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Problems in the Analysis of Polysaccharides in Foodstufls

by D. A. T. Sourscarr
(University of Cambridge and Medical Research Council, Dunn Nutritional

Lab orot ory, M i lto n Roa d, Cambridge)

This article is a summary of a lecture given by Dr. Southgate at the first
symposium of the newly formed Food Chemistry Group of the Chemical
Society, held on l4th May, 19'14 at23, Savile Row, London.

Many foods contain a mixture of polysaccharides, and this is responsible
for many ofthe problems in their analysis. The polysaccharides which concern
the analyst are often classified according to their role in plants but the distinction
is arbitrary. Starch, dextrins and inulin are spoken of as "reserve poly-
saccharides". The algal polysaccharides could enter that classification, but
plant gums might deserve another classification. Lignin is not a poly-
saccharide, but it is intimately associated with the polysaccharides in the cell
wall, so methods of analysis must take lilnin into account.

The analysis of foods for polysaecharides involves four main stages.

1. The preparation of the sample. The particulate nature of the plant
cell wall constituents makes preparatior of a homogenous mixture difficult in
many instances, and grinding forage materials has been known to make some

of the polysaccharide constituents more susceptible to enzymic hydrolysis.
2. Extraction with alcohol. Free sugar interferes with determinations of

polysaccharide so it is removed by means of hot alcohol. N{ethl{. eth1l or
isopropyl alcohol have been used in concentrations of about 70 per cent. or
80 per cent. by volume. These extractions are usually done at b.-',lling point
and repeated extractions are necessary. Fructosans readilv hi dre.l) s:. so loods
containing organic acids should be neutralised before being ertracted. Lipids
are conveniently removed at the same time, This is not essential but lipid-free
materials are usually easier to handle.

3. Isolation of individual poll saccharides. S:::ir.lir-n ielresents the most
difficult stage in polysaccharide anall srr. On11 t$ r ;\:;:.Pl3s are discussed here.

4. Measurement. Again oDlr t$.r eram:1:s :ie ci--cussed namely starch
and plant cell-wall polysaccharide-ofter deslg:.;.:ec 'nbre 

.

Starch is the most important pollsacc::iic: for the lood analyst. The
approaches to its measurement might be sunrnaii:ed as lollows:-
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In many foods starch is the major polysaccharide present and the amountsof other readily hydrolysable polymerr'u..!rit. .rnufi. ''in ,u.i, 
"ur.r, 

or whereone can accept a lower desree ofaccuracy, one may use aciO tryarotySs folowejby measurement ol reduc-ing sugars.

. .One olthe recommendei A6AC methods for cereals is a merhod involvinshydrolysis with HCl. The hydrolysate; iil-;-;";;;b;d';il'H:
suspects that destruction or modificition of otle. 

"uitot 
yOrates takes place,In the presence of appreciabreamount. orp.ot"in, rrrro'ir"ii ioimed accompaniedby losses in carbohydrate. It is possibli to g;'i,r,.*"if""i yields of glucosewith a food starch il one adonts the principles ,-*a i, if," pi.p"ration of aminoacid hydrolysates. About,i ,,"r^'rra.I'."n,*;iiil'#';,.. cent. sutphuric

191d sryes a good conversion.w-hen the urnor;a ;i ;;; isiimitea to berween200 and 400 mgm per litre. When ottre^. potysacctrarlae, _" pr"r"nt howevet,acid hydrolysis often gives high values roi ,ti..r,.'-'i" r"irJ 
"rr.r, the use ofglucose oxidase procedures and the measurem"ni of gir"Jr"-;n rhe hydrolysateminimises such interference bur beta-glucan, G-f-;l;;;* on hydrolysis.when interfering porysaccharides_ are prisent theieforel the method for starchmust either include a selective hydrolyri, ,tug" 

-o.- 
,o_" 

'form 
of selectiveextraction.

-Ihe use of an enzyme for selective hydrolysis has much to commend itand, many taka-diastase prepararion_s wi;h lo; 
""*iry'i"*"ra other poly-saccharides, or highly specific amyro-grr"oria*.i'-t,ri"'iecome avaflable.

l,:.":y:19:^:l g],:_': ana.r;gh yi.rd, oi,naito." ;;;;;;;*,., so quarita_uve examlnatlon ol the hvdrolysate is advisable before one _"t", u"V uiruai_tions about the ratio of grucoie to maltose. s.-. a"*t.ir, 
"itained 

in bakingare incompletely hydrolysed by enzmes.
Selective extraction of starch.irdifficult to achjeve quantitatively with anyone exkacting medium. The djfficulties are even g."'ri..'lr one wishes toexamin^e.other porysaccharides in the starch-free .!.;Jr.. 'e*,rr"tion 

withCaCl, followed by polarimetric measuement is a well .riuU rn.a procedurefor cereals. The method denends on u Lr.*f 
"ag"'.i^ti.'rp*in" rotation ofthe particular starch under eianunation and in mixtures or where dextrins arepresent the results can be mislead.ing. if other 
"piit"fjy 

,"ti". polyrners are inthe extract one has another probleri. ---- -r"v*'rr q!!'Y!

^ Extraction with perchloric acid.has been used as a basis for several methodsfgr 
:ra1ch,_ 

and reproducible r€sults have t"", .lif*? *ien the extractedstarch has been measured colorimerrically by th" ;;;;;;; or-a retated colori-metric procedure.. The precipiration ofi ,tur"f,_iolir. 
""rpf* has also givengood results. tf one defineJ starct, a, a mixiii.e 

"i "lpirr'"i< 
and l_6 poly_glucosides then enzymaric procedures 

".. b;;i- 
";i;h;"#at methods shoutdbe regarded as attempts to ipproximate tf," *"".r*_.ni o?il"r" potyrr".r,

PLANT CELL.WALL POLYSACCHARIDES
This material js usually called .fibre, 

by the clinicians. The initial problemtherefore is one of terminology. fn the'ciassic^ vie#,1r.."'*.r" four major
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components in plant cell walls, namely pectic substances, hemicelluloses,

ceflulose and lignin. Modern work has shown that this arbitrary classification
is unreal and alkali fractionation in particular really produces progressive

degradation of the hemicellulose fraction.

TABLE I
CFTT.WALL POLYSACCHARIDES

Constituent Prop€rty used in fractionation Polysaccharide typo

Pectic substances Sol. in hot wate! or NH. oxalate Polygalacturonan

Hemicellulose Sol. in dil. NII.OH
Precipitated by acid Heteroglycans
Preciiitated b, adding alcohol Xvlans,
Sol. i; strong alkali - Arabinoxylans ald Uronans

cellulose ltrsol. io l7'5% NaoH Glucosaos aDd cotrtaminanls

Lignin INol. in 72% HISO.

It is probably better at the present time to divide cell-wall polysaccharides

into cellulosic and non-cellulosic, the latter ranging from those rich in uronic
acid (pectic substances under the old nomenclature) to those low in uronic acid.

The practising analyst may say at this point that he is not concerned with these

niceties. Oni appreciates his problem, but he should be working toward the
measurement of defined substances.

The analysis of substances in the plant cell wall has been dominated by the

crude fibre procedure. It has an ancient heritage, having been devised in the

mid-l9th century in an attempt to determine non-digestible carbohydrate in
animal foods. it has considerable disadvantages as a measure of cellulose and

lignin since the fraction weighed has variable composition from food to food.
The method of the Fertilisers and Feeding Stufs Regulations is usuaily

adopted, giving "crude fibre". Modified methods have been sought to simplify
the procedure and to reduce the nitrogen content of the residue of fibre. There

are two such major modifications.

l. Normal Acid Fibre. This is obtained by simply extracting v/ith boiling
normal sulphuric acid. The residue still contains some nitrogen.

2. Acid Detergent Fhre. T\e sample is extracted with boiling normal
sulphuric acid containing detergent, or as described in Technical
Bulletin 27, Ministry of Agriculture, Fisheries and Food' In addition
to providing a better measure of cellulose and lignin, the fibre obtained
byihis method is suitable for further measurements of its compoDetrts.

The acid detergent method has recently been accepted as "first action"
official method of the A.O.A.C.

The non-cellulosic polysaccharides are usually lost in the acid hydrolysis

stages of fibre determination, so only a part of the cell wall is measured. A
neritral detergent method has been reported to give a good measure of total
cell wall material but it gives high and unreliable values when starch is present.
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In_the absence of starch (or after starch has been removed with enzymes), thedifference between neutral detergent and acid A.t..g.ni fi;." results can beused to give an estimate of the non_cellulose fraction, 

-Sr"t 
,*tf,oa. nave beendeveloped with the routine analyst in mind.

,,,",Ih.:"-]:j:1,.,-ative approach which sets out to fractionate the ptant cell\Marr. iractionatron rs tlme_consuming and does not commend itsjf to the
::i:::" ?:1!_,r:,1 !b:1"""o, but thi devetop-.ri oi--.pr.te anatytical
:il._T,r^.r^1T:,-" 

,:*rrlJ lbrerunner and a reference method for subsequentaobrevrated schemes. One scheme first delignifies with chlorine o, frypo-chlorite and the chlorinaled residues are "d;;;. afifr*gn tne stage. isessential with woody tissue it ca_n often be omitted in tfr" ar"iris offoodstuffs,Then the scheme divides the cell-wall polysac"fruriaes into aititrary fractions_
each containing a number of polysa"cirarides. Th. ;rtir";;;"f the materialsossolveo at eacb stage is not straightforward. polysacchar.ides tend to co_precipitate upon addition of alcohoior..acet"r" u; n;-;.1;;irous precipitates

*1:,::lf:::y,, 1nd.lh.{ are usuaily 
"ontu-i,;i;;:--i;;;r carbohydratern rne rractlons can be estimated colorimetrically without prior hyd.olyri., Uuione should_try to divide the fractions_ into thei comd;e';-sugars and thendetermine the different monosaccharides

TABLE II
FRACTIONATION OF CEI,LWALL POLYSACCHARIDES

Sartrple keatmeDt
Delignification
ExtEctioo with hot water aDd EDTA
Hxtraction with 4% NaOH
Extractioo wirh t1.S 7 w/v NaOH

Fraction of cell wall obtaitred
Matrix polysaccharides
Pectic substances
Hemicclluloses
Residue of cellulose and insoluble ash

,.The.most_ difrcult stage in measuring the component sugars of the non-cellulosic polysaccharides is the hydrollsis ,f tfr"- p"iy.a""frUd", op""i;Xywhen uronic acids are present. t1!y teria t" ,ra.rgI al""iioxylation and thehydrolysis producrs include disacchaiides w,ich resiii rurtileliyarotysis. rhedecarboxylation reaction forms the basis 
"f "lr;;l;;i';;;; procedures foruronic acid but. colorimetric procedures based on ;;;.,fi with carbazolezue more sensitive and may be carried out on intact poivsacctraride. fhecolour-fletds with different urori; ;"id. ; lioi'il'"-n,tHi'r,o*.r"r. Somechemical modification of uronic acids (reduction * ."t-fr,f",i.rl is essentialif one hopes to get quantitative hydroiysis, b;i ;y#-;";hods are beingsought.

Cellulose is usually estimated gravimetrically, either as the differencebetween acid detergeni fibre and ri-gnin, oi urlli"-..-s-iuJ"..*uinirg urt".removal of lignin with alkaline permanganate. These procJures depend on
l|; :ff^*::?:l-lT :{1.i"ilc. q.diuni but "til ;;t-fi;;easure direcuy.ne grucosans extracted into 72% H|SO4.
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TABLE III
EXAMINAI'ION OF CELL.WALL FRACTIONS

Method oi Assay
Cravimetric:
Colorimetric:

Gravimetric:
Measurement of sugars
after hvdrolvsis:
Distillition of furfural :

Gravimetric:
colour:

Only a few ofthe problems have been mentioned, but they suffice to indicate

which aspects of the problems need to be resolved. They are:

l. The terminologY. The terms used by analysts, biochemists and
structural organic chemists do not coincide.
There is unnecessary confusion and some
rationalisation is desirable, but the ideal will
only be reached when specific methods for the
different polysaccharides become available.

Investigations need to be carried out to find
speciflc extraction and hydrolytic procedures,
particularly in connection with the specific
polysaccharides in ce11 walls.

Rationalisation and improvement of existing
procedures are needed, with the introduction
of automatic procedures.

2. Analytical research

3. Final assay ol sugar

Fraction
Pectic substances

Hemicelluloses

Cellulose

Precipitation of Ca salt
Carbazole either direct or after
hydrolysis

Colour
GLC Enzymic

After hydrolysis

The RoYaI Institute of Chemistry

Mastership in Chernical AnalYsis

The Regulations for the Post-Graduate Examination in the Analysis of
Food, Drugs and Water, leading to a Mastership in Chemical Analysis

(M.Chem.A.), have been revised and are to be implemented on lst January,

t975.
The revision has been undertaken to bdng the examination into line with

the contemporary needs of law enforcement agencies especially since the

reorganisation of Local Government on the lst April, 1974.

fhe Regulations are a guide to the comprehensive nature of the duties

carried out-by the Public Anaiyst the discharge of which demands a unique

expertise udikely to be obtained from a course cf training leading to any

other qualification.
Coiies of the revised Regulations may be obtained from the Examinations

Officer, The Royal Institute of Chemistry, 30 Russell Square, London.
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