Development and evaluation of herbal bio-coating from Aloe Vera, Tulsi (Ocimum sanctum) and lemongrass (Cymbopogon citratus) for post-harvest preservation of fruits using Ayurvedic principles.

Introduction 

Food security globally faces the serious problem of post-harvest fruit losses, especially in tropical countries like Sri Lanka, because of the perishable nature of fresh fruits. High moisture content, active respiration, and enzymatic activity accelerate the deterioration during handling, transportation, and storage, resulting in significant losses. Conventional post-harvest preservation depends on chemical preservatives and synthetic coating, which are effective but may raise concerns about human health and environmental safety. Herbal bio-coating derived from plant sources are gaining importance because of their biodegradable nature, non-toxicity, and compatibility with food systems. Therefore, more attention is now focused on natural and eco-friendly alternatives. These act as a semi-permeable layer over the surface of the fruits, thereby controlling gas exchange, moisture loss, slowing respiration, inhibiting microbial growth. Aloe vera has been researched for film formation properties, moisture retention, and overall microbial properties mainly due to its polysaccharides and phenolic compounds. Among the useful Ayurvedic flora, Tulsi has extraordinary antibacterial, antifungal, and antioxidant properties. Lemongrass is noted to contain essential oils enriched with citral and efficient in reducing the growth of many microorganisms. This could further affect the synergies possible between these compounds which enhance preservation efficiency. All these compounds used in the experiment are available, cheap, and easily accessible. Here, the herbal bio-coating is economically viable. In comparison with other bio-coatings utilizing starch from value-added and nutrient rich potato varieties, which is relatively expensive, this to the best of our knowledge, there are very few studies conducted using Ayurvedic herbal bio-coatings for fruit presentation. Therefore, in this context, the objective of this experiment was to develop a coating, check its effectiveness on fruit shelf-life extension, and improve fruits quality.



Materials and Methods

Materials
Fresh, uniform, and defect-free mango, banana, and avocado fruits were selected. Mature leaves of Aloe vera, leaves of Tulsi, and stalks of lemongrass were collected from surrounding environment. The herbal bio-coating formulation was made with glycerol, lecithin, xanthan gum, and distilled water.
Herbal extract preparation
To extract the gel from Aloe vera, the leaves were cleaned, the outer rind removed, and the inner gel was blended into a homogenous paste before being filtered through muslin cloth. Cleaned and chopped leaves were combined with distilled water (1:10), heated to 60–70 °C for 20–30 minutes, cooled, filtered, and concentrated using a water bath to create Tulsi extract. Lemongrass essential oil was extracted by double-boiling extraction method. The temperature was maintained at 70-80 ºC to minimize evaporation of volatile compounds, and the collected essential oil was subsequently filtered and stored under refrigeration 4 ºC. 
Preparation and Application of herbal bio-coating.
The coating solution was made by combining glycerol as a plasticizer with Aloe vera gel. Tulsi extract was added after the essential oil of lemongrass was emulsified with lecithin and added to the mixture. The final volume was adjusted with distilled water and thickened with xanthan gum. To ensure homogeneity, the mixture was continuously stirred for fifteen minutes and filtered for removing particulates. Fresh fruits were washed with potable water and allow to air dry. They were divided into coated and uncoated (control) groups. The fruits were coated by dipping method for two to three minutes, and then they were allowed to air dry at room temperature for 30-60 minutes to allow the formation of a film
Storage and Evaluation 
Fruits, both coated and uncoated, were kept at ambient room temperature for fifteen days, and their physical, physicochemical, and microbiological parameters were assessed every 3 days (0, 3, 6, 9, 12, and 15 days). And coating properties were examined using standard techniques.
Statistical Analysis
Data were analysed using SAS software. ANOVA was used to determine differences at p < 0.05, and results were expressed as mean ± SD.

Results and Discussion

I. Evaluation and Selection of the Most Suitable Coating Formulation Based on Physicochemical Properties

Table 1: Physicochemical Properties of Coating Formulations
	
Formulations
	Parameters

	
	pH
	Viscosity
	Water
Activity
(aw)
	TSS
(ºBrix)
	Moisture
Content
(%)
	Solubility
	Thickness

	Formulation 1
	4.76±0.02
	684±3.21
	0.9377±0.0006
	2.83±0.06
	5.10±0.02
	28.00±0.20
	0.19±0.01

	Formulation 2
	5.66±0.01
	853±2.89
	0.9407±0.0006
	3.00±0.00
	4.89±0.02
	26.03±0.06
	0.21±0.00

	Formulation 3
	6.33±0.01
	943±6.24
	0.9523±0.0006
	3.17±0.06
	4.65±0.01
	24.03±0.06
	0.24±0.06



Formulation selection is critical because it depends on the properties exhibited by each formulation’s mean values, including pH, viscosity, water activity, solubility, thickness, and moisture. In this study, three different formulation, designated A, B, and C, were evaluated based on these properties (Table 1). Among them, formulation B exhibited all the desirable characteristics expected of herbal bio-coatings. The pH of Formulation B ranged between 5.5 and 6.5, which is within the optimal range to be compatible with fruits (Matloob et al., 2023). On the other side, Formulation C had a high viscosity that led to poor surface distribution and drying, as well as poor solubility, as in Formulation A. Formulation B exhibited favorable values for water activity (0.90-0.94 %) and moisture content (10-20 %), consistent with desirable characteristics reported in the literature for edible coatings (Elvira López-Caballero et al., 2024). Moreover, its solubility range (20–35%) and thickness (0.10–0.25 mm) supported effective adhesion and the formation of a uniform coating layer, in contrast to formulation A, which showed high solubility, and formulation C, which exhibited increased rigidity. The overall balanced physicochemical properties of formulation B make it the optimal choice for subsequent application on fruits (Alemu et al., 2025).


II. Impact of Herbal Bio-Coating on Quality Parameters of Fruits during Storage

Table 2: Changes in physical and physicochemical quality parameters of coated and uncoated fruits during ambient storage at 3-day intervals (mean ± SD)
	Treatments
	Days
	Parameters

	
	
	Weight Loss (%)
	Firmness
	pH
	Moisture
Content
(%)
	TSS
(ºBrix)
	Titratable
acidity
	Water
Activity
(aw)

	Coated Mango
	0th Day
	0.00±0.00
	10.23±0.06
	4.17±0.02
	85.17±0.29
	7.03±0.06
	0.61±0.01
	0.9333±0.0006

	
	3rd Day
	1.25±0.05
	9.50±0.10
	4.22±0.01
	81.33±0.58
	9.20±0.00
	0.58±0.01
	0.9323±0.0006

	
	6th Day
	2.36±0.06
	8.70±0.10
	427±0.01
	80.10±0.36
	9.67±0.12
	0.53±0.01
	0.9303±0.0006

	
	9th Day
	4.20±0.00
	8.03±0.06
	4.36±0.01
	77.67±0.58
	10.4±0.15
	0.49±0.01
	0.9277±0.0015

	
	12th Day
	5.56±0.06
	7.37±0.06
	4.45±0.01
	75.00±0.00
	11.2±0.06
	0.45±0.01
	0.9257±0.0006

	
	15th Day
	5.86±0.06
	6.83±0.12
	4.48±0.01
	73.53±0.50
	11.6±0.10
	0.42±0.01
	0.9237±0.0006

	Uncoated Mango
	0th Day
	0.00±0.00
	10.20±0.10
	4.23±0.03
	84.67±0.56
	7.17±0.06
	0.60±0.01
	0.9350±0.0000

	
	3rd Day
	2.63±0.15
	8.60±0.10
	4.31±0.02
	80.67±0.56
	9.47±0.06
	0.51±0.02
	0.9367±0.0006

	
	6th Day
	4.80±0.10
	7.10±0.10
	4.47±0.02
	76.33±0.56
	10.40±0.15
	0.47±0.01
	0.9410±0.0010

	
	9th Day
	7.13±0.15
	5.60±0.10
	4.68±0.03
	72.83±0.76
	11.70±0.15
	0.40±0.01
	0.9440±0.0010

	
	12th Day
	10.00±0.06
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	15th Day
	12.60±0.10
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Coated Banana
	0th Day
	0.00±0.00
	10.97±0.06
	2.17±0.01
	74.67±0.58
	10.40±0.10
	0.54±0.01
	0.9413±0.0015

	
	3rd Day
	1.17±0.06
	10.27±0.06
	3.24±0.01
	72.00±0.00
	11.20±0.10
	0.52±0.01
	0.9367±0.0006

	
	6th Day
	2.30±0.00
	9.46±0.15
	3.77±0.01
	70.67±0.58
	11.80±0.10
	0.50±0.01
	0.9343±0.0006

	
	9th Day
	3.57±0.06
	9.00±0.10
	3.91±0.01
	69.00±0.00
	12.50±0.10
	0.48±0.01
	0.9320±0.0010

	
	12th Day
	5.13±0.06
	8.20±0.10
	4.21±0.01
	66.67±0.58
	13.20±0.10
	0.44±0.01
	0.9297±0.0006

	
	15th Day
	6.33±0.06
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Uncoated Banana
	0th Day
	0.00±0.00
	11.00±0.10
	2.20±0.01
	74.33±0.58
	10.47±0.06
	055±0.01
	0.9407±0.0006

	
	3rd Day
	2.17±0.05
	9.80±0.10
	3.45±0.01
	68.67±0.58
	11.30±0.10
	0.49±0.01
	0.9440±0.0010

	
	6th Day
	4.7±0.10
	8.40±0.10
	3.97±0.01
	67.33±0.58
	13.20±0.10
	0.45±0.01
	0.9487±0.0006

	
	9th Day
	7.27±0.06
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	12th Day
	9.80±0.00
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	15th Day
	12.40±0.10
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Coated Avocado
	0th Day
	0.00±0.00
	10.40±0.06
	2.30±0.01
	72.33±0.58
	5.50±0.10
	0.45±0.00
	0.9453±0.0006

	
	3rd Day
	0.90±0.10
	9.43±0.06
	2.57±0.01
	70.67±0.58
	5.77±0.06
	0.42±0.01
	0.9420±0.0010

	
	6th Day
	2.10±0.00
	8.60±0.10
	3.66±0.01
	68.67±0.58
	6.10±0.10
	0.40±0.01
	0.9380±0.0010

	
	9th Day
	3.47±0.06
	8.17±0.06
	3.85±0.01
	67.00±0.00
	6.57±0.06
	0.37±0.01
	0.9353±0.0006

	
	12th Day
	0.35±0.10
	7.57±0.06
	4.21±0.01
	64.67±0.58
	7.20±0.10
	0.35±0.01
	0.9337±0.0006

	
	15th Day
	5.67±0.06
	6.97±0.06
	4.72±0.01
	62.67±0.58
	7.83±0.06
	0.33±0.01
	0.9343±0.0012

	Uncoated Avocado
	0th Day
	0.00±0.00
	10.30±0.10
	2.32±0.02
	72.67±0.58
	5.57±0.06
	0.45±0.01
	0.9457±0.0006

	
	3rd Day
	1.83±0.06
	8.40±0.10
	2.76±0.02
	68.67±0.58
	5.70±0.10
	0.41±0.00
	0.9477±0.0015

	
	6th Day
	4.17±0.06
	7.30±0.10
	3.97±0.01
	66.00±0.00
	6.67±0.15
	0.35±0.01
	0.9530±0.0010

	
	9th Day
	6.60±0.10
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	12th Day
	9.50±0.10
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	15th Day
	12.60±0.06
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A



*N/A:  Analysis was not possible due to fruit spoilage prior to the scheduled evaluation day.
The effect of herbal bio-coating on weight loss, firmness, pH, moisture content, Total Soluble Solids (TSS), titratable acidity, and water activity of mango, banana, and avocado fruits stored under ambient conditions is given in Table 2. Changes in physical and physicochemical quality parameters of coated and uncoated fruits during ambient storage at 3-day intervals. The results showed that for all the fruits, physical and physicochemical parameters were higher in control samples compared to the Herbal bio-coated samples. In all groups, the rate of weight loss increased steadily with storage time due to evaporation of moisture and respiration. However, fruits coated with film maintained significantly lower weight loss than the uncoated fruits. For example, coated mango recorded a progressive weight loss increase to 5.86±0.06%, whereas the uncoated mango accumulated 12.60±0.10% by day 15. Similar observations in banana and avocado fruits showed that coating acted as a semi-permeable barrier, restricting transpiration and moisture loss. Firmness values decreased with increasing storage time for both coated and uncoated fruits, which is expected as ripening progresses. However, the coated fruits retained firmness for a longer period. Specifically, the firmness of coated mangoes, bananas and avocados was maintained up to days 12-15, whereas the uncoated fruits softened rapidly and data became unavailable due to spoilage (N/A). The preservation of firmness indicates a retardation of cell wall breakdown due to low metabolic rates in the coated fruit tissues. The pH of all fruits increased while titratable acidity decreased during storage, indicating progress in ripening. These changes were slower in coated fruits compared to uncoated fruits. In mango, banana, and avocado fruits, pH and acidity values remained more stable, indicating a delay in organic acid breakdown. Similarly, TSS increased gradually in all samples due to starch hydrolysis into sugars, with coated fruits showing a more controlled increase, indicating delayed ripening. Moisture content and water activity were reduced in both treatments, but the coated fruits maintained relatively higher values of these parameters compared to the uncoated fruits. The herbal bio-coating significantly reduced microbial growth on the fruit surfaces, thereby slowing spoilage compared with the uncoated fruits, which exhibited high levels of deterioration that prevented subsequent analysis (reflected as N/A values in Table 2). Visual observations indicated that coated fruits maintained better quality, with delayed browning with reduced shrinkage, and absence of microbial growth compared to uncoated fruits. (see images in the PDF file “Visual-Observation-Storage”). Overall, these findings demonstrate that the herbal bio-coating effectively delayed microbial, physical, and physicochemical degradation, extended the ripening period, and enhanced the shelf life of mangoes, bananas, and avocados.

Conclusion

The study that the herbal bio-coating formulated from Aloe vera, Tulsi (Ocimum sanctum), and lemongrass (Cymbopogon citratus) effectively maintained the post-harvest quality of mango, banana, and avocado fruits by delaying ripening and reducing natural decay compared with uncoated controls. These benefits are attributed to the combined film-forming, antimicrobial, and antioxidant actions of the herbal components, which help slow physiological and microbial degradation during storage. As a plant-based and environmentally friendly alternative to synthetic preservatives, this bio-coating has strong potential for commercial fruit preservation, and further research is recommended to optimize preparation and large-scale application. 
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