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Abstract.
BACKGROUND: In the Northern hemisphere kiwifruit harvest time is conditioned by low temperatures occurring during
the harvesting season while in Southern Italy minimum temperatures in autumn are high enough to support fruit growth and
ripening.
OBJECTIVE: To evaluate the influence of delayed harvest time on kiwifruit quality attributes.
METHODS: The experiment was carried out in a commercial kiwifruit, ‘Hayward’, orchard located in Southern Italy. In
this area, the conventional harvest time occurs 160 days after full bloom (DAFB), during the first decade of November. Fruits
were collected from 130 DAFB to 192 DAFB. Fresh fruit and dry weight, flesh color, firmness, total soluble solids content
(TSS), titratable acidity (TA), ascorbic acid (AA), total polyphenols content (TPH) and antioxidant capacity (TAC) were
determined.
RESULTS: After 120 days of storage, fruit harvested 178 DAFB, had higher fresh and dry weight, flesh firmness, TSS,
TA and lower water loss than fruit harvested at 160 DAFB, with no significant differences in AA, TPH and TAC. TAC was
correlated more to TPH than to AA. Early (130–158 DAFB) harvests, resulted in poor fruit quality and scarce post harvest
maintenance.
CONCLUSIONS: Delaying fruit harvest time, in mild winter areas such as Southern Italy, resulted in an improved fruit
quality and increased the commercial value of the fruit.
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1. Introduction

Kiwifruit is a climacteric fruit that can be stored 3–6 months at 0◦C and under 90 to 95% RH. Its commercial
and eating quality is highly correlated with total soluble solids content (TSS), dry matter content and titratable
acidity (TA), both at fruit harvest time and after storage [1–6]. Indeed, kiwifruit harvested at <6.2–6.5 ◦Brix
show rapid flesh softening, poor quality and reduced shelf life [1, 7], while a dry matter content ≥15.1% has been
proposed as a reliable kiwifruit quality index [6]. Kiwifruit quality is defined also by its low Kcal content [8] and
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the high amount of antioxidant and phytochemical compounds [9], such as ascorbic acid [10] and polyphenols
[11]. Harvest time has a significant influence on ascorbic acid concentration [11]. In ‘Hayward’ kiwifruit, the
concentration of ascorbic acid varies from 37 to 200 mg 100 g–1 fw [12, 13], being higher than in lemon [14],
apple and peach fruit [1]; however it also depends on storage conditions [15]. Polyphenols content and total
antioxidant capacity are influenced by green pruning, fruit ripening stage at harvest time and storage conditions
[8, 16].

Pre-harvest factors include harvest maturity, climate, soil, nutrient levels, water status [17]. Generally, after
harvest, fruit quality cannot be improved, but only maintained. Therefore, it is very important the role of pre-
harvest factors on postharvest quality [18].

In the Northern hemisphere, low temperatures occurring during the harvesting season result in anticipated leaf
drop, reduce the conversion of starch into soluble sugars in the flesh and increase fruit softening rate pattern [17,
18]. However, in Southern Italy, minimum temperatures in November and December are high enough to allow
fruit ripening to occur [19] and this may have a beneficial effect on fruit quality as desired by consumers. The
aim of this work was to evaluate the influence that delayed harvest time might have on several kiwifruit quality
attributes, such as biometric parameters (fresh weight, flesh firmness), organoleptic parameters (total soluble
solids content and titratable acidity) and nutraceutical parameters (total antioxidant capacity, total polyphenol
content, ascorbic acid content).

2. Materials and methods

2.1. Orchard

The experiment was carried out during 2012 and 2013 in a commercial orchard (Actinidia deliciosa, cv
‘’Hayward”) located at Rosarno (latitude 38◦ 29’ N; longitude 15◦ 58’ E; Calabria, Italy). Vines were planted
during 2008 in a sandy soil with sub-acid, 6.8 pH, 2.1% organic matter and 1.8 g kg–1 N content. Vines were
spaced 4.0 m × 4.0 m apart (625 vines ha–1) and trained to a pergola system, under a photo-selective grey hail
net with a 26% of shading. The orchard was drip irrigated and managed using the standard integrated pest
management system. Yearly dormant pruning (December) was combined with summer pruning (July). Full
bloom occurred during the last week of May in 2012 (25 May) and one week later in 2013 (2 June). Fruit were
thinned at the end of June, removing all the secondary fruitlets in the inflorescences. In this area, the conventional
harvest time occurs 160 DAFB.

2.2. Sampling

Fruit were collected and analyzed every second week from 130 DAFB (4 October 2012 and 10 October 2013)
to 158 DAFB, and, then, every week from 158 DAFB to 192 DAFB (5 December 2012 and 12 December 2013)
during the two seasons [2012/2013]. Measurements were carried out weekly on 48 fruit, randomly collected from
the canopy of six vines (8 fruits on each vine and every week). Vines were similar in terms of fruit load (430 ± 32
fruit vine–1 and 45 ± 4.2 kg vine–1) and canopy growth. After each harvest time, fruit were stored at 0◦C and
95% RH for 120 days. After storage and before measurements, fruit were exposed to ambient temperature (20◦C)
[20] for one week [8]. Average daily temperatures (◦C) during fruit ripening and harvest time, recorded at the
orchard site, are reported in Table 1.

2.3. Fruit weight

Fresh weight (FW) was determined, using an electronic balance (Mettler-Toledo MgbH, Grelfensee, Switzer-
land), immediately after harvest at each sampling date and after storage at 0◦C. At the end of the storage period,
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Table 1

Average daily temperature during fruit growth and ripening of

Hayward kiwifruit (A. deliciosa) grown in Southern Italy

(2012 and 2013)

Average daily Temperature◦C Days after full bloom*

2012 2013

17.5 17.7 130

17.0 17.3 137

17.2 17.5 144

16.9 17.0 150

16.5 16.6 158

16.0 16.2 164

15.5 15.4 171

15.1 15.0 178

14.5 14.3 185

13.8 13.6 192

*Full bloom occurred during the last week of May in 2012 (25 May) and

one week later in 2013 (2 June).

fruit weight loss (FWL) was calculated as the difference between fresh weight measured after and before storage
and expressed as percentage on fresh weight basis.

2.4. Flesh firmness

Flesh firmness (FF) was measured with a digital penetrometer with an 8 mm probe (PCE 100, Padova, Italy).
The skin was removed before measurement and measurements were taken in two opposite sides of the equatorial
zone of the fruit; the two measures were averaged.

2.5. Soluble solids content

Total soluble solids content, expressed as ◦Brix, was measured with a digital refractometer (PAL-1, Atago,
Tokio, Japan) on juice drops obtained by squeezing the apex and the base of each single fruit.

2.6. Titratable acidity

Titratable acidity was determined by titrating 10 ml of the juice diluted with distilled water (1:1) and titrated to
pH 8.2 with 0.1 N NaOH (mEq. NaOH/100 g fresh fruit). Titration results were expressed as citric acid equivalents
per 100 ml of sample juice using a citric acid standard curve.

2.7. Dry matter

Dry matter concentration was determined using a standardized sampling method: an horizontal slice of fruit
tissue of the equatorial zone was extracted from each fruit. The thickness of the slice was about 1 cm and the fresh
weight was recorded. The slice was placed in a dehydrator at 70◦C until the constant dry weight was reached. The
dry matter content (DMC) was expressed as a percentage on fresh weight and was determined at each harvest
time.
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2.8. Total polyphenol content (TPH) and antioxidant capacity (TAC)

At each harvest date and after storage, five fruits per plant were taken for the analysis of mesocarp TPH
and TAC. Fruit samples were homogenized using an Ultraturrax blender (20.000 rpm; T 25 Basic, IKA Werke,
Germany). TPH and TAC were analyzed separately using a Kontron Uvikon 941 Plus spectrophotometer. Before
measuring TPH and TAC, standard curves were prepared for each test. TPH (mg gallic acid equivalents/g fresh
weight (Fw) was determined using the Folin-Ciocalteau method [21]. TAC was determined using the modified
TEAC assay, and expressed as mmoles Trolox equivalents/100 g Fw [22, 23]. TEAC assay included both the
hydrophilic and the lipophilic contributions [24] of the kiwifruit samples.

2.9. Flesh color

Flesh color was evaluated with a Minolta spectrophotometer CM-700d (Minolta, Inc., Tokyo, Japan), which
provided measurements of Hunters L*, a* and b* in three points of each fruit. L* measures the lightness and
it varies from 100 for the perfect white to zero for black. a* measures the redness when its value is positive,
grey when is zero, greenness when negative. b* measures yellowness when positive, grey when is zero, blueness
when is negative. The colorimeter was calibrated with standard black and white calibration tiles.

2.10. Ascorbic acid

Ascorbic acid content was determined using the procedure based on the reduction of the dye 2,6-
dichlorophenol-indophenol (DIP) by ascorbic acid [25]. Kiwifruit fresh tissue (3 g) was mixed with 20 ml (3%)
metaphosphoric acid and homogenized. Ascorbic acid was determined by titration of 15 ml filtrated juices by
DIP containing bicarbonate sodium. The measures were effected from 158 (conventional harvest) to 192 DAFB
and after the 120 d storage period. Ascorbic acid content was expressed as mg ascorbic acid/100 g Fw.

2.11. Leaf drop

Leaves were counted on 20 marked shoots of each vine, from 130 DAFB to 192 DAFB. Leaf drop begun, in
both years, not earlier than 175 DAFB, in November.

2.12. Statistical analysis

All the data were analyzed using ANOVA to determine the significance of differences between sampling
(harvest) dates. Differences were calculated according to the least significant difference (LSD) test, at P ≤ 0.05.
The correlation analysis of the TPH vs. TAC was performed using the statistical software (Statsoft Inc., Tulsa,
OK, USA).

3. Results and discussion

Fruit fresh and dry weight increased according to a similar rate pattern (Figs. 1, 2). Percentage of fruit dry
matter (DM) content increased exponentially from 130 to 144 DAFB; thereafter, DM increased steadily to peak at
the end of November (Fig. 1). It is noteworthy that DM content (16%) was always higher than the minimum value
reported for kiwifruit [26, 27]. If we consider that commercial harvest time in the area usually occurs during the
first and second week of November (about 160–170 DAFB), harvesting kiwifruit during late November would
result in a marginal increase of 3%–5% fresh weight. From 185 to 192 DAFB fruit fresh and dry weight did not
show any further increase (Fig. 2).
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In both years, at 192 DAFB (first ten days of December) leaf drop was lower than 18%; vines reached 50%
of leaf drop (indicating the onset of endodormancy) by the end of December, much later than in Northern
environments (Fig. 3). Flesh firmness slowly decreased from 130 DAFB (beginning of October) to 150 DAFB,
to remain stable until 178 DAFB (end of November); it significantly decreased only during the first ten days of
December (Fig. 4). On the other hand, TSS content reached the minimum value suitable for commercial harvest
maturity (6.5◦Brix) during the first week of November (164 DAFB), when flesh firmness was still around 7.5 kg
cm–2. It rapidly increased during the next 30 days, because of a rapid starch conversion into soluble sugars [28,
29]. At 178 DAFB, TSS content reached 8.6◦ Brix; at this stage, flesh firmness was still stable around 8.2 kg
cm–2 (Fig. 4). Titratable acidity of fruit flesh did not change significantly during the whole harvesting period, but
after storage it was significantly lower in fruit harvested from 130 to 164 DAFB than later in the season (Fig. 5).

Flesh brightness (L*) was highest until 144 DAFB, with no significant changes afterwards [30, 31]; green
color (a*) and the yellow color (b*) declined significantly at the last two harvest dates (Table 2). Fruit flesh

Fig. 1. Evolution of dry weight (%) of ‘Hayward’ kiwifruit harvested from 130 days after full bloom (DAFB) to 192 DAFB (average

2012-2013 = 31 May). Data are means ± SE (N = 45 × 2).

Fig. 2. Evolution of fruit fresh weight at harvest of ‘Hayward’ kiwifruit from 130 to 192 DAFB (average 2012-2013 = 31 May). Data are

means ± SE (N = 45 × 2).
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Fig. 3. Leaf drop in ‘Hayward’ kiwifruit vines from 185 to 226 DAFB (average 2012-2013). Data are means ± SE (N = 45 × 2).

Fig. 4. Evolution of flesh firmness and total solid soluble content (TSS) of ‘Hayward’ kiwifruit from 130 to 192 DAFB (average 2012-2013).

Data are means ± SE (N = 45 × 2).

color changed during kiwifruit storage [32]. The decrease in L* value that occurred for early harvested (130–144
DAFB) fruit indicated the onset of a dark color in the pulp due to oxidative browning reactions. The green color
decreased during storage (the a* value was less negative) and so did the yellow one (b*).

Fruit weight loss (after storage and 7 days of shelf-life) decreased significantly with harvest date, while flesh
firmness and TSS content increased, particularly at the latest harvest times (Table 3). Indeed, kiwifruit harvested
at the end of November, maintained a good flesh firmness after storage, with higher values contrary to those
reported by other authors [8] with fruit stored for a shorter period (8 weeks). Fruit with 12 ◦Brix are generally
considered acceptable by consumers [33, 34], and fruit harvested from commercial harvest time (160 DAFB)
onwards had, at the end of storage, higher than those reported in literature [8, 35] (Table 3). TSS content at fruit
harvest time and after storage was highly correlated (Fig. 6) according to data reported on apple [36].

Ascorbic acid content declined during fruit ripening [30, 37] with the highest values occurring from 130
to 144 DAFB and the lowest ones from 185 to 192 DAFB (Table 4). No difference occurred from 158 to 178
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Fig. 5. Evolution of Titratable acidity (TA) in kiwifruit from at harvest (from 130 to 192 DAFB) and after storage at 0◦C and 95% RH for

120 days (data are means of 2012-2013; N = 45 × 2).

Table 2

Flesh color index (L*, a*, b*) in fruit of Actinidia deliciosa, cv Hayward, at harvest time (from 130 to 192 DAFB) and after 120 days of

storage at 0◦C + 7 days of shelf-life at 20◦C (average of two years = 2012-2013; N = 45 × 2)

DAFB At harvest After storage

L* a* b* L* a* b*

130 63.2a –18.1a 37.1a 48.3c –7.1c 15.6b

144 60.8a –16.2a 36.0a 48.9b –7.1c 15.8b

158 56.1b –15.1b 35.1a 51.1b –8.8b 16.5ab

171 56.4b –14.7b 35.1a 51.1b –8.8b 16.5ab

178 58.2b –14.1b 34.2ab 56.1a –9.5a 18.1a

185 57.1b –11.1c 31.1b 56.0a –9.0a 19.1a

192 57.2b –12.1c 31.1b 57.1a –9.8a 19.5a

In the same column, different letters indicate significant differences at P ≤ 0.05.

Table 3

Weight loss, flesh firmness, and total soluble solids content (TSS) in fruit of Actinidia deliciosa, cv Hayward, harvested from 130 to 192

DAFB after 120 days of storage at 0◦C + 7 d of shelf-life at 20◦C (Average of two years = 2012-2013; N = 45 × 2)

DAFB Weight loss (%) Flesh firmness (Kg cm–2) TSS (◦Brix)

130 4.92 ± 0.08d 2.0 ± 0.1b 12.2 ± 0.3c

144 4.89 ± 0.13d 2.0 ± 0.1b 12.5 ± 0.3c

158 4.74 ± 0.12d 1.9 ± 0.3b 12.8 ± 0.4c

164 3.89 ± 0.10c 2.3 ± 0.2ab 13.2 ± 0.4bc

171 3.36 ± 0.09c 2.3 ± 0.3ab 13.7 ± 0.4b

178 2.73 ± 0.14b 2.6 ± 0.2a 14.6 ± 0.4a

185 2.74 ± 0.15b 2.8 ± 0.3a 14.8 ± 0.3a

192 2.22 ± 0.11a 2.5 ± 0.3a 14.8 ± 0.4a

In the same column, different letters indicate significant differences per P ≤ 0.05.
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Fig. 6. Relationship between total solid soluble content (TSS) in ‘Hayward’ kiwifruit, at fruit harvest time and after storage at 0◦C and 95%

RH for 120 days. Data are means of 2012-2013; N = 45 × 2.

Table 4

Total polyphenols content (TPH), total antioxidant capacity (TAC) and ascorbic acid (AA) in fruit of Actinidia deliciosa, cv Hayward, at

harvest (from 130 to 192 DAFB) and after 120 days of storage at 0◦C + 7 d of shelf-life at 20◦C (Average of two

years = 2012-2013 N = 45 × 2)

DAFB TPH TAC AA

(mg gallic acid (�moles Trolox (mg/100 gFw)

equivalents/100 g Fw) (equivalents/g Fw)

At harvest After storage At harvest After storage At harvest After storage

130 72.0 ± 1.8a 64.8 ± 2.1n.s. 4.8 ± 0.1a 4.2 ± 0.02ab 74.8 ± 2.0a 40.4 ± 2.5b

144 60.5 ± 1.1a 65.3 ± 1.7 4.5 ± 0.2a 4.1 ± 0.03ab 70.1 ± 1.1a 40.2 ± 2.5b

158 52.0 ± 0.8b 64.6 ± 2.2 3.6 ± 0.1b 4.2 ± 0.01ab 65.7 ± 2.1ab 40.4 ± 2.1b

164 53.1 ± 0.6b 65.0 ± 3.2 3.7 ± 0.2b 4.4 ± 0.02a 61.0 ± 2.0b 44.2 ± 3.1a

171 54.2 ± 0.2b 64.5 ± 2.2 3.6 ± 0.2b 4.5 ± 0.04a 59.0 ± 1.2b 47.1 ± 2.2a

178 57.2 ± 0.8b 66.4 ± 3.1 3.9 ± 0.1b 4.8 ± 0.02a 57.0 ± 2.1b 46.3 ± 2.4a

185 57.3 ± 0.8b 65.8 ± 1.7 3.9 ± 0.1b 3.9 ± 0.03b 42.3 ± 0.3c 35.2 ± 0.4c

192 58.1 ± 0.9b 65.9 ± 1.3 3.8 ± 0.4b 3.8 ± 0.01b 42.0 ± 0.3c 36.4 ± 0.4c

In the same column, different letters indicate significant differences per P ≤ 0.05. n.s. = not significant.

Table 5

Pearson’s Coefficient between Ascorbic Acid (AA) and Total Antioxidant Capacity (TAC) and between Total Polyphenos Content (TPH)

and Total Antioxidant Capacity (TAC) in kiwifruit at the harvest (158 and 178 DAFB; N = 45) and after storage (N = 45)

Harvest at Harvest at After storage and After storage and

158 DAFB 178 DAFB harvest at 158 DAFB harvest at 178 DAFB

TAC TAC TAC TAC

AA 0.64 ± 0.02n.s. 0.58 ± 0.06 0.59 ± 0.03 0.56 ± 0.02

TPH 0.61 ± 0.01c 0.75 ± 0.05b 0.82 ± 0.02a 0.92 ± 0.01a

In the same row, different letters indicate significant differences per P ≤ 0.05. n.s. = not significant.
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DAFB, when TSS content was 7-8 ◦Brix (Fig. 4). Indeed, when fruit becomes overripe, vitamin C content
declines, along with the degradation of fruit tissues [38]. There are contrasting results about the influence of
vitamin C on the antioxidant capacity of fruit or vegetables [39], but a strong correlation was reported between
TAC and AA [8]. The total polyphenol content (TPH) and the antioxidant capacity (TAC) were highest during
the first week of October, and decreased significantly two weeks afterwards, when daily temperatures also
decreased [40]. No differences occurred from 158 to 192 DAFB (Table 4). Indeed, the correlation between TAC
and ascorbic acid did not change with fruit ripening, while the correlation between TAC and TPH is changed
(Table 5). TAC is also influenced by the chemical structures of the polyphenols, and in particular, by the number
of hydroxyl groups [41]. Likely, the decline of temperature during fruit ripening influenced the composition
of total polyphenols. Eventually, the contribution of TPH vs TAC increased in time (Table 5). Several authors
[42, 43] reported an increase of ascorbic acid in kiwifruit during storage [44]. Our data show a clear decrease
in ascorbic acid content that was inversely related to the pre-storage values. Fruit harvested from 130 to 158
DAFB retained <61% of pre-storage ascorbic acid content, while those harvested from 164 to 178 DAFB
retained 74%–81% and the latest retained 83%–87% of the pre-storage values. Considering that water loss
can speed up ascorbic acid degradation [8], this behavior could also be related to the different pattern of water
loss during storage that occurred between early and late harvested fruit. Phenol content may either increase or
decrease in fruit and vegetables depending on the storage conditions [38]. Generally, antioxidant activity and
phenolic concentration increase during storage [45]. A significant increase in phenol content was observed after
exposition to cold storage for a week in many fruit species: pear [46], grape [47], some apple cultivars [48, 49],
blueberry [50], lychee and red raspberry [51, 52]. In our experiment, polyphenol content increased after storage
(Table 4) as reported by other authors [8, 16, 50]. However, TAC changes during storage were not consistent
with fruit ripening stage at harvest (Table 4) and, may have been determined by a combination of a lower acid
ascorbic content and a higher TPH, including, most likely, substantial changes in polyphenols components [53].

4. Conclusion

Kiwifruit is usually harvested when unripe, and its postharvest maintenance and ultimate quality is strongly
related to the choice of an appropriate harvest time. A threshold of total soluble solid content, associated to flesh
firmness is currently used in many countries, in order to ensure the fruit has reached the stage of development
that its quality will be at least the minimum acceptable to the consumer. However, in terms of marketing, fruit
percent dry matter (dry matter ≥15.1%) is considered a more accurate and reliable quality index than soluble
solids concentration to meet consumer requirements [6]. Furthermore, high level (≥16.1%) of percent dry matter,
that is associated to high TSS content and sweetness perception [54], may balance the sourness perception that
may occur when ripe titratable acidity is greater than or equal to 1.2% [6]. To maximize consumer satisfaction,
high TSS content and dry matter level are, then, required. Flesh firmness of kiwifruit harvested 178 DAFB was
8.0 kg cm–2 and TSS content was 8.6 ◦Brix; at this stage, fruit percent dry matter reached its highest value
(20.5%) and TA was 1.50%. These values resulted in a higher ascorbic acid content, a much lower water loss and
a TSS content and flesh firmness that, after storage, was 15%–25% higher than for fruit harvested at commercial
harvest time. This suggests a large timespan for commercial harvest maturity in areas where temperatures in fall
are high enough to support fruit ripening. The total antioxidant capacity did not significantly change during this
timespan, but fruit harvested at 178 DAFB retained, after post harvest storage, a higher ascorbic acid content
than those harvested 158 DAFB. Eventually, the seasonal (2012 vs 2013) variability of TSS content, TA, fruit
firmness, percent dry matter, TPH, AA and TAC, at harvest time and after storage, were highest for fruit of the
earliest (130–144 DAFB) and the latest (185–192 DAFB) harvest dates, with not significant changes in those
harvested during the 158–178 DAFB timespan (data not shown), indicating a quite large ‘window’ for fruit
harvest time in that particular period, that could help in maximizing consumers acceptance of very high quality
fruit.
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