Measuring Dietary Fibre

by Barry V. McCleary

nterest in dievary fibre 1s un-

dergoing a dramatc revival,

thanks in part o the intro-
duction of new carbohydrates as
dictary fibre components. Much
emphasis is being placed on de-
termaning how much fibre is
present in a food. Linking a par-
ticular amount of fibre w a spe-
cific health benefit is now an im-
portant area of research.

Total Dietary Fibre

The term *dietary fibre” first
appeared i 1953 and referred to
hemucelluloses, celluloses and
lignin (1), In 1974, Trowell (2)
recommended this term as a re-
placement for the no longer ac-
ceprable term “erude fibre.”
Burkart (3} has hikened the inwer-
estin dietary fibre 1o the growth
of a river from its first tnckle toa
rughty torrent. He observes that
dictary fibire “was firse viewed as
merely the less digestible con-
stituent of food which exerts a
laxative acoon by uritatng the
gut,” thus acquiring the designa-
tion “roughage”, a term which
was later replaced by “crude fi-
bre” and ultimately by “dietary fi-
bre.” Varous defimtions ot di-
ctary fibre have appeared over the
years, partly due to the vanous
concepts wsed in denving the
term (Le. origin of matenal, re-
sistance o digesnon, termenta-
tion i the colon etc ), and partly
to the difhiculties assocated with
its measurement and labelling
(4}, The princple components
of dhetary fibre, as tradinonally
understood, are non-starch
podysaccharides, which in plant
fibre are prncpally hemicellulo-
ses and celluloses, and the non-
carbohydrate phenolic compao-
nents, oo, suberip and waxes,
with which they are associated in

MNature. In 1976, the defininon |

of dictary fibre was modified o
mclude gums and some pecnc
substances, based on the resis-
tance to digesnon of these com-
ponents in the upper intestinal
tract. For the purposes of label-
ling, Englyst and collaborators
(5) proposed that dictary fibre be
defined as “nomstarch polysac-
chandes (NSP) and hignin in the
diet that are not digested by the
endogenous secretions of the
human digestive tract.” Methods
were concurrently developed 1o
specifically measure NSP (6).

An alternative, and generally
accepted method for the mea-
surement of dietary Nbre, s
AQAC Method 985 29 (73,
which has been modhfied to al-
low measurement of soluble and
nsoluble components (8), and wo
allow the vse of alternative bufi-
ers (ADAC method 991.43). In
principle, samples are treated
with petroleim ether (if neces-
sary) w remove L, and thenwith
enzymes o depolymerize starch
and protein, which are subse-
quently removed in an ethanol
precipitation step, This method
ts the culminadon of the work of I
several research groups over
miany years. A major difference
between this wethod and the
NSP procedure 15 that the
AOALC procedure includes resis-
tant starch. Hesistant starch
should be included under the
“umbrella™ of dietary fibre, be
capse it behaves 1n 3 manner
similar to other dietary fibre
compoments, n that it resises dh-
gestion in the small intestine and
it i largely fermented in the co-
lon, producing short-cham fatny
acids

The suceesstul applicinom ot
ADAC Method 985.29 o the
measurement of dietary fibre re-
quires the use of hughly punified |
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enzymes of defined activity Al- |

though this has always been im-
plied, specific detuls were not
available unol recently. In a de-
tailed study of the enzymes used
in AQAC Method 98529, the
author (%) defined the require-
ment for activity of the three en-

zymes used (e-amylase,

amyloglucosidase and protease)
and idennfied contaminating ac-
avities which can lead o signifi-
cant underestimanon. Specifi-

cally, cellulase contaminanon of

amvloglucosidase preparations
prves sygificant underesumarion
ol B-glucan, and dhe concentra-
tion of e-amylase employed in
the assay will aleer the hydrolyss
of “resistant starch.” Methods
which can be used to check and
standardize the enrymes em-
ployed, and w check tor the pres-

cnce of Contamunanng activites |

were descnbed

The classical methods tor the
analysts of dierary fibre do not
determine inulin, ohgotructose
and other resistant oligosaccha-

riches {ROY) aceuracely or reliably; [

dite w the face that these com-
ponents are not precipitited o
the cthanol treatment step inthe
AOAC procedures. Conse-
guencly, moditications to ADAC
procedures have been developed
for the measurement of oligosac-
chanides such as oligotructose,

polydextrose and galacto-aoli-
gosaccharides. These specific
procedures may involve analysis
of the whole sample or agueous-
ethanol extracts of the sample. In
either case, enzyvoie hydrolysis is
emploved, and the punty. activ-
ity and specificity of these en-
zymes are essennal for accurate

In recent years, interest in the
measurement of fructans such
as inulin and oligofructose has
been stimulated by applications
made to regulatory authorities
for acceprance of fructans as
dietary fibre components for

~ food labelling purposes,

and specific analyses, AOAC
Method 98529 15 ideally suited
to general applications in the
measurement of dietary fibre,
However, for specific dietary fi-
hrt;' \.'I.'llllr“ﬂll:.'"lﬁ-. new or ||.|.|.'\'J||—
fied methods have been, or neasd
to be developed. Specific ex-
anples of parucular anabucal re-
quirements for the measurement
of mixed-linkage B-glucan, resis-
tane starch, oligofructose and
muilins, galacro-oligosacchandes
and polydextrose will be dis-
cussed

Specific Dietary
Fibre Components:

1,3:1.4 3-D-Glucan (Mixed-
linkage B-glucan).
Plant-derived dietary fibre is
generally considered to mnelude
all plant componenis except pro-
tein, non-resistant starch, lipids
and low molecula-weight mate-
rials not precipitated by 8%
ethanol. The first of this mixture
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of components o attract indi-
vidual attention was mixed-link-
age B-glucan (B-glucan) from
cereal grain sources, particularly
barley and oats, The mnterest in
this polysaccharide was catalyzed
by the numerons health claims
concerning the nse in human
nutrition of oat fibre products
rich i B-glucan (10). A specific
procedure for the measurement
of this component was developed
m 1985 (McCleary and Glennie- |

Holmes (11} (Bigure 2), and then |

further simplified in 1991 (12),
In principle, B-glucan in the
sample 15 hydrated by cooking a
slurry of the flour, followed by
depolymenzation with a specific
1,3:1.4 B-glucanase (lichenase)
enzyme. The oligosaccharide re-
action products are then hydro-
lyzed to glucose with a highly pu-
rified B-glucosidase, and the
glucose is measured enzymically
with glucose oxidase/peromdase
reagent. Since the procedure is
used to measure trace levels of -
glucan in cereal and food prod-
ucts, which also contain high lev-
els of other glucose contammg
oligosaccharides (malto-oli-
posaccharides and sucrose), as
well as polysaccharides such as
starch, the enzymes need w be
very pure, The procedure devel-
oped and supplied by Megazyme
was adopted in 1986, and is now
the International standard
method for the measurement of
B-glucan (AOAC 995.16; AACC

Method 32-23; ICC Standard
Mo. 166; EBC Methods 3.11.1,

416.1 and 8.11.1). The method |
has been adapted for the analysis |

ol Bglucan in cereal and (ood
products and in liquid materials
such as wort and beer,

Reslistani Starch

Until recently, it was gener-
ally thought that starch was com-
pletely digested in the small in-
testine. However, it is now
recognized that there is a portion
{resistant starch; RS) which re-
sists digestion, passes mto the
large mmtestune and is fermented
there. Three types of resistant

starch have been idenufied, (1)
physically trapped starch, (I1) re-
sistant starch granules and (1) |

retrograded starch. Physically
trapped starch granules are
locked within the food matrix,
such that digestive enzymes are
prevented or delayed from hav-
ing access to them. Resistant
starch granules, as presentin raw
potatoes and green bananas, re-
sist attack by @-amylase, which
is probably due to the crystalline
nature of the starch. From an in-
dustrial and food technology per-
spective, the most interesting re-
sistant starches are those which
are produced through retrogra-
davon of gelatinized starches,
Retrogradation is generally at-
wributed to the amylose pornon
of the starch, so starches high in
amylose are particularly ame-
nable to the production of resis-
tant starch.

Smce resistant starch is de-
fined as “the sum of starch and
products of sarch degradation
not absorbed in the small intes-
tine of healthy individuals™ (13,
14}, any analytieal method for RS
should take into account all the
starch and a-dextrins covered in
this physiological definivon. Fur-
thermore, the method should be
vahdated using in wive da from
healthy human subjects, The
various procedures for the mea-
surcment of resistant smrch have
been summarized and discussed
by Charmp et al. (15). The meth-
ods can be broadly grouped into
two approaches. In one approach
(16, 17}, samples are analyzed for
total starch and for soluble starch,
and the latter 1s subtracted from
the former o give resistant
starch. The major inherent prob-
lem wirh this approach, analyri-
cally, is that the content of resis-
tant starch is generally a small
proportion of wtal starch. Thus,
the resistant starch value is ob-
tained by subtracting one large
analyncal value (for non-resistant
starch) from another similar large
value (for total starch), meaning
that analytical precision would be
greatly reduced. In the second
ppproach (18, 19), the sample is
treated with starch degrading
enzymes to remove the non-re-
sistanit starch, which is washed
away trom the residue. The resi-
due is then analyzed. By defini-

tion, this approach must be ana-
lytically more precise. The pro-
cedure should be used in con-

Juniction with ACAC Method |

985.29 to determine total dietary
fibre in the sample

In most TDF procedures, the
hydrolytic condivons are guite
severe, Tesulong in underesuma-
tion of resistant starch. If the fi-
nal total dietary fibre value is
be the sum of TDF determined
by ACAC Method 985.29, and
resistant starch determined by a
method such as that of Champ
(15, 19), then the amount of re-
sistant starch measured in AOAC
Method 98529, must be allowed
fior or removed (otherwise irwill
be counted twice). A possible
way o handle this is to pre-treat
samples with DMSO prior to
TDF analysis by ACAC Method
985.29, The DMSO treatment
should dissolve all of the starch,
allovwang complete bydrolysis by
gt-amylase and amyloglucosidase,
and subsequent removal in the
aleohol treatment step. Of

course, such a treaoment will al- |

ter the rario of soluble to in-
soluble fibre as determined by
AOCAC Method 991.43. A
DMSO preatment step is used in
AOAC Method 996.11 for the
measurement of wotal sarch (20).

Oligoefructan and Inulin
Fructans are widely distrib-
uted in the plant kingdom. They
are defined as any compound in
which one or more fructosyl-
fructose linkages consutute a
majority of the linkages. They are
generally classified as inulin,
levan or graminan types, based
on linkage types. In Nawre, mu-
lin ocours as a series of oligosac-

| charides with degrees of poly-

merization from 2 to &0 It
consists principally of linear
chains of fructosyl units linked
B{2-1), ending with a glucosyl
unit. Inolin and oligofructose
resist hydrolysis by human diges-
tve enzymes, bt are fermented
in the large inwstine. They thus
have the same physiological ac-
tion as dietary fibre.

In recent years, mterest in the |

measurement of fructans such as
inulin and cligofructose has been

stiufated by apphications made
to regulatory authorities for ac-
ceptance of fructans as dietary fi-
bre components for food label-
ling purposes. Since fructans are
largely soluble in 80% ethanol,
they are not significantly mea-
sured i currently vsed dietary
fibre methods. Several methods
have now been developed for the
specific  measurement  of
fructans, and these rely on the
complete hydrolysis of the
oligofructose and inulin to fruc-
tose and glucose, which 1s mea-
sured either instromentally or
chemucally: In some procedures,
the separate quantities of froctan,
sucrose, glucose and starch are
determined by hydrolysis with
specific enzymes, followed by
chromatographic procedures
{ADAC Method 997.08)(21). In
a procedure developed in the
author's laboratory (22), fructan
is measured chernically, after re-
maoval of sucrose and starch
through enzymic hydrolysis, fol-
lovwed by borohydride reduction.
Socrose is hydrolyzed with a spe-
cific sucrase that, unlike mver-
tase, has no action on fructo-oli-
gosaccharides (even as small as
kestose), and starch and
maltosaccharides are hydrolyzed
with a combination of B-amylase,
pullulanase and malwase, The re-
leased glucose and fruceose is re-
duced to sugar alcohols with
borohydride, and the inulin and
oligofructose are then hydro-
lyzed to fructose and glucose
with a muxture of exo- and endo-
inulinase enzymes. The released
sugars are measured with a re-
ducing-sugar method. The spe-
cific advantages of this method
are that highly punfied enzymes
are used and the assay can be per-
formed with basic laboratory
equipment. The method has
been successfully evaluated in an
interlaboratory study, and has
been adopred firse action by
ACAC INTERNATIONAL
(999.03).

In the ADAC dierary fibre
method (985.29) some inubn =
precipitazed with 80% ethanol,
Thus, if total fructan 15 deter-
mined separately and added to
the TDF value obtained by the
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AQAC procedure, there will be
an overestmate of the wial di-
ctary fibre content of the sample,
Consequently, Method 985.29
should be modified o include a
fructanase treatment (o depoly-
merize the higher degree of po-
hymerization fructan) before the
ethanol precipitation step. The
fructanase enryme preparation
must be devoid of enzymes ac-
tive on other dietary fibre com-
ponents, such as B-glucan,
arabinoxylan  and  pectin.
Quemener and coworkers (23)
recommended the use of heat-
treated Fructozyme® (Novo
Nordisk). While this trearment
removes most of the pectinase
activity, B-glucanase is not inac-
tvated and use of this enzyme
preparation results in significant
depolymenzation and underesti-
mation of B-glucan in DF
samples (22). Enzyme contami-
nants in Fructozyme® can be re-
moved chromatographically, and
such a preparation is available
commercially {22).

Polydextrose

Polydextrose is prepared by
vacuwn thermal polymenzanon
of glucose, using sorbitol as plas-
ncizer and citne acid as catalyst
{24) This random polymenza-
wiom and branching yields various
rypes of glucosidic bonds in the
structare with a-1,6 bonds pre-
dominanng. The compound in-
chudes covalent linkages to sor-
bitel and citric acid, and has an
average degree of polymerization
of 12. Polydextrose is an ap-
proved food additive in over 40
countries. Itis not hydrolyzed by
normal human digestive en-
zymmes, but it is fermented in the
colon like many other fibres

Polydestrose 1s not guantita-
tively measured with ADAC
Method 985.29 because, asis the
case with other reststant oligosac-
charides (RCY), it 1s not com-
pletely precipitated with 80%
ethanol. Because ot the complex
chemical mature of the com-
pound, measurement cannot be
achieved through speaific enzy-
mic hydrolysis. Consequently,
analytical procedures depend on
aquenis extraction of the sample

being analyzed, followed by en-
gymic hydrolysis of other oli-
gosaccharide and polysaccharide
miaterials thar are likely w inter-
fere in subscquent chromato-
graphic quanttation. Highly pu-
rified enzymes active on starch,
cellulose, pectins and gums (e-g.
galactomannans), have been em-
ploved (24),

Galacto-oligosaccharides

Galacto-oligosaccharides [a-
D-Glep(1-1)-B-D-Galp-con-
tamning oligosacchandes) have
been shown to be beneficial o
hoeman health through promo-
tion of the growth of
bifidobactena in the large intes-
tine. The oligogalactosylated
glucoses are prepared from lac-
tose through the trans-
galactosylating activity of B-galac-
tosidase, Various parameters,
such as the source of the enzyme,
substrate concentration, pH and
temperature influence the
transgalactosylation and thus, the
final yields of the different prod-
ucts. Typically, the reaction prod-
ucts are composed of about 6%
transgalacto-aligosaccharides
(manly  rtri-, terra-  and
pentasaccharides) and abowe 4%
of 4 mbaure of lactose, glucose
and galactose

Alternative galacto-oligosac-
charides are the galactosyl-su-
crose oligosaccharides of plant
ongin, namely raffinose, stachy-
ose and verbuscose. These oli-
posacchanides consist of sucrose,
e which an extending chain of
1.6 ee-linked galactosyl residues
are atrached 1o C-6 of the
glucosyl residue. Raflinose is a
major by-product of sugar crys-
tallization from sugar beet ex-
tracts and it has been shown to
promote the proliferation of
bifidobactera in the human -
testinal microflora,

Acceptance ot galacto-oli-
gosacchandes as soluble dietary
fibre components requires the
development of analytical proce-
dures that wall specifically mea-
sure these components in food
mixtures. The lactose-dermved -
galacto-oligosace bandes are ef-
fectively hydrolyzed with As-
pergitlus miger B-galactosidase,
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while the galactosyl-sucrose oli-
gosaccharides are rapadly and
quantitatively hydrolyzed by A
uiger a-palaciosidase. The re-
leased sugars can be measured,
either chromatographically, or
using various colourimetric pro-
cedures. In both cases, the speci-
ficity of the procedure depends
on the puriry of the eneyime used.
A procedure for the measure-
ment of transgalacto-oligosac-
charides is the subject of an up-
coming AOAC International,

In conclusion, success in the
mtraduction of “new” dietary fi-
bre companents will be depen-
dent on identifying a speafic
health benefit of the component,
as well as providing an analytical
procedure thar will allow accu-
rate messurement of this com-
ponent i complex  food
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