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ABSTRACT , . 

Properties of a 'Dietary Fibre (Plantix) 

from' Apples 

Jonathan Farber 
Agricuttural Chemistry 

and. Physics 

A procedùre was develo,ped for the preparat:ton of a d~eta.ry 

• fibre from apple (Cortland: cul ti va;r) core material. Mean partiele size 
, 1 

of the ~ibre .pre~ation was JO'V-tm. Acid and neutral detergent 

residues of appl~ core fibre w!3re prepared. Wat.er holding capacity. 

/settling volume and cation exchange capacity of apple core fibre and 

~ ts @tergent residues were measured.; structures of the three, prepar­

ations were obse~ed by sCanning electron microscopy. Proxw?e ~ 
. ~ li 

analysis of apple core fibre indicated a pectin content of 7 ~~ and a 

protein content of 6.8%. Apple core fibre was hld.roly~ed ri th 5% and 

72% sUlfuric acid; neutral sugars inQthe ;t."esultant hyq.rol;,-sates were 
. , 

identif~ed by cellulose thin layer chromatography arid 'd,etermined b:y gas 

ehromatography; uronie acids were determined eolourimetrically. The 

apple core fibre comprises 70.8% neutral sugars and 11% uranic aCids,' 

Dye binding capacity of the apple core fibre and its detergent residues 

was measured; the resul ~s indicated i-hat dye binding was no;t related 
-. 

-to cation exchange capaci ty. 

iii 

.' 

, , 

~, 1 

l, 
1 

1 J: 
1 

·1 

.. 



/ 
i, 

\ . \ ~ 

, , 

'-, 

\ 

.' , 

: 

J 
" • l '( 

!<J 
\ 

.. 

1 
1 
1 

'~I 
.\1 

" 

Préparation et Propriétés Ide la Fibre Alimentaire 
~ 

de la. Pomme 

" 

Jona.than Farber 

, 

, ~\~ , 
~.}o " ~I~ .. 

1 - _ - II-

~f4ult:ural Chemistry 
a.nd.,~fhy sics . " ~ 

Vn. 'protocole a été developpé pour la préparation de la fibre 

alimentair~ dans l~ coeur de la pomme. La gI.'osseur moyenne d~S. parti-

'cules de ~a préparat~o,n de 'fibre est 3O~m. Les struètures des .. 

:t~s:l.dus de la' p~épa.ta"tion de fibre après extraction aux d:tersifs 

'a~ides et ~eutres et la pr~~a:ti9_~ ~e fibr'e sont anllysées par mi-;~o-
scopie ~lectroniciue à balayage. La capacité 'de r:tention dl eau', le 

1 

Vo11..Ulle de sedimentation et la capacité d'échange de cations, ,sont 

me~urés chez les trois préparations. La p'eà~ne constit~""7. 9% et les 
, . ' 

• 1 

. pro,t~in.s~~% de~ la préparation de ,fi~re. \ La. prépara:i~~' de fibre est 

hydrolysée a.ve de l'acide sulfurique à 5% et à. 72%. ~~s glucides , 
, ! 

neutre's résUltà.nts de l' hydrolyse sont identifiés par cjhromatographie 
_ ~, '$ . , , , 

èn CQUChe, mince (celI ose) et sont quantifié,s pfU' ch:rottOgraPhie en 

phase gazeuse. 'La \ene en acides uroniques est determ3.,née par colori-

me'trie. La. préparation de fibre coriti~nt 70.8% de glUCides neutres et 

11% d'acides ur-Oniques; L' finité pour les colo rant de la préparation 

- .. 
de fibre et des residus des de l'sUS n' est pas reliée à la capacité d' 

éch~ge de ca.ti~ns. 
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~ GENERAL INTRODUCTION 

The food processing lndustry ls a large and important aspect 

of our lives. It provides a year-round supply of an assortment of 

canned, frozen, dried, dehydrated and refrigerated foods. There is 

linked to this benefit, however, the production al'vast quantities of 

waste matertals • 

.J!1" 

The apple industry, apart from producing apples for direct 

consumpti~n, pro cesses millions of pounds of apples each year; in the 

United states alone, the weight of raw, processed apple is 1~G5 x 106 

tons CU.S. E.P.A. 1971). Pamace, which 15 the press,cake left from 
... 

pressing apples·tor juice includes peel and core wastes. The yield of 

1 -

wet pomace is 500 to 700 pounds per ton of apples pressed in manufacturing 

julce, concentrate, eider brandy and vinegar (Smock and Neubert', 1950). 

It ls not surprising that industrial uses have been found for vast 

quantities of this waste material; these include the use of apple pomace 

as a cattle feed and as a source of pectin (Smoek and Ne ubert, 1950). 

Apple pomace was the first major source of pectin in the United 

If States and Europe; cornm.e~cial production began d-uring the period 1915-

1917 (Kertesz, f9~1). 
-~ 

Peqtin production in the United States ls now pre-

dominantly from citrus peel; it ls 20-50% pectin on a dry weight basis 

(Kertesz, 1951). 

Apple pomace an~ apple pectin pulp, whlch ls the residue from 

pectin extraction, have been used as animal feeds directo.y, with or with-

out added flavours and protein supplements or after having been ensiled 

(Morrlson, -1956). 

. .. 
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In Qu~bec, the wet apple pomace, which frequently contains 

added cellulose fibre and rice hulls to improve juice extraction and 
~ 

filtration, is discarded (M. Girard, personal communication). 

The aim of the present investigation i5 to isolate -and 

characterlze the chemical and. phy5ical properties of apple core fibre. 
\ 
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I. REVIEW OF LITERATURE 

A. Dieta.ry Fibre: History and Defini tian 

Hippocrates in 400 B. C., recognized. the value of fibre in the 
1 

diet as he suggested the use of bran as a la.xativ~ (ColmeY,/'1978). 

Trowell (1977b) in an exhau'Sti ve bibliography gave nUlllerous examples of 

the use of fibre in the diet. 'Galton (1976) stated that T.L. Cleave 

• 
first proposed. that a link might exist between the amount of refined food 

in the diet and the incidence of lower bowel problems. Dennis Burkitt' s 

studies on Arrican pOpulations led to the theory that Yibre was essential 
o 

in the prevention and tre~ment of Many colonie disorders, as weil as 

diseases related. to metaboli~ levels of cholesterol, Metal ions and glu-

éose (B~kitt and Trowell, 1975). 

Th.e ward 'fibre' was first used by Grew in ' The Anatomie of 

Plantes' (1682) in relation to the structure of the cêllowall of plants 
\ 

(Preston, 1974; Trowell, 1977a). 'Crude Fiber' was developed as a' 

method f~r the determination of indigestible residue in forage \ material. 

It is the residue'of plant food which" after extracting-lipid, is res-

tstant to the se~uential extraction with hot dilu~e acid followed by hot 
1;,. • 

dilute alkali. Ac~ording 'ta Van Soest (1978) it was John Go'rham ft820) 
'" 

and not Einhof (180.6) who first introduced· this method; the method, aftsr 

several modifications (Browne, 1940) was accepted by the A,O.A.C. Hipsley 
f 

(1953) introdllced the term 'dletary fibre' to describe what McOanoe had 

called the unavailable or indigestible carbohydrates of plant food 

(Trowell, 1979). Trowell (1972) defined dietary fibre as "the remnants of 
• 

vegetable ceU wa;Lls which are not hydrolysed by the alim~ntary enzymes of 

man." This defini tion was later revised to read "the plant polysacch~des 

and lignin whic11 are resistant ta hydrolysis by the digestive enzyme,s of 

r 

1 

\ 
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4 

. man" (Trowell et al., 1976). Trowell's terminology has been the subject 

of d~bate (Spiller a.z:!d Amen, 1975; Spiller and Fassett-Coxnelius', 1976; 

Furda, 1977; Fassett-Cornelius and Spiller, 1978) and workers have p;ro-, 
, ~ . 

posed:,-the terms "Plantix" (SpiÙer and F.assett-Cornelius, 1976) and 

"Partially;Digestible Biopolymers" (Furda, 1977). Dietary fibre, however, 

has become a widely used term and it ls likely that it will remain a part 

of our vocabula.ry for sorne time ta come. 

More recently, Southgate et al. (1978) defln~ dletary fibre 

as "the sum ~of the lignin and polysaccharides that are not digested. by the . 
endogenous secretions of the human digestive tract." This defini tian has 

" a physiologtcal basis and Schweizer and Wursch (1~79V considered that 

term should include the biosynthetic or synthetid fhre components of 
~, 

the 

food such as hydroxy-methyl cellulose and carboxymethyl cellulose. 

B. Dieta.ry Fibre: Composit:Üm 

There are complex relation~hips that exist between the various 

. components of dietary fibre; it is not surprising, therefore, that the 

isolation and characterization of these components lead to many diffic-

ulties. 
.. 

There are two methods of approach ,ta the study of plant cell 
~ 

'anatQmy; )la.m.ely a. morphological approach and a phys~co-Chemical approach. 
,// ,. , 

Withir.rthe last hundred. years, a combinat ion of these methods has lad to 

• 
the elucidation of the fine anatomical structure of the plantOcell wall and 

to an extensive knowled.ge of its components. 

Cell wall synthesis begins during telophase when.',the cell plate 
~ 

form,s between daughter nuclei and extends to meet the ex:isting cell wall; 

/ 

1 ,-
1 , 
1 

) 
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"-

~ this ~~at~a '~idd.le lamella; a structure which ,is ric~ tn .pectie 1 IX>ly-

: galaqturonans '(s,outhgate,r 1975; Theand"ër, 1977). The pri~ary 'wall i5 
~ \ 

formed in the middle lamella by cellulose fibrils laid in a network. 

These fibrils are bundles of micro-fibrils. each in turn, eompOsed of ele- ' 

mentary fibrila' consisting of about fort Y cellulose molecules arranged in 

a micella (rahn , 1974). Cellulose is a f3 -glucan that ls composed of • 

glucose qnits linked by)3·(l-4) glycosidie bonds. The three-dimensional 
r 

arrangements of fibrils favour; inter- and intra-molecular hydrogen bond-

ing thus fibrils
o 

of high mechanical strength and chemical resistance are ". . 
formed (Theander, 1977). These fibrils are covered with an .amorphous matrix 

of hemicellulose and pectin. 

The hemicelluloses are perhaps the l~ast understood of ail the 

plant wall c6mIX>nents (Van Soest and McQueen, 1973). rhe old classific-
t"~ 

ation definè,s hemicelluloses as those substances that are preferentïally 
" 
"~", 

solubilized by dilute alkali after removal of water 501ubles'and pectic 

• IX>lysaccharides. Hemicell~lose i5 similar to cellulos~ in that it has a 

backbone of f3-(1-4) linked pyranoside sugars (Theander and Aman, 1979a); 

it differs fmm cellulose in that itohas a low degree of polymerlzation 

(50-200 residues) and has varying degrees of branching and sugar substi­

tution (Kay and Strasbe,rg, 1978). Individual classifications of, the vari-

ouS hemieelluloses are now based on the predominant monomeric sugar 

residue(s)qe.g. xylans) glueuronoxylans, galactoglucQmannans, etc. 

(Theànder and Am~n, 19?9a) rath~r than thè acidity or neutrality of the 

hemicellulose. The acidic residues, glucuronic acid and galacturonie acid 
" 

are avaiIab~e for reaction with metal ions, methylation and amidation. 

The hemicelluloses exist in close association with cellulose fibrils through 

1:-



). 

( 

6 

covalent bonds and may act as plastlci~ers (EastwoOd, 1973): The hemi­

celluloses are somewhat more digestible than cellulose (Theander aillA'man, , 

1979a)., 'r 

" , 
Pectins ~e a group of/substances, the main constituent of 

which is D-galacturonic acid. "''l'he a~id residues are bound by 0<-( 1-4) 

giycos~dic linkages interspersed wlth 0<-(1-2) linked rhamnose residues 4 _ 

ta form a backbone to which are attached ei thèr arabinal1s; galactans or 

arabinogalactans. Pectin exists in the cell wall as insoluble protopectin. 

These pectic substances are made insoluble by the presence of divalent 

,calcium ions but may be extracted wi th ammoni\Ull oxalate or ROTA 

(Theander and Aman, 1979a). Joseph (1955) propo~ed a chemical extraction 

,method which characterizes pectin according ta its degree of esterificat~o~. 

fectin acts as, a support material that forms a cross-linked gel ~hat is • 
':' i-r 

able to withstand osmotie repulsions. Its properties of adhesion and 

hydrophilici ty, i ts binding of metal ions and lipids and i ts capaci ty to 

-rorm hydrogen bonds are infYueneed by i ts degree of methylation and acetyl­

, ation (Furda, 1979; Aspinall, 1970; 'Eastwood, 1973). 

Growth of the cell wall involves the two following mecbanisms: 
... 

1) Intussusception; this consists of ~ laying down of new material 

between ~icle5 of existing substance. The resultant "mosaic growth" 

(Fahn, 1974) oceUrs ~hen thin are as of fibrils are penetrated by ey!oplasm 

and distended Dy cytoplasmic synthesis; newofibrils are added to fill'the 

g~.p. 

2) Apposition: this type of gro~h 1s due ta centripedal addition of new~ 
, . 

layers, ~~e __ ~/the other. The resultant "multinet growth" (Fahn, 1974) 

gi ves r1se to a thickening and an increase in surface areà. of the pr:iJnary .. 

"-
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wal~s.· The thickening i5 ~ resu1~ of fibril reorientation in the earliest 

formed, {:unella,' from transverse \0 lO~gi tudinal; su6eessi va iamalla~, 
- '.', \' , 

with denser fibrils are then,added transversely. 

The seeondary, cell wall 1s forme~ by layering'on the inner sur-

face of the primary wall; it begin~ in cells or parts 0 them that have 
,1 

'ceased growth. It'is,a trilaminar structure,withvsuceess vely apposed 

layers of fibrils that are orientated at an angle ta the axis of the cell. 
"" ,.. 1 

.... ,~ y" 

Thfs str1,1.cture is surrounded by à h~icellulose matrix. 1 

1 • 

Lignification is in1tiated at the cell corners within or just 
.-

inside the primary wall; it extends rapidly ta the Middle lamella then 

along the Middle lamella to the secondary wall (Wardrop, 1971). Sarkanen 
'". J 

and Ludwig (197~) have d~fir:ed lignin as ~h~ "polyrnerij nat~~ products 

arising from an enzyrne-initiated dehydrogenative polY7erization of three 

primary precursors, namel~ trans-coniferyl, t~s-SinapYl and trans-~oumaryl 
alcohols. " Lignin is 'a three dimensional matrix whicJ varies in composition 

and chemic~l reaetivity dependlng on the plant sourcl and method of isol-
o ! 

ation. 'Lig'nin has a multi~~function and is ess~nt,ial ta plant lifer 

It acts as a'cementing and anchoring agent and imparts rigidity to cel1 
"-

wal1s and resistance to impact, bending and. compression. It is involved in 
1 . ~ 

internal transport of water, nutrients and Metabolites by decreasing water 
, . 

,permeabiltty, in vascular tissue such as xylems. L1gnified cells impede 

the penetration of destructive organisms and hence resist microbial attack 
, q , ' 

(Sarkanen a.rld. Ludwig, 1971); the lignin itself' may also be toxic ta miero-
1 

organisms (Gordon, 1978). Lignin exists in the cell in close ass~ciation 
w1th hemicellulose and 1s covalently bound ta it (Sarkanen and Ludwig, 1971). /"~ 

'The exact nature of the covalent bonding is unknown. Morrison (1974) 'hàs 

1 
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postulated.that three types of bonds exi~t; oue type i5 cleaved by bo~­

hydride red.uction; one i5 re5istant to alkali and another, i5 alkali 

labile. Complete lignification is a~50ciated ~ith cell death. 

" 
C. Analytical Methods 

(i) Crude Fibre 

... 
Gorham (1820) described a method for the analysis of cruie 

.... \ ~ 

fibre of Indian corn as early as 1820 {Van 'Soest and R~:r;tsop, 1977). 
. ,.y " 

1 ~ :t , 
Successive refinements and st~àrdizations of the crude fibre method led 

to the adoption of this method by 'the' A.O .A. C. in 1887 (Browne, 1940). 

The crude fibre -thU~ determined was supposed ta represent 'the indigestible 

fractions of food (Spi~ler and Amen, 1975). 
"' 

~ 

According to Van Soest ~d 
• 

McQueen (1973) this method led to the e~imination of 20 to )0 percent of , " 

the cellulose, )0-90 percent of thé lignin' and about 85 percent cf the heMl-

cellulose • 

. (n) Detergent Extraction 

Van Soest and coworkers developed. methods,involving the use of 

an acid detergent and a neutral detergent ta determine crude fibre (Van 

Soest, 1963a, 196Jb; V~ Soest and Wine, 1967; Van S~est, 1973); They 

• considered that the results obtained by these methods gave a more reliable 

measure of the cellulose and lignin content of feed-than did the previous 

method. A list of the apparatus and reagents as weIl as the proced~es is 

given' in U.S.D.A. Handbook #379 (Goering and Van Soest,. 1970). Other 

methads that ha~e Qeen suggested inclÙ4e a buffered-aci~ det~rgent method 

(Baker, 1977), an ammonium oxalate method (Collings and Yokoyama, 197~) 'and 
, 

neutral detergent methods involving the use o~ an ~-amylase tQ,aid in the 

) 
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removal of starch (S~hweiZer ~ Wursch, 1979: 1981'; . 

Schaller, 1977: Collinge et al., 1980). methods tprovide 
, . 

an estimate of th~ i~gestible residue, th~y do not giVEl an accurate 

estimate of diet~ fibre; non-cellulosic are solubilïied -

by the detergent system. 

(iii) Enzyme Digé~tion (Biochemical) 

Williams and. Olmsted (1935) were dissatisfied with the relevance 

of their crude fibre .measurements (Olmsted e-tffi;', ·"1935)'; ',. ,;they developed a 

method which-involved treating their samples with a pancreatin-b~le salt 

mixture and subsequently with cold 21.4 N sulphuric ac1d, to more closely 

approximate the act10n of the human digestive system. A further modific-

" aUon by Hellendoorn et al. (1975) involved the use of pepsin in ..addition 

to pancreatin. Southgate et al. (1978) eonsidered that the modified method 

does not gi ve a .rel1able measure o'f all dietary fibr~omponents or all 

water solub1lized components. 
~ 

(1v) Unavailable Carboh.ydrates " 

The Southgate method for unavailable carbohydrates (Southgate, 

1969) is based on the W'ork of McCance and' Lawrence (1929). It is an ex-
. 

tensive method which 1so1ate~ and quantifies cetlulose, lignin and. non-

cellulosic polY!'3accharides. The method 1s lengthy and lacks specificity 

because of thé mutual 1nterferences of hexose, pentose and. uronic acids 

(Hudson and Bailey, 1980). * This procedure has been modif1ed by Englyst ta 

include the datermination of hexoses and pentoses by gas liquid chromato­

graphy. Southgate et &. (1978) have proposed an a,.nalytical,scheme fbr com-

plete characterization of dietary fibre. 

* In Southgate et al. (1978). 

• 
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There are several other methods for fibre d1termination that in­

volve solvent extraction, enzymatic removal of staxch, se<luential ,acid 

hydrolysls, colourimetrlc or gas chromatographie estimation of sugars and 

C01~imetriC or ~eCfrboXYlatlye estimation of uronie acids (Anderson and 

Clydesdale, 1980; Jeltema and Zabik, 1~8C; Theander and Aman, 1979b). 

Several authors/(McConnèll and Eastwood, 1974; Schweizer and 

Wursch, 1979; Saunders and Hautala, 1979) have made comparativé s~udies 

of the above analytical techniques in connection wi th the use of these 

methods for the estimation of -dietary fibre in diets. James and Theander • 

(1981) have edited a review of recent advances in dietary fibre determin-

ation. 

(..;) Cell Wa1.l Material 

Selvendran et al. (1979a) ha.ve developed a technique which 

selecti vely removes cytoplasmic material; i t is based on the use of 

organic solven~s with a high degree of affinity for fibre contaminants. , 
;. 

Plant material is ball-milled wi th- a solution of 1% aqueo\lS sodium deoxy-

cholate. The residue t'rom this extraction is then extracted tw1ce wi th a 

solution of phenol/acetic acid/watèr, (2:1:1, w/v/v). A final extraction 
, * . 

is peq:ormed with aqueous 000 (90% v/v). The resldue, which ls pure cell 

wall material (CWM), is free of starch and i'ntracellular proteins. The 

small amounts of solubilized pectic substances (/3-(1-3) and B -(1-4) 
" . 

glycans) Carl be recoverèd fram the extracts and lncluded with the cell wall 

material (Selvendran and Dupont, 1980a; Selvendran et al., 1979a). 

D. Aj?ple Research . 

Apples are fruits formed by the ènlargement.of the receptacle 

* DMSO ~ Dimethylsulfoxide 

'--
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which becomes fleshy and. surrounds the earpels '(JacobS, 1944). They are 

cO!l1]?Osed of water (84%) and carbohycb::ate (11-1~; . they also contain small 

amounts 0; lignin, tannin, pectin, cellulose, ~Iflicellulose and org~~c 
~ 'Î-_ ~ 

acids (Chatfield and MacLaughlin, 1931). 

The edible portion and pulp froIll apples have bee,n analyzed by 

several workers (Southg.i*é et, al., 1978; Schweizer and Würseh, 1979; 

Theander and Aman, 1979b). To the author' s knowledge there is; only one 

report on the separate analysis of peel and flash (Southgate et al., 1976). 

Table 1 shows the composition of apple pomaèe and apple pectin 

pulp in regard to digestible nutrients. Table 2 summarizes the resul ts of 

several workers on the non-digestible (mono-gastric) portion of edible 
'-

applê tissue. To the author' s knowledge, .there is no pub li shed inform-

ation on the'constituents of the dietarY fibrè portion of apple pomace or 

apple peetin pul~. 

E. Binding Studies: 

properties and dietory f~ons of plant fibre as 

, 0 

The physical 

weIl as the various components of plant fibre have been the subject of 

much research. Several worker~ (Eastwood and Hamilton, 1965j Chang and 

Johnson, 1980; Kay et al.; 1979; Thiffault et al., 1970; Judd et al .. 

1976) have reported that the lignin compone~t of dietary fibre is involved 

in the adsorption of bile salts and acids and may influence se~ cholestsJ;'Ol 

levels; pee tin may react with sterols, lipids and bile salts (Furda, 1979; 

Selvendran, 1979; Kay et al., 1978; Pfeffer, 1981). It has been suggested 

that hemicellulose may interfere with protein absorption (Kles and Fox, . ~ 

1'977, ,1978) and. may increase bile acid exeretion (Huang et al., 1978). Many 
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Dried. 
Apple 
Pee tin 
Pulp. 

Drled. 

., 
'J 

Total Dry 
Matter % 

91.2 

Apple 
Pomace 89.6 

/ 

1 
f ., 

TABLE 1 

,01 
Average Composition and Digestible Nutrients of Apple Tissue 

Digestible 
Protein % 

2.6 \ 

Total Digestible 
Nutrients % 

62.4 ' 

Nutritive 
Ratio 1: 

2).0 

Protein % 

7.0 

.~ 
~ 

Average Totar~~6mt9sition 

2 • N-FreeJ 
Fat % Fiber % EXtract % 

~ 

7.3 24.2 49.4 

1.6 64.5 39.3 4.) 4.6 15.2 6J.5 r-
/ 1 / .-- .---- -- --- ------- ---- -y-

C ( J 

·1 From Morrison, 1956 
". 

2 ,As crude fiber 

J Contains stareh, sugars, soluble p~ntosans, eomplex earbohydrates, organic acids and ligni~ 
, / 

\./ '" ~ 

';# 

v 
.l 

~ 

Mineral 
Matter % 

J.3 

2.0 
> 

~ 

N 

, ' 
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TABLE 2 

Composition of Apple Tissue 

Com~sltion {~Ll00 gm d!y matter} 
~ 

'" III . Total Non Cellulose 
LigninII MaterléÙ Dietary Fiber Polysaccharides Cellulose .ADF NDF 

/ 

~ 

Apple 1 --- (Flesh only) 

2VI Appl-e Pulp , (Dried) -Apple) (Homogenlzed) 
J 

. Apple 4 ,")""geniZedl 

5 IV 
Apple ' (Flesh) 

Apple5 ,IV (Peel) , 

Apple 6 (Dehydrated) 

Apple7 (Pulp). 

Apple 8 
(Pulp) 

1 Soùthgate et al., 1978 
2 Cummlngs et al., 1978 

9.2 

,87.6 _ 

17.0 
,. 

--17.5 

1.42. 
IJ 

3.71 

1] VII 

10 

3 Schweizer and Wursch, 1979 
4 Theander and Aman, 1979b 
5 Southgate e~ al., 1976 

·6 > Manville et al., 1939 
7) Rob ert son--, JJB., and Yan Soesti 
8) Southgate and White, 1981 

~~~ .. ",.;.-~..,;i!. .... _ .. ""Jo ...... "" ....... ..... "...'A .... ..--~ ",-

6.1 

. 
53.2 

,., 

0.94 

2.21 

' 7.5 V 

5.8 , . 

.. .. 
P.J., 1981 

. 
).0 Trace 

31.9 2.5 

8.5 

1.) 

0.48 0.'01 

0.01 0.49 

) 2.5 

5·3 0.7
1 

6.35 

).2 1.0 

Lignin det~rmined by KMN04 oxidation 
Determined as Klason Ltgnin 

/ 
14.7 

10.1 

9.50 

SUffi of hexoses, pentoses and uronic acids 
Values given are gms/l00 gm edible portion 
Sum of hemicellulose and pectin as determined 
gm!lOO gm of miterial used 
Total of columns 2, J and 4 

>-" w 

. .:t 

~ ... _....:I. ...... ~---
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of these studies have involved the use of fibre preparations of undefined 

ehemical composition (StOry et al., 1979;: Eastwood et al., 1976; 

Xritchevsky and Story, 1974; Vahouny II ~., 1980; Kies and Fox, 19~7). 
) 

Holloway et al. (1980) in a study of'hemicellulose digestion determin$d 

the monosaccharide profile of their materia.l, at each stage of isolation. 

Selvendran (1979) studied the effects of pH, partiele size -and compos-

i tion of fibre on the binding of bile sal ts; the author reported on the 

detailed analysis of the components of parenehymatous, lignified and 

eutinised tissue isolated from rurmer beans. Several workers (James 

tl al., 1978; Reinhold et!' al., 1976; Danes, 1979) studied the binding 

of eertain metals by dietary fibre. 

McLean (19.17) has reported that diet can mOdify ehemical tox­

ieity. Several workers (Ershoff and Marshall, 1975; Kimura et aL, 1980; 

Takeda and Kiriyama, 1979; Tsujita et al., 1979) have shown that the 

addi tion of cert'ain fib~e preparations reduced the toxici ty of cyelamate, 

Tween 60, Tween 20, polyethylene glycol' 4009, amaranth and certain other 
'i 

food dyes. Kritchevsky (1977) pointed out that the mechanism of detoxific-

ation by dietary fibre has not yet been elucidated. Ershoff a.'1d Marshall 

(1,975) noted that dietary fibre might be an effective detoxicant for 

severarl different toxie materials' but the mode of action could be qui te 

different. 

1 
j 
, 
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) II. MATERIAIS AND MEI'HODS 

!~' ~ 
A. Measurements of Physical Characteristics of Apple Core Fibre 

1. Determination of Mean Partiele Size 

Mean partiele size was determined (ASAE Standard S319 ; 

Agricu1. tural Engineers Yearbook, 1976) using U.S. Standard Sieves 

(Endecotts Fil ters Lim.i ted.) numbers 10 (2 mm); 18 (1 mm); 35 (500 ftm); 

60 (250 ,.,Mm); 100 (149 ~m) and 200 .(74."wn). A sample (JO gm approx.) 

of fibre material was placed in the uppermost sieve and the sieves 

tightly covered. The sieves were secured ta a shaking device which had 

a J.5 cm lateral shÇl.ke and a 0.7 cm drop-tap and a running speed of 
\ 

approximately 265 rpm. The sieves were shaken for 15 minutes; the nested 

sleves were disassembled and the walls of each sieve brushed down. The 

sieving operation was continued for 10 minutes; the walls were again 

brushed down and the sieving oper?-.t!QJ.1 continued for an addi tional 5 min-
" ~ .• ,('f' 

utes. The fibre was collected from each sieve and the tray and then 

we~ghed. "- The mean partie le size (meali diameter) and geometric standard 

,deviation were calculated following the equations provideèi in the Agri-

cult ur al Engineers Yearbook (1976). 

~ 
2~ Water Holding Capacity (Method #1) , 

Water holding capacity Was determined using the method of 

Robertson et 'al. (1980) with a few modifications. A sample (Q.) gm approx.) 

was placed in a centrifuge 1hube (40 ml) along with 25 ml of glass dis­

tilled water; the mixture was stirred. (Vortex Genie 1 Scientific ,c 

• 
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( Industries Ltd.) and the tubes were then closed with parafilm. 

. a a ' 
were placed in a water bath (2.5 C or 37 C) and allowed to stand for 24 

hO~S. The supernatant was removed using a siphon; traces of solvent 

that remained were removed by using fil ter paper wicks. The tubes were 

weighed, the fibre frozen in liquid air and freeze dri~d. The difference 

in t.he weights of material before and after drying, divided by the weight 

of material after drying, was taken as the wa ter holdil1g capaci ty of the 

material. 

J. Water Holding Capaci ty (Method 1t2) 

Water holding capaci ty was determined using a filter paper 

method (Robertson et al., 1980). A sample (0 • .5 gm approx.) was soaked 

(2.5°C or 37°c) overmght (16 hrs.) in 100 ml of glass dist1i.IIed waterj 

the mixture was then fil tered on a preweighed fil ter paper. The fibre 

was allowed to drain completely and the fil ter l?aper was then a.llowed to 

tStand on a paper towel for 20 minutes. Filter papers (6) of known weight 
' .. 

were wetted wi th water and weighed to determine the wet weight, dry 
-~ 

weight ratio of the filter papers. The papers were weighed"'in beakers. 

closed wi th parafilm and a.llowance was made for the increased' weight! of 

the filter paper, The wet weight of fibre minus the dry wkight, divided 

by the dry weight was taken as a measure of the water holding capaci ty of 

the fibre: 

4. Settling Volume in Water 

Settling volume was measured using the method of Takeda and 

KiriYama (1979). A sample (0.5 gIn .. approx.) of fibre was placed in a 
'-

ro1.Uld. bottom flask (100· ml) and suspended in deionized water (40 ml 

t,· 

,j 

j 
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The flask ;ras evacuated. (2-3 ·cm Hg) and allowed to stand. overnight. The 

sample was transferred. ta a graduated cylinder (100 ml) and the $OUd 

material a.llo~ed. to settle for 5 hrs. 'The supernatant was removed using 

a siphon and the sample transferred to a gra.d.uated cylinder (25 ml), 

âlong with sufficlent water ta give a total volume (fibre and water) of 

25 ml. The mixture wa.s stirred by agitation and the covered (pa.rafilm-) 

cylinder }'las allowed. to stand overnight. The volume of the fibre layer 

was,measured; the settling volume was e~essed as mls of fibre layer 

di vided by grams of fibre. 

5. Cation Exchagge Capacity (C.E.C.) 

A sample (4 gm. approx.) of fib:t'ë was mixed wi th an excess of 

hydrochloric acid solution 0.1 M (Robertson et al., 1980) or 2.0 M(Mc 

Connell et al., 1974) and allowed. to stand (2~C) for 48 hours. The 

mixture was filtered. (Buchner funnel) and washed with glass distilled 

water until the filtrate was free of chloride (silver chloride test). A 

sample (0.25 gm approx. dry weight) of the acid charged. material was sus­

pended in sodium chloride solution (1.50 ml , 5%) and allowed ta stand 

overnight. The suspension was stir.red mechanically (magnetic stirrer) 
ri 

while it was titrated wi th sddium hydroxide (0.0511 N) using a Harvard 

Appa.ratus Iniusion Pump (Madel 600 l equipped wi th a .50 ml syringe and a 

Beckman Zeromatic II pH meter (Beckman Instrutnents). Samples of acid 

detergent fibre and neutral detergent fibre prepared from ~he apple core 

fibre were soaked in 2 M Hel 'and f.reated as above. A sample of pure 

pectin (Sunkist Pure Citrus Peotin N.F.) was titrated without prior treat-

ment. 

.. 
'i 

1 
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6. Seanning Electron Microscopy of Fibre Samples 

Double :;;tick aluminum tape was placed at the centre of Scanning 

Electron ,Microscope specimen stubs. The surface of the stubs arotUld. the 

aluminum tape, was coated with silver paint; approrlmately 2 mg of air 

dried fibre sampIe, sieved. to pass a 2.50)0'- m screen, was ,placed. on the 

aluminum tape. The sample was coated wi tl}. gold and obser~ed under a 
1 

Sear..ning Electron Microscope (Cambridge Stereoscan 600) •. Mx. Louis 
: . 

, ~ ! 

Thauvette of the Plant Science Department, Macdonald College assisted in 

the observation and photography of the ,s~ples." 

B. Chemical Analysis of Apple Core Fibre 

1. Acid Detergent Fibre (ADF) and Lignin ) 

ADF was determined according ta the A.a.A.C. method (A.O~A.C. 

Handbook, 1975). Lignin and ash are reported as lignine 

2. ?S'eutra}. Detergent Fibre (NrlF) 

i.1IDF was determined according ta the method 'described by 

Ho bertson (1978). 

3. Nitrogen 

Nitrogen was determined by a micro-~eldahl method (A.a.A.c. 

4, Moi'sture 'Content 

t-
Moisture was determined using a vacuum oven (A.C.A.C. Handbook, 

1975). 

, . .. 

l' 
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5. Pee tin Extraction 

Peetin was extracted from the apple core tibre using the method 

of McCready and. McComb (1952) with sorne modifications. A sample (1.0 gIn 

- ~x..) of apple core fibre was placed in a beaker (250 ml) along with 

95% ethanol (1-2 ml) ,and EDTA solution (1)0 ml, 0.5% tetrasodium EnTA 

adj~ted ta pH 11.6). The suspension wa~ stirred mechanically (magnetic 

stirrer) for 30 minutes at room temperature. The reaction of the sus-
Il 

. ]?ension w,as, adjusted to pH 5.4 (approx.) wi th glacial acetic: acid. 

- Pectinase (0.1 gm, Nutrition Biochemicals Corp.) was added and the 501-

ution was stirred for one hou:r. The suspension was transfer:ted to a vol-

umettic flask (2.50 ml ) and the volume adjusted to 2.50 ml using distilled 

water. The suspension was mixed thoroughly and then filtered (Whatman #1); 

the first few mls. of filtrate were discarded and the remaining filtrate 

(Solution A) was colleeted for analysis. 
, 

A sample of pectinase and a 

sample of pure pee tin (Sunkist Pure Citrus Pectin N.F.) were subjected to 

the ex.traction pr~~ë outlined above. 

, 
6. Pee tin Estimation;' Modified Carbazole Method for Uranie Acids 

'f " 
-Uronie acid Jin solution A (see above) was determined using the 

~ . 
method of Bitter ~ ~uira(1962). A sample (1 ml) of solution A was 

added to a volumetrie flask (.50 ml, ) and the volume adj\lsted to 50 ml using 

d~ionized wa~er. Aliquot.,f (1 ml) of the diluted solution A were placed in 

test tubes (16 x 1.50 mm glass stoppered) and the liquid was frozen using 

llquid air. Tetraborate solution (5 ml , 0.025 M sodiwn tetraborate in 

, --eoncentrated sulfurie acid A. R.) was added, and. the tubes were shaken 

gently at first and then the mixture was stirred vigourously using a vortex 

r .. \,.. .. 
-" 

\ 
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miXer. The tubes were heated (10 min) in the boiling water bath 'and then 

cooled to room temperature. Carbazole' reagent (0.2 ml, 0.125% carbazole . ~ 

in ab sa lute ethanol) was added, the solutions were 'mixéd thoroughly and. . /-

.~ .", 
, then heated (1.5 min) in the boiling water bath. Thë" t'tbes were eooled ta 

room temperature and the optical densi ty (530 nm; 1 em cell) of the sol­

utions was m~asured using a Perkin ElJner Lambda J UV/VIS Speet~photo­

meter. Sulfurie acid (Cone., 'A. R.) was used as a blank. 

Standard soltltions (4-40 .)-Lg,lml) of' galacturonic acid were pre­

pa.:red_ by dissolving galaoturonie acid {Nutritional Biochemicals Corp.) 

in deionized water that had been saturated with benzoie acid. Standard 
" '... ~ eurves (Figs. 1 and. 2) were preparoo. using 0.5 ml and 1.0 ,ml samples: 

" The purity of the galacturonie acid was determined by titration. Blank 

determina.tions were made using the saturated solution of benzoic' acid 

and deionized water. 

7. Pectin Estimation: H,ydrox;y Bipheny1 Method for Uranie Aeids. 

Uranie acid in solution A (see above) was determined using a 
~ 

modification of the method described by Blumenkrantz and Asboe-Hansen 

(1973). An aliq,uot (0.1 ml) of solution A was placed in a test tube, (16 Je 

1.50 nnn, glass stoppered) along with 0.4 ml of glass distilled water. _ The 

resultant solution l"a.s frozen in l1quid air. Tetraborate solution () nù , 
? 

0.0125 M tetraborate in. eoncentrated sulfuric aeid A. R.) was added and. 

the tubes shaken gently at fust and then the miJeture was stirred vigor­

ously using a. vortex mixer. The tubes were heated (5 ,min.) in a boiling 

water bath and then cool~ to room temperature. o-hyd:roxy biphenyl 601- ... 

ution (100~1; O.) gin /200 ml , 0.5% sodium hydroXide, lab grade) Was added 

i 
1 
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and the mixture was stirred thoroughly and then aJ.lowed to stand for 15 

minutes. The optical densi ty (477 nm; 1 cm ceU) of the solutions was 

, 1 me,Si?ured. using a perkin Elmer Lambda J UV/VIS Spectrophotometer. Sul­

furie acid (concentrated, A.R.) was used as a blank. 

Standard solutions CS-50 ~gjO.5 ml) of ga;Lacturonio acid were 

freshly prepared. Blank determinations were made on aliCluots in which , 

sadi um h.Ym:.oxide 50 l ution (100../'" l; 0 • 5%) was used iiistead~f the re-

agent. A standard curve \S shown 12'1 Figure J. 

8. Amino Acid Analysis 

SaÏnples (15 mg approx.) of apple core fibre were added to test 

tubes (13 x 100, P',[rex) along with~hydrochloric acid (1 ml, constant boil­

ing, ilass"'distilled). The contents of theq tubes were frozen in liCluid , .. 
air and were then thawed using a stream of ni trogen. This procedure was 

, , 
repeated three times, and then the tubes were sealed under nitrogen. 

The tubes were heated (HOoC), for 22 hours in a Stabil-Therm Gravit y Oven' 

Model RS 12 lAX (Blue M Electric Company, Blue Island, Ill.) The tubes 

were cooled to room temperat ure and opened; the contents were fil tered . ' 

(fritted glass, porosity F) under modetate suction. The tubes w,ere rinsed 

with deionized water (1 ml) and the filtrat es collected. The filtrates 

were evaporated to dryness using sodium hyd:roxide as described in the 

Beckman Instruction Manual (Beckman Madel 120c Amino Acid Analyzer 

"-
Instruction Manual, 'Section 7, Spinco Division Beckman Instruments, Palo 

Al to, Cal.) Ci trate buf'fer (1. 7 ml., pH 2.2) and norleucine standat'd 
, 

(0.3 ml,-' 0.0787' ~/litre in citrate buffer pH 2.2) we~e added'to the 

residue. A sample (0.3 ml) was used for amino acid analysis (Beckman 
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2.5 

Model 120c Amino Ac1d Analyzer modified to a Madel 119, equipped with a 

Beckman Mode:!:, 125 Integrator; Beckman Instruments, Pa..1.o Alto, Cal.) 

The citrate buffers, the operating para.meters and int~grator responses 

for amino acid standa.t'd.s are reported. in Tables ), 4, and 5. The nin-

hydrin col.our reagent was prepa.red. as fol.lows: Sodium a.cetate solution 

(974 ml J 4 NI Reagent Grade, BDH) and Fier Solv (2J66 ml; Gls.ss-
, ~. 

bottled, Pierce) were ndxed. und~:t: nitrogen. Ninhydrln (75.76 gm; 

Reagent Grade" Pierce) and Stannous Chloride Dihydrate (1.51.5 gIn, A.C.S. 

Fi.sher) were dissolved. in the 'resultant solution. The riinbydrin col.our 
l, 

reagent was stored under nitrogen during preparation and use to prevent 

deterioration. 

9. Acid Hydrol!rsis 

Ca) I{ydrolysis with 5% Sulfuric Acid 

The apple core rtbre preparation was hydrolyzed using the 
'-

method of Anderson and Cly-d.esda.le (1980) with several modifications. 

S~ples (6; 150 mg each) of apple core fibre were placed. in tared centrl-

f. fuge tubes, (40 ml, Pyrex) along with ,L3-d-Allose (10 mg approx.; Sigma) " 

as an internaI standa.t'd. and su1.furlc acid (25 ml , 5% w/v) was' added. 

The tubes were sealed wi th rubber septa secured. with cQPper wires. The 

contents of the tubes were mixed. (Vort~x mixer) and the tubes l'lere heated 

(2 • .5 hours) in a: boiling water bath. The tubes were then_ cooled ta room 

temperature and the septa removed. Deionized water (10 ml approx.) was 

used to wash down the walls of the 'tubes then the tubes were centrifuged 

(2.500 rpm, 20 min. at 40°C; IEC"centrifuge model PR-l, equipped with 

head #812). The supernatants were removed using a siphon and were trans­
I 

ferred to volumetrie flasks (100 ml). The residties were washed with 

J , 
i 
/, 
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TmLE J 
, 

An l . 1,2,3:4 " Citrate Buffer for Amino Acid a rs~s 

Buffer Nat pH Running t1m~ (Mins.) 

A 0.2N ).1 65 

B 0.2N 4.0 35 

C 1.35N 5.3 82 

1 Buffers are made wi'th Sodium Citrate .2H20 ('Baker 
Analyzed' Reagent, Baker Chemical Company) and f:r<eshly 
deionized water prepaxed from disti~led water. 

2 The pH of the buffers was adjusted using constant 
boiling, glas~ distilled, HCL 

J AlI buf:eers contain caprylic acid (0.01% v/v) and 
pheno lJ (o. 1 % w/ v) • 
Buffers A & B contain isopropanol (2% v/v) 
Buffer C contains iSQPropanol (4% v/v) 

4 Prepared b,uffers were fil tm-ed through a millipore 
fil ter and degassed. 

. \ 
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TABLE Lj. 

, , 
Amino Acid Analyzer Running Parameters 

Column Dimension 

Resin Type 

,Resin Bead 

Flow Rate 

Running Time 

Integrator Range 

Integrator Plateau 

~ 

Integrator Sensi ti Vi ty 

Integrator Baseline Delay 

Integrator Baseline Correction 

'- ~ 

6 ,mm Width 
)2 cm tength 

Aminex A-9 (Biorad) 
Cation Exchange 

11 + - o.5,r'-

37 mls/hr Buffer 
12 mls/hr Ninhydrin 

220 minutes 

200 counts/O.D./sec. 

0:005 O.D./min. 

p 

50 seconds 

0.02 O.D./min. 

'If:. 
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TABLE 5 

Integrator Response for Ami,no ACids
1

, 

( 

Amino Acid 

A'spaxtic acid 

Threonine 

Serine 

Glutamic acid 

Glycine 

Alanine 

Valine 

Cysteine 

Methionine 

l lsoleucine 

Leucine 

2 
Norleucine 

Tyrosine 

Phenylalànine 

Lysine' 

Histidine 

Arginine 

Praline 

Response 

319.5 

2994 

4131 

3988 

4691 

3726 

1727 

3.564 

472.5 

3663 

4472 

4J4.5 

4553 

4799 

8301 

52.54-

3974 

0.8253 

1 AH responses axe for 0.5 moles of amino acid 
except cysteine which is for 0.25 moles. 

2 Intl'!rnal standard 

J The response for proline was calculated using 
the "Height Width" method outlined in the 
Beckman Madel 120c Amino Acid Analyzer Instruc­
tion Manual, Section a. . 

28 
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distiIIed water (J x 15 ml) and. the washings were added to the super-

natants. The volumes wer~ adjusted to 100 ml with distilled water; the 
î 

solutions (hy"drolysates Hl to H6) were stored. at ~C. .'!he residues 

(Rl -R6) were washed. wi th acetone () x 15 ml; Lab Grade Caledon) e.nd 

diethyl ether (2 x 15 ml; Anhydrous A.C.S., Anacliemia). The tubes were 

heated. (40°C) in a water bath and the ether was removed using a stream 

of air that had been dried over calcium chloride.. The tubes were then 

heated. (110°C, 10 min) and cooled (20 min) in a desiccator (si11ca gel) 

and weighed. The reeovery was measured using purified hemicellulose (Gum 

Arabie; Brinkman & Co.) 

(b) Hydrolysis with 72% sulfuric acid 

p -drAllose (10 mg approx.) was added to the residues (R1-R6) 

/r-- along with sulfurlc acid (17.5 ml, 72% w/v, 4°c; A.R. Anachemia). The 
/ 

contents of the tubes were mixed occasionally (Vortex mixer) while the 

'" tubes were ailowed to stand for 48 hours (4°c). The mixtures were 
"-

\ 

filtered (tared, 50 ml, sintered glass crueible, porosity C) and the 

residues were washed (2 x 25 ml) with distilled water. The acid and water 

filtrates we~e transferred to volumetrie fIasks (250 ml) and the -volumes 

were adjusted te 250 ml. '!he resultant solutions (hydrolysates hi to h6) 

were mixed thoroughly and stored at ~c. The residues in the crucibles 

were then washed with acetone (J x 15 ml) and with diethyl ether (2 x 15 

ml). The crucibles were then heated (llOOC, 15 min) and coole~ (JO min) 

in a' d~~iccator (si11ea gel) and then weighed. A recovery experiment was 
q 

performed us1ng a sample of purified cellulose (Cellulose MN )00, Macherey 
, 

Nagel). 
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10. Analysis of Acid Hydrolysates 

(a) Qualitative Estimation of Monosaccharides and Uranic Aci~ 

Samples (10 ml) of the hydrolysates (Hl - H6; hl - h6) were 

neutralized with solid barium carbonate and were then filtered (Whatman 

#1); the filtrates were dried on a rotary evaporator (40oc, 2-] cm Hg). 

The residu~s were dissolved in ethanol (10 ml, 70% ), the solutions were , 
~ 

j 

filtered and~the filtrates dried using a rotary evaporator. The residues 

were dissolved in ethanol (1 ml, 70%) and the resultant solutiort was 

analyzed by thin layer chromatography (T.L.C.) (Polygram Cel JOO, 0.1 mm 

Cellulose MN )00, Macherey Nagel) using a modification of the method 

described by Hoton-Dorge (1976). Samples (5-10~1) of each solution and 

" each standard sugar (2-4 ~l) [1 mg/ml approx. of ,8-d-Allo~e (Sigma) j 

L-(-)-Rhamnose'H20 (Eastman); L-(-)-Fucose, d-(-)-Arabinose, d-(+)-

Xylose, d-(+)-Mannose, d-(+)-Galactose, anhydrous (Nutritional Biochem­

icals Corp.); d-( +)-Glucose, anhydrous (Anachemia) in 70% Ethanol] as 

weIL as mixtures, were spotted on T.L.C. plates. The chromatograms were 

developed twice (4Qoc ~ 1.SoC, 2 hOurs) in a lined tank (Dasaga) which 

was equilibrated for 15 minutes with the solvent [?o ml ; acetonitrile, 

pyridine, (A.C.S., Anachemia) , l-butanol, glacial acetic acid (A.C.S., 

Caledon), watei; 4:5:9:]:4 J. The chromatographie plates were c:xied 

after each development using an air dryer (aster Airjet Model 202). 

Residual solvent was removed from the chromatogram by ~eating (100°C, 1 

min) them in an oven. Monosaccharides and uranie aciids were visualized 

using p-anisidine-phthalic acid spray reagent (1.23 gm p-anisidine, 1.66 .\ 

gin phthalic acid in 100 mIs absolute methanol; Handbook of Chromatography, 

1972). ~ 

--------~ ...... -' ... ""'"'"----~~"--~--~----~_._--- --~~. - - _. - -- ~-
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(b) Determination of Uronic Acids 

.... 
The uronic acid content of the hydrolysates was determined 

using the methods described above (see Sections II.B. 6&?, pages 19-20 

and Figs. 1&2, pages 2i-22). Samples (0.5 ml ) of undiluted hydrolysates 

~ere used in the modified carbazole method (Section II.B.6, page 19) in 

order to c~nserve reagents (see Bitter and Muir, 1962). Samples (0.5 

ml ) of hydrolysates h1-h6 and samples (0.25 ml ) of hydrolysates H1-H6, 

diluted te 0.5 ml with distilled water were used in the hydroxy­

biphenyl method (Section II.B.?, pag~20). 

(c) Determination of Monosaccharides by"Gas Liquid Chromato­
graphy (G.L.C.) 

Samples (2 ml.) of the pectin extracts (solutions A, Section 

II.B.5, page 19) including the pure pectin sample, were added to test 

tubes (13 x 100 mm, Pyrex) along withfo-d-Allose solution (1 ml, 0.0434 

gm/50 ml of 15% (w/v) Sulfuric Acidj that was freshly prepared. The tubes 

were sealed in a flame and then heated (2.5 bours) in a boiling water , ,-

bath. The _tubes were cooled to rctom temperature and opened. ,Samples 
,~ 

(3 ml ) of hydr~~~sates h1-h6 were added to test tubes (13 x 100 mm, 
~, 

Pyrex); the tubes were sealed and then'heated (2.5 hours) in a boiling 

water bath. The tubes were cooled to room temperature and opened. Samples ~ 

(2 ml ) of hydrolysates H1-H6 were added to test tubes and were used with­

out further hydrolysis. Samples (2 ml ) of a standard sugar solution [50 mg 

approx. of each sugar.:n sectiin II.B.10,p.JO dried in ~ (2-3 cm Hg) 

at 25°C over calci~ chloride; dissolved in 50 mls distilled water J were 

~ded to test tubes (13 x 100 mm, Pyrex) along with tulfuric acid (1 ml, 

1 



( 

15%(w/v». The tubes were sealed then heated (2.5 ho~s) ln a bol11ng 

water bath. The tubes were cooled to room temperature and opened. 

AlI the samples were neutralized wi th solld ba.r1um carbonate 

and then filtered (slntered glass ,funnel, poroslty F, llned with Whatman 

#1) using moderate suction. Residues were washed with distilled water 

(5 ~) and the filtrates were pooled. and added te test tubes. Sodium 

carbonate decahydrate was ~ed ta ~just the concentrations ai 0.01 M. 

The solutions were allowed to stand 20 minutes. Sodium borohydride (25 

mg, 98%, Fisher) was added and the resultant solutions were allowed ta 

starld. (2.fC) for) hours. Glacial acetic a.cid (A.C.S.) was addOO drop-

wise to neutrallze the excess borohydride. The solutions were then de­

+ cationizOO using ion exchange columns () ml Amberllte IR-120 (H ), 1.9 

+ meq H Iml). The effluent and. three bed vc:>lumes were collected in round 

bottom flasks (.50 ml) and. dried on a rotary evaporator (40°.C, 2-) cm Hg). 

The residues were washed wi th acidi~ied Methanol (10 ml, glacial a.cetic 

acid: absolute Methanol, 1 :9) and. then evaporated to d.ryness. The 

residues were washed wi th absolute Methanol (J x 10 ml) and transferred 

with abso1ute Methanol (5-8 ml), using a Pasteur pipette, to test tubes 

(1) x 100 IlIlI\, Tef1on-llned screw cap) The solvent was evaporated (40°c) 

using a stream of air that had been dried over calcium chloride. Acetic 

anhydride (0.5 ml, A.C.S. Anachemia) and anhydrous sodium ac'etate (15 mg, 

A.C.S. Anachemia) were added to the tubes. The tubes were sea1ed and. the 

contents mix:ed vigorously (Vortex mixer). The tubes were then heated: (10SOC) 

for three hours. The reactlon mixtures were coolOO and a.11~uots (2.5 1) 

we+e analyzed by lnjecting them directly on to the G.L.C. column. The gas 

chromatograph (Packa.rd, 7400 Series) was equipped with a flame ionization 
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detector and a six foot glass column packed with Supelco SP-2}40 on 100/120 

Supelcoport (Supelco). The 'eonditions of operation are reP9rted in Table 

® •.. Molar response factors for each sugar were calculated according to the 

method of Sloneker (1972) using the standard s~ar solution and are re~ 

'ported in Table 7. Peak area was calculated by multiplying peak height by 
"" 

the width at half height. A sample gas bhromatogram is shown in Fig. 4. .. , 

11. Binding of Food Oyes 

Stock solutions (2..50 ml) of èach dye [Brilliant Blu~ FCF (C. r. 

~2090; FD&C Blue #1); Erythrosine (C.I. ~5430; FD&C Red #3); Ponceau 

J'~J SX (C.I. #~4700; FD&C Red #4) were prepared using each of the following 

buffers. Buffer 1 - Potassium biphthalate-sodiwn hydroxide at pH 4.8. 

Buffer 2 - Potassium dihydrogen phosphate-sodiwn hydroxide at pH 6.5. 

Buffer 3 - Tris hydroxymethyl aminomethane-hydrochloric acid at pH 8.2. 

The concentrations of stock solutions were as follows: 50 and 100 ppm for 

Brilliant Blue FCF; .50 and 1.50 ppm for Ponceau SX; .50 and 300 ppm fox 

Erythrosine. The dye-bufier combinations are listed in Table 8.- Dye__ 

binding was measured using a modification of the method described by 

Takeda and Kiriyama (1979). Samyles (0.2 gm approx.) of apple core fibre, 

the residues from acid and neutral detergent fibres or celLulose MN 300 

(Macherey Nagel) were added to centrifuge tubes (40 ml , Pyrex) along with 

15 ml of a dye-buffer solution. Dye-buffer solutions were placed in 

tubes containing no test material and all the tubes were covered wi th para­

film. 1:he contents of the tubes were mixed (1 min, Vortex mixer) and then 

the tubes were heated'(J7°C, 18 hours) in a water bath. The contents of 

the tubes were mixed (1 min, Vortex mixer) at hourly intervals for the 

1 
1 

j 
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TABLE 6 
~ ~ / 

Operatin!g Conditions for Packard 7400 Gas Chrômatograph 

Carrier Gas Flow Rat( 

Temperature Programme 

Injec;tion Port Temperature ~, 

Detector Port Temperature 

Attenuation 

.. 
Supply Voltage 

'- 1 
HelJ,.um, 20 ml .jmin 

~oC hold 5 min. 
2.5°C/min to 235°c 
Hold 5 min. 

3 x. 10 -la amps 

1: ~ Flow Rate was méasured at the column outlat usinE a 
soapfilm type flowmeter. ~, 

, 
1 
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, TABLE 7· 

1 
Mo~ar Response Factor for Sugar Standards 

amnose 
1 

Fufse 
Ara~inose 

1 

Xylo'pe 

Mann~se 
\ 

Galac~ose 

GlUCOS\ 
\ 

+ 2 
Molar Response Factor - S.D. 

+ 1.01 - 0.03 

. + 
1.01 - 0.02 

+ 0.93 - 0.02 

0.39 :t 0.02 

+ 1.00 - 0.01 

0:94 :t 0.03 

+ 0.96 - 0.03 

35 

1. Res~nse factors lofera calculated from {he equation 

K ( ~ ) area of sample peak x moles of Standard. (Allose) 
r'1,sponse ,= moles of sample area of Standard 

2. Respohse factors Iofere determined using 6 peak area 
measurements for each sugar. . 

1 
1 

1 



Figure 4 

Sa.mple Gas Chroma togram 

1. Rhamni toI Acetal,e 

2. Fuoitol Acetate 

. J. Arabi toI Acetate 

4. Xylitol Acetate , 
.5. Allitol Acetate 

6. Mannitol Acetate 

7. Galactitol Acetate 

8. Glucttol A~etate . 
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TABLE 8 

Stock Solutions used in Dye Binding 

Dye-Buffer Combinations 

Buffer Dye "-

Concentration (ppm) Dye 

Brilliant Blue FCF 1 100 

2 100 

J 100 

1 .50 
2 .50 
J .50 

• Ponceau SX 1 1.50 
2 1.50 

3 150 

1 .50 
2 \ .50 
3 .50 

Erythrosine 2 300 

3 JOO 
1 .50 
2 .50 
J .50 

1. Buffers were prepared accopiing ta the data in the 
Handbook of Chemistry and Physics, 57th edition, H.n. 

,Weast editer; C.R.C. Publishing pg. n-1)4. 
Buffer 1 Potassium Biphthalate - Sodium HydroXide, pH 4.8 
Buffer 2 Potassium Dihydrogen Phosphate - Sodium Hydroxide, 

pH 6.5 
Buffer J THAM - Hydrochloric Acid, pl-! 8.2 

/ 
1 

38 
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first four hours. The tubes were removed from the bath, were mixed 

(1 min, Vortex mixer) and then.allowed to stand (25°e) for one hour. 

The parafilm was removed. and ali!luots of the supernatant were diluted 

!_( 1 ml of ~supernatant in 24 ml of buffer or J ml of supernatant in 22 ml 

of buffer) before their optical density was measured [630 nm (Brilliant 

Blue FeF)~ 536 nm (Er:ythros~ne); 501 nm (Ponceau SX); 1 cm ceu] 

using a Perkin Elmer Spectrophotometer (l'iodel Lambda 3 uV/vis). 

Standards [1-5 ppm (Brilliant Blue FC~); 3-15 ppm (RrythrosDle and 

Ponceau sxiJ were prepared b! dilution of the ~tock solutions with the 

appropriate buffer. Standards were heated (3'te, 18 hOurs) in a water 

bath and were mixed. thoroughly before their optic~ density was measured. 

Standard curves were prepared for each stock solution. 

\ 
Representati ve standard curves for each dye are shawn in Figs. ~-

5, 6, and 7. 
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III. RE3ULTS AND DISCUSSION 

A. Preparation of Apple Core Fibre 

1. Preliminary Experiments 

To determine the optimum dimensions of the core ta be taken, 

the apples (Co"rtland), were.sectioned bath vertically and horizontally 

using a razor. Vertical (polar) sections from the center of the apple 

were used to obtain an average measurement of the carpel blade Ièngth 

(Tukey and YOlffig,' 1942). Horizontal (cross) sections through the center 

of the apple were used ta obtain an average .measurement of the core 

diameter (Tukey and Young). The resultant measurements defined..a cube 

approximately 1. 25 ta 1..50 inches on a side. The core sample would. con-
e. 

tain tissues from the pi th, the fleshy pericarp and the cartilagenous 

pericarp (Tukey and Young, 1942). 

The use of antioxidant to '>prevent oxidati ve browning of the 

apple tissue was investigated.. Sut ton and Lauck (1967) reported. that a 

synergistic mixture of phosphoric acid and. ~dium bisulfi.te or sodium 

sulfite 1nhibi ted enzymatic dark~ning and fermentation of fresh fruit. 
/ \ .. 

It was found that apple sUces, exposed to air for'7 days at room temper-
, 

ature' would not brown if covered with a solution of 2 gm sodium bisulfite' 

and 4 gm C>-phasphoric aeid in 2 litres of distilled water. Slurries of 

apple core tissue with hot (85°-90°C) antioxidant solution did not brown 

whÉm mainta1iled at 85
0 

-90°C for 4 h~S. The hot antio~dant solution 

a:lso proved ta be an effective means of extracting pectie substances as 

1ndieatèd by the formation of a gel upon eooling of a filtrat~ of the 

slurry. 

J 
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In order to remove tannins and free suga.:rs, as weIl as less 

soluble pectin,80% methanol and EDI'A solution (O.08M Tetra Sodium EDTA, 

adjusted. to pH 6.8) were used. It was found that .f EIiTA extraction was 

followed by methano'l extrac~ion, a coarse matted material was produced 

which browned rapidly during air drying. Methanol extraction followed 
1 

by EDI'A extraction resulted in a product which was light beige in colour. 

Acetone extraction followed by air drying was used. initially in 

this work. It was found that the acetone dried product was very electro-

static. Acetone extraction followed by an ether wash and air drying 

eliminated this problem. 

2. Procedure 

Cortland apples (Malus pumila MilL cv. Cartland), were obtained 

from the Macdonald College orchards. The outer portions of the apples 
~ 

were removed by hand to leave 1 t ta li inch cor~s. The seed.s were re-

moved and. the cores were chopped finely and then suspended in a solution 

.500 gm core material/500 ml solution) of antioxidant ~2 gm Sodium Bi­

sulfite and 4 gIn O.Phosphoric aCid/2 litres distill:d.--water, adjusted to 

pH 2; Pintauro, 1974). 

The mixture was allowed to stand (5°0) overnight: it was then 

heated (8So -900 C) for thirty minutes. The cores were macerated (G.E. 

Portamix) and the hot (850 
-900 C) sll.U'r'Y filtered using a lined Buchper 

funnel (Whatman #1) and moderate sùction. The slurry was resuspended in 
\ 

an equal volume of methanolic antioxidant solution (80: 20 (V Iv) absolute , 

methanol, antioxidant solution) and. allowed to (3tand (5°C) overnlght. The 

mixture was heated (850 -90°C), macerated and filtered as describ~ above. , 

\ 

1 
1 
1 
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The extraction procedure was repeated twice using an EDTA solution (O. 08M 

tetrasodium.8DTA, pH 6.8), then twice with glass distilled water. 

slurry was suspended in 1.5 volumes of acetonG and allowed to stand 

The 

......... 

(5°C) for 48 hours. The material was recovered bY'filtration and then .. 

resuspended in acetone and the acetone extraction procedure repeated until 

there was no more extraction of coloured material. The material was 

allowed to stand (5°C) overnight in an equal volume of diethyl ether; 

the suspension was fil tered and the residue washed wi th ether to remo ve 

traces of acetone. ' The ether was removed from the washed ma terial by 

allowing air, that had been dried with calcium chloride, to pass through 

the Buchner funnel. The dried apple core fibre was ground in a Mikro 

sample Mill (P;ù verising Machinery Company) fi tted wi th a 2 millimeter 

me'sh screen. The ground samples were placed in Mason jars, sealed. and 

stored at room temperature. 

The fibre prepared from apple core material was a light beige ' 

power which was interspers~ with light yellow particles. The yield of 

apple core fibre based on the weight of air. dried material was 2 percent 

of the weight of fresh core materiaJ.o. Cortland apples were chosen for 

this work because of their low tannin content (Smock and Neubert, 1950). 
, 

The tannins, which represent from 0.1 to O.J percent of the fresh weight 

of apples (Overholser and Cruess, 1923), can interfere in the determin-

ation of lignin by forming pro te in-tannin complexes which are insoluble 

in 72 percent SulffiC acid (Hartley '':978). The oxidation of tannins by 

the perox:idase and ~lYPhenOloxidase present in apple tissue (SmocIl and 

Neubert, 19.50) renders tannins insoluble in alcohol and prevents their re-
f> 

moval. The use of antioxidant solution prevented the enzymatic browning 

~ 
l 

1 

r 
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of the apple tissue, and the tannins were removed by a subsequent treat­

ment with alcohol. The combination of high acidi ty (pH 2) and moderately 

00' 
high temper?Lture (80 -90 c) also promoted tqe solubilization of proto-' 

pectin (McCready and McComb, 1952; Paton, 1974). 

The methanolic antioxidant solution was used to extract the 

tannins, the free sugars (monosaccharides, disacéh9Xides and higher 

oligosaccharides), sorne Upid and amino acid pigments (Southgate, 1981). 

Pectic substances precipitat~d in the 80% alcohol (Barrett and Northcote, 

1965) and formed a layer, over the filter paper, which interfered with 

the filtration procedure. 

The EDTA solution was used. to dissolve the low-methoxyl pectins 

and pectinates (McCready and McComb, 1952). Albersheim et aL (1960) 

believeq. that this extraction was enhanced by the degradation o,f the 

pectin polymer during the extraction procedure. 

The water wash was used to remove the soluble pectins, any 

residual sugars and to remove residual Em'A. ~_ 

Anderson et aL (19bl) indicated. that hot alcohol, hot water, 

and hot oxalate solutions caused varying degrees of decarboxylation of 

pectine However, the duration of each treatment used by the authors 

, 0 0 
wa's at least 2 hours and. temperatures varied ,from 85 -100 C. The present 

work was carried out wi th a heating time not in excess of 30 minutes and 

o with temperatures neve! exceeding 90 c. 

The acetone extraction was used to' remove any lipids and col~ur 

. materials. The acetone extract was yellow; the yellow pigment which is 

considered to oçcur in all apple varieties is 3-ga1actosidyl quercetin 
~ 
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(Smock and Neubert, 1950). Tt is essential to remove this flavone in 

order to reduce the interference in' the measurement of acid detergent 

fibre ~d lignin. The pigment ls converted to an insoluble reddish brom 

substance, simila.r to phlobaphene, on treatment With mineraI acid. 

Diethyl ether was us~d to remove the acetone. The residual 

ether was eliminated from the fibre preparation by passing air through 

tt:ê product at room temperature. A higher temperature was not used sa as 

to avoid the :possible formation of Maillard reaction products which in~er­

fere in the determination of the lignin component of dietary fibre 

(Hartley, 1978). 

B. Particle Size Analysis 

Four samples (JO gIn eaeh) of apple core fibre were subjected ta 
v' 

the sieving procedure as described in Section II. 1, page 1.5. The results 

are shawn in Table 9 and in graphie form in Figs. 8 and 9. It will be 

noted. that a high proportion of the particles range in diameter from 250 

ta 1000~ m. The data when plotted as a log-probab': lit Y distribution, 

may be approximated by a straight line (Lapple, 1968) With a standard 

geometric deviation of 2.19 and a Mean particle size (diameter) of J07~m. 

The sieving procedure 1s inf'lueneed by the particle shape;" rod-

like particles will be measured by their small dimension, fIat particles 

by their large dilllension (Waldo Üal., 1971; Lapple, 1968). A small 

portion of the apple core fibre preparation is rad-like; the cartilagenous 
\ 

1 

pertcarp, that tissue which surrounds the -seeds, ls sheared during the 

final grinding stap. 

( 
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TABLE 9 

Particle Size Distribution of Apple Core Fibre 

Sieve No. Aperture eu.ro) 1.0 g Aperture Cumulative 1 Weight2 

Percent Undersiz~. Fraction 

10 2,000 J.) 100 0 

let 1,000 J.O 98.2 0.0186 

35 500 2.7 65·8 "- 0.32J2 

60 250 2.4 J3.9 0.3199 

" . 100 149 2.2 18.9 0.1497 . , 
\" 

'200 74 1.9 8.7 0:1014 

2JO? 63 1.8 

" 
0.0873 

1. The percentage of the total weight qf material which passed through 
indicated sieve. 

'" 
2. These figures represent the fraction of the total weight of material 

which is rela ted by the indicated sieve. 

3. The tray is considered a sieve of the next smaller size. 

4. The values are the average of 4 trials. 

o 

- ----
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Partiele size is important at both the chemieal and. physieal' 

levels of digestion. Schwerdtfeger .(1979) determined that well-chewed. 

food passed a J mm sieve; analyses of dietary fibre are generally per-
~r 

:formed on material ground. to pass a 1 mm si,eve (Theander and Aman, 197%; 

McConnell et êJ..., 1974; Goering and Van Soest, 1970). Partiele size may 

influence digestion (Lewis, 1978; Thomas and Elchazley J 1976), George 

et al. (1980) concluded that the particJ,e size may be reduced to a point 

of optimum fibre digestibility and hydr~ion eapacity. The former is 

influeneed by the surface area; the latter is a complex function of sur- )_ 

face élIea, which increases with grinding, and interior cell space, which 

deereases with grinding (Van Soest, 1978). Reduction of the partiele 

size below this optimum, resuJ. ts in eompaction which prevents enzymatie . 
activi ty, increases feed densi ty and allows the finer particles ta flow 

~ ~ 

ri th liq uid, .. thereby redueing the bulk effect and decreasing transit time,.. '~ 

(George et al., 1980; Van Soest and Robertson, 1976). 

Heller ~ al. (1977) demonstrated that the reduetion of partiele 

size resulted in lower hemicellulose values. Lewis (1978) suggested that 

excessive grinding
y 

may cause hydrolysis of sorne ]2Olysaccharides. 

Selvendran (1979) concluded that, for a preparation of cell wall material , 

with a partie le size. of 25)A-m-SO,)!lll, polysacc\1aride degradation had rl:ot 

oceurred. 

c. Water Holding Capaci ty 

The water holding eapacity of apple core fibre was measured by 
. 

the methods (Methode 1 and 2) described in Section II. A.2&J, pages' 15 and ... 
16. The resl.Ù ts are shawn in Table 10. Acid Jergent 

, 
\ 

1 ..... 

'" 

\ 

1 

1 
1 
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TABLE 10 

Water Holding Ca.pacity of Fibre Samples 

Watér Holding Ca.pacity (gm H20/gm fibre (dry wt.) 

a Temp. C Apple Core Fibre1 NDR2 AJJR
2 

Cellulose MN 3003 
,t;l. 

Metood #1 • 

150.7 

16.3 

/ --

, 8.6 

8.6 

1 • Values are the averages of 'si.x replicates. 

6.2 

6.1 

2. Residues from neutral detergent fibre (NDR) and acid detergent fibre 
(ADR) of apple' core fibre. 

J. Values are', the average of three repJ.icates. 

4. These values are significantly different, p = 0.05 

5. These values are significantly different, p = 0.05 

6. These values are significantly different, p = 0.05 
• 

7· These values are significantly different, p ::;; 0.05 
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detergent fibre wera prepared from apple core fibre as described in 

Section II.B .1&2, page 18. The residues were dried at 100
0

C a.n.d ground. 

V\.... to pass a 2 mm sieve. The~ water holding capaci ty of each residue and, the 

water holding capacity of a purified 'cellulose (Cellulose MN 300, Macherey 
" 

Nagel) were alsO' measured by the two methods. The results of the analyses 

are given in Table l'O. Differences between the four types of fibre were 

evaluated using the Duncan' s Ml.Ù tiple Rânge Test (Steel and Torrie, 1960); 

differences between treatments were evaluated using Student' st-Test 

(Steel and Torrie, 1960). It will be noted. that the values obtained using 

Method #1 (freeze-dry.ing) are higher than those obtained by Method #2 

(fil tration). This finding 1.s in agreement with that of Robertson et al. 

(1980). The centrifugation ",step used by the se authors was found to be of 

li ttle use in the present study as the apple core fibre and the NDF prep­

ara tion did not pellet when centrifuged. McConnell et al. (1974) sug-

gested that the use of the same conditions for the measurEfment of water 

holding capaci ty for a range of substances, may not gi ve a true measure 

of water holding capacity. 0 

"-

There .are several methods for the méasurement of water holding 
Î 

capacity, other than the two used. in the prese{lt st.udy (Parrott and .Thrall, 
\ 

1978; Lapsley, 1980; Robertson et al., 1980)~ Ssveral terms are used to 
1 

denots this pro pert y of fibre (Rasper, 1979a,Jj Van Soest, 1978; 

McConnell et al., -1974). Water..holding capacity is usually defined by 

the methodology (Robertson ~ al., 1980) but "hydration cal'S-ci ty" can be 

mea.sured by various techniClues- (Raspe~, 1979b; 

1976) which measure diffe:r-ent propèrties. 

Van Soest and Robertson, 

" 



Water holding capacity ls a complex fWlction of flbre source 

and structure (Robertson and Eastwooçl, 1981); i t ls governed by the 

crystallini ty à.nd partiele size (Lewis, 1978), the surface characteristics 

and the bulk volume (Van Soest and Robertson, 1976). Cummings et al. 

(1978) correlated lncrease in faecal weight with the pentose fraction of 

non-cellulosic polysaccharides (hemicelluloses). The effect of the 

partiele size on the measuréd am01lllts of ,hemicellulose (HelIer et al., 

1977) has been discussed previously. McConnell tl al. (1974) noted that 

water hold.ing capaci ty was increased by increasing temperature. Parrott 

and Thrall (1978) noted that the shape qf fibre particles was af'fected by 

temperature. 

The resul ts in Table 10 demonstrate a decrea,fe in water holding 

capaei ty \n the order; apple core fibre, NDF, AnF. These resul ts are in 

agreement wi th the work of Lapsley ~980). The decrease may be due in 

part to diffe:r;ences in' compositiolli N'DF and ADF are more or less equi-

valent to the apple core fibre less pectin and apple core fibre less pectin 

and, hemicellulose, reJ1P~cti vely. The preparation of the NDF and ADF 

resldues included drying at 100°C and grlnd.ing to pass a 2 mm sieve. 

Robertson and Eastwood (1981) indieated thât severe drying lowers the 

water holding capaci ty. Van Soest and Robertson (1976) demonstra ted tha t 

fibre from wheat bran increased its hydration eapacity as par~e size 

c 
decreased but Lapsley (1980) has shown that iri Most instances ri th apple 

'" 
mesocarp and i ts fibre residues, partiele size had no effect on the water 

• 
holding eapa~: ty. MeConnell et al. (1974) indicatec;i tha t gr1nd.ing redueed 

) '\ ' 

water holding capaci ty but that the effects were small. 

• 1 

, 
~ 
1 
1 
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The water holding capacity measures bound and trapped water. 

Robertson and Eastwood (1981) stated that trapped water does not remain-

associated with fibre. This phenomerton may be reflected in the differ-

ence"in< values obtained with the two techni,!ues used in the present study 

to measure water holding capaci ty. 

It should be pointed out that the values reported for the water 

holding capaci ty of cellulose MN 300 axe va1~d for the specific cellulose 

used in the present study; other workers (Schaller et al., 1978; Parrott 

and Thrall, 1978) have pointed out that samples of commercial- purified. . 

celluloses differ in composition and may differ :Ln particle size as well 

as ultimate source. 

D. SettliAA Volume 

The settling volume of the apple core fibre, the residues fram 

the acid and neutral detergent fibre determinatiorls and' a purified cel­

lulose (Cellulose MN 300) was measured by th~ method described previously 

(Section II.A.4, page 16). The results are shown in Table 11. The bulk 

volume and the 'w~ter saturation capacity (Middleton and Byers, 1934) axe 

reported in Table 12. Settling volume (SV) and water saturation capacity 

(WSC) are J:'elated by the equation 

SV (ml) - Bulk Volume (ml/gm~ x Dry Weight (gm) = WSC (gm/gm) 
( !lry Weight gm) 

The voiume of water i5 munerick • .,qual to its weight (~iddleton and 

Byers, t934). The btùk volume of the fibre samples' was determined from 

the bulk density; the bulk density was measured according ta the method 

described by Montgomery and Baumgardt (196.5), using a 10 ml graduated 

cyl1nder. 

f 

, 
1 
f , 

, , 
i 
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TABLE 11 

Settling Volume of Fibre Samples 

Settling Volume (ml/gm Fibre)4 (25°C) 

Apple Core 
, 1 

Fibre NDF ADF Cellulose MN 300 • 

2 22.4 (0.4) 12.8 (0.2) 11.4 (0.2) 

1. V~lùes for apple fibre are the average of six r~licatesJ all 
othe~ ars the average of three replicates. , , 

2. These ~lues are not siinificantly different (alpha = .0.05). , 
J. . The numbe~s in the brackets represent siandard error. 

4. Values are ~ a dry weight bas,is 

\ 

\ 

\ 

• 
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TABLE 12 

Bulk Volume and Water Saturation Capacity of Fibre Samples 

Method Apple Core Fibre NDF ADF Cellulose.MN )00 

'- 1 
Bulk Volume 7.1 5.5 5.7 5.2 

W.s.C: 2 16.1 (1.7)3,4 16.9 (0.5)) 7.1 (6.3) 6.1 (.2) 

1. 

2. 

). 

4. 

Values of Bulk Volume are expressed as ml/gIn fibre on a dry weight 
'basis. Vàlues are the averages of three replicates. , 
Values of Water Saturation Capacity are exp~essed as gIn of water/ 
gm fibre, on a dry weight basis. 

'--
These values are not significantly different (alpha = 0.05). .. 
The numbers in brackets represent standard error. 



It will be noted that the values for the NDF and apple core 

fibre are not markedly different. A eompar1.son of pooled values of the 

water holding capacity from Method #1 and #2 with the values for WSC 

(Tabl~ 13) demonstrates a large difference in the values for the NDF 

residue. It is possible that the solubilization in the neutral detergent 

of specifie cell wall components (pectin and sorne hemicellulose) alters 
" 

the abili ty of the fibre to retain water under the mild eompaction whieh 

would oceur in the measurement of the water holding capacity. 

E. Cation Exchange Capaeity. 

An initial experiment was conducted ta determine if a difference 

existed between th~ two following methods of ae~d-charging recommended in 

the literature,- a 48 hr. soaking of sample in 0.1 M Hel as suggested by 

Robertson et al. (1980), a 48 hr. soaking in 2.0 M H'CI as suggested by 

McConnell et al. (1974). Samples (4 gm approx.) of apple core fibre were 

mixed with an exeess of either 0.1 M or 2.0 M HCI and allowed to stand 
c , 

(2SoC) for 48 hours: The samples were fi~tered (Buchner funnel) and 

washed with glass~istilled water until the filtrates were free of chloride 
. 

esilver chloride test). Samples (6; 0.25 gm, dry weight, approx.) of 

each treated fibre were titrated as described in Section II.A.S, page 17. 

Readings were taken every two minutes and thé average of the six samples 

used to plot a titration curve. The titration curves for the acid-charged 

apple core'fibres are presented in Fig.iO. It is evident from the graph 

that the 2.0 M Hel was more effective than the 0.1 M Hel in converting the 

fibre to a fully;· protonated state. .AU subsequent samples were acld-

-~ha.rged USillg 2.-0- M Hel. 
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TABLE 1) 

Comparison of Pooled Values of Water Holding Capacity wi th 
Water Saturation Capacity for Fibre Samples. 

Method 

1 W.H.C. 

W.S.C. 1 

Apple Core Fibre NDF ADF Cellulose MN 300 

16.1 (1.9)2 11.5 (1.5) 7.1 (1.7) 5.8 (0.6) 

16:1 (1.7) 16.9 (0.5) 7.1 (0.3) 6.1 (0.2) 

59 

\ 
\ 

, , 

\ 

1. Values of W.H.C. and W.S.C., are expl'essed as gIn H
2

0/gm fibre on a 
dry weight basis. 1" .,<' ....... ' -,Tr. 

2. The' numbers in the brackets ;;-epresent stand~rror. 
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The cation ex change capacity of the residues from the NDF and 

ADF was measured, after acid-charging in 2.0 M Hel, by the method des-

cribed in Section II.A.5, page 17. The results of,the analysis are given 

in Table 14. The cation exchange capacityof citrus pectin (Sunkist Pure 

Citrus Pectin «.F.) was measured without acid-charging. This valUltiS 

reported in Table 14 along with values reported in the literature for 

apple tissue, cellulose (Whatman #41) and Solka Floc (Brown's Co.,Ill.) 

It should be pointed out that the ~ues for both the cellulo;e and the 

Solka Floc were determined by a calciupt binding method (Van Soest and 

" 
Robertson, 1976; James et al., 1978) and hence one might expect different 

values from those obtained wi th tbe technique used in the present study. 
1 

The ADF residue contains 94% celÎulose and a small quantity of lignine 

Small amounts of pectin (Béla and deLumen, 1981) and hemicellulose 

(Morrison, 1980) may also be present in the ADF residue. Van Soest and 

Robertson (1976) indicated that preparations of cellulose from wood may 
• 

contain up ta 15% :pentosans. Parrott and ThraU (1978) demonstrate<t that 

two Solka Floc preparations (BW100 and sw40) contain protein and compon­

ents, soluble' in acid detergent. The exchange capaci ty of these prepar-
'~ 

- ations 'inay be due ta their non-cellulosic components. 
\ 

\ 
nhe titration curves of the apple core fibre and the residues 

of NDF and ADF are compared in Fig.l1. Robertson .et al.. (1980) suggested 

that the pectins are mainly responsible for the cation exchange capaeity 

sinee peetins have a high prop:>rtion of, uronie ,,~eids. Van Soest (1978) 

and vàn Soest and Robertson (1976) suggested thatr the eomponents of fibre 

responsible for exchang~ were pectin, hemicellulose, lignin, and nitro-

genous compounds such as Maillard polymers. The titration eurves for the 

1 
1 

1 
1 
; 

l 

1 

( \ 

1 
j 
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TABLE 14 

Cation Exqhange Capacity of Fibre Samples 

'Sample meq/gm 

Apple Core Fibre 0.474 

'. 
0.145 Apple Core Fibre NDF 

Apple Core Fibre AnF 0.055 
, 

Citrus Pectin 1 1.016 

Apple Tissue 2 1.9 

Cellulose (Fil ter paper )3 0.00 

Solka "Floc3 0.06 

Cation Exchange Capaci ty was determined using' 
unéharged Sunkist Pure Citrus Pectin N. F. 

2. 

3. 

Water washed, acetone dried;(McConnell et al., 
1974. 

Cellulose is Whatman #41 fil ter paper; 
Van Soest and Robertson, 1976 

4. \ Average of six replicates. 

5. Average'of three replic~es. 

6. Average of duplicate measurement 

62 
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"apple core fibre and its detergent residues are similar ta the'curve 

obtained for citrus pectin (Fig. 12). The pK's for the apple core fibre, 

the NDF and ADF residues ~ the citrus pectin, calculated fram the 

titration-curves and the pK of galacturonic acid (determined separately) 
-

are ).5; 4.2; 5.1; ).7 and ).4 respectively. Kertesz (1951) re­, 
ported that the titration curve of pectin resembled that of a monobasic 

acid having only one point of inflection. Bonner (1936) indicated that 

the p~ of pectin increases constantly from 2.7 ta over 4.0 during a 

titration. Hinton (1949) reported pK values for pectin ranging from 2.56 

to 4.16. Robertson ~ al. (1980) stated that uronic acid5 have pK values 

which range fram 4.0 to 6.0. It 5eems reasonable to assume the uronic 

acids in the apple ~ore fibre are responsible for the cation exchange 
---p 

capacity since the apple core fibre has three times the exchange capacity 
"-

of theONDF (apple core fibre minus pectin) and nearly ten times the ex-

change capacity of the ADF (apple core fibre minus pectin and hemi-

cellulose). , 

F, Scannin of Fibre Sam les 

The electran microscope has been used to study the sub­

microscopie trueture of muscle and the effects of mechanical stress on 

the struet 1 characteristics of dough (Varriano-Marston, 1977). 

Robertson (1980) and Parrott and Thrall (1978) 
1 
1 

have used Scartning Electron Microscopy to examine differences in fibre 

preparations. Varriano-Marston (1977) stated that "morphological structure 

is often a clue to the functionali ty of a f.ood material." Robertson and 

Eastwood (1981) stat~at fibre structure influenced water holding cap-
"-

acity. The apple core fibre, the acid and neutral detergent residues and 
""'-
" 

i \ (
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the residue from the determination of the pectin content (Section II.B.5, 

page 19-) were abserved under the Scanning Electron Microscope. 

Fig. 13 shows the electron micrograph of apple core fibre. 

The cell walls are somewhat compressed, thickened and smooth. In contrast 

ta this, the cell walls of the apple core fibre after pect1n extraction 

(Fig. 14) are finely de-tailed and. appear ta be thinner. The electron 

micrograph of the neutral detergent residue of apple core fibre (Fig. 15a) 

indicates that the material 1s similar ta the fibre after pectin extrac-
1 
lP' 

tian; the cells, however, are more highly cOipressed. The same material 

at higher magnification (Fig. 15b) appears as ~~coarse mat of ce Ils which 

is c~acke~ in several places. The acid detergent residue (Fig. 16a) is 

very c~pres$ed and lacks any fin~' detail. A higher magnification of 

~he sarne material (Fig. 16b) shows coarse, fragmented and compressed cell 
Il 

walls • 

It is possible that lame of the differences in the structures 

of,the fibre preparations is a result of the drying techni~ues. Apple 

core fibre was washed with acetone and ether and air~ied at room temp-

erature. The résidue from the pecti~ extraction was washed with acetone 
;Ay" v 0 ' 

and dried in ,an aven at 40 C. The residues from the acid and neutral 

dstergent fibre determinations were washed with acetone and dried at 100oC. 

;' Varriano-Marston (1977) demonstrated that different dehydration procedures 

affected the f~ne structure and the spatial and topographical relation-
\ 

ships of' dough s~ples. Robertson and Eastwood (1981) demonstrated that 
l' 

freeze-drying ahd air-drying of patato fibr~ caused differences in its 

cellular appearance from that of frozen patata fibre. 

" 

" . 
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Figure 13. Electron Photomicrograph of Apple Core Fibre 
Mag. x 1000 
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Fi~e 14. Electrop Phàtomicrograph of Apple Core Fibre 
after extraction of Pectin by EDTA and 
Pectinase. Mag. x 500. 
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; Figure 15a. 
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Electron Pho~omicrograph of the neutral 
det~rgent residue of Apple Core Fibre. 
Mag. x: 1000. 
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Figure 150. Electron Photomicrograph of the neutral 
detergent residue of Apple Core Fibre. 
Mag. x 2000. 
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Figure 16a: Electron Photomicrograph of· the acid 
detergent residue of Apple Core Fibre. 
Mag. x 500. 
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Figure 16b. Electron Photomicrograph?f the acid 
detergent residue of Apple Core Fibre. 
Mag. x 1000. 
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G. Amino Acid AnaJ.ysis of' Apple ',Core Fibre 

Four samples (15 mg) f apple core fibre rrer~ hydroîyzed 

w:!,. th hydrochloric acid and prepared or amind a.cid analysis as descr1bed 

in Sectio!,\ II.B.8, p.2). The results f the amiI;lo acid analysis ex-

pressed as g;-a.ms of' amino 

grams of ni tragen in each 

are reperted in Table 15. 

acid in 100 ~s of ap~e ~ore fibre and as 

amino acid in 10~ grams 0)\ apple core fibre 

The ni trogen content:, calC~ated from the 

ni trogen content contributed from each amino àcid, i~O. 67% on ~ dry rreight 

ba.sia. The nitrogen content as det._ned by ~micro-Kj •• dahl method 10 

1. 1% on a. dry weight basis. Based on the n~ tro~en~con tent Z"USing a 

factor of 6.25 the protein content of the apple co fibre i 6:8% • 
. "-' 

The prote1n content 'reperted. in the present study, ees closély with the 

value re:POrted by Morrison (1956) for dried apple pect~n pulpe The d1s-

c~epancy between the n1trogen content of apple core fibre determined by 

the micro4<jeldahl method and that calculated from the ;;:om1 no acid content '# -', 

may be the result of (a) the presence of non-protein ni trogen such as 

nucleic acid and Cb) the destruction of certain, amino acids during acid 

hydrolysis of prote~ns in the presence of' carbohydrates (Blackburn, 1978; 

Lugg, 1933, 1938; Black and Bolling, 1951). 

, , 
\ Davis ~!l. (1949) recommended that a conversion factor of 

11.76 instead of the usual factor of 6.25 should be used to convert the 

nitrogen to pro te in in connection w1th apple proteine Based on this) . 
factor, the .protein content of 8.pple core fibre is 13%-. 

,1 

-, .. ..:;.? 
/ 

\ 
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Amino Acid Core Fibre 

gm Amino Acid/ 
~ N1trogen/ 

10
2 Amino Ac id gm Amino Acid/ x 

100 gm fibre 100 g1I1 fibre 

-
Aspa.rtic Acid • .56 -5.89 

Threonine .23 2.70 

SE;!rine .21 2.80 r 1 
1 
l 

Glutamic Acid. .59 1 5.62 1 

, 1 
Glycine .24 4-.48 

Alanine L- .27 \ 4.24 , 
Valine .61 7.30 

Isoleuc~ne .27 "2.88 

Leuc:1.ne .45 4-.81 

Tyrosine .11 .8.5 

Phenylalanine .23 1.9.5 

• 44 • / 
8.4; Lysine 

Arginine .22 
/ 

7.08 
~ 

Histidine .18 4-.87 

Praline .23 1 2.80 
"-

. 
'-~ 1. Aver~e of 4 repl.l~a.tes. 1 . . ........., 1 

( ~r. 

l 
.~ ....... - • ......... _·-·,-.-~"" ..... wot-.... __ ... ~-
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H. • Identification of Neutral Sugars in Apple Core Fibre 

Samples (6; 1.50 'mg each) of apple core fibre were hydrolyzed 

with sulfuric acid (.5%) for 2 • .5 hours as described. in Section rI.B.9, p.25. 

The hydrolysates were allowed ta settle and the supernatants were removed 

, by siph~ning. These were lab~led. H
1 

to H
6

" and. were set aside for sugar 
~ 

analysis. The residues were again hydrolyzed with sulfuric acid (72% w/v, 
) . 

a ~ 

48 hr , 4 c) ~ the mixture fUtered. to give an addi tional six samples of 

hydrolysat~s. Thase were la.beled h
1 

to h6 and were set aside for sugar 
... 

analysis. 

.. 
Previous ,workers (Theander and., Aman, 1979b) have shown that 

. 
apple tissue contains rhamnose, fucose, arab ino se , xylose, mannose, 

galacto~e, and gluéose •. Th,e literature was reviewed. to find a suit able 

method for tjJ.e identification of the sugars mentioned above. Jermyn and 

Isherwood fl94-9) se~arated., seven sugars as well as gal~cturonic acid by 

paper chromatography. The method gave an Fsatisfactory separation of . " 

a.:r:'abinose and mannose: Schweiger (1962) using the sol vent system of 

J ermyn and Isherwood (1949) and cell\llo se as the su pporting ma terial (thin 

layers) failed to imprové the separation of arabinose and mannose. 

Ra&isveld and IG.omp (1971) achieved a good sepàration of mannose, arabinose 
J' • 

and glucose by thin layer (cellulose) ch;romatography using a mixture of 

ethyl acetate, PYtidine and water. Hoton-Dorge (1976) sepa.:rated the, seven 

sugars (rhamnose, fucose, xylose, arabinose, mannose, galactose, glucose) 
'" , 

that were found to be present in apple tissue (Theander' and Aman, 1979b) 

by thin layer chromatography (Cellulo se MN )00) using a m:l,)cture of et,hyl 

aoetate, pyridine, water, n-butanol, acetic acid (5:4:4:10 :2). Several 

unsuccessful a.ttelllpts were made to separate the seven sugars mentioned 

! 

J 
: , 

" 
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above using cellulose plates (Br1nkman Polygram Cel )00), the solvent 

system used by Hoton-Dorge (1976) and a development time of 7.0 hours 

76 

(2 developments of '3.5 br. each). Experiments showed that a mixture of 

acetonitrile, pyridine, water, n-butanol and acetic acid (4:5:4~9:J) and. 

two developments (2 hr. each, 40°c) using cellulose plates (Brinkman 

Polygram Cel 300) gave a good separation of the seven sugars. 

Fig. 17 shows a photograph of a chromatogram which was pre­

pa.red using s~lutions of the eight indi vidual sugars, mixtures of these 
f , 

sugars as well as the apple core fibre hydrolysates (Hl and hi)' It will 

'be noted that Hl (5% sulf'urie acid hydro~ysate) eon~ained small amounts of 
r 

rhamnose and fucose, and somewhat larger amounts of mannose, galactose and 

glucose; it contained relatively larger 8.IJlounts of xylose and arabinose. 
l ' 

Hydrolysate hl (72% sulfuric ac~d hydrolysate L contained xylose_ ana gluc-

ose. Bath hydrolysates eontained uxonic acids. The chroma;togram indic­

ated that hvdrolysate hl eontained both glucuroI1:ic and galactuxonic acid. 

Table 16 lists the Rf and Hg values of the various sug~s as weIl as the 

colour of the i~i vidual sugars on th!! chromatogram. The Hg values for 

the uronie acids in hyd.:rolysate hl are Lj.l and 47; the Rg value ôf the 

uronlc ao-id iri hydrorysate Hl ls Lj.1. These values are in agreement with 

the values ci ted in Table 16. 

1. Cas Chromatographie Determination of Neutral Sugars in Apple Core Fibre 

Sam1'les :fi.\ln\'t the 5% sul.furie hytlrolysates (Hl -H6; Section II.B.9, 
1 • 

1'.2.5) and sam1'les from the 72% sulfuric hydrolysates (hl -h6; Sect~on II.B.9, 

" 

1'.29) were 1'repared for ga..s chromatographie analysis as de scribed, in Section 
~ 1 

II.B.l0,p.JQ. Samples of gwn arabie which were hydrolyzed with 5% suJ.furic 

. " 

.4 . ' ........ 
~~~_ .......... ~~.~#. •• ~ •• _ -' f. ·s> .. 

il' 
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Figure 17 

Chromatogram of Sugar Standa.rd.;> and ,Acid H.yd:rolysates 

'Il 
1. Ga.l.a.ctose 

2." Glucose 

). All.o se 

4'1_ Mannose 

5. Arabinose .,../ ;,,-

6. Xyl.ose 

7. Fucose 

8. Rhamn,ose 

9. Suga.rs 1, .2, 4, 5, 6, 8 

10. Sugars l, 2, 4, .5, 6, 7, 8 
'Î 

, 11. Hydrolysate ~ 
12. Hydrolysa te Hl '. 
13. Gal.a.c tose 

... , --,--"------
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Figure 17. Chrotnatogram of Sugar S~a.ndà:rds· and Acid 
Hydrolysates. 
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TABLE 16 1 

1 
l 

Rf and. Rg Values for Sugars 

1 
,. 0 

Sugar Rf ?C 100 Rg x: 100 Rg x 1001 
Co 10 ur Response 1 

J 
Ga.lacto'se • 43 90 86 Green J 

y 

:) 
Glucose 48 100 100 Green 

Allo se 52 108 Green 

Mannose 55 115 109 Green " 

Arabinose 61 127 119 PipIt 

Xylose 64- 1)) 131 Pink 

Fuoose '71 148 143 Green 

Rha.mnose 77 160 '--171 Green 

Galacturonic Acld 
2 23 42 Brown 

./ , 
~~~, 2 

25 46 Brown r' " .... <;;lucuronic Acid 
\ 

::....1 

1. Values calculated t'rom the Rf values reported in Hoton-Dorge ( 1976). . \ 
2. Detarmined in several previous runs as components of a suga.:: m.ix:t ure • ., 

~ 1 
1 

\. 

" 

,. 

i 
i -
J > , 

-1' '" ~" c. 0 ! - -
1 •• 
~ -.- _ ......... --...--~.~-_ ..... --:- .... 

....... :~---..-.---..... ~ .. ' * t )~-
.• '." ._ ,,' . _ J';"'W n _i •• '._ " 

, , 
:-~.--~_.-._._~~ 

';~ '"'.'~ , 



!J 

\ . 

\ 
\ 

) 
80 

acid and samples Of a purified cellulose (Cellulose MN )00, Macherey 

Nagel) which had. bean hydrolyzed with 72% sulf'uric acid,' were prepared 
,1-

for analysis as we1l.l. Samples of the pectin extracts (Pi to P4) of apple 

core fibre and the pectin extract of citrus pectin,. prepared as described 

in Section II.B.,5, p.19, were hydrolyzed and prepared
o 

for analysis' by gas 

chromatography as described in S~ction ILB.iD, p.]!. 

Triflll.Oroacetic acid (TFA) and sulfuric acid hydrolysis have 

been used extensi vely ta release the sugars from complex mixtures oi paly.." 
1 t 

saccharides. Sugars are easily isolated from TFA hydrolysates by eval'Or- , 

ation of the acid (Albersheim et al., 1967). TFA will release the neutral 
, 

sugaxs from aldobiouronic acids whiçh axe resistant to sulfuric acid 
-

hydrolysis (Ta1.rnadge et al., i973). The authors indicated, however, that 
• J ---

TFA Will not hydrolyze cellulosè or the ,8-(1-4 )-glycosyl linkages in a 

xyloglucan backbone~ Further, TFA hydrolysis will degra.de uronosyl res-' 

) idues in cell wall polymers. Bi ttner II al. (1980) indicated that as a 

consequence of these limitations the analysis of cell walls conducted by 

COllings anQ. Yokoyama (1979), may have under-estimated the non -cellulo sic 

. compements and over-estimated the cellulose component. 
! ' 

Sulfuric acid bydrolysis is the basis for the analysis of the 

neutral sugars in t~e present work. The neutral sugar composition of the 

sul.f'uric acid hyd.:rolysates Qf apple core fibre, expressed as grams of 
, 

a.nhydro sugat' in 100 grams fibre (ciry weight) are ,reparted in Table 17. 

The neutraJ. sugar composition of apple core fibre is reparted. in Table 17 

. as weIl. SouthgatELJ1969) demonstrated. that the release of hexose and" 

pentose from food S~les reach a. maximum after 2.5 hO urs in 5% ~/v) 
o ---sulf1;U'ic a.cid at 100 C.. je author considered. that this hydrolysis pro-

" 

'. 
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TABLE 17 

Neutral Sugar Composition of Apple Core Fibre 

Com:e2sition of A:Ql21e Core Fibre (gm/100 e;!!!. drY weiiSr:t)l 
\ 

Sugar 5% Sulf'uric Acïd 72% Sulfuric Acid Total of 
Hydrolysate Hydrolysate 5% and 72% 

Rhamnose 0.6 (0.1) 2 0.6 (0.1) 

o Fucose 0.9 (0.1) 0.9 (0.1) 

Arabinose 5.3 (0.5) 5.3(0 • .5) 
Xylose 10.7 (1.2) 1.3 (0.2) 12.0 (1.4) 

Ma.nnosa 0.8 (0.1) 1. 5 (0.2) 2.3 (0.3) 

Calactose' 6.4 (0.8) 6.4 (0.8) 

Glucose 5.2 (0.5) 38.0 (2.9) 43.3 (J.2) 

Total 29.9 40.8 70.8 

1. Theae results represent the averag~ of 6 samples; each sample 
was analyzed in triplicate and aliquots of each replic~te were 
analyzed in duplicate on the gas chromata'graph. 

2. The numbers in the brackets represent the st~da.td. e:r:ror. 
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ceq.ure released the hemicellulose fractions of food samplés. Cellulose 

was solubilized by ftJ.I;ther hydxolysis with 72~ (w/w) sulfuric acid. 

SaeJn et al. (196) indicated that complete hydrolysis ojf cellulose re­

quired a primary hydrolysis to form a mixture of oligosaccharides and a 

: " secondaxy hyd.r?lysisl to complete the conyersion to sugar monomer.,s. Th~ 

têchn1que of An9-erson and Clydesdale (1980) ·whieh was used with slight 

modifi~ation in the present study, 1s e$sent1.ally a comb1nation of these 
~ 

methods. ,Selvendran ~ al:. (1979b) recommended Saeman hYdrolySis as a 

method for the measurement of the total neutral sugars in cell wall 
~ 0 

materlal. Theander and Aman .C tQ79b ) used a similax procedure in 1 the1x 

: studies on d1etary fi"l:{re. The authors argued that sinee some cellulo·se 
1 • 

\ i~ hYdrolyzed by di!Ute sulfuric acid ~d sorne: fractions of hemicellulose 

are~diffi~ultlto hydrolyze" the total polysaccharides should be measured 
o 

rather than be ~easured as hemicellulose and cellulose (Theander and Aman, 

1981). 

Acid hydrolysis of polysaccharides can lea.d. to the degradat10n 

of the liberated' sugars (Adams, 1965).. 5el,vendran et al. (1979b) reported 

smaJ.l laâses of suga.:rs after heating (100~C, 5 br.) mixtures of sugars in 
c 

sulfur:tc acid (2N). Hough ~ al. (1972) indicated. that the neutrallzat10n 

step following acid hydroJ..ys1s, can result in losses of sug~s. .In the , \ '. 

present study, a standard sugar mixture was heated"-'(1000C, 2.5 'hr.,) in 

sulfur:1c acid (..5% w/v); the\, mj.xture we.s then neutraUzed and tHe sugars 
,. , 

derivatized as described in Section II.B.10, p.)1. The molar response 
\ 

;t'actor~ were det,ermined USi~~fo-d-~lOS'e (Sigma) as the int~rnai standard 
l l" ., 

and are ,reported elsewhere (s e Tablé 7). Al though myo-inosl toI has peen 
l ' 

used bY~VeraJ., a~t~ors (Oade 1967: Borchardt and ~Per,· 1970; Jones 

_____ ' 1 
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and Albersheim, 1972), Theander and 'Aman (1979b) reported difficulty in 

securing resul ts. Anderson and. Olydesda.l.e (1980) reported variability in 
+ . 

recovery (94.7 - 7.4%) using myo-inositol as the internal standard. 
... , 

Torel1o et al. (1980) suggested the use of ribose. Preliminary experi-

ments carried out in the present study using ribose as an internal 

standard, indicated a low recovery after hydl:olysis in sulfuric acid (5%, 

100°0) for 2.5 hours. 

The advantage of an internaI standard as outlined by Laker 

{1980} axe,Cl) more certain identification of peaks; (2) correction for 
, ,. 

solvent losses due te evaporation; (3) correction for fluctuation of the 

injection volume (microlitres). The criteria for the selection of an 

internal standard are (1) complete separation, as a single peak, from 

other components; (2) it should be stable and of high puritYI (3) it 
, 

should have identical or at least similar detector response and (1+) i t 

should never occur in the sample to pe analyzed. 

An important consideratio? in the determ1nation of the res­
j ~-,/ 

ponse factors for each 'suger ls the assurance that the sugars and inter­
/, rUfi\ 
,,~ .. 

nal standard are dried before they are weighed,. Jones and Albersheim 

(1972) dried their internaI standard at .so°O for 1+8 br. in a vacuum and 

their reference sugars were stored. for 72 br. at 50°C 'in a vacuum oven 

prior to we1ghing. Southgate (1969) dried. monosaccharide standards over 
o . 

PZO, und.er reduced pressure at 37 o. In the present s:udy, the sugars wera 

dri~over calcium chlorida und.er reduced. prèssure (2-3 cm Hg) at 2~C. 

Karma. (1980) indicated that calcium chloride i5 less affect1 va than P 2°5 

as a. desiècant. , 

r 
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The sugars released by acid hydrolysis were converted. to their 

corresponding alditol acetates by reduction wi th sodium borohydride and 

acetylation with acetic anhydride and anhydrous sodium acetate. (?,loneker, 

1972) • 
, '1 

This method eliminates the formation of sugar anomers. Prelimin-

a:ry work using pyridine and ace:tic anhydride to acetylate the aldi tols 

(Sawardeker et al., 1965) res~lted in dark reddish-brown solutions which 

prodlJCed. tailing of the sol vent front and caused rapid deterioration of 

the first few centimeters of the column packing. The method employed in -
the present study produced solutions which were light yellow te> light 

brown in colour. The solutions caused litUe deterioration of the column 

packing and reduced the tailing of the solvent front. Recently, Bittne;:-

et al. (1980) reported a new acetylation technique using N-methylimidazole 

and acetic anhydride which reduces acetylation time to 5 minutes. 

J. The Uronie Acid Content of Apple Core Fibre 

Samples (4; 1 gIn each) of apple core fibre were suspended in 

EDTA (130 ml, 0.5%, pH 11.6) and stirred meehanically for 30 minutes. The 

reaction of the suspensions was adjusted to pH 5.4 (approx.) J pectinase 
-

(0.1 grIl, Nutri tional B iochemicals Co.) was added and the suspensions were 

stirred for one houri The suspensions were transferred to volumetrie 

flasks (250 ml), the volume adjusted and then mixed thoroughly. The sus­

pensions were filtered (Whatman #1); the first few millilitres of the 

filtrates were discarded and the remaining fiJ,trates (pectin extracts ' 

P1-P4) were collected for analysis. A sample of citrus pectin (Sunkist 

Pure Citrus Pectin, N.F.) was also subjected to the sarne extraction pro­

cedure. Sarnples of apple core :fibre (6; 150 mg each) were hydrolyzed 

(100°C, 2.5 hr) with sulfuric acid (.5% w/v) and the supernatant colleeted 

.' 
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by siphoning, to give six samples of hydrolysate (H1-H6). (See Section 

ILB.9, p. 25). The residues were bydroly,.oz;ed wi th sulfuric acid (7~ w/v, 

48 br. 4o C) and. fiJ,tered (sintered g;Lass crucible, porosity C). The 

~ filtrates were collected to gi ve six samples of hydrolysate (h1-h6) (See 

Section II.B.9 1'.29). A sample of gum arabie was hydrolyzed with sul­

furie aeid (,5% w/v) and the superna.tant collected as described above. A 

sample of purified cellulose (Cellulose MN )00, Macherey Nagel) was 

hydrolyzed with sulfurie acid (72% w/v) and th~ filtrats collected as 

described. above. The uronie aeid content of all ~amples was determined 

by the two methods described in Section II.B.6&?,p.19,20. The modified. car-

baz~le method (Bitter and Muir, 1962) and the hyd.rcxy-biphenyl method 

(B-Imnenkrantz and ABboe-Hansen, 1973) . Several corrections have been 

appl1ed to the values determined. by the carbazole method. A sample blank 

correction was used as recommended by Southgate (1981). Corrections were 

made for the 'neutral sugar content of the samples as determined by gas 

chromatography. Hudson and Balley (1980) indicated. that only the hexoses 

interfered in the carbazole reaction; therefore a set of optical density 

(O. D.) values corresponding to the neutral sugar content of each sample" 

was calculated using the combined- weight of the hexoses (mannose, glucose, 

galactose', rhamnose and fucose). These Q.D. values were used to correct 

the a.D. read1ngs obtained for each sample. Selvendran et al. (19?9b), 

Barrett and Northcote (1965) and McComb and McCready (19.52) _ reported 

interferenees from pentose Carabinoee) as well as hexoses. Selvendran 

et &. (1979b) repo'rted that the interlerence due to glucose was differen~ 

from that due to galactose. In the present work, a set of O.D. values cor-

responding to the neutral s~ content of each sampIe, was calculated 
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using the combined. weight of pentoses (arabinose and. xylose), the ~eight 

" 
of galacto se and the combined weight of the remaining hem ses. This set 

of O.D. values was used ta correct the O.D. ~adings of the samples. 

Fi,nallY a set of O.D. valuef corresponding ta the neutral sugar content 

of each sample was cflculated using the welght of .galactose and the COlll­

bined weight of the relllaining hexoses. The three sets of O.D. values 

corresponding te the neutral sugar content of each sample are reported. ln 

Table 18. "The O. D. readings of the samples were' corrected in the follow­

ing manner:- (1) the O.D. rea.dings were corrected using one of the three 

sets of O.D. values correspondine; ta the neutral sugar content~ The cor­

rected O.D. values were used to èalculate the uronic acid content of ~ 

samples. The values for gum arabic, Cellulose MN 300, and citrus pectin, 
o 

as well as the mean values for the pectin.extracts, hydralysates H1-H6 
and hydrolysates h1-?6 are reported ln Table 19. The mean values for 

hydrôlysates h1-h6 hB;ve been, calculated in 'two ways; the first ls based. 

on the dry weight of the resldue subjected ta hydrolysis Id th 72% (w/v) 
L 

sulfuric acid; the second ls based on the dry l,felght of the apple core 

fibre. The total uranic acids ln the apple core fibre are also reported. 

(2) The O.D. readings for the samples were corrected with a sample blank 

and further corrected using one of the three sets of O. D. values correspond-

lng to the neutral sugar content. The, ,corrected. O.D. values were used ta 

calculate 'the uranic a.cid content of the samples. The uranic acid content 

of the samples is reported. in Table 20. 

Theander and. .Aman (1981) indlcated. that accurate corrections 

are difficul t for the colom: compounds produced by the degradation of 
" 

uronlc acids and sugars and th~ir condensation products. The neutral 

r 
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,,' TABLE 18 

~ Optlcal Density Values Calculatedfrom the Neutral Suger ... 
Content of F1bre Samples " 

Optlcal OpUcal Optieal 
Sample Denslt) 

(Set 1 
Densit) 
(Set 2 

Denslt) 
(Set 3 

Cit~ Pee tin 0..006 0.006 0.015 

Gum Arabie 1.108 0.935 1.297 

Cellulose MN 300 0.411 0.411 0.476 

---",--~ééÙn Extracts 

1 0.006 0.005 0.014 

2 0.007 0.006 0.015 

3 0.007 0.006 0.015 

4- 0.007 0.006 0.015 
/' 

Hydrolysates ~ 

Hl 0.551 . 0.425 0.530 , 
- 'kHz 0.647 0.521 \ 0.639 ,. 

H3 0.505 o • .396 o • .500 

H4 0.553 0.403 O • .505 

H5 0·522 0·.399 0.498 

H6 005,36 0.403 0.505 

01 

0.467 0.461 .\ h1 0.520 
~, 

h2 
.' 0.456 0.451 

," 
0.509 

~ 0.377 0.372 , 0.425 

~ 0.4>27 0.420 0.476 1'> ~ 

h.5 0.372 0.)67 0.420 

h2 0.476 0.469 0·529 

Set 1 calcUlat.ed for hexoses a.nd. pentoses "aCcording to Selvend:ran et al. (1979b) 
Set 2 calculat.ed for hexoses o~ according to Selvenc1ran Il iJ... ~ 1979b) 
Set J calculated for hexoses only according to Hudson and Dailey 1980) 
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TABlE 19 

The Uron~e Ae~d Content of ~bre Samples 

Uranie Acid Content {gm Anb:ydrouronic Acid/1OO gm fibre (dry weight) 

Carbazole Kethod (wi tJ!Q~t ~~~lebl~ correction) 

Sample 

Peetln Extracts 

Citrus Pectin 

Hydrolysates (H1-H6) 

Gum Arabie 
... 

Hydrolysates 

I{ydrolysates ... 

Cellulose MN JOO 

Total Uronie AcLis 

Correeted w1. th 
O.D. value Set 1 

8.7 (1.1) 

96.J 

"7.6 (1.0) 

9.9 

J.5 (1.0) 

1.7 (0.5) 

9.2 

9.) (1.2) 

Corrected. w1. th Corrected w1.th 
O.D. value Set 2 O.D. value Set J 

8.9 (1.1) 7.5 (1.2) 

96.3 90.4 

8.4 (1.0) 7.7 (1.2) 

11.2 8.5 

J.7 (1.0) 2.0 (1.0) 

1.8 (0.5) 1.0 (0.5) 

9.2 703 

10.2 (1.) 8.7 (1.4) 

1. Basad on the dry weight of residue from hydrolysis with sul:f'urlc acid (5% w/v). 

2. Based on the dry weight of apple core fibre. 

J. The numbers in the brackets are standard error. 

-'-

Î • 

~ 

..J 

m-DH-Blphenyl'Method 

-
7.9 (0.3) 

,... 
76.6 :::-

9.4 (0.8) 

5.6-

).2 (0.9) 

1.6 (o.) 

).2 
~ 

11.0 (0.9) 

9 

""'Î 

\., "'-- -' 'fi' 

gs 
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TABLIf 20 

... 

The Uranie Acid Content of Fibre Samples 

~ 

Uronic Acld Content (~ AnhYdrouronic Acidboo f2!! fibre {dry weight) 

Carbazole MethOd' ~with sam21e blank correction) m-oH-Biphenll Method 

(hrrected vith • Corrected vith Corrected with Sample <P 
O.D. value Set 1, O.D. value Set 2 O.D. value Set 3 

Pectin Extracts 
.... ) 

8.0 (1.1) 8.2 (1.1) 6.7 (1.2) 7.9 (0,) 

Citrus Pectin 91.1 91.1 86.7 76.6 

HYdrolysates (H1-H6) 6.0 (1.0) 6.8 (1.0) 6.2 (1.0) 9.4 (0.8) 

Gua Ara.'blc J.) 4.7 2.) 5.6 

HYdrolysates (h
t
-h6)1 0.0 0.0 0.0 3.2 (0.9) 

Hydrolysates (h1-h6 )2 0.0 0.0 0.0 1.6 (O.) 

Cellulose MN )00 0.0 . 0.0 0.0 .. _ 3.2 

Total Uronic Acide in 
Hydrolysates . 6.0 (1.0) 6.8 (1.0) 6.2 (1..0) 11.0 (0.9) 

1. Based on the dry welght of residue from hyd:rolysis with sulfuri~ acid' (5% (wl v) • 

2. Bssad on the dry weight of apple core fibre. 

J. The numbers in the' brackets are st~ard error. 

,," 

~ 

" 

'en -.c 

/ . 
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sugars may be underestimated by a failure to analyze for unusual sugars 

auoh as apiose or 2-o-methylfucose (Da.rvill ~ ê:1,., 1978) or by sug~s 

being trapped in the form of acid ~esistant·aldobiouronio acids (Theander . \ 

andAma.n,1981).' '1 

The uranie acid contents of the samples were measured by the 

method of Blwnenkrantz and ,Asboe-Hansen (1973) using O-hydroxy biphenyl 

reagent instead of m-hy'droxy biphenyl reagent. A preliminary stUdy indic- , 

~_ ated that the peak ma.x1mum for the colour reaction was in the' region 475-

0, 

, 
480 run. The wavelength chos~ for the analyses was 477 rune An evaluation 

of the interference fram the neutral sugaxs was not undertaken. The) 

values for the uronic acid content of the various samples "are reperted in 

Tables 19 ~d 20 f'or comparlson wi th the resul ts obtained wi th the carbazole 

method. 

The uronie ac1d values (eorrected, d1fferent methods of deter-

mination) repotted for the pectin extracts are not signifiçantly different 

(Student' s t-Test, alpha = 0.05). This is probably due to the low content 

of' the neutral sugars in the samples as determined by gas chromatography. 

The mean weight of' the residue fram the pectin extraction, was 70% of the 

original dry weight of apple core fibre. The results indicate that apple 
" 

core fibre contains 8% pectin and 7% neutral sugare as determined by gas 

chromatography; \ flfteen percent of the apple core fibre is unaccounted 
, . 

for. Exa.m1nation of the results of the analysis of citrus pectin indicates 

that the pectin contains 21% neutral suga.r~ the pectin. content as dete+,,-

mined. by the m-hydrox;y biphenyl lnethod 1s 76%. Theander and Aman (1981) 

reported a value of'. 76.1% for a citrus pectin (EEC/IARC reference mater1al, 
, 

James ~Tneander. 1981). The recovery of 9'7% (21% neu,tral suga.r, 76% 
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pectin) of the sample precludes an under estimation of the neutral sugars 

or the uronic acid content. Theander and Aman (1981) could not account 

for approximately 6% of the cl trus pectin saJI1p1.e 
, 

It 18 possibl~ that in the present work, protein and protein-tannin com-

plexes were 50 ubillzed along with the pectins; Hulme (1956) used 

a1.kal1ne buffe s to isolate undenatured protein and Davis lU:. 2:1,. (1949) 

reported that protein was isolated as a protein-phlobaphene complexe It 
" 

~ > 

is also possible that certain substances in the residue were extracted 

by the acetone uSai,to' dry the residue prior to oven drying at 40°c. 

The uronic acid cOQtent of the apple core fibre (Table 20) as 

determined from the sulfuric acid hydrolysates i5 lower than thei rs 

obtained by the method involving the uronic acid determination of th x­

~ tracted pectine The hemicellulose component of apples contains som~ " 

uranie acid (The~er and Aman, 1981). One would expect that the ,uranic 

ac_id _content of the ~pple core fibre determined from the acid hydrolysate 

which contains hydrolyzed. pectin and hemicellulo5e, would be hi~e;t", not. 

lower .. This discrepaney may be the resul t of several factors. .For example, . 

the repeated siphoning of the supernatant and water waflhes from ,the 5%( w/v) 

.sulfuric acid hydrolysis, witbirew amall amounts of parliculate matter; 

this pa.rtic?late matter could have contained sma:ll amounts of uronic acid. 

SelVendr~ ll!l. (1979b) reported that particles of undissolved materla.l, 
l ' 

especially lignifled. tissue. caused interference in the carbazole reaction; 

the authors recoDl1fiended that the acld h.Ycitt'lysates be fil tered. before they 

were used for 'analyste of uronic acide. Fil tration of the hydrolysates 

was not tnclUded in the pre~ent.study; visible particulate matter was 

allowed to settle out of solution. Trea.tme~t o~ apple core fibre wi th 5% 
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(w/v) sulfurie acid produeed a rose7pink eoloured supernatant. This ca 10 ur 
.' 

May teract with the oarbazole or hydroxy biphenyl reagents or the' uronie 

aeid-re ent comp7exes t • ~ever~ authors (Warren and Woodman, 1973; 

Ander n E &., 1961) have suggested that the uranie acids are decar­

boxyla.ted during hy'd.rolysis. Selvendran et al. (1979b) demonstrated. tha~ 
, . 

treatment (200 C, 3 hr) of uronic acids with sulfurie acid (72% w/w) had 

"no. signtlicant etfect on the yield of uronie acid." eThe use of a sampIs' 

blank correction and a correction for the neutral sugars could have over­

correeted the D.D. values and henee ~ ta very low values for the uronie 

acid content of the apple core fibre. fUse of, the sample blank correction 

without a correction for the neutral sugars, however, gâve unreasonably 
n , 

high values for the uronie acid content and these values have not been re-

partad. The values rêpo~ed ,for the uranic acid content of the acid 

hydrolysates of apple core fibre, ùsing the m-hy'droxy biphenyl method, 

are likely inflated since no correction was made for the neutral sugar con-

tent of the SàmpléS. The values for the uranic acid content were ealcul-

ated using calibration curves based on ~alacturonic acid. Hemicelluloses 
\ 

contain glucuronic acid (McCready and. McComb, 19.52). Selvendran et al. te 
~ " 

(19?9b) and. Blumenkrantz and. ABboe-Hansen (1973) reported a h:fgher response 
, <l 

'for glucuronic acid' than galacturonie aeid ;b1.sing the carbazole and m-

hy'droxy biphenyl methods.' 'Therefore the value for the total uranie acids 

calculated. by both methods, may be too high. 

It isl"d.ifficult to suggest which colourlmetric technique and 
, 

correction technique woUld give the mo$t reliable measurements of the 

uxonic acid content Qf apple core fibre. Both the methods suifer from 

interferences whieh are influenced by the nature of thé uronic acide and 

• 
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the composition of the material from which they are isolated (Helbe~ and 

Brown, 1956). Ga.la.m.bos (1967) reduced the interf'erences of, hexose by the 

introduction of sulf'amate in the carbazole reaction. The method of ex-
(1 

traétion of the uronic acids further complicates their mea~urement. McCready 

and McCamb ("52) reported. that the extraction of uronic aç:ids by EI1l'A a.nt;i 

the release of the uranics by pectolytic enzyme HaS incomplete. Selvendran 

ll!Jo. (1979aL indieated. that only 80-90% of th~ total pectie substances 

can be extracted by the various solution~ hexametaphosphate, 0.5% 
" 

ammonium oxalate, O.05M EOrA) that have been empIoyed. 
" l, 

Several methods ha.ve been developed. to measure the total 

uranic acids in samples without extraction or digestion (Warren and 

Waodman, 1973; McCready' et al., 1946; Barker ,et al.. 1958; castagne and 

Siddiqui, 1975; Theander and Aman, 19790). The decarboxylation technique 

of Theand~r and Aman (1979b) CM be eorrected graphically for errers due 

ta non-uronic acid material. A:r1 important feature of these techniq,ues i5 

, that the Ill:Onic acids all give similar res})Onses, whether they exist as 

monomers, polymers, or are bound to hemicellulose by methyl ester linkages. 

This ia net the situation when uranie acids are meaaured colourimetrically. 

K. Composition of Apple Core Fibre 

A summary of the resul ta of the analysis of apple core fibre 

ls presented in Table 21. It will be noted that 91.8% of the fibre i5 
.,---- -" ----- -

o 
a.qeounted for by the constit~ents which were determined. In connect1on 

, 
nth the other materia.ls that wers analyzed, 87.7% of the gwn arabie, 89.7% 

of the purified cellulose and 97.8% of the citrus pectin were "a.ccounted for 

by the constituents lIhich were determined. Glucose and galactose constituted 
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TABLE 21 
L • 1 

Co.position ot Apple Core Fibre 

gm/100 gm fibre (dry weight) 

Total Uronic Aclds 

Total 

2 70.8 (J.7) 

6.8 (0.9) 

.3.2 (0.3) 

11.0 (0.9) 

91.8 

1. Values are ba.sed on the resul ta of sulf'uric ac1d h;ydxo},ya1.a 

2. The numbers in brackete are standa.:rd er.ror 

3. Pl:otein wu determ1ned separately on apple core fibre 
sa&ples by a miaro-kjeldahl method. Value ls the average 
ot Ô rep[1cates. 
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2'7% of the citrus pect1n; traces of rhamnose and arab1nose were a1so 

pre~nt. The value for the uronic aci.d. content of o1trus peotin (0-

hydroxy biphenyl metOOd) may be 80mewhat h1gh beoause no corrections were 
, -

made for the neutral sugar content. The values obtai.ned. for the neutral 

sugar content (12% rhamnose, 27" a.rab1noS8, 42.~ gaJ.actose) of gum. arable 

a.gree closely ~th the' values (1~ rhamnose, -28% arablnose, .39% ga.laotose) 

reported by Anderson !i. al. (1966). The au1;bJrs however reported a. value 
./ 

of 19% for the glucUl'dn:1c acid. content of gwn arabic; a value of 5.6% 

f?r the 'Ul:onic &cid content of, gum a.ra.blc '~ obtained 1n the present 

study. The uranie acid content of the fibre samples, determ1ned. us1.ng a. 
') 

gala.cturonic acid stand~, would. tend to overestimate the glucuron1.c acld 

content. It is possible theref'ore that aU the mater1al was not hydrolyzed 

by the mild acld tz:eatmen t. ,Se l vendran !i!::l.. ( 1981) reported that 

hy<4'olys1.s (100_°6, 2.5 br) nth sulfur1.c acid (5%) May not ~berate the 
, 

uronic acid sugars fl'Om the non-cellulosic polysaccha.r1des of f 

vegetables. Selv~ and DuPont (19BOb) reported that for patata polider, 

:f'resh pata.ta and rye biscuit, the various constituents accotmted for only 

.70:-90% of thé dU weight of starting materia.1. They further 1.ndlcated 

that only 60% of the rhamnose which is present 1.n tissues ls released. by r" 
hydrolysls (100

0 e, 2.5 br) in sul:furic acid. (lN). The autoors concll.t1ed 

that the material which was unacCQ~ted for 1n~ud.ed residuaJ. wate:r, 

sugars lost dur1.ng hydrolysis or not measu:red. d~ to :incomplete hydrolysiso 

Theander and Aman (1981) 1ncl1ca.ted. that sugars may condense vith the de-

gradat
p
10n products of uronie ac1ds and henee ma,y not appear on the gas . 

chromatogram. 

, 
" 
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A S\.1IIIIIIary, of 'the nsults of proximate anal.ys1s of apple core 

fibre ls pres~nted in Table 22. NDF nsidues conta1n 11gn1n, cellulose, " , 
r ' 

l' 

hemicellulose and cell walJ. protein (Van Soest and Robertson, 1976) '_" ~F .k 

resldues con'taln llgnin, cellulose. heat damaged protein and pro 'te in­

taninn complexes (Robertson and Van Soest, 1981, Van Soest and. lbbertson, 

1976). 'lb.e hemicellulOse content of the apple core fibre la estimated 

from the dif'ference in the NDF and the AnF residues. The residue !rom 

the sulfurle acld (72%} treatment of the ADF reaidue ia rep>rted. as the 

* crud.e~llgn1n plus ash sinee ashing of the :resldue ~as not performed.. The 

cêllulose' content of the apple core fibre la estimated. f:rom the dl:fference 

of ADF and. crude llgnin plus ash. Robertson and Van Soest (1981) nported . , 

that several factors lnnuence the est1lna.te of the hemicellulose content 

of fibre. Cell wa.l.l proteln, which la dissolved in a.cid detergent, ia 

recovered. in the NDF resldue, and this can lead ta an increased. estimate . 
of the hemlaellulose content. Pectin and. tannins are dissolved in neutral 

detergent, pect~ i5 partial.:1y preclpltated. and tannins preclpltate as 

proteln-ta.nnln complexes in açU detergent. This can lead to a decreased 

estimate of the hemicellulose content. 

~erson and Clydesdale (1980) and Soutbga.te (1969) considered 

that the hemicelluloae component of d.1etary flbre was h;rdrolyzed by heat­

lng (100°C, 2 • .5 br) ln sulf'uric acld (5%). Selvendran and. DuPont (1980b) 

demonat~t~ that 5-10% of the .cellulosê ls hydrolyzed by heating (100°0, 

2.5 ht) in sulf'uric &cld (.5%). The h$m1cel~ulose content of the apple 

core fibre 15 reported ln Table 22. A comparlson of the hemicelluloae con-
J 

tant with the sugar content of the 5% aulf'urie a.ëld hYdl:olysate (Table 21) 

shows a differenoe of nearly 7%. This difference ia greater if the uronic 

acld content of, the hydrolysate. corrected for the pect1n content, ls 

incluied.. 

* ADF-Lign1n 
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. TABLE 22 

Campan tion of Apple Core Fibre 

Compos1 t10n (%) 

Dry Matter 

Cellulose 

ADF-Lignin+~hJ 

Hemicellul.ose 
(NDF-ADF) 

Pect1n2 

(Hydroxy B1phenyl) 

Crude Prote1n3 
(N Je: 6.25) 

1 9.8(0.1) 

90.2 

1. The' numbers in brackets are standard error. 

2. The value 15 the,a.verage of 4 :repl~cates. 

J. The value '15 the average of 6 repllcates •. 
, " 

.. 

48.0(0.8)1 " 

2).0 

97 
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L. Binding Studies 

Samples (Ji 0.2 gm) of apple core fibre, the residues from 

acid and neutral detergent fibre determinations and Cellulose MN 300 

(Macherey Nagel) were placed in tubes (40-ml, Pyrex) along with 15 ml of 

one ,of the dye-bu:ffer so;Lutions as described in Table 8, p. ]8. The same 

solutions were placed in tubes containing no test material. The tubes 

wera covered wi th para.film, the contents were ) stirred (vortex mixer) for 

one minute and then heated (J7°C, 18 hr) in a water bath. The contents 

of the tubes were stirred (1 min., vortex mixer) a t ho ur ly intervals for 

the first four (4) hours. The tubes were removed from the bath, the con-

tents again stirred. for one minute and then the tubes allowed ta stand 

for one (1) heur. The parafilln was removed and aliquots of supematan0 

were diluted with the appropriate buffer solution; the optical density 

of the diluted supernatant was measured against buffer solut'1on. Stand-

ards -were prepàred by dilution of stock solutions ri th the appropriate 
, 

o ' 
bu:fferj the standards wera heated (J? C, 18 hr) in a water bath, mixed 

thoroughly and the optica1 densi ty measured. In this manner, standa:rd 

curves for each dye-buffer solution could be'prepared. 
fo, 1 

The three dyes (Brilliant Blue FCF, Ponceau SX, and Erythro-

sine) selected for this study, represent three major classes of water sol~ 

ubIe, synthetic food dyes, nameIy, triphenylmethane dyes, sulf&nated 

napththa.lene azo dyes and xanthene or fluorescein dyes. The structure of 

these dyes are gi ven in Fig. 18. 

The triphenyl methane dyes are highly water. soluble (Radomski, 

1974). In general, water soluble food dyes are Iesa toxie than fat 
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BR[LLIANT !LUE FeF 

Figure 18. Structures of Ponceau SX, Erythrosine, and 
Brilliant Blue FCF. 
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soluble food dyes (Hansen et !!:i. t966). Radomski (197~) indicated that , ' , 
, 

due ta the acidie nature of this dye groùp, 1jh~se dyes are poorly absorbed 

after oral administration and are exereted.., unchanged in the faeces; 

Hansen ~ ~', (1966) rep:œted r,eco~eries of 60-73% for these dyes. 

Brilliant Blue FCF is "one of the ,least toxic dyes in this g:t:'oup (Rado,mski, 

1974; Hansen et al., 1966). 

The ~ulf'o.nated. na.phthalene azo dyes are more taxie. Bowie et 

!1. (1965) related the toxicity of the,azo dyes ta the metabolic products 

of reductive fission of the ·azo linkage caused by the azo reduotase of 

intef:\tinal bacteria. Rowland (1981) indicated that this ability to reduce 

azo dyes 15 widely distributed amongst intestinal bacteria including 

Streptococcus faecalls, Proteus, and Bacteroides fragllis ss. thetaiotao­

micron. According to Radomski (1974) the toxicity of the,metabolites is 

, related. to their structure. ' SUlfonated fission products which are poorly 

absqrbed, are less toxie than the unsulfonated fission metabolites. 

Ponceau SX 15 slightly more toxie than Amaxanth (FD and C Red#2). The 
>' 

toxiei ty and carcinogeniei ty of these d.yes may be due to impuri ties 
. ~~ 

(Radomski, 1974). Khanna et al. ( 1980) indica ted tha t (;II.. - and t3 -n~phthyl-
1 

amines, benzidine and 4-aminôbipheny1.,considered te be carcinogens (Merck 

Index' 1976) have been detected in certain azo dyes. 

Aecording to Radomski (1974 ) Erythrosine 13 one of the more 

non-toXie food. colours, possibly due ta the fact that most of the dye ls 

exereted tmchanged. ~ It has been suggested, however, that Erythrosine plays 
.. ' 

• 
a major role in th!! etiology of hyperkinesis or minimal brain dysfUllction 

(Weiss II a.l., 1980; Lafferman and Sllbergeld, '1979). Augustine and 

Levitan (1980) delOOnstrated that Erythrosine, in low doses, caused an , 

-
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irreversible increase in synaptic transmission at the neuromuscular 

synapse. 

In Canada, the ma.x1mum permissible levels for BrUIiant Blue 

"" FCF, Ponceau SX and Erythrosine are 100 ppn, 1.50 ppm,... and 300 p:pm, respect-

ive~y. The bindlng etudies were carried out at two levels of concentration 

nameIy, .50 ppm and the maximum permissible ppn for each dye. The studies 

were conducted at pH 4.8, pH 6.5, and pH 8.2; these reactions were chosen 

to represent the upper,mean and lower levels of acidity of the hum~ small 

intestine (Weast, 1976). Coulson (1980) reported that Erythrosine pre-

cipitates as its free acid below pH 4.0. A preliminary study with the 

food dyes in our Iaboratories revealed that Erythrosine preclpitated from 

'" a 300 ppm solution at pH 4.8. It is for this reason that tpis dye-buffer 

comblnation of Erythrosine ()OO ppm, pH 4.8) was not used in our studies. 

The results of these experiments are reported in Tables 2J-28. 

The present work indicated that the binding of dye to aIl test 
" 

samples was affected by the concentr~tion of dye solution that was used. 

Within each dye group, the neutral detergent residue and Cellulose MN 300 

gave the Iargest in,creases in adsorption with increasing dye concentration, 

with the exception of Ponceau SX at pH 8.2. These results conflict with 

those reported by Taked.a and Kiriyama (1979) who used Amaranth. The 

authors demonstrated that only AnF and NDF bound more dye as the dye con-

centration increased. 

The effect of pH on the dye binding was different for each 

dye. The binding of Erythrosine decreased wi th increasing pH at bath levels 

of concentration. Ponceau SX was bound most strongly.at pH 6 • .5 at bath 
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TABLE 2) 

Cation Exchange Capacity and Dye Binding Capac~ty of Fibre Samples 

"I:est Substance 

Apple Core Fibre \' 

Acid Detergent Fibre~ 

Neutral Detergen~ Fibre 

Cellulose MN 300 

Cation Exchange Capacity 

(meq/gm fibre) 

0.47 

0.05 

0.14 

1. Concentration of Dye Solution - 50 ppn 

2. ,Reaction of Dye Solution - pH 4.8 

~ 
/ 

/12 Amounts of Dye Adsorbed (mg adsorbed gm fibre) 1 

Erythroslne Ponceau SX Brilliant -Blue 

3~ 0.77 0.94 

2.73 0.91 - 0.35 

2.05 0.11 0.18 

1.56 0.07 0.12 

p 

..... 
o 
1\) 

'. 

'\ 

\ 
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TABLE 24 ') \'-. 
"-....... 

Cation Exchange Capacity and Dye Binding Capacity of Fibre Samples, 

Cation Exchange Capacity 

(meq/ gm fibre) 

, 4 
Amounts of' Dye Adsorbed (mg adsorbed/gm f'ibre) 

Test Substance Erythrosine
1 

Ponceau sx2 B~1111ant BlueJ 

Apple Core Fib:ue 

Acid Detergent.Fibre 

Neutral Detergent Fibre 

Cellulose MN 300 

0.47 

0.05 

0.14 

1. Concentration of' Erythrosine - JOO ppm (Maximum permlssible level 

./ 

2.18 

2.28 

0.89 

0.88 

in Canada) 
2. Concentration of' Ponceau SX - 1.50 ppn (Maximum permissible level in Canada) 

J. Concentration of Brilliant Blue FCF - 100 ppm (Maximum permissible level in Canada) 

4. 'Reaction of' solution - pH 4.8 

,--

1.67 

0.54 

0.27 

0.18 

• 

.... 
o 
w 

- \;1 
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Cation °Bxchange Capacity and Dye Blndin~ Capacity of Fibre Samples 

Cation Exchange Capacity 

(meq/gm fibre) 

/ 1 2 Amounts of' Dye Adsorbed (mg adsorbed gin fibre) • 

Test Substance 

Apple Core Fibre 

Acld Detergent Fibre 

Neutral Detergent Fibre 

Cellulose MN )00 

0.47 

0.05 

0.14 

1. Concentration of pye Solution - 50 ppm 

2. Reaction of' Dye Solution - pH 6.5 

.... 

Erythrosine 

2.67 

2.15 

1.31 

1.47 

----- ,-.-

'Ponceau SX Brilliant Blue 

0.61 0.)4 

1.19 0.44. 

0.31 0.07 

0.48 -0.10 

,..... 
o 
+=" 

-../"'-
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TABLE_26 -

Cation Exchange Capacity and Dye Binding Capacity of Fibre Samples 1 
/ , 

Test Substance 

~pple Core Fibre 

Acid Detergent Fibre 

Neutral Detergent Fibre 

Cellulose MN 300 

Cation Exchange Capacity 

(meq/gm fibre) 

,[ 0.47 

0.05 

0.14 

---- -- - ---/ 

, 4 
Amounts aÏ Dye Adsorbed (mg adsorbedjgm fibre) 
12) 

Erythrosine Ponceau SX Brilliant Blue 

13.49 

9.34 

7.96 

9W2 

1..58 

2.67 

1.20 

1.24 

0.6) 

0.70 

0.31 

0.2) 

1. 

2. 

). 

Concentration of Erythrosine - 300 ppm (Maximum permissible level in Canada) 

Concentration of Ponceau SX - 150 ppm (Maximum permisslble level in Canada) 

Concentration of Brilliant Blue FCF - 100 ppm (Maximum permissible level ln Canada) • 
4. Reaction of Solution - pH 6.5 

, 
• 

~ 

,. 

, ..... 
a 
\.J\ 

,. 
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TABLE 27 

,_1' 

, , ---

Cation Exchange Capacity and Dye Blnding Capacity of Fibre Samples 

Test Substance 

Apple Core Fibre 

/ Acid Detergent Fibre 

Neutral Detergent Fibre 

Cellulose MN 300 

Cation Exchange Capacity 

(meqj gm fibre) 

'0-.47 

0.05 

0.14 

1. Concentration of Dye Solution - 50 ppm 

2. . Reaction of Dye Solution - pH 8.2 

lit 

1 2 Amounts of Dye Adsorbed (mg adsorbed/gm. fibre) , 

Erythrosine Ponceau SX Brilliant Blue 

1.)) -0.02 0.04 

1.10 0.48 0.12 

0.55 -0.06 -0.02 

0.43 -0.38 -0.02 

... 

7' 

1-,<, 

..... 
o 

'" 

~ 
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TABLE 28 

Cation Exchange Capacity and Dye Binding Capacity of Fibre Samples 

Cation Exchange Capacity 

(meq/gm fibre) 

4 / Amounts of Aye Adsorbed (mg adsorbed/gm fibre) 

Test Substance' Erythrosine 1 ' Ponce~u Sr? Brilifant Blue3 -

Apple Core Fibre 

Acid Detergent Fibre 

Neutral Detergent Fibre 

Cellulose MN )DO 

0.47 

0.05 

0.14 

5.94 

4.35 

3.28 

2.9) 

0.17 

0.89 

0.08 

-0.37 

1. Concentration of Erythrosine - )00 ppm (~aximum permissible level in Canada) 

2. Concentration of Ponceau SX - 1.50 ppm (Maximum permlssible level in C"!-Ilada) 

3. Concentratio~ of Brilliant Blue FCF - 100 ppn (Maximum permissible level in Canada) 

4. Reaction of Solution - pH·8.2 

0.12 

0.31 

0.02 

0.10 

..... 
o 
--..J 

, 

" 
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~ levels of concentration; appJ.e core fibre bound this dye most strongly 

at pH 4.8. Brill1ant Blue FCF, at )0 ppn, was bound most strongly at pH 

4.8 w1 th the exception of the ADF which bound best a t pH 6 • .5. Brillian t 

Blue FCF, at 100 ppn, was bound most strongly at pH 6;,5 wi th the· excep­

tion of the apple core fibre which bound most strongly at pH 4.8. 

The dye binding capaci ty of each fibre 'sample varied wi th pH 

and type of dye. 
p"'/ 

The binding capaci ty of the varidus materials, using 

Erythrosine at pH 4.8 and pH 8.2 was in decreasing order, apple core 

fibre, ADF, NDF~ Cellulose MN )00. The Cellulose MN 300 botmei more dye 

than the NDF at pH 6.5. The order of binding with Ponceau SX at pH 4.8 

and pH 8.2 was ADF) apple core fibre) NDF) Cellulose MN ]00. Cellulose 

MN ]00 bound a sl1ghtly greater amount of Ponceau SX- than did NDF at pH 

6-5. The arder of binding at pH 4.8 with Brilliant Blue FCF was app1e core 

fibre) ADF> NDF) Cellulose MN 300 while at pH 6.5 and pH 8.2 the order~ was 

AnF) app1e core fibre> NDF ) Cellulose MN JOO. 

The results lndicated that the capacity of a substance ta bind 

" dye 15 not re1~ted ta the cation exchange capacity sinee ln many instances; 

ADF bound more dye than apple core fibre and always bound more' dye than 

the NDF residue, even though i ts CEC is much smaller than that of apple 
l' 

core fibre or NDF. The capacity of ADF ta bind large amounts of dye was , 

noted by Takeda and. Kiriyama (1979). 

It is possible that dye binding is related ta the anion exchange 

capacity of the fibre samp1es. The anion exchange capacity i8 related ta 

the lignin, pectin, Maillaxd p:>lymers and. the protein-tannin complexes 

(Van Soest, 1978; Robertson and Van Soest, 1981), ADF contains lignin, 

cellulose, heat~amaged protein and protein-tannin complexes, precipitated 
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pectins and Maillard poly"m.ers (Goering and Van Soest, 1970;' Robertson 

and Van Soest, 1981). NDF cantains lignin, cellulose. hemiceilulose and. 
\ 

ceil wall proteln. ADF would. therefore con tain more act~ve 'components 

the.n NDF. One may assume that apple core fibre does not contain the 

i·lailla.:rd polymers or the protein-tannin complexes; i ts llgnin content is 

about half' that of the ADF. 

Dye binding by fibre ia difficult to measure accurately. It 

will be noted that in certain instances the concentration of dye in the 

solution increased after the addl tiorf of the fibre séUllple (Note negative 

values reported in Tables 25, 27. 28): This could result fram a situati~n 

in which more water was bound. by the sample than was the dye. This would 

lead. to an increase in the concentration of the dye in the solution. In 
, 

those instances ~here the amount of water bound to the fibre ls as great 

or greater than the amount of bound dye, there 15 no way of measur1ng the 
. 

dy: binding ca:aaci ty of the fibre unless a correction CM be made for the 

bound water. Kaxel (1975) described, severaI methods for the measurement 

of bound water in foods including wideline proton-magnetic resonance and 

differential thermal analysis. Ta the author' s knowled.ge, there are no 

pub 11 shed methods for the measurement of bound water in fibre preparations. 

Selvendran (1979) sugge-sted. that decreased binding may be 

caused by anions (citrate, phosphate) which are preferentially adsorbed 
c 

to the fibre samples. It ls reasonable to assume therefore that the 

bu:f'fers which were used in the present work, could have influenced the 
r " 
~e b1nd.1ng of the test materia.l.s. Selvendran (1979) indicated that bind-

ing of sodium cholate was influenced by the degree. of 10nizat1on of the 

acid groups of flbre samples. The author suggested that the smaller the 
.l 

" 
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number of ionizeq. groups in the fibre, the better was the biMing capacity! 

It will be, noted fram the pK values of apple core fibre, NDF and ADF 
" 

(Sectio~ UI.E., p.64) that at pH 4.8, more than half of the 1'Cmizable 

groups of apple core fibre and. NDF would be ionized, while less than hall 

of' the ionizable groups in ADF would be ionized.. This cannot fully account 

for the differen~e in bound dye that was noted'because one would expect 

that th~ aJDount of ionizable groups would be very low in the ADF compared 

to the apple core fibre. Selvendran (1979) stated that there must be , 

other factors, such as conformation of fibre components, which affect the 

binding of dye to fibre. 

\ . 

---~-~ -------------- .--~--------
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SUMMARY 

(1) A procedure .. as developed for the preparation of apple 'core fibre. 

Core tissué was removed from apples(eortl.;md) and éxtracted seQ.uentially 

with antioxidant solution, 80/20 (v/v) absolute methanol-antioxidant 

solution, EDTA solution, water, acetone and ether. 

(2) TheÏ, physical properties of the apple core fibre were exanùned.. 
<l 

Partiele size distribution revealed. the average particle size to be 

" J07/",m. The water holding capaci ty of the fibre preparation was deter-
\ 

mined by a filtration method and a method involVing decantation and 

freeze-drying. The settling volume Él.nd water satUration capacity were 

also determiped. The aci~ aild neutral ~etergent residues of the apple' 

core fibre were prepared and their water holding capacity 1 settling volume 

and water saturation capacity .. ere determined. It was found that while 

the water holding capaci ties of the acid and neutr..al detergent residues , 

were lower than. that of the apple core fibre, the water satuxation cap~ 

acity of the neutral detergent residue did not differ markédly from that 

of the apple core fibre. 

The cation exchange capacity of the apple -core fibre and its deter-

gent residues,. were examined and shawn to decrease in the arder apple 

core fibre, NDF, ADF. 
~ 
(3) The structure of apple core fibre, the acid and neutral detergent 

residues and the residue from the pectin determination of apple core 

fibre were observed under the scanning electron microscope. It .. as shawn 

• tha.t the cell walls were a.ltered by the various extraction techniques. 
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(4) ,The app1e core fibre was subjected to acid hydrolysis' using 5% flJld. 

72% sulfuric acid. The hydto lysates were analyzed for neutral sugar ccn-

tent. and. u:ronic acid content. The sugars present in the hydrolysates were 

identified by cellulose th1ill layer chromatography. The sugars were 
, 

determined using gas liquid chromatography. The appla core fibre com­

prises ·70.8% neutral sugars. The uronic acids present in the hydrolysates 

ware measured using (a) the modified carbazole method that involved 

several correction factors, and (b) the m-hydroxy biphenyl method. The 

uranie acid content of the apple core fibre is 11% • 

(.5) The dy~ bfnding capacity of the apple core fibre and. Us acid and' 

neutral detergent residues, was exami~ed." The dye binding capacity was 

shown to be dependent on the concentration of <lye solution. The neutral 

detergent residue demonstrated the Iargest increase'in dye binding with 

increasing dye co~centration. The sffect of pH on the dye binding cap­

aci ty was dlfferent for each dye. Experimenta indicated that dYe binding-

capacity was unrelated te the cation exchange capacity of the fibre. 

f 
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