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ABSTRACT

There is a significant lack of information reporting on the maturity indices of new avocado cultivars. Improper
maturity at harvest has been reported to be the main phenomenon resulting in uneven ripening. Although
maturity indexing of avocado has been extensively researched, the possibility of using alternative indices such
as total soluble solids (TSS), titratable acidity (TA), and pH has not been adequately explored. Therefore, the
objective of this study was to test and develop reliable and science-based maturity indices for the ‘Lamb Hass’
avocado cultivar. The experiments were carried out during the 2024 growing season at Everdon Estates, a
commercial orchard of Westfalia, in Howick, KwaZulu-Natal (KZN). After the initial measurements immediately
after harvest, the fruit were stored for 28 days at 5.5 °C, followed by 7 days of shelf life. The dry matter con-
tent (DM), mesocarp moisture content (MC), and mesocarp oil content (OC), TSS, TA, and pH were evaluated
during the season. The findings showed DM content steadily increased with fruit growth. In fact, there was a
linear correlation between DM and the different sampling dates. On the other hand, pH gradually declined with
advancement in fruit development. Although TSS decreased with sampling time as the maturity progressed, it
was inconsistent. The fruit were deemed ready for harvest at 28.1% DM and 3.18 Brix° as they reached accept-
able ripeness without shrivelling. The results showed that DM is a reliable maturity indexing tool for avocado.
TSS is a quick and cheap alternative tool, and its adoption would greatly reduce the cost and time spent on
maturity indexing.
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INTRODUCTION

The avocado industry has shifted to newly developed
cultivars not only to fill the counter-season window
period but also to protect its export market share.
The newly developed cultivars such as *‘Maluma Hass’,
‘Lamb Hass’ and ‘GEM’ produce better fruit size com-
pared to the commercially dominant cultivar ‘Hass".
These cultivars also require simple pruning and sig-
nificantly less chemical use compared with other cul-
tivars (Ernst and Ernst, 2015). However, there is a
lack of information on the maturity indices of new
avocado cultivars. Avocado optimum ripening behav-

iour and postharvest quality are largely correlated
with harvesting at the physiological maturity stage.
Improper maturity at harvest is the main cause of
uneven ripening (Ferrer et al., 2005; Shezi, 2020).
Other fruits do ripen but their peels have poor colour
change which is also considered as uneven ripening
because it results in technical difficulties as some
may consider the fruit to be unripe whereas it is ripe
and mature.

Identification of avocado physiological maturity is
challenging because external changes during matu-
ration do not characterise the stage of maturity (Mag-
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waza and Tesfay, 2015; Ncama et al., 2018). How-
ever, the use of dry matter content (DM), mesocarp
moisture content (MC), and mesocarp oil content
(OC) has been reported to strongly correlate with op-
timum postharvest quality and best eating quality of
the avocado fruit (Clark et al., 2007; Hofman et al.,
2013). These parameters change significantly during
maturation of avocado; the fruit OC increases with
maturity while the mesocarp MC decrease with ma-
turity. The DM also increases with maturity. The DM
is usually an alternative parameter to the oil content
and this is due to the ease of determining it com-
pared to OC, while there is a strong correlation (R2 =
0.99) found between the two parameters (Carvalho
et al., 2014).

Although maturity indexing of avocado has been
extensively researched, the possibility of using al-
ternative indices such as total soluble solids (TSS),
titratable acidity (TA), pH, and TSS/TA ratio has not
been adequately explored. Reliable maturity predic-
tion models based on TSS, TA, and pH have been
reported on pomegranate (Khodabakhshian et al.,
2017), strawberries (Saad et al., 2022), and mango
fruit (Rungpichayapichet et al., 2017). A reliable ma-
turity index in avocado fruit is characterised by hav-
ing a gradual change over time. A gradual change
forms an increasing or a decreasing pattern over time
(Magwaza and Tesfay, 2015). While the possibility of
using TSS, TA, TSS/TA, and pH as maturity indices
for avocado has been previously tested (Ozdemir et
al., 2009; Ahmed et al., 2010; Salameh et al., 2022),
the results have not been entirely satisfactory. This
could be attributed to the dominance of the heptose
(C7) sugars in avocado fruit, as compared to the
hexose (C6) sugars which are known to contribute
more in TSS, and hence the sweetness of most fruits
(Shezi et al., 2023). The mechanism of hexose sug-
ars formation is the same for all fruits, and this justi-
fies its high potential to contribute to avocado TSS
as it does in other fruits. Thus, there is a need to
test these maturity indices for other cultivars as the
response seems to vary depending on cultivar and
production region.

Aim and objectives

The overall aim of this study was to develop reliable
and science-based maturity indices for ‘Lamb Hass’
avocado cultivar, and re-evaluating whether the cur-
rently used maturity indices for ‘Hass’ cultivar still
hold true.

The objectives of this study were to:

e Determine and evaluate the efficacy/reliability of
developed harvest maturity indices in postharvest
fruit quality of the ‘Lamb Hass’ cultivar.

e Develop a growing degree days (GDD) model for
maturity indexing of ‘Hass’ and ‘Lamb-Hass’ avo-
cado cultivar.

o Identify the best and most reliable protocol for de-
termining dry matter content of avocado fruit.

*The report will only cover the work we did on ‘Lamb
Hass'.

MATERIALS AND METHODS

Objective 1 - Maturity parameters and
postharvest fruit ripening

Experimental site

The experiments were carried out at Everdon Es-
tates, a commercial avocado farm of Westfalia fruit
(Pty) Ltd in Howick, KZN. The ‘Lamb Hass’ avocado
fruit cultivar was used to study the growth and deter-
mination of reliable science-based maturity indices.

Fruit growth attributes

Ten ‘Lamb Hass’ avocado trees were randomly se-
lected for the fruit maturity evaluation. It was initially
planned that maturity would be evaluated at sixteen
distinct developmental stages starting from 4 Feb-
ruary 2024 to mid-November 2024, but due to the
delays beyond our control, the experiment started
much later. Therefore, the data collection started
towards the end of July (Table 1). For each matu-
rity stage, 20 fruit were randomly harvested from
the tagged trees and immediately transported in a
ventilated vehicle to the postharvest laboratory of
the University of KwaZulu-Natal. Upon arrival at the
laboratory, 10 fruit were analysed for maturity indi-
ces (DM, MC, TSS, and pH). The other 10 fruit were
left to ripen in the laboratory at room temperature
(21 °C) and minimum maturity was evaluated on the
ability of these fruit to ripen normally without shrivel-
ling and developing a watery texture.

Moisture content and dry matter content

Fruit MC was determined by measuring the fresh
mass of a core sample measured using a digital
weighing balance (RADWAG, WTB 2000 Precision
Balance) and removing the free water of the cored
portion by drying the fruit sample using an oven
freeze-dryer. The MC and DM were calculated using
the following equations:

Mf 'Md
MC % = [( Tf ) ><100]
MC = mesocarp moisture content
Mf = fresh mass of the core sample
Md = dry mass of the core sample

DM % = [(%) x100]
f

DM = dry matter content
Mf = fresh mass of the cored sample
Md = dry mass of the cored sample.

Oil content

Mesocarp oil concentration was determined using
the method of Meyer and Terry (2008) with slightly
modification. Briefly, 1 g of lyophilised tissue and 5
ml n-hexane as an extraction solvent were used. Oil
concentrations were expressed as percentage (w/w)
DW.

Total soluble solids
TSS (°Brix) of freshly harvested fruit was determined
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according to Jha et al. (2006) with slight modifica-
tions. A garlic press was employed to extract the
juice of the hard-cored sample and TSS of the meso-
carp was determined using a digital refractometer
(PR-101 ATAGO, Topac Inc, Cohasset, USA).

PH

For measuring pH values, 5 g of the sample was ho-
mogenized with 50 ml of deionized water, and a digi-
tal pH meter (Mettler Toledo, Switzerland) was used
to measure the pH values.

Fruit storage and ripeness evaluation

After each harvest, 10 fruit were stored for 21 days
at 5.5 °C, followed by storage at room temperature.
The number of days to ripen each fruit was recorded
and the mean calculated. Fruit firmness was deter-
mined using a hand-held firmness tester (Bareiss,
Germany). Two firmness readings were taken in the
equatorial regions by rotating the fruit 180°. Fruit
with firmness readings of 0.2 to 0.6 kg were deemed
ripe.

Table 1: Description of different harvesting times for
‘Lamb Hass’ avocado fruit during the 2024 growing sea-
son

Harvest Date DAFB
H1 25 July 2024 233
H2 15 August 2024 248
H3 28 August 2024 263
H4 12 September 2024 278
H5 26 September 2024 298
H6 10 October 2024 308
H7 23 October 2024 323
H8 07 November 2024 338
H9 21 November 2024 352

Objective 4 - Reliable protocol for determining
dry matter content

There have been concerns that some of the common-
ly used methods for assessing dry matter content are
inconsistent and they may fail to accurately predict
the maturity status of the fruit. Therefore, we as-
sessed three of the commonly used methods with the
aim of identifying the rapid and most reliable method
which could be recommended to avocado growers

(Fig. 1).

Oven drying method

The oven was preheated to 65 °C. Approximately 100
g of avocado mesocarp sample was weighted into a
shallow, ovenproof container using a digital balance.
The container was left undisturbed at the centre of
the oven for 24 hours. The temperature was moni-
tored using an oven thermometer. After five hours,
the oven was allowed to cool and the dried avocado
weight was determined. The sample was re-dried for
another 30 minutes and then reweighted up to a con-
stant mass to ensure that the sample is fully dried.

The following equation was used to calculate the dry
matter content:

Weight of dry sample

Weight of fresh sample ) x100

pm =

Microwave drying method

A domestic microwave oven with 800 W maximum
intermittent output power and frequency of 2450
MHz was used. Approximately 100 g of avocado mes-
ocarp sample was weighted into a microwave proof
container using a digital balance. The microwave was
set to run for 20 minutes at medium or low. The sam-
ple was reheated and reweighted until it reached a
constant weight. Importantly, a container of water
was placed next to the sample to avoid damaging the
microwave or compromising the sample. The time it
took to dry the sample was thereafter recorded. The
following equation was used to calculate the dry mat-
ter content:

Weight of dry sample
Weight of fresh sample

pMm =( )x100

Moisture analyser method

Moisture analysis of the mesocarp is one of the
cheapest and most rapid methods for measuring dry
matter content. This method could be very conveni-
ent for packhouses as it is simple and time-efficient.
However, the reliability of this method is yet to be
tested on avocado fruit. To test this method, ap-
proximately 50 g of avocado mesocarp was used to
measure the % dry matter content using the MA 50.R
Moisture Analyzer (RADWAG, Radom 26-600, Po-
land). The machine gives the results in % dry mass,
mass (g) after drying, as well as the ratio of % mois-
ture content to dry mass.

Oven drier method

Microwave

method

Moisture analyser

Figure 1: Different methods of assessing dry matter content in avocados.
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Completed and planned work

Objective

Work completed to date

Planned work for the
remainder of the project

Determine and evaluate the
efficacy/reliability of developed
harvest maturity indices in
postharvest fruit quality of the
‘Lamb Hass’ cultivar.

To date, we have analysed the pat-
terns of fruit growth and selected
maturity parameters, including
moisture content (MC), dry matter
(DM), TSS, and pH. All these were
done for ‘Lamb Hass’ avocados.
This analysis was done for the KZN
region.

Oil content and carbohydates
analysis is ongoing for the last
season. We have already started
with ‘Hass’ harvesting for the
KZN region. This year we will be
including ‘Lamb Hass’ from Mpu-
malanga and Limpopo.

Although we measured the oil
content, the results did not give
the trends we expected. The
experiment will be repeated as
we suspect there were errors with
the protocol used.

Develop growing degree days
(GDD) model for maturity
indexing of ‘Hass’ and ‘Lamb
Hass’ avocado cultivars.

Data loggers were installed at
Everdon Estates - the temperature
is continuously being monitored.
Installation of data loggers will also
be done in Limpopo and Mpuma-
langa when we start harvesting.

At the end of the season, correla-
tion and regression analysis will

done with the aim of developing a
GDD model for maturity indexing.

Identify the best and most reli-
able protocol for determining

This objective has been achieved,
findings are included in this report.

The experiments will be repeated
this year for validation purposes.

dry matter content of avocado
fruit.

RESEARCH FINDINGS

As expected, MC decreased with the advancement
in maturity or DAFB (Fig. 2). On the other hand, DM
increased with maturity (Fig. 3). The increase in DM
content is largely due to the increase in mesocarp
oil content which drastically increases during matu-
rity. In fact, Carvalho et al. (2014) indicated that DM
content is regarded as the alternative maturity pa-
rameter due to its strong correlation to oil content
(Rz = 0.99).

The MC or mesocarp DM are the most reliable and
widely accepted maturity indices of avocado fruit
(Magwaza and Tesfay, 2015). Due to their consist-
ent habit of occurrence during fruit development, MC
and DM are globally accepted as the best parameters
and are strongly correlated with optimum posthar-

Mesacarp MC (%)

233 248 263 278 293 308 323 338 353

Days After Full Bloom (DAFB)

Figure 2: The moisture content (MC) % of ‘Lamb Hass’
avocado mesocarp harvested at different days after full
bloom (DAFB) for maturity indexing. Data presented as
mean * standard error; n = 10.
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vest and eating quality of avocado fruit (Hofman et
al., 2013). Moreover, DM has a strong and positive
correlation with the oil content and is much easy to
determine compared to other indices which are not
only time-consuming, but also expensive.

In this study, the fruit were deemed ready for har-
vest at 28.1% DM. At this DM, the fruit took 6 days
to ripen at shelf life without shrivelling, following cold
storage of 21 days at 5.5 °C (Table 2). This DM was
slightly lower than 29.4% reported by Mwelase et
al. (2021) on the same farm. However, their har-
vesting intervals were inconsistent and much wider
compared to the two-week interval used in the cur-
rent study. Interestingly, New Zealand evaluation tri-
als identified 27% as the minimum harvest DM for
‘Lamb Hass’ avocados (Dixon et al. (2008). These
differences could also be linked to different weather
patterns as influenced by seasonal variations.

Mesocarp DM (%)

233 248 263 78 203 308 323 338

Days After Full Bloom (DAFB)

Figure 3: The dry matter content (DM) % of ‘Lamb Hass’
avocado mesocarp harvested at different days after full
bloom (DAFB) for maturity indexing. Data presented as
mean % standard error; n = 10.
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Table 2: Days to ripen of ‘Lamb Hass’ avocado after 21
days of cold storage at 5.5 °C and 7 days shelf life

Harvest Date Days to ripen
H1 25 July 2024 Did not ripen
H2 15 August 2024 Did not ripen
H3 28 August 2024 Did not ripen
H4 12 September 2024 Did not ripen
H5 26 September 2024 Did not ripen
H6 10 October 2024 Did not ripen
H7 23 October 2024 6
H8 07 November 2024 4
H9 21 November 2024 4

y =-0.0383x+16.242
R?=0.8872

233 248 263 278 293 308 323 338 353

Days After Full Bloom (DAFB)

Figure 4: The total soluble solids (Brix) of ‘Lamb Hass’
avocado mesocarp harvested at different days after full
bloom (DAFB) for maturity indexing. Data presented as
mean * standard error; n = 10.

TSS is one of the commonly used maturity indi-
ces in the horticultural industry. In this study, TSS
decreased as maturity advanced (Fig. 4). Although
TSS suddenly increased after 338 DAFB, it generally
decreased with advancement in fruit maturity. The
fruit was deemed ready for harvest at 3.18 Brix®.
An inverse relationship between TSS and oil content
in *Hass’ has been reported (Liu et al., 1999). These
researchers showed that as the fruit ripens, TSS
sharply declines. This was noted for the peel, flesh,
as well as the seed. Similarly, Ahmed et al. (2010)
showed that TSS steadily decreases as ‘Fuerte’ fruit
ripens. Although this research study is still in the ear-
ly stages, the results seem to agree with some of the
previous studies.

The pH-based maturity indices have previously
been developed for some horticultural crops such as
pomegranates and mango fruit. However, research is
still very limited in avocado fruit with regards to pH as
a maturity indexing parameter. Initially, pH decreased

248 263 278 293 308 323 338 353

Days After Full Bloom (DAFB)

Figure 5: The pH of ‘Lamb Hass’ avocado mesocarp har-
vested at different days after full bloom (DAFB) for matu-
rity indexing. Data presented as mean % standard error;
n = 10.

as fruit advanced in maturity. However, after 293
DAFB, there were significant fluctuations in pH values
(Fig. 5). Our results are similar to those of Ozdemir et
al. (2009) who did not find any reliable or consistent
trends in pH between different maturity stages of ‘Ba-
con’, ‘Fuerte’, and ‘Zutano’ avocado cultivars. For the
next season’s data collection, pH will be eliminated as
a possible maturity indexing parameter.

The DM values measured by the three methods
notably varied (Table 3). Throughout the sampling
time, the microwave method had a lower DM con-
tent. On the other hand, the DM content from the
oven drier and moisture analyser method did not sig-
nificantly differ. Notably, the standard error under the
oven drier was quite high for ‘Lamb Hass’ avocados.
This cast doubt on the accuracy and reliability of this
method. For ‘Hass’ avocados, the moisture analyser
recorded a higher DM, but the standard error was
quite high. The oven drier method is the common-
ly used method by the South African industry. This
could increase the risk of uneven ripening of South
African avocados after reaching the overseas market.
Based on our results, more tests should be under-
taken at different harvest maturities to validate the
accuracy and reliability of these methods.

Conclusions

Our research findings have shown DM as a reliable
maturity indexing tool for ‘Lamb Hass’ avocados. The
findings also showed the potential of TSS as a matu-
rity index of avocado fruit. The pH greatly fluctuated;
it can therefore not be used as a maturity index. Al-
though the moisture analyser is a quick method for
measuring DM, more tests are required to validate its
accuracy. Although the project faced numerous hur-
dles during the season, we made notable progress in

Table 3: Assessing the reliability of different protocols for determining the dry
matter content of avocado fruit. Data presented as mean % standard error; n = 10

Cultivar Harvest Dry matter assessment method
Moisture analyser Microwave Oven drier
Hass H1 29.72 £ 2.77 27.25 £+ 0.05 28.56 + 0.89
Lamb Hass H1 29.71 £ 0.70 28.68 = 0.49 29.16 + 1.39
H2 30.31 + 0.68 28.96 + 0.51 29.98 + 1.21
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addressing the key objectives of the study and are
hopeful to report on all objectives at the end of the
second season.
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