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and pectins. However, lignin is not included in the NSP nose values ranged from 105.5 g kg-1 in 'Gala' to
fraction. Also the recovery of monosaccharides from 144.9 g kg-1 in 'McIntosh'. On a fresh weight basis,
polysaccharides are usually less than 100% due to loss average arabinose content in the 13 cultivars was
during hydrolysis. NSP can be considered to be a very 2.3 :t 0.6 g kg-1. Insoluble NSP had an average arabi-
conservative estimate of dietary fibre. NSP and dietary nose content of 147.2 :t 15.0 g kg-1 while mean arabi-
fibre are used interchangeably in this article. Insoluble nose content in the soluble NSP fraction was
NSP repr~sented an average of 772:t 49 g kg-1 total 67.1:t 19.5 g kg-1.
NSP. It ranged from 709 g kg-1 in 'Empire' to
835 g kg-1 in 'Rome'. Differences among cultivars Xylose.. "
(P < 0.0001) were statistically significant. 'Empire' had Xylose !S maml~ found !n hemlcell~lose. It may also be
the highest (291 g kg-1) and 'Rome' the lowest found m. the sIde .chams of pectIns. Averag:1 xylose
(165 g kg-1) soluble NSP values, the average for 13 cul- c~nte,nt m, 13 .cultIvars was 58.6:t 8'8- f kg ,NSP,
tivars being 228 :t 49 g kg-1. Soluble NSP content pre- wIth, York .havmg the lowes! 1(42.5 g kg ) an.d ~cIn-
sented in Table 2 was calculated as the difference tosh the hIghest (70.0 g kg ). There were sIgnificant
between total NSP and insoluble NSP. However, the differences among 13 cultivars. On a fresh weight basis,
monosaccharide composition of total, insoluble and mean xylose cont:nt was l'O.:t 0.2 g kg -1 apple fles~.

soluble NSP were determined separately rather than .As expected, a major proportIo~ of xylose. was found m
using the data for total and insoluble NSP to estimate Insoluble NSP. Insoluble NSP m 13 cultIvars of app!~
the monosaccharide compositio~ of soluble NSi:>. This ha~ an average xylose conte~t of 74.6 :t 10.1 g kg
was done to reduce the extraneous variations that whIle average xylose content m the soluble NSP frac-
usually result when a parameter is measured by differ- tion was 9.1 :t 4.0 g kg-1.
ence. Distribution of monosaccharides in total, insolu-

M.annoseble, and soluble NSP are presented m Tables 3, 4 and 5. M " 1 t . th h . 11 1 t .

annose IS maIn y presen m e emlce u ose por Ion

of dietary fibre. It was found in small quantities in the
Rhamnose.. '" hydrolysates of apple NSP. Mannose represented an
Rhamnose IS consIdered to be present m the maIn cham f 31 3 + 5 6 k -1 t t 1 h .d .

..average 0 .-.g g 0 a monosacc an es mof pectIns. It .accou~ted for only a small por~lon of the NSP. It ranged from 23.3 g kg-1 in 'Fuji' to
monosaccharides m apple NSP, -r~ngmg from 40.0 g kg-1 in 'Golden Delicious'. On a fresh weight
10.4g kg-1 in 'Rome' to 15.6 g kg 1 m 'Jonagold' .

basIs, mannose represented an average of(Table 3). There were sIgnificant st~tIstI.cal dlfferen:es m 0.6 + 0.2 g kg-1 apple flesh. Insoluble fibre contained
the amount of rhamnose present m dIfferent cultIvars. -

f 36 6 + 6 8 k -1 f ose whl'lef an average 0 ..g g 0 mann
Rhamnose ac~ounteld for h a~ d .averag le fib 0 mean mannose content in the soluble fibre fraction was

12.6:t 1.8 g kg- tota monosacc an es m app ere. 11.7 + 3.1 k-1
0 fh . hb ' h ' -gg. n a res welg t aSlS, r amnose comprises an average

of 0.23:t 0.05 g kg-1 apple flesh. Mean rhamnose Galactose
content in insoluble NSP of 13 apple cultivars was Galactose is found mainly in hemicellulose. It may also
13.8:t 1.7"g kg-1. Soluble NSP had an average of be found in the side chains of pectins. Of all the mono-
9.9 :t 2.8 g kg-1 rhamnose. saccharides studied, galactose showed the most pro-

nounced cultivar difference. It represented an average of
Fucose 96.1 :t 27.7 g kg- 1 tot~l monosaccharides in apple
Fucose is believed to be present in side chains of pectic NSP. Galactose ranged from 45.7 g kg-1 in 'Delicious'
substances. It was found in small amount in the hydro- to 150.4" g kg-1 in 'Rome' indicating more than 3-fold
lysates of apple NSP. Of all the monosaccharides deter- difference among cultivars. Even on a fresh weight basis,
mined, fucose was present in the least amount. Fucose galactose content was highly cultivar dependent. It
comprised an average of 4.7 :t 1.1 g kg-1 total mono- ranged from 0.8 g kg-1 apple flesh in 'Delicious' to
saccharides in dietary fibre, ranging from 2.9 g kg-1 in 3.8 g kg-1 in 'York', with the average being
'York' and 'Delicious' to 6.9 g kg-1 in 'Gala'. On a 1.8:t 0.8 g kg-1. Average galactose content of insolu-
fresh weight basis, fucose accounted for an average of ble NSP was 110.9 :t 31.0 g kg-1. The mean value for
0.08 :t 0.03 g kg-1 apple flesh. Average fucose content galactose content of soluble fibre was
of insoluble fibre was 6.1 :t 2.0 g kg-1. No fucose could 52.4:t 19.4 g kg-1.
be detected in soluble NSP.

Glucose
Arabinose Glucose is the monomeric unit of cellulose. It may also
Arabinose is mostly found in hemicellulose. A small be found in main and side chains of hemicellulose and
amount of arabinose may also be found in the side side chains of pectin. Glucose is the most abundant
chains of pectic substances. Mean arabinose content of neutral sugar in apple fibre. It represented. an a~erage of
13 apple cultivars was 127.8:t" 12.4 g kg-1 NSP. A~aQi- 342.0:t 23.9 g kg-1 tot.al monosaccharides m NSP
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ranging from 304.5 g kg-1 in 'McIntosh' to higher. Mannose and glucose content were similar. The
373.4 g kg-1 in 'Stayman'. On a fresh weight basis, neutral sugar composition of insoluble fibre in the
glucose in apple fibre comprised an average of present study was more or less similar to values report-
6.2:t 1.7 g kg-1 apple flesh. In insoluble NSP, average ed by Marlett (1992).
glucose content was 420.0 :t 25.6 g kg-1 whereas mean Soluble NSP was found to have lower arabinose
glucose content in soluble NSP was 42.1 :t 10.6 g kg-1. content, and higher glucose and xylose content than

reported by Theander and Aman (1979). Galactose
Uronic acid content was more or less similar. Neutral sugar com-
Uronic acid is the major constituent of pectic sub- position of soluble NSP in the present study was similar
stances. It is one of the major monosaccharides in apple to the values reported by Marlett (1992).
fibre. Uronic acid represented an average of Although there was significant cultivar differences in
326.9 :t 35.2 g kg-1 total monosaccharides in NSP of the abundance of each sugar component, arabinose and
13 cultivars ranging from 263.4 g kg-1 in 'Rome' to xylose were less variable than glucose and uronic acid
381.2 g kg-1 in 'Mutsu'. Uronic acid accounted for an especially on a fresh weight basis. Of all the monosac-
average of 190.9 :t 26.1 g kg-1 insoluble fibre. Uronic charides, galactose was the most affected by cultivar dif-
acid was by far the most abundant l:l1°nosaccharide ference. Cultivar differences seen in the less abundant
present in soluble NSP, the average foithe 13 cultivars sugars, ie rhamnose, fucose and mannose may have
being 807.8:t 43.4 g kg-1 soluble NSP, ranging from been accentuated by difficulties faced in measuring
733.0 g kg-1 in 'Golden Delicious' to 871.9 g kg-1 in sugars found in small quantities.
'Gala' (Table 5). On a fresh weight basis, uronic acid On a fresh weight basis, 'York' had the highest con-
represented an average of 5.8 :!: 1.2 g kg-1 apple flesh. centration of almost all the monosaccharides. Unfor-
More than 50% of the pectin found in apples was tunately, 'York' is a processing variety and fiber content
soluble in all cultivars except 'Cortland', 'Gala', 'Deli- is known to diminish during processing.
cious' and 'Rome'. Most cultivars had more pectin in soluble fibre than

in insoluble fibre. However insoluble fibre was found toCorrelation between firmness and fibre constituents have more total rhamnose than soluble fibre indicating
Be~ides nutritio~al values, fibre co,ofinents ar~ the possibility that insoluble pectins in apple have more
bel1eved to contnbute to the texture an rmne~s 0 rhamnose in their main chains than soluble pectins. It
fruits. Average flesh firmnes~ of the 13 appl~ c~lt!vars was not clear from the present study whether cellulose
was 72.7 :t 19.4 .N. Cor~elat1on of NSP and 1?div1dual or pectin is the most abundant fibre component in
sugars (fresh weight) W1th firmness was stud1ed. NSP apple fibre. On average, slightly more glucose than
(r2 = 0.41; P < 0.0001), glucose (r2 = 0.45; P < 0.0001), uronic acid was found in apple fibre. However, the
galactose (r2 = 0.~4; P < 0.0001), mannose (r2 = 0.23; entire amount of glucose "need not necessarily have
P < 0.0022), arabinose (r2 = 0.34; P.< 0.?001), rham- come from cellulose. A small portion of it may have
nose (r2 = 0.18; P < 0.0066~ a~d uroruc aci.d. (r2 = 0.24; come from hemicellulose and pectin. At least the
P < 0.0016) content were sigruficantly positively corre- gl c se molecules in the soluble fibre could not have
lated with firmness. Xylose and fucose content were not b u 0

t f 11 1." een par 0 ce u ose.
correlated W1th firmness. Flesh firmness is determined to a large extent by cell

wall polysaccharides. Significant correlation between
DISCUSSION firmness and fiber composition was observed in the

present study. However, fairly low r2 values indicate
Average fibre content reported in this study is some- that firmness is affected by variables other than fibre
what lower than values reported by Wills and El- content and composition. Separate studies on the effect
Ghetany (1986). However, unpeeled apples were used in of storage and developmental stage showed much
that study. NSP values in the present study are more or stronger correlation of firmness with NSP and mono-
less similar to the values reported for peeled 'Delicious' saccharide content within the same cultivar (Gheyas
apples (Marlett 1992) and for two unnamed apple culti- 1994). It is possible that flesh firmness variation within a
vars (Ross et aI1985). cultivar is determined more by relative amount of

The importance of fruit fibre has been considered to monosaccharides present while firmness in different cul-
lie in its high soluble fibre content. Average soluble fibre tivars are explained more in terms of structure of poly-
percentage in the present study was higher than the saccharides in addition to the amount of
values reported by Theander and Aman (1979) and polysaccharides.
Marlett (1992).

Monosaccharide composition in this study differed to REFERENCES
a certain extent from the values reported by Theander
and Aman (1979). Average arabinose and xylose content Anderson J W, Bryant C A 1986 Dietary fiber: diabetes and
of insoluble fibre were lower and galactose content was obesity. Am J Gastroenterol81 898-906.




