungicides biphenyl and 2-hydroxybiphenyl; it
determines both analytes at levels corresponding to statutory limits (70
mg/kg and 12 mglkg respectively) and will detect levels down to I
mg/kg.

Definition
Biphenyl content: the content of biphenyl as determined by the method
specified.

2-Hydroxybiphenyl content: the content of 2-hydroxybiphenyl as

determined by the method specified.

Principle
Steam distillation using a modified Clevenger separator, extraction into
organic solvent and quantitative gas-liquid chromatography.

Reagents

4.1 Anti-foamrngTablets

4.2 Anti-bumping granules

4.3 Sulphuric acid, 50% (V/14.

4.4 Cyclohexane,spectrosolgrade.

4.5 Sodium sulphate, anhydrous

4.6 Heptadecane, l0 mg/ml: dissolve 500 mg AR grade heptadecane in
cyclohexane and make up to 50 ml in a volumetric flask.

4.7 2-Hydroxybiphenyl, 10 mgiml: dissolve 500 mg AR grade
2-hydroxybiphenyl in cyclohexane and make up to 50 n in volumetric
flask.

4.8 Biphenyl, 10 mg/ml: dissolve 500 mg AR grade biphenyl in
cyclohexane and make up to 50 ml in a volumetric flask.

Apparatus
5.1 Food-mixer, Kenwood, or similar with liquidiser attachment.

5,2 Coffee grinder

-t.

4.

5.
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5.3 Distillation apparatus: I litre round-bottom flask fiued with a
modified Clevenger separator (see Fig. l) and a water jacket
condenser.

5.4 Heating mantle
5.5 Vacuum evaporator with 50 ml flasks.
5.6 Gas chromatograph

Becker model 420 fitted with a flame ionisation detector and connected to
a Servoscribe chart recorder, model RE54l. Column: glass, 2 m x 4.0
mm i.d., packed with 3yo OY-17 on Gas Chrom. Q. Injector temperature:
210"C. Column temperahrre-programme: 130"C for l0 min., 130-160"C
at l0'C/min, 160"C for22 min. Detector temperatue: 225'C. Carier ga:s

flow rate: 30 ml mtrogen per min. Detector gas pressures: hydrogen and
air set according to manufacturer's instructions.

Procedure
6.1 Preparation of Extracts
Separate the flesh and the peel from at least 2 kg of fiuit. Cut the peel
into small pieces and grind in a coffee grinder. Homogenise the flesh in a
liquidiser. Combine the portions and mix well. Take 300 g of

recombined fruit pulp
and add 300 ml of water.
Homogenise at low
speed in a mixer and
pour into the I litre
round-bottom flask,
rinsing the homogeniser
with 50 ml water and
adding this to the flask.
Add an antifoam tablet,
a few anti-bumping
granules and 15 ml of
50% sulphuric acid.
Assemble the distillation
apparatus and place 15

ml of water and 20 ml of
cyclohexane in the side
arm of the separator.
Boil the mixture gently
for 20 min. and then

more vigorously for the remainder of2 hr. such that one drop distils every
3-5 sec. At the end of this time allow the mixture to cool.

Run the water from the Clevenger separator into a 100 ml separating
funnel and the cyclohexane into a 25 ml volumetric flask. Rinse the
Clevenger separator with 4 ml ofcyclohexane and add this to the water in

r
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the separating firnnel. Shake well, allow the layers to separate, discard
the water and add the cyclohexane to that in the 25 ml volumetric flask.
Make up to volume with cyclohexane, add a litile anhydrous sodium
sulphate and mrx well (this is extract "a"). Set up the separator atsain

with a fiesh portion of 20 ml of cyclohexane and repeat the two-hour
distillation and subsequent separation as above (this is extract "b").

6.2 Preparation of standard graphs

Prepare irve standard solutions (A-E) containing the indicated amounts of
fungicide and intemal standard.

l0mg/ml

l0mg/ml
Volume
l0mg/ml

(ml) of biphetryl solution

(ml) of 2-hydroxybiphetryl

(ml) of heptadecale

2.0

0.40.3

1.0

0.8

0.2

1.0

0.4

0.1

1.0

t.2

1.0

1.6

t.0

0.5

Make each up to 5 ml with cyclohexane.

Inject 1.5 pl ofeach standard and record the chromatogram. Measure the

areas (height x width at half height) of the peaks. Plot the area ratio of
firngicide to intemal standard against rng fi.rngicide per I 0 mg of
heptadecane lor each compound.

6.3 Determinationofbiphenyl
To 10 ml of extract "a" add 0.4 ml of heptadecane solution, l0 mg/n .

lnject 1.5 pl and record the ckomatogram. Measure the peak areas and
calculate the ratio of peak area of heptadecane. From the standard graph

read off the biphenyl content, allowing for the amount of heptadecane
added.

If necessary the solution may be reduced in volume under vacuum but
because of the volatility of biphenyl the volume should not be taken
below 2 ml. A typical chromatogram is shown in fig. 2A.

6.4 Determinationof2-hydroxybiphenyl
Combine loml of extract "a" and 10ml of extract "b" and add 0.1 ml of
heptadecane solution, l0 mg/ml. Evaporate the solution under vacuum
but without rotating the flask until the volume is reduced to a few ml.
lnject 1.5 pl and record the chromatogram. Measure the peak areas and
calculate the ratio of peak area of 2-hydroxybiphenyl to peak area of
heptadecane. From the standard graph read off the 2-hydroxybiphenyl
content, allowing for the amount of heptadecane added. The attenuation
of the instrument should be adjusted so that the heptadecane peak is at

least 40oh of maximum. The biphenyl peak may then be off scale.
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Care should be taken to identifu correctly the 2-hydroxybiphenyl peak
particularly if it is small; natuml substances present in citrus fruit
sometimes give peaks corresponding to 0.5-1.0 mglkg of
2-hydroxybiphenyl at the same retentio time. A typical chromatogram is
shown in fig. 2B.

Fig. 2A

r7.4 16.4 I1.8 tstftio tiru (irn)

Fig.2a Chlomatogram fot the deten ri ation of: bipheftil

Fig. 28

Fig,2b Chrcr qtogruns for the detemination of 2-\'droxyhiphenyl

Two 300 g poflions from the same sample of oranges spited rvith 15 mg biphcnyl (50

mg,&g) and 3 mg 2-hydroxybiphenyl (10 mg,&g) were treated by the distiuation.
extaction and glc proccdurcs described in the texl.

t-
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COSHH

Analysts are reninded that appropriate hazard and risk assessments
required by the Control of Substances Hazardous to Health
Regulations, 1988 (See'rControl of Substances Hazardous to Health -
Approved Code of Practice, Control of Substances Hazardous to
Health Regulations, 1988") must be made before using this method.

Expression of Results

Calculate the levels of biphenyl and 2-hydroxybiphenyl and express as

mg/kg sample.

References
9.1 E Lord, NG Bunton and NT Crosby, J. Assoc. Publ. Aralysts, 1978, !.(,

9.2 RB Player and R Wood, J. Assoc. Publ. Analysts, 1980, 18, 109-117.

APPENDIX 1

Analytical Quality Control

General principles of analytical quality control are outlined in protocol
V0 ofthe series.

Repeatability
The absolute difference between two test results obtained under
repeatability conditions should not be greater than the repeatability, r,
deduced from the collaborative trial data summarised below (Table 1).

When biphenyl is the analyte at levels of about 85 mg/kg, r may be taken
as 8.9 mg/kg; with 2-hydroxybiphenyl at about 15 mg/kg, the
corresponding value of ris 1.6 mg,lkg.

This precision corresponds to a relative standard deviations of
repeatability (Coeffrcient of variance of repeatability), RSD., of about
5.4o/o and 7 .9Yo respectively.

Reproducibility
The absolute difference between two test results obtained under
reproducibility conditions should not be greater than the reproducibility,
R, deduced ftom the collaborative trial data summarised below
(Paragraph 6, Table 1) in the same way as repeatability above. The
recommended values of R are 21 mg/kg at 85 mg biphenyVkg and
9 mg/kg at l5 mg 2-hydroxybiphenyl/kg. This precision corresponds to a
relative standard deviations of reproducibility (Coefficient of variance of
reproducibility), RSD^, of about l3o/o and 40Y, respectively. It should be
noted that close quantitative agreement between laboratories analysing

8.
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very low levels of 2-hydroxybiphenyl cannot be expected, but the method
is still recommended until improvements can be demonstrated.

Trueness (Bias)

The collaborative trial was based on the analysis of a sample of
cornrninuted orange (including juice) before and after spiking with 84 mg
biphenyl/kg, 14.4 mg 2-hydroxybiphenyl/kg and 12.0 mg
thiabendazole/kg. The untreated sample was shown to contain about 1

mg of each analyte/kg. The results summarised in paragraph 5

demonstrated that only 70oh of the biphenyl and 48% of the
2-hydroxybiphenyl were recovered. While these recoveries are lower
than would be nomrally regarded as satisfactory, they are acceptable for
general control purposes, since altemative methods, requrring 5070 more
lime to underlake, hare similar recor eries.

Limit of Detection
This limit has not been established. However, the analysis of the
unspiked sample during the collaborative tnal indicated that these control
levels were at or close to the limit of detection. The true levels were
unknown; the observed levels were subject to considerable error, but
indicated a limrt of detection of roughly 1 mg ofeither analyte/kg.

Statistical Data Derived from the Results of Interlaboratory Tests

Twenty-two laboratories agreed to analyse two samples of a natural
comminuted orange product, one of which had been spiked with known
levels of biphenyl, 2-hydroxybiphenyl and thiabendazole. While other
methods were also tested, the data summarised in Table 1 result from the
application of the method described in this booklet to the spiked sample
only. The results of one laboratory were omitted because the prescribed
method was not followed. The levels of each analyte were expressed as
mg/kg sample,

A4

A5

r
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strtistical Analysis or urrn"nr, "roffio,lrytipt enyt in Naturat comminuted
Orange Product Samples

S ample biphenyl 2 -hydrox yb i p h enyl
Number of laboratories retained after
eliminating outliers
Number of laboratorias eliminated as

outliers
Number of results accepted
LEVEL OF ANALYTE
Mean observed value i
Accepted "true" value
REPEATABILITY
Standard Deviation S,
Relative Standard D ovi ati on RSD,(%)
Repeatability r [2.8 x S. ]
REPRODUCIBILITY
S tandard Deviation SR

Relative Standard Deviati on RSDR(%)
Reproducibility R [2.8 x So ]

21

0

5 9.6
85

3.19
5.4
8.94

7.46
t2.5
20.9

2t

0

40

7 .33
15 .4

0.5 8
7.9
1 .62

2.91
39 .7

8. 16

A6 Key to Table 1

Symbol Definition
i Overall mean value

The standard deviation of repeatability
The relative standard deviation of repeatability, expressed as a percentage of
the meafl (coefficiert of variance of repeatability CV, )
Repeatability
The siandard deviatiotr of reproducibility
The relative standard deviatiou of reproducibility, expressed as a percettage of
the mean (coefficiert of variance of reproducibility CV* )

s,
RSD,

r
sR

RSDR

R Reproducibility

I
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