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ABSTRACT: Harvest time can affect the quality characteristics of kiwi fruit. To get the best harvest time, 
this experiment in randomized complete block design, with three replications and five treatments were 
performed in the West Gilan. The treatment involved flushing interval of 7 days with 3 replications in 
each tree. Based on the results, further quantitative fruit traits were affected by time, and different times 
of sampling significantly affected fruit length, fruit width, fruit shape and fruit size in 1% level and fruit 
weight at the 5% level. Based on the results, further qualitative effects were also affected by time, and 
different times of sampling significantly affected fruit firmness total soluble solids (TSS), titratable acidity, 
soluble solids ratio (TSS / TA) and total antioxidant capacity (TAC) at the 1% level and titratable acidity 
(TA) at the 5% level. Fruit ascorbic acid (vitamin C) was not affected by the sampling time. 
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INTRODUCTION 

 
 Kiwifruit is one of the plants that has been introduced and discovered in the present century by botanists 
(Mohammadi, 2012). In the past two decades the fruit has gained remarkable reputation in many countries. In fact, 
no other fruit gained such a broad approach in a short time on commercial fruit production (Mottaghi, 2009). Native 
Asian kiwi is from northern India to Sakhalin Island (Yang Tze valleys) in the south of China but named in New 
Zealand and has spread to other parts of the world (Abedini, 2009).  
 Kiwi fruit with the scientific name of Actinidia deliciosa is subtropical and belongs to the Actinidiaceae family 
and Hayward is the most important commercial cultivars of this species (Warrington I, and Weston G, 1990). Kiwi 
fruit is rich in vitamin C, phenolic substances, different pigments and antioxidants (Du G et al, 2009; Tavarini S et 
al, 2008). The fruit is distinguished from other fruits of the composition and amount of antioxidants, has high 
antioxidant activity and generally contain a variety of antioxidants (Leontowicz et al, 2007). Chemical composition 
of kiwifruit depends on several factors such as genotype, plant nutrition, weather conditions prior to harvest, fruit 
maturity at harvest and storage conditions (Lee and Staff, 2000). Among these factors, the degree of fruit maturity 
at harvest is an important factor that significantly affects the nutritional value and lasting. When fruits are usually 
picked slightly immature the fruit flavor is not well formed and acid content is higher. The fruit is ripening and aging 
faster on late harvest (Li et al, 2001). If the fruit harvests as immature, hydrolysis of starch to soluble sugars in 
fridge will be incomplete and the fruit flavor will be undesirable (Feng et al, 2006). Therefore, the proper stage of 
maturity at harvest, for quality and nutritional value of fruits and lasting longer is necessary. Factors such as time 
and the amount of inorganic compounds are involved in fruit softening rate. Softening of the fruit is because of the 
solubility of water-insoluble substances such as cell wall components and starch (Feng et al, 2006). At the 
beginning of ripening, softening the outer pericarp and the inner pith tissues is simultaneously and with the same 
speed but there is a difference between the two parts during ripening (White et al, 2005). TSS rate or kiwi fruit 
degree Brix is a good indicator of maturity for harvest (Zhou et al, 1997). In different countries, different amounts of 
degrees Brix are used as a minimum standard kiwifruit harvest time. The amount of the Hayward in New Zealand 
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and Chile is 6.2, Italy 7 and the United States of America 5/6 (Zoffoli et al, 1999). Previous studies showed that fruit 
harvested with less than 6 degrees Brix, after ripening, flavor and aroma were not satisfactory, but the harvested 
fruit with higher degrees Brix (between 10-7) had maximum storage life and quality of food, While harvested 
kiwifruit with degrees Brix of 12 lost their commercial quality (Beever DJ, and Hopkrik G, 1990). In fact, the kiwi fruit 
harvest time influences the firmness (Tavarini et al, 2008). Due to the high level of kiwifruit cultivation in Iran and 
the climate zone, determine the optimal harvesting time is essential to have better nutritional value of fruits. Thus, 
the aim of this study is the impact of changes in harvesting time on quality attributes such as firmness, soluble 
solids, vitamin C, phenolic compounds, and antioxidant capacity of Hayward kiwifruit. 
 

MATERIALS AND METHODS 
 
 The research was done in crop year 2011-2012 in the garden, 35 km from the city of Astara, geographical 
characteristics 38° 08' 316''  North (N), 48° 50' 603''  east (E) and -5 m above sea level, located in West Gilan. The 
test were performed in randomized complete block design with three replications and five treatments, treatments 
included flushing interval of 7 days were randomly selected and marked with 3 replications and 3 trees per 
replicate. At the time of sampling, 20 fruit in four geographical position of each tree were picked randomly. Fruit 
size (length and width) using a caliper digital device is obtained in mm and fruit shape is obtained by dividing the 
length by the width, Fruit weight were calculated using a300 mg sensitive digital balance, fruit size was determined 
by calculating the amount of isochore water. Fruit density was obtained by dividing the weight by the volume. Fruit 
firmness was measured using Penetrometer FTO11 with 8 mm tip (probe) and was expressed as kilograms per 
square centimeter. To measure TSS, ESR optical device model Atago-ATC-20, ranging from zero to 20 percent, 
made in Japan, was used and the rate of temperature change was applied. Titratable acidity (TA) was measured 
by titration method with a gain of 0.1 normal. Total consumable profit used to calculate the titratable acidity of the 
dominant acid (citric acid) using the following formula:  
TA = number of headline × 0.064 
(The 0.064 is the dominant acid standard value). 
Ratio TSS / TA that is considered as an important indicator of fruit maturity, was determined by dividing the amount 
of TSS by TA. Vitamin C in the burette reading the headline number was given. The number of burette reading for 
vitamin C title was laid in the following formula and the amount vitamin C was calculated: 
Vitamin C (mg/100 gr) = (e × d × b) / (c × a) 
Where: 1 g extract juice +5 g of meta-phosphoric, then it will take 3 grams of vitamin C for the title (this is the value 
of a). 
a = weight of sample (1 mg)  
b = volume made with meta-phosphoric (5 mg / ml)  
e = number of reading digital burette  
c = volume of the solution taken to estimate (3 mg / ml) = D dye Factor  
Dye was calculated by the following factors: "Invoice" dye = "0.5" / "number of burette reading" = "0.0095" 
Antioxidant capacity of the extracts is determined by neutralizing free radical DPPH (2, 2 diphenyl 1 - picryl, 2,2-
diphenyl-1-picrylhydrazyl),(The method of Du  et al, 2009) and the absorption was read by a spectrophotometer at 
a wavelength of 517 nm. Antioxidant capacity was calculated as percent inhibition (free radicals) according to the 
following formula: 
Inhibition percent = (DPPH testifier-sample DPPH) / (testifier DPPH) × 100 
DPPH testifier           :  it was already calculated as 0.498. 

Sample DPPH:           

Inhibition DPPH:         
 After testing the normality of the data, the data were analyzed in a randomized complete block design using 
software SAS (9.1) and SPSS 16, and means were compared by Duncan’s new multiple range test (P < 0.05). 
 

RESULTS AND DISCUSSION 
 

 Variance analysis of quantitative characteristics data of Hayward kiwifruit showed that at different times of 
harvesting affected fruit length growth, fruit width, fruit form, fruit volume at the 1% level and fruit weight 5% level 
but the density of the fruit was not affected (Table 1). 
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Table 1. Analysis of variance of quantitative characteristics of Hayward kiwifruit 
Density volume weight Fruit Form width length df S.O.V 

0.008  101.19 
 

13.30 
 

0.0036 
 

0.96
 

11.91 
 

2 rep 
0.004 

ns 
791.69 

** 
674.53 

* 
0.0077 

** 
17.79

 ** 
87.70 

** 
4 treat(time) 

0.005 14.08 136.86 0.0004 0.80 2.80 8 E 
6.87 4.21 11.96 1.51 1.78 2.63 C.V 

ns, *, **, non-significant, significant at the 5% level , respectively and significant at 1% level. 

 
 Variance analysis of quantitative characteristics data of Hayward kiwifruit showed that time treatment 
statistically affected fruit firmness, soluble solids amount (TSS), ratio of soluble solids to titratable acidity (TSS / TA) 
and antioxidant capacity (TAC) at the 1% level and titratable acidity (TA) at 5% level. However, ascorbic acid 
(vitamin C) of the fruit was not significantly affected (Table 2).  
 The effect of sampling time on qualitative and quantitative characteristics of the Hayward kiwifruit will be 
studied in this paper. 
 
Hayward fruits quantitative characteristics: Fruit length 
 The mean comparison of sampling times showed that IV harvest time had the highest average fruit length, 
while there was not a significant difference between third and the fifth sampling time and the first harvesting time 
had the lowest length average (Table 3). 
 

Table 1. Analysis of variance of qualitative characteristics of Hayward kiwifruit 
TAC VC TSS/TA TA TSS firmness df S.O.V 

14.174 
 

69.41 
 

0.051 
 

0.0016 
 

0.038 
 

0.40 
 

2 rep 
101.702 

** 
63.056 

n,s 
1.144 

** 
0.0075 

** 
0.96 

** 
3.341 

** 
4 treat(time) 

4.78 29.37 0.1128 0.0015 0.063 0.159 8 E 
4.66 14.93 4.86 4.50 4.20 4.94 C.V 

ns, *, **, non significant, significant at the 5% level, respectively and significant at 1% level 

 
Fruit width 
 Comparing the effect of sampling time on fruit width, the highest average was in the fourth harvest, meanwhile, 
there were not statistically significant differences between the third and the fourth sampling times. The first 
harvesting time had minimum average width (Table 3). 
 
Fruit form 
 Average sampling time comparison showed that the most elongated fruits were observed at fourth harvesting 
time, meanwhile, there were not statistically significant differences between the third, the fifth and the fourth 
sampling times. The first harvesting time had minimum average form (Table 3). 
 
Fruit weight 
 Average sampling time comparison showed that the IV Harvest Time had the highest average fruit weight; 
meanwhile, there were not statistically significant differences between the second, the third, the fifth and the fourth 
sampling times. The first harvesting time had minimum average weight (Table 3). 
 
Fruit volume 
 Average sampling time comparison showed that the IV harvest time had the highest average fruit volume. 
Meanwhile, there were not statistically significant differences between the third, the fifth and the fourth sampling 
times. The first harvesting time had minimum average volume (Table 3). 
 
Density 
 Comparing the effect of sampling time on the density of the fruit showed that the IV harvest time had the 
highest average fruit density. Meanwhile, there were not statistically significant differences between the first, the 
second, the third, the fifth and the fourth sampling times. The first harvesting time had minimum average density 
(Table 3). 
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Table 3. Comparison of Average Time effect on quantitative characteristics of Hayward kiwifruit 
Density volume weight Fruit Form width length time 

1.03
  A 

63.61
  C 

74.67
  B 

1.192
  C 

46.180
  C 

55.087
  C 

 1 (10.16) 
1.12

  A 
82.36

  B 
91.999

  A 
1.240

  B 
49.99

  B 
61.990

  B 
2  (10.23) 

1.05
  A 

100.42
  A 

105.60
  A 

1.287
  A 

51.72
  AB 

66.557
  A 

3  (10.30) 
1.19

  A 
102.64

  A 
113.13

  A 
1.310

  A 
52.46

  A 
68.754

  A 
4  (10.06) 

1.08
  A 

96.11
  A 

103.699
  A 

1.309
  A 

50.54
  B 

66.172
  A 

5  (10.13) 

Averages with common letters do not show statistically significant differences 

 
 Fruit growth rate is often influenced by environmental factors and Two-thirds of the increase in fruit volume and 
weight is usually during the first 10 weeks after anthesis, Fruit fully ripening gets edible and economic context that 
is after the 23 weeks of the full bursting of the flowers. And then fruit volume and size remains relatively constant 
(Abedini, 2009). The results showed that fruit quantity traits had significant increases (8/9) until the third harvest. 
And after the third harvest time, an increase in these parameters was observed, but this increase was not 
significant. 
 
Hayward kiwifruit quality characteristics  
Fruit firmness 
 Mean data comparison in sampling time showed that the harvest time had a significant effect on fruit firmness 
and maximum firmness was at the second time. Meanwhile, there was not statistically significant difference 
between the third and the second sampling time. Minimum firmness of the samples was in the fifth sampling time, 
however, there was not statistically significant difference between the fourth and fifth sampling time (Table 4). In 
fact, kiwifruit harvest time affects the amount of firmness (Tavarini et al, 2008). The degree of firmness affects shelf 
life and marketing (Fisk et al, 2008). Kiwi fruit flesh softening during ripening is resulted in degradation of cell wall 
polysaccharides. Polygalacturonase (PG) and cellulase breakdown of the activity of hydrolytic Pectin methyl 
esterase (PME) enzymes ( Leontowicz et al, 2007). Softening of fruit is due to the solubility of water-insoluble 
substances such as cell walls minerals and the starch. 
 
Total soluble solids(TSS) 
 Average sampling time comparison showed that the highest total soluble solids in fruit were at the fifth time. 
Meanwhile, there were not statistically significant differences between the fourth and the fifth sampling times. The 
first harvesting time had minimum average of total soluble solids (Table 4). TSS is the most important indicators of 
quality in direct relation to the quality of the edible quality of the fruit while maturation and consumers like ripe fruit 
with high TSS (Burdon et al, 2004). Also, if the TSS is less than 8.5%, the harvested fruit is not accepted for export 
(Lee et al, 2001). TTS and fruit firmness are widely used at the time of harvest and postharvest quality of kiwifruit 
during maturation and And are closely related to other characteristics (Chico et al, 2007). In fact, an increase in the 
rate of TSS expresses the hydrolysis rate of starch to hexose sugars (Fattahi Moghaddam et al, 2008). Increased 
Sucrose Phosphate Synthase enzyme activity causes an increase in TSS during kiwi maturation which converts 
starch into simple sugars such as glucose phosphate. This enzyme is activated by ethylene hormones during the 
maturation process (Boquete et al, 2004).Low sugar kiwi fruit in addition to harvesting time depends on 
environmental factors of the pre-harvest (Burdon et al, 2004). 
 
Titratable acidity (TA) 
 Average sampling time comparison showed that the highest titratable acidity was in the fifth time. Meanwhile, 
there were not statistically significant differences between the third and the fifth sampling times. The second 
harvesting time had minimum average of titratable acidity that was not statistically different from the first and fourth 
times (Table 4). 
 
Ratio of total soluble solids to titratable acidity (TSS / TA) 
 Average sampling time comparison showed that the highest ratio of total soluble solids to titratable acidity in 
fruit was at the fourth time. Meanwhile, there were not statistically significant differences between the fourth and the 
fifth sampling times. The lowest average ratio of total soluble solids to titratable acidity was during the first sampling 
that was not statistically different from the second and the third sampling time (Table 4). This indicator just 
expresses the sweetness of the fruit and the fruit flavor in addition to the ratio of TSS to TA can be determined by 
total soluble solids, fruit firmness and some volatile compounds.  And therefore, Considering and evaluating of 
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other indicators apart from these two, can help to estimate fruit quality (Hallaji Sani and Fattahi Moghaddam, 2012). 
Promoting the ratio of TSS / TA increases the sweet taste of the kiwifruit (Qasem Nejad et al, 2011). 
 
Vitamin C or ascorbic acid of the fruit (VC) 
 Average sampling time comparison showed that the highest average in ascorbic acid of fruit was at the third 
time and the lowest ascorbic acid was at the fifth time of sampling. While there were no statistical significant 
differences between sampling times. Vitamin C of the fruit increased from the first to the third sampling time until it 
reached to the highest at third time and then was reduced during the fourth and fifth sampling times. It was the 
lowest at the fifth sampling time. 
 Vitamin C in Kiwi is in the range between 155 to 25 mg per 100 g fresh weight of fruit (Kabaluk et al, 1997). But 
the amount of vitamin C fruits used in this study was lower that can be related to environmental factors and 
effective management conditions of pre-harvest (Kabaluk et al, 1997). Kiwi fruit is high in ascorbic acid (at least 
twice Citrus). Ascorbic acid levels have been reported in the Issai and Ananasnaya 41 and 155 mg in 100 g 
(Ferguson, 2003). In another report the rate of 184.6 and 65.5 mg per 100 g fresh weight are listed in order for 
Eisai and Hayward (Nishiyama et al, 2004). Some have reported that the amount of ascorbic acid was not 
decreased during maturation and storage (Ferguson, 2003). Ascorbate Peroxidase Enzyme (APX) for the catalytic 
reaction uses ascorbic acid as a cofactor. During Storage when the fruits are faced with stress after harvesting, the 
enzyme using ascorbic acid as reflected electron reduces oxidative metabolism (Fattahi Moghaddam et al, 2008). It 
seems to have picked up on time and decreased breathe (by minimizing stress) and optimal storage conditions can 
reduce the valuable combining process (Hallaji Sani and Fattahi Moghaddam, 2012). 
 
Antioxidant capacity (TAC) 
 Average sampling time comparison showed that the highest average total antioxidant capacity (TAC) was at 
the fifth sampling time and the fruit had degrees Brix of 60/6 and the lowest average total antioxidant capacity 
(TAC) was at the second sampling time, while there were no statistically significant difference between the third 
and the fourth sampling time and the first sampling time was not statistically different from the third and the fourth 
times (Table 4). 
 

Table 4. Comparison of Average time on quality attributes of kiwifruit cv Hayward 

TAC VC TSS/TA TA TSS Firmness Firmness 

46.50
  B 

33.27
  A 

6.17
  D 

0.84
  B 

5.19
  B 

8.17
  B 

 1 (10.16) 
37.24

  C 
33.69

  A 
6.62

  CD 
0.81

  B 
5.36

  B 
9.35

  A 
2  (10.23) 

48.62
  AB 

42.67
  A 

6.41
  CD 

0.87
  AB 

5.60
  B 

8.80
  AB 

3  (10.30) 
49.55

  AB 
32.97

  A 
7.23

  A 
0.86

  B 
6.22

  A 
7.23

  C 
4  (10.06) 

52.56
  A 

32.89
  A 

6.99
  AB 

0.95
  A 

6.60
  A 

6.82
  C 

5  (10.13) 
Means with common letters do not show statistically differences 

 
CONCLUSION 

 
 The results of this study showed that pre-harvest and different sampling times affects the nutritional value of 
kiwifruit and among the factors before harvesting time, harvest time has the greatest effect on kiwifruit. For 
example, fruit firmness, total soluble solids, titratable acidity are the most important criteria to determine the best 
time to harvest and significantly influenced by the time factor. 
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