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The cell-wall polysaccharide components of gold kiwifruit (Actinidia chinensis Planch. ‘Hort16A’, ZESPRI®
GOLD) have been investigated for the first time. Alcohol-insoluble residues (AIRs) were prepared from
whole, unpeeled gold and green (Actinidia deliciosa) kiwifruit and the constituent sugar and glycosyl
linkage compositions determined. AIRs from both kiwifruit contained a high proportion of cellulose; the
gold kiwifruit contained a higher proportion of hemicellulosic polysaccharides and lower proportion of
pectic polysaccharides compared with the green. The gold kiwifruit AIR was partitioned by sequential
extraction with water, aqueous CDTA (0.05 M), aqueous Na,CO3 (0.05M) and aqueous KOH (1M then
4 M). The glycosyl linkage compositions of each fraction were determined and the types of cell-wall
polysaccharides from the gold fruit were found to be similar to those previously reported for the green
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1. Introduction

Kiwifruit (Actinidia sp.) are an important export crop in New
Zealand, with Actinidia deliciosa [A. Chev.] C.F. Liang and A.R. Fer-
guson var. deliciosa ‘Hayward’ (green kiwifruit) and A. chinensis
Planch. ‘Hort16A’ (marketed as ZESPRI® GOLD) the main cul-
tivars grown commercially. A substantial amount of work has
been published on the polysaccharide structure and composition
of green kiwifruit cell walls. The major non-cellulosic polysac-
charide constituents are a mixture of structurally diverse pectic
polysaccharides. The fractions extracted from the cell walls with
cyclohexane-trans-1,2-diamine tetraacetate (CDTA) and Na,COs3
contain homogalacturonans (HGs) and rhamnogalacturonans (RGs)
substituted with galactan and arabinogalactan (AG) side-chains
having varying degrees of branching, while the guanidinium thio-
cyanate (GTC)- and KOH-soluble fractions contain more highly
branched RGs (Dawson & Melton, 1991; Redgwell, Melton, &
Brasch, 1988; Redgwell, Melton, Brasch, & Coddington, 1992). There
is also evidence that rhamnogalacturonan II (RG II) is a compo-
nent of green kiwifruit cell walls (Fischer, Wegryzn, Hallett, &
Redgwell, 1996; Redgwell et al., 1988). Hemicellulosic polysac-
charides, also present in the GTC- and KOH-soluble fractions,
comprise a smaller portion of the green kiwifruit cell walls and
are predominantly xyloglucan (XG), with minor amounts of glu-
curonoxylan and galactoglucomannan also present (Redgwell et
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al., 1988; Schroder et al., 2001). The cellulosic component of the
cell walls includes both the I, and IB crystalline forms of cellulose,
though the relative proportions of each are unknown (Newman &
Redgwell, 2002). During ripening in green kiwifruit, large amounts
of pectic polysaccharides are solubilized in the cell walls but lit-
tle structural modification of these cell-wall components occurs
(Redgwell, Melton, & Brasch, 1990; Redgwell, Melton, & Brasch,
1991; Redgwell, Melton, & Brasch, 1992). The cell-wall related
changes that occur during kiwifruit softening, which include pectin
solubilization, galactose loss and XG depolymerization, have been
recently reviewed (Schréder & Atkinson, 2006). The changes that
occur in the cell-wall polysaccharide composition of green kiwifruit
during fruit growth and development have also been investigated
(Gallego & Zarra, 1997; Li, Nakagawa, Nevins, & Sakurai, 2006). Air
drying kiwifruit at various temperatures, as a means of preserving
the fruit postharvest, has been found to promote the degradation
of cell-wall polysaccharides, particularly the pectic polysaccharides
(Femenia et al., 2009).

In contrast, there has been little research published on the cell-
wall polysaccharides of gold kiwifruit. Makabe, Yoshioka, Miki, and
Fukumoto (1998) investigated the changes which occur in the con-
stituent sugar composition of cell-wall polysaccharides from gold
and green kiwifruit during on-vine softening of fruit. The galac-
tose and galacturonic acid contents of the gold kiwifruit differed
from those of the green kiwifruit throughout the study, and the
content of these monosaccharides decreased during on-vine soft-
ening of the gold fruit. However, they used a different variety of
gold kiwifruit, Actinidia chinensis Planch. cv. Yellow Koshin, from
that analysed in the present study. In a more recent study, Yuliarti
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et al. (2008) used different techniques to extract water-soluble
polysaccharides (WSP) from the commercially important A. chinen-
sis Planch. ‘Hort 16A’ (ZESPRI® GOLD).

The NZ kiwifruit industry generates a large proportion of gold
fruit that are not suitable for either export or domestic food markets
(Forgie, Giltrap, & Andrew, 2008). These ‘reject’ fruit are a poten-
tial source of biologically active polysaccharides (Hunter et al.,
2008) and we have recently investigated the bioactive properties
of AIR prepared from whole, unpeeled gold kiwifruit (unpublished
results). In this present study we report on differences in the carbo-
hydrate composition of AIRs prepared from whole unpeeled gold
and green kiwifruit and on the structure of cell-wall polysaccha-
rides isolated by sequential solvent extraction of the gold kiwifruit
AIR.

2. Materials and methods
2.1. Materials

ZESPRI® GOLD kiwifruit (A. chinensis Planch. ‘Hort16A’; gold
kiwifruit) were harvested at maturity, in May 2007, from a com-
mercial orchard in the Gisborne growing area of the East Coast,
New Zealand, ripened to a ready-to-eat state (0.5-0.8 kgf; Hopkirk,
Maindonald, & White, 1996) and stored frozen until analysis. Ripe
green kiwifruit (A. deliciosa) were purchased from a local super-
market.

2.2. Preparation of an alcohol-insoluble residue (AIR) from gold
and green kiwifruit

One quarter from each of four whole, unpeeled individual
kiwifruit were combined and powdered in a mortar and pestle
with liquid nitrogen. The ground material (30g) was suspended
in aqueous ethanol (100 mL, 70%, w/v) and stirred (4 h, 4°C). The
alcohol-insoluble residue (AIR) was collected on a sintered fun-
nel and washed with ice cold ethanol (70%, w/v, 4x 100 mL), then
acetone (4x 100mL). The last ethanol and acetone washes each
contained negligible amounts of carbohydrate as determined by
colorimetric total carbohydrate assay (see Section 2.4).

2.3. Sequential extraction of polysaccharides from the AIR
prepared from gold kiwifruit

A portion of AIR (0.85¢g) from gold kiwifruit was sequentially
extracted in duplicate (as a stirred suspension) with each of the
following solvents (85 mL 2x): distilled water (1h, 80°C), CDTA
(0.05M, pH 6.5, 1h, 40°C), NayCO3 (0.05M containing 20 mM
NaBHy, 1h, 40°C, under Arg)), KOH (1 M containing 20 mM NaBHjy,
1h, 40°C, under Ar(g)), then KOH (4 M containing 20 mM NaBHy4,
1h,40°C, under Ar(g)). After each extraction, the solution was neu-
tralised (acetic acid, 2 M), centrifuged (4000 rpm, 30 min, ambient
temperature) and the supernatant was removed and filtered using
a borosilicate microfiber filter (GD120, 70 mm, Advantec). Super-
natants from duplicate extractions were combined, reduced in
volume to ~25 mL by rotary evaporation (20 mbar, 40 °C) and dial-
ysed exhaustively against distilled water (Medicell International
Ltd, MWCO 12-14 kDa) with the exception of the CDTA extract that
was first dialysed against NaCl (0.1 M) then against distilled water,
and freeze-dried. The freeze-dried fractions were stored over silica
gel, under vacuum, prior to weighing and analysis.

2.4. General analyses
Total carbohydrate was estimated colorimetrically by the

phenol-sulfuric acid method (Dubois, Gilles, Hamilton, Rebers, &
Smith, 1956) using glucose (0-80 .g) as the standard. Total uronic

acid was estimated colorimetrically by the m-hydroxydiphenyl
method (Blumenkrantz & Asboe Hansen, 1973) using galacturonic
acid (0-40 wg) as the standard. The amino acid composition was
determined by the method of Boogers, Plugge, Stokkermans, and
Duchateau (2008) using standard-H (Pears Biotech) and a-amino
adipic acid as internal standard. Total protein was determined col-
orimetrically using the Bradford (1976) assay.

2.5. Constituent sugar analyses

The constituent neutral sugar compositions of AIRs from gold
and green kiwifruit were determined by gas chromatography-mass
spectrometry (GC-MS) after hydrolysis with TFA and derivatisa-
tion of the resulting neutral sugars to their corresponding alditol
acetates (Blakeney, Harris, Henry, & Stone, 1983). Briefly, dried
AIRs (~1 mg, with 100 pg myo-inositol as internal standard), were
hydrolysed with aqueous TFA (2 M, 400 L, 1 h, 120°C), reduced to
the alditols with NaBH4 (2%, w/v, in water) and neutralised with
NH40H (2 M, 0.4 mL). Acetylation gave the per-acetylated deriva-
tives suitable for GC-MS analysis.

Portions of the AIRs from both fruit were hydrolysed with HSO4
(Saeman, 1945). For this hydrolysis, samples (~10 mg, with 100 p.g
myo-inositol as internal standard) were dispersed in H;SO4 (72%,
w/w), heated (2h, 30°C), diluted to one molar H,SO4 and the
hydrolysis continued (3 h, 100°C). The solutions were neutralised
and derivatised following the same methodology as used for the
TFA hydrolysis to generate alditol acetates.

Alditol acetates were separated by GC on a SGE BPX70 capillary
column (25m x 0.25 mm i.d., 0.25 pm film thickness) with the GC
oven programmed from 70 °C (held for 1 min) to 140°C at a rate of
25°Cmin—!, and then to 230°C at a rate of 3°Cmin~! with analysis
by MS using an Agilent 5973 Inert MSD. Identifications were based
on peak retention times and on comparisons of electron impact
spectra with the spectra obtained from reference compounds.

2.6. Glycosyl linkage analysis

Prior to glycosyl linkage analysis, uronic acid and methyl-
esterified uronic acid residues were reduced using the two-step
carboxyl reduction method of Kim and Carpita (1992) as described
by Sims and Bacic (1995). Carboxyl-reduced samples (~1mg)
were methylated as described by Ciucanu and Kerek (1984),
except that samples were dispersed in DMSO (0.5 ml) and heated
(50°C) overnight under Ar(g). After extraction into chloroform, the
methylated polysaccharides were hydrolysed with TFA and the
products were reduced and acetylated before analysis by GC-MS,
as described above. Additional analysis was completed with an
Agilent HP5MS capillary column (30m x 0.25mm i.d., 0.25 pum
film thickness) as some partially methylated alditol acetate sugar
derivatives were observed to co-elute on the SGE BPX70 column.
Identifications were based on peak retention times and on com-
parisons of electron impact spectra with the spectra obtained from
reference compounds.

3. Results and discussion
3.1. Composition of the AIRs from gold and green kiwifruit

The powdered gold and green kiwifruit were extracted with
70% ethanol to remove low molecular weight compounds, includ-
ing mono- and oligosaccharides (Fry, 1988; Nunan, Sims, Bacic,
Robinson, & Fincher, 1997). The extraction was performed at low
temperature (4°C) to minimise the activity of cell-wall degrad-
ing enzymes and the resulting residue was washed with cold
ethanol (Nunan et al., 1997). During the extraction of tissues with
organic solvent, cytoplasmic components such as proteins, starch
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Table 1
Amino acid composition of the AIRs from gold and green kiwifruit.

Amino acid Relative amount (mol%)
Gold fruit Green fruit

Hyp 13 1.5
His 2.5 2.5
Ser 6.7 7.4
Arg 5.1 5.2
Gly 13.0 11.8
Asx 10.0 10.8
Glx 9.2 9.7
Thr 6.7 6.0
Ala 6.9 6.8
Pro 4.4 5.3
Lys 5.0 5.9
Tyr 4.7 3.1
Val 6.5 6.4
Ile 5.9 5.6
Leu 7.3 7.5
Phe 5.1 4.4

and polyphenols can co-precipitate with the cell walls (Selvendran,
1975; Selvendran & Ryden, 1990) and are not always removed by
washing the cell-wall residue (Nunan et al., 1997). The yields of
AIR from the gold and green fruit were 36.7 and 32.1mgg~! fresh
weight, respectively.

The AIRs isolated from gold and green kiwifruit were analysed
for protein content. Both samples contained only small amounts
of water-soluble proteins (1.1% and 1.5%, w/w, respectively), as
determined both colorimetrically and by amino acid analysis. The
amino acid compositions of the gold and green kiwifruit AIRs were
very similar (Table 1). These amino acid compositions were also
similar to that reported previously for cell-wall materials isolated
from A. deliciosa fruit tissues (Redgwell et al., 1988). The most
abundant amino acids were glycine, asparagine/aspartic acid and
glutamine/glutamic acid, and only the amounts of tyrosine and
glycine varied by more than 1 mol% between the gold and green
fruit varieties.

Colorimetric analysis estimated that the total carbohydrate con-
tent of both the gold and green kiwifruit AIRs was at least 80%
(w/w). Comparative sugar analysis of the AIRs from each kiwifruit
variety showed some clear differences (Table 2). The low overall
sugar content of the AIRs shown in Table 2 is partly explained by
differences in the rates of hydrolysis of different glycosidic linkages
and the acid stability of the released monosaccharides. The yield of
neutral monosaccharides is reduced if they are glycosidically linked
to acid-resistant uronic acid residues (Melton & Smith, 2001). The
estimated uronic acid content of the gold kiwifruit AIR was about
one-third lower than that of the green fruit, indicating that the gold
fruit contained less pectic polysaccharides than the green. In the
TFA hydrolysate from the gold fruit, xylose was the most abundant
neutral monosaccharide, followed by galactose and glucose, with
small amounts of arabinose, mannose and rhamnose. By compari-
son, the TFA hydrolysate from the green fruit contained less xylose
and slightly more of galactose, arabinose and rhamnose, which
together with the higher uronic acid content is consistent with the

Table 2
Monosaccharide composition of the AIRs from gold and green kiwifruit.

observation that the green fruit contain a greater proportion of pec-
tic polysaccharides than gold fruit. Previous studies have similarly
shown that galactose and uronic acids are the major constituents
of green kiwifruit cell walls (Fischer et al., 1996; Gallego & Zarra,
1997; Redgwell et al., 1988). Together with rhamnose and arabi-
nose, these monomers are components of pectic polysaccharides
(Mohnen, 2008), the predominant non-cellulosic polysaccharides
found in green kiwifruit cell walls (Redgwell et al., 1988; Redgwell,
Melton, Brasch, et al., 1992; Redgwell, Melton, & Brasch, 1992).

The hydrolysates from both kiwifruit varieties contained sim-
ilar amounts of glucose, as determined by both TFA and sulfuric
acid hydrolysis. In both sulfuric acid hydrolysates, glucose was
the most abundant neutral monosaccharide, comprising 60-70%
of the neutral sugars; in the TFA hydrolysates, glucose accounted
for less than 20% of the neutral sugars, as cellulose is not hydrol-
ysed under these conditions. A portion of the glucose detected in
the TFA hydrolysates is derived from XGs, the major hemicellulosic
polysaccharide components of kiwifruit cell walls (Redgwell et al.,
1988), although some may also be derived from starch. Kiwifruit
can contain large quantities of starch, particularly the unripe fruit
(Schroder et al., 2001). The amount of glucose detected in the TFA
hydrolysates indicates gold and green fruit used in the present
study contained relatively small amounts of starch. No attempt was
made to remove starch from the AIRs because of the possibility
of removing other cell-wall polysaccharides, particularly xylans,
when extracting with DMSO (Bian, Peng, Xu, Sun, & Kennedy,
2010; Teleman, Tenkanen, Jacobs, & Dahlman, 2002) or water-
soluble cell-wall derived polysaccharides during enzymic digestion
of starch in aqueous solutions.

Linkage analysis showed that the glycosidic linkages between
the monosaccharide residues in the polysaccharides of the gold
and green kiwifruit AIRs were similar, suggesting that the same
types of polysaccharides were present in both varieties (Table 3).
The most abundant glycosyl linkage in the AIR from both varieties
was 4-linked glucopyranosyl (4-Glcp), with 4-linked galactur-
onic acid (4-GalAp) and 4-linked xylopyranosyl (4-Xylp) the next
most abundant linkages. The gold fruit contained a higher pro-
portion of 4-Xylp residues than green fruit, while the green fruit
contained more 4-GalAp residues than gold. The differences in
the glycosyl linkage compositions of the AIRs further highlighted
the differences observed in the sugar compositions between the
two kiwifruit varieties and indicated that the gold fruit con-
tained a higher proportion of hemicellulosic polysaccharides and
lower proportion of pectic polysaccharides compared with the
green.

3.2. Sequential fractionation and polysaccharide composition of
gold kiwifruit AIR

In order to characterise the structure of the polysaccharides
present in gold kiwifruit the AIR was fractionated by sequential
chemical extraction. The green fruit AIR was not fractionated, due
to the extensive existing literature on green kiwifruit cell-wall
polysaccharides. The total recovery of material from the sequen-
tial fractionation process was 86% (w/w). The water (14%), CDTA

Sample Monosaccharide composition (wt%)?

Rha Fuc Ara Xyl Man Gal Glc UA Total
Gold 0.2(tr) - 1.1(0.4) 8.6 (5.6) 0.2 (0.7) 3.5(2.8) 2.8(21.6) 21.0 37.4(52.1)
Green 0.7(0.3) tr (tr) 1.7(1.1) 3.6(3.8) 0.5(1.5) 5.4(4.9) 2.7 (20.9) 29.0 43.6 (61.5)

—: Not detected; tr: trace.

2 Monosaccharides recovered from TFA hydrolysis (values in parentheses are monosaccharides recovered from Saeman hydrolysis). Uronic acids determined colorimetri-

cally. Values are averages of duplicate determinations.
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Table 3
Glycosyl linkage composition of AIRs from gold and green kiwifruit and fractions obtained from the gold kiwifruit.
Sugar Deduced linkage? Relative amount (mol%)"
Green fruit Gold fruit Water CDTA Na,CO3 1M KOH 4M KOH Residue
Rha tp - - 04 0.3 03 - - -
2p 04 14 2.2 2.9 6.4 - - -
2,4p - 1.0 1.9 0.9 4.7 - - -
Fuc tp - - 04 0.6 0.2 0.6 0.5 -
Ara tf 2.4 33 8.2 3.6 44 0.2 - 0.5
2f - 0.1 0.2 0.8 0.3 - - -
5f - 1.2 3.0 0.9 44 - - -
2,5 2.5 - - - - - - -
2,3,5f - - - 3.5 0.8 - - -
Xyl tp 1.2 2.2 1.6 14 1.3 43 6.0 -
2p 0.8 1.8 0.9 0.4 0.4 7.2 9.0 -
4p 5.7 7.9 2.5 23 1.8 54.5 34.1 24
2,4p - 0.7 0.2 - - 33 1.2 -
2,3,4p 0.4 - - - - - - 14.2
Man tp - 0.9 0.2 0.2 1.1 - - -
4p 1.6 5.6 0.7 3.8 2.9 1.3 3.6 1.0
4,6p - 0.6 0.2 - - 0.3 2.5 -
Glc tp 1.8 - 1.1 1.2 3.7 0.7 14 0.5
3p - - 0.2 - - - - -
4p 56.0 51.5 9.2 9.4 6.6 153 17.8 75.7
2,4p - - - - - - - 0.4
3,4p 0.2 - 0.1 - - - - 0.6
4,6p 32 6.7 2.8 0.7 0.5 7.1 17.2 1.1
3,4,6p 0.1 - - - - - - 0.4
2,3,4,6p 0.2 0.8 0.1 - 0.1 - - 3.1
Gal tp 1.5 2.4 33 14 3.1 1.1 29 -
2p - 0.6 0.5 - - 0.8 1.9 -
3p - - 1.5 - 24 - - -
4p 6.7 0.5 0.5 1.2 12.9 04 0.3 0.3
6p 1.6 - 2.0 0.4 0.3 - - -
2,3p - - 03 - - - - -
2,4p - - 0.2 04 0.7 - - 04
34p 0.2 - 1.6 1.4 41 - - -
3,6p 1.0 2.0 73 1.2 1.1 - - -
4,6p - - 0.1 0.1 1.5 0.2 - -
2,3,4,6p 1.5 0.5 1.7 1.5 3.1 - - 0.1
GlcA tAp - - - - - 2.6 1.5 -
GalA 4Ap 10.9(53.7) 6.8(40.7) 44.4(45.9) 62.5(66.3) 28.4(2.2) - - -
2,4Ap - - 03 - 0.6(4.9) - - -
4,6Ap - - 0.8(51.0) 1.1(80.0) 1.7(6.1) - - -

-: Not detected.

2 Terminal Rhap deduced from 1,5-di-O-acetyl-6-deoxy-2,3,4-tetra-O-methylrhamnitol, etc.
b Values are averages of duplicate determinations (values in parentheses are degree of methylesterification).

(12%) and Na,CO3 (9%) fractions accounted for about one-third
of the extracted material, whereas the 1M (7%) and 4M KOH
(4%) fractions accounted for only 11% of the extracted material.
Approximately half of the AIR remained as an insoluble residue
after the sequential extraction procedure. Colorimetric analysis
estimated the uronic acid content of the water and CDTA frac-
tions to be more than 45% (w/w), whereas that of the Na,CO3
fraction was 18%, that was consistent with the presence of pec-
tic polysaccharides. The high uronic acid content was similar
to that shown previously for water extracts of gold kiwifruit
(Yuliarti et al., 2008). Colorimetric analysis estimated the uronic
acid content of the KOH fractions and the insoluble residue at only
3%.

Glycosyl linkage analysis showed that the most abundant gly-
cosyl linkage in the water, CDTA and Na,CO5 fractions was 4-GalAp
(Table 3). Together with the smaller proportions of 2-Rhap and 2,4-
Rhap also found in these fractions, these results are consistent with
the presence of HG and pectic polysaccharides with a RG backbone
(Mohnen, 2008). The NapCOs3 fraction contained higher propor-
tions of 2- and 2,4-Rhap and a lower proportion of 4-GalAp than

the water or CDTA fractions, indicating the RG extracted under
these conditions was more heterogeneous and highly branched.
The Na,COs fraction also contained a high proportion of 4-Galp
that, together with the presence of 3,4- and 4,6-Galp, is consistent
with the presence of Type I AGs which are neutral side-chains on
the RG backbone of pectic polysaccharides (Mohnen, 2008). The
4-GalAp linkages in the Na,CO5 fraction had a lower degree of
methyl esterification than the GalAp linkages in the water and CDTA
fractions (Table 3), which may be partially due to saponification
that can occur under basic conditions (Renard & Thibault, 1996).
The Na,COj3 fraction also contained a small proportion of 5-Araf
which is consistent with the presence of neutral arabinan side-
chains on the pectic polysaccharides. In addition to the deduced
HG and RG linkages, the water fraction also contained relatively
high proportions of 3,6-Galp and terminal Araf that, together with
the occurrence of 3- and 6-Galp, are typical of Type II AGs, which
are often associated with protein and present as arabinogalactan-
proteins (AGPs). The presence of small proportions of 2,4-Galp in
the water, CDTA and Na; COs fractions indicates that these fractions
may contain some RG II (Bacic, Harris, & Stone, 1988). The predom-
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Estimated polysaccharide compositions of the fractions obtained from gold kiwifruit AIR.

Polysaccharides Composition (mol%)?

Water CDTA Na,COs3 KOH (1 M) KOH (4 M) Residue
(Rhamno)-galacturonan 49 66 40 - - -
Type I (arabino)galactan 4 4 24 tr tr
Type Il arabinogalactan 18 3 5 - - -
Arabinan 3 1 4 - - -
Xyloglucan 9 3 3 23 41 2
Xylan 3 2 2 61 37 2
Mannan 1 4 3 2 9 1
Cellulose/starch 8 9 6 13 12 75
Other® 5 8 13 0 1 20

—: Not detected; tr: trace.

2 mol% of total polysaccharide present in the fractions, calculated from the mol% of methylated alditol acetates characteristic of polysaccharides.
b Glycosyl linkages that cannot be assigned to well-defined cell-wall polysaccharides.

inance of pectic polysaccharides in the water, CDTA and Na;COs3
fractions of the gold kiwifruit AIR is consistent with the literature;
CDTA and Na, COs are routinely used to extract non-covalently and
covalently bound pectic polysaccharides, respectively, from plant
cell walls (Nunan, Sims, Bacic, Robinson, & Fincher, 1998; Redgwell
& Selvendran, 1986; Redgwell et al., 1988). The increased water
solubility of pectic polysaccharides during kiwifruit development
is also well documented (Gallego & Zarra, 1997; Redgwell et al.,
1990; Redgwell, Melton, & Brasch, 1992). The other linkage present
in the water, CDTA and Na,COs fractions in proportions >5 mol%,
was 4-Glcp, derived from starch present in the original AIR, or from
cellulose.

The most abundant glycosyl linkage in both the 1 and 4 M KOH
fractions was 4-Xylp (Table 3). Together with the occurrence of
smaller proportions of 2,4-Xylp and terminal GlcAp and Araf, this is
consistent with the presence of acidic xylans. These two fractions
also contained 4,6-Glcp, terminal and 2-Xylp, 2-Galp and terminal
Fucp that are typical of XGs. In addition, the 4 M KOH fraction con-
tained small proportions of galactomannan type linkages, 4-Manp,
4,6-Manp and t-Galp. Considerable proportions of 4-Glcp were also
found in both the 1 and 4M KOH fractions. While a some of this
4-Glcp is derived from XGs, it is unclear whether the remainder is
derived from cellulose or starch. The insoluble residue contained
mostly 4-Glcp and was thus deduced to be predominantly com-
posed of cellulose (Table 3). The other most abundant linkage in
the residue was 2,3,4-Xylp (14 mol%), which was probably derived
from undermethylation of xylan.

The proportions of various polysaccharides present in the frac-
tions prepared from the gold kiwifruit AIR (Table 4) were deduced
from the linkage compositions (Table 3) by totalling the proportions
of individual glycosyl linkage residues that are characteristic of
well-defined cell-wall polysaccharides already described in the lit-
erature (Bacicetal., 1988; Gorshkovaetal., 1996; Nunanetal., 1997,
1998). This requires making a number of assumptions about the
structures of polysaccharides but these calculations are widely used
to estimate the proportions of different types of polysaccharides
present in cell-wall samples (Nunan et al., 1998; Shea, Gibeaut, &
Carpita, 1989). The values in Table 4 are expressed as mol% of total
polysaccharide present in the fractions; other cell-wall and cyto-
plasmic components have not been included. The HG + RG content
was estimated by adding the following glycosyl linkage residues:
4-GalAp, 2-Rhap, 2,4-Rhap and 2,4-GalAp. The Type I AG content
was estimated by adding: 4-Galp, 3,4-Galp, 4,6-Galp, and/or ter-
minal Galp/terminal Araf (equal to 3,4-Galp +4,6-Galp). The Type Il
AG content was estimated by adding: 3,6-Galp, 3-Galp, 6-Galp, and
terminal Araf (equal to 3,6-Galp). The arabinan content was esti-
mated from the amount of 5-Araf. The XG content was estimated
by adding: 4,6-Glcp, 4-Glcp (equal to one-third of the 4,6-Glcp),
terminal Xylp, 2-Xylp, terminal Galp, 2-Galp, and terminal Fucp. It

was assumed that most of the remaining 4-Glcp was derived from
cellulose, with a portion probably derived from starch. The xylan
content was estimated by adding 4-Xylp, 2,4-Xylp, and/or terminal
Araffterminal GlcAp (equal to 2,4-Xylp). The mannan content was
estimated by adding: 4-Manp, 4,6-Manp, and terminal Galp (equal
to 4,6-Manp).

The differences between the extracted fractions of the gold
fruit are logically related to their dissolution properties. Pectic
polysaccharides were the predominant components (73-74 mol%)
in the water, CDTA and Na,COs fractions (Table 4). While the CDTA
fraction contained mostly HG and RG with some neutral pectic side-
chains (8 mol% of type I AG, type Il AG and arabinan), the water
and Na;COs fractions contained less HG and RG and higher pro-
portions of neutral side-chains (25 and 33 mol%, respectively). The
water fraction contained type II AGs (18 mol%), present either as
neutral pectic side-chains or as AGP, whereas the predominant
neutral pectic side-chains in the Na,CO3 fraction were type I AGs
(24 mol%) (Mohnen, 2008). Small amounts (1-9 mol%) of XG, xylan
and mannan were also detected in the water, CDTA and Na;CO3
fractions (Table 4). The 1 M KOH and 4 M KOH fractions comprised
84 and 78 mol% XGs and xylans, respectively. The 1M KOH frac-
tion was comprised predominantly of xylan (61 mol%) while the
4 M KOH fraction contained approximately equal amounts of xylan
(37 mol%) and XG (41 mol%). Some of the cellulose or starch identi-
fied in these fractions, may represent XG with longer unsubstituted
regions. The residue, as expected, contained mostly cellulose. Small
amounts (<2 mol%) of XG, xylan and mannan were also detected in
the residue (Table 4). Of the glycosyl linkages from the insoluble
residue, 20 mol% could not be assigned to well-defined cell-wall
polysaccharides, but was probably derived from xylan, strongly
bound to cellulose.

4. Conclusions

The polysaccharide composition of gold kiwifruit has been
reported for the first time and comparison with green kiwifruit
has shown that gold fruit contain proportionally more hemicel-
luloses and less pectic polysaccharides than green fruit. Sequential
fractionation of the gold fruit indicated that the types of polysac-
charides from this variety was similar to those of green fruit. The
water, CDTA and Na, COs fractions contained mostly pectic polysac-
charides, consisting of HG +RGs and variable amounts of type |
AG. The Na,CO5 fraction contained a much higher amount of type
I AG than either the water or the CDTA fractions. In addition to
soluble HG and RG, the water fraction also contained a consid-
erable amount of type II AG and some water-soluble XG. The 1
and 4 M KOH fractions contained mostly acidic xylan and XG, with
the proportion of xylan much higher for the 1M KOH fraction
than the 4 M KOH fraction. Conversely, the proportion of XG was
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almost two times in the 4 M KOH fraction than in the 1M KOH
fraction.
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