J Sci Food Agric 1997, 75, 333-340

Dietary Fibre Content of Thirteen Apple Cultivars

Ferdous Gheyas,! Sylvia M Blankenship,** Eric Young! and Roger McFeeters?

! Department of Horticultural Science, Box 7609, North Carolina State University, Raleigh, North

Carolina 27695, USA

2 USDA/ARS, Department of Food Science, North Carolina State University, Raleigh, North Carolina

27695, USA

(Received 8 March 1996; revised version received 14 October 1996; accepted 16 April 1997)

Abstract: Fibre composition of the following 13 apple cultivars was studied:
‘Cortland’, ‘Empire’, ‘Fuji’, ‘Golden Delicious’, ‘Gala’, ‘Granny Smith’, ‘Jonagold’,
‘Mutsu’, ‘Mclntosh’, ‘Delicious’, ‘Rome’, ‘Stayman’ and ‘York’. Fruit samples
from each of these cultivars were analysed for non-starch cell wall materials
(NSCWM) and non-starch polysaccharides (NSP). NSCWM was further frac-
tionated into soluble and insoluble fibre fractions. Both NSCWM and NSP
content were found to be significantly influenced by cultivar. NSCWM content
ranged from 19-1 gkg™' apple flesh in ‘Fuji’ to 36-2gkg™! in ‘York’
Mean( £ SD) NSCWM content of all the cultivars was 23-1 + 4-5 g kg~1. NSP
content of apple flesh ranged from 13-8 g kg~ in ‘McIntosh’ to 287 g kg™ !.in
‘York® with the overall mean for all cultivars being 17-9 + 4-2 g kg™ !. Relative
amount of monosaccharides found in the hydrolysates of apple fibre also varied

among cultivars. The greatest difference was observed in galactose content.
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INTRODUCTION

Dietary fibre is the sum of lignin and polysaccharides
not hydrolysed by the endogenous secretions of the
human digestive tract (Trowell 1976). Fibre is believed
to help in the prevention of certain diseases and health
problems such as diabetes (Anderson and Bryant 1986),
diverticular diseases (Painter and Burkitt 1971) and
obesity (Anderson and Bryant 1986). Increased under-
standing of the role of dietary fibre in human health and
nutrition has prompted nutritionists all over the world
to emphasise the importance of dietary fibre in the
human diet. However, foods with different fibre com-
position function differently in the human body. For
any dietary recommendation of dietary fibre to be truly
effective, it is important not only to know the fibre

* To whom correspondence should be addressed.

content but also the fibre composition of food materials
and how various factors affect fibre content and com-
position.

Apples (Malus domestica) are an important source of
dietary fibre. Detailed fibre composition of apple has
been reported (Theander and Aman.1979; Ross et al
1985; Marlett 1992). These studies involved only one
(Theander and Aman 1979) or two (Ross et al 1985;
Marlett 1992) apple cultivars. However, Gormley (1981)
reported significant differences in dietary fibre content
of ‘Golden Delicious’, ‘Red Jonathan’ and ‘Cox’s
Orange Pippin’ apples. Wiley and Thompson (1960)
analysed ‘Stayman’, ‘Golden Delicious’, “York Imperial’,
‘Rome Beauty’, ‘Jonathan’ and ‘North West Greening’
apples and reported significant cultivar effects on pectin
content. Cellulose content has also been reported to
differ significantly among apple cultivars (Kertesz et al
1959). An effective database on apple fibre content and
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composition should be based on values from a number
of apple cultivars because of genetic differences among
cultivars. No such extensive database currently exists.
The objective of the current research was to describe the
fibre content and composition of 13 apple cultivars.

EXPERIMENTAL
Materials

The following 13 cultivars were sampled: ‘Delicious’,
‘Golden Delicious’, ‘Rome’, ‘Mclntosh’, ‘Granny Smith’,
‘Stayman’, ‘York’, ‘Fuji’, ‘Jonagold’, ‘Cortland’, ‘Empire’,
‘Mutsu’ and ‘Gala’. Fruit were obtained from com-
mercial orchards in Western North Carolina during
summer of 1993. Fruit belonging to the same cultivar
came from the same orchard and same year’s growth.
Also, since all the apples came from the same region,
they may be assumed to have been grown under similar
climatic and soil conditions. All the fruit were harvested
at commercial market maturity. Ten apples, randomly
chosen from the harvested fruit, constituted a sample
for fibre analysis. Three samples of each cultivar were
analysed and each sample constituted a true replicate.

Determination of firmness and soluble solid content of
apples

Firmness of apples was measured using an Effegi pen-
etrometer with an 11 mm tip mounted on a drill press.
Apples were peeled and tested on two opposing sides
and the values were averaged. Soluble solid content was
determined by placing juice squeezed directly from the
apple onto a refractometer. The firmness and soluble

solid values of these apples at sampling are listed in
Table 1.

Extraction of non-starch cell wall materials

Non-starch cell wall materials (NSCWM) were
extracted from apple pulp according to Southgate’s
method (Southgate 1981). The fruit were peeled and
cored, and 80 g of flesh was homogenised with 95%
ethanol. The amount of ethanol added was adjusted so
as to make the extraction at 85% (v/v). The mixture was
heated on an electric hot plate, brought to a boil and
filtered hot through a Buchner funnel using Whatman
541 filter paper. The residue was resuspended in 85%
ethanol followed by heating and filtration as before.
This process was repeated once and the tissue was then
extracted twice in acetone in a similar way. The extracts
were discarded and the residue was dried overnight in a

vacuum oven at 35°C. The dried residue constituted the

cell wall material (CWM) of apple flesh. The starch
portion in CWM was removed through enzymatic
hydrolysis. Amyloglucosidase (from Aspergillus niger,
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TABLE 1
Firmness and soluble solid content of apples®
Cultivar Flesh firmness Soluble solids
(N) (g kg~* flesh)
Cortland 54-8 + 5-5 137+ 7
Empire 615+ 58 155+ 10
Fuji 712 + 52 165+ 7
Gala 909 + 46 117+ 8
Golden Delicious 554 + 51 148 + 10
Granny Smith 74-6 + 3-8 126 + 6
Jonagold 53-8 +43 127+7
Mclntosh 546 + 6-2 117+ 8
Mutsu 70-3 +4-7 120+ 10
Delicious 76:0 + 4-8 9145
Rome 83-9+53 121 + 10
Stayman 73:8 +7-0 118 + 8
York 123-8 + 6-5 141 + 10

¢ Values are mean + SD (n = 3).

lyophilised, Boehringer Mannheim) stock solution was
prepared by dissolving 100 mg amyloglucosidase
(6 U mg™! lyophilisate) in 10 ml citrate solution (pH
4.6). The citrate solution consisted of 44 mg citric
acid-H,O and 85 mg trisodium citrate-2H,O dis-
solved in 10 ml distilled water. To. perform enzymatic
hydrolysis of starch molecules in cell wall materials,
approximately 300 mg of the dried CWM sample was
put in a centrifuge tube with 4 ml of hot water. The
tubes were placed in a boiling water bath for 10 min to
gelatinise the starch in the sample. After cooling, 0-2 ml
2 M sodium acetate buffer (pH 5-0) was added to the
mixture. Amyloglucosidase stock solution was diluted
1:5 (v/v) with water and 1 ml of this diluted solution
along with a few drops of toluene was added to each
tube. The tubes were then kept overnight in an incu-
bator (37°C). The next morning five volumes of 95%
ethanol were added to the mixture and the mixture was
centrifuged. The supernatant was extracted and the
extraction process was repeated using 80% ethanol. The
residue was washed with acetone and dried. The dried
residue represented NSCWM of apple pulp and con-
tained non-starch polysaccharides (NSP), lignins, some
proteins and minerals.

Fractionation of NSCWM iﬂto soluble and insoluble
fractions s

Approximately 150 mg of the dried NSCWM sample
was placed in a centrifuge tube with 10 ml hot water.
Tubes were placed in a boiling water bath for 20 min.
After cooling, the mixture was centrifuged. The residue
was resuspended in hot water and the extraction pro-
cedure was repeated. The supernatants were then com-
bined and the residue was washed with acetone



Dietary fibre in apple cultivars

followed by oven-drying. This dried residue constituted
insoluble NSCWM and contained insoluble NSP,
lignin, some proteins and minerals. To precipitate
soluble NSCWM, five volumes of 95% ethanol were
added to the combined supernatant and the mixture
was centrifuged. The supernatant was discarded and the
extraction was repeated. The residue was washed with
acetone and dried. The dried residue constituted soluble
NSCWM.

Determination of neutral sugars and uronic acid in cell
wall material fractions

Neutral sugars in the total, insoluble and soluble
NSCWM fractions were measured according to the
method of Blakeney et al (1983). Neutral sugars
(rhamnose, fucose, arabinose, xylose, mannose, galac-
tose and glucose) were calculated as anhydro sugars
using standard curves of L-rhamnose, D-fucose, D-
arabinose, D-xylose, D-mannose, D-galactose and D-
glucose. The amount of each of these sugars were
initially calculated as g kg™! NSCWM fraction. The
amount of uronic acid present in the NSCWM fractions
was determined using the method suggested by McFee-
ters and Lovdal (1987).

Statistical analysis

Statistical analyses were carried out using the GLM
procedure of SAS (SAS Institute, Cary, NC, USA).
Analyses of variance were performed using cultivar, rep-
lication, and experimental error as sources of variation.
When the analyses showed overall cultivar difference,
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individual means were compared using the least signifi-
cant difference (LSD) values.

RESULTS

Non-starch cell wall materials

NSCWM content ranged from 19-1 g kg™* apple flesh
in ‘Fuji’ to 36-2 g kg™?! in ‘York’ (Table 2). There were
significant (P < 0-0001) differences among the cultivars,
especially between ‘York® and other cultivars.
Mean(+SD) NSCWM content in 13 cultivars was
23-1 +4-5 gkg™!. Dietary fibre consists of cellulose,
hemicelluloses, pectins and lignins. NSCWM of apple
flesh was obtained by the removal of reducing sugars
and starch by alcohol extraction and enzymatic hydro-
lysis, respectively. No additional steps were taken to
remove proteins. NSCWM values reported in Table 2
include some proteins and minerals in addition to

dietary fibre and hence is an overestimation of dietary
fibre.

Non-starch polysaccharides

NSP values (Table 2) ranged from 13-8 g kg™! apple
flesh in ‘McIntosh’ to 28:7 g kg™! in ‘York’, with sig-
nificant  statistical differences among cultivars
(P < 0-0007). However, all cultivars except ‘McIntosh’
and ‘York’ had statistically similar NSP content (Table
2). The mean(+SD) NSP content for the 13 cultivars
was 17-9 + 4-2 g kg~!. NSP content was calculated by
adding the amount of individual monosaccharides. NSP
fractions in this study represent cellulose, hemicellulose

TABLE 2
Effect of apple cultivar on non-starch cell wall material (NSCWM), total non-starch poly-
saccharides (NSP), and the insoluble and soluble fractions of NSP?

Cultivar. NSCWM content NSP content Fibre fraction (g kg™ total NSP)
(9 kg™ flesh) (9 kg™! flesh)
Insoluble NSP Soluble NSP
Cortland 21-3 + 1-4cd 154 4+ 1-7bc 831 4+ 26a 169 + 26¢
Empire 254 + 1-5b 19-1 + 1-8b 709 + 23c 291 + 23a
Fuji 19-1 + 1-6d 15-5 4+ 1-5bc: 752 + 26¢ 248 + 26a
Gala 212 + 1-7cd 16-1 4+ 1-9bc 805 + 26ab 195 + 26bc
Golden Delicious 22:0 4+ 1-8cd 17-5 + 2:3bc 740 + 35¢ 260 + 35a
Granny Smith 24-2 + 2-3bc 19-6 + 3-3b 732 + 37c 268 + 37a
Jonagold 21-6 + 1-6¢cd 167 £+ 1-9bc 759 + 22bc 241 + 22ab
Mclntosh 19-3 + 1-5d 13-8 + 1-8¢ 735 + 28¢ 265 + 28a
Mutsu 22-1 + 1-1cd 17-4 + 2:1bc 756 + 32bc 244 + 32ab
Delicious 21-2 + 2-4cd 16-6 + 2-2b¢ 814 + 36a 186 + 36¢
Rome 24-0 + 2-2bc 20-0 + 2:8b 835 + 25a 165 + 25¢
Stayman 22-0 £ 1-8cd 16-9 + 1-9bc 752 + 35¢ 248 + 35a
York 362+ 1-6a 28-7 + 3-4a 821 + 34a 179 + 34c

¢ Values are mean + standard deviation (n = 3). Mean separation within columns by LSD, 5%

level.



F Gheyas et al

336

‘[9A9] %S ‘AST Aq suuinjod uiyyim uoneredss uedy (¢ = u) S F ueal e sAN{EA ,

PoL-€1 F S-TLI Pag-LI- F I-¥T¥ BTl + S-pS1 apoy-y + S-S€ oL-S F L-€S JopIL-L F T-Evl pI-T F L€ Jop8-0 F L-T1 104
PL-0T F S-191 qep-ST F 6-TSY PoL-6 F 9-€T1 Jop99-§ F I-¥€ Poqs-L F L-9L opoqy-€1 F 1-ppl p0-T F 6-€ Jopag-0 + I-€1 uewAels
P20-p1 F #-L91 P9-€1 F €01 ®0-01 F L-€91 Jopag-s + 6-¥€ poqre-S F L-0L 3J¢-8 F p-9¢€1 P90 F L¥ J80F 611 swoy
eg-SI + T-LET Poy-TI + 8-LTP 3p-9 F €IS Jop-€ F #-8C PoqL-L F S-8L qez-6 + T-651 301 +9¢€ apoqz-1 + 0-v1 snoIRq
qI-Z1 + 8-961 PoL-ST + 9-ST¥ 3pI-L ¥ 66 qe9-y F L-bp PL-S F S-L9 poqes-9 + 6-SST 991 F 6§ poqg8-0 F S+¥1 asiny
2qZ-11 F S-€81 90-0T F 6-6LE 999-11 F #-611 Jope-S + S-€€ 20-9 + $-€6 ©9-L F 0-ILT Qg1 FT-L 180 F0-T1 YSOJUTON
996-1T F T-L81 9qL-TT F ¥-9€¥ 99-01 F L-L6 PoqeQ-¥ F 6-LE q0-1T + L-08 8j29-L F L-9€1 %61 F 19 B9-T F €-LT pjodeuor
q1-01 F 1-10C 3L-€T F L-¥8E 990-Z1 F T-€T1 poqg-€ F 9-LE 295-S F 9-6L 9paqL:-L + 0-TST eI+ 76 RTIF9T1 g fuueln
qs-€1 F 6-20C POL-LT F LTI 3p0-6 + 6-101 e6-p F S-Sv q9-9 + -08 3z-T1 F 9-v€1 B9-1 F 76 Jopag-0 + 6-C1 snowIpR uap[on
eg-C1 + 6-8€T Poy-ST + 1-92¢ J89F 6TL oqep-¢ + €-6€ Poay-9 + 1-8L 36-11 F 8121 BS-[ F -8 2951 F 9-¥1 gD
2q8-01 + S-€81 PO0-€1 F S-€TY 2qp-8 F S-0C1 IS€F6LT Pog-9 + 0-89 oqeL-L F 9-LST pTI +9-¢ apoqL-0 F €-v1 ing
poz-01 F 1-991 eZ-81 F 0-T9¢ 30-11 F €-06 qes-y + 1-Sp Poq6-L F S-€L JopL-8 F 6-0V1 oqp-T + L9 q6-0 F ¢-S1 anduwy
990-01 F 0-€81 9p6-91 F 9-£0 qI-6 F I-€€1 J99-€ + 8-0€ poqL-8 F 169 qef-L F 9-651 9qL-1 FT9 apoqL-0 + T-v1 puepIod
p1ov dwo4() asoon|n 25039000 asouuv asolfx asouiquay asoon,f asouwvyy
SapLIDYIIDSOUO NI dvann)

(dSN) sepueyooesAjod yoiejs-uou s[qnjosut jo (; _83 5) uonisodurod IpLILYIIBSOUOW UO JBANND sjdde jo 109y

y 41dVL

“[9A9] %S ‘AST £q suwnjod uryim uoneredass uedy (€ = 4) S F UBSUI I8 SAN[A ,

8J5-01 F L-LLT qeg-z1 F 9-59¢ q6-9 + 9-1€1 2paqg-y F S 1€ P9-S F ST oqeg-9 + I-LET S0F 6T JPI-TFT11 104
JOE-9T F €-86T 20-TT F p-€LE Poz-8 F 666 9pog-€ F €-0€ oqes-L F L-6S 9p0-8 F 9-€T1 Wo+T€ Jop6-0 F L-11 uewiels
3¢-€1 F p-€9T qez-T1 F €-LSE BE-8 + $-0ST 9pag-¢ F 7-0¢ 998-9 F #-9S ap36-L F L-LTT py0 F I+ J6:0 F 01 awoy
9q8-ST F L-6V€ qeg-0f + S-€9¢ 399 F L-sv Jog-€ F 8-§T qes-L + T-€9 poqeL-9 F 9-9€1 W0+ 6T 9pag-0 F §-T1 snowIRg
e6-Ll F T-18€ I-€1 FOvIE 369 F L-08 2qeQ-¢ + 0-9€ Po6-¥ F 9-6% 9L-8 F L-1TI 9pag-0 + € 9p29-1 + §-T1 asiny
P396-v1 F I-LEE 32-91 F 5-p0E P20-L F $-001 JOPE-T F €-LT BE-L + 0-0L. B0-01 + 641 q99-0 + ¢S J8-0 F §-01 YsOJupPd
9qz-L1 F 0-0S€ apoT-TI + L-SEE L+ S8 + 9p29-T + T-0€ qer-9 + #-19 Jog-S F 8:LTI Poqs-0 F 8¢ "Bl F 961 plogeuor
PoqQ-LT + 8-€VE 8J3L-€1 F 0-SIE 96-8 + 1-S01 poqI-€ F 6-C€ 2qe9-8 F L-6S 9poz-8 + 791 ep-0 F 9 J98-0 + 8-01 g Luueln
9p0-91 ¥ 9-02€  POQE-0I F 6-¥E apg-8 F 0-88 eg-p + 0-0F qeg-s + §-79 9pg-L F S-€T1 €9-0 + §-9 2qe9-I F 6-€1 snowipRQ usp[od
qeQ-p1 + L-SS¢E oqez-11 F 9-€S€ J8:9 F 1-€9 qe6-€ F p-LE qep-9 F 0-¥9 JO-S F §-S01 €S-0 + 69 oqel-I F 6-€1 E[eD
29861 F T-LvE JopPT-T1 + L-STE pog-L F 8-66 JO-€ F €€T 990-9 F S-S apoqL-L + 6-0€T J36-0 F 9-€ qeL-0 F 6-¥1 ing
apd6-91 + 0-¥ZE qes-€1 F -LSE 3,9 F 0-08 oqez-y F L-S€ qep-S + L-19 90-6 + 9-TCI 999-0 F 0-§ 2q8-0 F S-€1 andwyg
Jag-€1 F L-00€ 9p29-0[ F I-SEE qi-8 + 0-0CI Jov-T F 89T 2qj-6 + €95 qey-0l + T-€vl 2qL-0F IS poI-1 + 8-TI puepIop

p1ov 2woun asoon|n 35039000 asouuv asojl x asouiquay asoon,f asouwyy

SapLIDYIIDSOUO [ Avayn)

(dSN) sepueydoesAjod yo1e)s-uou [303 Jo (; _3) 8) uonisodurod spLIBYOIBSOUOW UO JBAN[NO oidde jo 109yg

€ 4TdVL



Dietary fibre in apple cultivars

and pectins. However, lignin is not included in the NSP
fraction. Also the recovery of monosaccharides from
polysaccharides are usually less than 100% due to loss
during hydrolysis. NSP can be considered to be a very
conservative estimate of dietary fibre. NSP and dietary
fibre are used interchangeably in this article. Insoluble
NSP represented an average of 772 + 49 g kg™! total
NSP. It ranged from 709 gkg™' in ‘Empire’ to
835gkg ! in ‘Rome’. Differences among cultivars
- (P < 0-0001) were statistically significant. ‘Empire’ had
the highest (291 gkg™!) and ‘Rome’ the lowest
(165 g kg~ 1) soluble NSP values, the average for 13 cul-
tivars being 228 + 49 g kg~ !. Soluble NSP content pre-
sented in Table 2 was calculated as the difference
between total NSP and insoluble NSP. However, the
monosaccharide composition of total, insoluble and
soluble NSP were determined separately rather than
using the data for total and insoluble NSP to estimate
the monosaccharide composition of soluble NSP. This
was done to reduce the extraneous variations that
usually result when a parameter is measured by differ-
ence. Distribution of monosaccharides in total, insolu-
ble, and soluble NSP are presented in Tables 3, 4 and 5.

Rhamnose

Rhamnose is considered to be present in the main chain
of pectins. It accounted for only a small portion of the
monosaccharides in apple NSP, ranging from
104 gkg™! in ‘Rome’ to 15-6 gkg™! in ‘Jonagold’
(Table 3). There were significant statistical differences in
the amount of rhamnose present in different cultivars.
Rhamnose  accounted for an  average of
12:6 + 1-8 g kg~ total monosaccharides in apple fibre.
On a fresh weight basis, rhamnose comprises an average
of 023 +£005gkg™! apple flesh. Mean rhamnose
content in insoluble NSP of 13 apple cultivars was
13-8 + 1-7g kg™, Soluble NSP had an average of
9-9 + 2-8 g kg~ ! rhamnose.

Fucose

Fucose is believed to be present in side chains of pectic
substances. It was found in small amount in the hydro-
lysates of apple NSP. Of all the monosaccharides deter-
mined, fucose was present in the least amount. Fucose
comprised an average of 4-7 + 1-1 g kg™! total mono-
saccharides in dietary fibre, ranging from 2:9 g kg™! in
‘York’ and ‘Delicious’ to 69 gkg™! in ‘Gala’. On a
fresh weight basis, fucose accounted for an average of
0-08 + 0-03 g kg~ ! apple flesh. Average fucose content
of insoluble fibre was 6-1 + 2-0 g kg~ *. No fucose could
be detected in soluble NSP.

Arabinose

Arabinose is mostly found in hemicellulose. A small
amount of arabinose may also be found in the side
chains of pectic substances. Mean arabinose content of
13 apple cultivars was 127-8 + 12-4 g kg~! NSP. Arabi-
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nose values ranged from 1055 gkg™! in ‘Gala’ to
144-9 g kg™* in ‘Mclntosh’. On a fresh weight basis,
average arabinose content in the 13 cultivars was
2:3 £ 06 g kg™*. Insoluble NSP had an average arabi-
nose content of 147-2 + 15-0 g kg~! while mean arabi-
nose content in the soluble NSP fraction was
67-1 +19-5 g kg™,

Xylose

Xylose is mainly found in hemicellulose. It may also be
found in the side chains of pectins. Average xylose
content in 13 cultivars was 58-6 + 8-8 g kg™! NSP,
with ‘York’ having the lowest (42-5 g kg™ !) and ‘Mcln-
tosh’ the highest (70-0 g kg™*). There were significant
differences among 13 cultivars. On a fresh weight basis,
mean xylose content was 1-0 + 0-2 g kg™! apple flesh.
As expected, a major proportion of xylose was found in
insoluble NSP. Insoluble NSP in 13 cultivars of apple
had an average xylose content of 74:6 + 10-1 g kg™!
while average xylose content in the soluble NSP frac-
tion was 9-1 £ 4-0 g kg™*.

Mannose

Mannose is mainly present in the hemicellulose portion
of dietary fibre. It was found in small quantities in the
hydrolysates of apple NSP. Mannose represented an
average of 31-3 + 5-6 g kg™! total monosaccharides in
NSP. It ranged from 23-3gkg™' in ‘Fuji’ to
40-0 g kg™! in ‘Golden Delicious’. On a fresh weight
basis, mannose represented an average of
0-6 + 0-2 g kg~! apple flesh. Insoluble fibre contained
an average of 36:6+ 68 gkg ! of mannose while
mean mannose content in the soluble fibre fraction was
117+ 31 gkg™t.

Galactose

Galactose is found mainly in hemicellulose. It may also
be found in the side chains of pectins. Of all the mono-
saccharides studied, galactose showed the most pro-
nounced cultivar difference. It represented an average of
96-1 +27-7 gkg™! total monosaccharides in apple
NSP. Galactose ranged from 45-7 g kg™ ! in ‘Delicious’
to 150-4 g kg™! in ‘Rome’ indicating more than 3-fold
difference among cultivars. Even on a fresh weight basis,
galactose content was highly cultivar dependent. It
ranged from 0-8 g kg™! apple flesh in ‘Delicious’ to
38gkg™ in ‘York’, with the average being
1-8 + 0-8 g kg™*. Average galactose content of insolu-
ble NSP was 110-9 + 31-0 g kg~*. The mean value for
galactose content of  soluble fibre was
5244+ 194 gkg™t. '

Glucose

Glucose is the monomeric unit of cellulose. It may also
be found in main and side chains of hemicellulose and
side chains of pectin. Glucose is the most abundant
neutral sugar in apple fibre. It represented an average of
3420 + 239 g kg™! total monosaccharides in NSP
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Dietary fibre in apple cultivars

ranging from 304-5gkg™! in ‘McIntosh’ to
373-4 g kg~! in ‘Stayman’. On a fresh weight basis,
glucose in apple fibre comprised an average of
62 + 1-7 g kg~ ! apple flesh. In insoluble NSP, average
glucose content was 420-0 + 25-6 g kg~ ! whereas mean
glucose content in soluble NSP was 42:1 + 10-6 g kg™ !.

Uronic acid

Uronic acid is the major constituent of pectic sub-
stances. It is one of the major monosaccharides in apple
fibre. Uronic acid represented an average of
326:9 + 35-2 g kg~*! total monosaccharides in NSP of
13 cultivars ranging from 263-4 g kg™! in ‘Rome’ to
381-2 g kg~ ! in ‘Mutsu’. Uronic acid accounted for an
average of 190-9 + 26-1 g kg™ ! insoluble fibre. Uronic
acid was by far the most abundant monosaccharide
present in soluble NSP, the average for the 13 cultivars
being 807-8 4 43-4 g kg~! soluble NSP, ranging from
733-0 g kg~! in ‘Golden Delicious’ to 8719 g kg™?! in
‘Gala’ (Table ). On a fresh ‘weight basis, uronic acid
represented an average of 5-8 + 1-2 g kg~! apple flesh.
More than 50% of the pectin found in apples was
soluble in all cultivars except ‘Cortland’ ‘Gala’, ‘Deli-
cious’ and ‘Rome’.

Correlation between firmness and fibre constituents
Besides nutritional values, fibre components are
believed to contribute to the texture and firmness of
fruits. Average flesh firmness of the 13 apple cultivars
was 72-7 4+ 19-4 N. Correlation of NSP and individual
sugars (fresh weight) with firmness was studied. NSP
(r* = 0-41; P < 0-0001), glucose (r? = 0-45; P < 0-0001),
galactose (r2 = 0-34; P < 0-0001), mannose (r* = 0-23;
P < 0-0022), arabinose (r? = 0-34; P < 0-0001), rham-
nose (r> = 0-18; P < 0-0066) and uronic acid (r*> = 0-24;
P < 0-0016) content were significantly positively corre-
lated with firmness. Xylose and fucose content were not
correlated with firmness. '

DISCUSSION

Average fibre content reported in this study is some-
what lower than values reported by Wills and El-
Ghetany (1986). However, unpeeled apples were used in
that study. NSP values in the present study are more or
less similar to the values reported for peeled ‘Delicious’
apples (Marlett 1992) and for two unnamed apple culti-
vars (Ross et al 1985).

The importance of fruit fibre has been considered to
lie in its high soluble fibre content. Average soluble fibre
percentage in the present study was higher than the
values reported by Theander and Aman (1979) and
Marlett (1992).

Monosaccharide composition in this study differed to
a certain extent from the values reported by Theander
and Aman (1979). Average arabinose and xylose content
of insoluble fibre were lower and galactose content was
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higher. Mannose and glucose content were similar. The
neutral sugar composition of insoluble fibre in the
present study was more or less similar to values report-
ed by Marlett (1992).

Soluble NSP was found to have lower arabinose
content, and higher glucose and xylose content than
reported by Theander and Aman (1979). Galactose
content was more or less similar. Neutral sugar com-
position of soluble NSP in the present study was similar
to the values reported by Marlett (1992).

Although there was significant cultivar differences in
the abundance of each sugar component, arabinose and
xylose were less variable than glucose and uronic acid
especially on a fresh weight basis. Of all the monosac-
charides, galactose was the most affected by cultivar dif-
ference. Cultivar differences seen in the less abundant
sugars, ie rthamnose, fucose and mannose may have
been accentuated by difficulties faced in measuring
sugars found in small quantities.

On a fresh weight basis, ‘York® had the highest con-
centration of almost all the monosaccharides. Unfor-
tunately, ‘York’ is a processing variety and fiber content
is known to diminish during processing.

Most cultivars had more pectin in soluble fibre than
in insoluble fibre. However insoluble fibre was found to
have more total rhamnose than soluble fibre indicating
the possibility that insoluble pectins in apple have more
rhamnose in their main chains than soluble pectins. It
was not clear from the present study whether cellulose
or -pectin is the most abundant fibre component in
apple fibre. On average, slightly more glucose than
uronic acid was found in apple fibre. However, the
entire amount of glucose need not necessarily have
come from cellulose. A small portion of it may have
come from hemicellulose and pectin. At least the
glucose molecules in the soluble fibre could not have
been part of cellulose.

Flesh firmness is determined to a large extent by cell
wall polysaccharides. Significant correlation between
firmness and fiber composition was observed in the
present study. However, fairly low r? values indicate
that firmness is affected by variables other than fibre
content and composition. Separate studies on the effect
of storage and developmental stage showed much
stronger correlation of firmness with NSP and mono-
saccharide content within the same cultivar (Gheyas
1994). It is possible that flesh firmness variation within a
cultivar is determined more by relative amount of
monosaccharides present while firmness in different cul-
tivars are explained more in terms of structure of poly-
saccharides in addition to the amount of
polysaccharides.
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