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-Berries

Connie L. Fisk', Bernadine C. Strike, and Yanyun Zhaol

ADDITIONAL INDEx WORDS. *Brix, percent soluble solids, maturity index, Actinidia
arguta

SUMMARY. Iodine staining of starch was explored as a harvest index for hardy ki-
wifruit (Actinidia arguta). Weekly from 2 Sept. to 14 Oct . 2005, the cut surfaces
of 20 halved fruit were dipped in an iodine solution and the staining intensity
was measured using digital photography and color analysis. Harvest date had a
significant effect on percent soluble solids and each of the color readings (L*, a*,
b*, and chroma) before and after staining . Fruit harvested later in the season had
less starch and thus were lighter in color. However, an observable color differ-
ence was only visually apparent weeks after commercial harvest is recommended
based on percent soluble solids . Therefore, while the technique can distinguish
the conversion of starch to sugar in hardy kiwifruit berries, it cannot be used as a
harvest index.

Thethree main species ofkiwifruit
grown worldwide for fruit pro-
duction are Actinidia deliciosa,

A. chinensis, and A. arguta, with the
former two producing relatively large
(80 g) "fuzzy" fruit compared to the
latter, smooth-skinned, small-fruited
hardy kiwifruit (Ferguson, 1990) .
`Ananasnaya' is the mostwidely grown
cultivar ofhardykiwifruit intheworld .
Hardy kiwifruit may also be known
or marketed under alternate names
including "baby kiwifruit," "grape
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kiwi," "wee-kee," and "cocktail kiwi."
There were 100 acres of `Ananasnaya'
planted in Oregon in 2002 (Tiyayon
and Strik, 2003) and Williams et al .
(2003) estimated that about 100 ha
were grown commercially worldwide,
in the United States (Oregon, Penn-
sylvania, NewYork, andWashington),
NewZealand,Canada (British Colum-
bia and Ontario), Chile, Italy, France,
Germany, and The Netherlands .

The fruit of`Ananasnaya' is a me-
dium-sized, ovoid (1 .5 inch long x 1
inch wide) berry. Fruit weight ranges

from 2 to 14 g, averaging 6.9 g (Pescie
and Strik, 2004) or 7.3 g per vine (Ti-
yayon and Strik, 2004) . `Ananasnaya'
produces a green to red-blushed berry
with a smooth, edible skin . The flesh
is light green, juicy, and has a sweet-
tart taste with a rich, aromatic flavor
that has been compared to ripe pine-
apple (Ananas comosus), strawberries
(Fragaria xananassa), bananas (Musa
spp.), European gooseberries (Ribes
spp .), over-ripe pears (Pyrusspp .), or
rhubarb (Rheum spp.) (Ferguson and
Ferguson, 2003). The sliced fruit has
a similar internal appearance to that of
the more typical "fuzzy" 'Hayward'
kiwifruit (A . deliciosa) (Ferguson,
1984) .

`Ananasnaya' has female flowers
that bloom for about 10 d in late May
toearlyJune . Fruitgothroughaninitial
phase (35 to 40 d after flowering) of
rapidincrease infruitvolume, followed
by a period ofreduced growth, which
may coincide with seed hardening
(from 35 to 50 d after flowering) .
Fruit thereafter continue to increase
in volume and reach maximum size
approximately 2 weeks to 1 month
prior to harvest, depending on harvest
criteria(Pescie andStrik, 2004) . Hassall
et al . (1998) reported that hardy kiwi-
fruit in New Zealand reached 80% of
final size by 40 d after flowering . Fruit
mature inlate summer to autumn, 100
to 110 d afterflowering, depending on
region, withfirmness decreasingin the
later stages ofripening (Kabaluket al .,
1997; Strik, 2005) .

Commercially, fruit are all hand
harvested in Oregon, when soluble
solids average 8% to 10% (Strik, 2005;
Tiyayon and Strik, 2003). In New
Zealand, new selections of hardy ki-
wifruit were ideally harvested at 20%
dry weight ; fruit harvested earlier
developed storage disorders and did
not reach as high percent soluble
solids when ripened (Williams et al .,
2003) . When harvesting at average 8%
to 10% soluble solids, most fruit are
still green and firm, although a small
percentage (generally less than 4% of
total yield) are very soft and unusable
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Units
To convert U.S.to SI, To convert SI to U.S .,
multiply by U.S . unit SI unit multiply by
0.4047 . acre(s) ha 2.4711
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937

25 .4 inch(es) mm 0.0394
28 .3495 oz g 0.0353
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(Tiyayon and Strik, 2003) . Hassall et
al . (1998) reported hardy kiwifruit in
New Zealand were harvested when
about 10% ofthe fruit on a vine were
soft to the touch. Fruit cannot be har-
vested vine ripe . Vine ripe fruit are too
soft to handle or store and often the
fruit tears at the pedicel-fruitjuncture
when harvested . In Aurora, Ore. fruit
reached a typicalcommercialharvest of
8% to 10% soluble solids on 21 Sept .
However,vine-ripened fruit continued
to increase in soluble solids to 21% to
23%, depending on cultivar (Strik and
Hummer, 2006).

Acommercial grower'sdecisionto
harvest is influenced by seed color (all
seeds must be black), average percent
soluble solids, and percent of fruit
prematurelysoftening . Unfortunately,
hardy kiwifruit do not ripen uniformly
on the vine (Kabaluk etal ., 1997 ; Strik
and Tiyayon, 2003), making determi-
nation ofoptimum date for once-over
harvest difficult. Dry weight of fruit
continues to increase with or without
a sharp rise in content ofsoluble solids
(Hassall et al., 1998). Also, the fruit
change little in external color during
the optimum harvest period. Vari-
able fruit quality due to range in fruit
size, percent soluble solids, firmness,
and subsequent flavor is considered
an important production problem in
this crop .

Development of a rapid, simple,
inexpensive, in-field test for predict-
ing optimum harvest date would be
of great benefit to the hardy kiwifruit
industry. Iodine staining of starch has
been used to help judge maturity in
apples (Malusspp . ; Saltveit and Hale,
1982), pears (North, 1961 as cited
by Blankenship et al ., 1993), and ba-
nanas (Blankenship et al ., 1993). In
'Hayward' kiwifruit, starch content
of fruit declines as seeds change from
brown to black and as fruitripens with
aconsequentincreasein sugars (Beever
andHopkirk;1990; Cheah and Irving,
1990). At harvest, the starch content
of 'Hayward' accounted for 5% to 7%
of the fresh weight or 35% of the dry
weight (MacRae et al.,1989a,1989b) .
By the time fruit are ready to be eaten,
starch has completely degraded and
sugar content is three- to four-fold
greater than at harvest (MacRae et al .,
1989b) . Iodine staining ofstarch isthus
closely correlated with percent soluble
solids and may be useful in hardy ki-
wifruit. Producing a color reference
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chart ofstainingpatterns that couldbe
taken into the field and compared to
stained fruit may help growers predict
optimum harvestdate . Thepurpose of
this study was to determine if a useful
iodine-starch staining test could be
developedin`Ananasnaya' to estimate
percent soluble solids and thus opti-
mum harvest date .

Materials and methods
FRUITMATERTAL. Berriesof`Anan-

asnaya' were harvested weekly from 2
Sept. to 14 Oct. 2005 from a mature
commercialvineyard in Sheridan, Ore.
Twentyrepresentative fruitwerepicked
each week from four plants trained to
a pergola, with care paid to harvest
from various locations in the canopy.
The fruit were immediately trans-
ferred to the Value Added Fruit and
Vegetable Processing Lab at Oregon
State University, Corvallis, and were
allowed to come to roomtemperature
before analysis . Fruitwere cutin halfin
cross-section, with one-half subjected
to measurement of percent soluble
solids (refractometer RA-250, KEM;
Kyoto ElectronicsManufacturing Co.,
Ltd., Kyoto, Japan) and the other half
used for iodine-starch staining and
color measurement . Measurement of
percent soluble solids was done on
the half proximal to the pedicel on
halfofthe sampled fruit and distal to
the pedicel on the other half, in case
percent soluble solids varied from the
pedicel to the calyx end of the fruit
(MacRae et al ., 1989a, 1989b) . Juice
was'extracted from the sliced fruit by
squeezing .

IODINE-STARCH STAINING . The
iodine staining solution (1.0% potas-
siumiodide, 0.1% iodine ;Mallinckrodt
Baker, Inc., Phillipsburg, N.J .) was
prepared as described by Saltveit and
Hale (1982) . Briefly, potassium iodide
was dissolved in a small amount ofde-
ionizedwaterbefore additionofiodine,
and then deionizedwaterto make 1L.
One half of each fruit was placed cut
side downin 5mm ofstaining solution
for 1 min. Fruitwere then gentlyrinsed
with deionizedwater and blottedwith
tissuepaper to remove excess moisture .
Samples were allowed to dry briefly
before color measurements and digital
photographs were taken.

COLOR ANALYSIS . The flesh color
of each sliced fruit was measured be-
fore and after staining using a Hunter
Labscan spectrophotometer (model

MS/S-4500L ; Hunter Associates
Laboratory, Inc., Reston, Va.) . The
instrument parameters used were a
mode of 0/45, a 10° Observer, D65
sodium aluminates, and a port size of
1 .7-cmdiameter. TheL* (lightness), a*
(redness-greenness), and b* (yellow-
ness-blueness) values were recorded .
White (L* = 92.95, a* = 0 .67, b* =
2.16) and black plates were used to
standardize the machine, and green
platewasusedasacolorreference (L*r,f
= 54.71, a*ref=-27.22, b*nf=16 .53) .
Calculated chroma ((a*z + b*z)s1)values
were also used for comparing color
changes between samples before and
after staining. Digital photographs
were taken using a Sony model DSC-
S85 camera (Sony Corp ., Tokyo) .

Data were analyzed using SAS
(SAS Institute Inc., Cary,N.C.). Color
readings, before andafter iodine stain
ing,were analyzed using a paired ttest.
The effect of harvest date on percent
soluble solids and color readings was
analyzed using PROC GLM. The
relationship between color readings
andpercentsoluble solidswas analyzed
using regression and correlation .

Results and discussion
Harvest date had a significant ef-

fect on the measured variables, percent
soluble solids and each of the color
readings, before and after staining (P
<0.0001) . Changes in percent soluble
solids over the harvest period are
presented (Fig . 1) and were similar to
what has been reported elsewhere for
this cultivarofhardykiwifruit (Kabalak
et al ., 1997 ; Strik and Hummer,2006;
Tiyayon and Strik, 20,04) .

Theappearance ofsliced fruitafter
staining with iodine was affected by
percent soluble solids (Fig . 2) . Ripe
fruit (higherpercentsoluble solids) had
less starch and thus showed less color
change after staining with iodine . The
L*, a*, b*, and chroma values were
significantly affected by staining (P <
0 .05) on all harvest dates even on the
last fruit harvest date when perSent
soluble solids averaged 15 .3 and there
was little visual change in color after
staining (Fig . 2) .

The correlation between L* after
staining and percentsoluble solids was
affected by harvest date (Fig . 3) . Fruit
harvested later in the season had less
starch and thus were lighter afterstain-
ing (Figs. 2 and 3) . With the exception
ofthe 30 Sept . harvest date, the range
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in L* readings among sampled fruit
(standard deviation) was greater as
the harvest date progressed (Fig . 3) ;
we are unsure as to the cause of this
variation. At 13.5% soluble solids, fruit
had visually lost evidence of staining
(Fig . 2) .

On 30 Sept ., when percentsoluble
solids was within the present com-
mercial standard for harvest, 8% to
10% (Fig . 1), percent soluble solids
was significantly correlated (P< 0.05)
with L* (r=-0 .465) and a* (r=0.541)
before staining and L* (r = 0.601), b*
(r = 0 .591), and chroma (r = 0.495)
after staining . Similarcorrelations were

Date in 2005

	

observed for the 23 Sept . harvest date
(data not shown) . Each ofthevariables

Fig. 1. The effect ofharvest date on percent soluble solids of `Ananasnaya' fruit

	

was correlated with percent soluble
(n = 20, mean "- SE per date).

	

solids for fruit harvested on 16 Sept .
However, there were no significantcor-
relations between percentsoluble solids
and each of the color variables before
or after staining for fruit harvested on
2 or 9 Sept . when soluble solids was
5% to 6% (data not shown) .

There was no clear pattern to
which parts of the sliced kiwi were
more stained than others . In apple the
core loses staining ability last (Saltveit
and Hale, 1982) and in banana starch
(and staining) is lost from the center of
the fruit outward (Blankenship et al .,
1993) . In our study, fruit at all percent
soluble solids levels could show spots
that did not stain, but the locules in
particular were less stained than the
columella (core; Fig. 2) .
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Fig. 2. Visual appearance of `Ananasnaya' fruit, ranging from 4.5% to 18 .5%
soluble solids, after staining with iodine.

Conclusions
Results demonstrate that hardy

kiwifruit can be successfully stained
using the iodine staining technique.
However, although each of the color
variables (L*, a*, b*, andchroma) was
correlated with percent soluble solids,
it was difficult to discriminate color
change visually at a desirable harvest
percent soluble solids . In general, the
color change seen after staining with
iodine occurred after the best time for
harvest. Also, the degree ofstainingwas
variable enough, within a narrowrange
of percent soluble solids, for concern
as to the accuracy of this technique
for predicting sugar content of fruit .
Thus, growers should continue to use
a refractometer for measuring percent
soluble solids when determining har-
vest date in this crop .
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Fig. 3. The relationship between lightness (L*) after iodine staining and percent soluble solids
harvest dates in 2005 (n = 20 per harvest date).
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