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Investigation of optimal tapping method for Moringa oleifera gum production and its influence on physical characteristics

Abstract
Traditional gum tapping in M. oleifera involves making multiple injuries using sharp tools which are tedious and risk of tree death due to infections. The present study aimed to standardize a more sustainable method for gum tapping in moringa. The experiment tested various methods: mechanical tapping, chemical tapping with different concentrations of ethephon, and tapping seasons (Winter and Summer). Among all the treatment combinations, the summer season (S1) combined with T5 (4 ml) resulted in the highest fresh gum yield (355.47 g/tree) and dry gum yield (320.53 g/tree). This was followed by S1T4, which produced 261.67 g/tree (fresh) and 237.01 g/tree (dry). The preformulation studies also expressed its applicability in food, pharmaceutical and cosmetics industries and ensured safety by responding to different physical characteristics. The chemical tapping method using 4 ml of ethephon per tree during summer season proved to produce high gum yield and effective without altering the physical characteristics of the gum.
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Introduction
Moringa oleifera, member of Moringaceae family, is renowned for its medicinal benefits and thrives in tropical and subtropical regions around the world. Its various components are rich in essential phenols, amino acids, proteins, vitamins, and β-carotene. This plant exhibits a range of medicinal properties, including antiulcer, diuretic, antitumor, antipyretic, anti-inflammatory, antispasmodic, antiepileptic, antihypertensive, antidiabetic, cholesterol-lowering, and antioxidant effects. Extensively used in indigenous healthcare systems for its therapeutic advantages (Bibi et al., 2023), M. oleifera is commonly referred to as the "Miracle Tree," "Never Die Tree," Horseradish tree, Ben oil tree, and Drumstick tree (Panda et al., 2008; Sonika et al., 2020). The stems of Moringa oleifera produce a significant non-timber forest product in the form of sticky exudates, known as gum, in response to natural or man-made injury. This gum serves as a healing mechanism for the trees and provides a valuable source of income for forest dwellers and farmers. Moringa gum has a wide range of applications in both traditional and modern food and medicine. It is versatile in pharmaceutical and industrial settings, functioning as stabilizers, binders, mucoadhesives, disintegrants, and matrices for persistent and controlled release (Wang et al., 2005). Globally recognized as a nutraceutical, moringa gum offers therapeutic benefits and cost-effectiveness. As a natural ingredient, it supports overall body health by providing essential nutrients and act as a therapeutic agent in prevention and treatment of various diseases. Moringa gum is utilized to treat a range of abnormalities, including intestinal cancer, fevers, headaches, diarrhea, and asthma. It also has abortifacient properties and functions as a remedy for asthma, with diuretic and astringent qualities (Das, 2014; Dzuvor et al., 2021). Additionally, it helps in addressing rheumatism and exhibits astringent properties (Rashid et al., 2008; Atawodi et al., 2010; Paliwal et al., 2011). When combined with sesame oil, moringa gum is effective in alleviating fevers, headaches, dysentery, intestinal issues, and asthma. It is commonly employed in the treatment of rheumatism and syphilis and contributes to dental care (Fugile, 2000; Anwar et al., 2007). Conducting preformulation studies is essential for any pharmaceutical and nutraceutical application, as it lays the groundwork for the formulation of dosage forms. This process requires a comprehensive understanding of physical chemistry and the determination of physicochemical properties. Such a systematic approach has become a standard requirement in pharmacopoeias due to its logical framework (Wells, 2002). The primary objectives of preformulation studies, as outlined by Wells (2002) and Niebergall (1985), include establishing physicochemical parameters, assessing compatibility with drugs, and ensuring safety.
The quantity of gum produced by each M. oleifera tree depends on its genetic makeup and environmental conditions. Both internal and external factors influence gum production. Internal factors, such as genetic traits, trunk circumference, tree height, and overall health, play a significant role (Tiwari and Ram, 2010). Some of these factors are linked to the plant's physiological response to stress. A larger trunk circumference generally results in higher gum production due to the increased number of sap channels within thicker logs (Harsh et al., 2013). External factors affecting gum production include light exposure, temperature, tapping techniques, and induction methods (Abdullah and Eqbal, 2013). Traditionally, forest dwellers collect natural gums in limited quantities using conventional tapping methods (Sharma et al., 2016). The benefits of gum collection hinge on the quality of the yield, highlighting significant potential for increasing production by tapping selected tree species. While standard tools and techniques for tapping commercially are standardized and well-established for gums like gum karaya, gum arabic, and guggul, the current methods for tapping in M. oleifera gum are tedious, with limited knowledge on production methods and uses primarily confined to research laboratories. To optimize the use of M. oleifera gum exudates at an industrial scale, developing a standardized gum production method is essential. This approach can lead to sustainable production of moringa gum for both traditional and industrial purposes, aiming to maximize gum yield while minimizing tree damage. Tapping the gum of Moringa oleifera trees holds the potential to generate additional income for farmers. Establishing a standardized gum production method is the first crucial step in optimizing the use of these gum exudates on an industrial scale, ensuring sustainable production and maximizing yield.
Materials and methods
Study site
The experiment was conducted on a four-year-old M. oleifera plantation with a girth of 40-55 cm, located in Tadava, Jalore, Rajasthan. The site is situated at a latitude of 25°18'35.96"N and a longitude of 72°32'48.72"E, with an elevation of 256 meters above sea level. Jalore falls within the lower transect of arid western Rajasthan (Fig. 1).
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Fig. 1. View of study site 
Treatments
Current method of gum tapping in M. oleifera are tedious, in which they make multiple injuries using sharp axe or billhook to exudates the gum which lead to gradual depletion in gum production in some cases it cause damage leading to death due to infection (Sharma et al., 2018b) (Fig 5 Supplementary material 1.). To determine the optimal tapping technique, mechanical and chemical tapping methods were applied using a Factorial Randomized Block Design with two seasons, summer i.e. March- April (S1) and winter i.e December-January (S2) and tapping methods (T1 to T6) with twelve treatment combinations in three replication. Fifteen trees included in each treatment (5 in each replication) having girth of 45-60 cm. The different tapping method both mechanical and chemical tapping methods (with varying concentration) used in different species (Harsh et al., 2013, Sharma et al., 2013, Sharma et al., 2018b, Sharma et al., 2024) for gum production were adopted in order to standardize a method that can ensures sustainable gum production in M. oleifera. The following techniques were investigated:
Mechanical tapping method (Fig.2)
T1- Drill hole- 1.5 to 2 cm width and 4 inch deep and sealing with pond soil.
T2-V shape cut -9 cm length and 3 cm width 0.5 cm depth done with the help of chisel. 
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Fig. 2. Mechanical method of gum tapping followed in M. oleifera
Chemical tapping method (Fig. 3)
T3-2ml, T4-3ml, T5-4ml, & T6- 5 ml of CAZRI gum inducer (ethephon) is used. The inducer technique adopted in the study was developed ICAR-CAZRI, Jodhpur (Sharma et al., 2018).
Drilling: Drill 1 to 2 cm width and 4 inch deep at 30 to 45 cm height from the ground level. 
Injection of ethephon: CAZRI Gum inducer (ethephon) is Inject using injection syringe into the drilled hole. 
Sealing the hole: Seal the hole with the help of clay or wet pond soil or using wax in order to release the stress inducing chemicals into the plant.
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Fig.3. Procedure for injection of gum inducer (ethephon) into moringa plant.
Physical Characterization of Gum
Colour: The colour characteristics was also observed. 
Solubility: The gum was assessed for solubility in water and acetone, following the specifications outlined in the Indian Pharmacopoeia (Martins et al., 2009).
Bulk Density: 10.0 g quantity of each powder sample was placed in a 50 ml measuring cylinder, and the initial volume occupied by the samples was recorded without tapping. After 100 taps on the table, the volume was measured again. The bulk and tap densities were then calculated as the ratio of weight to volume (Martins et al., 2009).
Tap density: To determine the tap density, 10 grams of powder were placed into a 100 ml graduated measuring cylinder. The volume occupied by the powder was measured after tapping the cylinder (X1000) according to Aulton (2004). 
Hausner's index: was calculated as the ratio of tapped density to bulk density of the samples (Martins et al., 2009).
Compressibility index (C%): This was calculated using the equation from Martins et al. (2009): Compressibility = (Tapped density – bulk density) / Tapped 
Swelling index: 1.0 g of each sample was placed in plastic centrifuge tubes, and the initial volume was noted. 10 ml of distilled water was added from a 10 ml measuring cylinder and the tubes were stoppard. The contents were shaken for 2 minutes, allowed to stand for 10 minutes, and then centrifuged at 1000 rpm for 10 minutes. The supernatant was carefully decanted, and the volume of sediment was measured. The swelling index was computed using the equation from Martins et al. (2009): S = V2 /V1 Where, S = Swelling index V1 = Volume occupied by the gum prior to hydration. V2 = Volume occupied by the gum after hydration.
Determination of pH: A 1% w/v dispersion of the sample in water was shaken for 5 minutes, and the pH was then determined using a pH meter (Martins et al., 2009).
Angle of repose: The static angle of repose was measured using the fixed funnel and free-standing cone method. A funnel was clamped with its tip 2 cm above a graph paper placed on a flat horizontal surface. The powders were carefully poured through the funnel until the apex of the cone formed just reached the tip of the funnel. The mean diameters of the base of the powder cones were determined, and the tangent of the angle of repose was calculated using the equation from Martins et al. (2009): tan(α)=2h​/d. 
Result and discussion
The fresh gum yield per tree for the season was highest in summer (S1-151.29 g/tree), followed by winter (S2-53.84 g/tree). The dry gum yield followed a similar trend, with S1 at 136.65 g/tree and S2 at 47.80 g/tree. However, the moisture content (%) showed a different pattern, being higher in winter (S2-13.37%) compared to summer (S1-9.59%). 
Among the various tapping techniques (T), treatment T5 resulted in the highest fresh gum yield (243.33 g/tree), followed by T4 (182.71 g/tree) and T6 (104.17 g/tree). This pattern was also seen in the dry gum yield: T5 (219.84 g/tree), T4 (164.92 g/tree), and T6 (93.01 g/tree). Moisture content was lowest in T5 (9.50%), followed by T4 (9.99%) and T3 (11.70%). The interaction between season and tapping method was highly significant regarding fresh and dry gum yields. The combination of the summer season (S1) with T5 (4 ml CAZRI Gum inducer, ethephon) resulted in the highest fresh (355.47 g/tree) and dry gum yields (320.53 g/tree), followed by S1T4 (3 ml CAZRI Gum inducer, ethephon) with 261.67 g/tree (fresh) and 237.01 g/tree (dry). In the winter season (S2), the T5 combination also exhibited higher fresh and dry gum yields, followed by S2T4 and S2T6 treatments (131.18, 119.16, 103.76, and 92.84 g/tree, respectively). The interaction effect on moisture content varied from 8.87% to 15.77%. In the summer season (S1), the lowest moisture content was recorded in S1T2 (8.87%) and the highest in S1T5 (9.79%). In the winter season (S2), the moisture content was highest was observed in S2T6 (15.77%) and the lowest in S2T2 (9.22%) (Table.1). Percent change in fresh and dry gum yield was prevalent among treatments and seasons. The highest percent change in fresh and dry gum yield was observed in the chemical tapping method T5 for summer (88.27%, 85.30%) and winter season (88.28%, 86.33%), followed by T4 (84.07%, 81.41% and 84.16%, 82.45%) and T6 (76.03%, 43.85% and 76.08%, 43.65%), whereas the lowest was recorded in the mechanical tapping method (T1 & T2) (Fig. 4). Increased gum exudation at different concentrations of ethephon is probably a result of the plants' developmental response to dehydration stress caused by the ethylene released from the ethephon application, rather than from mechanical methods. Ethephon, which consists of ethylene, phosphate, and chloride ions, transforms into ethylene gas when introduced into the plants, initiating a range of developmental responses (Hall and Smith, 1995). Gum production is influenced by both internal and external factors. Internal factors that impact gum production include genetic traits and the trunk diameter, as larger trunks contain more sap channels (Harsh et. al. 2013, Wiyono et. al. 2021), tree height, and the overall condition of the tree (Tiwari and Ram, 2010). Many of these internal factors are linked to the plant's physiological activity and its response to stress. External factors affecting gum production encompass light, temperature, tapping methods, and the application of induction (Abdullah and Eqbal, 2013). Our findings are consistent with those of Bhatt and Ram (1990), who reported that higher concentrations of ethephon led to increased gum yield in Acacia senegal. Similar trends have been observed in Anogeissus latifolia with elevated ethephon concentrations (Kuruwanshi and Katiyar, 2017; Prasad et al., 2016). These results also align with studies on A. senegal and Butea monosperma in arid and semi-arid regions of India (Harsh et al., 2013; Prasad et al., 2014).
Table 1. Gum yield in M. oleifera as influenced by season and tapping methods (summer Mean Max – 45 °C and Min – 25 °C and winter Mean Max – 36 °C and Min – 14 °C )
	.Treatment
	Fresh gum yield (g tree-1)
	Dry gum yield (g tree-1)
	Moisture content (%)

	Season (S)

	S1
	151.294
	136.66
	9.59

	S2
	53.841
	47.80
	13.37

	SEm±
	0.639
	1.71
	0.15

	CD (5%)
	1.886
	0.58
	0.46

	Gum production method (T)

	T1
	30.48
	26.92
	12.88

	T2
	16.72
	14.84
	12.11

	T3
	37.99
	33.86
	11.70

	T4
	182.71
	164.92
	9.99

	T5
	243.33
	219.84
	9.50

	T6
	104.17
	93.01
	12.71

	SEm±
	1.11
	1.01
	0.27

	CD (5%)
	3.27
	2.97
	0.79

	Interaction  (S × T)

	S1T1
	41.67
	37.54
	9.99

	S1T2
	20.89
	19.01
	8.87

	S1T3
	54.20
	48.91
	9.77

	S1T4
	261.67
	237.01
	9.46

	S1T5
	355.47
	320.53
	9.79

	S1T6
	173.87
	156.95
	9.66

	S2T1
	19.29
	16.30
	15.75

	S2T2
	12.56
	10.66
	9.22

	S2T3
	21.78
	18.81
	13.63

	S2T4
	103.76
	92.84
	10.52

	S2T5
	131.18
	119.16
	15.36

	S2T6
	34.48
	29.06
	15.77

	SEm±
	1.56
	1.42
	0.380

	CD (5%)
	4.62
	4.20
	1.121
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Fig. 4. Percent change in fresh gum and dry gum yield among treatments and season.
Physical Characterization of Gum
Physical characterization determined for extracted moringa gum is very much important and determines its applicability in food, pharmaceutical and cosmetics industries. The moisture content on a dry basis was significant for the season, treatment, and their combination. Moisture content was lower in gum extracted during the summer season, ranging from 8.87% to 9.99%, compared to 9.22% to 15.77% in the winter season due to the seasonal effect (temperature) (Table 1). The lower moisture content of moringa gum obtained from both mechanical and chemical tapping methods suggests its suitability for formulations containing moisture-sensitive drugs. Maintaining appropriate moisture levels is essential as it prevents enzyme activation and the growth of microorganisms, which in turn enhances the shelf life of most formulations. Analyzing the moisture content of a material is vital because the economic value of an excipient for industrial applications relies not only on the cost-effective and readily available biomaterial but also on the optimization of production processes, including drying, packaging, and storage (Jarald et al., 2012).
The physical characteristics of both all the treatment displayed similar characteristics (Supplementary material Table 3) so we compared the characteristics in broader sense i.e. average of mechanical method versus best among the chemical methods. The gum from M. oleifera, sourced from both mechanical and chemical tapping, displayed similar characteristics regarding color and solubility. It appeared yellowish when freshly harvested and turned to brownish hue upon drying. When exposed to the environment, the gum from the M. oleifera Lam. tree changed from white to reddish brown and eventually to brownish black (Shah et al., 2011; Panda and Ansari, 2013; Panda et al., 2006; Thombare et al., 2018; Sharma et al., 2024). The gum was slightly soluble in water, forming a yellowish, slimy solution upon dispersion, while it was nearly insoluble in acetone (Table 2). 1% w/v suspension of moringa gum in water exhibited a near-neutral pH of 6.16 for both tapping methods. As a pH-responsive polymer, moringa gum can be categorized as a "smart polymer," making it suitable for applications in controlled-release dosage formulations. Its near-neutral pH suggests it may be less irritating to the gastrointestinal tract when used in uncoated tablets (Nasipuri et al., 1996), which enhances its potential for formulating acidic, basic, and neutral drugs. Understanding the pH of an excipient is crucial for assessing its suitability for formulation, as the stability and physiological activity of most preparations are influenced by pH (Table 2).
The bulk (0.86 & 0.79 g/ml) and tapped density (1.12 & 1.13 g/ml) for mechanical and chemical tapping methods provided insights into the packing, particle arrangement, and compaction profile of the material (WHO, 1998). The compressibility index was higher in the mechanical tapping method (22.60%) compared to the chemical tapping method (20.00%). A similar trend was observed in the Hausner index (1.29 & 1.25). However, the angle of repose showed the opposite response (33.42° & 34.99°). Despite these differences, the data imply that moringa gum has good flow properties with moderate compressibility for both mechanical and chemical tapping methods. This characteristic is crucial for enhancing processes that utilize this material as an excipient in pharmaceutical formulations. Unlike other plant-based gums, formulations containing this gum will require minimal modifications to improve flow properties during process development (Jarald et al., 2012; Emeje et al., 2009; Panda et al., 2008). The physical properties of chemically tapped moringa gum were found to be quite similar to those of mechanically tapped gum, indicating that using 4 ml of CAZRI gum inducer (ethephon) for chemical tapping can be advantageous for achieving higher gum yields during the summer season.
Table 2. Physical characterization studies in moringa gum obtained by different treatments.
	Particulars
	Mechanical tapping
	Chemical tapping
	Upshots and links

	Colour
	Yellow to brown
	[image: E:\Agriculture University Jodhpur\Projects\DST ASACODER project\Sanctioned ASACODER\Data DST ASACODER\Moringa field photos\Gum experiment\Gum photos\V cut gum.jpg] [image: E:\Agriculture University Jodhpur\Projects\DST ASACODER project\Sanctioned ASACODER\Data DST ASACODER\Moringa field photos\Gum experiment\Gum photos\IMG_20230603_122211_317.jpg]
Yellow      Brown

	pH
	6.16
	6.16
	[image: E:\Agriculture University Jodhpur\Projects\DST ASACODER project\Sanctioned ASACODER\Posters\Pictures\IMG_20240429_153141.jpg]
pH of gum solution

	Solubility
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	[image: E:\Agriculture University Jodhpur\Projects\DST ASACODER project\Sanctioned ASACODER\Data DST ASACODER\Moringa field photos\Gum experiment\Gum photos\Lab expt\IMG_20240427_170716_544.jpg]
a. Water    b. Acetone

	Swelling Index
	8.0
	9.0
	[image: E:\Agriculture University Jodhpur\Projects\DST ASACODER project\Sanctioned ASACODER\Data DST ASACODER\Moringa field photos\Gum experiment\Gum photos\Lab expt\IMG_20240427_170626_6631.jpg]
Swelling of gum in water

	Bulk Density (g/ml)
	0.86
	0.79
	[image: E:\Agriculture University Jodhpur\Projects\DST ASACODER project\Sanctioned ASACODER\Data DST ASACODER\Moringa field photos\Gum experiment\Gum photos\Lab expt\IMG_20240425_161206_393.jpg]
Bulk density of gum powder

	Tapped density (g/ml)
	1.12
	1.13
	https://studio.youtube.com/video/EmeWsaWlajk/edit

	Compressibility (%)
	22.60
	20.00
	

	Hausner index
	1.29
	1.25
	

	Angle of repose
	33.42 o
	34.99o
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https://studio.youtube.com/video/OCvievAg09c/edit


Conclusion
Chemical method of tapping with 4 ml/tree of ethephon (CAZRI gum inducer) during summer season found effective for higher gum production in Moringa oleifera with all physical characteristic intact in it. 
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Fig. 5. Traditional method of gum tapping
Table 3. Physical characterization studies in moringa gum obtained from different treatments.
	Tapping Method
	Mechanical tapping
	Chemical tapping

	Parameter
	T1
	T2
	Average
	T3
	T4
	T5
	T6
	Average

	Colour
	Yellow to brown
	Yellow to brown
	Yellow to brown
	Yellow to brown
	Yellow to brown
	Yellow to brown
	Yellow-brown
	Yellow-brown

	pH
	6.16
	6.16
	6.16
	6.1
	6.2
	6.16
	6.3
	6.16

	Solubility
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone

	Swelling Index
	7
	9
	8
	10
	9
	9
	8
	9

	Bulk Density (g/cm³)
	0.84
	0.88
	0.86
	0.8
	0.76
	0.78
	0.82
	0.79

	Tapped Density (g/cm³)
	1.1
	1.14
	1.12
	1.14
	1.12
	1.13
	1.13
	1.13

	Compressibility (%)
	20
	25.2
	22.6
	19
	21
	20
	20
	20

	Hausner Ratio
	1.28
	1.3
	1.29
	1.26
	1.24
	1.25
	1.25
	1.25

	Angle of Repose (°)
	32.5°
	34.34°
	33.42 o
	35.10°
	34.80°
	34.90°
	35.15°
	34.99o
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