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ABSTRACT
The characteristics of the hackberry (Celtis australis L.) fresh flesh stored under refrigeration conditions during ten weeks have been
investigated. The hackberries were harvested at maturity (October) in Moratalla (Spain). The flesh was obtained using a pilot scale rotational
sieve. Sterile plastic containers of 150 grams were fully filled with the hackberry fresh flesh and stored at 5ºC. Three containers were
sampled at time intervals (initial, 1, 2, 4, 6, 8 and 10 weeks). The following parameters were analysed in the samples of hackberry fresh
flesh: physicochemical characteristics (pH, soluble solids, titratable acidity, colour, moisture and water activity) and the microbiology
(bacteria, yeasts and moulds). The results indicated that the pH decreased from 6.7 (initial) to 5.1 (10 weeks) and the titratable acidity
increased from 0.48 g ACA/100 g (initial) to 1.26 g ACA/100 g (10 weeks), while the other physicochemical characteristics were
constants during the ten weeks of refrigerated storage. The microorganisms were the key factor to stablish the acceptability of the fresh
flesh. There was only the growth of the aerobic mesophilic from 9.0 x 105 cfu/g (initial) to 3.5 x 107 (8 weeks) and 2.8 x 107 (10 weeks
of refrigerated storage). These results are to be considered for the use of the refrigerated hackberry fresh flesh as a natural ingredient at
both domestic and industrial level.
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INTRODUCTION
The hackberry is the fruit from a tree with scientific name
Celtis australis L. The hackberry trees grow in the forest and
their fruits are wild (Magni and Caudullo, 2016). The economic
importance of its cultivation has not yet been established,
although, considering the interesting characteristics of the
hackberries (Demir et al., 2002; Ota et al., 2017; VidalCascales et al., 2021), its cultivation in orchards for controlled
production would indeed have economic interest.
The fruits and the leaves of Celtis australis have compounds
active against human diseases (Demir et al., 2002; Magni
and Caudullo, 2016; Ota et al., 2017), and the fruits have
also food uses since, at maturity, the flesh -the edible part- is
very sweet (Vidal-Cascales et al., 2021). Ota et al. (2017)
reported that hackberries may be a useful ingredient in
natural products confection due to their high amounts of
sugars, fibre and antioxidants. This would be considered
of interest for its use as a sweeting agent with antioxidant

characteristics by the food industry (Vidal-Cascales et al.,
2021). In this sense, it is required knowledge on the shelflife of the flesh, being a first step its refrigerated storage.
The objective of this research is to get knowledge on
the evolution of the hackberries fresh flesh during its
refrigerated storage. With this purpose the physicochemical
characteristics (pH, soluble solids, titratable acidity, colour,
moisture and water activity) and the microbiology (bacteria,
yeasts and moulds) were investigated. The shelf-life has been
established, as a basis for the use of the hackberry fresh flesh
as ingredient in domestic and industrial food applications.

MATERIALS AND METHODS
Geographical origin and harvesting of the fresh
hackberry

The hackberry fruits (Fig. 1) were harvested in October
2018, being pick up from wild trees growing in the forests
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of Moratalla (38° 11’ N, 1° 53’ W, altitude: 700-800 m),
Spain. More details were published previously (VidalCascales et al., 2021).
Processing of the fresh hackberries and cold storage

Hackberries were fractionated using a pilot scale rotational
sieve (Fig. 2), which produced the hackberry fresh flesh
(Fig. 3 and 4) and a residue of peels and stones. The
sieve used has a diameter hole of 0.2 mm. Then sterile
plastic containers of 150 grams were fully filled with the
hackberry fresh flesh and stored at 5ºC. Three containers
were sampled at time intervals (initial, 1, 2, 4, 6, 8 and
10 weeks).

Physicochemical characteristics of the hackberry
fresh flesh

The pH (pHmeter), soluble solids (refractometer), titratable
acidity (titration), colour (Minolta reflectance colorimeter),
moisture (oven dehydration) and water activity (Novasina)
were measured as reported by Vidal-Cascales and RosGarcía (2020).

Microbiology

The microbiological analysis was carried out according to
standardized procedures: Aerobic mesophilic (ISO 48332: 2013), Escherichia coli (ISO 16649-1: 2018), total coliforms
(ISO 4832: 2006), Staphylococcus spp (ISO 6888-1:2000/
A2: 2019), Listeria monocytogenes (ISO 11290-1: 2017),
Salmonella spp (ISO 6579-1: 2017), moulds and yeasts (ISO
21527-1: 2008).
Table 1: Evolution of the physicochemical characteristics
of the hackberry fresh flesh stored under refrigeration
conditions (5ºC) up to 10 weeks
Initial 1
2
4
6
8
pH
6.7
6.4 6.3 5.9 5.7 5.6
Soluble solids (ºBrix)
50.0 50.1 50.0 49.9 50.0 50.0
Acidity (g ACA/100 g) 0.48 0.60 0.75 0.84 0.87 1.02
Colour L*
20.1 20.0 20.0 20.1 20.2 20.1
a*
4.0
3.9 3.9 4.0 4.1 4.0
b*
‑4.9 ‑5.0 ‑4.9 ‑4.9 ‑4.9 ‑5.0
Moisture (%)
46.2 46.1 46.1 46.3 46.2 46.1
Water activity
0.86 0.86 0.85 0.86 0.87 0.86

10
5.1
50.1
1.26
20.1
3.9
‑5.1
46.1
0.86

Average values of three analyses. The standard deviations are not
shown since for all analyses the coefficients of variation are less than 5%.
ACA: Anhydrous Citric Acid.

Fig 1. The hackberry (Celtis australis L.) fruits.
Fig 3. A view of the 0.2 mm sieve with the hackberry fresh flesh.

Fig 2. A view of the pilot scale rotational sieve.
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Fig 4. The hackberry fresh flesh to be stored under refrigeration
conditions.
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Table 2: Evolution of the microbiological characteristics (cfu/g) of the hackberry fresh flesh stored under refrigeration conditions
(5ºC) up to 10 weeks
Initial
1
2
4
6
8
10
Aerobic mesophilic
9.0×105
3.9×106
5.2×106
5.5×106
6.9×106
3.5×107
2.8×107
Escherichia coli
<10
<10
<10
<10
<10
<10
<10
Total coliforms
1.4×104
1.4×104
1.2×104
7.8×103
4.7×103
2.4×103
1.3×103
Staphylococcus spp
<10
<10
<10
<10
<10
<10
<10
Listeria monocytog.
0
0
0
0
0
0
0
Salmonella spp
0
0
0
0
0
0
0
Moulds and yeasts
1.4×105
1.2×105
1.1×105
6.6×104
2.9×104
2.5×104
1.4×104
Average values of three analyses. The standard deviations are not shown since for all analyses the coefficients of variation are less than 5%.

Statistical analysis

The results as average values of three analyses are shown in
the tables. The standard deviations are not shown since for
all analyses the coefficients of variation are less than 5%.
All extractions and measures were made in triplicate. The
computer program used was Excel (Microsoft Office 2019).

RESULTS AND DISCUSSION
The reason for conducting this study was to get knowledge
on the evolution of the hackberries fresh flesh during its
refrigerated storage. The physicochemical characteristics
and the microbiology were investigated, focussing in the
shelf-life, as a basis for the use of the hackberry fresh flesh
as ingredient in domestic and industrial food applications.
The Table 1 shows the evolution of the physicochemical
characteristics of the hackberry fresh flesh stored under
refrigeration conditions (5ºC) up to ten weeks. The pH of
the hackberry fresh flesh and the titratable acidity changed
during the cold storage. The titratable acidity increased from
0.48 g ACA/100 g (initial) to 1.26 g ACA/100 g (10 weeks),
and the directly related physicochemical characteristic -the
pH- decreased from 6.7 (initial) to 5.1 (10 weeks). The
other physicochemical characteristics (soluble solids,
colour, moisture and water activity) keep constants during
the ten weeks of cold storage. The moderate acidification
of the hackberry fresh flesh stored under refrigeration
conditions suggest some fermentation, as was confirmed
by the microbiological analyses.
The Table 2 shows the evolution of the microbiological
characteristics of the hackberry fresh flesh stored under
refrigeration conditions (5ºC) up to ten weeks. The main
microbiological result is that there was an increase of the
aerobic mesophilic population from 9.0x105 cfu/g (initial)
to 2.8x107 cfu/g (10 weeks). All other microorganism
populations decreased or are absent. The total coliforms
decreased from 1.4x104 cfu/g (initial) to 1.3x103 cfu/g
(10 weeks) and the moulds and yeasts decreased from
1.4x105 cfu/g (initial) to 1.4x104 cfu/g (10 weeks). The
population of Escherichia coli, Staphylococcus aureus and other
178

Staphylococcus species were always present at low values (<10
cfu/g), while Listeria monocytogenes, other Listeria species
and Salmonella species were always absent (0 cfu/g). To
the best of our knowledge, there are no similar studies
on hackberry fresh flesh to make a discussion based in
a comparison of previously reported hackberry results.
Janzantti et al. (2014) reported a shelf-life period of eight
to twelve weeks for passion fruit fresh pulp stored under
refrigeration conditions, being the pulp microbiologically
safe. Comparing with the hackberry, the passion fruit fresh
pulp is much more acid (5.1-6.3 g ACA/100 g, da Silva
Araújo et al., 2017) which permit a longer shelf-life under
refrigeration.
Finally, the scope of the results of this research was that
according to the microbiological results, the hackberry
fresh flesh stored under refrigeration conditions (5ºC) up
to six weeks can be considered a safe food, due to the fact
that there was an increase of one logarithmic cycle in the
population of aerobic mesophilic and a decrease or absence
of the other microorganism populations. This is enough to
use the hackberry fresh flesh as natural ingredient at both
domestic and industrial level, which has an impact on the
future producers of this crop.

CONCLUSIONS
The hackberry fresh flesh stored under refrigeration
conditions (5ºC) for up to six weeks can be considered a
safe food. This is enough to use the hackberry fresh flesh
as natural ingredient at both domestic and industrial level.
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