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Dietary Fiber Measurement
Product Guide

Since its inception in 1988, Megazyme’s core business has focused on improving analytical
methodology for the measurement of polysaccharides and enzymes involved in the cereals
and related industries. CEO, Prof. Barry McCleary has been actively involved in the
research and development of methods specifically related to dietary fiber and dietary fiber
component measurement for over 20 years and Megazyme hosted the inaugural joint ICC/
AOAC International conference on Dietary Fiber in Dublin, Ireland, in 2000. Prof. McCleary
is credited with having developed many of the internationally approved and validated
methods in this area including that for β-glucan (AOAC 995.16, AACC 32-23.01), fructan
(AOAC 999.03, AACC 32-32.01), resistant starch (AOAC 2002.02, AACC 32-40.01),
total dietary fiber (HMWDF/SDFS; AOAC 2009.01, AACC 32-45.01) and (IDF/SDFP/SDFS;
AOAC 2011.25, AACC 32-50.01).
He continues to lead the global research effort to improve the accuracy, reliability and
reproducibility of these methods and is currently chairing an AACC/ICC interlaboratory
evaluation of the new, improved, Rapid Integrated Total Dietary Fiber Method.
Megazyme’s product range contains the highest purity reagents commercially available
at competitive prices with worldwide expedited shipping available to all countries. All
products are fully supported through our knowledge base (https://support.megazyme.com)
and technical query system.

ISO 9001:2008
Registered
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What is Dietary Fiber?
Dietary fiber can generally be described as the carbohydrate content of food that is not digested in
the human small intestine. It passes into the large intestine where it is partially or fully fermented.
These characteristics of dietary fiber are associated with its numerous well documented health benefits.

CODEX Alimentarius is the international body that sets guidelines for national regulatory
authorities. In 2009, they reached consensus on a definition of dietary fiber after almost 20 years
of deliberation:
Dietary fiber denotes carbohydrate polymers1 with 10 or more monomeric units2, which are not
hydrolysed by the endogenous enzymes in the small intestine of humans and belong to the following
categories:
1) Edible carbohydrate polymers naturally occurring in the food consumed.
2) Carbohydrate polymers, which have been obtained from food raw material by physical, enzymatic
or chemical means and which have been shown to have a physiological benefit to health, as demonstrated
by generally accepted scientific evidence to competent authorities.
3) Synthetic carbohydrate polymers which have been shown to have a physiological benefit to health,
as demonstrated by generally accepted scientific evidence to competent authorities.
NOTES:
(1) Includes also lignin and other compounds if quantified by AOAC 991.43.
(2) Decision on whether to include carbohydrates with a degree of polymerization from DP 3 TO 9
should be left to national authorities.
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Setting New Standards in Test Technology

Dietary Fiber Measurement

Dried and
defatted food
sample (1g)

How is dietary fiber content in a food or beverage
accurately determined?
Dietary fiber content in any sample is measured in
the laboratory by what is referred to as an enzymaticgravimetric method.
After defatting, a food sample is treated with enzymes that
mimic the digestive process in the human small intestine.
Protein is digested by protease while digestible carbohydrates
are broken down into simple sugars and removed from
the sample by precipitation and filtration. This mimics
absorption of these sugars in the body.
The non-digestible precipitate contains the dietary fiber
but also contains protein remnants and inorganic material.
These should not be included in dietary fiber so protein
and inorganic material must be measured and subtracted
from the weight.
A number of variations on this basic approach exist and
it is these variations that allow for the separation of total
dietary fiber into a number of different components. These
components are outlined below.

Enzymes
mimicking
human
digestion
Enzymatic Digest
containing simple sugars
and non-digestible fraction

Precipitation
using ethanol
and filtration

Non-digestible fraction

Abbreviation

Definition

Examples

HMWDF

High molecular weight dietary fiber
(HMWDF = IDF + SDFP)

Cellulose, resistant starch,
cereal β-glucan, guar gum
and certain xylans

IDF

Dietary fiber insoluble in water

Cellulose, resistant starch
and certain xylans

SDFP

Dietary fiber soluble in water and
precipitated by 78% ethanol

Cereal β-glucan, guar gum
and certain xylans

SDFS

Dietary fiber soluble in water and
soluble in 78% ethanol. This is also
sometimes termed low molecular
weight dietary fiber (LMWDF) or nondigestible oligosaccharides (NDO)

Fructooligosaccharides (FOS),
galactooligosaccharides (GOS) and
a portion of Polydextrose®, inulin
and resistant maltodextrins (RMD)

Purchase Online at www.megazyme.com
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One dietary fiber component in particular deserves special mention – resistant starch (RS). This is the
name given to any starch that is resistant to hydrolysis by the enzymes of the small intestine. RS has been
further classified into 4 subcategories.
Resistant Starch
Type

Description

Examples

RS1

Physically inaccessible starch

Seeds or legumes and
unprocessed whole grains

RS2

Resistant starch that occurs
in its natural granular form

Uncooked potato, green banana
flour and high amylose corn

RS3

Resistant starch that is formed when
starch-containing foods are cooked
and cooled. This occurs due to
retrogradation – the recrystallization
of amylose and amylopectin on cooling.

Legumes, bread, parboiled rice
and cooked-and-chilled potatoes,
pasta salad or sushi rice

RS4

Starches that have been chemically
modified to resist digestion. This
type of resistant starches can have
a wide variety of structures and
are not found in nature.

Synthetic phosphate crosslinked
starch (eg. Fibersym®)

Certain dietary fiber methods struggle to measure the various RS components accurately resulting in the
dietary fiber content being either underestimated or overestimated to large degrees. Six dietary fiber
methods are discussed in detail here.

Dietary Fiber Methods Overview
Common
Method
Name

6

AOAC
AACC
CODEX
HMWDF IDF SDFP SDFS
Accreditation Accreditation method
32-05.01

Type 1

Lee

991.43

32-07.01

Type 1

Matsutani

2001.03

32-41.01

Type 1



2009.01

32-45.01

Type 1



2011.25

32-50.01

Awaiting
decision

Interlaboratory Evaluation Underway



a



a



a

RMD

b


b




RS1, RS2 and RS3 are greatly underestimated. RS4 is greatly overestimated.
RS2 and RS4 are slightly underestimated.
Setting New Standards in Test Technology

Other

a

985.29

Rapid
Integrated
Method

b

Measurement

Prosky

McCleary

a

Validation

b







1)

Prosky Method1
Validation

AOAC Method 985.29/AACC Method 32-05.01, CODEX Type 1

For the
measurement of

HMWDF

Method
limitations

A) Does not measure resistant starch accurately –
underestimates RS1, RS2 and RS3
B) Overestimates RS4
C) Does not measure SDFS

The Prosky method received AOAC accreditation in 1985 following a successful interlaboratory study.
This method has been widely used over the past 30 years as the gold standard for dietary fiber measurement
although it is not suitable for the measurement of all components of dietary fiber as defined by CODEX
Alimentarius.
The assay procedure is summarised below.

Enzymatic incubation
mimicking digestion

AOAC Method 985.29

Dried and
defatted food
sample (1g)

Starch gelatinisation and
hydrolysis to dextrins

(Thermostable a-amylase, 30 min, 95°C, pH 6.0)

Protein hydrolysis

(Protease, 30 min, 60°C, pH 7.5)

Starch dextrin hydrolysis

(Amyloglucosidase, 30 min, 60°C, pH 4.5)

Analysis of
enzymatic digest

Ethanol precipitation, Filtration,
solvent washing, drying (2 residues)

- Protein
Determination

- Ash
Determination

Filtrate

Discarded

HMWDF
(incorrect RS value)

Purchase Online at www.megazyme.com
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2)

Lee Method2
Validation

AOAC Method 991.43, AACC Method 32-07.01, CODEX Type 1

For the measurement of

IDF and SDFP
A) Does not measure resistant starch accurately –
underestimates RS1, RS2 and RS3
B) Overestimates RS4
C) Does not measure SDFS

Method limitations

In 1991, a modification to the Prosky method by Lee received official AOAC validation. The enzymatic
incubation conditions were simplified as both a-amylase and protease incubations were performed in the
same buffer (MES-TRIS). A further practical modification involved the introduction of a filtration step
following the enzymatic incubations but prior to the ethanol precipitation step. This modification allowed
for separation of HMWDF into IDF and SDFP. The assay procedure is summarised below:

Enzymatic incubation
mimicking digestion

AOAC Method 991.43

Dried and
defatted food
sample (1g)

Starch gelatinisation and
hydrolysis to dextrins

(Thermostable a-amylase, 30 min, 95°C pH ~7.0)

Protein hydrolysis

(Protease, 30min, 60°C, pH ~7.5)

Starch dextrin hydrolysis

(Amyloglucosidase, 30 min, 60°C. pH 4.5)

Filtration 1,
solvent washing, drying
(2 residues)

Analysis of
enzymatic digest

- Protein
Determination

Filtrate 1

- Ash
Determination

IDF
(incorrect RS value)
Filtrate 2

Discarded

Alcohol precipitation
Filtration 2, solvent washing,
drying, (2 residues)
- Protein
Determination

- Ash
Determination

SDFP

8
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While the Prosky and Lee methods have proved to be excellent workhorses for the analysis of dietary
fiber in the past they do not measure all components of dietary fiber as defined by CODEX Alimentarius
for a number of reasons:
a) A large proportion of resistant starch (RS1, RS2 and RS3) is hydrolysed during the a-amylase incubation
at 95ºC. This leads to an underestimation of these RS components.
b) The SDFS fraction is discarded so any non-digestible oligosaccharides (NDOs) are not included.
c) Synthetic phosphate cross-linked resistant starch (RS4) is overestimated by this method. The ~100ºC
incubation temperature confers a resistance to hydrolysis on RS4 that has no relevance under
3
physiological conditions (37ºC).
The Prosky and Lee methods can reliably be used to accurately measure the HMWDF content of samples
not containing RS.
Megazyme Products for use with Prosky Method (AOAC 985.29) and Lee Method (991.43):
Assay Kits

SKU

Number of Assays

Total Dietary Fiber
Assay Kit

K-TDFR-100A

100

K-TDFR-200A

200

Enzymes

SKU
E-BLAAM-10ML
E-BLAAM-40ML
E-BLAAM-100ML
E-AMGDF-10ML
E-AMGDF-40ML
E-AMGDF-100ML
E-BSPRT-10ML

Number of Assays
200
800
2000
50
200
500
100

E-BSPRT-40ML
E-BSPRT-100ML

400
1000

a-Amylase
(B. licheniformis)
Amyloglucosidase
(A. niger)
Protease
(Subtilisin A; B. licheniformis)

Purchase Online at www.megazyme.com
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3)

Matsutani Method4
Validation

AOAC Method 2001.03, AACC Method 32-41.01, CODEX Type 1

For the measurement of

HMWDF and RMD

Method limitations

A) Does not measure resistant starch accurately –
underestimates RS1, RS2 and RS3
B) Overestimates RS4

In 2001, a method proposed by the Matsutani Chemical Industry Company received official AOAC validation.
This method reverted to all conditions employed in the Prosky Method but added an HPLC analysis step
to capture the resistant maltodextrin (RMD) component of dietary fiber that was soluble in 78% ethanol.
This method was developed to correctly determine the dietary fiber content in the commercial product,
Fibersol, which consists of ~ 90% RMD.
The assay procedure is summarised below.

Enzymatic incubation
mimicking digestion

AOAC Method 2001.03

Dried and
defatted food
sample (1g)

Starch gelatinisation and
hydrolysis to dextrins

(Thermostable a-amylase, 30 min, 95°C, pH 6.0)

Protein hydrolysis

(Protease, 30 min, 60°C, pH 7.5)

Starch dextrin hydrolysis

(Amyloglucosidase, 30 min, 60°C, pH 4.5)

Analysis of
enzymatic digest

Ethanol precipitation, Filtration,
solvent washing, drying (2 residues)

- Protein
Determination

- Ash
Determination

HMWDF
(incorrect RS value)
+ some RMD

10
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Filtrate

Concentrate ethanolic filtrate, desalt,
analyse by HPLC for RMD

Balance of RMD
+ other SDFS

The Matsutani method employs glycerol as an internal standard for the HPLC analysis step. As the
protease and AMG enzyme formulations offered by Megazyme for performing the Prosky and Lee methods
contain glycerol as a stabiliser, alternative reagent preparations must be employed for the Matsutani
method. Note that the standard α-amylase preparation does not contain glycerol.
Megazyme Products for use with Matsutani Method (AOAC 2001.03), ie. glycerol free preparations:
Enzymes

SKU

Number of Assays

E-BLAAM-10mL

200

E-BLAAM-40mL

800

E-BLAAM-100mL

2000

E-AMGDFNG-20mL

200

E-AMGDFNG-50mL

500

Amyloglucosidase
(A. niger) Powder

E-AMGDFPD

200

Protease Powder
(Subtilisin A; B. licheniformis)

E-BSPRPD

200

a-Amylase
(B. licheniformis)
Amyloglucosidase
(A. niger) Glycerol Free

Purchase Online at www.megazyme.com
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4)

McCleary Method - Total Dietary Fiber (HMWDF + SDFS)5
Validation

AOAC Method 2009.01, AACC Method 32-45.01,
CODEX Type 1

For the measurement of

HMWDF and SDFS

Method limitations

A) Slightly underestimates RS2 and RS4
B) Requires method modification to measure
fructotriose, a minor constituent in FOS

CODEX Alimentarius, the international body that provides guidance to national governments on food
analysis standards, published their definition of dietary fiber in 2009 (page 2). Existing methods at that time
(eg. Prosky, Lee and Matsutani) could not be used to measure all components of dietary fiber under the new
definition. In fact, it was found that some of the new components (eg. resistant starch) were partially
measured under the existing methods but this led to overestimation of total dietary fiber when a method
used for quantification of a single component (eg. AOAC 2002.02; resistant starch) was added to the value
for dietary fiber obtained using Prosky, Lee or Matsutani methods – a phenomenon known as “double
counting”.

Galacto-oligosaccharides
Raffinose/Stachyose

Inulin		

FOS

Polydextrose
Fibersol 2

Total Dietary Fiber

Pectin
Arabinogalactan

(AOAC Method 985.29)
(AOAC Method 991.43)
Cellulose
Beta-Glucan
Galactomannan
Arabinoxylan

Resistant Starch

Diagram showing dietary fiber components measured and not measured by AOAC methods
985.29 (Prosky) and 991.43
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The requirement for a new integrated method that correctly determined total dietary fiber content as
defined by CODEX Alimentarius in foods and beverages containing a wide array of diverse components
was met by Prof. Barry McCleary at Megazyme. The new integrated McCleary method received AOAC
accreditation along with designation as a Type 1 CODEX method in 2009. The enzymatic incubation
conditions were overhauled completely in order to more closely replicate digestion in the human small
intestine by correlating the in vitro method results with in vivo data obtained from ileostomy patients.
Starch degradation using porcine pancreatic α-amylase (as opposed to bacterial) and amyloglucosidase was
performed at 37ºC. This prevents starch gelatinisation which preserves the resistant starch content in the
sample thereby allowing it to be accurately measured. Furthermore, the 78% ethanol filtrate is analysed by
HPLC and total SDFS content can be determined. The details of the method are outlined in full:

Enzymatic incubation
mimicking digestion

AOAC Method 2009.01

Dried and
defatted food
sample (1g)

Starch hydrolysis

(Pancreatic a-amylase + amyloglucosidase,
16 h, 37°C, pH 6.0)

Change pH to ~ 8.2, Heat to ~ 95°C,
Protein hydrolysis
(Protease, 30 min, 60°C)

Change pH to ~ 4.5, ~ 60°C

Analysis of
enzymatic digest

Ethanol precipitation, Filtration,
solvent washing, drying (2 residues)

- Protein
Determination

- Ash
Determination

Filtrate

Concentrate ethanolic filtrate desalt,
analyse by HPLC for total SDFS

HMWDF
SDFS

Purchase Online at www.megazyme.com

13

McCleary Method – Total Dietary Fiber (IDF, SDFP and SDFS)6

5)

Validation

AOAC Method 2011.25, AACC Method 32-50.01

For the measurement of

IDF, SDFP and SDFS

Method limitations

A) Slightly underestimates RS2 and RS4
B) Requires method modification to measure
fructotriose, a minor constituent in FOS

In the same manner that the Lee method afforded the possibility to separate HMWDF (as measured
in the Prosky method) into IDF and SDFP, a modification to the original McCleary method involving an
extra filtration carried out on the enzymatic digest prior to the ethanol precipitation step received AOAC
validation in 2011. All other features of this method remain the same as in AOAC 2009.01. The method
overview is described here:

Enzymatic incubation
mimicking digestion

AOAC Method 2011.25
Dried and
defatted food
sample (1g)

Starch hydrolysis

(Pancreatic a-amylase + amyloglucosidase,
16 h, 37°C, pH 6.0)

Change pH to ~ 8.2, Heat to ~ 95°C
Protein hydrolysis
(Protease, 30 min, 60°C)

Change pH to ~ 4.5, ~ 60°C

Filtration 1,
solvent washing, drying
(2 residues)
- Ash
Determination

Analysis of
enzymatic digest

- Protein
Determination

Filtrate 1

IDF
Filtrate 2

Concentrate ethanolic
filtrate, desalt, analyse by
HPLC

Alcohol precipitation
Filtration 2, solvent washing,
drying, (2 residues)

- Protein
Determination

- Ash
Determination
SDFP

SDFS
14
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Megazyme Products for use with McCleary Methods – AOAC 2009.01 and 2011.25:
Assay Kits
Integrated Total Dietary Fiber
Assay Kit
Enzymes
α-Amylase (Porcine pancreatic)
Amyloglucosidase
(A. niger)
Protease
(Subtilisin A; B. licheniformis)

Purchase Online at www.megazyme.com

SKU

Number of Assays

K-INTDF

100

SKU
E-PANAA-3G
E-PANAA-9G
E-AMGDF-10ML
E-AMGDF-40ML
E-AMGDF-100ML
E-BSPRT-10ML
E-BSPRT-40ML
E-BSPRT-100ML

Number of Assays
200
600
50
200
500
100
400
1000
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6)

Rapid integrated total dietary fiber method7
Validation

AACC International/ICC International interlaboratory study underway

For the measurement of

HMWDF and SDFS

Method limitations

None identified

Over the course of the past 7 years, the McCleary methods (AOAC 2009.01/AOAC 2011.25) have found
widespread use for the analysis of total dietary fiber, particularly for foods containing either resistant
starch and/or NDOs. Nevertheless, Megazyme have continued their research and development activities
in the area of dietary fiber analysis and a new method based on AOAC 2009.01/2011.25 has recently been
described that addresses a number of limitations of the original methods.3, 7 This new method, termed the
7
Rapid Integrated Total Dietary Fiber Method is currently undergoing interlaboratory evaluation under
the AACC International/ICC method validation system. The enzymatic incubation conditions have been
modified significantly from those employed in AOAC 2009.01/2011.25.

Enzymatic incubation
mimicking digestion

Rapid Intergrated Total Dietary Fiber Method

Dried and
defatted food
sample (1g)

Starch hydrolysis

(Pancreatic a-amylase + amylogluosidase)
(4 h, 37°C, pH 6.0)

Change pH to ~ 8.2, heat to ~ 95°C,
Protein hydrolysis
(Protease, 30 min, 60°C)

Change pH to ~ 4.5, ~ 60°C

Analysis of
enzymatic digest

Ethanol precipitation, Filtration,
solvent washing, drying (2 residues)

- Protein
Determination

- Ash
Determination

Filtrate
Concentrate ethanolic filtrate,
desalt, analyse by HPLC for total
SDFS

HMWDF
SDFS
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The major improvements to AOAC Methods 2009.01 / 2011.25 are:
• An increase in the quantities of α-amylase and amyloglucosidase employed in the assay allows for
a reduction in incubation time from 16 hours to 4 hours. As the average residence time for
food in the small intestine is approximately 4 hours, this shortened enzymatic incubation gives
more physiologically relevant results for samples containing resistant starch.
• The enzymatic incubation conditions employed in AOAC 2009.01/2011.25 can produce very low
quantities of resistant maltodextrins from samples with high starch content. These are an artifact
of the method and should not be included in the dietary fiber measurement. These resistant
maltodextrins are not formed under the new enzymatic incubation conditions.
• Glycerol was employed as a stabiliser in the protease and amyloglucosidase preparations employed
in AOAC 2009.01/2011.25 which prevented its use as an internal standard. Although sorbitol could
be used in its place with an alternative HPLC analytical method, glycerol was the preferred option.
Glycerol has now been removed from all enzyme preparations and so it can readily serve as internal
standard. Ultimately, this change provides for the use of a specific TSKgel column which allows
for the accurate measurement of fructotriose, a dietary fiber component that requires a slight
method modification in order to be measured with AOAC 2009.01/2011.25. Alternatively for samples
containing glycerol, diethylene glycol can be used as the internal standard.
• It has been suggested that phosphate crosslinked starch (RS4) dietary fiber content is underestimated
by AOAC 2009.01/2011.25. The 4 hr enzymatic incubation time employed in the rapid method results
in higher, more physiologically relevant and accurate results for RS4 dietary fiber content.
• Sodium azide is a toxic chemical that was employed at very low levels as a preservative in the
enzymatic preparations used in AOAC 2009.01/2011.25. The shorter enzymatic incubation time
associated with the rapid method means that microbial contamination is no longer a concern and
sodium azide is completely removed from the enzyme preparations.
• Deionisation of SDFS, in preparation for HPLC analysis, has been significantly simplified,
reducing handling time dramatically. The bulk of the salt is removed by mixing the sample with anion
and cation exchange resins and remaining salt is removed by a desalting pre-column in the HPLC
system.

Megazyme Products for use with the Rapid Total Integrated Dietary Fiber Method:
Assay Kits
Rapid Integrated Total Dietary
Fiber Assay Kit

Purchase Online at www.megazyme.com

SKU

Number of Assays

K-RINTDF

100
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Dietary Fiber Component Measurement
Cereal β-Glucan determination
Validation
For the measurement of
Method limitations

AOAC Method 995.16, AACC Method 32-23-01
Cereal mixed linkage, (1,3:1,4) β-glucan
None

Megazyme’s method for the measurement of cereal β-glucan received AOAC accreditation in 1995 following
a successful interlaboratory study. This method has become internationally ubiquitous for the measurement
of this crucially important soluble dietary fiber component. It is based around the highly selective enzymatic
degradation of cereal β-glucan by ultra-high purity lichenase and b-glucosidase which have no action on
cellulose, starch or any other polysaccharides that could be present in a given sample. The procedure is
outlined below.

Analysis of
enzymatic digest

Selective hydrolysis of
cereal b-glucan to glucose

Cereal b-Glucan - AOAC Method 995.16
100 mg milled sample wetted
with 50% ethanol and then
heated in buffer to gelatinise
(3 min, 100°C, pH 6.5)

(Bacillus sp. lichenase)
(1 h, 50°C, pH 6.5)

Gluco-oligosaccharide hydrolysis
(A. niger b-glucosidase)
(10 min, 50°C, pH 4)

Glucose released
is quantified by
comparison with a
reference standard

Assay Kits
b-Glucan Assay Kit (Mixed linkage)
D-Glucose Assay Kit
Enzymes
Lichenase (Bacillus sp.)
b-Glucosidase (A. niger)

18

Cereal b-glucan hydrolysis
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GOPOD determination

(Glucose oxidase/peroxidase)
(20 min, 50°C, pH 7.4)

SKU
K-BGLU
K-GLUC
SKU
E-LICHN
E-BGLUC

Number of Assays
100
660
Number of Assays
500
500

Fructan content determination
Validation
For the measurement of
Method limitations

AOAC Method 999.03, AACC Method 32-32-01
Fuctan and fructooligosaccharides (FOS)
FOS is underestimated. The degree of underestimation can be
determined analytically if a pure sample of the FOS ingredient is available.
Levan is not measured quantitatively.

Megazyme’s method for the measurement of fructan received AOAC accreditation in 1999 following
a successful interlaboratory study. It has been widely adopted as the reference method for fructan
analysis. This method is completely specific for fructans, including those from chicory, dahlia, Jerusalem
artichoke, onion, wheat stems and leaves and agave. However, levan (linear β-2,6 fructan) is not measured
quantitatively under this method as this linkage type is not hydrolysed by endo-/exo-inulinases employed.

Analysis of
enzymatic digest

Selective hydrolysis of fructan and FOS

Fructan - AOAC Method 999.03
1 g sample is
suspended in
ˉ
water 80°C
to extract fructan
and filtered
to clarify

Quantitative hydrolysis of sucrose
and starch

(Sucrase, b-amylase, maltase, pullulanase)
(30 min, 40°C, pH 6.5)

‘Removal’ of reducing sugars

(Sodium borohydride treatment)
(30 min, 40°C, pH ~ 13)

Fructan hydrolysis

(exo-inulinase and endo-inulinase)
(10 min, 50°C, pH 4)

Fructose and glucose
released are quantified
by comparison with
a reference standard

Assay Kits
Fructan Assay Kit
Fructan HK Assay Kit*

PAHBAH determination
(6 min, 100°C, pH 7.4)

SKU
K-FRUC
K-FRUCHK

Number of Assays
100
50

*This is a modified version of AOAC 999.03/AACC 32-32-01 employing hexokinase/phosphoglucose
isomerase/glucose 6-phosphate dehydrogenase for combined glucose and fructose determination.
Note: The fructanase mixture containing exo- and endo-inulinase (SKU: E-FRMXLQ) is not recommended
for the measurement of fructan according to AOAC Method 999.03 but can be used for AOAC Method
997.08.
Purchase Online at www.megazyme.com
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Resistant Starch
Validation
For the measurement of

AOAC Method 2002.02, AACC 32-40.01
Resistant Starch

Method limitations

RS4 is underestimated

Enzymatic incubation
mimicking digestion

Megazyme’s method for the measurement of resistant starch received AOAC accreditation in 2002.
It has been widely adopted as the reference method for the quantification of resistant starch in any sample
and has been shown to give results that are in close agreement with in-vivo results obtained from human
ileostomy patients. This method forms the basis for the controlled starch hydrolysis conditions that are
found in the McCleary Integrated Total Dietary Fiber Methods.

Resistant Starch - AOAC Method 2002.02
100 mg pre-milled
sample undergoes
selective hydrolysis

Controlled Starch hydrolysis

(Pancreatic a-amylase, amyloglucosidase)
(16 h, 37°C, pH 6)

Supernatant plus washes

Analysis of
enzymatic digest

Ethanol precipitation,
Centrifugation, 2 x ethanol
washes with centrifugation

Non-resistant starch hydrolysis

Pellet containing
resistant starch

(Amyloglucosidase)
(20 min, 50°C, pH 6)

Resistant starch hydrolysis
following solubilisation in KOH
(Amyloglucosidase)
(30 min, 50°C, pH 3.8)

GOPOD determination

(Glucose oxidase/peroxidase)
(20 min, 50°C, pH 7.4)

Non-Resistant starch

GOPOD determination

(glucose oxidase/peroxidase)
(20 min, 50°C, pH 7.4)

Resistant starch

Assay Kits
Resistant Starch Assay Kit
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SKU
K-RSTAR

Number of Assays
100

Resistant Starch (Rapid Method) - available soon!
This method is modelled on the rapid integrated total dietary fiber method. Concentrations of pancreatic
a-amylase and amyloglucosidase are increased and the incubation time is reduced to 4 hours. This method
gives more accurate measurement of RS2, but RS4 (chemically modified starch) is underestimated.

Dietary Fiber Health Benefits
Over the last 20 years in particular there has been an explosion of interest in the area of dietary fiber
from the public at large as well as the scientific community to such an extent that dietary fiber is now
classed as the sixth major nutrient.

6 Major Nutrients
5 Major Nutrients
Vitamins

Minerals

Sixth
Nutrient

3 Major Nutrients
Proteins

Proteins
Sugars
Fats

Sugars

Dietary
Fiber

What are the specific health advantages that exist for diets containing high
fiber foods?
•

Blood sugar/glycemic response: Certain types of dietary fiber may help to slow your body’s
breakdown of carbohydrates and the absorption of sugar, helping with blood sugar control. This		
8
aspect could be particularly important for those people suffering from diabetes.

•

Heart health: An inverse association has been found between fiber intake and heart attack and
9
research shows that those eating a high-fiber diet have a 40 percent lower risk of heart disease.
10
Clearly linked to this is the finding that increased fiber intake can lower blood cholesterol.

•

Colon cancer: There are a number of epidemiological and experimental studies that suggest 		
11
dietary fiber can play a role in colon cancer prevention.

•

Stroke: A strong correlation between increased fiber intake and reduced first stroke rate has 		
12
been identified in a recent study of patients in the US, Northern Europe, Japan and Australia.

•

Weight loss and management: Fiber supplements have been shown to enhance weight loss 		
13
among obese people. This is likely to be due to certain types of fiber increasing feelings 		
of satiety.
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•

Diverticulitis: Dietary fiber (especially insoluble) may reduce your risk of diverticulitis – an 		
14
inflammation of polyps in your intestine – by 40 percent.

•

Hemorrhoids: A high-fiber diet certainly helps in the treatment of constipation and as a result
15
may lower the risk of hemorrhoids.

•

Irritable bowel syndrome (IBS): Fiber may provide some relief from IBS.

•

Gallstones and kidney stones: A high-fiber diet may reduce the risk of gallstones and kidney
17
stones, likely because of its ability to help regulate blood sugar.

16

What makes fiber good for you?
There are two main characteristics of fiber that result in almost all of its well documented health benefits.
Both arise from the simple fact that dietary fiber passes through the small intestine intact and travels to
the large intestine where it can be either partially or fully fermented depending on the type of dietary fiber
in question.
1)

Traditionally, fiber was thought to be good for you because it acted as a cleanser for your digestive
system by the simple mechanical process of passing through it. There is undoubtedly sound
scientific evidence to reinforce this concept. Reduced bowel transit times ensure reduced contact
between carcinogenic compounds and mucosal cells and dietary fiber could bind or excrete
18,19
potential luminal carcinogens like secondary bile acids.

2)

More recently, attention has shifted to the ability of fiber to improve overall gut health which has
numerous downstream benefits. This occurs mainly as a result of the change in composition of
20
the gut microbiome. The large intestine contains trillions of bacteria. There are ten times more
bacteria in our colon than the total number of cells in our bodies. Crucially, ingesting certain
dietary fiber components, namely prebiotics, can increase the relative populations of ‘healthy’
21
bacteria, such as Bacteroidetes over ‘unhealthy’ bacteria such as Firmicutes. These population
changes can result in increased levels of short chain fatty acids (SCFAs) including butyric acid,
propionic acid and acetic acid. Butyrate is the major energy source for colonocytes. Propionate is
largely taken up by the liver. Acetate enters the peripheral circulation to be metabolized by
peripheral tissues. It is these SCFAs that are now believed to be responsible for many of the health
22
benefits associated with dietary fiber.
In recent years, food manufacturers have taken advantage of the growing body of scientific knowledge
in this area to develop prebiotic and probiotic fibers as foods and food ingredients that can produce
beneficial health effects. Regulatory bodies closely monitor health claims and rule on exactly what
can and can’t be claimed on package labels.

22

Setting New Standards in Test Technology

Dietary Fiber Regulation
In May 2016, the FDA published two final rule changes to CFR 21 Part 101. These relate to nutrition facts
labelling and official serving sizes. These are the first major changes that have been introduced in over 20
years. There are a number of implications for dietary fiber measurement and reporting.

Nutrition Facts Label
Samples of the original and new label formats are shown side by side for comparison.

While a range of changes are evident in FDAs new regulations, those that are specifically related to dietary
fiber are:

Dietary fiber definition
The FDA has adopted the definition of dietary fiber proposed by CODEX in 2009 – and now states that
for regulatory purposes, dietary fiber is the non-digestible carbohydrates (with DP ≥ 3) and lignin that are
intrinsic and intact in plants, and/or added (isolated or synthetic) non-digestible carbohydrates (with DP ≥
Purchase Online at www.megazyme.com
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3) that have been determined by the FDA to have physiological benefits. It is noteworthy that in the case
of added (isolated/synthetic) digestible carbohydrates that have not been determined to have physiological
benefits, food manufacturer record keeping must be used to subtract these from the dietary fiber content.
Applications highlighting beneficial physiological effects of an ingredient can be made to the FDA to seek
approval for dietary fiber status for that ingredient.

Dietary fiber daily value (DV):
The FDA has recognised the importance of dietary fiber in the average American diet and has now increased
the recommended daily reference value for dietary fiber from 25 g to 28 g for a 2000 calorie diet.

Serving size (RACC):
The reference amount customarily consumed (RACC) is the quantity of food or beverage that the FDA consider
to be the typical amount consumed in a single sitting. Some food types have had their RACC increased while
some have decreased. This can affect dietary fiber nutrient content claims.

Dietary fiber nutrient content claims:
Claim thresholds are set by the FDA and are based on the % DV present in the RACC for any given product.
•
•

10-19% of DV (2.8 g – 5.4 g for dietary fiber) in the RACC allows “good source” claim.
> 20% of DV (>5.5 g for dietary fiber) in the RACC allows “high” or “excellent” source claim.

As an example, rice has an associated RACC of 45 g (dry weight basis). To make a “good source” of dietary
fiber content claim, a rice product must contain between 6.2% (i.e. 2.8 g/45 g) and 12% (i.e. 5.4 g/45 g)
dietary fiber.
With the number of ingredients classed as dietary fiber now being curtailed due to the stricter FDA
definition requiring proof of physiological benefits and the increase in the recommended daily intake for
dietary fiber, some existing products that previously fulfilled the requirement for a nutrient content claim
will no longer do so.

Dietary fiber health claims
Four separate health claims have been approved by the FDA on fiber containing products. These health
claims are:
1) Fiber-Containing Grain Products, Fruits and Vegetables and Cancer (21 CFR 101.76)
2) Fruits,Vegetables and Grain Products that contain Fiber, particularly Soluble Fiber, and Risk of Coronary
Heart Disease (21 CFR 101.77)
3) Fruits and Vegetables and Cancer (21 CFR 101.78)
4) Soluble Fiber from Certain Foods and Risk of Coronary Heart Disease (21 CFR 101.81)

FDA modernization act health claims
Two health claims authorized based on an authoritative statement by federal scientific bodies are associated
with dietary fiber:
24
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1)
		
2)
		

Whole Grain Foods with Moderate Fat Content and Risk of Heart Disease
(Docket No. 03Q-0547).
Whole Grain Foods and Risk of Heart Disease and Certain Cancers
(Docket No. 1999P-2209).

There are strict guidelines governing the suitability of either of these claims for a given product and the
wording that can be used in such a claim. The rules are quite complex and are outlined in full on the FDA
website.

Compliance
Measurement of dietary fiber
In terms of analytical methods, the FDA has stated that appropriate AOAC methods can be employed for
the measurement of dietary fiber. However, the FDA has also stated:
“newer methods (AOAC 2009.01 and AOAC 2011.25) measure all low molecular weight nondigestible carbohydrates (i.e., non-digestible oligosaccharides) in addition to the higher molecular
weight non-digestible carbohydrates, and … that the newer, more inclusive AOAC methods would
be more consistent with our proposed definition of dietary fiber” – Citation: 81 FR 33864, FDA
document number 2016-11867

Ingredient composition databases
The FDA document, “Guidance for Industry: A Food Labeling Guide” was last updated in 2013, nevertheless
this provides the latest guidance information on the use of ingredient composition databases for the generation
of nutrition facts label information as opposed to the use of official analytical methods. This document states:
“If manufacturers choose to use ingredient data bases, they should be assured of the accuracy of the
databases and validate the resulting calculations by comparing them with values for the same foods
obtained from laboratory analyses. Manufacturers are responsible for the accuracy of the nutrition
labelling values on their products.” Citation: See N.37 “Guidance for Industry: A Food Labeling Guide”

FDA surveillance activities
The FDA document, “Guidance for Industry: A Food Labeling Guide”, also addresses the question of regulatory
oversight for the accuracy of nutrition facts labels.
“FDA will collect surveillance samples to monitor the accuracy of nutrition information. The
manufacturer, packer or distributor would be advised of any analytical results that are not in
compliance. Additionally, depending on circumstances, FDA may initiate regulatory action.”
Citation: See N.33 “Guidance for Industry: A Food Labeling Guide”

Timelines
The final rule becomes effective on July 26, 2016. However, the FDA has advised that a two-tier approach
for compliance will be employed. Manufacturers with $10 million or more in annual food sales will have
until July 26, 2018, while manufacturers with less than $10 million in annual food sales will have until July 26,
2019, to achieve compliance.
Purchase Online at www.megazyme.com
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