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Abstract 
 
Avocado cultivation in the world and Turkey, especially Hass cultivar, 
increases rapidly in recent years. The fruit quality of avocado is directly related 
to harvest maturity and post-harvest ripening process and the identification of 
maturity index has a very large commercial importance. For this purpose; in 
the fruit samples of Hass cultivar taken at 15-20 days interval from October to 
June, some fruit quality traits (dry matter, flesh firmness, weight loss, taste, 
colour of fruit skin and flesh) during the harvest and ripening process and 
relationships between of these parameters were analysed. As a result, it was 
found that the most reliable maturity index was the dry matter (DM) content 
and that there was a direct relationship between its accumulation and the 
harvesting time. In cases these index values were insufficient, the other 
postharvest analyses (taste, fruit skin colour, fruit hardness and weight loss) 
made a contribution to determination of maturity. During the ripening process, 
very high levels of a positive correlation between harvest time and dry matter 
(r= 0.92 to 0.96) was observed. According to the fruit maturity of the Hass 
cultivar, three different harvest periods were defined as early, optimum (most 
suitable) and late harvests. It was determined that from early October to late 
December as early harvest (23-25% DM), from January to late May as 
optimum harvest (26-37% DM), and from beginning to end of June as late 
harvest (≥38% DM).

1. Introduction 
 

Recognizability of avocado fruit gradually 
increases and is much more involved in the health-
related social networks in recent years. There is 
very high demand in the World for the production 
and consumption of avocado due to the positive 
effects on human health as a functional food and the 
high nutritional value (Anonymous, 2006). As a 
result, the consumption habits of avocado fruit 
develop, production areas increase, and fruits find 
consumers at high prices in the market. Avocado is 
cultivated in approximately 50 countries on 5 
continents in the World as a subtropical fruit species 

(Zentmyer, 1987; Knight, 2002). There is two major 
avocado market in the world that are the United 
States and European Union countries (Naamani, 
2007). Moreover, these two major markets 
comprise more than 90% of total imports in the 
World (Naamani, 2007; FAO, 2019). Japan and 
Canada follow these two major markets as smaller 
markets (FAO, 2019). In the world avocado market, 
a large portion of imports and exports consist of 
Hass cultivar (Naamani, 2007; Hernández et al., 
2015) and it is the main cultivar of the avocado 
market with its superior fruit quality (Anonymous, 
2005; Naamani, 2007). Furthermore, Hass is a very 
important cultivar in terms of post-harvest transport, 
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storage suitability, and high yield (Newett et al., 
2002; Naamani, 2007). Besides, especially under 
cool subtropical cultivation conditions, after 
reaching physiological maturity, it has 'storage on 
the tree' characteristic that is an advantage for the 
market (Whiley et al., 1996; Hofman et al., 2002).  

For the climacteric fruits such as avocado, in 
an export chain where supplying to reach distant 
markets  as high quality of fruits, harvesting of the 
fruits in the right time with regard to the grade of 
maturity is a very important procedure (Ginsberg, 
1985), and there may be significant differences in 
the composition of the fruit according to the 
harvesting time (Gonzales et al., 1992; Whiley et al., 
1992; Ozdemir et al., 2003, Ozdemir and Topuz, 
2004; Villa-Rodríguez et al., 2010). Harvesting of 
fruits in the early or late period to benefit from the 
high price advantage in the market cause of some 
great problems in ripening and quality of fruits. 
While irregular ripening, wrinkling, hardening and 
rotting of fruit flesh are observed in early harvest, 
deteriorating in fruit flesh, cracking and abscission 
in fruits are seen in late harvest (Young and Lee, 
1978; Lee et al., 1983; Flitsanov et al., 2000; 
Hofman et al., 2002; Kassim et al., 2013; Carvalho 
et al., 2014; Magzawa and Tesfay, 2015). 
Furthermore, long flowering period, a low 
percentage of the fruit set, and not to ripening on the 
tree causes a heterogeneous and unpredictable 
fruit structure in the post-harvest period of Hass 
cultivar (Hernández et al., 2015). Therefore; during 
transport and storage of the avocado, harvesting 
time has a very important role to play on the shelf 
life and ripening (Osuna-Garcia et al., 2010; Osuna-
Garcia et al., 2011; Carvalho et al., 2014), and 
determination of the most appropriate harvest 
period for high-value marketing of fruit may be the 
most critical decision need to be given.  

Maturity dates of avocado fruits may vary 
widely even in a certain region and short distances 
(Coggins, 1984). The basis of the determination of 
the harvesting time in fruit is comprised of the 
maturity (Mizrach et al., 1999; Arpaia et al., 2003; 
Wedding et al., 2011) and it has a great importance 
for the start of the ripening after the harvest (Vakis 
et al., 1985; Woolf et al., 2003). The maturity of the 
fruit is most likely affected by many cultural and 
environmental factors along with altitude, location 
and direction (slope) of the garden (Coggins, 1984). 
Furthermore, for the determination of internal (fruit 
flesh texture and flavour) and external (visual 
appearance) eating qualities of mature avocado 
fruits, the maturity level of the fruit in harvest is the 
most important factor (Vakis et al., 1985; Magzawa 
and Tesfay, 2015). However, as in many biological 
subjects, in some cases, the definition of maturity 
can be quite complex. The external appearance of 
avocado fruit, as is known in many fruit species 
found in the horticulture, cannot adequately define 
the maturity (Osuna-Garcia et al, 2010; Wedding et 
al., 2011), and the internal structure of the fruit or 

the quality of eating cannot generally be an accurate 
guide alone for determining maturity (Lee et al., 
1983; Wedding et al., 2011). Avocado should be 
harvested according to the maturity defined as 
physiological and horticultural characteristics 
(Magzawa and Tesfay, 2015).  

A reliable maturity index is necessary for 
determining the harvesting time depending on fruit 
development of avocado and a measurable 
parameter should change according to the harvest 
(Woolf et al., 2003). Although some quality 
characteristics in fruit need to be defined for 
acceptable taste, there may also be some 
difficulties in the determination of these standards 
(Young and Lee, 1978; Lee, 1981a; Woolf et al., 
2003). However, for the determination of the 
maturity of avocado, the dry matter content of the 
fruit flesh is still the most reliable index (Mizrach et 
al., 1999) and the other important standard is the 
taste (Lee, 1981; Mizrach et al., 1999; Kassim et al., 
2013). Therefore; in many countries that produce 
avocados, the dry matter content of the fruit flesh is 
used as the optimal maturity standard to prevent the 
marketing of low-quality and immaturity fruit 
(Hofman et al., 2002; Woolf et al., 2003; Kassim et 
al., 2013; Carvalho et al., 2014). As the dry matter 
content of the fruit flesh increases, the acceptability 
of the fruit is positively affected (Arpaia et al., 2003). 

In this study, it is aimed to determine of the fruit 
maturity standards and harvesting time of Hass 
cultivar in Antalya condition. In the fruit samples 
taken at certain periods, the changes of some fruit 
quality criteria were observed during the post-
harvest maturation process (at ambient 
temperature in the laboratory). Analyses were 
carried out on the beginning day, 7th and 14th days 
of the post-harvest ripening period. As a result of the 
study, according to the maturity and ripening of the 
fruit, the harvest period of Hass cultivar was 
separated to three harvest interval as early, 
optimum and late. 
 
 
2. Material and Method  
 
2.1. Material 
 

This research was carried out at the Fruit 
Growing Department of Batı Akdeniz Agricultural 
Research Institute in Antalya between 2010 and 
2013. The 20-year old trees of Hass cultivar were 
used as the plant material of the study. 
 
2.2. Method 
 

The harvesting period of the first year were done 
from October-2010 to June-2011 and the second 
year studies were conducted between October 
2012 and June 2013. Due to frost damage and 
periodicity, the experiment cannot be carried out at 
the harvest periods in 2011-2012. Twelve fruit 
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samples were taken from the four sides of trees for 
each replication at 15-20 days intervals during the 
harvest period. The harvested fruits were 
immediately transported to the laboratory and the 
first analyses were done on the same day. During 
the harvest period between October-June, the 
ripening process of fruits was carried out at the 
room temperature in the laboratory as in the study 
of Ozdemir and Topuz (2004), and the samples 
were kept for 7 and 14 days at this condition. 
Additionally, it was observed that the average 
temperature in the laboratory condition varied 
between 18ºC-30ºC, while the relative humidity 
ranged between 25%-85%.  

According to Lee and Coggins (1982) dry weight 
(%), fruit flesh firmness (N) with 3 mm tip and T.R. 
Turoni 53200 (FT-327) penetrometer, and fruit 
weight loss (%) were measured. Furthermore, 
according to C.I.E. L * a * b * colour system 
belonging to Zerbini and Polesello (1984), the 
colour of the fruit skin and of the fruit flesh were 
determined with Minolta CR-400 chromameter. 
Additionally, the Chroma (C*) and hue (h0) values 
were calculated as reported by McGuire (1992). 
Taste analyses were evaluated according to their 
colour, texture and flavour. The taste evaluations 
were determined with a score of at least 5 panellists 
according to IPGRI's 1-5 (1: Very poor, 2: Poor, 3: 
Medium, 4: Good, 5: Very good) scoring principle. 
Statistical analysis, the physical and chemical traits 
of the Hass cultivar samples that were taken at 
different harvest times were analysed using the 
JUMP software program and differences between 
means were determined by LSD test. The 
experiment was carried out in a completely 
randomized design (CRD) with three replications 
and two trees at each replication. 
 
 
3. Results and Discussion  
 

During the harvest and harvesting process; dry 
matter, flesh firmness, weight loss and taste values 
are given in Table 1, while fruit skin colour and flesh 
colour (Lab) values are given in Tables 2 and 3, 
respectively. According to the seasonal distribution 
of each analysis made at harvest (0th day) and in the 
ripening process (7th and 14th days) in both harvest 
periods (Table 1); although in the dry weight content 
(%) increased in between the months of October 
and June, there was no correlation between the 
analyses (0th, 7th and 14th days) made for each 
harvest. 

The fruit quality and market value of avocado are 
directly affected by the maturity level of the 
harvested fruit (Olarewaju, 2014) and as the 
maturity level of the fruit changes during the harvest 
period, the optimum harvesting time of fruit need to 
be determined (Olarewaju, 2014; Bayram and 
Tepe, 2018). Dry matter values of the fruit in 
avocado are the most important criteria for the 

determination of harvest maturity (Mizrach et al., 
1999; Kassim et al., 2013; Calvalho et al., 2014). In 
the early and late harvest of avocado, an uneven 
ripening process occurs in fruits (Hofman et al., 
2000; Osuna-Garcia et al., 2011; Kassim et al., 
2013). It is a well-known fact that the dry weight 
values of the fruit increase during the harvest period 
and therefore the fruit quality changes in a positive 
aspect (Arpaia et al., 2003; Ozdemir et al., 2003; 
Parodi et al., 2007; Osuna-Garcia et al., 2011). In 
case the Hass cultivar were left on the tree during 
the winter months in Israel, the fruits continued to 
the physical development and fruit weight increased 
until the average of 31-43 g per unit (Winer et al., 
2007). However, in New Zealand between 
September and April, it was stated that the average 
dry matter increased from 24.6% to 36.4% in Te 
Puke and from 24.1% to 32.3% in Far North cultivar 
(Requejo-Tapia et al., 1999). In addition, during the 
import period of Hass in New Zealand (between 2-
5 months according to regions), the daily increase 
in dry matter percentage was reported to be in a 
linear structure between 0.06% and 0.11% (Pak et 
al., 2003). In studies that were done with Hass 
cultivar (Ozdemir and Topuz, 2004; Bayram and 
Aşkın, 2006; Osuna-Garcia et al., 2011) were 
observed that the dry matter content increased 
during the harvest period according to the degree of 
ripening. Additionally, in other studies that have 
been done in Turkey (Ozdemir and Topuz, 2004; 
Bayram and Aşkın, 2006) and in Mexico (Osuna-
Garcia et al., 2011), it was observed that the dry 
matter content of Hass cultivar increased 
depending on maturation level of fruit during the 
harvest period. Similarly, the dry matter content in 
this study increased to a certain level during both 
harvest periods (from October to June) and it was 
found to be the most important maturity indicator. 
However, in the ripening process of fruits (1st, 4th, 
and 8th days), although there are significant 
differences in dry matter and oil content values, it 
has been reported that there have been very few 
changes when compared to the fruits remaining on 
the tree (Ozdemir and Topuz, 2004). In another 
study conducted in Israel, it was determined that dry 
matter content of avocado did not change after 
harvest (Degani et al., 1986). In a way to support 
previously reported results, it was found that dry 
matter content was not a reliable index in 
determining the physiological changes associated 
with the postharvest ripening process in this study. 
 
In the flesh firmness values (N), in the beginning 
analyses (0th day) during both harvest periods, 
although there was no regular a relationship in the 
early stages of the harvesting time, gradually 
decreasing was detected in the progressive 
process. The process of ripening in the postharvest 
was generally completed between 7 and 14 days. In 
this ripening process, with the softening of the fruit 
flesh, the firmness decreased up to zero level. Flesh 
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Table 1. The values of dry matter content (%), fruit flesh firmness (N), weight loss (%) and taste (1-5) during harvest and 
post-harvest ripening process of Hass cultivar (2010-2011 and 2012-2013 harvest period) 

Harvesting time 
Dry matter (%)* 

LSD**
Flesh firmness (N)* 

LSD**
0th day 7th day 14th day 0th day 7th day 14th day 

05 October 2010 19.77 Ah 20.68 Ah 20.63 Ag 1.07 53.14 d 40.04 g 8.34 d 8.11
19 October 19.60 Ah 20.63 Ah 20.93 Ag 1.92 59.93 bc 52.19 bd 20.16 b 33.26
03 November 21.57 Agh 20.49 Ah 21.03 Ag 2.02 61.51 abc 54.75 ab 0.00 e 3.83
23 November 23.12 Afg 22.63 Agh 22.83 Afg 1.19 62.92 a 54.21 ac 0.00 e 7.11
12 December 24.37 Aef 23.62 Agh 23.51 Aeg 4.23 62.32 ab 57.86 a 0.00 e 4.12
29 December 24.43 Aef 25.04 Ag 26.52 Ae 4.01 62.38 ab 54.86 ab 38.41 a 12.01

13 January 2011 26.20 Ade 25.99 Afg 25.29 Aef 3.56 59.22 c 43.86 eg 8.88 cd 29.88
17 February 27.77 Ad 28.68 Aef 26.53 Ae 4.27 54.86 d 1.53 ı 0.00 e 7.29
10 March 31.84 Abc 29.65 Ade 30.49 Ad 2.93 59.65 bc 45.49 eg 0.00 e 7.49
23 March 30.68 Ac 30.90 Ace 31.17 Acd 3.95 55.51 d 10.95 h 0.00 e 31.70
08 April 30.94 Abc 32.78 Acd 34.39 Abc 3.56 52.62 de 43.75 eg 14.44 bc 31.84
25 April 33.39 Ab 34.19 Abc 33.93 Abd 4.27 53.93 d 47.83 df 8.50 cd 15.69
10 May 33.17 Abc 33.63 Abc 35.21 Aab 5.13 53.66 d 48.65 ce 0.00 e 1.43
24 May 37.50 Aa 36.67 Ab 37.08 Aab 7.57 54.21 d 46.85 df RF**** 5.70
13 June 36.45 Ba 40.29 Aa 38.37 ABa 3.18 49.74 e 42.50 fg RF**** 4.49

LSD*** 2.62 3.43 3.50 2.89 5.56 5.97 
08 October 2012 19.23 Bf 20.69 ABe 25.06 Ag 5.61 55.08 b 45.85 ab 30.40 a 26.06

05 November 22.48 Aef 22.80 Ae 25.15 Afg 3.18 65.70 a 55.08 a 5.80 b 25.59
21 November 23.14 Aef 24.39 Ade 24.22 Ag 4.71 52.38 bc 37.35 bc 5.64 b 38.78
12 December 24.94 ABde 27.76 Acd 24.35 Ag 2.92 49.44 cd 25.41 def 0.00 c 37.69

03 January 2013 25.78 Ace 28.66 Acd 27.31 Aeg 5.08 50.58 c 32.93 cd 0.00 c 27.18
24 January 28.38 Acd 28.91 Acd 29.60 Adf 4.80 45.36 e 27.70 de 0.00 c 36.50
12 February 30.20 Bbc 32.09 Abc 31.53 ABde 1.54 45.76 e 4.25 g 0.00 c 16.23
06 March 33.90 Aab 32.16 Abc 33.16 Acd 3.42 44.87 ef 0.00 g 0.00 c 2.14
28 March 34.35 Bab 35.39 Bab 41.12 Aab 2.81 44.13 eg 0.00 g 0.00 c 4.90
17 April 34.21 Aab 35.31 Aab 37.52 Abc 12.05 46.34 de 0.00 g 0.00 c 2.75
14 May 38.15 Aa 38.26 Aa 38.44 Ab 11.92 40.94 g 20.10 ef 0.00 c 3.98
04 June 38.28 Aa 37.82 Aa 44.03 Aa 8.62 42.09 fg 17.16 f 0.00 c 7.66

LSD*** 4.67  4.59  4.46   3.22  9.55  4.96  

Harvesting Time 
Weight loss (%)* 

LSD** 
Taste (1-5)* 

LSD**
0th day 7th day 14th day 0th day 7th day 14th day 

05 October 2010 0.00 C 13.32 Ba 20.44 Aa 1.32 0.00 A 0.00 Ad 0.83 Ab 0.88
19 October 0.00 C 8.82 Bc 15.11 Ac 1.49 0.00 B 0.00 Bd 4.00 Aa 1.00
03 November 0.00 C 5.87 Bd 12.33 Ad 0.36 0.00 B 0.00 Bd 4.33 Aa 0.88
23 November 0.00 C 5.42 Bd 13.09 Ad 1.10 0.00 B 0.00 Bd 4.50 Aa 0.58
12 December 0.00 C 4.10 Bef 8.87 Aeg 1.80 0.00 B 0.00 Bd 4.33 Aa 0.67
29 December 0.00 C 4.38 Be 8.67 Afg 0.71 0.00 A 0.00 Ad 0.00 Ab 0.00

13 January 2011 0.00 C 4.11 Bef 8.70 Afg 0.46 0.00 B 3.50 Ac 4.17 Aa 1.05
17 February 0.00 C 5.39 Bd 8.25 Ag 0.75 0.00 C 4.00 Bb 4.67 Aa 0.67
10 March 0.00 C 3.48 Bf 9.69 Aeg 0.52 0.00 B 0.00 Bd 4.67 Aa 0.67
23 March 0.00 C 6.03 Bd 10.27 Aef 0.86 0.00 B 4.83 Aa 4.67 Aa 0.75
08 April 0.00 C 6.05 Bd 10.46 Ae 1.26 0.00 B 0.00 Bd 4.67 Aa 0.33
25 April 0.00 C 5.88 Bd 12.66 Ad 1.29 0.00 B 0.00 Bd 4.50 Aa 0.58
10 May 0.00 C 4.44 Be 10.58 Ae 0.82 0.00 B 0.00 Bd 4.17 Aa 0.33
24 May 0.00 C 8.29 Bc 18.61 Ab 3.62 0.00 A 0.00 Ad RF***** 0.00
13 June 0.00 C 10.41 Bb 21.85 Aa 2.19 0.00 A 0.00 Ad RF***** 0.00

LSD*** 0.00  0.74  1.71  0.00  0.24  0.91  
08 October 2012 0.00 C 13.18 Ba 29.87 Aa 2.80 0.00 A 0.00 Ad 0.00 Af 0.00

05 November 0.00 C 8.44 Bc 18.42 Acd 4.16 0.00 B 0.00 Bd 2.50 Ae 0.58
21 November 0.00 C 7.06 Bd 16.05 Ad 2.78 0.00 B 0.00 Bd 2.33 Ae 0.88
12 December 0.00 C 6.93 Bd 10.85 Aeg 1.75 0.00 B 3.00 Ac 2.33 Ae 1.05

03 January 2013 0.00 C 5.19 Be 7.87 Ag 1.88 0.00 B 0.00 Bd 4.17 Abc 0.67
24 January 0.00 C 6.22 Bde 9.47 Afg 1.03 0.00 C 3.33 Bc 4.33 Ab 0.94
12 February 0.00 C 5.53 Be 9.91 Afg 1.44 0.00 C 5.00 Aa 4.67 Bab 0.33
06 March 0.00 C 5.22 Be 9.57 Afg 1.47 0.00 C 4.67 Ba 5.00 Aa 0.33
28 March 0.00 C 5.99 Bde 14.18 Adf 4.94 0.00 C 4.50 Aa 3.50 Bd 0.00
17 April 0.00 C 6.18 Bde 15.68 Ade 0.94 0.00 C 5.00 Aa 3.67 Bcd 0.33
14 May 0.00 C 9.68 Bb 23.78 Ab 12.97 0.00 B 3.67 Ab 0.00 Bf 0.33
04 June 0.00 C 10.77 Bb 22.18 Abc 4.03 0.00 B 0.00 B 2.17 Ae 0.33

LSD*** 0.00  1.22  5.10  0.00  0.60  0.61  
* The difference between values in the same letter group is not significant (LSD<0.01).  
** Capital letters; each harvest shows differences between days 0, 7, and 14.  
*** Small letters; It shows the difference between harvest periods.  
**** Taste=0.00; unripening or not tested for taste. 
***** RF: Rotting fruit. 
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Table 2. The values of fruit skin colour (L*C*ho) during harvest and post-harvest ripening process of Hass cultivar (2010-
11 and 2012-13 harvest period) 

Harvesting time 
L (*) C (*) ho (*) 

0th day 7th day 14th day 0th day 7th day 14th day 0th day 7th day 14th day 
05 October 2010 34.16 bc 33.65 ac 31.34 bc 19.53 ce 18.78 ad 12.66 bc 56.96 ab 55.22 a 66.09 a 

19 October 33.50 bd 32.43 bd 32.45 b 19.60 ce 16.92 ce 16.97 ab 55.38 ab 56.23 a 58.17 a 
03 November 35.99 a 35.02 a 35.51 a 21.47 ae 18.18 ad 19.82 a 51.08 ab 55.06 a 52.90 a 
23 November 33.44 bd 34.08 ac 28.60 ce 17.28 e 16.62 df 6.87 df 55.03 ab 56.05 a -53.66 c 
12 December 32.71 cd 34.10 ac 32.74 ab 20.66 be 19.20 ad 13.67 bc 55.22 ab 54.10 a 70.44 a 
29 December 33.58 bd 33.53 ac 32.86 ab 22.09 ac 20.79 ac 17.04 ab 57.00 ab 56.49 a 60.05 a 

13 January 2011 33.78 bd 33.51 ac 31.92 b 22.76 ac 20.06 ad 16.00 ac 57.50 ab 62.60 a 74.82 a 
17 February 34.55 ab 30.32 de 26.21 ef 21.68 ad 12.74 fg 6.99 df 58.24 ab 82.46 a -34.17 bc
10 March 36.17 a 34.40 ab 25.62 ef 22.39 ac 21.28 ab 5.23 ef 59.64 ab 60.51 a -31.22 bc
23 March 36.01 a 31.92 cd 24.35 f 24.15 ab 13.22 eg 4.25 ef 59.89 ab 76.06 a -32.30 bc
08 April 34.70 ab 33.60 ac 27.71 de 20.70 be 19.14 ad 7.88 de 60.99 ab 61.80 a -0.96 b 
25 April 36.20 a 34.61 ab 26.63 ef 25.07 a 21.72 a 5.48 ef 61.20 ab 60.72 a -72.41 c 
10 May 32.30 d 32.91 ac 24.35 f 17.40 de 17.36 bd 2.98 f 65.31 ab 65.28 a -48.48 bc
24 May 30.42 e 29.60 e 30.01 bd 12.16 f 10.44 g 11.30 cd 70.93 a 70.46 a 70.72 a 
13 June 27.37 f 26.59 f 26.98 ef 7.16 g 6.16 h 6.66 df 26.69 b -32.48 b -33.05 bc

LSD 1.8 2.31 3.01 4.35 4.03 4.76 40.51 40.71 49.83 
08 October 2012 36.46 ac 34.69 ab 31.17 ab 23.31 c 21.47 a 14.89 a 53.64 ab 53.34 a 64.82 a 

05 November 37.89 ab 35.82 a 30.82 ac 25.44 ac 25.24 a 14.50 a 54.68 ab 55.81 a -11.15 b 
21 November 37.32 ab 36.41 a 30.08 ad 24.53 bc 23.82 a 15.36 a 54.23 ab 54.26 a 68.11 a 
12 December 37.33 ab 34.87 ab 32.77 a 28.97 a 21.25 a 14.06 a 58.11 ab 55.84 a 81.53 a 

03 January 2013 35.99 bc 37.08 a 29.96 ad 28.14 ab 25.43 a 11.31 ab 57.17 ab 56.94 a -73.28 b 
24 January 34.42 c 35.91 a 25.92 be 28.73 ab 22.67 a 7.94 bc 59.58 ab 60.32 a -39.59 b 
12 February 37.41 ab 34.09 ab 25.77 ce 25.09 ac 19.02 ab 5.11 c 57.45 ab -17.18 ab -44.95 b 
06 March 39.08 a 31.82 bc 25.71 ce 27.79 ab 12.55 bc 5.43 c 58.19 ab 4.15 ab -33.14 b 
28 March 36.66 ac 25.62 e 23.30 e 22.46 c 5.32 c 4.44 c 66.53 ab -36.58 ab -65.24 b 
17 April 36.94 ab 29.41 cd 24.06 e 23.00 c 9.02 c 3.75 c 63.68 ab 1.65 ab -56.40 b 
14 May 31.51 d 29.51 cd 24.96 de 12.36 d 7.81 c 5.45 c 74.74 a 80.03 a -63.37 b 
04 June 28.72 e 26.95 de 25.30 de 9.42 d 5.49 c 4.63 c -6.53 b -82.58 b -65.26 b 

LSD 2.75 3.11 5.33 4.29 7.52 5.63 73.73 117.85 66.01 
(*) The differences between the averages indicated by the same letters in the same column were not statistically significant (p>0.05). 

 

Table 3. The values of fruit flesh colour (L*C*ho) during harvest and post-harvest ripening process of Hass cultivar (2010-
11 and 2012-13 harvest period) 

Harvesting time 
L (*) C (*) ho (*) 

0th day 7th day 14th day 0th day 7th day 14th day 0th day 7th day 14th day 
05 October 2010 65.65 ac 62.86 dg 59.84 de 43.40 e 44.42 bf 41.58 bd 70.76 ac 69.73 a 71.06 a 

19 October 61.02 ce 62.84 eg 56.50 e 41.49 f 42.41 df 44.06 ab 67.10 fg 69.45 ab 70.28 ab
03 November 66.38 ab 62.05 fh 64.21 bc 46.38 a 42.21 ef 44.27 ab 63.49 ı 69.02 ac 70.16 ab
23 November 57.00 e 60.88 gh 56.63 e 41.33 f 41.86 f 36.06 f 65.75 gh 67.93 bd 68.43 ac
12 December 60.67 de 63.77 cg 63.41 c 44.73 bd 44.93 ae 41.19 be 65.76 gh 67.91 bd 67.49 bd
29 December 63.35 ad 63.24 dg 65.71 ac 45.48 ad 45.26 ad 43.51 ac 67.32 f 67.41 ce 66.30 ce

13 January 2011 61.34 ce 59.70 h 64.19 bc 44.47 de 47.81 a 41.71 bd 65.35 h 67.36 ce 65.90 ce
17 February 64.41 ad 64.22 bf 65.20 bc 45.17 ad 41.78 f 39.84 de  67.86 df 67.29 de 65.62 ce
10 March 68.25 a 66.83 ab 64.23 bc 45.98 ab 43.82 cf 40.19 ce 68.94 ce 67.23 de 65.26 ce
23 March 66.78 ab 65.79 ad 65.22 bc 45.77 ac 42.00 ef 39.65 de  68.38 df 67.12 de 65.25 ce
08 April 63.24 bd 66.51 ac 62.61 cd 44.69 cd 44.24 cf 41.80 bd 67.47 ef 66.90 de 65.22 ce
25 April 65.73 ac 66.20 ac 64.61 bc 44.60 ce 44.50 bf 38.08 ef 70.30 ac 66.27 df 65.09 ce
10 May 68.26 a 67.84 a 68.89 a 44.75 bd 44.90 ae 42.44 bd 69.31 bd 65.91 ef 64.93 ce
24 May 67.08 ab 68.07 a 67.57 ab 45.94 ab 45.90 ac 45.92 a 70.85 a 65.78 ef 64.32 de
13 June 63.44 ad 65.66 ae 64.55 bc 46.14 a 47.27 ab 46.71 a 70.82 ab 64.59 f 63.85 e 

LSD 4.94 2.94 3.39 1.25 2.96 3.33 1.52 1.69 3.56 
08 October 2012 65.38 a 66.65 ab 63.67 ac 44.95 cd 47.24 a 49.21 a 65.68 h 67.28 ab 67.88 ab

05 November 65.92 a 68.09 ab 62.56 ac 46.92 a 45.74 ac 40.81 c 66.40 gh 68.22 a 69.49 ab
21 November 65.00 a 66.80 ab 67.04 ac 43.75 e 45.20 ac 42.67 bc 68.91 be 65.58 ab 66.93 ab
12 December 67.51 a 61.46 b 71.64 a 46.12 ac 43.50 be 40.92 c 69.00 bd 65.38 ab 67.16 ab

03 January 2013 51.73 b 68.02 ab 67.86 ac 46.17 ab 42.82 ce 42.14 bc 67.61 eg 66.73 ab 65.94 ab
24 January 69.61 a 69.24 a 69.52 ab 46.11 ac 43.78 ae 40.45 c 68.14 df 67.06 ab 67.15 ab
12 February 66.79 a 65.74 ab 58.75 c 46.80 a 41.59 de 38.71 c 66.98 fh 64.82 b 63.80 ab
06 March 69.79 a 63.33 ab 65.84 ac 45.12 bd 43.02 ce 41.11 c 68.51 de 64.29 b 66.83 ab
28 March 70.52 a 67.52 ab 63.82 ac 44.75 de 40.26 e 39.14 c 68.67 ce 67.37 ab 73.16 ab
17 April 67.44 a 66.58 ab 63.37 ac 44.35 de 43.94 ad 39.66 c 70.03 ac 68.21 a 73.21 ab
14 May 68.65 a 67.52 ab 68.44 ab 47.25 a 46.66 ab 47.53 ab 70.68 a 68.31 a -1.98 b 
04 June 66.74 a 63.98 ab 61.50 bc 46.76 a 45.47 ac 42.32 bc 70.23 ab 68.57 a 77.50 a 

LSD 12.72 7.04 9.16 1.18 3.54 5.47 1.38 3.32 77.70 
(*) The differences between the averages indicated by the same letters in the same column were not statistically significant (p>0.05). 
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firmness is one of the most reliable and accepted 
methods for assessing the maturity and ripening of 
avocado (Ginsberg, 1985; Magzawa and Tesfay, 
2015) and the firmness gradually change 
depending on the maturity or ripening process of 
fruit (Magzawa and Tesfay, 2015). However, due to 
the rapid development of decay and other internal 
disorders as a progressive stage of ripening after 
harvest, determination of the firmness value of the 
fruit flesh is also great importance (White and Woolf, 
2007). In case it is used as a measure of the post-
harvest ripening stage; while the flesh firmness 
values are initially decreasing at the intermediate 
level, then the reduction rate increases and flesh 
firmness falls to near-zero level at the fully ripening 
stage of fruit (Magzawa and Tesfay, 2015). When 
these reports were evaluated together with the other 
studies that made in Mexico (Villa-Rodríguez et al., 
2010; Osuna-Garcia et al., 2010), in New Zealand 
(Cox et al., 2004) and in Turkey (Bayram et al., 
2016), the similar results were also obtained in the 
present study and flesh firmness values decreased. 

Nevertheless, for the determination of the 
physiological maturity of avocado, the firmness of 
fruit flesh has very little (Kruger et al., 1995). 
Although, avocado consumers have the ability to 
distinguish between immature fruits and those 
ready to eat, in terms of firmness values, they 
cannot distinguish fruits from each other that are in 
different stages of maturity (Magzawa and Tesfay, 
2015). Therefore, it was conducted a study 
investigating the relationship between the ripening 
and quality characteristics in fruits of Hass cultivar 
having at different maturity levels in Mexico by 
Osuna-Garcia et al. ( 2011). According to this study, 
although the firmness of fruit flesh was affected from 
the harvesting time, there was no certain 
relationship between firmness and determination of 
the degree of ripening, and between blackening 
degree of the fruit skin and reduction of firmness of 
fruit flesh. On the other hand, in case of the firmness 
value of the ripening fruit flesh in the Hass cultivar 
is between 4.4-6.7 N or less, it was reported that it 
increased of the consumers' purchase desire 
(Gamble et al., 2010; Obenland et al., 2012). In 
addition, the blackening of the fruit skin completely 
and 5-15 N of the firmness value of the fruit flesh 
were accepted as adequate for eating the fruit 
(Osuna-Garcia et al. 2011). 

In the Hass cultivar, statistically significant 
differences were determined in fruit weight loss (%) 
according to harvest dates, maturity and ripening of 
fruits. It was found that the fruit weight loss were 
found to be higher in early (October-November) and 
late (April-June) harvests. However, as the maturity 
level of the fruit increased, the weight loss 
decreased due to the postharvest ripening process 
(7th and 14th days). Furthermore, the fruit weight loss 
of the fruit also changed according to the 
temperature and humidity of the ripening ambient. 
Moreover, the taste analyses, depending on the 

ripening of the fruit, were made at the 7th day and/or 
14th day, and the highest were reached between 
January and April. It has been reported in many 
studies that the weight loss (%) of the fruit has 
decreased according to the harvesting time 
together with an increase of fruit maturity (Lee, 
1981b; Vakis et al., 1985; Osuna-Garcia et al. 2011; 
Bayram and Tepe, 2018). In a study in Greece 
(Vakis et al., 1985), from the beginning of December 
until the first week of January, the fruit weight loss 
was measured once a week at 20°C and were 
generally seen to decrease. According to the study 
made in New Zealand by Requejo-Tapia et al. 
(1999), the fruits collected in November and 
January ripened in 14 days at 15°C, while losses of 
the fruit weight were founded as 2.7% in Far North 
and 3.8% in Te Puke. There is an inverse 
relationship between maturity and ripening process 
of avocado (Vakis et al., 1985) and weight loss 
varies according to the ripening degree of fruit 
(Osuna-Garcia et al., 2010). Therefore, in early 
harvests of the fruits that cannot be ripened less 
than 10-11 days time (Lee, 1981a; Vakis et al., 
1985), a large amount of weight loss in fruits along 
with wrinkling of the fruit skin was determined. It was 
also reported that increase of the weight loss 
depend on the ripening degree associated with 
blackening of the fruit skin (Osuna-Garcia et al., 
2011). It was observed that the obtained results 
were similar with these reports, and that the weight 
loss was directly affected by maturity and ripening 
of fruit. 

According to the taste analysis done in 
California, it has been reported that the palatability 
of Fuerte cultivar rapidly increased along with rising 
of maturity and oil accumulation in fruit from 
September to January (Lee et al., 1983). In another 
study conducted in California (Obenland et al., 
2012); fruit samples of Hass cultivar taken from two 
commercial packaging houses, and fruits that were 
imported from Mexico, Peru and Chile, were 
analysed in terms of taste between April 2009 and 
September 2010. According to these analyses; with 
the increase of maturation in fruit, it was stated that 
more soft and smooth of fruit flesh, creamier and 
less watery of fruit texture, and less grassy and 
richer taste of eating quality occurred. As a result, 
the acceptability of the fruit increased together with 
increasing the palatability (Lee, 1981a; Mizrach et 
al., 1999; Obenland et al., 2012; Kassim et al., 
2013). In the fruits of Hass cultivar harvested in 
Spain at 3 different times (December 2011, January 
and March 2012), and which were ripened at 22°C 
and 90% relative humidity, some external and 
internal quality features were examined by sensory 
analysis and no significant relation could be 
detected. However, the quality of fruits was found to 
be at high levels during the harvest season from 
December to March (Cañete et al., 2018). 

The colour values of fruit skin (Lab), the 
brightness and green color of the fruit in both 
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harvest periods usually decreased from October to 
June, which is observed to be at a higher level 
between May and June. In addition, although there 
was a slight increase between October-April in 
yellow color during both harvesting periods, a very 
high decrease was observed between May and 
June. At the end of the harvest periods, the fruits 
usually turned into a darker, dull and purplish-black 
appearance to according the beginning of the 
harvest. When the ripening process (0th, 7th and 14th 
day) were examined; along with increasing fruit 
maturity during both harvest periods, it was 
observed in fruit skin that the brightness values 
decreased at a higher level between January and 
May and that the green and yellow colour values 
reduced at a higher level between the October and 
April. However, the reduction rate of the brightness, 
green and yellow colour in later periods was in lower 
levels. 

Although there is no external and physical 
change in the fruit during maturation, the skin color 
of some cultivars changes from green to light green 
(Magzawa and Tesfay, 2015). In the fruit skin of the 
Hass cultivar, there is transforming from fully green 
colour to the different degrees of blackness (Osuna-
Garcia et al., 2010; Osuna-Garcia et al., 2011). As 
in this study, although the skin colour is one of the 
indicators being a help to determine of the fruit 
quality of avocado (Kassim et al., 2013) and is 
different according to the harvest dates, it is not 
possible to state a very fast and clear change in the 
colour values. Therefore, the determination of 
maturity according to only colour values of fruit flesh 
is insufficient (Magzawa and Tesfay, 2015). 
However, along with a delaying harvest, the fact that 
the fruit skin of Hass cultivar firstly turning from 
green to purple and after turning into the black color 
shows that the skin colour can be used as a sign of 
maturity (Cox et al., 2004; Magzawa and Tesfay, 
2015). Color change on the skin during the ripening 
process of fruits does not cause a problem in the 
green-skinned cultivars (if there is no disease and 
spotting), while it can cause problems in blackening 
by ripening cultivars such as Hass (Hofman et al., 
2002). Despite the fact that the blackening of fruit 
skin of Hass cultivar is an indication of maturity 
characterized by low fruit flesh firmness and short 
shelf life (Hofman et al., 2002; Osuna-Garcia et al., 
2010; Osuna-Garcia et al., 2011), it was determined 
that it was not associated with fruit quality (Osuna-
Garcia et al., 2011). Although there were significant 
differences between the harvest dates in terms of 
fruit flesh color, it was found that fruit flesh color is 
not sufficient to determine maturity by itself, and 
similar results were obtained with Hofman et al. 
(2002) and Bayram and Tepe (2018). 

The correlation coefficients (r) for each harvest 
periods were calculated between harvesting time 
with ripening and maturity, and between ripening 
and maturity. These correlation coefficients (r) are 
given in Table 4. 

Throughout the ripening (0th, 7th, and 14th day), 
there was a very high positive correlation between 
harvesting time and dry matter. It was determined 
that there was a negative relationship between 
harvest time and fruit flesh firmness, especially in 
the 2012-2013 harvest period. Between harvest 
time and fruit skin colour, it was observed that there 
was usually a relationship during the ripening 
process (0th, 7th, and 14th day), especially in the 
2012-2013 harvest period. In addition, during the 
ripening period (0th, 7th, and 14th day), while a 
positive correlation was detected between dry 
matter values, positive and negative correlations 
were detected between the fruit skin values. 

At the beginning of the ones should do to 
increase the competitiveness of the avocado 
industry and to preserve of existing confidence of 
consumers in the purchased product, there is need 
to introduce fruits to the market with consistent 
quality with predictable ripening (Magzawa and 
Tesfay, 2015). Therefore, depending on the 
processing of the fruit to the product and the 
transportation distance, fruits should be harvested 
according to physiological and horticultural maturity 
level (Magzawa and Tesfay, 2015). The maturity of 
avocado as horticultural characteristics was defined 
as the period that the harvested fruit is smoothly 
softened and have a minimum acceptable taste 
(Blumenfeld et al., 1992). As for the physiological 
maturity of avocado found generally correlated in a 
high degree with the maturity determined by taste 
analysis, and according to the occurrence of 
acceptable taste in the fruit occurred close to the 
same periods in each year (Lee, 1981a). In addition, 
the time of reaching to this maturity can vary from 
year to year and up to 3 weeks (Blumenfeld et al., 
1992). Making a decision to harvest as a 
commercial for the avocado producers is very 
difficult because the fruits do not demonstrate easily 
identifiable physical properties when they reach to 
maturity. (Lee, 1981a; Olarewaju, 2014). In many 
countries where avocado is grown, according to the 
quality characteristics of fruit detected in an ongoing 
process before and after the harvest, it has been 
tried to separately determination of the fruit maturity 
and harvest period for each cultivar. Therefore; the 
variability of many factors affecting maturity and 
ripening process and their relations with each other, 
it has been investigated with regard to the 
determination of the fruit quality during the harvest 
period and encouraging the purchasing desire of 
producers. 

When a single index is used to determine of 
maturity in the fruit; although it has reached the 
desired values, this index should adequate and 
protective to determine maturity standard and 
prevent marketing of fruits that are not on 
acceptable quality in terms of ripening (Hofman et 
al., 2002). Although the percentage of dry weight is 
a relatively useful method as a maturity standard, it 
is recommended to continue the studies for 
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Table 4. The correlation coefficients (r) calculated for each harvest periods 

Variables 
The correlation 
coefficients (r) 

Variables The correlation 
coefficients (r) 

Variables 
The correlation 
coefficients (r) 

X Y 

2010-
2011 

Harvest 
period 

2012-
2013 

Harvest 
period 

X Y 

2010-
2011  

Harvest 
period 

2012-
2013 

Harvest 
period 

X Y 

2010-
2011  

Harvest 
period 

2012-
2013 

Harvest 
period 

Harvesting 
time 

Dry matter  
(0th day) 

0.96 0.96 

Harvesting 
time 

b  
(0th day) 

-0.23 0.51
Dry matter  
(0th day) 

Dry matter  
(7th day) 

0.92 0.94

Dry matter  
(7th day) 

0.95 0.96 
b  
(7th day) 

-0.30 -0.81
Dry matter  
(0th day) 

Dry matter  
(14th day) 

0.93 0.88

Dry matter  
(14th day) 

0.95 0.92 
b  
(14th day) 

-0.52 -0.82
Dry matter  
(7th day) 

Dry matter 
 (14th day) 

0.94 0.85

Flesh firmness  
(0th day) 

-0.58 -0.82 
L  
(0th day) 

0.34 0.24
Flesh firmness  
(0th day) 

Flesh firmness  
(7th day) 

0.35 0.74

Flesh firmness  
(7th day) 

-0.18 -0.74 
L  
(7th day) 

0.66 -0.09
Flesh firmness  
(0th day) 

Flesh firmness 
(14th day) 

0.21 0.47

Flesh firmness 
(14th day) 

-0.24 -0.58 
L  
(14th day) 

0.62 -0.14
Flesh firmness  
(7th day) 

Flesh firmness 
(14th day) 

0.21 0.47

Weight loss  
(7th day) 

-0.12 -0.12 
a  
(0th day) 

0.37 0.65
Weight loss  
(7th day) 

Weight loss  
(14th day) 

0.88 0.93

Weight loss  
(14th day) 

0.10 -0.03 
a  
(7th day) 

0.20 0.41
L  
(0th day) 

a 
 (0th day) 

-0.87 -0.83

Taste  
(7th day) 

0.05 0.51 
a  
(14th day) 

0.51 0.69
L  
(0th day) 

b  
(0th day) 

0.88 0.80

Taste  
(14th day) 

-0.16 0.14 
b  
(0th day) 

0.65 0.47
a  
(0th day) 

b  
(0th day) 

-0.88 -0.90

L  
(0th day) 

-0.38 -0.55 
b 
(7th day) 

0.38 -0.12
L  
(7th day) 

a  
(7th day) 

-0.86 -0.92

L  
(7th day) 

-0.49 -0.79 
b  
(14th day) 

0.27 0.06
L  
(7th day) 

b  
(7th day) 

0.87 0.98

L  
(14th day) 

-0.62 -0.75 
   a  

(7th day) 
b  
(7th day) 

-0.80 -0.93

a  
(0th day) 

0.60 0.79 
   L  

(14th day) 
a  
(14th day) 

-0.91 -0.70

a  
(7th day) 

0.55 0.80 
   L  

(14th day) 
b  
(14th day) 

0.96 0.88

a  
(14th day) 

0.48 0.62 
   a  

(14th day) 
b  
(14th day) 

-0.94 -0.81

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

developing another standard due to finding 
sometimes its poor relationship with mature fruit 
quality (Hofman et al., 2002). Measurements 
determining of the fruit quality such as fruit skin 
colour, fruit flesh firmness and dry weight ratio, in 
some cases unable to predict the variable ripening 
of fruit in post-harvest (Hernández et al., 2015; 
Rivera et al., 2017). Climate, soil and agricultural 
management conditions can have an effect on 
maturation variability (Coggins, 1984; Rivera et al., 
2017). In the Hass cultivar, observed ripening 
variability or heterogeneity of ripening is the result 
of complex fruit physiology associated with pre-
harvest and post-harvest factors (Hernández et al., 
2015). Therefore, attempting to predict post-harvest 
behaviours by considering only a single pre-harvest 
variable may be a deceptive simplification of reality 
(Rivera et al., 2017) and if two maturity standards 
such as  DM% and healthy ripening capacity are 
used together, the marketing risk of immature fruit 
reduces (Hofman et al., 2002). 

In a study conducted by Pak et al. (2003) in New 
Zealand, the significant relationships have been 
observed between dry matter content and some fruit 
quality characteristics (especially in export control). 
According to this study, as the process of 
maturation of the fruit progressed, the rate of 
vascular fibrousness and decay in fruit decreased. 
It was found that the minimum dry matter content for 

fruit maturity was an acceptable index and 
increased in a linear line between July and 
September. However, the rates of dry matter 
accumulation in the fruit vary considerably at a 
certain harvest time (at the beginning and end of the 
season) and between harvest times. In general, 
when the dry matter rate is above 24.0%, it is the 
recommended ratio for early harvest as whole fruit 
flesh is more smoothly ripening and have better 
quality features in the post-harvest process. In 
another study made with Hass cultivar in New 
Zealand (Gamble et al., 2010); along with the 
increase in dry matter (between 22.0-27.0%), it has 
been reported that consumers' desire to buy 
increased. In the study in Colombia (Calvalho et al., 
2014), as an acceptable level by the consumers, it 
was reported that dry matter rate needs to be 
between 22.0-26.0% with at least 11.2% minimum 
oil content in Hass cultivar. In a study conducted in 
Michoacán where 80.0% of avocado orchards were 
found in Mexico (Osuna-Garcia et al., 2011); 
although the harvest time of Hass cultivar is 
between September and April, it is stated that the 
dry matter content was between 21.5-28.0% in a 
certain period (mid-October and early January), 
which the ripening of the fruit is regular and the shelf 
life is at good level. For acceptable taste values for 
Hass cultivar, it was reported that it was reached in 
early December in California (Lee et al., 1983) and 
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in the second week of December in Greece (Vakis 
et al., 1985). In a study conducted for determination 
with various aspects of product quality of Hass 
cultivar and at the same time quantitative analysis 
of consumer preferences (Gamble et al., 2010); it 
was evaluated that dry matter rates ranged between 
20.0% (minimum mature) and 40.0% (very mature) 
levels and found in the different stages of flesh 
firmness. As the rate of dry matter in the fruit 
increases, there has been a constant increase in the 
willingness and intention of consumers to buy. 
According to the results of this study, the 
consumers' preference maturity level for avocado 
was determined as values that the firmness of fruit 
flesh was 6.5 N or less and the dry matter content 
was between 22.0-27.0%. In another study, it was 
reported that dry weight rate for avocado distributed 
between the content values greater than 35.0%, 
which the fruit was most suitably process, and fewer 
values than 20.0%, which the taste and quality of 
fruit too low to sell (Clark et al., 2007). 

In the research conducted with the Hass variety 
in Mexico; while the fruit skin colour firstly 
transformed from green to purple colour with the 
increase in harvest maturity, the fruit skin colour 
became blacking in the following stages along with 
the increase in avocado maturity index values (Villa-
Rodríguez et al., 2010; Osuna-Garcia et al., 2011). 
Although this colour change in the fruit skin is 
accepted to be a very important index of maturity for 
both consumers and producers in avocado industry 
(Cox et al., 2004), these fruits are undesirable in 
some countries because it is thought to be 
associated with low fruit flesh firmness and short 
shelf life (Osuna -Garcia et al., 2010; Osuna-Garcia 
et al., 2011). Therefore, in the studies aimed at 
revealing the relationship between skin color and 
fruit quality, it was reported that the blackening of 
the fruit skin could not be associated with low fruit 
quality. However, it was stated that these fruits had 
lower firmness of fruit flesh according to the analysis 
made during the packaging process (Osuna-Garcia 
et al., 2010; Osuna-Garcia et al., 2011). 

Fruits of Hass cultivar exported from Mexico to 
Canada was investigated during the harvest season 
(between October 2007 and April 2008) as shelf life 
and fruit quality (Osuna-Garcia et al., 2010). As a 
result, the dry matter content of the fruit flesh 
increased with the harvesting time and the degree 
of blackening of the fruit skin. Although the weight 
loss in fruit decreased with harvest date, it 
increased along with the degree of blackening of the 
skin. At the same time, even though the harvesting 
time had a significant effect on the firmness of the 
fruit flesh, there was no correlation between the 
blackening degree of the fruit skin and the decrease 
of firmness of fruit flesh. In similar with these 
reports, due to the occurrence of some problems in 
the ripening of the early or late-harvested fruit of 
Hass cultivar, the harvest time has been divided into 
3 different periods by considering the physical and 

chemical development of the fruits (Bayram and 
Tepe, 2019). Each of the harvest periods has been 
defined according to the maturity and ripening of the 
fruit. 

 
 

4. Conclusion 
 

In this study, depending on the maturity and 
ripening of the fruit, the most suitable and 
acceptable harvest period for the Hass cultivar was 
generally determined. For the determination of the 
harvest maturity, observation of changes on fruit 
flesh firmness and in fruit skin colour takes a long 
time, moreover, taste analyses and fruit weight loss 
takes between 7-14 days, thus, these prevent to 
make a fast decision for marketing. During the 
maturation period, a very high positive correlation 
(r= 0.92-0.96) was observed between harvest time 
and dry matter. Furthermore, while the positive 
correlations at high-level (r = 0.85-0.94) between 
the dry matter values were determined, the positive 
and negative correlations at high-levels between 
colour values of the fruit skin were found. 

As a result, it was found that the most reliable 
maturity index was dry weight content and that it 
had a direct relationship with harvesting time. In 
cases where these index values were insufficient, 
the other postharvest analyses (taste, fruit skin 
colour, and fruit flesh firmness and fruit weight loss) 
were helpful for the determination of the maturity of 
Hass cultivar. The harvesting time of Hass cultivar 
was determined for the three different periods 
divided as early, optimum (most suitable) and late 
harvest. 23-25% dry weight content between mid-
October and late December as early harvest, 26-
37% dry weight content between early of January 
and end of May as optimum harvest, and 38% dry 
weight content between beginning and end of June 
was determined as the late harvest. 
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