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" ABSTRACT . .

v

N Ereparation dnd Properties of a Dietary Fibre (Plantix)

-

’
\

, /» Lo from Apples’
e N - | gricuMural Chemistry
\ : M.Sec. T Jonathan Farber and Physics
- A procedure was developed for the preparation of a dietary
fibre from apple (Cortland cultivar) core I;ateria.l‘. Mean parti'c;le size
of the fibre ‘prepa.;ration was 307 Am, Acici and neutral detergent :

. residues of apple core fibre were; prepared. Water holding ca.'pacity,
/ settling volume and cation exchange capacity of apple core fibre and

jts detergent residuses were meaéured; structures of the three, p‘repa.r;‘

atlons were obsexved by scia:nning electron microscopy. Proxim&te

analysis of s.pple core fiﬁre indicated a pectin content of 7%9% and a

protein content of 6.8%. Apple core fibre was hy‘drolyzed with 5% and °

72%’ sulfuric acid; neutral sugars inotl"ie resultant hydrolysates were

identified by cellulose thin layer ‘chromatogra.phy and ‘deteminec_l by gas

chromatography; uronic aclds were determinec} colourimetrically. Tl;xe
apple core fibre comprises 70.8% neutral sugars and 11% uronic acids. | ~
Dye binding capacity of the ;pple core fibre and its detergent Tresidues

was measured;, the results indicated that d,ye. binding was not related - *

~N

- 1

“to cation exchange capacity.
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, s RESUMEXI B

Préparation et Propriétés de la Fibre Alimentaire

] ¥ t

‘ de la Pomme ' \k*xz
. ' ‘ Agniéultural uhemistry
M.S¢ ’ . Jonathan Farber ’ ’ - and, Phys:.cs

' «

'
.

Un. ‘protocole a été developpé pour la préparation de la fibre L'

a.limentair_e' dans le coeur de la pomme. Ia grosseur moyenne d9é~ parti-

9

‘cules de la préparation de fibre est 307Mm. Les structures des -

?dsidus de la préparation de fibre apres extraction aux detersifs

A

‘acides et neutres et la préparation de fibre sont analysées par nmicro-

scopie électroniq_ue a balayage. La capacité de rétention d‘ea:u', le
volume de sedimentation et la capacité d'échange de oa.tions”s"ont

me'surés chez les trois préparations. La pe'cétine constitue-"? 9% et les

proteinnsg% % de la préparation de fibre." Ia prepa.ratlon de fibre est

o

hydrolysee aved de l'acide sulfu.rique a 5% et a 72%. %es glucides
neutres résultants de 1 hydrolyse sont 1dentif3.es par momatographle

én cqouche mince (cellwlose) et sont quantifiés par chro*qatographie en

phase ga.zeuse. - Ta tenelr en acides uroniques est determinée par colori-

me’trﬁ.e- La préparation de\fibre contient 70.8%‘de glucides neutres et
11% d'acides uroniques, IL'affinité pour les colo rant de la préparation
de fibre et des residus des dedersifs n’est pas relide & la capacité d'

échange de ' cations.
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© _ GENERAL INTRODUCTION

The food processing industry is 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 Qﬂyvast quantities of

waste materials.

= .
The apple industry, apart from producing apples for direct

consumption, processes millions of pounds of apples each yearj} in the
United States alone, the weight of raw, processed apple is 1.05 x 106
tons (U.S. E.P.A. 1971). Pomace, which is the press cake left from
pressing appleé‘fsr Jjuice includes peel and core wastes. The yield of i
wet pomace is 500 to 700 pounds per ton of apples pressed in manufacturing
juice,.concentrate, cider brandy and vinegar (Smock and Neubert, 1950).

It is 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 (Smock and Neubert, 1950).

lpple pomace was the first major souxce of pect;n in the United
‘%? ) States and Europe; commercial production began during the peried 1915~
1917 (Kertesz, 1951). Pectin production in the United States i;\now pre-
dominantly from citrus peel; it is 20-50% pectin on a dry weight basis
(Kertesz, 1951). .
Apple pomace and apple pectin pulp, which is the resldue from
pectin extraction, have been used as animal feeds directly, wifh or qith-
out added flavours and protein supplements or after having been ensiled

{ (Morrison, -1956).



/

In Quebec, 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 is to isolate and

characterize the chemlcal and physical properties of apple core fibre.
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I. BREVIEW OF LITERATURE

A. Dietary Fibre: History and Definition

Hippocrates in 400 B.C., recognized the value of fibre in the
diet as he suggested the use of bran as a la.xa.tiva (Colmey,i 1978)
Trowell (1977b) in an exhaustive bibliography gave numerous 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 fooé
in the diet and the incidence of lower bowel problems. Dennis Burkitt's
studies on African po’pulations led to the theéry that ¥ibre was essential
in the prevention and tregtment of many colonic disorders, as well as

diseases related to metabolic levels of cholestero.l, metal ions and glu-

tose (Burkitt and Trowell, 1975).

The word 'fibre' was filrst used by Grew in 'The Anatomie of
Plantes' (1682) in relation to the structure of the cé11 wall of plants
(Preston, 1974; Trowell, 1977a). 'Crude Fiber' was developed as a’
method for the determination of indigestible residue in forage ' material.
It is the residue’ of plant food which, after extracting-lipid, is res-
Istant to the sequential extraction with hot dilute acid followed by hot
dilute alkali. According to Vah Soest (1978) 1t was John Gorham {1820)
and not Einhof (1806) who first introduced.this method; the method, after
several modifications (Browne, 1940) was accepteid by the A.0.A.C. Hlpsley
(1953) introduced the term 'dietary fibre' to describe what McCance had

called the unavailable or indigestible carbohydrates of plant food

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

vegetable cell walls which are not hydrolysed by the alimentary enzymes of

man." This definition was later revised to read "the plant polysacchafdes

and lignin which are resistant to hydrolysis by the digestive enzymes of

o

g

o Phi



" man" (Trowell et al., 1976). Trowell's termihology has been the subject
of debate (Spiller a.rjd Amen, 1975; Spiller and Fa.sseft-Corneliusf, 1976;
Furda, 1977; F‘assett-Corneli\;ls and Spiller, 1978) and v&orkers have pro=
pc;sed\—the term‘s "Plantix" (Spiller and Fassett-Cornelius, 1976) and
"Partiaily',Digestible Biopolymers" (Furda, 197:7). Dietary fibre, however,
has become a widely used term and it is likely that it will remain a part

of our vocabulary for some time to come.

More recently, Southgate et al. (1978) defined dietary fibre
, .
as "the sum of the lignin and polysaccha‘rides that are n?t digested by the
endogenous secretions of the human digestive tract." This definition has '
a physiological basis and Schweizer and W\lirsch (1979) considered that the
:‘ibre components of

term should include the biosgynthetic or syntheticxi

food such as hydroxy-methyl cellulose and carboxymethyl cellulose.

] ~—~

B. Dietary Fibre: Compositibdn

There are complex relationships that exist between the various
" components of dietary fibre; 1t is not surprising, therefore, that the )

isolation and characterization of these components lead to many diffic-

ulties. 2
. - ,
o« ” ~s

f
There are two methods of approach to the study of plant cell !
<
‘anatomy; pamely a morphological approach and a physi}co-chemica.l approach.

Within/{he last hundred years, aTconibina.tion of these methods has led to
+
the elucidation of the fine anatomical structure of the plant’cell wall and

’ .

to an extensive knowledge of its components.

Cell wall synthesis begins during telophase when'the cell plate

4
forms between daughter nuclei and extends to meet the existing cell wall;

I3

/

1
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this creates  a middle lamella, a structure which .is' rich P pectic poly-

: galacturonans (5outhgate,” 1975; Theander, 1977)., The prﬂpazy wall is

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

These fibrils are bundles of micro~fibrils, each in turn, compésedlof ele-
mentary fibrils consisting of about forty cellulose molecules arranged in . ,
a micélla (Fahn, 1974). Cellulose is a/g -glucan that'is composed of ¥
glucose uFits 1inked by’fg'(l—u) glycosidic bonds. The three-dimensional
arrangements of fibrils favour: inter- and intra-molecular hydrogen bond-
ing thus fibrils of high mechanical strength and chemical reéistﬁnce are
formed (Theander, 1977). These fibrils are covered with an amorphous matrix

of hemicellulose and pectin.
~ ‘

, T@g hemicelluloses are perhaps the least understood of all the

plant wall cémponents (Van Soest and McQueen, 1973). The old classific-=

ation definés hemicelluloses as those substances that are prefernntially \
solubilized by dilute alkali after removal of water s;lubles and pectic )
polysaccharides. Hemicellulose is similar to cellulose in that it has a

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

it differs from cellulose in that it has a low degree of polymerization

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

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

74

ous hemicelluloses are now based on the predominant monomeric sugar

<

residue(s) e.g. xylans, glucuronoxylans, galactoglucomannans, etc.

PR

(Theander and Aman, 1979a) rather than the acidity or neutrality of the

NS

hemicellulose. The acidic reS1dues, glucuronic acid and galacturonic acid v

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

The hemicelluloses exist in close association with cellulose fibrils through

.

N\ *

MR e, ey ¢
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covalent bonds and may act as plasticizers (Eastwood, 1973). The hemi-

celluloses are somewhat more diges'tible than cellulose (Theander ahd ‘Aman,

1979a). . , T
A o ‘
Pectins are a group ofisubstances, the main constituent qf

'

which is D-galacturonic acid. ¥The acid residues are bound by X-(1-4)

to form a backbone to which are attached either @abinans; galactans or

These pectic substances are made insoluble by the presence of divalent

,calcium ions but may be extracted with ammonium oxalate or EDTA

(Théander and Aman, 1979a). Joseph (1955) proposed a chemical extraction

.method which characterizes pectin according to its degree of esterification.

Pectin acts as a support material that forms a cross-linked gel that is
; able fo withstand osmotic repulsions. Its properties of adhesion a_nﬁ

hydrophilicity, its binding of metal ions and lipids and its capacity to

o - «form hydrogen bonds are inflienced by its degree of methylation and acetyl~-

3

* ation (Furda, 1979; Aspinall, 1970; -Bastwood, 1973).

Growth of the cell wall involves the two following mechanisms:

-

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

-

between particles of existing substance. The resultant "mosaic growth"

,
(Fahr'l, 1974) occurs when thin areas of fibrils are penetrated by eytoplasm
and distended by cytoplasmic synthesis; r;ewufibrils are added to fill the
S@-_P- ’ > ) »
2) Apposition: this type of growth is due to centripedal adé.i'tion of new

layezs, sne upo/n,.thé other. The resultant "multinet growth" (Fahn, 1974) -

glves rise to a thickening and an increase in surface ared of the primary

-

'

. LN

giycosiglic linkages interspersed with X-(1-2) linked rhamnose residues -.

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

1

P SR




walls.  The thickening is a result of fibril reorientation in the earliest

<

fqrmed,lemella,~from transverse\tg long;tudinal; suécessive iamellae,

i

" with denser fibrils are then added ‘transversely.

-

| ¢ ;
| The secondary cell wall is formed by layeringion the inner sur-

face of the primary wall; it begins in cells or parts of them that have

‘ceased growth. It is & trilaminar structure withrsuccessively apposed X

.

layers of fibrils that are orientated at an angle to the 'axis of the cell.

Thi's structure is surrounded by a hemicellulose natrix.

Lignification is initiated at the cell corners wi%hin or just
inside the primary wall; 1t extends rapidl& to the middle lamella then
along the middle lamella to the secondary wall (Wardrop, 1971). Sarkanen
and Ludwig (1971) have defined lignin as the "polymeric natural products %
arising from an enzyme—initlated dehydrogenatlve polymerization of three
primary precursors, namely trans-coniferyl, tf;h s-sinapyl and trans—coumaryl
alcohols.” Lignin is a three dimensional matrix which varies in compositlon
and chemical reactivity dependlng on the plant souch and method of isol-
ation. Lignin has a multi\\i function and is essential to plant lifer .
It acts as a cementlng and anchoring agent and imparts rlgidity to cell

walls and resistance to impact, bending and.compre351on. It is involved in
i

interpal“transport of water, nutrients and metabolites by decreasing water

.permeablility. in vascular tissue such as xylems. Lignified cells impede

the penetration of destructive organisms and hence resist microbial attack
Y8 .

(Sarkanen and Lu%wig, 1971); the lignin itself may also be toxic to micro-

organisms (Gordoh, 1978). Lignin exists in the cell in close assgciation

with hemicellulose and is covalently bound to it (Sarkanen and Iudwig, 1971). /'

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

B
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postulated that three types of bondslexist; ohe type is cleaved by boro-
hydride reduction; one is resistant to alkali and another«is alkali

labile. Complete lignification is associated with cell death. )

xr
1

C. Analytical Methods

T

(1) Crude Fibre

“sf-

Gorham (1520) gesc;ibed a method for the analysis of crude
fibre of Indian corn a#ueaély as 1320 {Van Soest and Rokertson, 1977).
Succeésive refinements and standardizations of the crﬁde‘fibre method led
to the adoption of this method by ‘the A.0.A.C. in 1887 (Browne, 1940).
The crude fibré’fhug determined was supposed to represent ‘the indigeséible
fractions of food (Spiiler and Amen, 1975). According to Van Soest and

McQueen (1973) this meﬁhod led to the elimination of 20 to 50 perzent ot

the cellulose, 50-90 percent of the lignin' and about 85 percen£ cf the hemi- )

* cellulose. N - -

i

'(11) Detergent Extraction - : \ L.

[

Van Soest and coworkers developed methods. involving the use of
‘ []

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

Soest, 1963a, 1963b; Van Soest and Wine, 1967; Van Soest, 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 reagenfs as well as the procedyres is
given in U.S.D.A. Handbook #379 (Goering and Van Soest, 1970). Other

methods that have been suggested inclﬁ@e a buffered-acid detergent method

" (Baker, 1977), an ammonium oxalate method (Collings and Yokoyama, 1978) and

neutral detergent methods {nvclving the use of an X -amylase t¢.aid in the

]
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removal of starch (Sghweizer and Wursch, 1979; Belo ~deLumen, 1981 -

Schaller, 1977; Collinge et al., 1980). Although these, methods lprovide

g - 4
an estimate of the indigestible residue, thgy do not glve\an accurate
estimate of dletary fibre; non-cellulosic polysaccharidesg are solubllized -

by the detergent system.
(111) Enzyme Digestion (Biochemical)

Williams and Olmsted (1935) were dissatisfied with the relevance
of their crude fibre measurements (Olmsted et#dl.’,""1935); ~ they developed a
method which-involved treating their samples with a pancreatin-bile salt
mixture and subsequently with cold 21.4 N sulphuric acid, to more closely
approximate the action of the human digestive system. A further modific-
ation by Hellendoorn et al. (1975) involved the use of pepsin in addition
to pancreatin. Southgate et al. (1978) considered that the modified method
does not give a reliable measure of all dietary fibrajgomponents or all

water solubilized components.

(iv) Unavailable Garbohydrates N

The Southgate method for unavailable carbohydrates (Southgate,
1969) is based on the work of McCance and Lawrence (1929). It is an ex-
tensive method which isolates-aﬁd quantifies ceXlulose, lignin and non-

cellulosic polysaccharides. The method is lengthy and lacks specificity

because of the mutual interferences of hexose, pentose and uwronic acids

(Hudson and Balley, 1980). This procedure has been modified by Englyst to
include the determination of hexoses and pentoses by gas liquid chromato-
graphy. Southgate et al. (1978) have proposed an analytical scheme for com-

plete characterization of dietary fibre.

* In Southgate et al. (1978).
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There are several other methods for fibre dﬁiemination that in-
volve solvent extractlon, enzymatic remova.ll of starch, sequential acid .
l'vdroylysis, colourimetric or gas chromatographic estimation of sugars and
. colo~ imetric or ciecg.rbo:qlatiye estimation of uronic acids (Anderson and

Clydesdale, 1980; Jeltema and Zabik, 1980; Theander and Aman, 1979b).

Several authors,(McConnell and Eas:bwood, 1974; Schweizer and
Wursch, 1979; Sa.under; and Hautala, 1979) have made comparative studies
of the above analytical techniques in connection with 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.

(v) Cell Wall Material

N
Selvendran et al. (1979a) have developed a technique which

’ selectively removes cytoplasmic material; it is based on the use of
organic solvents with a high degree of affinity for fibre contaminants.
Plant material is ball-milled with a solution of 1% aqueous sodium deoxy-
cholate. The residue from this extraction is then extracted tw.*;.ce w:ith ;
solution of phenol/acetic acid/water, (2:1:1, w/v/v). A final extraction
is per{orlﬁed with agqueous DMSO *(90% v/v). The résidué, which is pure cell
wall material (CWM), is free of starch and intracellular proteins. The
small amounts of solubilized pectic substances ('8-(1—3) and B-(1-4)

glycans) can be recovered from the extracts and included with the cell wall

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

D. A}Jple Research -

Apples are fruits formed by the gnla:rgement,of the receptacle

!

* DMSO = Dimethylsulfoxide .

o 3
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which becomes fleshy and surrounds the carpels ‘(Ja.cobs, 1944). They are

composed of water (84%) and carbohydrate (11-14#); -they also contain small

amounts of lignin, tannin, pec-tin, cellulose, hem.cellulose and organic

acids (Chatfield. and MacLaughlin, 1931) 5o

The edible portion and pulp from apples have been analyzed by
several workers (Southgaf%e et al., 1978; Schweizer and Wirsch, 1979;
Theander and Aman, 1979b). To the author's knowledge there is' only one

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

Table 1 shows the composition of apple pomace and apple pectin
pulp in regard to digestible nutrients. Table 2 summarizes the results of
several ztorkers on the non-digestible (mono-gastric) portion of edible
apple tissue. To the author's knowledge, there is no published inform-
atlon on the ‘constituents of the dietary fibre portion of apple pomace or

apple pectin pulp.

E. Binding Studies:

The~ physical properties and dietary functions of plant fibre as
well as the varlous components: of plant fibre have been the subject of
much research. Several workers (Q?stwood and Hamilton, 1968; Chang and
Johnson, 1980; Xay et al., 1975; Thiffault et al., 1970; Judd et al.,
1976) have reported that the lignin component of dietary fibre is involved
in the adsorption of bile salts and acids and may influence serum cholesterol
levels; pectin may react with sterols, lipicis and bile salts (Furda, 1979;
Sel;rendra.n, 1979; Xay et _a_l_., 1978; Pfeffer, 1981). Tt has been suggested
that hemicellulose may interfere with protein a.bsorption (Kies a.nd Fox,

1977, .1978) and may increase bile acid excretion (Huang et a.l., 1978) Many

N
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TABLE 1
S 1
' by Average Composition and Digestible Nutrients of Apple Tissuel
’ ’ JRE- Y
Y
Average Total” 8bmposition
Total Dry Digestible Total Digestlble Nutritive < - vN—Free3 Mineral
Matter % Protein % Nutrients % Ratio 1: Protein % Fat %J Fiber % Extract %4 Matter %
Dried \
Apple 91.2 2.6\ 62,4 23.0 7.0 7.3 24,2 49,4 3.3
Pectin CC .
Pulp
Dried .
Apple .
Pomace 89.6 1.6 64.5 /,_39.3 4.3 4.6 15.2 63.5 2.0

.1 From Morrison, 1956

2 _As crude fiber

3 Contains starch, sugars, soluble pentosans, complex carbohydrates, organic acids and lignin
- ’ /

O
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TABLE 2

Composition of Apple Tissue

Composition (gm/100 gm dry matter) ? .

e i " Total " Non Celluloselll IT
, Material Dietary Fiber Polysaccharides Cellulose Lignin ADF NDF
- ] . ‘4
J?vApple 1 (Flesh only) 9.2 6.1 3.0 Tr?ce 1.7
) - . ,
- Apple Pulp (Dried) 87.6 53.2 31.9 2.5
- o - -
Apple3 (Homogenized) 17.0 ' 8.5 10.1
* ’
L . .
. Apple (RAomogenized) 17.5 1.3
5,1V ‘ Coor
Apple (Flesh) 1.42. 0.94 0.48 0.01
. .
apple”’ Y (Peel)- 3.71 2.21 0.01 0.49
. Apple®  (Dehydrated) 131 c7.5Y 3 2.5
« ) I
Apple’ (Pulp). 5.3 0.7 6.35  9.50
apple® (Pulp) 10 . 58 3.2 1.0
1) Southgate et al., 1978 : I) Lignin determined by KMNO, oxidation -
2) Cummings et al., 1978 II) Determined as Klason Lignin
3) Schwelzer and Wursch, 1979 ITI) Sum of hexoses, pentoses and uronic acids
L) Theander and Aman, 1979 IV) Values given are gms/100 gm edible portion o
5) Southgate et al., 1976 * - V) Sum of hemicellulose and pectin as determined
-6)> Manville et al., 1939 VI gm/lOD gm of materlal used
7; Robertson, J,B., and Van Soest; P.J., 1981 VE2) Total of columns 2, 3 and 4
8) Southgate and White, 1981 .
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of these studies have involved the use of fibre preparations of undefined
chemical composition (Story et al., 1979; Bastwood et al., 1976; -
Kritchevsky and Story, 1974; Vahouny g_t\ al., 1980; Kies and Fox, 1977).
Holloway et al. (1980) in a study of'hem;i.cellulose digestion determined
the monosaccharide profile of theili material, at each stage of isolation.
Selvendran (1979) studied the effects of pH, particle size and compos-
ition of fibre on the binding of bile salts; the author reported on the
detailed analysis of the components of parenchymatous, lignified and
cutinised tissue isolated from runner beans. Several workers (James

et al., 1978; Reinhold ef al., 1976; Davies, 1979) studied the binding

of certain metals by dietary fibre.

McLean (1977) has reported that diet can modify chemical tox-—
icity. Seve~ral workers (Brshoff and Marshall, 1975; Kimura et al., 1980;
Takeda and Kiriyama, 1979; Tsujita et al., 1979) have shown that the
addition of certain fibx:e preparations reduced the toxicity of cyclamate,
Tween 60, Tween 20, polyethylene g—lycfol“ L4000, amaranth and certain other
food dyes. Kritchevsky (1977) point;ad out that the mechanism of deéoxific—
ation by dietary fibre has not yet been elucidated. Ershoff and Marshall
(1?75) noted that dietary fibre might be an effective detoxicant for

severad different toxic materials but the mode of action could be quite

different.



15

) II. MATERIALS AND METHODS

-
/ o
A. Measurements of Physical Characteristics of Apple Core Fibre

~

1, Determination of Mean Particle Size

Mean partitle size was determined (ASAE Standard S319 ;
Agricultural Engineers Yearbook, 1976) using U.S. Standard Sieves
(Endecotts Filters Limited) numbers 10 (2 mm); 18 (1 mm); 35 (500 um);
60 (250 _um); 100 (149 _um) and 200 (74 aum). A sample (30 gm approx.)
of fibre material was placed in the uppermost sieve and the sieves
tightly covered. The sievés were secured to a shaking device which had
a 3.5 c;m lateral sh\a.ke and a 0.7 cn drop-tap and a ruhning 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 d.gwn and the sieving _ip.?;flaﬂdw continued for an additional S min-
utes. The fibre was collected from each sieve and the tray and then

weﬂfghed.\ Tﬁe mean particle size (mea.n diameter) and geometric standard

‘deviation were calculated following the equations provided in the Agri-

cultural 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 (0.3 gm approx.)
was placed in a centrifuge tube (40 ml) along with 25 ml of glass dis-

tilled water; the mixture was stirred (Vortex Genie, Scientific ~

gt
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Industries Itd.) and the tubes were then closed with parafilm. The tubes
were placed in a v;a.ter bath (2 500 or 3700) and allowed to stand for 24
hourS. The supernatant was removed using a siphon; traces of solvent
that remained were removed by using filter paper wicks. The tubes were
weighed, the fibre frozen in liquid air and freeze d.:cied. The difference
in the weights of material before and after drying, divided by the weight
of material after drying, was taken as the water holding capacity of the

material.
3

3. Water Holding Capacity (Method #2)

Water holding capacity was determined using a filter paper
method (Robertson et al., 1980). A sample (0.5 gm approx.) was soaked
(25°C or 37°C) overnight (16 hrs.) in 100 ml of glass distilled water;
the mixture was then filtered on a preweighed f ::ther paper. The fibre
was allowed to drain completely and the filter paper was then allowed to
stand on a paper tcwel for 20 minutes. Filter papers (6) of known weight
were wette‘i;‘with water and weighed to determine the wet weight, dry ,
weightﬂ r;:cﬁf the filter papers. The papers were weighed®in beakers
closed with parafilm and allowance was made for the increased’ weigll'xt’ of
the filter papery, The wet weight of fibre minus the dry w(eight, divided
by the dry welght was taken as a measure of the water holding capacity of

&

the fibre. o ’

4, Settling Volume in Water

Settling volume was measured using the method of Takeda and

Kiriyema (1979). A sample (0.5 gu. approx.) of fibre was placed in a
[

round bottom flask (100‘ ml) and suspended in deionized water (40 ml , 25~QQ

L4
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The flask was evacuated (2-3 cm Hg) and allowed to stand overnight. The
sample was transferred to a graduated cylinder (100 ml) and the solid
material allowed to settle for 5 hrs. *The supernatant was removed using
a siphon and the sample transferred to a grajuated cylinder (25 ml),
dlong with sufficient water to give a total volume (fibre and water) of
25 ml. The mixture was stirred by agitation and the covered (parafilm)
cylinder was allowed to stand overnight. The volume of :che fibre layer

was, measured; the settling volume was expressed as mls of fibre layer

divided by grams of fibre.

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

. A sample (4 gm.- approx.) of fibr® was mixed with 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 (25°C) for 48 hours. The
mixture was filtered (Buchner funnel) and washed with glass distilled
water until the filtrate was free of chloride (sSilver chloride test)., A
sample (0.25 gn approx. dry weight) of the acid charged material was sus-
pended in sodium chloride solution (150 ml , 5%) and allowed to stand
overnight. The suspension was stirred mechanically (magnetic stizz:er)
while it was titrated with sddium hydroxide (0.0511 N) using a Harvard
Apparatus Infusion Pump (Model 600) equipiaed with a 50 ml syringe and a
Beckman Zeromatic II pH meter (Beckman Instrunents). Samples of acid
detergent fibre and neutral detergent fibre prepared from the apple core
fibre were soaked in 2 M HC1 and treated as above\. A sample of pure
pectin (Sunkist P}Jre Citrus Pectin N.F.) was titrated without pri'or treat-

ment.

i b ST o a1
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6., Scanning Electron Microscopy of Fibre Samples

-

Double stick aluminum tape was placed at the centre of Scanning
Electron Microscope specimen stubs. The surface of the stubs around the
aluminum tape, was coated with silver paint; approximately 2 mg of air
dried fibre sample, sieved to pass a é50,«m screen, was ,plac';ed on the
aluminum tape. The sample was coated with gold and observed undsr a
Scanning Electron Microscope (Cambridge Stereoscan 600). . M.r. Louis
'fhauvette of the Plant Science Department, Macdonald Colieée assisted in

the observation and photography of the ,s“a,rniples.»/

B. Chemical Analysis of Apple Core Fibre

1. Acid Detergent Fibre (ADF) and Iienin

I

ADF was determined according to the A.0.A.C. method (A.0.A.C.

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

2. Neutral Detergent Fibre (N'DF)

#DF was determined according to the method described by

Robertson (1978).

3y

3. Nitrogen

_ Nitrogen was determined by a nicro-Kjeldahl method (A.0.A.C.

A

Handbpok, 1975). i .

L, Mo i'sture Content

&
Moisture was determined using a vacuum oven (A.0.A.C. Handbook,

1975).

/




5, Pectin Extraction ;

Pectin was extracted from the apple core fibre using the method

of McCready and McComb (1952) with some modifications. A sample (1.0 gm

" uprrox.) of apple core fibre was placed in a beaker (250 ml) along with

95% ethanol (1-2 ml) .and EDTA solution (130 ml, 0.5% tetrasodium EDTA

adjusted to pH 11.6). The suspension was stirred mechanically (magnetic

TR e e e o L G g ok

stirrer) for 30 minutes at room temperature. The reaction of the sus-
\ . pension was, adjusted to pH 5.4 l(a.pprox.) with' glacial a,ce't:icc)*{ acid.

- Pectinase (0.1 gm, Nutrition Biochemicals Corp.) was added and the sol-
ution was stirred for one hour. The suspension was transferred to a Vc;l—
umettric flask (250 ml ) and the volume adjusted to 250 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 collected for analysis. A sample of pectinase and a
sample of pure pectin (Sun;:ist Pure Citrus Pectin N.F.) were subjected to

—

the extraction procedure outlined above.

I

6. Pecti\n Estimations: ' Modified Carbazole Method for Uronic Acids
J

/
‘Uronic acid /in solution A (see above) was determined using the

. /
method of Bitter and Muir (1962). A sample (1 ml) of solution A was

added to a volumetric flask (50 ml ) and the volume adjusted to 50 ml using
“ deionized water. Aliquot;. (1 ml) of the diluted solution A were placed in ‘
test tubes (16 x 150 mm glass stoppered) and the liquid was frozen using
liquid air. Tetraborate solution (5 ml , 0.025 M sodium tetraborate in
concentrated sulfuric acid A.R.) was added, and the :,ubes were shaken

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

~ ~
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mixer. The tubes were heated (10 min) in the boiling water bath 'and then
cooqled to room temperature. %Ca:r:bazole“ reagent (0.2 ml, 0.125% carbazole
in absolute ethanol) was added, the solutions were mixed thoroughly and
_then heated (15‘ min) in the boiling water bath. The" tubes were cooled to
room temperature and the optical density (530 nm; i cm cell) of the sol:
utions was measured using a Perkin Elmer Lambda 3 UV/ VIS Spectrophoto-

meter. Sulfuric acid (Conc., A.R.) was used as a blank.

Standard solutions (4—40 /ug/ml) of galacturonic acid were pre-
pared by dissolving galacturonic acid (Nutritional Biochemicals Corp.)
in delonized water that had been saturated with benzoic acid. Standard
curves (Figs. 1 and 2) were prep%.réd using 0.5 ml and 1.0 ml samples.
The purity of the ga.la.cturonifz acid was determined by titr?.tion. Blank
determinations_ were made using the saturated solution of benzoic acid

and deionized water.

7. Pectin Estimation: Hydroxy Bipher;y‘_i Method for Uronic Acids.

Uronic acid in solution A (see abtove) was determined using a’
modification of the method described by Blumenkrantz and Asboe—H;.nsezil
(1973). An aliquot (0.1 ml) of solution A was placed in a test tube (16 x
150 mm, glass stoppered) along with 0.4 ml of glass distilled water. _ The ‘
resultant solution yas frozen in 1iqu§.d alr. Tetraborate solution (3 ml ,
0.0125 M tetraborate in_ concent:r_;a_.ted sulfuric acid A.R.) was added and
the tubes shaken gently at first and then the mixture was stirred vigor-
ously using a vortex mixer. The tubes were heated (5 min.) in a boiling

~

water bath and then cooled to room temperature. ©-hydroxy biphenyl sol-

ution (100 ul; 0.3 gu /200 ml , 0.5% sodium hydroxide, lab grade) was added

o et e e S b
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Flgure 1. Calibration curve for Carbazole Test
N (0.5 ml Sample $ize).
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Optical Density (530 nm)

7.5 15 .3 | 375
Galacturonic Acid-H,O . ugm

Figure 2. Calibration curve for Carbazole Test.
(1 ml Sample size).
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and the mixture was stirred thoroughly and then allowed to stand for 15

minutes. The optical density (4?7 nm; 1 cm cell) of the solutions was

megsured uéing a Perkin Elmer Iambda 3 UV/VIS Spectrophotometer. Sul-

=2

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

Standard solutions (5-50 A+g/0.5 ml) of galacturonic acid were
freshly prepa.red.‘ Blank determinations were made on aliguots in which
sodiun hydroxide solution (100 ml; 0.5%) was used ifstead of the ro-
agent. A standard curve 1\s shown in Figure 3. o=

8. Amino Acid Analysis

b

Samples (15 mg approx.) of apple core fibre were added to test
tupes (13 x 100, Pyrex) along with”hydrochloric acid (1 ml, constant boil-

ing,“glé.ss"‘distilled). The contents of the” tubes were frozen in liquid

air\ sa.nd were then thawed using a stream of nitrogen. This procedlme_ was
repeated three times, and then the tubes were sealed under nitrogen.

The tubes were heated (110°C), for 22 hours in 2 Stabil-Therm Gravity Oven
Model RS 12 1AX (Blue M Electric Company, Blue Island, I1l.) The tubes
were cooled to room temperature and opened; the contents were filtered
(fritted glass, porosity F) under moderate suction. The tubes were rinsed
with deionized water (1 ml) and the filtrates collectéd. The filtrates
were evaporated to dryness using sodium hydroxide as described in the
Beckman Instruction Manual (Beckman Model 120c Amino Agid Analyzer
Instruction Ma.ﬁua.l, Section 7, Spinco Division Beckman Instrumerits, Palo
Alto, Cal.) Citrate buffer (1.7 ml., pH 2.2) and norleucine standard

(0.3 ml , 0.078'}/ g,m/litre in citrate buffer pH 22) wepe added‘to the

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

~
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Model 120c Amino Acid Analyzer modified to a Model 119, equipped with a
Beckman Model 125 Integrator; Beckman Instruments, Palo Alto, Cal.)
The citrate buffers, the opéra.ti_.ng parameters and integrator responses
for amino acid standards axe reported in Tables 3, 4, and 5. The nin-
hydrin colour reagent was prepared as follows: Sodium acetate solution
(974 ml , 4 N; Reagent Grade, Bmi) and Pier Solv (2366 ml; Gldss-
bottled, Piexrce) were mixed wdex; nitrogen. ﬁinﬁydrin (75.76 gm;
Reagent Grade, Pierce) and Stannous Chloride Dihydrate (1.515 gm, A.C.S.
Fisher) were\rdissolved in the resultant solution. The ninhydrin colour
reagent was stored under nitrogen during preparation and use to prevent

deterioration.

9. Acid Hydrolysis ’

(a) Hydrolysis with 5% Sulfuric Acid ~

The apple core fibre preparation was hydrolyzed using the
nethod of Ander;on and Clydesdale (1980) with several modifications.
S%mples (6; 1% mg each) of apple core fibre were placed in tared centri-
fuge tubes. (40 ml, Pyrex) along with /B-d-Allose (10 mg approx.; Sigma) "'H
as an internal standard and sulfuric acid (25 ml , 5% w/v) was’ added.

The tubes were sealed wlth rubber septa secured with copper wires. The
contents of the tubes were mixed (Vortex mixer) and the tubes Were heated
(245 hours) in a boiling water bath. The tubes were then cooled to room
temperature and the septa removed. Deionized water (10 m. approx.) was
" used to wash down the walls of the'tubes then the tubes were centrifuged
(2500 rpm, 20 min. at 40°C; IEC.centrifuge model PR-1, equipped with
head #3812). The supernatants were removed using a siphon and wWere trans-

{

ferred to volumetric flasks (100 ml). The residues were washed with
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B <
THLE 3
< s e ' . 1,2,3,4
Citrate Buffer for Admino Acid Analysis
Buffer ya+ pH Running time (Mins.)
A O.ZN 3-1 © és
B 02N 4.0 o35
C 1.35N 5.3 82

Buffers are made with Sodium Citrate .2Hp0 ('Baker .
Analyzed' Reagent, Baker Chemical Company) and freeshly
deionized water prepared from distilled water.

The pH of the buffers was adjusted using constant
boiling, glass distilled, HCI.

All buffers contain caprylic acid (0.01% v/v) and
pheno¥ (0.1% w/v).

Buffers A & B contain isopropanol (2% v/v)

Buffer C contains isepropanol (4% v/v)

Prepared buffers were filtered through a millipore
filter and degassed.
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. TABLE 4

Amino Acid Analyzer Running Parameters

Column Dimension
Resin Type

.Resin Bead

Flow Rate

Running Time

Integrator Range

A

Integrator Plateau
5

Integrator Sensitivity

Integrator Baseline Delay

&
-

Integrator Baseline Corxrrection
Ld N \ /

o

6 mm Width
32 cm length

Aminex A-9 (Biorad)
Cation Exchange

11 ‘—’0.5/“

37 mls/hr Buffer
12 mls/hr Ninhydrin
@

220 minutes

200 counts/0.D./sec.
20*@econds

0:605 0.D./min.

56 seconds

@

0.02 0.D./min.

27
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TABLE 5

Integrator Response for Amino Acidsl,

Amino Acid Response
Aspartic acid 3195
Threonine 2994

* Serine 4131
Glutamic acid 3988
Glycine 4691
Alanine 3726
Valine 1727
Cysteine 3564
Methionine k725
Isoleucine 3663
Leucine 4472
Norleucine? L3hs
Tyrosine k553
Phenylalanine 4799
Lysine' 8301
Histidine 5254
Arginine 3974
Proline 0.825°

1 All responses are for 0.5

moles of amino acid

except cysteine which is for 0.25 moles.
2 Internal standard

3 The response for proline was calculated using
the "Height Width" method outlined in the
Beckman Model 120c Amino Acid Analyzer Instruc-

tion Manual, Section 8.

4
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distilled water (3 x 15 ml) and the washings were added to the super-
natants. The volumes were adjusted to 100 ml with distilled water; the
solutions (hydrolysates H: to Hé) were stored at 5°C. The residues ‘
(Ri-Ré) were washed with acetone (3 x 15 ml; Lab Grade Caledon) end
diethyl ether (2 x 15' ml; Anhydrous A.C.S., Anachiemia). The tubes were
heated (40°C) in a water bath and the ether was removed using a stream

of alr that had been dried over calcium chloride. The tubes were then
heated (110°C, 10 min) and cooled (20 min) in a desiccator (silica gel)
and weighed. The recovery was measured using purified hemicellulose (Gum

Arabic; Brinkman & Co.)

(b) Hydrolysis with 72% sulfuric acid ¢

/3 ~d~allose (10 mg approx.) was added to the residues (R -R;)
along with sulfuric 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 allowed to stand for 48 hours (4°C). The mixtures were
filtered (tared, %0 ml, sintered glass crt:cible. porosity C) and the
residues were washed (2 x 25 ml) with distilled water. The acid and water
filtrates were transferred to volumetric flasks (250 ml) and the -volumes
were adjusted to 250 ml. The resultant solutions (hydrolysates hy to hg)

were mixed thoroughly and stored at 5°C, The residues in the crucibles

‘were then washed with acetone (3 x 15 ml) and with diethyl ether (2 x 15 .y,

ml). The crucibles were then heated (110°C, 15 min) and cooled (30 min)
in a desiccator (silica gel) and then weighed. A recovery experiment was

performed using a sample of purified cellulose (Cellulose MN 300, Macherey

N‘a.gel) .




10. Analysis of Acid Hydrolysates

(a) Qualitative Estimation of Monosaccharides and Uronic Acidg
)

Samples (10 ml) of the hydrolysates (H1 - Hgi hy - hé) were

neutralized with solid barium carbonate and were then filtered (Whatman

#1); the filtrates were dried on a rotary evaporator (LLOOC, 2-3 cm Hg).

The residués were dissolved in ethanol (10 ml, ?O% ), the solutions were

filtered and «the filtrates dried using a rotary

evaporator. The residues

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

analyzed by thin layer chromatography (T.L.C.) (Polygram Cel 300, 0.1 mm

Cellulose MN 300, Macherey Nagel) using a modification of the method

A

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

each standard sugar (2-4 ul) [1 ng/ml approx.

of BA-d-Allose (Sigma);

L-(—)—Rha.rmose'HZO (Bastman); L1-(-)-Fucose, d-(-)-Arabinose, d-(+)-

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

icals Corp.); d-{+)-Glucose, anhydrous (Anachemia) in 70% Etha.nol:] as

well as mixtures, were spotted on T.L.C. plates.

The chromatograms were

developed twice (40°C ¥ 1.5°¢, 2 hours) in a lined tank (Dasaga) which

was equilibrated for 15 minutes with the solvent [50 ml ; acetonitrile,

pyridine, (A.C.S., Anachemia), 1-butanol, glacial acetic acid (A.C.S.,

Caledon), wate:i; 4:5:9:3:4 :]. The chromatographic plates were dried

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

Resldual solvent was removed from the chromatogram by heating (10000, 1

min) them in an oven. Monosaccharides and uronic acids were visualized

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

gn phthalic acid in 100 mls absolute methanol;

1972).

Handbook of Chrematography,

~
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(b) Determination of Uronic Acids

Th;‘uronic acid content of the hydrolysates was determined
using the methods described above (see Sections II.B. 6&7, pages 19-20
and Figs. 1&2, pages 21-22)., Samples (0.5 ml ) of undiluted hydrolysates
were used in the modified carbazole method (Section II.B.6, page 19) in
order to copser;; reagents (see Bitter and Muir, 1962). Samples (0.5
ml ) of hydrolysates h;-hg and samples (0.25 n1 ) of hydrolysates H1'H6,
diluted to 0.5 ml with distilled water were used in the hydroxy-
biphenyl method (Section II.B.7, page 20).

(c) Determination of Monosaccharides by Gas Liquid Chromato-
graphy (G.L.C.) ‘ ~

Samples (2 ml.) of the pectin extracts (solutions A, Section
II1.B.5, page 19) including the pure pectin sample, were added to test
tubes (13 x 100 mm, Pyrex) along with /& -d-Allose solution (1 ml, 0.0434
em/50 ml of 15% (w/v) Sulfuric Acid) that was freshly prepared. The tubes
were sealed in a flame and then heated (2.5 hours) in a boilinghwater
bath. The tubes were cooled to rdom temperature and opened. Samp%es
(3 ml ) of hydrolysates h,-h, were added to test tubes (13 x 100 mm,
Pyreg); 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 Hy-Hg were added to test tubes and were used with-
out further hydrolysis. Samples (2 ml ) of a stégdard sugar solutiorx[jo ng
approx. of each sugar in Sectign IILB.iO,p.BO dried in vacuo (2-3 cm Hg)
at 2500 over calciug chloride, dissolved in 50 mls distilled water:l were

added to test tubes (13 x 100 mm, Pyrex) along with sulfuric acid (1 ml,

P
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15%(w/v)). The tubes were sealed then heated (2.5 hours) in a boiling

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

All the samples were neutralized with solid barium carbonate
and then filtered (sintered glass funnel, porosity F, lined with Whatman
#1) using moderate suction. Residues were washed with distilled water
(5 1311) and the filtrates were pooled and added to test tubes. Sodium
carbonate decahydrate was added to adjust the concentrations at 0,01 M.
The solutions were allowed to stand 20 minutes. Sodium borohydride (25
ng, 98%, Fisher) was added and the resultant solutions were allowed to
stard (25°C) for 3 hours. Glacial acetic acid (A.C.S.) was added drop-
wise to neutralize the excess borohydride. The solutions were then de-
cationized using ion exchange columns (3 ml Amberlite IR-120 (H+), 1.9
meq H+/ml}. The effluent and threé bed volumes were collected in round
bottom flasks (50 ml) and dried on a rotary evaporator (40°¢, 2-3 cm Hg).
The residues were washed with acidiflied methanol (10 ml, glacial acetic
acid: absolute methanol, 1:9) and then evaporated to dryness. The
residues were washed with absolute methanol (3 x 10 ml) and transferred
with absolute methanol (5~8 ml), using a Pasteur pipette, to test tubes
(13 x 100 mm, Teflon-lined screw cap) The solvent was e.va.porated (40°¢c)
using a stream of air that had beex} dried over calcit}m chloride. Acetlc
anhydride (0.5 ml, A.C.S. Anachemia) and anhydrous sodium acetate (15 mg,
A.C.S. Anachemia) were added to the tubes. The tubes were sealed and the
contents mixed vigorously (Vortex mixer). The tubes were then heated (105°C)
for three hours. The reaction mixtures were cooled and aliquots (2.5 1)
were analyzed by injecting them directly on to the G.L.C. column. The gas

chromatograph (Packard, 7400 Serles) was equipped with a flame lonization
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detector and a six foot glass column packed with Supelco SP-2340 on 100/120
Supelcoport (Supelco). The tonditions of operation are reported in Table
6.- Molar response factors for each sugar were calculated according to the

method of Sloneker (1972) using the standard sugar solution and are re-

‘ported in Table 7. Peak area was calculated by multiplying peak hi}ght by
A ~

the width at half height. A sample gas thromatogran is shoﬁn in Fig. 4.

11, Binding of Food Dyes ¢

Stock solutions (250 ml) of 2ach dye I:Brillia.nt Blue FCF (C.I.
#+2090; FD&C Blue #1); Erythrosine (C.T. #45430; ' FD&C Red #3); Ponceau
-
SX (G.TI. #14700; FD&C Red #4)] were prepared using each of the following

buffers. Buffer 1 - Potassium biphthalate-sodium hydroxide at pH 4,8,

* Buffer 2 - Potassium dihydrogen phosphate~sodium 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 150 ppm for Ponceau SX; 50 and 300 ppm for

Erythrosine. The dye-buffer combinations are listed in Table 8._ Dye.

binding was measured using a modification of the method described by

Takeda and Kiriyama (1979). Samples (O.é 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
15ml of a aye-buffer solution. Dye-buffer solufions were placed in

tubes containiné no test material and all the tubes were covered with para-
film. The contents of the tubes were mixed (1 min, Vortex mixer) and then
the tubes were heated‘(B?oc, 18 hours) in a water bath. The contents of

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

e 4l .
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TABLE 6 '

* - ™~ -
Operating Conditions for Packard 7400 Gas Chromatograph

Helium, 20 ml./min1

1,9; C hold 5 min.

2.5°C/min to 235°C

Carrlier Gas Flow Rat

Temperature Programme

Hold 5 min.
Injection Port Temperature - 230°¢
Detector Port Temperature 250°¢
-10
Attenuation 3x10 amps
Supply Voltage . 150

1 Flow Rate was mea.sured at the column outlet using a
soapfilm type flowmeter.

-
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\ < TABLE 7

\ Molar Response F‘a.ctor1 for Sugar Standards

%uga.r . . Molar Response Factor f s,D.'2
E.\\;amnose ) 1.01 ¥ 0.03 \
Fu%ose 1.01 ¥ 0,02

Arabinose 0.93 ¥ 0,02

Xylose . 0.9 To.02

Manngse 1.00 ¥ 0.01

Galac}s(ose \ 0./94 3 0.03

Glucos¥ 0.96 £ 0.03

Y \

] 1. Resgonse factors wers calculated from {he equation
. area of sample peak . moles of Standard (Allose)

NN

35

K (re}\sponse)a " moles of sample

2. Response factors were determined using 6 peak area
measurements for each sugar.

~

AN

area of Standard
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Flgure 4

Sample Gas Chromatogram
1. Rhamnitol Acetats
Z. Fucitol Acetate

J. Arabitol Acetate

4. .ky%itol Acetate

5. Allitol Acetate

6. Mannitol Acetate

7. Galactitol Acetate

82 Gluc{tol Acetate

-
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Figure 4, Sample Gas Chromatogram.
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TABLE 8

Stock Solutions used in Dye Binding

Dye-Buffer Combinations

Dye Buffer Concentrgion (;)pm)
Brilliant Blue FCF 1 100
2 100
3 100 1
1 50
2 50
3 50
- Ponceau SX 1 150
2 150
3 150
1 50
2 v 50
3 50
Erythrosine 2 300
3 300
1 50
{ 2 50
3 50

1. Buffers were prepared according to the data in the
Handbook of Chemistry and Physics, 57th edition, R.D.
.Weast editor; C.R.C. Publishing pg. D-134.

Buffer 1 Potassium Biphthalate - Sodium Hydroxide, pH 4.8

Buffer 2 Potassium Dihydrogen Phosphate - Sodium Hydroxide,
pH 6.5

Buffer 3 THAM -~ Hydrochloric Acid, pH 8.2

s ——
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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°C) for one hour.

The parafilm was removed and aliquots of the supernatant were diluted
%.(1 ml of "supernatant in 24 ml of buffer or 3 nl of supernatant in 22 ml ' .

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

Blue FCF)P® 536 nm (Erythmsjane); 501 nm (Ponceau SX); 1 cm cell]

using a Perkin Elmer Spectrophotometer (Model Lambda 3 uv/vis). ) I

Standards [1-5 ppm (Brilliant Blue F‘CF’\. 3-15 ppm (Erythrosine and
Ponceau SX)] were prepared by dilution of the stock solutions with the
appropriate buffer. Standards were heated (37°C, 18 hours) in a water

bath and were mixed thoroughly before their optical density was measured.

Standard curves were prepared for each stock solution.

\
. Representative standard curves for each dye are shown in Figs, ™%

5, 6, and 7.
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Figure 5. Representative Calibration Curve for
Brilliant Blue FCF.

A

e




-

S,

Density (526nm)

o o o ©O
o o g4 o™

Optical
o
'

3 © 6 9 12
Concentration . PPM

>~
Figure 6. Representa.ﬁve Calibration Curve for
Erythrosine.
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Representative Callbration Curve for
Ponceau SX.
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ITT. RESULTS AND DISCUSSION

A. Preparation of Apple Core Fibre

1. Preliminary Experiments

To determine the optimum dimensions of the core to be taken,
the apples (Cortland), wereesectioned both 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 length
(Mey and Young} 1942)., Horizontal (cross) sections through the center
of the apple were used to obtain an average .measurement of the core
diameter (Tukey and Young). The resultant measurements defined a cube
approximately 1.25 to 1.3 inches on a sider. The core sample would con-
tain tissues from the pith, the fleshy pericarp and the cartilagenous

pericarp (Tukey and Young, 1942),

The use of antioxidant to prevent oxidative browning of the g

apple tissue was investigated. Sutton and Lauck (1967) reported that a
synergistic mixture of phosphoric acid and. sddium bisulfite or sodium
sulfite inhibited enzymatic darkening and fermentation of fraesh’ fruit.

. A
It was found that apple slices, exposed to air for -7 days at room temper-—

ature would not brown 1f covered with a solution of 2 gn sodiun bisulfite’

and 4 gm ¢-phosphoric acid in 2 litres of distilled water. Slurries of
a.pple‘ core tissue with hot (85°-90°C) antioxidant solution did not brown
when maintained at 85°-90°C for 4 hoyrs. The hot antioxidant solution
also proved to be an effective means of extracting pectic substances as
indicated by the formation of a gel upon coo ling’of a filtrate of the

slurry.

3
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In order to remove tannins and free sugars, as well as less
soluble pectin,B80% methanol and EDTA solution (0.08M Tetra Sodium EDTA,
ad justed to pH 6.8) were used. It was found that #f EDTA extraction was

followed by methanol extraction, a coarse matted material was produced

which browned ra.p\idly during air drying. Methanol extraction followed

by EDTA 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. cw}. Cortland), were obtained
from the Macdonald College orchards. The outer portions of the apples
Jwere removed by hand to leave 1% to 1% inch coress The seeds were re-
moved and , the cores were c}}olaped finely and then suspended in a solutien
500 gn core material/500 ml solution) of antioxidant {2 gm Sodium Bi-
sulfite and 4 gm O.Phosphoric acid/2 litres distill@d/wat’er,‘ é.djusted to

pH 2; Pintauro, 1974). :

The mixture was allowed to stand (5°C) overnight: it was then
heated (850-900(3) for thirty minutes. The cores were macerated (G.E.
Portanix) and the hot (85°-90°C) slurry filtered using a lined Buchner
funnel (Whatrean #1) and moderate suction. The slurry was resuspended in
an equal volume of methanolic antioxidant solution (80:29 (v/V) absolute
methanol, antioxidant solution) and allowed to stand (5°C) overnight. The

mixture was heated (850—90°C), macerated and filtered as described above.
. SR
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The extraction procedure was repeated twice using an EDTA solution (0.08M
tetrasodium EDTA, pH 6.8), then twice with glass distilled water. The
slurry was suspended in 1.5 volumes of acetong and allowed to stand

( 5°C‘) for 48 hours. The material was recovered b;r\ 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 ( 500) overnight in an equal volume of diethyl ether;

the suspension was filtered and 'the residue washed with ether to remove
traces of acetone.' The ether was removed from the washed material 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 Mil1l (mverising Machinery Company) fitted with a 2 millimeter
mesh screen. The ground samples were }placed in Mason jars, sealed and

stored at room temperature.

The fibre prepared from a.pplew core material was a light beige
powder which was interspersed, with light yellow par‘ticfes. The yield of
apple core fibre based on the weight of air dried material was 2 percent
of the weight of fresh core material. Cortland apples were chosen for
this work because of their low tannin content (Smock and Neubert, 1950).
The tannins, wfmich represent from 0.1 to 0.3 percent of the fresh weight
of apples (Overholser and Cruess, 1923), can interfere in the determin-
ation of lignin by formj\.ng protein-tannin complexes which are inso;.uble
in 72 percent sulf\ric acid (Hartley, 1978). The oxidation of tannins by
the peroxidase and polyphenoloxidase ;resent in apple tissue (Smocl«f and

Neubert, 1950) renders tamnnins insoluble in alcohol and prevents their re-

®
moval. The use of antlioxidant solutlon prevented the enzymatic browning

v
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of the apple tissue, and the tannins were removed by a subsequent treat-
ment with alcohol., The combination of high acidity (pH 2) and moderately
high temperature (80°-90°C) also promoted the solubilization of proto- -

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

The methanolic antioxidant solution was used to extract £he
tannins, the free sugars (monosaccharides, disacéharides and higher
oiigosaccharides). some 1lipid and amino acid pigments (Southgate, 1981).
Pectic substances precipitated 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, 1352). Albersheim et al. (1960)
believed that this extraction was enhanced by the degradation of the

pectin polymer during the extraction procedure.

I8

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

residual sugars and to remove residual EDTA. ~

Anderson et al. (1961) indicated that hot alcohol, hot water,
and hot oxalate solutions caused varying degrees of decarboxylation of
pectin. However, the duration of each treatment used by the authors
was at least 2 hours and temperatures varied .from 8 50-10000. The present
Wwork was carried out with a heating time not in excess of 30 minutes and

with temperatuxres never exceeding 90°C. ‘ .

The acetone extraction was used to remove any lipids and colgur

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

considered to occur in all apple varieties is 3-galactosidyl quercetin

~
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(Smock and Neubert, 1950). It is essentlal to remove this flavone in

order to reduce the interference in' the measurement of acid detergent
fibre and lignin. The pigment is converted to an insoluble reddish brown

substance, similar to phlobaphene, on treatment with mineral acid.

Diethyl ether was used to remove ®the acetone. The residual
ether was eliminated from the fibre preparation by passing a.;.r through
the product at room temperature. A higher temperature was not used so as
to awid the possible formation of Maillard reaction products which inter-
fere in the determination of the lignin component of distary fibre

(Hartley, 1978).

B. Particle Size Analysis

K

Four samples (30 gm each)Jof apple core fibre were subjected to
the sieving procedure as described in Section II. 1, page 15. The results
are shown in Table 9 and in graphic form in Figs. 8 and 9. It will be
noted that a high proportion of the particles range in dlameter from 250
to 1000  _am. The data when plotted as a log:-probabi "Tity 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 307 pm.

The sleving procedure is influenced by the particle shape; rod-
like particles will be measured by their small dimension, flat particles

by their large dimension (Waldo et al., 1971; Iapple, 1968). A small

portion of the apple core fibre preparation is delike; the cartilagenous

/
pericarp, that tissue which surrounds the.seeds, is sheared during the

final grinding step.
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Sieve No. Aperture (aam) Log Aperture
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TABIE 9
Particle Size Distribution of Apple Core Fibre
Cw.muJ.’La.tj.ve1 Weight2

Percent Undersize . Fraction

10 2,000 3.3 100 0
18 1,000 3.0 98.2 0.0186
35 500 2.7 65.8 Y 0.3232
60 250 2.4 ) 33.9 0.3199
100 149 22 18.9 0. 1497
“300 T 1.9 8.7 0:1014
2307 63 18 0.0873
1. The percentage of the total weight of material which passed through

2-

3

indicated sieve.

These figures represent the fraction of the total weight of material
which i1s related by the indicated sieve. .

The tray is considered a sieve of the next smallexr size.

The values are the average of 4 trials.

s
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Figure 8. Particle Size Distribution of Apple Core Fibre.
\
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Particle size is important at both the chemical and physical .
levels of digestion. Schwerdtfeger (1979) determined that well-chewed
food passed a 3 mm sieve; analyses of dietary fibre are generally per-
formed on material g‘ound to pass a 1 mm sieve (Theander and Aman, 1979b;
McCormell et al., 1974; Goering and Van Soest, 1970). Particle size may
influence digestion (Lewis, 1978; Thomas and Elchazley, 1976). George
et al. (1980) concluded that the particle size may be reduced to a point

of optimum fibre digestibility and hydra‘?tion capacity. The former is

influenced by the surface area; the latter is a complex fuﬁction of sur- -

face area, which increases with grinding, and iri’aerior cell space, which
decreases with grinding (Van Soest, 1978). Reduction of the particle
o
size below this optimum, results in compaction which prevents enzymatic
a.c%ivity, increases feed density and allows the finer particles to flow
' -

with liquid, thereby reducing the bulk effect and decreasing transit time,

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

Heller et al. (1977) demonstrated that the reduction of particle
size resulted in lower hemicellulose values. Lewis (1978) suggested that
e;cessive grinding may cause hydrolysis of some polysaccharides.
Selvendran (1979) concluded that, for a preparation of cell wall material .
with a particle size. of 25/u.m-50/u,m, polysaccharide degfadation had not

occurred.

C. Water Holding Capacity

e

The water holding capacity of apple core fibre was measured by
the nmethods (Methods 1 and 2) described in Sectioil II.A.2%3, pages 15 and

16. ~The results are shown in Table 10. Acid dgtergent fibre and neutral

e
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TABIE 10

Water Holding éa.pacity of Fibre Samples

Water Holding Capacity (gm Rzo/gm fibre (dry wt.)

Temp. °C  Apple Core Fibrrgl NDR? ADR®  Cellulose MN 300°
Method #1

25° 16,4 12.8° 8.6 6.2

37° 20.9% W.7° 8.6 6.1
Method #2

25° Cots7 P 103 5.6 5.3

37° 16,3 - 13.6° 7.2 5.0 >

-,

— Ly

/
1. Values are the averages of 'six replicates.

2. Resldues from \neutra.l detergent fibre (MDR) and acid detergent fibre
(ADR) of apple core fibre.

3. Values are.the average of three replicates.

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 siéni.ficantly different, 1; = 0.05

= mSvemmy.
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K

detergent flbre were prepared from apple' core fibre as described Iin
Section IT.B.1%2, page 18. The residues were dried at 100°¢ and ground

to pass a 2 mm sleve. The water holding capacity of each residue and the
water holding capacity of a purified cellulose (Cellulose MN 300, Macherey
Nag;el) were also measured by the two methods. The results of the analyses
are glven in Table 10. ‘biff erences between the four types of f£ibre were
evaluated using the Duncan's Multiple Range Test (Steel and Torrie, 1960);
differences between treatments were evaluated using Student's t-Test
(Steel and Torrie, 1960). It will be noted that the values obtained using
Method #1 (freeze—~drying) are higher than those obtained by Method #2
(filtration). This finding is in agreement with that of Robertson et al.
(1980). The centrifugation gtep used by these authors was found to be of
little use in the present study as the apple core fivbre and the NDF prep-
aration did not pellet when centrifuged. McConnell et al. (1974) sug-
gested that the use of the same conditions for the neasurement of water
holding capacity for a range of substances, may not give a true measu;'e

of water holding capacity. ¢

There are several methods for the méasurement of water holding

- P
capacity, other than the two used in the preseat study (Parrott and Thrall,

1978; La.péley, 1980; Robertson et al., 1980)}, Several terms are used to
denote this property of fibre (Rasper, 19793.,1!; Van Soest, 1978;
McConnell et al., -1974). Water holding capacity is usually defined by
the methodology (Robertson et al., 1980) but "hydration capacity" can be
neasured by various techniques (Rasper, 1979b; Van Soest and Robertson,

)

1976) which measure different properties.
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Water holding capacity is a complex function of fibre source

and structure (Robel.’tson and Eastwood, 1981); it is governed by the
crystallinity and particle size (Lewis, 1978), the surface characteristics
and the bulk volume (Van Soest and Robertson, 1976). Cummings et al.
(1978) correlated increase in faecal weight with the pentose fractio'n of
non-cellulosic polysaccharides (hemicelluloses), The effect of the
particle size on the measurdd amounts of hemicellulose (Heller et al,,
1977) has been discussed previously. McConnell et al. (1974) noted that
water holding capacity was increased by increasing temperature. Parrott
and Thrall (1978) noted that the shape of fibre particles was affected by

temperature.

The results in Table 10 demonstrate a decrease in water holding
capacity in the order; a.ppie core fibre, NDF, ADL’«‘. These results are in
agreement with the work of Lapsley #;980). The decrease may be due in
part to differences in composition; NDF and ADF are more or less equi-
valent to the apple core fibre less pectin and apple core fih;re less pectin
a.nd_hemicelluiose, respgctively. The preparation of the NDF and ADF .
residues included drying at 100°¢ and grinding to pass a 2 mm sieve.
Robertson and Rastwood (1981) indicated that severe drying lowers the
water holding capacity. Van Soest and Robertson (1976) demonstrated that
fibre from wheat bran increased its hydration capacity as pa.rtj:a.e size
decreased but L.;psley (1980) has shown that i nost instances with apple
mesocarp and its fib;e residues, particle size had no effect on the water
holding capagity. McComnell et al. (1974) indicat;d that grinding reduced

) A, '
water holding capacity but that the effects were small.
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, The water holding capacity measures bound and trapped water.
Robertson and Eastwoo;i. (1981) stated that trapped water does not remain-
associated with fibre. This phenomerion may be reflected in the differ-
ence-in‘ values obtained with the two technigues used in the present study

to measure water holding capacity.

It should be pointed out that the values reported for the water
holding capacity of cellulose MN 300 are va.lj.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 in particle size as well

as ultimate source.

D. Settling Volume

~

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

¢

the acid and neutral detergent fibre determinatiords and a purified cel-
lulose (Cellulose MN 300) was measured by the method described previously

5

(Section II.A.4, page 16). The results are shown in Table 11. The bulk
volume and the water saturation caﬁa.city (Middleton and Byers, 1954) are
reported in Table 12. Settling volume (SV) and water saturation capacity

. g ~

(WSC) are related by the equation

(SV (nl) - Bulk Vog_ymewg%fmgg)m Welght (&n) _ ysqo (gn/gm)

The volume of water is nwnerica{ﬂ,x,,pﬁual to its weight (Middleton and

r

Byeré, 193%). The bulk volume of the fibre samples was determined from
the bulk density; the bulk density was measured according to the method
described by Montgomery and Baumgardt (1965), using a 10 ml graduated

* I

cylinder.

-
'
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TABLE 11

Settling Volume of Fibre Samples

56

Settling Volume (ml/gnm Fibre)l (25°¢)
Apple Core Fibrel NDF ADF Cellulose MN 30‘0
2,3 2
23.2 (1.%) ‘ 22,4 (0.4) 12.8 (0.2) 11.4 (0.2)

A

1. Values for apple fibre are the“avera.ge of six reflicates, all
- others ars the average of three replicates.

2. These values are not significantly different (alpha = 0.05).
3. The numbexs in the brackets represent standard error.
L4, Values are\m{ a dry weight basis :
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TABLE 12

At b £a Tt

BLllk Volume and Water Saturation Capacity of Fibre Samples

et

Method Apple Core Fibre NDF ADF Cellulose ,MN 300
Bulk Volu\me1 7.1 5.5 5.7 5.2
W.8.032 16.1 (1.7)3'” 16.9 (0.5)3 7.1 (0.3) 6.1 (.2)

1. Values of Bulk Volume are expressed as ml/gm fibre on a dry weight
‘basis. Va.lues are the averages of three replicates.

2. Values of Water Saturation Capacity are expressed as gm of water/
gm fibre, on a dry welght basis.

' 3. These values are not significantly different (alpha = 0.05).

4. The numbers in brackets represent standard error. i

et
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It will be noted that the values for the NDF and apple core
fibre are not markedly different. A comparison of pooled values of the
water holding capaclty from Method #1 and #2 with the values for WSC
(Table 13) demonstrates a large difference in the values for the NDF
residue. It is possible that the solubilization in the neutral detergent
of specific cell wall components (pectin and some hemicellulose) altqfs
the ability of the fibre to retain water under the mild compaction which
would occur in the measurement of the water holding capacity.

E. Cation Exchange Capacity.

[

An initial experiment was conducted to determine if a difference
existed between the two followlng methods of acid-charging recommended in
the literature,~ a 48 hr. soaking of sample in 0.1 M HCl as suggested by
Robertson et al. (1980), a 48 hr. soaking in 2.0 M HCl as suggested by
McConnell et al. (1974). Samples (4 gm approx.) of'apple core fibre were
mixed with an excess of either 0.1 M or 2.0 M HCl and allowed to stand
(25°C) for 4B hours: The samples were filtered (Buchner funnel) and
washed with glass-distilled water until the filtrates were f;eé of chloride
(silver chloride test). Samples (6; 0.25 gm, dry weight, approk.) of
each treated fibre were ;1trated as described in Section II.A.5, page 17.
Readings were taken every two minutes and the 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.10. It is evident from the graph
that the 2.0 M HCl was more effective than the 0.1 M HCl in converting the

fibre to a fully. protonated state. All subsequent samples were acid-

a

-~ = -~—charged using 2.0 M HCl.

N .
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TABLE 13

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

Method Apple Core Fibre NDF ADF Cellulose MN 300
W.H.C. 16.1 (1.9)%  11.5 (1.5) 7.1 (1.7) 5.8 (0.6)
W.s.c.t 16.1 (1.7) 16,9 (0.5) 7.1 (0.3) 6.1 (0.2)

1. Values of W.H.C. and W.5.C.. are expressed as gm HZO/gm fibre on a
dry welght basis. T

yoocpe
2. The numbers in the brackets represent stand‘ﬂ‘grro%.

'
i
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The cation exchange capaclty of the residues from the NDF and
ADF was measured, after acid-charging in 2.0 M HC1l, by the method des-
cribed in Section IT.A.5, page 17. The results of .the analysis are given
in Table 14. The cation exchange capacity of citrus pectin (Sunkist Pure
Citrus Pectin «.F,) was measured without acid-charging. This va.lu?, is
reported in Table 14 along with values reported in the literature for
apple tissue, cellulose (Whatman #41) and Solka Floc (Brown's Co.,I1l.)
It should be pointed out that the \@lues for both the cellulose and the
Solka Floc were determined by a calcium binding method (Van Soest and
Robertson, 1976; James et al., 1978) and hence one might expect different
values from those obtained with the technique used in the present ‘stud.y.
The ADF residue contains 94% cellulose and a small quantity of lignin.
Small amounts of pectin (Bélo 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 to 15% pentosans. Parrott and Thrall (1978) demonstrated that
two Solka Floc preparations (BW100 and SWA40) contain protein and compon-
en’q\slsoluble\ in acid detergent.“ The exchange capacity of these I;repar-'

e
~ations hx@\.y be due to thelr non-cellulosic components.

"\
The titration curves of the apple core fibre and the residues

of NDF and ADF are compared i:n Fig.11. Robertson et al. (1980) suggested
that the pectins are mainly responsible for the cation exchange capacity
since pectins hé.ve a high proportion of:uronic.acids. Van Soest (1978)
and Van Soest and Robertson (1976) suggested thatr the components of fibre
responsible for exchange were pectin, hemicellulose, lignin, and nitro-

genous compounds such as Maillard polymers. The titration curves for the

o M ek n v kb e e R

b A e
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TABIE 14

Cation Exchange Capacity of Fibre Samples

Sample meq/gm
Apple Core Fibre \ 0.474
Apple Core Fibre NDF T 0140
Apple Core Fibre ADF 0.05°
Citrus Pectin1 1.016
Apple Tissue2 1.9
Cellulose (Filter paper )3 0.00
Solka.hF'loc3 - 0.06

1. Cation Exchange Gapacity was determined using:
unc¢harged Sunkist Pure Citrus Pectin N.F.

2. Water washed, acetone dried;(McConnell et al.,
1974, :

3. Cellulose is Whatman #t1 filter paper;
Van Scest and. Robertson, 1976

4, | Average of six replicates.
5. Average of three replicates.
6., Average of dupiicate measurement

TS T T TTTTTY TTeww T YT T
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.apple core fibre and its detergent residues are similar to the 'curve

N obtained for citrus pectin (Fig.12). The pK's for the apple core fibre,

the NDF and ADF residues and the citrus pectin, calculated from the
titration- curves and the pKuof galacturonic acid (determined separately)
.~ are 3.5¢ 4.2; 5.1; 3.7 and 3.4 respectively. Kertesz (1951) re-

ported that the titration cG;ve of pectin resembled that of a monobasic
acid having only one point of inflection. Bonner (1936) indicated that

" the pK of pecéin increases constantly from 2.7 to over 4.0 during a
titration. Hinton (1940) reported pK values for pectin ranging from 2.56
to 4.16. Robertson et al. (1980) stated that uronic acids have pK values
which range from 4.0 to 6.0. It seems reasonable to assume the‘uronic
acids in the apple ,core fibre are resgggsible for the cation exchange

" capacity since the apple cors fibre gas three times the exchange capacity
of the NDF (apple core fibre minus pectin) and nearly ten times the ex-
change capacity of the ADé (apﬁie core fibre minus pectin and hemi-

>

cellulose).

F. Scanning Electron Mi:§%scopv of Fibre Samples '

The electron microscope has been used to study the sub-
microscopic gtructure of muscle and the effects of mechanical stress on
the structurdl characteristics of dough (Varriano-Marston, 1977).

" Robertson and| Eastwood (1981), Lapsley (1980) and Parrott and Thrall (1978)
have used Scagning Electron Microscopy to examine differences in fibre
preparations. Varriano-Marston (1977) stated that "morphological structure
is often a clue to the functionali£y of a food material." Robertson and
Bastwood (1981) stated that f?bre structure influenced water holding cap-

acity. The apple core fibre, the acid and neutral detergent residues and
~

f -
4'\
&

s

ekt

At Wbt e



9

v
PR

pH

10 20 40 60 80 100

meq OH'/gm x 1072

-

Figure 12, Titration Curve of Pure Pectin,
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the residue from the determination of the pectin content (Section II.B.5,

page 19.) were observed 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

to this, the cell walls of the apple core fibre after pectin extraction
(Fig. 14) are finely detailed and appear to be thinner. The electron ;
micrograph of the neutral detergent residue of apple core fibre (Fig. 15a)

indicates that the material is similar to the fibre after pectin extrac-

/
Pt

tlon; the cells, however, are more highly coppressed. The same material
at higher magnification (Fig. 15b) appears as a coarse mat of cells which
is cqackeq in several places. The acid detergent residue (Fig. 16a) is
very éggfressed and lacks any finé}detail. A higher magnification of
the same material (Fig. 16b) shows coarse, fragmented and compressed cell

walls. , '

-

It 1s possible that lome of the difference; in the structures
of -the fibre preparations is a result of the drying techniques. Apple
cbre fibre was washed with acetone and ether and air-dried at room temp-
erature. The residue from the pectin extraction was washed with acetone
and driedgén.;n oven at 40007 The residues from the acid and neutral i .

détergent fibre determinations were washed with acetone and dried at 100°C.

Varriano-Marston (1977) demonstrated that different dehydration procedures

[PPSR

affected the fine structure and the spatial and topographical relation-

ships of dough sémples. Robertson and Eastwood (1981) demonstrated that
i

freeze~drying ahd alr-drying of potato fibre caused differences in its

cellular appearance from that of frozen potato fibre. N



Figure 13.

°

Electron Photomicrograph of Apple Core Fibre
Mag. x 1000
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Figure 14. Flectrop Photomicrograph of Apple Core Fibre
after extraction of Pectin by EDTA and -

A Pectinase. Mag. x 500.
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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,

Ma.g- X 500. . .
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Figure 16b.

Electron Photomicrograph of the acid
detergent residue of Apple Core Fibre.

Mag. x 1000.

>
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Ge Anino Acid Analysis of Apple'.Core Fibre

Four samples (15 mg) f apple core fibre were hyd.ro'iyzed
with hydrochloric acid and prepared for amino acid analysis as described
in Section II.B.8, p.é}. The results of the a.miné acid analysis ex-
pressed as grans of amino acid in 100 s of apple core fibre and as
grams of nitrogen in each amino acid in 10§ grams o \a.pple core filbre

are reported in Table 15. The nitrogen content, calch}ated from the

nitrogen content contributed from each amino acid, i3.0.67% on a dry weight

N~
basis. The nltrogen content as determined by a.\*nicmhl(je dahl method is

<
1.1% on a dxy weight basis. Based on the njtrogeh content &nd using a

T

6.6%.

I -

The protein content reported in the present study, ees closely with the

factor of 6.25 the protein content of the apple core fibre i

value i‘eported. by Morrison (1956) for dried apple pectin pulp. The dis-
crepancy between the nitrogen content of apple core fibre determined by
the micro—{jeldahl metholg and that calculated from the amino acid content
may be the result of (a) the presence of non-protein nitrogen such as
nucleic acid and (b) the jiestruction of certain. amino acids during acid

[

hydrolysis of proteins in the presence of carbohydrates (Blackburn, 1978;

Lugg, 1933, 1938; B‘lock and Bolling, i951).

(\ Davis gt al. (1949) recommended that a Eonversion factor of
{1.76 instead of the usual factor of 6.25 should be used to convert the
nitrogen to protein in connection with apple protein. Based on this}

factor, the protein content of appie core fibre is 13%

P
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TABLE 15 _ ] . i
Amino Acid a.réd Nitrogen Cqntent of Apple Core Fibre
: en Nitrogen/ =~
_Amino Acid gn Amino Acid/ en Amino Acid/ x 10%
100 gnm fibre 100 gm fibre
Aspartic Acid .56 5,89
Threonine .23 2.70
Serine .21 2.80 o
Clutamic Acid 59, N\ s.6
" Glycine 2h o b8 ‘
Alanine ‘ \_\_ .27 \ ‘\ b.24 o :
Valine .61 “ N 7.30
Isoleucine “ . 2’7 | 2.88 ;
Leucine 45 l 4,81
Tyrosine .11 .85
Phenylalanine .23 o 1.95
Lysine o WH v o 8.43
Arginine 4 .22 / ' 7.08
S N .
_ Histidine ° .18 : 4,87 ‘ ’ '

Proline .23 2.80

©

-
1

1. A;rergge of L replicates. ;
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H. 'Identification of NeutraJ_.Sgéa.rs in Apple Core Fibre

Samples (6; 150 mg each) of apple core fibre were hydrolyzed

with sulfuric acid (5%) for 2.5 hours as described in Section II.B.9, p.25.

The hydrolysates were allowed to settle and the supernatants were removed

by siphc_»ning. These were labq_lecll H1 to Hé_a.nd were set aside for sugar

analysis. The residues were again hydrolyzed with sulfuric acid ('}2% W/v,
) - !

48 hr, L&OC)\a:nd the mixture filtered to give a.nﬁ additional six samples of

and were set aside for sugar

-

hydrolysates. These were labeled hl to h6

analysis.

®

Previous workers (Theander and Aman, 1979b) have shown that

apple tissue contains rhamnose, fucose, arabinose, xylose, manncse,

galactose, and glucose. ,The literature was reviewed to find a suitable
method for the ldentification of the sugars mentioned above: Jermyn and

Isherwood {19&9) separated seven sugars as well as galacturonic acid by

paper chromatography. The method gave an ynsatisfactory separation of

arabinose and mannose. Schweiger (1962) us;'Lng the solvent system of
Jermyn and Isherwood (1949) and cellulose as the supporting material (thin
layers) failed to improve the separation of arabinose and mannose.
Raadsveld and Klomp (1971) achieved a good separation of mannose, arsbinose
and glucose by thin layer (cellulose) chromatography u;ing a mixture of
ethyl acetate, pyridine and water. Hoton-Dorge (1976) separated the seven
sugars (rhamnose, fucose, xylose, arabinose, mamose, galactose, glucose)
that were found to bte present in apple tissue (Theander and Aman, 1979b)
by thin layer chromatography (Cellulose MN 300) using a mixturs of ethyl
acetate, pyridine, water, n-butanol, acetic acid (5:4:4:10:2), Several

unsuccessful attempts were made to separate the seven sugars mentioned

B
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2

above using cellulose plates (Br:fnkman Polygram Cel 300), the solvent
systen used by Hoton-Dorge (1976) and a development time of 7.0 hours
(2 developments of 3.5 hr. sach). Experiments showed that a mixture of
a,ce}tonitrile, pyridine, water, n=-butanol and acetic acid (4:5:4:9:3) and

two developments (2 hr. each, l&OOG) 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-
pared using solutions of the eight ilnd.ividua.l sugars, mixtures of these

sugars as well as the apple core fibre hydrolysates (H, and h1)' It will

"be noted that Hl (5% sulfuric acid hyd.ro?.ysate) contained small amounts of

rhamnose and fucose, and somewhat larger amounts of mannose, galactose and

©

glucose; it contained relatively larger apounts of xylose and arabinose,

|
" Hydrolysate hy (72% sulfuric acid hydrolysate) contained xylose and gluc=~

ose. Both hydrolysates contained uronic acids. The chroma},togram indic~-
ated that hydrolysate hy contained both glucuronic and galacturonic acid.
Table 16 lists the Rf and Rg values of the various sugars as well as the
colou.r of the individual sugars on the chromatogran, The Rg values for
the uronic acids in hydrolysate hl are 41 and 47; the Rg value of the
uronic ao:.d in hydrofysate Hi is 41. These values are in a,greement with

the values cited in Table 16. i '

-

i. Gas Chromatographic Determination of Neutral Sugars in Apple Core Fibre

i

Samples from the 5% sulfuric hydrolysates (Hl-H6; Section II.B.9,

p-25) and samples from the 72% sulfuric hydrolysates (h -h6; Section I11.B.9,

‘ p.29) were prepa.red for gas chromatographic analysis as described'in Section

s
PE

Samples of gum arabic which were hydrolyzed with 5% sulfuric

mm el SN e -
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Figure 17

Chromatogran of Sugar StMMAcid Hydrolysates

1. Galactose
'2.% Glucose
3. Allose
b, Mannose
) 5 Arabinose ot
6. xlylose' D
7. Fucose
8. Bnhamn\ose -
9. Sugars 1,.2, 4, 5, 6, 8
10. Sugars 1, 2, 4,,.5, 6, 7, 8
. 11. Hydrolysate hl ‘
12, Hydrolysate H.1
' 13, Galactose
» .
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TABIE 16
Rf and Rg Values for Suga.ré
—ip- . -

Sugar . RE x 100 Bg x 100 Rg x 1001 Colour Response

Galactose T 43 90 86 Green

Glucose L8 100 1OOI : Green

Allose ’ 52 ' 108 ) ‘Green

Mannose 55 115 109 . Green

Arabinose | 61 127 119 Pink

Xylose 64 133 131 Pink

Fuoose 71 148 143 ~ Green

Rhamnose ‘ 77 160 171 ~ Green

Galacturonic Ac:t.d.2 ’ 23 L2 Brown
- ”ﬂ’\\%\“‘@lucumrn.c Acid® 25 L6 Brown

p2 -

®

1. Values calculated from the R\f values reported in Hoton~Dorge (1976).

2. Determined in several previous runs as components of a sugar mixture.
‘ i
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acid and samples of a purified cellulose (Cellulose MN 300, Macherey
Nagel) which had been hydrolyzed with 72% sulfuric acid, were prepared
for analysis as wef.'Ll. Aéa.mples of the pectin extracts (Pl to P4) of apple
core fibre and the pectin extract“of citrus peciln,, prepared as described
in Section II.B.5, p.19, were hydrolyzed and prepared@ for a.na.lysisr by gas

k)

chromatography as described in Section II.B.10, p.31.

3

Trifluorocacetic acid (TFA) and sulfuric acid hydrolysis have
been used extensively to relgase the sugars frzom complex mixtures of poly+
saccharides. Sugars are easlly isolated from TFA hydrolysates by evapor-:
ation of the acid (Albersheim et al., 1967). TFA will release the neutral
suga:ré from aldobiouronic acids which are resistant to sulfuric acid
hydrolysis (Talmadge et al., 1973). The authors indicated, Ijxowever, that
TFA will not hydrolyze cellulosé or the A-(1-4)-glycosyl linkages in a
xyloglucan backbone, Further, TFA hydrolysis will degrade uronosyl res-'

'idues in cell wall polymers. Bittner et al. (1980) indicated that as a
consequence of these limitations the analysis of cell walls conducted by
Colli'ngs ang Yokoyama ( 1979), may have under-estimated the nonm-cellulosic

-

\components and over-estimated the cellulose component. -

Sulfuric acid hydrolysis is the basis for the analysis of the
neutral sugars in the present work. The neutral sugar composition of thea
sulfuric acid hydrolysates of apple core fibre, expressed as gra.mé of
anhydro sugar in 100 grams fibre (dry 'weight) are reported in Table 17.
The neutral sugar composition of apple cbre‘fibre is reported in Table 17 v,
‘as well. Southgate (1969) demonstrated that the release of hexose and
pentose from food safples reach a maximum after 2.5 hours in 5% &/v)

sulfuric acid at 1oo°c.\ﬂ'7ae author considered that this hydrolysis pro- ,

b4 '
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TABLE 17

Neutral Sugar Composition of Apple Core Fibre

Composition of Apple Core Fibre (gm/100 gm, dry weight)l ]

o e NI st W PR Vo o8 S AR
- .

e Faitmeii mmaummiion  uof |
Rhamnose 0.6 (0.1)7 - 0.6 (0.1) i
Pucose : 0.9 (0.1) a - > 0.9 (0.1) ;
Arabinose 5.3 (0.5) - 5.3 (0.5) '
fylose 10.7 (1.2) 1.3 (0.2) 12.0 (1.4)

Manno se 0.8 (0.1) . L5 '(o.z') 2.3 (0.3)

Galactose 6.4 (0.8) ' - . 6.4 (0.8) i

Glucose '5.2 (0.5) 38.0 (2.9) 43.3 (3.2)

Total 29.9 40.8 70.8 / f

1. These results represent the a.veragg of 6 samples; each sample s
was analyzed in triplicate and aliquots of each replicate were
analyzed in duplicate on the gas chromatdgraph.

2. The numbers in the brackets represent the standard exrror. o !
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cedure released the hemicellulose fractions of food sampleés. Cellulose
was solubilized by further hydrolysis with 72% (w/w) sulfl‘fric acid.
Saenf et al. (1963) indicated that complete hydrolysis of cellulose re-
quired a primary hydrolysis to form a mixture of oligosaccharides and a
second.ary hydrglysis’ to complete the conversion to sugar n;onomerﬁ. ‘Thg-:-
technique of Anderson and Clydesdale (1980) which was usedl with slight

modifigation in the present study, is essentia.lly a com‘gin‘a.tion of these

_ methods. Selvendran et al. (1979b) recommended Saeman hydrolysis as a

method for the measurement of the total neutral sugars in cell wall

material: Theander and Anan (1§79b) used a similar procedure in "their

:studies on dietary fibre. The authors argued that since some celluio’se e
\is hydrolyzed by diﬁxte sulfuric acid and some: fractions of hemicellulose
are \dlffiCUlt)tO hydrolyze, the total polysa.ccharldes should be measured

rather than be measured as hemicellulose and cellulose (Theander and Aman,

1981). .
.

Acid hydrolysis of polysaccha.rides can lead to the degra.da.tlon

of the llbera.ted sugars (Aams, 1965). Selvendran et al. (1979b) reported

small losses of sugars after heating (100°C, 5 hr.) mixtures of sugars in

sulfuric acid (ZN). Hough et al. (1972) indicated. that the neutralization

stef ‘following acid h.yd;gol\ysis, can result in losses Cof sugé.rs. In the
present study, a standard sugar mixture was heated +(100°C, 2.5 hr.) in
sulfuric acid (5% w/v); the mixture wes then neutralized and tHe sugars
derivatized as described in Section TI.B.10, p.3i. The molar response
factoré were de%grmined usirf' ﬂ-‘d—.l.\llos‘e'(Sigma) as the intgrnai standard

1 .
and are .reported elsewhere l(s e Table 7). Although myo-inositol has been
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and Albersheim, 1972), Theander and Aman (1979b) reported difficulty in

securing results. Anderson and Clydesdale (1980) reported variability in

recovery (94.7 t 7.4%) using myo-inositol as the internal standaxd.
Torello‘ 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 a:fter hydrolysis in sulfuric acid (5%,

100°¢) for 2.5 hours.

The advantage of an 'internal standard as outlined by Laker
(1980} are- ( 1)'more certain identification of peaks; (2) correction for
solvent losses due to evaporation; (3) correction for fluctuation of the
injection volume (microlitres). The criteria for the selection of an
inteurnal standard are (1) complete separation, as a single peak, from
other components; (2) it should be stable and of high purity; (3) it
should have identical or at least similar detector response; and (&) 1t

should never occur in the sample to be analyzed.

An important consideration in the determination of the res—‘
ponse factors for ea,ci:gn‘v;ugar is the assurance that the suga/.}‘s and inter-
nal standard are dried before they are welghed. Jones and.‘l;ubersheim .
(1972) dried their internal standard at 50°C for 48 hr. in a vacuum and
their reference sugars were stored for 72 hr. at 50°C“in a vacuum oven
prior to weighing. Southgate (1969) dried monosaccharide standards over
P205 under reduced pressure at 37°¢c. " In the present sj:udy, the sugars wers
dried over calcium chloride under reduced pressure (2-3 cm Hg) at 25°C.

Karma (1980) indicated that calcium chloride is less effective than P,0 5

as a desig¢cant. |,
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The sugars released by acid hydrolysis were converted to thelr
corresponding alditol aceté.tes by reduction with sodium borohydride and
acetylation with acetic anhydride and anhydrous sodium acetate. (\S'loneker,
1972). This métr:od eliminates the formation of sugar anomers. Prelimin-
ary work using pyridine and acetic anhydride to acetylate the alditols
(Sawardeker et al., 1965) resulted in da.rk reddish-brown solutions which
prodyced tailing of the solvent front and caused rapid deterioration of
the first few centimet.ers of the column packing., The method employed in
the present study produced solutlons which were light yellow to light
brown in colour. The solutions caused little deterioration of the column
packing and reduceca the tailing of the solvent front. Rec;antly, Bittner
et al. (1980) reported a new acetylation technique using N-met}wlimidaz;le
and acetic anhydride which reduces acetylation time to 5 minutes.

3

J. The Uronic Acid Content of Apple Core Fibre

Samples (4; 1 gm each) of apple core fibre were suspended in
EDTA (130 ml, 0.5%, pH 11.6) and stirred mechanically for 30 minutes. The
reaction of the suspensions was adjusted to pH 5.4 (approx.), pectinase
(0.1 gm, Nutritional Biochemicals Co.) was added and the suspensions were
stin:ed for one hour. The suspensions were transferred to volumetric ’
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 filtrates (pectin exiracts
P1-P4) were collected for analysis. A sample of citrus pectin (Sunkist
Pure Citrus Pectin, N.F.) was also subjected to the same extraction pro-
cedure. Samples of apple core fibre (6; 150 mg each) were hydrolyzed

(100°%c, 2.5 hr) with sulfuric acid (5% w/v) and the supernatant collected

\
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by siphoning, to give six samples of kvdrolysaté (Hl—Hé). (See Section
II.B.9, p«25). The residues v;'ere hydrolyzed with sulfuric acid (72@ w/v,
48 hr. 4°¢) and flltered (sintered glass crucible, porosity C). The
filtrates were collected to give six samples of hydrolysate (h1'h6) (See
Section II.B.9 p.29). A sample of gum arabic was hydrolyzed with sul-
furic acid (5% w/v) and the supernatant collected as described above. A
sample of puri¥fied cellulose (Cellulose MN 300, Macherey Nagel) was
hydrolyzed with sulfuric acid (72% w/v) and the filtrate collected as
described above. The uronic acid content of all samples was determined
by‘ the two methods described in Section II.B.6&7,p.19,20. The modified car-
bazple method (Bitter and Muir, 1962) and the hydroxy-biphenyl method
(Blumenkrantz and Asboe-Hansen, 1973) . Several corrections have been
applied to ;,he values determined by the carbazole method. A sample blank
correction was used as recommended by Southga.t.e (1981). Corrections were
made for the nmeutral sugar content of the samples as determined by gas
chromatography. Hudson and Bailey (1980) indicated that only the hexoses
interfered in éhe carbazole reaction; therefore a set of opticaldensity
(0.D.) values corresponding to the neutral sugar content of each sémple,-
was calculated using the combined- weight of the hexoses (mannose, glucose,
galactose, rhamnose and fucose). These Q.D. values were used to correct‘
the 0.D. reading's obtained for each sample. Selvendran et al. (1979b),
Barrett and Northcote (1965) and McComb and McCready (1952). reported
interferences from pentose (arabinose) as well as hexoses’. Selvendran
et al. (1979b) reported that the interference due to glucose was different
from that due to galactose. In the present work, a set of 0,D. values cor-

responding to the neutral sugar content of each sample, was calculated
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using the combined weiéht of pentoses (arabinose and xylose), the welght
of galalctoaseland. the combined weight of the remz;.ining hexoses. This set
of 0.D. values was used to correct the O.D. z‘haziings of the samples.
Filnally a set of 0.D. va.lue§ cor:."esPonding to the neutral sugar content
of each sample was calculated using the welght of galactose and the com-
bined weight of the remaining hexoses, The three sets of 0.D. values
correspoﬁd.ing to the neutral sugar content of each sample are reported in
Table 18, The 0.D. readings of the samples were corrected in the follow-
ing manner:- (1) the 0.D. readings were corrected using one of the th.:r.‘ee
sets of 0.D. values corresponding to the neutral sugar content, The cor-
rected 0.D. values were used to calculate the uronic acld content of %S
samples, The values for gum arabic, Cellulose MN 300, and cltrus pectin,
as well as the mean values for theopectin.extracts. hydrolysates Hl'Hé
and hydrolysates hi-l’né are reported in Table 19. The meanf:falues for
hydrdlysates h, ~hg ha:ve been calculated in‘two ways; the first is based
on the dry weight of the residue subjected to mrdrol}:sis with 72% (w/v)
sulfuric acid; the second is based on the dry weight of the apple core
fibre. The total uwronic acids in the apple core fibre are also reported.
(2) The 0.D. readings for the samples were corrected with a sa.niple blank
and further corrected using one of the three sets of OD values correspond-
j.ng t0 the neutral sugar content. The corrected 0.D. values were used to
calculats 'the uronic acid content of the samples. The uronic acid content

of the samples is reported in Table 20.

Theander and Aman (1981) indicated that accurate corgectlons
are difficult for the colour compounds produced by the degradation of

uronic acids and sugars and their condensation products. The neutral
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TABLE 18

Optical Density Values Calculated from the Neutral Sugar
Content of Fibre Samples "

Optical Optical Optical
Sample Densit Densit Densit
- (Set 1 (set 2% (set 3§
Citrus Pectin 0..(;06 0.006 0.015
Gun Arabic 1.108 0.935 1.297
Cellulose MN 300 0.411 0.411 0.476
.~ Fectin Extracts |
1 0.006 0.005 " 0.0tk
2 0.607 0.006 0.015 |
3 ©0.007 0.006 0.015
by 0.007 0.006 0.015
Hydrolysates ’
H, 0.551 £ 0.425 0.530
‘, - "H, ‘ 0,647 0. 521 0.639
Hy 0.505 0.3% 0. 500
H, 0.553 0.403  0.505
He 0.522 04359 0.498
Hg 0.536 0.403 0.505
hy 0.467 0.461 0.520
h, T 0.k56 0.451 - 0.509
hy 0.377 0.372 0.425
hy, 0.427 0.420 0.476 T, .
Ry 0,372 0.367 0.420
hg 0476 - 0.469 0.529

Set 1 caleculated for hexoses and pentoses ‘according to Selvendran st al. (1979b)
Set 2 calculated for hexoses only according to Selvendran gi al. (1979b)
Set 3 calculated for hexoses only according to Hudson and Balley (1980)

»

r

S R RO e B € v 2



o b 2t Sane s %

TABIE 19 . L‘

The Uronic Acid Content of Fibre Samples

, Uronic Acid Content (gm Anhydrouronic Acid/100 gm fibre (dry weight)

Carbazole Method (without sample blank correction) m-OH-Biphenyl Method
Sample Corrected with Corrected with Corrected with
0.D. value Set 1 0.D. value Set 2 0.D. value Set 3

Pectin Extracts 8.7 (1.1) 8.9 (1.1) 7.5 (1.2) 7.9 (0.3)
Citrus Pectin 96.3 96.3 - 90.4 76.6
i{ydrolysates (Hl-Hé) =7.6 (1.0) 8.4 (1.0) : 7.7 (1.2) 9.4 (0.8)
Gum Arabic . 9.9 11.2 8.5 5.6
Hydrolysat:s (hl- t 3.5 (1.0) 3.7 (1.0) 2.0 (1.0) 3.2 (0.9)
Hydrolysates (h,-hg) 1.7 (0.5) 1.8 (0.5) 1.0 (0.5) 1.6 (0.3)
Cellulose MN 300 9.2 9.2 ‘ 7.3 5.2
Total Uronic Aclds 9.3 (1.2) ‘ 10.2 (1.3) 8.7 (1.4) 11.0 (0.9)

1. Based on the dry weight of residue from hydrolysis with sulfuric acid (5% w/v).
2. Based on the dry welght of apple core fibre. »

3. The mmbers in the brackets are standard error. ; / o

I“r
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| TABL% 20

The Uronic Acid Content of Fibre Samples

Uronic Acid Content {gm Anhydrouronic Acid/100 gm fibre (dry welght)

Carbazole Method (with sample blank correction) n—OH-Biphenyl Method
Samole Corrected with ' * Corrected with . Corrected with &
P 0.D. value Set 1. D0.D. value Set 2  0.D. value Set 3

Pectin Extracts 8.0 (1.1)° 8.2 (1.1) 6.7 (1.2) 7.9 (0.3)
Citrus Pectin 91.1 91.1 86.7 76.6
Hydrolysates (Hi-Hé) 6.0 (1.0) 6.8 (1.0) 6.2 (1.0) 9.4 (0.8)
Gum Arabic ) 3.3 4,7 2.3 5.6
Hydrolysates (h,-hg)! 0.0 0.0 0.0 3.2 (0.9)
Hydrolysates (h,-hg)” 0.0 . 0.0 " 0.0 1.6 (0.3)
Cellulose MN 300 0.0 * 0.0 0.0 = . 3.2

Total Uronic Acids in ) )
Hydrolysates . 6.0 (1.0) 6.8 (1.0) 6.2 (1.0) 11,0 (0.9)

1. Based on the dry weight of residue from hydrolysis with sulfuric acid (5% (w/v).
2. Based on the dry weight of apple core fibre.
3. The numbers in the brackets are staydard error.

e
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sugars may be underestimated by a fallure to analyze for unuspal sugars
such as apiose or 2-0-methylfucose (Darvill et al., 1978) or by sugars
being trapped in the form of acid zesistant.aldobiouronic aclds (Theander

)
|

and Aman, 1981). \

The wronic acid contents of the samples were meaéured by the
method of Blumenkrantz and Asboe-Hansen (1973) using @-hydroxy biphenyl
reagent instead of m-nydroxy biphenyl reagent. EA preliminary study indlc- -«

&(_. ated that the peak maximum for the colour reaction was in the’ region 475—
480 nm. The wavelength chosen for the analyses wasﬂ 477 nm. An evaluation
of the interference from the neutral sugars was not \;ndertaken. The
values for the uronic acid content of thé various samples are reported in
Tables 19 and 20 for comparison with the relsults obtained with the carbazole

"

method.

’I"he uronic acid values (corrected, different methods of deter-
mination) reported for the pectin extracts are not significantly different
J(Student's t-Test, alpha = 0.05). This is probably due to the low content
J\of the neutral sugars in the samples as determined by gas chromatography.
The mean welght of the residue from the pectin extraction, was 70% of the
original d.ry welght of apple core fibre. The results indicate that apple
cére fibre contains 8% pectin and 7% neutral sugars as determined by gas
chrom;tograpm; ‘fifteen perce{rt of the apple core fibre is unaccounted
for. BExamination of the results of the analysis of citrus pectin indicates
that the pectin contains 21% neutral sugar; the pectin, content as deter-
min\ed by ’c:he n-hydroxy biphez;yl method is 76%. Theander and Aman (1981)
reported a value of 76.1% for a cltrus pectin (EEC/TARC reference material,
James afid Theander, 1981). The recovery of 97% (21% neutral sugar, 76%

R i NP
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pectin) of tﬁe sample precludés an under estimation of the neutra.'L‘suga.rs
or the uronic acid content. Theander and Aman (1981) could not account
for approxhna{;,ely 6% of the citrus pectin sample after complete analysys.
It 1is possible that in the "In:esent work, protein and protein-tannin com-
plexes were sollubilized along with the pectins; Hulme (1956) used
alkaline buffers to isolate undenatured protein and Davis %t_:_ al. (1949)
reported that/protein was isolated as a pro’:;ein—phlobaphene complex. It’
is also possible that certain subs’canées in the regidtle were extracted

by the acetone used .to dry the ';esidue prior to oven drying at 4°c,

The uronic acid content of the apple core fibre (Table 20) as
determined from the sulfuric acid hydrolysates is lower than the“r té
obtained by the method involving the uronic acid determination of ’gh x-

wtracted pectin. The hemicellulose component of apples contains some
uronic acid (Theander and Aman, 1981). One would expect‘that the .uronic
acid content of 'the apple core fibre determined from the acid hydrolysate
which contalns hydrolyzed pectin and hemicelluwlose, you;l.d be higher, not .
lower. "This discrepancy ma;.y be the result of several factors. .For example, ~
the repeated siphoning of the supernatant and water washes from the 5%(w/v‘) ‘
sulfuric aclid hydrolysis, withdrew small amounts of particulate matter;
" this particulate matter could have 'contained small amounts of uronic acid.
Selvendran gt al. (1979b) reported that particles of undissolved material,
’ especially ligxfified tissue, caused interference in tﬁe carbazole reaction;
the authors re::omrﬁended tha\t the acid hydyolysates be filtered before M;ey
were used fér ‘analysis of uronic acids. Filtration of the hydrolysates
was not fncluded in the present study; visible particulate matter was

allowed to settle out of solution. Treatment of apple core fibre with 5%

4
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(w/v) sulfuric acid produced a roserpink coloured suﬁernata.nt. This colour
may ingeract with the carbazole or hydroxy biphenyl rea,gén;'cs or the'uronic
acid-reagent complexes’. Severﬂ\authors (Warren and Woodman, 1973;
Anderson et al., i961) havel suggested that the uronic aclds are decar-
box;y]:ated during hydrolysis. Selvendran et al, (1979b) demonstrated'thad;
treatment (20°¢, 3 hr) of uronic acids with sulfuric acid (72% w/w) had
"no, significant effect on the yield of uronic acid."” The use of a sample’
bla.fﬂ% correction and a correction for the neutral sugars could have over- ‘
corrected the 0.D. values and hence 17/4 to very low values for the uronic
acid content of the apple core’fibre. +Use of' the sample blank correction
without a correction for the neutral sugars, however, gdve unreasonably
high values for the uronic acid content and thesé x;'alues have not been re-
ported. The values repo?ted for the uronic acid content of the acid
hydrolysates of apple core fibre, using the m—bydroxy biphenyl method,

are likely inflated since no correction was made'for the neutral sugar con-
tent of the samples. The values for the uronig acid content were calcul-
ated using calibration curves based on galacturonic acid. Hemicelluloses
contain glucuronic _%Mc&eady and Mc\:éomb, 1952). Selvendran et al., \
(1979b) and Blumenkrantz and Asboe-Hansen (1973) reported a higher response
, for glucuroz'lic acid than ga.lac.turonic acid ;asfng the carbazole and m-
hydroxy biphenyl methods. ' Therefore the w;alue for the total uro;lic acids

[

calculated by both methods, may be too high.

It isfdifficult to suggest which colourimetric technique and
correction technique would give the most reliable measurements of the
uronic acid content of apple core fibre. Both the methods suffer from

 interferences which are influenced by the nature of th® uronic acids and

-

“
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the composition of the material from which they are isdlated (Helbert and
Brown, 1956). Galambos (1967) reduced the interferences of: hexose by the
introduction of sulfamate in the carbazole reaction. The method of ex-
traétion of the uronic acids fur;her complicates thelr measurement. McCready
and McComb (#852) reported that the extraction of uronic agids by EDTA and
the relea;e of the uronics by pectolytic enzyme was incomplete. Selvendran
et al. (1979a),indicated that only 80-90% of the total pectic substances
can be extracted by the various solutionag% hexametaphosphate, 0.5%

ammonium oxalate, 0.05M EDTA) that haveﬂ been employed.
Il

. Several methods have been developed to measure tﬁe total
uronic acids in samples witfxout extraction or digestion (Warren and
Woodman, 1973; McCready et al., 1946; Barker et al., 1958; Castagne and
Siddiqui, 1975; Theander and Aman, 1979b). The decarboxylation technique
of Theander and Aman (1979b) can be corrected graphically for errors due

to non-uronic acid material. An important feature of these techniques is

* that the uronic acids all give similar responses, whether they exist as

monomers, polymers, or are bound to hemicellulose by methyl ester linkages. ’

This is not the situation when uronic acids are measured colourimetrically.

K. Composition of Apple Core Fibre

, A summary of the results of the analysis of apple core fibre

is presented in Table 21. It H:l}l\l)/e_n;ted that 91.8% of the fibre is
aqeomx-ted for by the Eonstitgents which were determined. In co.nnecﬁion
with the other materilals that were ‘a.na,lyzed, 87.7% of the gum ar'abic, 89.7%
of the purified cellulose and 97.8% of the citrus pectin were accounted for

by the constituents which were determined. Glucose and galactose constituted

-
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. 'TABIE 21

Composition of Apple Core Fibrel

gm/100 gm fitre (dry weight)

Total Anhydro Sugars 70.8 (3.7)%
Crude Protein’ 6.8 (0.9)
Crude Iignin + Ash 3.2 (0.3)
Total Uronic Acids 11.0 €0.9)
Total 91.8

1. Values are based on the results of sulfuric acid hydrolysis
2, The numbers in brackets are standard error

3. Protein was determined separately on apple core fibre

sugles by a micro-kjeldahl method. Value 1s the average
of 6 replicates.
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27% of the citrus pectin; traces of rhamnose and arabinose were also

"

presént. The value for the uronic acid content of citrus pectin (O
hydroxy ‘craip.henyl method ) may be somewhat high because no corrections wm:e‘
made for the neutral sugar content. The values obtalned for the neut:.ia‘l
sugar content (12% rhamnose, 27% arabinose, 42.5% ga.la.ctose) of gum a.rabicE
agree closely with the'valuasl (14% rhamnose, 28% arabinsse, 39% galactose)

AL s

reported by Anderson et al. (1966). The authors however reported a value

of 19% for the glucurdnic acid content of gum arabic; a ;a.lue of 5.6%
for the Uronlc acid content of gum arabic Was obtained in the present
study. The uronic acld content of the fibre samples, dstermined using a —
ga.lélcturonic acid standard, would tend to overestimate the glucuronié acid

content. It is possible therefore that all the materi;l was not hydrolyzed

by the mild acid trestment. Selvendran et al. (1981) reported that

hydrolysis (100°C, 2.5 hr) with sulfuric acid (5%) may not liberate the

" uronic acid sugars from the non-cellulosic polysaccharides M\
vegetables. Selvendran and DuPont (1980b) reported that for potato powder,

fresh potato and rye biscult, the various constituents accounted for only

) 70790% of the dxy welght of starting material. They further indicated

that only 60% of the rhamnose which is present in tissues is released by /
hydrolysis (100°C, 2.5 hr)bin sulfuric acid (IN). The authors concluded
that the material which was unaccounted for included residual water,

sugars lost duriné hydrolysis or not measured due to incomplete hydrolysis.
Theander and Aman (1961) indicated that sugars may condense with the de-

gradation products of uronic acids and hence may not appear on the gas

7
*

chromatogran.

b
B
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A summary of the results of proximate analysis of apple core
fibre is presented in Table 22. NDF residues contain lignin, cellulose, . ,
hemicellulose and cell wall protein (Van Soest and Robertson, 1976)... ADF +
residues contaln I;gnin, cellulose, heat damaged p:.:otein and protein-
tannin complexes (Robertson and Van Soest, 1981; Van Soest and Fobertson,
1976). The hemicellulose content of the apple core fil;re is estimated
from the differesnce in the NDF and the ADF residues. The residue from
the sulfuric acid (72%) treatment of the ADF residue is reported as the
cnﬂe“lignin*plus ash since ashing of the residue tg?,s not performed. The
céllulose content of the apple core fibre is estimated from the difference
of ADF and crucie llignin plus ash. Robertson and Van Soest (1981)L reported
that several factors ir;fluence the estimate of the hemicellulose content
of fibre. Cell wall protein, which is dissolved in acid detergent, is
recovered in the NDF residue, and this can lead to an increased estimate
6f the hemicellulose content. Pectin and tannins are dissolved in neutral
kdetergent; paectjl.n is partially precipitated and tannins precipitate as

protein-tannin complexes in acld detergent. This can lead to a decreased

estimate of the hemicellulose content.

s

jnderson and Clydesdale (1980) and Southgate (1969) considered
that the hemicelluloée component of dletary flbre was hydrolyzed by heat- '
ing (100°C, 2.5 hr) in sulfuric acid (5%). Selvendran and DuPont (1980b)
demonstrated that 5-10% of the.cellulosé is hydrolyzed by heating (100°¢,
2.5 ht) in sulfuric acid (5%). The hemicellulose content of the apple
core flbre is reported in Table 22. A comparison of the hemlicellulose con-
tent with the sugar content off the 5% sﬂiuric acld hydrolysate (Table 21)
shows a difference of nearly 7% This difference is greater if the uronic
acid conter}t of: the hydrolysate, corrected for the pectin content, is
included.

* ADF-Iignin .
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TABLE 22

Composition of Apple Core Fibre

Molsture
Dry Matter
Dry Matter
NDF-
ADF3
Cellulose
ADP-Iignin+Ash’

Hemicellulose
(NDF-ADF)

Pectin?
(Hydroxy Biphenyl)

. Crude Protein’
(N x 6.25)

Composition (%)

9.8(0.1)%
90.2
71.0(1.4)1 h
48,0(0.8)! °
45,2
2.8(0.3)1

| 23,0

7.9(0.3)1 .

6,8(0.9)1

1. The numbers in brackets are standard error.
) 2. The value is the.average of 4 replicates.
£ 3. The value 'is the average of 6 replicates.-

3
+
i

2
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L. Binding Studies

Samples (3; 0.2 gm) of apple core fibre, the residues from
acid and neutral de£ergent fibre detern;.nations and Celluwlose MN 300
(Macherey Nagel) were placed in tubes (40-ml, Pyrex) along with 15 ml of
one of the dye-buffer solutions a; described in Table 8, p. 38. The same
solutions were placed in tubes containing no test material. The tubes
were covered with parafilm, the contents were ‘stirred (vortex mixer) for
one minute\ and then heated (37°C, 18 hr) in a water bath. The contents
of th<’a tubes were stirred (1 min., vortex mixer) at hourly intervals for
the first four (4) hours. The tubes were removed from the bath, the con-
ten*is again stirred for one minute and then the tubes allowed to stand
for one (1) hour. The parafilm was removed and aliquots of supernatan
were diluted with the appropriate buffer solution; +the optical density
of the diluted supernatant was measured against buffer solutdon. Stand-
é.rd.s were prepared by dilution of stock solutions with the appropriate
buffer; the standards were heated (3?00', 18 hr) in a water bath, mixed
thoroughly and the optical density mg_astrredl. In this manner, standard

curves for each dye-buffer solution could be prepared.

The three dyes (Brilliant Blue FCF, Ponceau SX, and Erythro-
sine) selected for this study, represent three major classes of water sol-
uble, synthetic food dyes, namely, triphenylmethane dyes, sulfenated
napththalene azo dyes and xanthene or fluorescein dyes. The structure of

these dyes are given in Fig. 18.

The triphenyl methane dyes are highly water. soluble (Radomski,

1974)., In general, water soluble food dyes are less toxic than fat
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soluble food dyes (Hansen et al. 1966). Radomski (1974) indicated that
due to the acidic nature of this dye grog).p, ’Qheﬂs’e dyes are poorly absorbed
after oral administration and are excr.eted, unchanged in the faeces;
Hansen et al. (1966) reported r,ecm'reries of 60-73% for these dyes.
Brilliant Blue FCF is pne of the"lea.st toxic dyes in this group (Radomski,

1974; Hansen et al., 1966).

The sulfonated naphthalene azo dyes are more toxic. Bowle et .
al. (1965) related the toxicity of the azo dyes to the metabolic products
of reductive fisslon of the ‘azo linkage caused by the azo reductase of
intestinal bacteria. Rowland (1981) indicated that this ability to reduce
azo dyes is widely dlstributed amongst intestinal bacteria inclﬁding

Streptococcus faecalls, Proteus, and Bacteroides fragilis ss. thetajotao-

micron. According to Radomski (19;24) the toxicity of the metabolites is

. related to their structure.  Sulfonated fission products which are poorly
absorbed, are less toxic than the unsulfonated fission metabolites.
Ponceau SX is slightly more toxic than Amaranth (FD and C Red#2). The
’;,oxicity and carcinogenicity of these ’dyes may be due to impurities
(Radomski, '1971+). Khanna et al. (1980)p;.ndicated that & - and ﬁ—ngphthyl—
amines, benzidin/e and. h—amindbiphenyl.,considered ‘o be careinogens (Merck

Tndex 1976) have been detected in certain azo dyes.

According to Radomski (1974) Erythrosine is one of the more
non~toxic food colours, possibly due to the fact that most of the dye is
excreted uncl'1a.1'xged..‘i 'It has been suggested, however, that Erythrosine playé
a major role in the etiology :af hyperkinesis or minimal brain dysfupction
(Weiss ot al., 1980; Lafferman and Silbergeld, 1979). Augustine and

Levitan (1980) demonstrated that Mthrosine, in‘low doses, caused an
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irreversible increase in synaptic transmlssion at the neuromuscular

synapse.

In Canada, the maximum permissible levels for Brilliant Blue
FC¥, Ponceau SX and Erythrosine are 100 ppm, 150 ppm,.and 300 ppg, respect-
ively. The binding studies were cazried»out at two levels of concentration
namely, 50 ppm and the maximum permissible ppm for each dye. fhe studles
were conducted at pH 4.8, pH 6.5, and pH 8.2; these reactlons were chosen
to represent the upper,mean and lower levels of acldity of the human 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 dye§ in our laboratories revealed that Erythrosine preciplitated from
a 300 ﬁ;m solution at pH 4.8. It is for this reason that this dye-buffer
combination of Erythrosine (300 ppm, pH 4.8) was not used in our studies.

The results of these experiments are reported in Tables 23-28.

The present work lndicated that the binding of’dye to all test
. samples was affected by the concentration of dye solution that was used.
Within each dye group, the neutral detergent residue and Cellulose MN 300
gave the largest increases in adsorption with increasing d&e concentration,
with the exception of Ponceau SX at pH 8.2. These results conflict with
those reported by Takeda and Kiriyama (1979) who used Amaranth. The
authors demonstrated that only ADF 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 with increasing pH at both levels

of concentration. Ponceau SX was bound most strongly at pH 6.5 at both

»



TABLE 23 : »

Cation Exchange Capacity and Dye Binding Capacity of Fibre Samples

Cation Exchange Capacity Amounts of Dye Adsorbed (mg adsorbed/gm fi‘m:e)l'2
Test Substance . (meq/gm fibre) Erythrosine Ponceau SX Brilliant -Blue
Apple Core Fibre ' 0.47 3.40 . 0.77 0.9
Acid Detergent Fib;:\\~1 0.05 2.73 0.91 . 0.35
Neutral Detergent Fibre 0.14 2.05 0.11 0.18

Cellulose MN 300 N - 1,56 0.07 0.12

1. Concentration of Dye Solution - 50 ppm
2. Reaction of Dye Solution - pH 4.8
—\

I
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TABLE 24 A

Cation Exchange Capacity and Dye Binding Capaclity of Fibre Samples.

Cation Exchange Capacity Amounts of Dye Adsorbed (mg adsorbed/gm fibre)4
Test Substance (meg/gm fibre) Erythrosine1 Ponceau SX? Brilliant}'!lue3
Apple Core Fibre 0.47 - 2.18 1,67
Acid Detergent Fibre 0.05 - A 2.2§ 0.5
Neutral Detergent Fibre 0.14 - 0.89 0.27

1. Concentration of Erythrosine - 300 ppm (Maximum permissible level in Canada)
2. Concentration of Ponceau SX - 150 ppm (Maximum permissible level in Canada)

3. Concentration of Brilliant Blue FCF - 100 ppm (Maximum permissible level in Canada)
4. "Reactlon of solution - pH 4.8 -

€o1



TABLE 25

Cation Exchange Capacity and Dye Binding Capacity of Fibre Samples

Catlon Exchange Capacity Amounts of Dye Adsorbed (mg adsorhqg/gm fibre)1'2
Test Substance (meq/gm fibre) Erythrosine  ~FPonceau SX Brilliant Blue
Apple Core Fibre . 0.47 2.67 0.61 0.34
Acid Detergent Fibre 0.05 2.15 1.19 0.44 ‘
Neutral Detergent Fibre 0.14 To1.3t 0.31 0.07
Cellulose MN 300 - 1.&? 0.48 -0.10

1. Concentration of Dye Solution - 50 ppm
2. Reaction of Dye Solution - pH 6.5

#
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TABLE .26 -

Catlon Exchange Capacity and Dye Binding Capacity of Fibre/Samples

’ /
) Cation Exchange Capacity Amounts of Dye Adsorbed (mg adsoébed/gm fibre)a
? Test Substance (meq/gm fibre) Erythrosine1 Ponceau SX2 Brilliant Blue’
:

; fpple Core Fibre } / 0.47 13.49 1.58 0.63
Acid Detergent Fibre , 0.05 © 9. 2.67 0.70
. Neutral Detergent Fibre 0.14 7.96 1.20 0.31
Cellulose MN 300 - 9:02 1.24 0.23

1. Concentration of Erythrosine -~ 300 ppm (Maximum permissible level in Canada)
2. Concentration of Ponceau SX - 150 ppm (Maximum permissible level in Canada)

3. Concentration of Brilllant Blue FCF - 100 ppm (Ma;imum permissible level in Canada)

L, Reaction of Solution - pH 6.5

[y
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TABLE 27

o

Cation Exchange Capacity and Dye Binding Capaclty of Fibre Samples

) Cation Exchange Capacity Amounts of Dye Adsorbed (ng adsorbeq/gm.fibre)i’z
Test Substance (meq/gm fibre) Erythrosine Ponceau SX Brilliant Blue
Apple Core Fibre 047 1.33 -0.02 ) 0.04
Acid Detergent Fibre 0.05 1.10 0.48 0.12
Neutral Detergent Fibre 0.14 0.55 ~0.06 -0.02

Cellulose MN 300 - 0.43 -0.38 -0.02

1. Concentration of Dye Solution - 50 ppm
2. ' Reaction of Dye Solution - pH 8.2

907
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TABLE 28

Cation Exchange Capacity and Dye Binding Capacity of Fibre Samples

Cation Exchange Capacity ‘Amounts of Dye Adsorbed (mg adsorbed/gm fibre)a

Test Substance (meq/gm fibre) Erythrosinelg Ponceau SX° Brilifant Blue> -
Apple Core Fibre 0.47 5.9% 0.17 0.12

Acid Detergent Fibre 0.05 - 4,35 T 0.89 0.31

Neutral Detergent Fibre 0.14 E 3.28 0.08 V 0.02
Cellulose MN 300 - 2.50 -0.37 0.10

1. Concentration of Erythrosine - 300 ppm (yaximum permissible level in Canada)

2. Concentration of Ponceau SX - 150 ppm (Maximum permissible level in Canada)

3. Concentration of Brilliant Blue FCF - 100 ppm (Maximum permissible level in Canada)

4., Reaction of Solution - pH 8.2 .

401
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« levels of concentfation; apple core fibre bound this dye most strongly
at pH 4.8. Brilliant Blue FCF, at 50 ppm, was bound most strongly at pH
4.8 with the exception of the ADF which bound best at pH 6.5. Brilliant
Blue FCF, at 100 pmm, was bound most strongly at pH 6:\5 with ‘;he'excep—

tion of the apple core fibre which bound most strongly at pH 4.8,

The dye binding capacity of each fibre 'sample varied v;ith pH
and type of dye. The binding capacity of the va.ri’éz.t'; materials, using
Erythrosine at pH 4.8 and pH 8.2 was in decreasing order, apple core
fibr; s ADF, NDF, Cellulose MN 300. The Cellulose MN 300 bound 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 flbre> NDF> Cellulose MN 300. Cellulose
MN 300 bound a slightly greater amount of Ponceau SX than did\ NDF at pH
6.5. The order of binding at pH 4.8 with Brilliant Blue FCF was apple core
f£ibre > ADF > NDF > Cellulose MN 300 while at pH 6.5 and pH 8.2 the order. was

ADF> apple core fibre » NDF > Cellulose MN 300.

The results indicated that the capacity of a substance to bind
dye 1s not related to the ca.t\ion exchange capacity since in many instances;
ADF bound more dye than apple core fibre and always bound more dye than
the NDF residue, even though its CEC is much smaller than that of apple
core fibre‘ or NDF. The capacity of KDF‘ to bind large amounts of dye was

noted by Takeda and Kiriyama (1979).

It is possible that dye binding is related to the anion exchange
capacity of the fibre samples. The anion exchange capacity is related to
the lignin, pectin, Maillard polymers and the protein-tannin complexes
(Van Socest, 1978; Robertson and Van Soest, 1981), ADF contains lignin,

cellulose, heat—damaged proteln and protein-tannin complexes, precipitated
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pectins and Maillard polymers (Goering and Van Soest, 1970; Robertson
and Van Soest, 1981). NDF contains lignin, cellulose, hemicellulose and
cell wall protein. ADF would therefore contain more active -components
than NDF., One may assume .tha.t apple core fibre does not contain the
Maillard polymers or the protein-tannin complexes; its lignin content is

about half that of the ADF.

Dye binding by fibre is difficult to measure a.ccui‘a.tely. It
will be noted that in certain instances the concentration of dye in the
solution increased a.ftez; the additAion’ of the fibre sample (Note negative
values reportend in Tables 25, 27, 28): Thié could result from a situation
in which more ‘water was bound by the mple than was the dye. This would
lead to an increase in the concentration of the dye in the solution. In .
those instances where the amount ;)f water bound to the fibre 1s as great
or greater than the amount of bhound dye, there is no way of measuring the
dy? binding capacity of the fibre unless a correctlon cl';n be made for the
bound water. Karel (1975) described several methods for th; measurement
of bound water in foods including wideline proton-magﬁetic resgnance and

differential thermal analysls. To the author’s knowledge, there are no

published methods for the measurement of bound water in filbre preparations.

Selvendran (1979) suggested that decreased binding may be

¥

caused by anions {citrate, phosphate) which are preferentially adsorbed
to the fibre $amples. It is reasonable to assume therefore that the
?uffers which were used in the present work, could have influenced the

dye binding of the test materials. Selvendran (1979) indicated that bind-

A

ing of sodiun cholate was influenced by the degree of lonization of the

acid groups of fibre samples. The author suggested that the smaller the
‘l\

bl
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number of ionlzed groups in the fibre, the better was the binding capacity.

It will be rioted from the pK values of apple core fibre, NDF and ADF

(Section TIT.E., p.bl) that at pH 4.8, more than half of the ibnizable

groups of apple core fibre and NDF would be lonized, while less than half

of the ionizable groups in ADF would be lonized. This cannot fully account

for the difference in bound dye that was noted'because one would expect

that the amount 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.

REEN
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SUMMARY

r

(1) A procedure was developed for the preparation of apple core fibre. !

Core tissué was removed from apples (Cortland) and extracted sequentially
with antioxidant solution, 80/'20 (v/v) absolute methanol-antioxidant

&+

solution, EDTA solution, water, acetoke and ether:

<

(2_) The.A physical properties of the ~a,pple core fibre were examined.
Particle size distribution revealed the averi’alge particle size to be

307 Am. The water holding capacity of the fibre prepa,ration was deter-
mined by a filtration method and a ‘method involving decantation and
freeze-drying. The settling volume and water saturation capacity were
also determined. The acld and neutral detergent residues of the apple )
core fibre were prepared and thelr water holding capacity, setiling volume
and water saturation capacity werei deter;nined. It was found that while
the water holding capacitles of the acid and netftr»a.l detergent residues
were lower than that of the apple core fibre, the water saturation cap-
acity of the neutral detergent residue did not differ markedly from that

-

of the apple core fibre.

The cation exchange capacity of the apple .core fibre and its deter-
gent residues,. were examined and shown to decrease in the order apple

core fibre, NDF, ADF,
¥ .
(3) The structure of apple core fibre, the acid and neutral dstergent

. resldues and the residue from the pectin determination of apple core
fibre were observed under the scamning electron microscope. It was shown

«
that the cell walls were altered by the varlous extraction technigues.
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(4) . The apple core fihre was subjected to acid hydrolysis using 5% and
72% sulfuric acid. The hydr;)lysates were analyzed for neutral sugar con-
tent. and wonlc acid content. The sugars present in the hydrolysates were
identified by cellulose t\him layer chromatography. The sugars were
determined using gas liguld chromatography. The apple core fibre com-
prises 70.8% neutral sugars; The uronic a.cf‘Lds present in the hydrolysates
were measured using (a) the modified carbazole method that involved
several correction factors, and (b) the m-hydroxy biphenyl method. The

uronic acid content of the apple core fibre is 11%.

¢

(5) The chré binding capacity of the apple core fibre and its acid and
neutral detergent residues, was examined.- The dye binding capa.c?ity waé
shown to be delpendent on the concentration of dye solution. Thé nsutral
detergent residue demonstrated the largest increase'in dye binding with
increasing dye cogcentra.tion. The effect of pH on the dye bindir;g cap-
acity was different for each dye. ~Experiments indicated that dye binding

capaclty was unrelated to the catlon exchange capacity of the fibre.

Y
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