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ABSTRACT :Annona squamosa L. (custard apple) 

is a member of the family Annonaceaeand is a 

significant tropical fruit grown in the West Indies, 

South and Central America, Ecuador, Peru, Brazil, 

India, Mexico, the Bahamas, Bermuda, and Egypt. 

Custard apple leaves have been researched for their 

medicinal properties, which are due to a high 

degree of phytochemical diversity. These include 

phenol-type compounds, e.g., proanthocyanidins, 

consisting of 18 various phenolic compounds, 

mostly alkaloids and flavonoids. In some 

studies,Extracts from Annonasquamosa leaves 

(ASLs) were investigated for antimicrobial activity. 

Gel was made with different gelling agents in 

different ratio, ultimately the best gel bass 

combination was utilized for making final product. 

Ash value, Total ash, water and alcohol insoluble 

ash were conducted. Parameters of evaluation of 

gel viscosity, pH, spreadability, in vitro study, anti 

microbialstudy ,skin irritation, stability study, 

syneresis measurement, zeta potential, size 

distribution were conducted. Intended goal  product 

is herbal method to cure microbial infections and 

burn. 

KEYWORDS: custard apple leaves, antimicrobial 

activity , syneresis measurement. 

 

I. INTRODUCTION 
Annona reticulata Linn, popularly called  

custard apple ( Sitaphala or Sarifa ), is a member of 

the family Annonaceae. This tree fruit is grown all 

over India and also occurs in Bangladesh and 

Pakistan. It is native to South America and the 

West Indies.  It is a long-established part of 

Ayurvedic medicine used for treating several health 

problems. Herbally, it has been applied in the 

management of conditions such as epilepsy, 

dysentery, heart disorders, intestinal worm 

infestation, constipation, bleeding disorders, 

bacterial infections, painful urination, fever, and 

ulcers. It is also reported to have antifertility, anti-

tumor, and pregnancy-ending properties. 

Researchers have indicated that its leaf and stem 

extracts may exhibit cancer-curing properties. Leaf 

extract has also been purported to treat 

hyperthyroidism, a diabetic-associated condition. 

The custard apple fruit, when ripe, is sweet in taste 

and cool in effect to the body. It is a good tonic, 

builds up blood, relaxes muscles, and alleviates 

nausea and vomiting. The leaves are even used to 

eliminate lice. Researchers have isolated a number 

of bioactive compounds from this plant, including 

alkaloids (anonaine and roemerine), essential oils 

(linalool and carvone), and other chemical 

compounds with possible medicinal applications.  

The present research aims to examine the leaves 

and bark of Annona reticulata to learn more about 

their medicinal importance. 

Custard Apple leaves are from the tree 

Annona squamosa, which is also referred to as 

Sugar Apple or Custard Apple. It is a member of 

the Annonaceae family. There are numerous 

natural compounds present in Custard Apple 

leaves, including: Alkaloids (annonine, squamocin) 

– Assist in body functions ,Glycosides 

(squamoside) – Can be beneficial for health 

,Flavonoids (quercetin, kaempferol) – Function as 

antioxidants ,Terpenoids (limonene, beta-pinene) – 

Provide aroma and medicinal properties ,Phenolic 

acids (gallic acid, ferulic acid) – Possess anti-

inflammatory activity [4] . 

 

Plant Information : - Tree Name: Annona 

squamosa , Part Used: Leaves ,Where It Grows: 

Native to tropical America, now global distribution 

, How It Looks : Leaves: Long (5-15 cm), narrow 

(2-5 cm), pointed at the tip, smooth margins , 

Flowers: Small, greenish-yellow color, fragrant , 

Fruits: Green color, fleshy, hexagonal shape 

,Health Benefits : Custard Apple leaves could help 

with: Lowering blood sugar – Effective for diabetes 

,Protecting cells – Prevents damage from free 
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radicals ,Reducing inflammation – Relieves 

swelling and pain ,Fighting bacteria & fungi – 

Prevents infections ,Supports liver and heart – 

Good for overall health ,Wound healing – Hastens 

skin regeneration ,Digestion – Enhances digestive 

health ,Immunity booster – Enhances the body's 

defences ,Promoting hair growth – Fortifies hair 

roots ,Reduces stress – Used in aromatherapy 

,Insect repellent – Natural bug spray 

,Detoxification – SuppByorts the removal of toxins 

,Alleviates joint pain – Great for arthritis ,Potential 

Side Effects & Precautions ,Allergic reactions – 

Not for everybody ,Pregnant & lactating women – 

Should consult physician prior to use ,Medication 

interactions – Can impact diabetes and blood-

thinning drugs .  

 

 
Fig no 1 : - Custard apple leaves  Fig no 2 : Custard apple leaves  powder 

 

Determination of physicochemical parameter 
Ash value :The incineration residual ash is the ash 

value of the drug.Has inorganic carbonate, 

phosphate and silicates of Na, K, Ca and Mg. Such 

a high ash content signifies impurity, adulteration 

or negligence while processing the crude drug. 

Techniques for determining ash value : 

Total ash :Records total residue weight after 

combustion. Physiological ash: plant originNon 

physiological ash : sand/soil that adheres to plant 

tissue. 

%Total ash=100* Wash/W drug 

Procedure : 2-4g of sample material in previously 

ignited tared crucible. Ignite to 500- 600°C until it's 

white (carbon-free). Cool in the desiccator and 

weigh. Calculate the content of total ash in mg/g of 

material. 

Acid Insoluble Ash :Residue remaining after 

boiling total ash+dilHCl and incinerating remaining 

insoluble material. Measures the quantity of silica 

present. 

Procedure : Ash + 25ml dilHCl in crucible and 

cover with watch glass.Boil for 5 mins, rinse watch 

glass with 5ml hot water until filtrate is 

neutral.Transfer filter paper to original crucible, 

dry on hot plate, ignite to constant weight.Allow to 

cool for 30 minutes and weigh. 

Water soluble ash: Weight variation of total ash & 

residue after water treatment of total ash. 

Procedure : Total ash + 25 ml water + boil for 5 

mins.Take the insoluble material on ashless filter 

paper.Wash with hot water & burn in a crucible for 

15 mins (temp < 450°C).Weight of this residue in 

mg be deducted from weight of total ash. 

Standard Values according to Ayurvedic 

Pharmacopoeia for Annona squamosa L. : 

Total Ash -6-10%  ; Acid-insoluble ash - 2-4% 

Water-soluble extractives -  10-15%;  Alcohol 

soluble extractives - 8-12% 

 

 

 

 

 

 

 

 

     Test      Value obtained Standard value as per 

Ayurvedic 

Pharmacopoeia 

    Total Ash 

 

       9%       6-10% 

 

    Acid-insoluble ash      3.6%       2-4% 

 

 Water-soluble 

extractives 

 

     12%       10-15% 

 Alcohol soluble 

extractives 

     10.5% 

 

      8-12% 
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Fig no 6 : - Ash value 

 

Loss on drying  
 Definition- Loss on Drying is a back-

weighing application used to determine the amount 

of volatile matter present in tablets, capsules or 

bulky material. Samples are weighed before and 

after treatment, and the weight difference is 

measured. 

 

Procedure :- China dish was weighed that had 

been dried in the same conditions to be employed 

in the determination. About 1 gm of the sample 

was transferred to the dish and distributed. Place 

the loaded China dish in a drying chamber. The 

sample was dried to aweight and allowed to cool. 

The dish along with the content was weighed.The 

percentage loss of weight was calculated with 

reference to the air dried drug. 

Now, 

Weight of China dish (W1) = 62.80 gm 

 Weight of powder(W2) = 1.00 gm 

∴ W1+W2=63.80gm 

Weight after LOD (W3) = 0.99gm  

Weight of water(W4)= 1 - 0.99 = 0.01 

Loss on drying = 

 
                        = 0.01/1.00 × 100 

LOD = 1 

 

Phytochemical Analysis 

Table  : Phytochemical in hydroalcoholic extract of leaves of annona squamosal 

Sr no   Name of the phytochemical test    Annona squamosa leaf extract 

1 Alkaloid test + 

2 Carbohydrate test + 

3 Saponin test + 

4 Flavonoid test + 

5 Tannins test + 

6 Phenol test + 

7 Glycosides test + 

8 Protein and amino acid test + 

 

Materials and Methods [8] 

Collection of plant material  

The leaves of Annona squamosa (leaves )  were 

collected from  chandansawargaon , tqkaij , Beed , 

Maharashtra - 431123 

 

Preparation of plant extract : - from Annona 

squamosa leaves 

Gather the leaves of custard apple and dry 

them under sunlight. Grind them into powder after 

drying using a mixer. Prepare hydroalcoholic 

solution with ethanol and water in a ratio of 6:4. 

Weigh 10 grams of leaves powder and dissolve it in 

hydroalcoholic solution in a flask of 500 ml 

capacity. Allow it to stand for 24 hours, with 

shaking of the flask hourly. After 24 hours, filter 

the solution through filter paper into a fresh 

container. Throw away the remaining solid material 

and reserve the liquid extract for future use. 
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Fig no 3 :- Preparation of plant extract 

 

Preparation of gel base  

Carbopol 940 and methyl paraben were 

slowly dissolved with constant stirring in distilled 

water for 1hr to prevent agglomeration. For proper 

swelling, mixture was kept at room tempreture for 

8  hr. Then EDTA and triethanolamine were 

separately dissolved and stirred for 15 min and 

added to Carbopol base for its neutralization. In a 

second beaker propylene glycol was also heated at 

65  Ctempreture and 12ml distilled water was 

added to this solution. Propylene glycol and 

distilled water mixture were stirred for 10 min at 

200 rpm. The Ph of Carbopol base was made 6.7 -

6.9. The Carbopol base was continuously stirred 

while adding propylene glycol solution dropwise, 

giving gel base. 

 

Addition of extract to gel base  

With a mortar and pestle, gel base were crushed 

,liquid extract is added in gel base . 

 

Final Product – 

 Step 1 : Once the gel base has reached appropriate 

viscosity, it is mixed into the aqueous drug extract 

respectively. 

Step 2 : It is properly mixed and formulation is 

filled in the Collapsible container and sealed tight. 

 

 
Fig no 3 : - Gel base 

 

TableNo  1: composition of various gel formulation containing Annona squamosal leaves extract 

( Development of herbal gel formulation ) 
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Preparation of gel base was performed by using 

various gelling agents in different proportion and 

suitable proportion was choosen 

 

 
Combination 1 

 

 
Combination 2 

 

 
Combination 3 

 

 

Combination 4 

 

 

 
 

The carbopol 940 1 gm alone was found to 

be have optimum gelling consistency. So, final gel  

was prepared using carbopol  940 1 gm. 

 

TableNo  2 : - Control batch formulation of herbl gels 

 

 

 

 

 

 

 

 

 

 

 

 

Ingredients Quantity 

Custard apple leaf extract    2 gm 

Carbopol 940    1 gm 

Propylene glycol 

 

   5 ml 

EDTA     0.4 gm 

Methyl paraben   0.2 gm 

 Triethanolamine q.s 

  Distilled water  100 ml 
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Evaluation of herbal gel [5,7,10] 

 pH measurement 

The pH of the gel was determined by applying the 

pH paper by submerging  the paper in the 

formulation. 

 

Appearance and homogeneity 
The homogeneity and appearance were ascertained 

by visual inspection. 

 

Viscosity 

Viscosity of the gel was measured by a 

Brookfield viscometer at 12 rpm spindle speed and 

25 ◦c temperature with 64 No spindle. 

 

Spreadability 

 The spreadability of gel formulations was 

determined by measuring the spreading diameter of 

1g of  gel between two horizontal plates 

 

Washability test  

            Washability test was established by 

applying a small quantity of prepared formulation 

over the skin and then washing it with water. A 

small quantity of prepared formulations (gels) was 

applied over the skin and washed it with warm 

water. The formulations should be well washable. 

 

Drying time 

Formulation was spread on a slide and 

allowed to dry in air. The drying time was found to 

be around 8 minutes. 

 

Zeta potential& Particle Size Distribution[1,10] 

Procedure: Make a dilution of gel sample 

in distilled water of 10ppm. Run the sample 

through the instrument. 

 

Syneresis Measurement 
 For syneresis measurement, gels were 

kept at 30°C ± 2℃ and 65%RH±5%RH for 1 

month [40]. In this process, gels were spun (Remi, 

Type C854/4, R-302) at 2000 rpm for 15 minutes. 

Supernatant was decanted and weight of residue 

was taken. Syneresis readings was taken at 0, 8, 15, 

and 30 days. 

 

          Gel    Initial weight Weight of liquid    % Syneresis  

Gel on 1st day  

 

  1.35      0.03    2.2% 

  5 days     1.5     0.01    0.6% 

 8 days    1.35      0.03    2.2% 

 15 days    1.48       0      0% 

  20 days    1.56     0.04    2.5% 

 30th day    1.47   0.03   2.04% 

 

Stability studies  

Stability of formulation was checked at 40°c ± 2 , in sunlight . 

Parameter  Initial 1 Month  2 Month 

Appearance Clear   -   - 

ph 6.5-6.8   -   - 

Viscosity  5000-10000   -   - 

Spreadability Good   -   - 

Phase separation  No -    - 

Microbial Growth Absent   -   - 

Temperature 40 ± 2  40 ± 2  40 ± 2 

Humidity 75 ± 5  75 ± 5 75 ± 5 

In sunlight  Good consistency Consistency become 

thin and flowy 

 - 
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Conclusion :-Formulation should be kept at room 

temperature and away from sunlight . 

Experimental Design ( Factorial Design ) [7,13] 
Design type are full factorial design (3 – 

factor , 3- levels ) to investigate the effect of three 

independent variables on the viscosity spreadability 

of the antimicrobial gel formulation . (Box-

Behnken designs) 

 

 Independent Variables: Factor 1 (A): Carbopol 

940 (%) - 0.5%, 2.75%, and 5% 

                                                Factor 2 (B): Extract 

(%) - 2%, 3.5%, and 5% 

                                            Factor 3 (C): pH 

Adjuster (%) - 0.1%, 0.3%, and 0.5% 

 

Levels of Independent Variables:  

 

Dependent Variables (Responses): 

Response 1: Viscosity (cP) - Ranges from 1500 to 

2830 cP 

Response 2: Spreadability (g.cm/sec) Ranges from 

3.0 to 5.5 g.cm/sec 

 

Statistical Analysis: Response Surface 

Methodology (RSM): Applied to analyze the 

interaction effects of independent variables on the 

dependent variables. 

 

Software Used: Design-Expert® (version 13) 

Software Used for factorial design setup, statistical 

analysis, and generating response surface plots. 

Design model (Quadratic ) . 

 

Table No3  :- Factorial Design 

Std Run Factor 1 A 

:carbopol 

940 % 

Factor 2 B 

:Extract % 

Factor 3 C : 

phadjuster 

Response 1 

viscosity cp 

Response 2 

spreadability 

g.cm/sec 

13 1 2.75 3.5 0.3 1500 5.5 

11 2 2.75 2 0.5 1550 5.2 

9 3 2.75 2 0.1 1600 5 

6 4 5 3.5 0.1 1630 4.9 

2 5 5 2 0.3 1650 4.8 

1 6 0.5 2 0.3 2000 4.6 

10 7 2.75 5 0.1 2500 4.4 

7 8 0.5 3.5 0.5 2570 4.2 

5 9 0.5 3.5 0.1 2600 3.8 

12 10 2.75 5 0.5 2700 3.7 

3 11 0.5 5 0.3 2750 3.5 

4 12 5 5 0.3 2800 3.2 

8 13 5 3.5 0.5 2830 3 

 

Antimicrobial study :-  

Antimicrobial Analysis of Herb 

Formulation custard apple leaf extract gel (Cal 

ointment) , a polyherbal drug, was tested for its 

antimicrobial action against some pathogenic 

microorganisms like Escherichia coli, 

Staphylococcus aureus, Candida albicans, and 

Aspergillusniger. The testing involved both the 

Zone of Inhibition (ZOI) by agar well diffusion 

technique and Minimum Inhibitory Concentration 

(MIC) by standard broth dilution technique 

Results revealed that Cal ointment 

displayed moderate antimicrobial activity with 

inhibition zones of 10 mm to 12 mm, indicating 

efficacy against both bacterial and fungal strains. 

MICs varied from 500 to 750 µg/ml, with the 

formulation's efficacy being most notable against S. 

aureus, C. albicans, and A. niger. 

In comparison to conventional antibiotics 

like Gentamycin and Fluconazole, the herbal 

ointment exhibited reduced activity but strong 

enough to serve as a prospective alternative or 

Factor Low  Medium high 

Carbopol 940  (%) 0.5 2.75 5 

Extract (%) 2 3.5 5 

Ph adjuster (%) 0.1 0.3 0.5 
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additional therapy, particularly in the times of 

increasing antimicrobial resistance. 

The antimicrobial activity can be ascribed 

to the bioactive phytochemicals in the herbal 

ingredients that may comprise flavonoids, 

terpenoids, tannins, and essential oils having 

bactericidal and fungicidal activities. 

Materials and Methods 

 

1. Sample Preparation 

Cal ointment 1 g of formulation was utilized for 

antimicrobial testing. Samples were kept in aseptic 

containers and utilized without additional dilution 

unless mentioned. 

 

2. Microbial Strains Used 

Antimicrobial activity was tested against the 

following standard microbial strains: 

Escherichia coli (NCIM 2065) 

Staphylococcus aureus (NCIM 2178 / ATCC 976) 

Candida albicans (NCIM 3100) 

Aspergillusniger (ATCC 504) 

The above cultures were kept on nutrient agar (for 

bacteria) and Sabouraud dextrose agar (for fungi) 

and subcultured before use. 

 

3. Zone of Inhibition (ZOI) – Agar Well Diffusion 

Method 

Media Used: Mueller-Hinton Agar (bacteria), 

Sabouraud Dextrose Agar (fungi) 

Procedure: Agar was filled into sterile petri dishes 

and set. Microbial inoculum standardised to 0.5 

McFarland standard was uniformly spread onto the 

surface of agar. Wells (6 mm in diameter) were 

drilled into the agar and loaded with 1 ml of the test 

sample. DMSO was utilized as a negative control, 

while standard antibiotics (Gentamycin, 

Streptomycin, Fluconazole, Itraconazole) as 

positive controls. Plates were incubated for 24 

hours at 37°C (bacteria) and 48 hours at 28°C 

(fungi). Zone of inhibition was measured in 

millimeters, and results were taken as triplicate 

mean. 

 

4. Minimum Inhibitory Concentration (MIC) – 

Broth Dilution Method 

Medium Used: Mueller-Hinton Broth (bacteria), 

Sabouraud Dextrose Broth (fungi) 

Procedure: Serial dilutions of the ointment in 

DMSO were made to have concentrations between 

250 µg/ml and 1000 µg/ml. 100 µl of each of these 

dilutions were inoculated into microtiter wells that 

contained 100 µl of microbial inoculum. Plates 

were incubated for the proper conditions depending 

upon the microbial strain. MIC was defined as the 

lowest concentration of the sample that showed no 

visible growth (turbidity). 

5. Controls Used 

Negative Control: DMSO 

Positive Controls: 

Gentamycin and Streptomycin for bacterial strains 

Fluconazole and Itraconazole for fungal strains. 

 

II. RESULT 
Designing and evaluation of 

annoasquamosa leaf extract gel was successful as- 

The gel base formulation acts as a good drug 

delivery system for the drug. The gel is stable , 

fulfilling the aim of anti burn and anti microbial gel 

formulation. The drug remains stable in the gel 

base. All the standardisation procedures were done 

and results were obtained in compliance to the 

ayurvedic pharmacopoeia. Viscosity : Viscosity 

was found to be 10200-10300 cp respectively. 

Stability : The formulation was stable with its 

consistency for 2 months when kept in stability 

chamber  . Skin irritation : Negative in the study. 

Zeta potential and Particle Size 

Distribution : The particle size of the gel  was 

estimated by means of dynamic light scattering 

(DLS) method (Zetasizerver 7.13, Malvern 

Instruments Ltd., Malvern Panalytical ) equipped 

with a He-Ne laser beam with a wavelength of 

632.8 nm. Measurements were carried out at 

90°scattering angle at 25 °C. Results are expressed 

as z-average diameter (nm). 

The zeta potential of gel was estimated by 

the same Zetasizer ver7.13 Malvern Instruments 

Ltd., Malvern Panalytical instrument .Results were 

expressed as Zeta potential (mV).  
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Fig no :  Zeta potential 

 

 
Fig  : particle size distribution 
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Syneresis Measurement   

Syneresis measurement was performed to 

evaluate the stability and water-holding capacity of 

the gel formulation by assessing the extent of 

syneresis (water separation) over time. 

 

 

Stability studie 

Rapid stability tests revealed that the 

physical appearance, rheological characteristics, 

spreadability in the gelled form didn't change after 

storage for 1 month. pH found of ready gel after 2 

month storage was in 6-7 between. Rheological 

characteristics and spreadability was achieved 

consistently. Gel formulation was keeping drug 

level following 2 month of accelerated stability. 

 

 

 

 

 

 

 

 

 

 

 

Spredability 

 
Experimental Design 

Carbopol 940 (%) significantly affects 

viscosity. Higher concentrations increase viscosity 

but decrease spreadability. Extract (%) has a 

moderate effect on viscosity and spreadability. pH 

Adjuster (%) plays a minor role but influences 

overall gel consistency. Optimal Formulation 

Identified: Based on desirability function, an 

optimal balance between viscosity and 

spreadability can be achieved at moderate levels of 

Carbopol and Extract, with pH adjuster slightly 

adjusted for ideal rheology.  
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Fig : 3D Response surface  Diagram 

 

Table no 3  :- MINIMALINHIBITORY CONCENTRATION 

A.R.No Sample name MIC Value in 

ug/ml  

Microbial strain   

  Ca* An* Sa Ec 

QC/0051/25 CAL Ointment 500 500 500 500 
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Table no 4 ;- Zone of inhibition 

Sample 

name 

Zone of 

inhibition 

(mm) 

 (Values are 

mean of 

triplicate) 

   

  Microorganism  Studied    

(sample in 

DMSO) 

(conc.in 

mg/ml) 

  

 mg sample 1ml DMSO An*(mm) Mean 

(mm) 

Ca*(mm) Mean(mm) 

Cal ointment 1 1 12,13,12 12.3 12,13,12 12.3 

DMSO 

Negative 

control 

- 1 9,9,9 9 - - 

Itraconazole 1 1 20,20,19,20 19.75 18,16,17,16 16.75 

Fluconazole 1 1 18,18,19,19 18.3 18,19,21,20 19.5 

 

*Ec* :- Escherichia coli (NCIM2065)            *Sa*:- Staphylococcus aureus (NCIM2178) 

*Ca*:- Candida albicans (NCIM 3100)         *An*:- Aspergillusniger (ATCC504) 

 

 

 
 

 

 

 

 

A.R.No Sample name Zone of 

Inhibition 

mm 

(Values are 

mean of 

Triplicate ) 

    

  Microorganis 

m studied  

(sample in 

DMSO ) 

(Conc 

mg/ml) 

   

  mg sample 1ml 

DMSO 

Ec*(mm) Mean 

(mm) 

Sa* 

(mm) 

Mean 

(mm) 

QC/0051/25 Cal ointment 1 1 10,11,12 10.3 11,10,10 10.3 

- DMSO 

Negative 

control 

1  

1 

7,7,7 7 7,7,7 7 

- Streptomycin 1 1 31,31,33 31.6 30,30,29 29.6 

- Gentamycin - 1 35,37 36 34,33 33.5 
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GRAPH   ; 

-  

Comparison of Drug Extract and Amoxicillin 

 

 
Uv spectrum of Amoxicillin sodium 
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Peak at 230 nm 

 
Uv spectrum of Annoa squamosa leaf extract 

 

III. DISCUSSION 
1.Staphylococcusaureus , Escheresia coli are  

commonly found bacteria in burn wounds .Custard 

apple [ annoasquamosa L] is known for its 

antimicrobial and antiburn action due to presence 

of Alkaoids , flavonoids, phenolic acid , saponins , 

terpenoids As per the literature review.  

2.Various quantitative tests  [LOD, ash values, 

extractive values] were performed and the results 

obtained complied to the standard limit. 

3.The drug was extracted using a maceration 

process and extract was stored in an airtight glass 

container. 

4.All the standardisation and evaluation procedures 

were performed on the formulation. 

5.The formulation prepared was allowed for 

stability testing at 40°C temperatures. It was 

concluded that formulation is best stable at ambient 

temperature conditions and away from sunlight as 

it can affect its gel consistency. 

6.The drying time was found to be around 8 min 

and showed negative skin irritation complaints. 
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