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Abstract. The potential to use percentage of dry matter (DM) and/or oil of the flesh of ‘Hass’
avocado as a maturity standard to determine the latest harvest for acceptable fruit quality,
was investigated. ‘Hass’ avocado fruit were harvested from early October to mid-January
from a commercial orchard in subtropical Queensland. The percentage of DM and oil
changed little during the harvest period, and the eating quality of the flesh remained high.
However, the incidence of body rots (caused mainly by Colletotrichum sp.) and the flesh
disorders grey pulp and vascular browning, increased with harvest. These results indicate
that percentage of DM and oil are not reliable late-maturity standards because of the
inconsistent change with later harvests, and that disease and internal disorders can be the
main determinants of latest acceptable harvest, rather than eating quality.

After harvest, the fruit were weighed,
dipped in 0.055% (v/v) Sportak® (45%
prochloraz, Schering, NSW) for 30 s, and
assessed for the percentage of the skin surface
area with black color. The fruit were then
ripened at 20 °C, and the number of days to
ripe (DTR) determined as the days for fruit to
reach a firmness of ≈4–6 N (Hofman and
Jobin-Décor, 1999). At eating soft, the skin
color was quantified using a Hunter Labscan
6000 Spectrocolormeter (Hofman and Jobin-
Décor, 1999), and the number of ripe fruit with
unacceptable skin color (>10% green color)
was recorded. The fruit were then cut longitu-
dinally, and the number of fruit with internal

disorders and body rots (caused mainly by
Colletotrichum sp.) was recorded.

For each harvest of each tree, sample flesh
from fruit was pooled, a subsample presented
to a panel of at least 12 experienced tasters,
and the eating quality rated on an hedonic
scale of 1 = dislike extremely, 5 = neither like
nor dislike, to 9 = like extremely. Another
subsample was weighed, dried at 65 °C to
constant weight, and the percentage of DM at
harvest calculated (Hofman and Jobin-Décor,
1999).

The oil content of fruit from five trees was
measured using soxhlet extraction with petro-
leum ether (40° to 60°) for 16 h (Lewis et al.,
1978). Flesh samples were dried to constant
weight at 65 °C before extraction, and the
results expressed on a dry weight basis.

The percentage of flesh DM declined
slightly between early October and late Janu-
ary, and the percentage of oil showed no
consistent change (Table 1). Flesh eating qual-
ity fluctuated mainly between 7 (like moder-
ately) and 8 (like very much). There was no
consistent effect of harvest date on DTR (av-
erage of 12.9 d).

Most research has shown that the percent-
age of DM and oil of avocado flesh increases,
and the DTR decreases, with harvest date
(Ranney, 1991), especially at early maturity.
This was not observed in the current study in
later harvests, and Hofman et al. (1998) also
noted that DTR and the percentage of DM can
remain static or can decrease from the middle
to late commercial harvest period, depending
on the area of production and season.

‘Hass’ fruit eating quality from subtropical
southeastern Queensland is generally consid-
ered to decrease when harvested later than
about mid-December and to be unacceptable
by mid-January. However, in this investiga-
tion, eating quality remained high and varied
little with harvest. Erickson et al. (1970) found
off-flavors in late-harvested avocado fruit from
several, but not all, regions sampled (Califor-
nia); that lower eating quality was not always
related to higher oil content; and that there
appeared to be seasonal and location effects on
the interaction between these parameters. This
may explain the differences between the cur-
rent results and commercial observations.

The percentage of the skin area that was
black at harvest, and the percentage of the ripe

In cooler production regions, there is often
commercial advantage in delaying the harvest
of late-season avocado (Persea americana
Mill.) fruit in order to access higher-priced
markets, when fruit supply is low. However,
higher disease and internal disorder severity
and lower eating quality may occur in later
harvested fruit (Erickson et al., 1970). Consid-
erable research has focused on reliable indices
to determine early maturity standards for avo-
cado, but little has been published on a late-
maturity standard to ensure acceptable quality
of late-harvested ‘Hass’ avocado.

To test the feasibility of using the percent-
age of dry matter (DM) and oil of the flesh
(percentage oil) as indicators of the ripe fruit
quality of late-harvested avocado, ‘Hass’ fruit
were harvested from the same orchard block
of 18- to 20-year-old trees as described previ-
ously (Hofman and Jobin-Décor, 1999). Four,
average-size fruit per tree from the south side
of each of 10 trees were harvested at ≈3-week
intervals from 9 Oct. 1996 to 22 Jan. 1997.

Table 1. Effects of time of harvest during the late commercial harvest period (subtropics) on characteristics
of ‘Hass’ avocado fruit.

Harvest Dry matter Flesh oil Eating Skin color
date (%)z (%) qualityy % Blackx % Greenx L value h°w

9 Oct. 31.4 61.6 av 7.4 bc 13.2 (5) a 0 (0) a 26.6 a 39.0
29 Oct. 31.1 65.8 a 7.4 c 27.7 (22) b 0 (0) a 26.4 a 40.9
20 Nov. 30.8 61.2 a 7.2 ab 51.9 (62) c 22.5 (15) bc 28.3 c 50.5
11 Dec. 29.9 68.6 a 7.0 a 49.5 (58) c 31.5 (27) c 27.3 b 47.3
1 Jan. 30.7 61.2 a 7.5 c 15.0 (7) b 27.0 ab 40.5
22 Jan. 28.8 7.3 bc 40.6
SDu 1.3 5.7 0.3 18.7 16.5 1.5 20.5
z31.7 – 0.02 (harvest date, expressed as days since 30 Sept.), R2 = 29%, P ≤ 0.001.
y1 = dislike extremely; 5 = neither like nor dislike; 9 = like extremely.
xData were angular transformed before analysis. Backtransformed means are given in parentheses.
w32.8 + 0.553 (harvest date, expressed as days since 30 Sept.) – 0.005 (harvest date)2, R2 = 4%, P ≤ 0.05.
vMean separation within columns by protected LSD, P ≤ 0.05.
uStandard deviation.
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fruit with >10% green skin, increased from
harvest 1 to 3 and 4, respectively (Table 1).
The change in skin color of ripe fruit was
confirmed by the higher L (less black) and h°
(more yellow) of the skin during the middle
harvests.

The incidence of body rots, grey pulp, and
vascular browning increased with harvest date
(Fig. 1). This has also been observed by other
researchers (Thorp et al., 1997), and suggests

Fig. 1. Effect of harvest date on the incidence (percentage of fruit affected) of body rots (a), grey pulp (b)
and vascular browning (c) in ripe ‘Hass’ avocado fruit. Data were angular transformed. The regression
equations are angular (body rots) (degrees) = 2.8 – 0.436 (harvest date) + 0.0151 (harvest date)2, R2 = 79%
(P ≤ 0.001); angular (grey pulp) (degrees) = –1.9 + 0.456 (harvest date), R2 = 38% (P ≤ 0.001) and angular
(vascular browning) (degrees) = 7.6 + 0.306 (harvest date), R2 = 17% (P ≤ 0.05).

that disease and internal disorders need to be
considered, along with eating quality, as deter-
minants of quality in late-harvested fruits.

For percentage of DM and oil to be reliable
indicators of late-harvested fruit quality, they
would have to change consistently with har-
vest date, and do this consistently over a range
of seasons and locations. If this is not the case,
even in only one season or one location, they
are not reliable indicators. On this basis, our

results indicate that these parameters are not
reliable estimates of late-harvest maturity and
acceptable ripe fruit quality, since they did not
change as harvest was delayed, while disease
and disorder incidence increased during the
same period.

Perhaps a latest acceptable harvest date,
which is determined by production location
and season, may be more suitable. For ex-
ample, Erickson et al. (1970) suggested that
monitoring over several seasons may indicate
an approximate harvest time when the risk of
off-flavors increased, and this could also be
relevant in predicting the increasing risk of
disease and internal disorders with later har-
vests.
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