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Abstract

According to the result of this study, there was a significant increase in the amount of sugars including rhamnose, glucose
and mannose from October for Abbot and Hayward and from August for Allison until harvesting time (late November).
During one month of post harvesting time, the fruits showed no significant changes in sugar concentration except for the
Hayward that showed a significant increase of glucose and mannose concentration. The concentration of fructose and inulin
in Allison and Hayward did not show any significant changes during the investigated months except a decline on August
and then remained constant at the first level. The concentration of these sugars in Abbott showed a similar pattern i.e. a
reduction in August followed by a significant increase until harvesting time, and then remained at constant level. Soluble
solid content (SSC) as an indicator of fruit maturity, in Allison was significantly more than other cultivars in harvesting
time, however, this difference was not significant in late December among cultivars. The mineral analysis of the fruits
indicated that the concentration of iron and phosphorus of the kiwifruit cultivars were not significantly different but,
potassium concentration in Hayward and calcium concentration in Allison were significantly more than other cultivars.
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Introduction

There are more than 70 Actinidia species but, only three enlargement and maturity. The high molecular-mass
species of A.deliciosa, A. chinensis and A.arguta have components of hemicelluloses detected at the early stage
been commercially exploited to date (Atkinson & of fruit enlargement were degraded at the late stage of
Macrae, 2007). Iran is a country with the most significant fruit enlargement, but then remained stable at the much
increases (>20%) in the planted area during the previous lower molecular-mass till fruit maturity. Sugars and
decade (Atkinson & Macrae, 2007). The fruit of mineral content of some kiwifruit cultivars during cold
Actinidia deliciosa is highly rich in vitamin C (180 storage have also been examined (Manolopoulou &
mg/100 g in Hayward), minerals, carbohydrates and Papadopoulou, 1998; Boldingh et al., 2000; Zolfaghari et
proteins (Rush et al., 2002). Meanwhile Gallego & Zarra al., 2008; Nishiyama et al., 2008). This study for the first
(1997) investigated changes in water-soluble polysaccha- time, investigated the amount of some carbohydrates
rides composition and structure of kiwifruit (cv. including glucose, mannose, rhamnose, fructose and
Hayward) cell walls during fruit development. They inulin, soluble solid content (SSC) and also some of
found that water-soluble polysaccharide content increa- mineral elements such as potassium (K), phosphorus (P),
sed linearly during the entire growth period. Uronic acid calcium (Ca) and iron (Fe) in three cultivars of Actinidia
and glucose were the main sugar at this time and the deliciosa including Abbott, Allison and Hayward
large amount of glucose presented at the final stage of cultivated in the north of Iran, during six months of fruit
fruit growth. Additionally, Li et al. (2006) examined development. These sugars and minerals have important
changes of pectin, hemicelluloses and cellulose in the structural and functional rules in plants. The deter-
cell-wall of outer pericarp tissues of Hayward during mination of the best time of kiwifruit consumption with
fruit development. They concluded that the molecular- higher concentration of the materials leads to have the
mass of pectic polysaccharides decreased during fruit fruits with higher nutritious value.
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Materials and methods
Fruit sampling

Kiwifruit samples of the cultivars of Abbot, Allison and
Hayward were obtained from research center gardens
close to the city of Tonekabon at the north of Iran, from
early July to late December 2008. The fruits were
harvested in late November and were stored in ambient
temperature (average day/night temperature 15/8°C,
respectively) for one month. Collected fruits were stored
in -20°C until different assays were performed.

Carbohydrates determination

The samples of outer pericarp of kiwifruits (0.1 g) were
grounded in 3 ml distilled water and then diluted 5 times.
Rhamnose, glucose and mannose were determined by
Dubois et al. (1956) method. Briefly, the kiwifruit
solution (0.5 ml) and the phenol solution %5 (0.5ml)
were added to glass tubes then 2.5 ml of concentrated
sulfuric acid was added slowly to the tubes. The tubes
were then incubated for 15 min at room temperature
(~25°C) and the absorption at 480, 485 and 490 nm, for
determination of Rhamnose, Glucose and Mannose
respectively, in a spectrophotometer (GBC, Cintra 6.
Australia) were read. Distilled water plus phenol solution
%5 (0.5ml) and concentrated sulfuric acid were used as
blank sample.

Fructose and Inulin determination

The samples of outer pericarp of kiwifruits (0.1 g) were
grounded in 3 ml distilled water and then diluted 10
times. Fructose and Inulin were measured using the
anthrone reaction method (Jermyn 1956). Briefly, the
diluted kiwifruit solution (0.5 ml) and anthrone reagent,
anthrone % 0.02 in sulfuric acid %70 (2.5ml) were added
to glass tubes. The tubes were then incubated for 15 min
at room temperature (~25°C) and then for 8 min in
boiling water bath. All tubes were allowed to cool down
to room temperature before reading the absorption at
625nm.

Mineral determination

Full mature kiwifruit was turned into ash at 70°C for 72
hours. The ash was digested by nitric-percholoric acid
digestion method (Johnson & Ulrish, 1959). Briefly, the
ground samples (lg) dissolved in 4ml of nitric-
percholoric acid and heated on a hot plate for 10 h at
about 120°C until colorless solution was obtained. The
solution was reached to volume 20 ml with deionized
water. The K, Ca and Fe contents were evaluated using a
model 603 atomic absorption spectrophotometer (Perkin
Elmer). Phosphor concentration was determined using
Reagent sodium molybdate (Boltz & Lueck, 1958) by

Glucose concentration
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Fig 1. Glucose content in outer pericarp of the three
kiwifruit cultivars (Abbott, Allison and Hayward) from
early July to late December 2007 (mg/g fresh weight).
Results are mean of 3 determinations + SD.

spectrophotometer (GBC, Cintra6. Australia). Concentra-
tion of each element was calculated according to mg/g of
dry weight.

Soluble solid content

Soluble solid content (SSC) of each kiwifruit sample
during six months of fruit development were calculated
using digital refrectometer (Quartz-Ceti-Belgium).

Statistical Analysis

The data were analyzed by Duncan’s multiple range test
at P<0.05 using the SPSS software. All the analyses were
repeated three times.

Results
Sugars content

Changes in the content of glucose, mannose and
rhamnose in the investigated cultivars showed almost the
same pattern. However, the concentration of these sugars
significantly increased from October for Abbot and
Hayward and from August for Allison until harvesting
time (late November). During one month of post
harvesting time (late December), the fruits showed no
significant changes in sugar concentration except for the
Hayward that showed a significant increase in the
concentration of glucose and mannose (Fig 1). The
pattern of changes for rhamnose and mannose of the
cultivars were almost the same (data are not shown).
Among the cultivars, Allison showed the lowest
concentration of these sugars compared with two other



Table 1. Soluble solid content (°Brix) of the three kiwifruit cultivars (Abbott, Allison and Hayward) from early July to late
December. Results are mean of 3 determinations + SD. Different letters in the same column show significant differences at

P<0.05.
Months Abbott (brix) Allison (brix) Hayward (brix)
July 0.3+0.01a 0.7+0.01 a 0
August 0.5+0.03a 3.8+0.13b 0.5+0.02a
September 23+£0.17b 42+0.24c 1.1£0.07b
October 26+0.23b 48+0.12¢ 25+0.14c¢
Early November 5+0.28¢ 5.2+0.12d 34+0.14d
Late November 8+0.67c 9.2+0.74¢ 6+0.01e
Late December 11.8+£0.34d 11.3+£0.72f 11.6 £043 f
cultivars at harvesting time (late November) and post 14
harvesting time (Fig 1). The concentration of fructose 12 L ""ﬁ"'m:fb':'ﬂ )
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ting time, and then remained at constant level (Fig 2). 0 : - : :
The pattern of changes for fructose content of the > Q&" 6@“‘ S & @o"" @d&*
cultivars were almost the same (data are not shown). v 62,,Q“0 o év“g o Qz&
In all cultivars, the content of mannose and glucose in Q/rzﬁ\* \;o\e’ \,0\0

the outer pericarp of the fruits at harvesting time,
November, were significantly higher followed by
rhamnose, inulin and fructose, respectively (Fig 3).

Soluble solid content (SSC)

All three investigated cultivars showed increasing pattern
of SSC during fruit development and ripening. The
amount of SSC (°Brix) in Allison was significantly
higher than two other cultivars at the harvesting time,
November, followed by Abbott and Hayward (9.2, 8 and
6 respectively). However, after one month post harves-
ting time, there were no significant differences in SSC
content of the three cultivars (Table 1).

Minerals content

According to the results, the concentration of Fe and P of
the full ripened kiwifruits of all three cultivars were low
and not significantly different from each others. Among
the investtigated cultivars, Hayward showed the highest
content of potassium (20.83 = 1.19 mg/g. DW). Also, the
concentration of calcium in Allison was significantly
higher than two other investigated cultivars (Table 2).

Discussion
Sugars content
According to the result of this study the little conce-

ntration of investigated sugars was high in the first month
of sampling for Abbot and Allison and first and second
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Fig 2. Inulin content in outer pericarp of the three
kiwifruit cultivars (Abbott, Allison and Hayward) from
early July to late December 2007 (mg/g fresh weight).
Results are mean of 3 determinations + SD.

months for Hayward, and then decreased until October
for Abbott and Hayward, and August for Allison
following with a significant increase until harvesting
time. Boldingh et al. (2000) reported that glucose peak in
early fruit development in A. deliciosa coincides with a
peak in fruit water content. By that time, the major cell
division phase in fruit development has ended and the
most rapid fruit growth rate was due to cell expansion.
Transient accumulation of sugars at the early stage of
fruit growth may lead to an increase in osmotic pressure
followed by an increase in cell turgor at the cell
expansion phase (Boldingh et al., 2000).

In kiwifruit, carbohydrates are mostly accumulated in
the form of starch during fruit development. At harves-
ting time, most of the carbohydrate content hydrolyzed
into simple sugars during ripening (Jordan et al., 2000;
Atkinson & Macrae, 2007). Therefore we expected an
increase in sugar content during post harvest time that
was coincident with fruits ripening but, the cultivars of
Abbott and Allison showed no changes in sugar contents.
With the exception of A. arguta, ripened fruit of Actini-
dia species accumulated hexoses rather than sucrose,
which is similar to ripened strawberries and apple
(Boldingh et al., 2000). The ripened fruit of A. arguta
accumulate mainly sucrose followed by glucose and



Table 2. Minerals content (mg/g DW) of the full ripened fruits of three cultivars of Abbott, Allison and Hayward. Results
are mean of 3 determinations + SD. Different letters in the same column show significant differences at P<0.05.

Cultivars K Ca P Fe

Abbott 10.80+1.71 a 293+034a 0.73+0.12a 0.06+0.01a
Allison 13.53+1.07b 4.19+0.66b 0.89+0.15a 0.07+0.01a
Hayward 20.83+1.19¢ 2.57+045a 1.03+0.11a 0.06+0.01a

fructose (Nishiyama et al., 2008). These differences in
balances between different sugars, and sugars and starch
at different stages of fruit development may be due to
variations in the activities of invertase, sucrose synthase,
hexokinase and fructokinase and, perhaps, sucrose-phos-
phate synthase among the species (Boldingh et al., 2000).
In this investigation, in all examined cultivars, the
content of mannose and glucose in the outer pericarp of
the fruits at harvesting time were significantly higher
followed by Rhamnose, Inulin and Fructose, respect-
tively. There have been many reports that confirmed in
A. deliciosa fruits hexoses are the predominant sugars
and glucose and fructose were present in approximately
equal amount (Jordan et al., 2000; Nishiyama et al.,
2008). However, Boldingh et al. (2000) reported that A.
deliciosa was the exception, where glucose constituted
60% of the total sugars. The different results found in
this study regarding high concentration of mannose may
be related to the way that we determined the amount of
this sugar. Mannose is an initial component in vitamin C
synthesis pathway. In plants, ascorbate synthesis mostly
occurs through the L-galactose pathway, in which
GDPD-mannose is  converted to  L-ascorbate
(Giovannoni, 2007).

According to the result of this study, Hayward had the
highest total investigated sugar content among the three
examined cultivars. A different result was reported by
Nishiyama et al. (2008), who determined the concen-
tration of glucose, fructose and sucrose in some of A.
deliciosa cultivars, so that the fruit of Abbott showed
higher total sugar content followed by Hayward. In this
study, Abbott showed the highest content of inulin and
fructose compared with two other cultivars.

It has been reported that the dietary fiber, such as
inulin, in kiwifruit is about 3.4 g/100 g, thus kiwifruit is a
good source of dietary fiber and has a laxative effect
especially in the elderly people (Chan et al., 2007).

Soluble solid content (SSC)

Soluble solid content of kiwifruit is considered as an
index of fruit maturity, and fruits with a high SSC store
well with better flavor after ripening (Tavarini et al.,
2008). In this investigation, increasing pattern of SSC
during fruit development and ripening confirms the
finding that SSC increases at ripening stage of fruit
development (Park et al., 2006; Tavarani et al., 2008). At
the harvesting time, Allison and Hayward showed the
highest and lowest SSC (9.2 and 6). Since Allison is an
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early ripening and Hayward a late ripening cultivar this
result was expectable. During fruit ripening and softening
process, starch is broken down to the simple soluble
sugars and also the amount of soluble pectin will increase
(Prasanna, 2007), leading to fruit softening. In this study
after one month post harvesting time, there were no
significant differences in SSC content of the three
cultivars.

Minerals content

In all studied cultivars, Potassium was the main mineral
quantitatively. Among the investigated cultivars, Hay-
ward showed the highest and Abbott the lowest content
of potassium (20.83 + 1.19 and 10.8 + 1.71 mg/g. DW,
respectively). According to the report of Zolfaghari et al.
(2008), Allison had the highest and Hayward had the
lowest K (372.271 and 279.890 mg 100 g-1 fresh
weight, respectively). Kiwifruit is a good source of
potassium, as a cofactor of more than 90% of plant
enzymes, and in some reports the amount of this element
is considered as equal as banana’s (Mohammadian &
Aliakbar, 2007) and almost 2 times more than apple’s
potassium content (Okamoto & Goto, 2005).
The results indicated that the concentration of Fe and P
of the full ripened kiwifruit were low and not signifi-
cantly different among the examined cultivars. However,
since Fe is a micro-element in plants, low concentration
of this element among the cultivars was expectable.
Among the investigated cultivars, Calcium (Ca)
concentration in Allison (4.19 = 0.66 mg/g. DW) was
significantly more than other cultivars (table 2). Previous
studies showed that Ca and other divalent ions delay
ripening and senescence of kiwifruit, however, the way
in which divalent ions act is not yet completely
understood (Cicco et al., 2008). The effect of Ca on
firmness of kiwifruits was counteracted by the large
amounts of nitrogen and potassium that are known to
decrease fruit firmness (Amodio et al., 2007). We
expected that the concentration of Ca in Hayward which
ripens later than Allison was higher but, in contrary, the
result showed higher amount of Ca in Allison. Calcium is
an essential plant element involved in determining fruit
quality of several fruits including kiwifruit (Montanaro,
2006). According to the result of Zolfaghari et al. (2008)
Allison at harvesting time had the highest amount of Ca
compared with Abbott and Hayward. The differences in
mineral composition can be attributed to the genetic
factor of the studied cultivars (Zolfaghari et al., 2008).
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Fig 3. Glucose, Mannose, Rhamnose, Fructose and Inulin contents in outer pericarp of the three kiwifruit cultivars (Abbott,
Allison and Hayward) from early July to late December 2007 (mg/g fresh weight). Results are mean of 3 determinations +

SD.
Conclusion

According to the results of the current study, among the
examined cultivars, Hayward had the highest amount of
potassium as well as total sugar content including
rhamnose, glucose and mannose. Also, Abbott had the
highest amount of inulin and fructose and Allison had the
highest SSC and Calcium content at the harvesting time.
The content of Fe and K content of full ripened kiwifruit
were not significantly different among the investigated
cultivars. However, additional research should be condu-
cted regarding quantitative and qualitative differences of
various kiwifruit cultivars growing in different environ-
mental conditions to confirm cultivars with higher
nutritious value.
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