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Abstract

Mabroom dates (Phoenix dactylifera L.) are recognized as one of the most important crops
in Qatar. Fresh fruit dates are susceptible to mould and post-harvest spoilage, resulting
in a significant financial loss. Octanoic fatty acid (OFA) has been shown to regulate the
growth of mould-causing organisms such as fungi and bacteria. It is known to have
antibacterial properties. The objective of the current study was to evaluate the in vitro
effect of OFA on the post-harvest pathogens of Mabroom fruits. Fresh, apparently healthy,
and fully ripe Mabroom dates were obtained from the National Agriculture and Food
Corporation (NAFCO). The chosen fruits were packed in sterile, well-ventilated plastic
boxes and transported to the lab under controlled conditions. The fruits were distributed
into five groups (G1 to G5). The groups G1, G2, and G3 received 1%, 2%, and 3.5% OFA,
respectively, while G4 was left untreated and G5 was washed only with tap water as a
positive control treatment. Each group contained 200 g of fresh and healthy semi-soft
dates. The samples were then dried and incubated in a humidity chamber at 25 ◦C ± 2
for seven days. The signs and symptoms of decay were monitored and recorded. The
presence of pathogens was confirmed via phenotypic and microscopic-based methods.
The results showed a significant difference (p ≤ 0.05) among the groups. OFA at 3.5%
had the strongest inhibitory action against post-harvest pathogens, followed by OFA2%.
However, there were no differences (p ≤ 0.05) between OFA1% and the control groups.
Aspergillus spp., Penicillium spp., Rhizopus spp., and Botrytis spp. were most abundant in
the control group, followed by OFA2% and OFA1%, respectively. In conclusion, octanoic
fatty acid at 3.5% may improve the quality of date fruits through its high antimicrobial
activity, reduce the effect of post-harvest decay, minimize the loss of date fruits during
storage, and improve the sustainability of date fruits. Further experiments are necessary to
confirm the effectiveness of OFA as a green solution for sustainable date fruit production.
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1. Introduction
Qatar is one of the world’s major producers of dates, with a total yield of 21,491 metric

tonnes. Over 581 thousand date trees were grown on 2469 hectares in 2010. Approximately
7% of all crops produced in Qatar were dates [1]. Mabroom date fruits (Phoenix dactylifera
L.), a member of the Arecaceae palm family, are rich in important minerals and high in
nutrients. North Africa, the Middle East, and the Arabian Peninsula are their origins.
Worldwide, fruit production and consumption have been rising steadily [2]. According
to research, the fibre content of dates varies from 6.4% to 11.5%, depending on their type,
making them important sources of dietary fibre [3,4]. Date fruits also contain substantial
quantities of potassium, magnesium, phosphorus, calcium, zinc, and iron [5,6] and are a
significant source of vitamins B1, B2, and C [7,8].

The quality of date fruits as they are being stored has been negatively impacted by
post-harvest illnesses and mould-causing microorganisms. Numerous studies have demon-
strated that even fruits that are thought to be stable, such as semi-dry and dry dates, may be
contaminated by mould and bacteria under circumstances that are not optimal, resulting in
an overall decrease in quality and financial losses [9]. Fungi such as Alternaria, Aspergillus,
and Penicillium can grow on soft fruit, especially dates, when harvested after rainy and
humid conditions [10–13]. Yeast, which belongs to the Zygosaccharomyces species are almost
highly tolerant of the sugar content of date fruits [13,14]. During pathogenesis, some
fungi-causing moulds can produce different secondary metabolites, such as mycotoxins,
which are highly toxic to the consumers of the contaminated products. Aflatoxins and
ochratoxins are the most important mycotoxins, which are produced mainly by Aspergillus
spp. [15]. Many studies discussed the aflatoxin contamination in date fruits [16–19].

Over the past few decades, there has been a great deal of interest in the antimicrobial
effects of various plant-based pesticides for controlling pathogens. These plant-based
pesticides have been reported as effective inhibitors of pathogens. Additionally, they
prevent or lessen the negative impacts that synthetic pesticides have on the environment
or ecosystem [20,21]. Octanoic fatty acid (OFA) is a 100% natural pesticide, also known as
caprylic acid (chemical formula: C8H16O2). It is a naturally occurring medium-chain
fatty acid found in various plant and animal sources, such as coconut palm, human
milk, vegetables, and fruits. Commercial octanoic acid used in formulations (e.g., for
antimicrobial or antifungal purposes) is often derived from the fractionation of coconut
or palm kernel oil. It is generally recognized as a safe component by the Food and Drug
Administration, US Department of Health and Human Services [22]. Its food preservative
properties were approved on different vegetables and fruit juices [23], meat products [24],
and dairy products [25]. It works through a process of cell wall intrusion and disruption
of protein functioning. Through these actions, octanoic acid can adversely affect cellular
organisms (bacteria), non-cellular organisms (viruses), and multicellular fungi and moulds.
Medium-chain fatty acids such as octanoic acid (C8:0) exhibit a wide range of anti-microbial
actions against pathogenic microbes [25–27]. However, few studies have discussed the
preservative role of the OFA pathogens of stored fruits, especially Mabroom date fruits.
Therefore, the current study was conducted to investigate the impact of various octanoic
acid concentrations on the presence of post-harvest moulds in the quality of Mabroom date
fruits under storage conditions.
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2. Materials and Methods
2.1. Preparation of Octanoic Acid Supplemented Dates

Fresh Mabroom dates (Phoenix dactylifera L.), at their full ripeness stage, were obtained
from the National Agriculture and Food Corporation (NAFCO) (Arusha, Tanzania). Five
experimental groups (G1–G5) were set up. Each group contained 200 g of fresh, seemingly
healthy dates.

Four groups were thoroughly washed with tap water, surface-sterilized with 1%
NaOCl, and rinsed in 3 changes of sterilized distilled water; the excess water was removed
by placing them onto sterile filter paper. Then groups G1, G2, and G3 were dipped in
500 mL of 1%, 2%, and 3.5% of OFA solution (Aussan Laboratories, Victoria, Australia),
respectively. As the control groups, group G4 remained untreated while G5 was washed
with tap water only. The samples were then air-dried, set into four replicates, and incubated
for one week at 25 ◦C ± 2 in a moist chamber under dark conditions to encourage the
growth of post-harvest pathogens.

2.2. Microbial Investigations

After one week of incubation, the decaying symptoms and signs developing on the
fruits were visually examined, and microbial analysis was carried out. After removing all
the seeds, 25 g of the treated date fruits were thoroughly mixed with 225 mL of 0.10 peptone
water in a stomacher (Bagmixer 400 p, Grosseron, Herblain, France) for 1 min. Yeast
and mould enumerations were made by spreading the samples on the surface of a Yeast
Extract Glucose Chloramphenicol Agar (Merck Chimie, Fontenay Sous Bois, France) and
incubated at 25 ◦C for 3 to 5 days (NF ISO 21527-2, Geneva, Switzerland, 2008 [28]. Each
treatment was replicated 4 times. The cultures were repeatedly sub-cultured for purification.
Single-spore cultures of the obtained fungal microorganisms were prepared following
Goh’s [29]. The obtained cultures were subjected to microscopic examinations under a light
microscope (400×). The pathogens were identified based on their morphological characters
and microscopic structures (conidiophores, conidia, sporangia, and hyphae).

2.3. Statistical Analysis

Data obtained from the experiment were subjected to a one-way ANOVA using the
SPSS software version 24 (SPSS® Inc., Chicago, IL, USA). The differences between the
means were tested at the 0.05 probability level. The data presented in this manuscript are
expressed in the form of (mean ± standard deviation).

3. Results and Discussion
Figures 1 and 2 display the effects of various octanoic acid concentrations. The dates

from three groups, including the dates that were supplemented with octanoic fatty acid
(OFA1%), untreated, and only washed, were completely infected (100 ± 00%) with differ-
ent mould contaminants. No significant effects were recorded between OFA1% and the
control groups, while in all fruits supplemented with OFA2%, the presence of moulds was
40 ± 51.6%. On the other hand, all Mabroom date fruits supplemented with OFA3.5% were
completely healthy, demonstrating the highest inhibitory effect against fungi. Moreover,
3.5% of the OA-supplemented fruits yielded a significant improvement (p ≤ 0.05) in stored
fruits compared to OFA1% and OFA2%. According to the preliminary identification based
on morphological characteristics, following Seifert et al. [30], the genera of Aspergillus,
Rhizopus, and Botrytis have been isolated and identified. Aspergillus niger is recognized by
its distinctive black colonies, conidial heads, vesicles, and phialides. Rhizopus sp. is identi-
fied by its fast-growing, cottony colonies and sporangia with sporangiospores. Penicillium
spp. is identified by its brush-like conidiophores. Botrytis spp. is recognized by its unique
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grey, dense cottony colonies with characteristic conidiophores and branching. These were
detected at high levels in the control groups, followed by OA1% and OA2%, respectively.

Figure 1. Shows the effects of different concentrations of OFA solution on stored date fruits. (A) Date
fruits washed with water only showed symptoms of moulds (white arrow). (B) Untreated date fruits
showed a high level of moulds and bacteria (white arrows). (C) Date fruits supplemented with
OFA2% showed no symptoms of moulds and bacteria. (D) Date fruits treated with OFA3.5% were
completely healthy. OFA: Octanoic fatty acid.

The current results are partially in line with the findings of López-Velázquez et al. [31],
who noticed that the OFA derived from the Vitex mollis fruits had a high inhibitory action
against Colletotrichum gloeosporioides with a minimal inhibitory concentration (MIC) of
0.5 milligrams/mL. Our results also show some agreement with those of Výrostková
et al. [32], who found that OA has a strong inhibitory action against Salmonella enterica,
Escherichia coli CCM 3988, Enteritidis CCM 4420, Listeria monocytogenes, Staphylococcus aureus,
and a wide range of foodborne bacterial strains. It is also known for its highly antibacterial
activities against a wide range of Gram-negative and Gram-positive bacterial pathogens [33]
such as Salmonella spp. and Escherichia coli O157:H7 [34]. Furthermore, elevated OFA levels
have the potential to enhance the antibacterial activity against specific microbes [35,36]. The
implementation of OFA is legally permitted and safe in the food industry [28]. The way in
which the OFA could interact with the pathogen is not clear, but recently López-Velázquez
et al. [31] suggested that this fatty acid could interact with lipid compounds in fungal
membranes and cause a disruption in its components; this disruption was much higher
in spores.
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Figure 2. Shows the effects of different concentrations (1%, 2%, and 3.5%) of OFA compared to control
groups (water wash only and untreated) on stored date fruits. Groups with a star (*) are significantly
different at p ≤ 0.05. OFA: Octanoic fatty acid solution.
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