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Collaborative Evalﬁation of an Enzymatic Starch Damage Assay Kit
and Comparison with Other Methods

T.S. GIBSON,' C. J. KALDOR,' and B. V. McCLEARY?

ABSTRACT

A commercially available enzymatic assay kit for the measurement of
starch damage in wheat flour was compared with current standard
methods, and the Kit’s precision and repeatability were determined in
a collaborative study. Starch damage values determined on a range of
flours with the assay kit correlated well ( > 0.96) with those determined
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by existing standard enzymatic methods. The precision of the kit was
evaluated in a comprehensive interlaboratory study. The kit procedure
was found to be highly repeatable (relative standard deviation, 2.94-6.80%)
and reproducible (relative standard deviation, 5.00-10.30%).

A proportion of the starch granules in wheat grains is mechan-
ically damaged during the milling process (Evers and Stevens
1985). These damaged granules hydrate rapidly and are susceptible
to amylolytic hydrolysis. Consequently, they contribute
significantly to the water absorption, rheology, handling proper-
ties, and gassing power of a dough and to crumb texture and
crust color (Tipples 1969).

The industry standard methods for starch damage measurement
are based on the preferential amylolytic digestion of damaged
granules with crude commercial preparations of malt (Farrand
1964, Royal Australian Chemical Institute 1988) or fungi
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(American Association of Cereal Chemists [AACC] 1983,
Donelson and Yamazaki, 1962). However, an improved enzymatic
assay for starch damage that avoids many of the potential
inaccuracies associated with the use of crude enzyme preparations
recently was developed (Gibson et al 1992) and is now supplied
commercially in kit form.

The aim of this work was to evaluate the reproducibility and
repeatability of the proposed new method for starch damage
through an extensive interlaboratory study and to correlate values
obtained by the kit method on a range of flours with those obtained
by standard starch damage assay procedures.

MATERIALS AND METHODS

Starch Damage Assay Kit
Enzymatic assay kits based on the method developed by Gibson
et al (1992) were supplied by MegaZyme Pty Ltd., North Rocks,
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Australia. Each assay kit contained directions for the preparation
of the extraction buffer (0.1M acetate, pH 5.0, containing 0.005M
CaCl,) and six reagent vials which contained the following items:

1) a-amylase (EC 3.2.1.1) from Aspergillus niger (10 ml, 1,000
U/ml, in 3.2M ammonium sulfate) diluted 20-fold with extraction
buffer before use.

2) amyloglucosidase (EC 3.2.1.3) from Aspergillus niger (4 ml,
200 U/ml, in 3.2 M ammonium sulfate) diluted 10-fold with extrac-
tion buffer before use.

3) glucose oxidase-peroxidase-4-aminoantipyrine glucose deter-
mination reagent (GOPOD) supplied as a freeze-dried powder,
sufficient to prepare 1 L of reagent.

4) GOPOD reagent buffer concentrate (50 ml, 1 M potassium
phosphate, pH 7.4, containing 3.0% p-hydroxybenzoic acid and
0.4% sodium azide), sufficient to prepare 1 L of GOPOD reagent
buffer. The buffer concentrate is diluted to 1 L with distilled
water and mixed with reagent 3 before use. The diluted solution
is stable for at least 3 months at 4°C.

5) glucose standard solution (10 ml, 150 ug/ml, in 0.2% aqueous
[w/v] benzoic acid).

6) wheat reference flour, with a starch damage level of 6.8%.

All enzymes and the GOPOD reagent in the starch damage
assay kit are stable under normal conditions of transportation.
a-Amylase and amyloglucosidase were electrophoretically
homogenous. Analytical reagent-grade chemicals were used in
the preparation of assay reagents. Test flours were provided by
the Bread Research Institute, North Ryde, and by the Agricultural
Research Center, Tamworth. The reference flour was a commer-
cial flour supplied by George Weston Foods Laboratories, Enfield.

Details of the assay method are given in Gibson et al (1992).
Briefly, a-amylase (1 ml, 50 U, preequilibrated at 40° C) was mixed
vigorously with 100 £ 5 mg of flour sample for 5 sec in a 12-ml
glass round-bottom test tube and then incubated for exactly 10
min at 40°C without further mixing. The reaction was terminated
with sulfuric acid (5.0 ml, 0.2% v/ v), and the tubes were centrifuged
at 1,000 X g for 5 min. Aliquots of the supernatant (0.1 ml)
were incubated with amyloglucosidase solution (0.1 ml, 2 U) for
10 min at 40°C. GOPOD reagent (4 ml) then was added to each
tube, mixed on a test-tube stirrer, and the incubation was con-
tinued for another 20 min at 40°C. The absorbance at 510 nm
then was measured. The method in this collaborative evaluation
specified a 5-min incubation with amyloglucosidase, which was
sufficient time for the reaction to proceed to completion. However,
this incubation time has been increased to 10 min (Gibson et al
1992) to compensate for any potential loss in amyloglucosidase
activity on extended storage.

Calculation of Starch Damage

Starch damage is measured as anhydroglucose derived from
starch in damaged granules and is expressed as starch as a
proportion (percentage) of total flour weight on an as-is basis
(no correction is made for water content):

*EX FX60X “;OOX 13/0 X 1168(2)

_YE
—TV—XFXSA

where *E is absorbance after amyloglucosidase treatment read
against the blank absorbance; F is a factor for conversion of
absorbance values to micrograms of glucose (150 ug of glucose/
absorbance for 150 ug of glucose); 60 is a volume correction
factor (0.1 of 6.0 ml was analyzed); 1/1,000 is a conversion from
micrograms to milligrams; W is a weight of sample analyzed,
100/ W is a factor to express starch damage as a percentage of
flour weight; and 162/180 is a factor to convert free glucose to
anhydroglucose, as occurs in starch.

Other Assay Methods

Starch damage was determined in 26 soft and hard wheat flours
by the method of Farrand (1964) for comparison with values
determined (in duplicate) by the kit method. George Weston Foods
Laboratories supplied the malt flour for the preparation of
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a-amylase (1,250 U/ g as defined by Farrand 1964). J. R. Donelson
of the U.S. Department of Agriculture Agricultural Research
Station Soft Wheat Quality Laboratory, Wooster, supplied 21
wheat flours and their respective starch damage values determined
by AACC method 76-30A and the Donelson-Wooster method
(Donelson and Yamazaki 1962). These flours were analyzed (in
duplicate) by the kit method.

a-Amylase activity was determined by the Ceralpha procedure
(MegaZyme Pty Ltd.), and amyloglucosidase activity was
determined on soluble starch at pH 4.5 and 40°C (McCleary
and Shechan 1987).

One unit (U) of activity is defined as the amount of enzyme
required to release one micromole of glucose reducing-sugar-
equivalents per minute under the defined assay conditions (Gibson
et al 1991).

Design of the Collaborative Study

Assay kits, 10 homogenous test flours, and complete instruc-
tions were sent to 36 participating laboratories in a split-level
(Youden pairs) experiment designed in accordance with Asso-
ciation of Official Analytical Chemists (1989) guidelines. The test
flours supplied to the collaborators ranged in starch damage from
2.3 to 7.3% (based on total flour weight). This is the range to
be expected in commercial flours derived from soft and hard
wheats when determined with the assay kit. One of the test flours
(sample E) was identical to the reference flour sample. Each
participant was asked to become familiar with the assay by
repeated analyses of the reference flour supplied and then to
analyze each sample only once.

Twenty-eight sets of results were received from 24 laboratories,
with several laboratories providing repeat determinations, and
then analyzed according to Australian Standard 2850-1986
(Standards Association of Australia 1986). This standard is based
on standard 5725 of the International Organization for
Standardization. Results for the 10 test samples were treated as
five pairs, each pair member having a starch damage value similar
to the other member (i.e., Youden pairs). Dixon’s test for outliers
(Standard Association of Australia 1986) was applied to means
and differences for each pair of samples. Pairs for which Dixon’s
test was significant at the 1% level were omitted from the analyses
of variance. Components of variance for within-laboratory (S?)
and between-laboratory (S?) variation were determined from the
analyses of variance of each pair of results and S = §2 + §?
was calculated. Australian Standard 2850-1986 method defines
repeatability (r) as the 95% confidence interval for repeat analyses
under identical conditions in the same laboratory (2.83 ;) and
reproducibility (R) as the 95% confidence interval for repeat
analyses on identical materials in separate laboratories: 2.83(SR)"%.
We also calculated the relative standard deviations (RSD, and
RSDgy) of the S, and Sg. Several laboratories provided repeat
determinations, performed several days apart and/or by different
analysts. Therefore, the data provided two mean squares that
estimate repeatability. The two estimates were pooled by
calculating the average mean square weighted by the degrees of
freedom for each mean square. This was considered to be
preferable to employing the mean values or to arbitrarily
discarding one or more sets of analyses by these collaborators.

RESULTS AND DISCUSSION

Collaborative Evaluation

Table I lists the laboratories involved in the interlaboratory
study. Table II shows the starch damage values determined in
the test samples by the collaborating laboratories. The figures
in the last column are the means of repeated assays of the samples
(n = 8) by the NSW Agriculture Laboratory and represent the
nominal values for the test samples. The figures in the final column
are the starch damage values reported by the collaborators for
the reference flour supplied. Repeat determinations reported by
collaborators 06, 11, and 16 are listed as separate results. The
starch damage values for collaborators 06 and 11 were determined
by the same analyst on different occasions. The results for colla-






