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Elaboration of Biocide from Azadirachta indica (Neem) Leaves, Carica papaya Leaves, and Corn Starch Extracts for the purpose of Wood Protection

Abstract
Azadirachta indica leaves, commonly known as neem leaves, and Carica papaya leaves, commonly known as pawpaw leaves, are both rich in active compounds with potential insecticidal and fungicidal abilities. The objective of this work was to formulate a biocide for wood control. Extractions were done by simple maceration of neem and papaya leaf powder using ethanol/distilled water (80:20). Phytochemical screening was then carried out to determine the chemical composition of the leaf extracts. Determination of total polyphenol content was done using the Folin-Ciocalteu method. A mixture design was used to optimize the biocide formulation. Antifungal and insecticidal activities were evaluated using the pit method and the mass-loss method, respectively. The results show that extractions of neem and papaya leaf powder yielded 77.78% and 57.71%, respectively. Their total polyphenol contents were 27.5±1.3 and 17.3±0.9 mg EAG/g powder, respectively. The amylose content of corn starch was 29.45±0.38%, which conferred a sticky property. Optimization of the biocide formulation yielded the following optimal composition: 10% extracts, 10% corn starch glue, and 80% water. Evaluation of antifungal activity showed that Mucor sp. was more sensitive than Rhyzopus sp. to the formulated biocide, with inhibition diameters of 10 and 8 mm, respectively. Evaluation of insecticidal activity with doses of 15 ml and 20 ml per 200 g of wood did not result in any weight loss. Therefore, the formulated biocide could thus constitute a green, non-toxic alternative to conventional chemical products for wood termite control.
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Introduction
Wood is a natural composite material that has long been used for a variety of applications as wood, furniture and in building remove. (Solafa, 2017). According to ITTO (2007), further processing of wood leads to the manufacture of parquet flooring, moldings, furniture, and joinery. 
Despite its many advantages (lightweight, insulating properties, ease of use, aesthetic appeal, renewable nature), the latter is easily degraded by various climatic and biological factors, including microorganisms and insects (Solafa, 2017), such as fungi and termites. To increase the lifespan of wood, two main approaches have been proposed for preventive and curative treatment: the thermal method and the biocidal chemical method (EU No. 528/2012, 2012). 
Among the various wood treatment methods, the thermal method is one of the most common used. However, this method has limitations, as it modifies the most hydrophilic constituents of wood and requires long treatment periods (10-25 hours) depending on the species, thickness, and type of process applied (EU No. 528/2012, 2012). Thermal treatment also reduces wood's mechanical properties; therefore, another approach, biocidal chemical treatment, is preferred. 
In biocidal chemical treatment, a chemical product is formulated with biocidal active ingredients, molecules that fix the active ingredients to the wood, and a solvent (petroleum or water) that carries the product into the wood before evaporating. Active ingredients can be either mineral substances (metal salts) or remove synthetic substances which differ in origin and complexity. Several molecules have been developed from those compounds naturally present in wood: tannins, acids, terpenes, phenolic compounds. However the great difficulty lies in ensuring their penetration into the wood and set. Active ingredients target specific wood-degrading agents: wood-eating fungi, wood-rotting fungi, wood-eating insects, termites, etc. Treatment products can combine several active ingredients, thus covering a wide field of action. This treatment enables more effective application, and the durability conferred on treated wood depends in particular on its impregnability, the initial moisture content of the wood, the chemical used, the pressures applied, and the duration of cycles (EU No. 528/2012, 2012). The use of chemibal biocides has proven to be nosif and toxic to man’s health and also polute the environmrnt, soil and water since they originate from fossils and petrolium products nean while the use of biocides formulated fron neem plants have proven to respect the environment due to its biodegradable and non-toxic nature. 
Most studies demonstrate the insecticidal properties of neem leaf extracts, highlighting their enormous potential for controlling and eradicating insect pests (Mamadou, 2010). Several studies also show that chrysin in pawpaw leaves has antifungal activity against several pathogenic fungal species (Kim et al., 2017). Given this observation and the composition of neem and papaya leaves in metabolites responsible for insecticide and fungicide effects, the problem of pest infestation in wood, such as termites and fungi, could be addressed by developing a biocide that meets environmental standards. A merging of these two extracts is therefore presumed to have a dual protective function for wood protection, especially for wood used in interior applications (decoys and furniture). To ensure proper adhesion of our biocide to the wood after coating, a binding agent was required. Starch has been used as a binder here. The wood preservation industry has long relied on toxic chemical biocides, such as chromated copper arsenate (CCA), which pose significant environmental and health risks. This has driven research towards developing effective, renewable, and non-toxic alternatives. Starch, a natural polymer abundant in plants such as corn, potatoes, and cassava, provides a compelling foundation for developing next-generation wood preservatives. Its appeal lies in its biodegradability, non-toxicity, low cost, and renewability. More importantly, the chemical structure of starch, rich in reactive hydroxyl groups, allows it to be functionalized or used as a template to create potent antimicrobial systems (Mantanis et al., 2018). Few studies have examined the incorporation of starch as a binder in biocide formulations; thus, this was a rationale for this work. Also, determining the optimal conditions for each parameter in the biocide formulation, likewise the interactions of parameters, has not been the subject of previous studies.  
Materials and Methods
Animal material
The fungal strains used, Mucor sp. and Rhizopus sp., were obtained from the Microbiology and Food Biotechnology Laboratory (LAMBA) of the National Advanced School of Agro-Industrial Sciences of the University of Ngaoundere, in the Adamaoua region of Cameroon. The termites used were from termite mounds found on the campus of the University of Ngaoundere (7.4215°N, 13.5407°E).

Plant material 
Azadirachta indica leaves were harvested in the Djamboutou district of the town of Garoua, in the northern region of Cameroon (8.5832°N, 13.5162°E). The leaves were sun-dried for three weeks, then ground into fine particles to obtain a neem leaf powder. Carica papaya leaves were harvested at Bini in the Ngaoundere 3 district in the Adamaoua region of Cameroon (7.4215°N, 13.5407°E). These leaves were also dried in the shade for 3 weeks, then ground into a fine powder to obtain papaya leaf powder. The maize was purchased at the Bantail market in Ngaoundere in the Adamaoua region of Cameroon. This corn was sorted, winnowed, and ground to produce corn powder. Shaped wood was bought at the wood market (Madagascar district) in the town of Ngaoundere in the Adamaoua region of Cameroon (7.3382°N, 13.5668°E).
Extraction	
Extracts of neem and papaya leaves were obtained using the extraction method described by Maisa et al. (2020) with slight modifications. Thus, extraction was carried out with an ethanol/water solvent (8:2) in the ratio 1:2 (mass/solvent) at room temperature, protected from light for 4 days. After maceration, the mixtures were decanted for one hour, then filtered using Whatman filter paper. The filtrates obtained were concentrated in a rotary evaporator at 38-40ºC. Extraction was performed twice to obtain the crude extracts of neem and papaya leaves.
Corn starch was obtained by maceration of corn powder with water (1:10). The resulting mixture was homogenized for a while, then filtered through Whatman filter paper. The residue was discarded, and the filtrate (starch milk) was decanted for 10 hours. After settling, the water was removed and the pellet dried at 40°C in an oven for 24 h, then ground.
Phytochemical screening
Qualitative tests involve identifying the different families of compounds present in a plant extract to indicate their presence or absence in the neem and pawpaw leaves extracts. These tests are based on reactions of the compounds to be identified with specific reagents. The families highlighted in this work are flavonoids, triterpenes/steroids, polyphenols, tannins, and saponins.
Active molecules content
Total polyphenols content was determined using the method described by Momeni et al. (2016) with slight modifications while the Total flavonoids contents was determined using the method described by Nana et al. (2015) with slight modifications.
Making starch glue
Starch glue was made in a 500-mL beaker by adding 10 g of corn starch and 100 mL of distilled water. To the mixture, 100 mL of a soda pellet solution (0.1 M) was added. The resulting mixture was heated with continuous stirring. Next, 0.4 g borax and 2.0 g calcium carbonate were added as fillers, and heating was maintained up to 85 ºC. The fillers prevent adhesives from penetrating porous substrates. Once the mixture became viscous, heating was stopped and the product allowed to cool. Finally, 2.0 g of zinc sulfate was added to the product to extend its shelf life (Boursier, 2005).
 Biocide formulation
The effectiveness of a formulation depends on its rheological behavior. To obtain a formulation with the desired characteristics, the preparation of the biological pesticide was optimized using a mixing plan. The percentages of water, starch glue, and the mixture of the two extracts were chosen as factors for the experiment. Viscosity and spreading capacity were selected as the responses for the design tests. The choice of factor bounds (Table 1) was based on the results of preliminary tests. Table 1 shows the different proportions of plant extracts (neem and papaya leaves), starch glue, and water used in the formulation. The model validation criteria are expressed in Table 2, while the mixture experimental matrix is presented in Table 5.

Table 1: Study factors and their domains
	Factor
	Associated variable (i)
	Low level
(-)
	High level (+)
	Unit

	Plant Extract
	A
	4 
	10 
	%

	Glue
	B
	4 
	10 
	%

	Water
	C
	80 
	90 
	%



Evaluation of the rheological properties of the biocide
Measuring spreading capacity. Spreading capacity assesses the extent of the surface area to which the biocide spreads following its application to the wood. Spreading capacity is expressed as a function of the time (s) taken by two glass slides to separate from the biocide (placed between the two slides) in the direction of a certain load. The shorter the time it takes for the slides to separate, the greater the spreading capacity (Djiobie, 2018). The following formula (Eqn 1) was used to calculate the spreading capacity. 
S=     (g·cm/s)        Eq. (1)
Where S: spreading capacity; 
M: the mass of the load used (117.51 g); 
L: the distance covered by the upper blade (10 cm); 
T: time taken by the upper blade to separate from the fixed blade over a distance of 10 cm in seconds (s).
Viscosity measurement. The principle of this measurement is based on the rotational movement of a rheometer spindle in a formulation sample, with viscosity measurements taken at regular time intervals. The rheological behavior of the different formulations was determined by measuring viscosity in centipoise using a Brookfield HB-DVIII Ultra Rheometer, following a method modified from Pecky et al. (2008). The biocide sample to be analyzed was taken in a clean, dry 250 ml beaker, and the viscosity was determined by standard viscometer procedure using Spindler N°3. This was used to determine sample viscosity at 60 rpm for each measurement.
Antifungal activity 
Fungal suspensions of Mucor sp. and Rhizopus sp (1 mL) were seeded into 90 mm-diameter Petri dishes containing 20 mL Dichloran-Glycerol agar and allowed to cool to room temperature. Four (4) wells per plate were cut into the agar and impregnated with 30 µL of each dilution of our biocide in distilled water (1:4, 2:4, 3: 4) and with the undiluted extract, as well as a positive control, Xylamon. After incubation, the results were read by measuring the inhibition diameter (mm), which reflects the extract's activity against the strain. Activity is determined according to the following scale:  12 mm < zone of inhibition < 20 mm (Bouyahya, 2017).
Insecticidal activity
The insecticidal test was conducted by measuring weight loss. 27 pieces of wood, 15 cm long, 3 cm wide, 3 cm thick, and weighing 200 g were cut and divided into 03 groups of 09 pieces. Then, of these 09 pieces, 03 were the negative control, 03 the positive control (brushed with market xylamon), and 03 were brushed with the formulated biocide. Three different termite mounds, either live or active, were used as test sites. After wood was assessed by weighing each piece individually on a balance. This weight loss was then compared with the initial weight before exposure to termites (Eq. 2). Weight losses are expressed as a percentage calculated as follows: 
Weight loss (%) = initial weight -final weight / initial weight x 100    Eq. (2)

Table 2: Model validation criteria

	Validation
index
	Determination equation 
	Constant expressions 
	Validation conditions  

	Determination Coefficient
	

	
	R2 ≥ 0,90

	Adjusted Coefficient 
	Adjusted R2

	
	Adjusted R2 ≥ 0,80

	Absolute Mean Deviation Analysis 
	

	
	AADM = 0

	Bias factor
	

	
	

	Accuracy factor
	

	
	






















Results and Discussion 
Extraction, phytochemical screening, and phenolic compound assay results
Extraction Yields ranged from 57.71% to 77.78% for Carica papaya and Azadirachta indica extracts, respectively. However, in comparison with the yield value of Azadirachta indica extract (7.7%) reported by Maisa and Claudemir (2020), we observe that our Azadirachta indica yield is much higher than the former. This could be explained, firstly, by the absence of drying in our extract due to the presence of moisture in the fresh leaves; secondly, by the harvesting period; and thirdly, by differences in the nature of the Cameroonian and Brazilian soils.
Phytochemical screening: Detecting the different families of chemical compounds present in the extracts is an essential aim of phytochemical screening. The phytochemical study of Azadirachta indica and Carica papaya extracts was based on laboratory tests. The results of these tests are shown in Table 3. With the exception of alkaloids in Azadirachta indica leaf extract, we detected the presence of saponins, tannins, steroids/ terpenoids, tlkaloids, flavonoids, and polyphenols. These results corroborate those of Maisa and Claudemir (2020).

Table 3: Phytochemical composition of Azadirachta indica and Carica papaya leaves extracts.
	Phytochemical
compound class
	Azadirachta indica leaf extract
	Carica papaya leaf extract

	Alkaloids
	Absent 
	Present

	Saponins
	Present
	Present

	Tannins
	Present
	Present

	Steroids/ Terpenoids
	Present
	Present

	Flavonoids
	Present
	Present

	Polyphenols
	Present
	Present



Determination of phenolic and flavonoid compounds content. To assess the levels of active molecules in extracts prepared from Azadirachta indica and Carica papaya powders, secondary metabolites are determined. The results are presented in Table 4 below.  
Table 4: Active molecule content
	Parameters
	Azadirachta Indica
leaf extract
	Carica papaya
leaf extract

	Total polyphenols
 (mg EAG/g powder) 
	27,5 ± 1,3
	17,3 ± 0,9

	Total flavonoids 
(mg EQ/g powder)
	228,97 ± 2,80
	325,5 ± 2,4


EAG: Gallic acid equivalent, EQ: Quercetin equivalent. Values represent the mean of three (3) measurements ± SD.

Values in Table 4 show to that Carica papaya extract is richer in total flavonoids than Azadirachta Indica leaf extract, with a value of 325.5 ± 2.4 (mg EQ/g powder) compared to 228.97 ± 2.80 (mg EQ/g powder). This difference is due to the nature of the plant and climatic factors in the areas where the leaves of each plant are harvested. Azadirachta Indica leaf extract is richer in total polyphenols than Carica papaya leaf extract, with values of 27.5 ± 1.3 (mg EAG/g powder) and 17.3 ± 0.9 (mg EAG/g powder), respectively. This difference could be due to soil type and differences in climate between Garoua and Ngaoundere. Besides, neither plant belongs to the same family.
Production of starch glue
The amylose content of native corn starch is 29.45±0.38%, which is relatively high, indicating that the glue produced has good adhesive properties. 
Formulation
The results of the various formulation tests are shown in Table 5. The three ingredients used as mixing components are the mixture of the two extracts (A), the starch glue (B), and the water (C). The responses monitored during these analyses are viscosity and spreading capacity. The experimental results ranged from 7000 to 12000 g · cm/s and 40 to 60 mPa·s for spreading capacity and viscosity, respectively. The minimum value for spreading capacity (7982.85 g.cm/s) is obtained for the following conditions: A=4; B=6 and C=90, and the maximum viscosity value (59.4834 mPa.s) occurred under conditions of A=10; B=4 and C=86. Optimization was carried out to obtain the desired optimum spreading capacity and viscosity. 

Table 5: Experimental and theoretical responses of the Mixture Design for the formulation
	N°
	A
	B
	C
	Viscosity
(mPa.s)
	Spreading
(g.cm/s)

	1
	6.4
	5.4
	88.2
	50.630
	9627.1

	2
	8.4
	5.4
	86.2
	55.369
	10623.1

	3
	5.4
	8.4
	86.2
	48.213
	10352.7

	4
	5.4
	6.4
	88.2
	46.115
	9725.0

	5
	4
	6
	90
	43.994
	7982.9

	6
	6.8
	6.8
	86.4
	52.088
	10734.1

	7
	10
	4
	86
	59.483
	10554.4

	8
	4
	10
	86
	51.765
	10108.8

	9
	8.4
	8.4
	83.2
	53.992
	11050.6

	10
	10
	10
	80
	51.181
	9745.1

	11
	6
	4
	90
	52.130
	9496.8



Table 6 below shows the values used to validate the models. The models obtained were validated using the accuracy and bias factor (Af and Bf), the regression coefficient and its adjusted coefficient (𝑅2 and Adjusted 𝑅2), and the Absolute Analysis at Maximum Deviation (AADM), as described by Baș and Boyaci (2007). According to the table, the models are generally valid for both viscosity and spreading capacity.

Table 6: Viscosity model validation conditions	
	Validation index
	Value for viscosity
	Value for spread
	Acceptable value

	𝑅2
	93,52%
	96,08%
	≥90

	Adjusted 𝑅2
	87,03%
	92.17%
	≥80

	AADM
	0.13116545
	16.9942453
	AADM = 0

	Bf
	1.006534311
	1.00462433
	Bf = 1

	Af
	1.126
	1.126
	Af1 = 1



Table 7: Adjusted quadratic model (ANOVA) for viscosity and spread
	
	Viscosity
	Spreading

	Term
	Coeff
	C
	T V
	P V
	Coeff
	C
	T V
	P V

	A
	-2542
	1374
	
	
	-1214
	2102
	
	

	B
	3477
	1374
	
	
	1123
	2102
	
	

	C
	20.9
	11.1
	
	
	-5385
	1695
	
	

	AB
	-4564
	1592
	-2.87
	0.035
	4167
	2436
	1.71
	0.148

	AC
	3506
	1600
	2.19
	0.080
	1526
	2449
	6.23
	0.002

	BC
	-3665
	1600
	-2.29
	0.071
	-2419
	2449
	-0.10
	0.925


C=Coef ErT  T V = T Value  P V = P Value

Table 7 shows that only the AB interaction is significant for viscosity, as its p-value is less than 0.05. As the AC and BC interactions are not significant, they do not influence viscosity (mPa.s). It is therefore important to comment on the mathematical model below, which represents the biocide viscosity equation (Eq. 3). 

Viscosity (mPa.s) = -2542A + 3477B + 20.9C - 4564AB + 3506AC - 3665BC     Eq. (3)

From this equation, it is clear that the main effect B is almost 200 times greater than the main effect C. However, the double interaction effect AC is positive, while AB and BC are negative. This means that there is a threshold value for the proportions A, B, and C at which spreading is optimal. This threshold value for each component is recorded in the production optimum table (Table 8). Iso-response curve analysis is used to determine the influence of each factor. The iso-response curves for spread (Figure 1c,d) show variation in spread. The iso-response curve therefore shows the optimal value for maximizing spread, at 9127.48 g.cm/s.   Table 8 shows that only the BC interaction is significant, as its p-value is less than 0.05 (0.0375). As the AB and AC interactions are not significant, they do not influence the spread. It is therefore important to consider the mathematical model below, which represents the biocide spreading equation (Eq. 4). 

Spread (g.cm/s) = -12148.6A + 1123.9B - 53.8C +41.7AB + 152.7AC - 2.4BC         Eq. (4)


From this equation, it's clear that main effect A is almost 100 times greater than main effect C, while main effect A is positive and therefore increases the response. However, the double interaction effect AB is smaller than the double interaction effect AC. This means that there is a threshold value of proportions A, B, and C for which viscosity is optimal. According to Leandi (2009), iso-response curves are used to determine the influence of each factor. To this end, the viscosity iso-response curve is shown in Figures 1 a,b. Analysis of the graphs (Figure 1a,b) shows that the viscosity variation ranges from 44.8 cP to 61.0 cP. These curves are due to the significant interaction effects of AB, AC, and BC. The iso-response curve shows that the optimum value for minimizing viscosity is 50.04 cP.
Following the modeling of spreading capacity and viscosity, a multi-response approach was applied, combining the two responses to determine the optimum formulation 
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	Figure 1: Estimated response surface contours and iso-response curves for viscosity (panels A and B) and spreading capacity (panels C and D)


Following the modelling of spreading capacity and viscosity, we have the multi-response case, which combines the above two responses to obtain the optimum formulation. The best combination is obtained by selecting factor levels that maximize the desirability function within the indicated region. The values for this indicated region are recorded in Table 8, the desirability-optimization table for factors and responses.

Table 8: Production optimization
	Factor
	Low 
	High 
	Optimum 

	A 
	4.0 
	10.0 
	5.66

	B 
	4.0 
	10.0 
	4.34

	C 
	80.0 
	90.0 
	90

	Optimal viscosity
	
	50.04 (mPa.s)

	Optimal spreading capacity
	
	9127.48 (g.cm/s)



Thus, the optimum values are 5.66% for extract, 4.34% for glue, and 90% for water. Finally, to determine the influence of each factor, we use the multi-response iso-response curve analysis (Figure 2). This curve illustrates the combination of factors for which optimization is achieved.
[image: ]
Figure 2: Isomulti-response curve

Antifungal activity
To study the antifungal activity of our formulation, we evaluated the evolution of the inhibition zone diameter as a function of biocide dilution after 3 days on Mucor sp. and Rhizopus sp. We thus obtained the data shown in Table 9.  

Table 9: Evolution of biocide inhibition diameter on Rhyzopus sp. and Mucor sp. as a function of biocide dilutions.
	 
	1/4 
	2/4 
	3/4 
	0 
	Xyl

	Volume (mL) 
	2,5 
	5 
	7,5 
	10 
	2.5

	Rhyzopus sp (mm)  
	6 
	6 
	6 
	8 
	24

	Mucor sp. (mm)  
	6 
	7 
	9 
	10 
	27



Table 9 shows that Mucor sp. is more sensitive to our biocide than Rhizopus sp., as antifungal activity ranged from 7 mm to 10 mm at dilutions of 2/4, 3/4, and undiluted product, as well as  the positive control. In contrast, for Rhyzopus sp., activity is mainly dependent on the concentration of our undiluted biocide, with an inhibition diameter of 8 mm. These results show that activity depends on both concentration and strain. The inhibition diameters of our test sample, however, are far higher than those obtained with the positive control under the same conditions.
Insecticidal activity
The evolution of weight loss as a function of dose and standard deviation is shown in the figure below.
 
0
2
4
6
8
10
12
14
16
2
4
6
8
10
Weight loss (%) 
Time/Days
TP
TN
5
ml
10
ml
15
ml
20
ml

Figure 3: Insecticidal effect of biocide on termites

Although multi-purpose studies to assess the insecticidal potential of neem, papaya, and starch leaf extracts are not commonly encountered and still require much more study, we can nevertheless comment on our case study, which shows variation in weight loss as a function of dose and time (Figure 3). From this graph, we can see that after 10 days of testing, the greatest weight losses were observed in the negative control and in batches treated with 5ml and 10ml doses of biocide, with weight losses ranging from 2.95% to 5.47%. However, doses of 15ml and 20ml per 200g of wood did not induce any weight loss.
Discussion: Our biocide is as effective as Xylamon (contained in the positive control). Its mode of action could be attributed to the repellent effects of the molecules contained in neem leaf extracts. These molecules are also responsible for termites losing their appetite. Azadirachtin, neem's most active compound, is said to be anti-appetitive and paralyzes the peristaltic movements of the insect's intestine (Fortin et al., 2000). Bitter terpenoid principles, such as the quassinoids and di-terpene clerodans in neem, induce an anti-appetent effect on the chemoreceptors of insects in general, and the Reticulitermes speratus termite in particular (Tahiri et al., 2011). This would explain the lack of weight loss observed. Although neem extracts are reported to have insecticidal properties, our protocol did not yield results demonstrating this, as the mortality rate could not be determined. In 2010, Tahiri et al. demonstrated that papaya leaf extracts are insecticidal. In 2012, they showed that the insecticidal effect of low-dose papaya leaf extracts is transmitted by contact between infected and uninfected insects, leading to death. This could also explain why the treated wood didn't show any weight loss: the termites died in the termite mound and couldn't reach the treated wood, an effect not observed in the untreated negative control. Furthermore, according to phytochemical screening, the classes of molecules contained in the extracts are Alkaloids, Saponins, Tannins, Steroids/Terpenoids, Flavonoids, and Polyphenols, which may be responsible for the insect repellent properties of the extracts (Diby et al., 2015; Chuanjian et al., 2019; Nando et al., 2024).
Conclusion
Azadirachta indica and Carica papaya were studied to develop a biocide with insecticide and fungicide properties. Corn starch glue was introduced as a thickening agent. Azadirachta indica leaf extract was found to contain total polyphenols (27.5 mg EAG/g powder) and total flavonoids (228.97 mgEQ/g powder). On the other hand, L. lear extract has higher levels of total polyphenols (17.3 mg EAG/g powder) and total flavonoids (325.5 mgEQ/g powder). Phytochemical screening revealed the presence of flavonoids, saponins, polyphenols, tannins, and terpenoids in both extracts, and the absence of alkaloids in the Azadirachta indica leaf extract. Optimum spreading capacity and viscosity were obtained for a mixture of 5.66 % extracts, 4.34 % glue, and 90 % water. Evaluation of antifungal activity revealed that Mucor sp. was more sensitive to the biocide obtained under optimal conditions than Rhyzopus sp. However, insecticide tests revealed that the greatest weight losses were observed in batches treated with 5 ml and 10 ml doses of biocide, ranging from 5.47 % to 2.95 %. Also, doses of 15 ml and 20 ml per 200 g of wood did not induce any weight loss, showing its efficiency in wood treatment.
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