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Figure 1- A telescopic lance with adjustable nozzle height and spray angle
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Figure 2- A conventional lance for washing date clusters
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Table 1- Chemical composition of Barhi dates at the Khalal stage
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Moisture FURYE)IES] Total sugars Reducing pH Acidity Vitamin C Tannin
(%) TSS (%) (%) sugars (%) (%) (mg/100g) (mg/g)
67.12+4.88 34.73+£2.31 31.00+£1.81 28.73+2.09 5.67+£0.08  0.44+0.03 4.87+0.12 6.30+0.13
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Table 2- Mean values of color, texture, and contamination attribute of Barhi dates at the Khalal stage
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Table 3- Analysis of variance (ANOV A) for microbial contamination of Barhi dates
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* Indicates a statistically significant difference at the 5% level.
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Figure 3- Interaction effect of cleaning method and harvest stage on the microbial status of treated samples (T1:
compressed air; T2: telescopic lance with water; T3: telescopic lance with 0.5% chitosan solution; T4: conventional
lance with water; T5: control)
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Table 4- Analysis of variance (ANOVA) for moisture content and tannin in Barhi dates
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Figure 4 — Variation in moisture (right) and tannin content (left) of samples obtained from different treatments (T1:
compressed air; T2: telescopic lance with water; T3: telescopic lance with 0.5% chitosan solution; T4: conventional
lance with water; TS: control)
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Table 5 — Analysis of variance (ANOVA) for pH and titratable acidity of Barhi dates
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* Indicates a statistically significant difference at the 5% level.
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Figure 5 — Changes in pH (right) and acidity (left) of samples obtained from different treatments (T1: compressed air;

T2: telescopic lance with water; T3: telescopic lance with 0.5% chitosan solution; T4: conventional lance with water;
TS5: control)
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Table 6 — Analysis of variance (ANOVA) for °Brix and vitamin C content of Barhi dates
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Figure 6 — Variation in total soluble solids (°Brix, right) and vitamin C content (left) of samples obtained from
different treatments (T1: compressed air; T2: telescopic lance with water; T3: telescopic lance with 0.5% chitosan
solution; T4: conventional lance with water; TS: control)
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Table 7 — Analysis of variance (ANOVA) for reducing sugars and total sugars of Barhi dates
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Figure 7 — Variation in reducing sugars (right) and total sugars (left) of samples obtained from different treatments

(T1: compressed air; T2: telescopic lance with water; T3: telescopic lance with 0.5% chitosan solution; T4:
conventional lance with water; T5: control)
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Figure 8 — Variation in lightness index (L*) of samples obtained from different treatments (T1: compressed air; T2:
telescopic lance with water; T3: telescopic lance with 0.5% chitosan solution; T4: conventional lance with water; T5:
control)
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Figure 9 — Variation in red—green index (a*) of samples obtained from different treatments (T1: compressed air; T2:
telescopic lance with water; T3: telescopic lance with 0.5% chitosan solution; T4: conventional lance with water; T5:
control)
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Abstract

Barhidate palm (Phoenixdactylifera L. cv. Barhi) is one of the most important commercial cultivars,
with large-scale production concentrated in Khuzestan Province, Iran. In recent years, climatic changes
and the occurrence of dust storms in date-producing regions have intensified dust contamination of
dates, thereby reducing the quality and market value of the national product. In this study, several
cleaning methods were applied to Barhi dates at the Khalal stage, including: washing fruit clusters using
a telescopic lance with water, a telescopic lance with 0.5% chitosan solution, a conventional lance from
below, and compressed air. Samples were collected before treatment, one day after treatment, and one
month after treatment. They were analyzed for microbial load, chemical properties, and color
characteristics, and the results were compared with the untreated control samples. The results showed
that both the harvesting stage and the cleaning method had a significant interactive effect on microbial
tests and on the lightness and redness indices of the samples, while in other tests (total sugars, reducing
sugars, acidity, ascorbic acid, °Brix, pH, moisture, tannin content and yellowness indices) only the
harvesting stage showed a significant effect. The application of the chitosan solution effectively
eliminated fungal contamination (0 CFU/g) from the surface of Barhi fruits at the Khalal stage, and the
fungal count did not increase after one month. Furthermore, chitosan application did not cause any
undesirable changes in the ripening stage or in the qualitative properties of Barhi fruits, and was
therefore evaluated as a beneficial treatment.
Extended Abstract
Introduction

Barhi date palm (Phoenix dactylifera L. cv. Barhi) is one of the most commercially important date
cultivars grown in the Middle East, with extensive cultivationin Khuzestan Province, southwestem Iran.
Unlike many date cultivars that are mainly consumed at the Tamar stage, Barhi fruits are widely
marketed and consumed at the Khalal stage because of their attractive yellow color, crisp texture, and
pleasant sweetness. In recent years, the increasing occurrence of dust storms and airborne particulate
matter in date-producing regions has become a serious challenge affecting fruit quality and
marketability. Dust accumulation on fruit surfaces not only reduces visual appeal but may also increase
microbial contamination and accelerate postharvest deterioration. Traditional cleaning methods are
generally applied after harvest; however, washing fruits at advanced ripening stages may increase
moisture retention and susceptibility to spoilage. Cleaning date clusters before harvest, particularly at
the Khalal stage when fruits are firm and resistant to physical damage, may provide an effective
alternative. Moreover, the incorporation of natural antimicrobial compounds during cleaning operations
may further improve fruit quality and safety. Chitosan is a biodegradable and non-toxic polysaccharide
with well-documented antimicrobial and film-forming properties. It has been successfully used as an
edible coating for various horticultural products to reduce microbial growth and preserve quality.
Nevertheless, information regarding its use as a pre-harvest cleaning agent for Barhi dates remains
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limited. Therefore, this study aimed to evaluate the effects of different pre-harvest cleaning methods
(washing fruit clusters using a telescopic lance with water, a telescopic lance with 0.5% chitosan
solution, a conventional lance from below, and compressed air) on the microbial, physicochemical, and
color characteristics of Barhi date fruits.
Materials and Methods

The experiment was arranged as a factorial treatment structure within a randomized complete block
design (RCBD) with three replications. Fifteen date palms with similar agronomic characteristics were
selected and assignedto five treatments: compressed air cleaning, washing with water usinga telescopic
lance, washing with 0.5% chitosan solution using a telescopic lance, washing with water using a
conventional lance from beneath the tree, and an untreated control. Treatments were applied during the
Khalal stage under suitable environmental conditions. Fruit samples were collected before treatment
application, one day after treatment, and one month after treatment. Samples were transferred to the
laboratory for microbiological (determining mold and yeast populations), physicochemical (moisture
content, total soluble solids, total sugars, reducing sugars, titratable acidity, pH, vitamin C, and tannin
content), and color analyses (L*, a*, and b*). Data were analyzed using SAS software, and mean
comparisons were performed using Duncan’s multiple range test at the 5% significance level.
Results and Discussion

The initial analysis of Barhi dates at the Khalal stage confirmed their desirable commercial quality,
with moisture, total soluble solids, total sugars, and reducing sugars averaging 67.12%, 34.73%,
31.00%, and 28.73%, respectively. Fruits also exhibiteda pH of 5.67, titratable acidity 0 0.44%, vitamin
C content of 4.87 mg/100 g, and tannin concentration of 6.30 mg/g. Despite their acceptable
physicochemical quality, the fruits showed noticeable microbial contamination (4.43+0.63 CFU/g),
indicating the need for effective sanitation before harvesting. Microbial analysis revealed significant
(P<0.05) effects of harvest stage, cleaning method, and their interaction. Among all treatments, washing
with a 0.5% chitosan solutionapplied usinga telescopic lance wasthe most effective treatment, reducing
fungal counts to undetectable levels (0 CFU g') immediately after treatment. More importantly, fungal
growth remained undetectable one month later, whereas microbial populations increased in all other
treatments, including water washing and the untreated control. The significant effect of cleaningmethod
(F=38.77, P<0.05) highlights the important role of treatment type in reducing microbial contamination.
The strong antimicrobial activity of chitosan is likely related to its ability to disrupt microbial cell
membranes and form a protective barrier on the fruit surface. The results revealed significant (P<0.05)
interaction effects between harvest stage and cleaning treatment on color parameters L* and a*. In
contrast, total sugars, reducing sugars, titratable acidity, ascorbic acid content, total soluble solids
(°Brix), pH, moisture content, tannin concentration, and b* color index were significantly (P<0.05)
influenced by harvest stage, whereas cleaning treatments had no significant (P<0.05) effect on these
attributes. Chitosan-treated fruits exhibited smaller changes in both indices compared with the other
treatments, suggesting better preservation of visual quality during ripening. the results demonstrate d that
chitosan effectively reduced microbial contamination without disrupting normal ripening processes or
adversely affecting the physicochemical quality of Barhi dates.
Conclusion

Pre-harvest cleaning significantly improved the hygienic quality of Barhi dates under dust-prone
orchard conditions. Chitosan application significantly decreased microbial contamination without
adversely affecting the physicochemical characteristics of the fruit. Although the conventional and
telescopic lances produced comparable results under the conditions of this study, the telescopic system
may provide practical advantages in commercial orchards by improving spray accessibility and bunch
coverage. Further studies are required to evaluate its effects on water-use efficiency and potential fruit
damage under different operational conditions.
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