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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; Hernandez 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-Rodriguez 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 (Hernandez 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, 7" and 14" 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 Bati 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 18°C-30°C, 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.LE. 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 (hO) 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 (0" day) and in the
ripening process (7" and 14" 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 (0", 7" and 14" 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
Askin, 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 Askin, 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 (1%, 4",
and 8" 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)
Dry matter (%)* Flesh firmness (N)*

Harvesting time 0" day 7" day 14" day LSD 0" day 7" day 14" day LSD
05 October 2010 19.77 Ah 20.68 Ah 20.63 Ag 1.07 53.14 d 40.04 ¢ 8.34 d 8.11
19 October 19.60 Ah 20.63 Ah 20.93 Ag 192 5993 bc 5219 bd 20.16 b 33.26
03 November 21.57 Agh 20.49 Ah 21.03 Ag 202 61.51 abc 54.75 ab 0.00 e 3.83
23 November 23.12 Afg 22.63 Agh 22.83 Afg 119 6292 a 54.21 ac 0.00 e 7.1
12 December 24.37 Aef 23.62 Agh 23.51 Aeg 423 6232 ab 57.86 a 0.00 e 4.12
29 December 2443 Aef 25.04 Ag 26.52 Ae 401 6238 ab 5486 ab 3841 a 12.01
13 January 2011 26.20 Ade 25.99 Afg 25.29 Aef 356 59.22 ¢ 43.86 eg 8.88 cd 29.88
17 February 27.77 Ad 28.68 Aef 26.53 Ae 427 5486 d 1.53 1 0.00 e 7.29
10 March 31.84 Abc 29.65 Ade 3049 Ad 293 59.65 bc 4549 eg 0.00 e 7.49
23 March 30.68 Ac 30.90 Ace 31.17 Acd 395 5551 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 1444 bc 31.84
25 April 33.39 Ab 34.19 Abc 33.93 Abd 427 5393 d 47.83 df 8.50 cd 15.69
10 May 33.17 Abc 33.63 Abc 35.21 Aab 513 53.66 d 48.65 ce 0.00 e 1.43
24 May 37.50 Aa 36.67 Ab 37.08 Aab 7.57 5421 d 46.85 df RF**** 570
13 June 36.45 Ba 40.29 Aa 38.37 ABa 3.18 4974 e 4250 fg RF*** 449
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 561 55.08 b 4585 ab 3040 a 26.06
05 November 22.48 Aef 22.80 Ae 25.15 Afg 3.18 65.70 a 55.08 a 580 b 25.59
21 November 23.14 Aef 24.39 Ade 24.22 Ag 471 5238 bc 37.35 bc 564 b 38.78
12 December 24,94 ABde 27.76 Acd 24.35 Ag 292 4944 cd 2541 def 0.00 c 37.69
03 January 2013 25.78 Ace 28.66 Acd 27.31 Aeg 508 50.58 c¢ 32.93 cd 0.00 c 27.18
24 January 28.38 Acd 28.91 Acd 29.60 Adf 480 4536 e 27.70 de 0.00 c 36.50
12 February 30.20 Bbc 32.09 Abc 31.53 ABde 1.54 4576 e 425 ¢ 0.00 ¢ 16.23
06 March 33.90 Aab 32.16 Abc 33.16 Acd 342 4487 ef 0.00 g 0.00 c 2.14
28 March 34.35 Bab 35.39 Bab 4112 Aab 281 4413 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 ¢ 2.75
14 May 38.15 Aa 38.26 Aa 38.44 Ab 11.92 4094 ¢ 20.10 ef 0.00 c 3.98
04 June 38.28 Aa 37.82 Aa 44.03 Aa 8.62 42.09 fg 1716 f 0.00 c 7.66
LSD***  4.67 4.59 4.46 3.22 9.55 4.96
H 0, * *
Harvesting Time 0" day Welg?*th E):; ) ahgay  -SP” 0" day Tas;?h 51135) ahgay -0
05 October 2010 0.00 C 13.32 Ba 20.44 Aa 132 0.00 A 0.00 Ad 0.83 Ab 0.88
19 October 0.00 C 8.82 Bc 15.11 Ac 149 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 542 Bd 13.09 Ad 110 0.00 B 0.00 Bd 450 Aa 0.58
12 December 0.00 C 4.10 Bef 8.87 Aeg 180 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 046 0.00 B 3.50 Ac 417 Aa 1.05
17 February 0.00 C 5.39 Bd 8.25 Ag 0.75 0.00 C 4.00 Bb 467 Aa 0.67
10 March 0.00 C 3.48 Bf 9.69 Aeg 052 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 467 Aa 0.75
08 April 0.00 C 6.05 Bd 10.46 Ae 126 0.00 B 0.00 Bd 467 Aa 0.33
25 April 0.00 C 5.88 Bd 12.66 Ad 129 0.00 B 0.00 Bd 450 Aa 0.58
10 May 0.00 C 444 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 362 0.00 A 0.00 Ad RF***** 0.00
13 June 0.00 C 10.41 Bb 21.85 Aa 219 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 280 0.00 A 0.00 Ad 0.00 Af 0.00
05 November 0.00 C 8.44 Bc 18.42 Acd 416 0.00 B 0.00 Bd 250 Ae 0.58
21 November 0.00 C 7.06 Bd 16.05 Ad 278 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 188 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 433 Ab 0.94
12 February 0.00 C 5.53 Be 9.91 Afg 144 0.00 C 5.00 Aa 4.67 Bab 0.33
06 March 0.00 C 5.22 Be 9.57 Afg 147 0.00 C 4.67 Ba 5.00 Aa 0.33
28 March 0.00 C 5.99 Bde 14.18 Adf 494 0.00 C 450 Aa 3.50 Bd 0.00
17 April 0.00 C 6.18 Bde 15.68 Ade 094 0.00 C 5.00 Aa 3.67 Bcd 0.33
14 May 0.00 C 9.68 Bb 23.78 Ab 1297 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 217 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*h°) during harvest and post-harvest ripening process of Hass cultivar (2010-
11 and 2012-13 harvest period)

Harvesting time L() cO) he €)
0" day 7" day 14" day 0" day 7" day 14" day 0" day 7" day 14" day
05 October 2010 34.16 bc 33.65 ac 31.34 bc 19.53 ce 18.78 ad 1266 bc 56.96 ab 5522 a 66.09 a
19 October 3350 bd 3243 bd 3245 b 19.60 ce 16.92 ce 16.97 ab 5538 ab 56.23 a 5817 a
03 November 3599 a 35.02 a 3551 a 21.47 ae 1818 ad 1982 a 51.08 ab 55.06 a 5290 a
23 November 33.44 bd 34.08 ac 28.60 ce 17.28 e 16.62 df 6.87 df 5503 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 5522 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 5750 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 5824 ab 8246 a -34.17 bc
10 March 36.17 a 3440 ab 25.62 ef 2239 ac 21.28 ab 523 ef 5964 ab 6051 a -31.22 bc
23 March 36.01 a 3192 cd 2435 f 2415 ab 13.22 eg 425 ef 5989 ab 76.06 a -32.30 bc
08 April 3470 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 3620 a 3461 ab 26.63 ef 25.07 a 21.72 a 548 ef 6120 ab 60.72 a -7241 c
10 May 3230 d 3291 ac 24.35 f 17.40 de 17.36 bd 298 f 6531 ab 6528 a -4848 bc
24 May 3042 e 2960 e 30.01 bd 1216 f 1044 ¢ 1130 cd 7093 a 7046 a 7072 a
13 June 2737 f 2659 f 26.98 ef 716 g 6.16 h 6.66 df 2669 b -3248 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 2147 a 1489 a 5364 ab 5334 a 64.82 a
05 November 37.89 ab 3582 a 3082 ac 2544 ac 2524 a 1450 a 5468 ab 5581 a -11.15 b
21 November 37.32 ab 36.41 a 30.08 ad 24.53 bc 23.82 a 156.36 a 5423 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 5584 a 81.53 a
03 January 2013 3599 bc 37.08 a 29.96 ad 28.14 ab 2543 a 11.31 ab 5717 ab 5694 a -73.28 b
24 January 3442 ¢ 3591 a 2592 be 28.73 ab 22.67 a 794 bc 5958 ab 60.32 a -39.59 b
12 February 37.41 ab 34.09 ab 2577 ce 25.09 ac 19.02 ab 511 ¢ 5745 ab -17.18 ab -4495 b
06 March 39.08 a 31.82 bc 25.71 ce 27.79 ab 12.55 bc 543 ¢ 5819 ab 415 ab -33.14 b
28 March 36.66 ac 2562 e 2330 e 2246 ¢ 532 ¢ 444 c 66.53 ab -36.58 ab -6524 b
17 April 36.94 ab 29.41 cd 24.06 e 23.00 c 9.02 ¢ 3.75 ¢ 63.68 ab 1.65 ab -56.40 b
14 May 3151 d 2951 cd 2496 de 1236 d 781 ¢ 545 ¢ 7474 a 8003 a -63.37 b
04 June 28.72 e 26.95 de 25.30 de 942 d 549 c 463 ¢ 653 b -8258 b -6526 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*h°) during harvest and post-harvest ripening process of Hass cultivar (2010-
11 and 2012-13 harvest period)

Harvesting time

L () C() h (*)

O"day 7" day 14" day 0" day 7" day 14" day 0" day 7" day 14" day

05 October 2010 65.65 ac 62.86 dg 50.84 de 4340 e 4442 bf 4158 bd 70.76 ac 69.73 a 71.06 a
19 October  61.02 ce 6284 eg 5650 e 4149 f 4241 df 44.06 ab 67.10 fg 69.45 ab 7028 ab
03 November 66.38 ab 62.05 fh 64.21 bc 46.38 a 4221 ef 4427 ab 6349 | 69.02 ac 70.16 ab
23 November 57.00 e 60.88 gh 56.63 e 4133 f 4186 f 36.06 f 65.75 gh 67.93 bd 6843 ac
12 December 60.67 de 63.77 cg 6341 ¢ 4473 bd 4493 ae 4119 be 6576 gh 67.91 bd 67.49 bd
29 December 63.35 ad 63.24 dg 65.71 ac 4548 ad 4526 ad 4351 ac 6732 f 67.41 ce 66.30 ce

13 January 2011 61.34 ce 59.70 h 64.19 bc 44.47 de 4781 a 4171 bd 6535 h 67.36 ce 65.90 ce
17 February 6441 ad 64.22 bf 65.20 bc 4517 ad 41.78 f 3984 de 67.86 df 67.29 de 65.62 ce
10 March 68.25 a 66.83 ab 64.23 bc 4598 ab 43.82 cf 40.19 ce 68.94 ce 67.23 de 6526 ce
23 March 66.78 ab 65.79 ad 65.22 bc 4577 ac 42.00 ef 39.65 de 68.38 df 67.12 de 6525 ce

08 April 63.24 bd 66.51 ac 62.61 cd 4469 cd 4424 cf 4180 bd 67.47 ef 66.90 de 6522 ce
25 April 65.73 ac 66.20 ac 64.61 bc 4460 ce 4450 bf 38.08 ef 70.30 ac 66.27 df 65.09 ce
10 May 68.26 a 67.84 a 68.80 a 44.75 bd 4490 ae 4244 bd 69.31 bd 6591 ef 64.93 ce
24 May 67.08 ab 68.07 a 67.57 ab 45.94 ab 4590 ac 4592 a 70.85 a 6578 ef 64.32 de
13 June 63.44 ad 6566 ae 64.55 bc 46.14 a 4727 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  65.38a 66.65 ab 63.67ac 4495 cd 4724 a 4921 a 6568 h 6728 ab 67.88 ab
05 November 65.92a 68.09ab 62.56ac 46.92 a 4574 ac 4081 c 66.40 gh 68.22 a 69.49 ab
21 November 65.00a 66.80 ab 67.04ac 4375 e 4520 ac 42.67 bc 6891 be 6558 ab 66.93 ab
12 December 67.51a 61.46b 71.64a 46.12 ac 4350 be 4092 ¢ 69.00 bd 6538 ab 67.16 ab
03 January 2013 51.73b 68.02ab 67.86ac 46.17 ab 4282 ce 4214 bc 67.61 eg 66.73 ab 6594 ab
24 January 69.61a 69.24a 69.52ab 46.11 ac 43.78 ae 4045 c 68.14 df 67.06 ab 67.15 ab
12 February  66.79a 65.74 ab 58.75¢ 4680 a 4159 de 3871 ¢ 6698 fh 64.82 b 63.80 ab
06 March 69.79a 63.33ab 65.84ac 45.12 bd 43.02 ce 4111 c 6851 de 6429 b 66.83 ab
28 March 70.52a 67.52ab 63.82ac 4475 de 4026 e 3914 c 6867 ce 67.37 ab 73.16 ab
17 April 67.44a 66.58 ab 63.37ac 44.35 de 4394 ad 39.66 c 70.03 ac 68.21 a 73.21 ab
14 May 68.65a 67.52ab 68.44ab 4725 a 46.66 ab 4753 ab 7068 a 6831 a -1.98 b
04 June 66.74a 63.98 ab 61.50bc 46.76 a 4547 ac 4232 bc 70.23 ab 6857 a 7750 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-Rodriguez 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
(7" and 14" 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 7" day and/or
141 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 (Cafiete 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 (0", 7t and 14"
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 (0", 7", and 14™ 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 (0", 7!, and 14" day), especially in the
2012-2013 harvest period. In addition, during the
ripening period (0", 7™ and 14" 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

The correlation Variables

The correlation

The correlation

Variables coefficients (r) coefficients (r) Variables coefficients (r)
2010- 2012 2010- 2012 2010- 2012

X v 2011 2013 v 2011 2013 v 2011 2013
Harvest Harvest Harvest Harvest Harvest Harvest

period period period period period period
%ﬂﬁ';’;‘;er 096  0.96 E)O'“ aay) 023 051 %ﬂﬁ’crj‘;?t)ter (E;(hyg;ayt)ter 092 094
(D%C’i‘;?)‘er 095 096 5’7"1 day) 030  -081 '(%r.ﬁ'é“a?t)ter (D%h";zt;?r 093 088
a%h";j;‘;r 095 092 ;’1 Mgay 02 082 (D;,ﬁ’g;ayt)te' E()zf.'h"j:;)r 094 085
z:(;is:af)i/r)mness 058 -082 I(_om day) 0.34 0.24 gisc:]af)i/;mness zlis:at:,;mness 0.35 0.74
F;isgaf)il;mness 018 -074 I(_7th day) 066 0.09 z:olﬁsgaf)ilr)mness ﬂiihdz;n;ness 0.21 0.47
(F:j?hhdgg;‘”ess 024 058 '('1 4 day) 062  -0.14 f;ﬁs(:‘afy")m”ess Eiihdzg,”;ness 0.21 0.47
gjigzw’ss 012 012 ?oth day) 0.37 0.65 \(’;’Eiggwss \(qlzf?zgl)gss 088 093
Harvesting 2/:/2:?2;588 010 -0.03 Harvesting ?7“‘ day) 0.20 0.41 (LO|h day) a(0th day) -0.87 -0.83
time ;ﬁf‘deay) 005 o051 ime ?1 4" day) 0.51 0.69 l(_o'h day) ?o*h day) 0.88 0.80
(140 day) 016 04 (0" day 085 047 gnga (") 08 0%
<Loth day) 0.38  -055 ?rh day) 038  -0.12 (L7.h day) o day) 086 092
(Lwh day) 049 079 ?1 4" day) 027 006 '('7.h day) ?rh day) 087 098
|(_1 4" day) 062 078 (7" day) ?rh day) 080 -0.93
(0" day) 060 079 I(_1 4" day) (14" day) 091 070
(7" day) 095 080 |(_1 4" day) ;)14ﬁh day) 096 088
?1 4" day) 048 062 ?1 4" day) ?wh day) 094 -081

developing another standard due to finding fruit maturity was an acceptable index and

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 (Hernandez 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 (Hernandez 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

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
Michoacan 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-
Rodriguez 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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