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ABSTRACT 

Natural herbal ointments consist of many beneficiary properties that are promising for 

antimicrobials and antioxidants as alternative agents, thereby exerting fewer side effects and 

toxicity compared to synthetic ointments. The present study involved extracting the oil, 

quantifying the phytochemical, antioxidant, and antimicrobial activities of P. falcatus seed oil 

and A. vera extract, and incorporating its extract into an ointment excipient. P. falcatus oil 

was extracted using ethanol solvent by the Soxhlet extraction method at the optimum 

extraction temperature of (70°C), time (4 hr), solvent-to-solid ratio (17.5 v/w) and yields 

29.49% by RSM. Whereas, A.vera extract was obtained by employing a couple of oven driers 

and vacuum rotary evaporation after a clear a vacuum pump filtered liquid juice. From the 

results of phytochemical and antioxidant investigations, P. falcatus seed oil, A. vera gel, and 

its extract contain the TPC (10.25, 1.2, and 22.8) mg GAE/g of extract; TFC (1.414, 0.208, 

and 5.29) mg QE/g of extract; and IC50 values of 4.23, 22.48, and 2.68% mg/mL, respectively. 

The potential diameter inhibition activities of the extracts against MOs were determined via 

an agar diffusion assay. Aloe vera extract has exhibited a significant inhibition zone against 

all the tested MOs, especially E. coli and P. aeruginosa, as compared to its gel. However, 

P.falcatus seed oil did not exhibit the minimum inhibition diameter of the tested MOs. The 

crude extracts of P. falcatus oil and A. vera extract were instrumentally characterized by FT-

IR and GC-MS to identify the functional group and biologically active compound present in 

the extracts. From the FTIR spectral study, the existence of different functional groups that 

might be assigned to alcohols, phenols, fatty acids, and amines was observed. Whereas the 

GC-MS analysis revealed the presence of fifteen and nine biologically active components in 

A.vera and P. falcatus seed oil, respectively. Those instruments justified the presence of 

various phytoconstituents that promised therapeutic activities and applicability in different 

medicinal values. The phytochemical, antimicrobial, and antioxidant activities of the 

formulated ointment were evaluated. From its physiochemical analysis, it has a pH of 6.67, 

spreadability of 56.78 g*cm/s, and viscosity of 4122.15 cp, whereas its mean inhibition 

diameter from the least resistance to highest  sensitive against MOs in ranges are 16.66 mm to 

21 mm. The half-maximum inhibition concentration against free radicals is 1.12 mg/mL. 

Keywords   P.falcatus seed oil, A.vera extract, antimicrobial, antioxidant, ointment 
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CHAPTER ONE 

 INTRODUCTION 1

1.1 Background of the Study         

Topical drugs are formulations that comprise dermatologic substances to achieve the desired 

drug concentrations at the proper site of action to treat skin ailments. Topical formulation is an 

attractive approach to treating skin disease rather than oral drug delivery. Skin drug delivery 

systems are extensively used to provide surface effects and dermal effects(Kaci et al., 2018). 

A topical therapeutic drug might be prepared in the form of gels, creams, or ointments, 

depending on the proposed application, the preferences of the patient, stability, and 

compatibility. 

The ointment is the kind of topical medication that shows the characteristic of being viscous to 

semi-solid and offers a sustained release of the active ingredient for longer periods to the point 

of action. It is essential to choose a suitable excipient that enhances the permeation of active 

substances across the skin layers and exhibits compatibility with bioactive agents(Hussain et 

al., 2018).  PEG bases are kinds of vehicle systems that have the properties of high absorption 

capacity, promote skin tissue regeneration, and are nontoxic, biocompatible, and 

biodegradable. It is usually to contain and deliver a drug used to treat skin infections, such as 

skin irritations, bacteria or fungal infections, surgical wounds, minor cuts, scrapes, burn 

wounds, inflammation, and other skin injuries (Ghosh et al., 2019). Antimicrobial ointments 

are kinds of topical medications that contain ingredients with antibiotic, antifungal, or antiviral 

agent properties. These substances inhibit the growth of specific traits of microorganisms, 

preventing the risk of infection and promoting the healing of the skin. 

Microbial infections are one of the biggest threats to healthy skin in the current century. The 

frequencies of relapsing infectious disease and antibiotic resistance have greatly increased 

recently. The most widely spread skin infectious bacterial species are Staphylococcus aureus, 

Enterococcus faecalis, Escherichia coli, and Pseudomonas aeruginosa (Saddiqe et al., 2020). 

Those pathogenic wounds are always observed around the area of the mucous membrane, 

incision, laceration, puncture, abrasion, burn, and closed wounds (Ghosh et al., 2019).  
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Furthermore, bacterial infections typically result in the generation of reactive oxygen 

compounds (ROS) from oxygen metabolism, which harm cells and tissues (Saddiqe et al., 

2020). On the other hand, the development of ROS promotes oxidative stress that contributes 

to the aging process, cancer, and wrinkles (Ghazi, 2022).  

Moreover, extensive skin tissue damage occurs during burns, which impairs collagen 

reorganization and granulation tissue formation and induces free radical-mediated damage, 

which results in delayed tissue repair at the area of the wound, incision, and burn. Recovery 

from any burn wound needs a long hospital stay, expensive medications, and a long 

rehabilitation period (Heidari et al., 2019). One of the alternatives to treating ROS is the use of 

a topically applied antioxidant agent. Antioxidants contain several health-related benefits for 

the skin by reducing the appearance of wrinkles, aging, inflammation, and microbial growth 

and boosting the endogenous antioxidant capacity of the skin.  

Several antibiotics have been developed over time; however, the majority of these drugs have 

proven ineffective due to the emergence of multidrug-resistant pathogens. Moreover, synthetic 

drugs have often been associated with toxicity, severe side effects, and resistance                          

( Palaniyappan et al., 2023).  The occurrence of these unreal antimicrobial agents in ointments 

can disrupt the natural balance of the microbiome on the skin and increase the risk of skin 

corruption. Some of the synthetic antioxidants used in topical applications contain adverse 

effects that cause redness, itching, allergic reactions, poor chemical stability, the development 

of contact dermatitis, and skin irritations (Otang & Afolayan, 2016). The foundation of new 

antimicrobial and antioxidant formulations from natural sources has been innovative for the 

recent breakout of the resisted antibiotics of microorganisms and to avoid the drawbacks of 

synthetic antioxidants.  

According to the World Health Organization, around 70% to 95% of the world's population 

uses medicinal plants mainly for their health care (Salhi et al., 2019). At the beginning of the 

20th century, synthetic drugs were replaced by plant-derived medicinal extracts because of 

their harmlessness and fewer side effects ( Khogta et al., 2020). Natural medicines are 

becoming increasingly important in medical and healthcare products. They provide a potential 

source of different types of active constituents in the creation of an alternative, cheap and 

https://www.sciencedirect.com/topics/chemistry/antioxidant-agent
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/medicinal-plant
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effective novel therapeutic medicines (Chellathurai et al., 2023). Biologically active 

ingredients establish new functions in cosmetics since they have antioxidant, antimicrobial, 

and anti-aging properties (Agung et al., 2019; Ferreira et al., 2022). The complex mixture of 

these compounds exerts synergistic activity against multiple ranges of the targeted 

microorganisms as well as skin ROS. Recently, about 2% to 15% w/w herbal extracts were 

employed in the ointment formulation to reduce the side effects (Farhan et al., 2021). 

Plant antioxidants, such as polyphenols and flavonoids, reduce collagen degradation by 

inhibiting the concentration of free radicals in the tissues (Zouboulis et al., 2019). Phenolic 

compound components have several roles due to the enrichment of antioxidant, antibacterial, 

and antifungal properties(Ansari et al., 2019). In this circumstance, the selection of 

antimicrobial as well as antioxidant potential agents is required to inhibit both microbial 

growth and reactive species molecules.  

Moreover, polyherbal employment in the formulation would reduce the duration of therapy for 

skin infections (Dev et al., 2019). Combination uses of plant material have shown stronger 

antibacterial and antioxidant activities than their individual effects. Synergistic is the 

combination of two or more biologically active components of an extract to induce more 

chemically complex substances and aggressive actions by its diverse active principles. 

Traditionally, aloe vera extract and P.falcatus plant parts have been used to treat various 

ailments for several years. P.falcatus plant parts were employed in the treatment of 

stomachache, gonorrhea, deworming, cough, and vomiting (El-Sayed et al., 2018). In folk 

medicine, the shoot apex of its extract has shown significant anticancer activity, TPC and TFC 

(Meharie & Tunta, 2020). Aloe vera gel or extract can also provide unlimited opportunities for 

a new drug formulation with different modes of action as they contain several 

phytoconstituents. Some of the therapeutic properties of this leaf are antibacterial, antioxidant, 

anti-inflammatory, anticancer, and UV protection (Jales et al., 2022). However, P.falcatus 

seed oil has not been extensively explored for its biological activity to make a more valuable 

product. Until now, there has been no evidence about the formulation of these combined 

extracts for their topical skin care purposes. Formulation of ointment from these two extracts 

for the topical for topical antimicrobial drug could bring a new remedy to the resistance of 

clinical antibiotics in the trend year.  
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1.2 Statement of Problem 

Human skin is a complex process that is influenced by a combination of intrinsic and extrinsic 

factors. Among those factors, microorganisms and reactive oxygen compound have been 

caused a significant damage to the human skin. Synthetic antimicrobials and antioxidants were 

commonly known to treat those skin infections for several years. However, synthetic 

ingredients have derived various problems to the normal human skin and adapted with MOs. 

Currently, several synthetic antibiotics and antioxidant are becoming less effective due to the 

development of antibiotic resistance and pose several side effects. 

Many investigations have been reported regarding to synthetic antimicrobial that resisted by 

the species of Escherichia coli, Pseudomonas aeruginosa, and S. aureus. In addition, synthetic 

antimicrobial were developing a number of related skin infections (Añibarro-Ortega et al., 

2019; Palaniyappan et al., 2023).  

Moreover, antioxidants are more widely incorporated in cosmetics due to their ability to 

prevent oxidative stress on the skin and reduce cellular damage(Herbal et al., 2022). Synthetic 

antioxidants, such as propyl gallate, butylated hydroxytoluene, and butylhydroxyanisole, are 

frequently used in cosmetic care products. However, it causes several skin infections, such as 

irritation, carcinogenesis, and pulmonary toxicity  (Saddiqe et al., 2020).  

Therefore, finding a new and alternative drug from a natural plant component that is suspected 

to have antimicrobial and antioxidant potential is the solution to this problem. By focusing on 

natural, it can be minimized the potential side effects, multidrug resistance and long-term 

consequences associated with synthetic antioxidants and antimicrobial agents. 
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1.3 Objectives 

1.3.1 General Objective 

The overall objective of this study was to extract and characterization of A.vera extract, and P. 

falcatus seed oil and development of antioxidant and antimicrobial ointment. 

1.3.2 Specific Objectives 

 Preparing and extracting P. falcatus seed oil and A.vera extract  

 Studying the phytochemical, antioxidant and antimicrobial activities of P. falcatus seed 

oil and A. vera extract 

 Characterizing and evaluating the physiochemical, antimicrobial and antioxidant 

activities of ointment  

1.4 Significance of the Sudy 

Natural herbal ointment has offered many promising properties, such as anti-microbial, 

antioxidant, anti-aging, and fewer side effects compared to synthetic therapy. Currently, herbal 

antimicrobial and antioxidant topical formulations are getting attention due to several reasons 

for their application in drug formulation. Therefore, incorporating these active agents into the 

drug delivery system could improve therapeutic activities and reduce the side effects that have 

been raised by patient compliance. 

Therefore, A.vera and P.falcatus seed oils are non-toxic, non-edible, and distributed in various 

parts of Ethiopia. These two plants were commonly known for their medicinal value in 

numerous ailment treatments by traditional way. The oil obtained from these plant extracts has 

desirable biological active substances that are promising in developing cosmetic care products 

that serve as antioxidants and antimicrobials. Developing synergistic activities from these two 

plant extracts into a novel industrial antimicrobial and antioxidant ointment manufacturing is 

intended to enhance the potential utilization of the plant extracts to bring economic benefit, 

minimize the impact of synthetic antibiotics, and provide an alternative for antibacterial, 

antifungal, and antioxidant agents. 
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1.5 Research Question 

 Is it possible to produce antibacterial and antioxidant ointment by incorporating 

P.falcatus seed oil and A.vera extract? 

 At what concentration of P. falcatus seed oil and A.vera gel extract combination to be 

effective and desire in the selected ointment base. 

1.6 Scope of Study 

This study was to demonstrate the possibility of producing herbal ointment based formulation 

from P.falcatus seed oil and A.vera extract into the ointment excipient. A number of 

experimental were performed in this study based on the required number of equipment, raw 

materials, chemical and reagents. P.falcatus seed and A.vera leaf were collected and prepared 

for the extraction of extract into the laboratory. The moisture content of both the P.falcatus 

seed powder and A.vera gel were carried out by employing an oven dryer method. The 

P.falcatus seed oil was extracted at the optimum extraction condition by using Soxhlet 

extractor. While, the filtered liquid fraction of mucilage A.vera was concentrated by a rotary 

vacuum evaporator at 50 ℃  followed oven dried by 40 ℃  to get an extract of it. The 

phytochemical (TPC and TFC) and antioxidant content of P. falcatus seed oil and A.vera 

extract were investigated to determine the biological activity by using ultraviolet-visible 

spectroscopy (UV-Vis). Gas chromatography-mass spectrophotometers (GC-MS) and Fourier 

transform infrared spectroscopy (FT-IR) analyzers have been employed for the identification 

of essential compounds and functional groups of the extracted oil and extract, respectively. 

The antimicrobial activities of the extracted oil and extract, as well as the formulated ointment, 

were investigated to find out the potential inhibition of the extract against microorganisms. 

The physiochemical properties of the formulated ointment were evaluated (viscosity, 

spreadability, pH, and stability).  
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CHAPTER TWO 

 LITERATURE REVIEW 2

2.1 Overview of P. Falcatus 

2.1.1 Morphology 

Podocarpus falcatus (P. falcatus), also known as Afrocarpus falcatus, is one of the two 

endogenous conifers of Ethiopia. It is a species of coniferous tree that belongs to the family 

Podocarpaceae and is commercially known as East African Yellow Wood (Assefa et al., 

2015). It is an evergreen tree up to 46 m in length that grows in the altitude range of 1500 m to 

2500 m with an average rainfall area of 1200 to 1800 mm per year (Bruno et al., 2022). This 

inedible plant is one of the indigenous plant species found in Ethiopia and is intensively used 

for its timber purposes. The wood is also suitable for the manufacture of furniture, bakery 

boards, and confectionery trays for which non-tainting is required. 

Medicinal uses 

Traditionally, P.falcatus has important medicinal value for the treatment of different ailments. 

The stem and bark of P.falcatus were used to treat stomachache, cattle disease, gonorrhea, 

deworming and cancer(El-Sayed et al., 2018). The gum and shoot parts of the plant have been 

employed for the treatment of diabetes, cough, lung problems, and vomiting (Meharie & 

Tunta, 2020). P.falcatus also has several pharmacologically proven activities. The leaves 

contain significant antioxidants, antimicrobials, polyphenols, anticancer drug taxol, 

diterpenoids, totarol, flavonoids, and quercetin-3-O-glycoside and flavonol glycosides. 

Quantitatively, the TPC and TFC content of P.falcatus shoot apexes were 142.23 mg QE/g 

and 196.84 mg GAE/g, respectively(Meharie & Tunta, 2020). Recently, some studies have 

confirmed that it contains antitumor, antimicrobial, anti-inflammatory, and antioxidant 

activities. The crude extract of stem barks showed strong activity against S.aureus, Endophytic 

fungi of P.falcatus display remarkable activity against various phytopathogens(El-Sayed et al., 

2020). 
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2.2 Overview of Aloe Vera  

2.2.1 Property of Aloe vera Leaves  

Aloe barbadensis Miller, more commonly known as Aloe vera (A. vera). A. vera plants can 

survive continuously for more than seven years without any water, which has the capacity to 

absorb moisture from dew environments. A.vera leaves can be also categorized into three basic 

components; latex (aloin) is a bitter yellow liquid beneath the epidermis of the leaf, which has 

an active compound and a mixture of glucosides that is responsible for the skin healing 

properties (Jana et al. 2019).  The second is the fleshy inner part of the leaf, which includes the 

cell walls and organelles called pulp (parenchyma tissue), and the last component, known as 

gel or mucilage, is the viscous clear liquid found in the parenchyma cells. The viscosity of A. 

vera gel is due to the content of the sugar glucomannan (Reham et al., 2022). The pulp 

contains approximately greater than 98.5% of water, while the gel consists of about 99% water 

(Forno-bell et al., 2021). The left portion contains several compounds, including 

polysaccharides, phenolic compounds, vitamins, enzymes, and organic.  

2.2.2 Application of A.Vera Extract in Topical Formulations 

Aloe vera extract is a popular ingredient in ointment formulations due to its various beneficial 

properties, particularly for skin health. A.vera is the richest source of nutrients and bioactive 

compounds, which are responsible for their medicinal properties. Recently, about 95% of the 

manufacturing ointment industry has incorporated aloe vera extract or gel into the formulation 

(Javed & Atta-Ur, 2014). In cosmetic products, aloe vera has been used as an antioxidant 

booster, antimicrobial, penetration enhancer, wound healing, moisturizer, anti-inflammatory, 

anti-acne, sunburn relief, antiphotoaging, and cooling skin irritation effects (Reham et al., 

2022). The gel has the capability of altering the solubility properties of the stratum corneum 

and disrupting the nature of the skin lipids, thereby influencing drug diffusion across the skin. 

Provide effective curing activity and reduce the drug dose that causes side effects in the 

treatment of plaque, psoriasis, seborrheic dermatitis, acne vulgaris, and antifungal ointments.  

2.2.3 Methods of Extracting the Concentrated A.Vera Gel Extract 

The types of drying and extraction techniques can be affects the active components of the 

extract (Hossen et al., 2022; Saifullah et al., 2019). Dried aloe vera gel powder is prepared by 

the technique of either sun drying, air-drying or shed drying. sunshade and air-drying is more 
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favorable than solar drying due to maintaining the availability of bioactive component in the 

leave(Donkor et al., 2020). Freeze drying and oven drying are the two most commonly 

employed techniques to obtain a concentrated extract of either liquid form of gel (Solaberrieta 

et al., 2022). These bioactive substance are exposed to oxidation and degradation due to 

unsuitable extraction techniques (Solaberrieta et al., 2022).  

Table 2.1 Extraction methods of aloe vera gel extract 

Methods of 

extracting gel 

Methods of maceration in the 

selected  solvents  

Methods of 

Concentrating 

Reference 

Gel extract Cold maceration with occasional 

stirring for 24 hours in deionized 

water and   ethanol and filtrated 

Concentrated by a 

water bath set at 60 
o
 C 

(Yavagal & 

SV, 2019) 

Gel dried in oven 

at 80
o
C for 48 hr 

About 20 g of powder dissolved in 

200 ml of ethanol  

Evaporated by Rotary 

evaporator 

(Bhaskar et 

al., 2018) 

Pulp filets were cut 

into small pieces 

Ethanol is added to gel at the ratio 

of 3:1 v/v and filtered through a 

nylon-cloth 

Placed in Petri dishes 

and dried at 60 ◦ C in 

oven for 24 h 

(Otálora et 

al., 2021) 

Gel were cut into 

pieces 

400 ml of slime of the gel was 

prepared  

gel concentrated using 

a rotary evaporator at 

50 ◦C to get 12 g 

(Activities 

et al., 

2022) 

inner gel 

homogenized by 

mechanical mixer 

parenchyma was centrifuged at 

10,000 rpm for 30 min.  

The resulting mucilage 

was lyophilized with a 

freeze dryer 

(Alvandi et 

al., 2023) 

A.vera gel extract were effectively concentrated from 0.9 brix to 3.8 brix in rotator vacuum 

evaporation at the optimum extraction parameter of temperature (55
o
C) and time (1hr) without 

affecting the ascorbic acid that is added to the fresh gel to observe the effect of process 

variable on the most heat labile components (Mahapatra et al., 2017). 

2.3 Chemical Properties of Seed Oil  

Peroxides are intermediate products of oil oxidation that reduce the shelf life and affect 

consumer acceptance of the product. A small amount of peroxide value indicates that the oil 
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has strong antioxidant content. The iodine value measures the number of unsaturated contents 

of fatty acids and the purity of the oil. During extraction and storage, the oil can be altered by 

the release of free fatty acids because of the hydrolysis of triglycerides, which increases the 

free acidity. The acid value is often a good measure of the breakdown of the triacylglycerol 

into free fatty acids and an indication of adverse effects on the quality of the oils (Kellens et 

al., 2007). A high acid value implies that the oil has a high susceptibility to decomposition, 

whereas pharmaceutical oil must not contain any acidity at all.  

2.4 Advantages of Plant Seed Oil in Ointment Formulation 

Plant seed oil has been suggested as a good option in ointment formulations due to its ability 

to offer several advantages, such as skin barrier, skin nourishment, acne alleviation, 

moisturizing, and hydration as a result of fatty acids (Lin et al., 2018; Talianu et al., 2020). 

Short chains of free fatty acids such as palmitic acid, cis-9-oleic acid, and cis-9, 12-linoleic 

acid are good candidates for having moisturizing and antioxidant properties (A. Singh et al., 

2023; Zouboulis et al., 2019). The combination of different plants containing antioxidants 

exhibited a synergistic effect to protect the human skin against oxidative stress. The presence 

of monounsaturated free fatty acids like oleic acid enhances the permeability of other 

compounds present in plant oil into the skin by disrupting the barrier. One of the main 

problems with topical application of active ingredients is the impermeability of the stratum 

corneum barrier. In order to have the desired effect, the active ingredient not only has to cross 

this barrier, but a sufficient amount must also reach the deeper layers of the skin (Costa & 

Santos, 2017).  Oleic acid is a ω-9 unsaturated fatty acid that contains the properties of 

solubilization, percutaneous absorption enhancer, formulation stabilization, moisturizing, and 

softening of the skin (Dario et al., 2018). Olive oil, in particular, contains a huge amount of 

oleic acid rather than linoleic acid, which aids as a penetration enhancer in ointment 

formulation (Ghodke et al., 2019). Oleic acid is an enriched source of antioxidants that 

strengthen cell membrane integrity and help replace cells and tissues (Choudhury et al., 2017). 

Linoleic acid, an unsaturated ω-6 fatty acid, provides several important benefits to the skin by 

improving the skin barrier function by reducing trans-epidermal water loss, providing better 

moisturizing, significant antimicrobial activity, and promoting cutaneous regeneration. 

Moringa oliefera oil and sunflower oil are enriched with linoleic acid concentrations, which 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/natural-antioxidant
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are frequently incorporated into a topical formulation for the aforementioned reasons(C 

Shaikh et al., 2018).  

2.5 Phenolic Compound 

Natural plant antioxidants, especially polyphenolic compounds, are the most important that are 

used for topical applications. Natural occurring polyphenols had remarkably exhibited the 

capacity to scavenge free radicals without causing any side effects to the skin (Farhan et al., 

2021). Phenolic acid and flavonoids are the most abundant bioactive constituents that exert 

multiple pharmacological activities (Chellathurai et al., 2023). Polyphenolic compounds has a 

great role in healing of wound (Heidari et al., 2019). Recently, flavonoid and phenolic 

compounds have received great attention due to their higher antibacterial and antioxidant 

activity (Royani et al., 2023). Have diverse antimicrobial activity and exhibit strong 

antimicrobial activity against a wide spectrum of pathogens(Herman, 2019; Kaseke et al., 

2021). Flavonoids also contain a strong antimicrobial property(Chellathurai et al., 2023; 

Palaniyappan et al., 2023).  

2.6 Methods of Plant Oil Extraction  

An extraction technique is a method used to obtain an intended biologically active compound 

from a plant cell with high yield, quality, and minimal changes to the functional attributes of 

the constituents(Dhanani et al., 2017). There are many different processes and techniques, 

such as chemical, biochemical, and mechanical methods of extraction, employed to separate 

the oil from the seed. Therefore, it is crucial to select the appropriate extraction technique 

based on biomass properties. To date, the most important classification is between 

conventional and non-conventional extraction. 

2.6.1 Convectional Extraction Method 

Oil extraction by mechanical presses requires physical agents to release the oil from the cells 

of plants. This method cannot completely extract the oil from the cells of the seeds, yields oil 

turbidity, and leaves some residual oil in the cake (Topare et al., 2011). In addition, the total 

yield of polyphenols and flavonoids in the oil extracted was less than that obtained by Soxhlet 

extraction. Mechanical extraction could provide a lower yield of TPC (121.20 mg GAE/g) 

compared to the extraction yield by UAE and SXE, which gave the TPC recovery of 301.81 

mgGAE/g and 85.59 mgGAE/g (Thilakarathna et al., 2023).  
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An infusion is commonly used for the extraction of flavor compounds by steeping the fresh or 

dry herbal material in hot water for a period of less than thirteen minutes (<30 min). Flowers, 

leaves, and other plant parts are used for this preparation. This method is favorable for the 

extraction of glycosides and essential oils from delicate herbs and soft parts of plants (Bitwell 

et al., 2023; Malca-Garcia et al., 2019). A decoction is another method of extraction used to 

extract the tougher, harder fibrous roots and non-aromatic plant material that does not 

decompose at a higher extraction temperature in hot water for a longer period to soften the 

harder material and release its active constituents. The main limitation of decoction is yielded 

a high level of impurities within the crude extract and heat-sensitive components could not be 

operated under this extraction method(A. Kumar et al., 2023). This technique extracts more 

total glycosides as compared with other extraction methods, such as maceration, percolation, 

and Soxhlet extraction (Malca-Garcia et al., 2019). 

Infusion and decoction are also the footprints of maceration and employing heat with a water 

solvent to extract. However, maceration employs a cold infusion to extract volatile and 

thermolabile bioactive compounds. The biomass was steeped in any type of liquid for a period 

of a few weeks to months, depending on the desired maceration. The disadvantage of this 

technique is that it requires a longer duration of extraction and low efficiency (Awad et al., 

2021). The yield of extract obtained by these methods was lowest compared to MAE and UAE 

(Bitwell et al., 2023). A tincture is a type of convection extraction that is well known for the 

extraction of active chemical compounds by alcoholic solvents at the plant-to-solvent ratio 

(1:4) for 2–6 weeks. 

Steam and water distillation are the two main categories of hydrodistillation techniques. Steam 

distillation is a technique that employs a satellite boiler as a steam inducer and is maintained 

with a reflux controller to reduce the loss of sensitive volatile components prone to hydrolysis 

and polymerization. However, some constituents of oil require a high-boiling range and   a 

longer period of times for extraction due to low pressure (Talati, 2017). Whereas in water 

distillation, the biomass is steeped in hot water by providing heat through a closed or open 

steam coil within the stirrer to prevent settling and thermal degradation at the bottom. The 

laboratory apparatus recommended for trial distillations is the Clevenger system. Incomplete 

extraction, susceptibility to hydrolysis (esters), and proneness to polymerization of sensitive 



13 

 

components such as aldehydes and monoterpene hydrocarbons are some of the shortcomings 

of this method (Dhanani et al., 2017). In summary, the antioxidant activity obtained by hydro-

distillation extraction was lower (3.77%) compared to Soxhlet extraction with ethanol solvent 

(36.33%) from eucalyptus oil. This could be due to the affinity of hydro-distillation to extract 

the volatile compounds rather than the high molecular compounds (Zhao & Zhang, 2014).  

Soxhlet extraction (SXE) is the latest among the other convectional extraction methods and is 

better known for the extraction of vegetal-rich oil. The sample placed in a thimble holder has 

been extracted by freshly recycled evaporated solvent from the distillation flask. This method 

is advantageous over the others extraction due to its lower processing cost, effectiveness at the 

lab scale, and good total recovery of extracts as compared to other conventional methods 

(Alara et al., 2018). This method yields more phytochemical compounds than the maceration 

technique(Dhanani et al., 2017). However, a lower antioxidant and TPC content were 

observed (13.67% and 49.11 mg GA/g) compared to UAE, which extracts a substantially 

higher activity of antioxidants (22.8% and 63.13 mg GA/g)(Mohammadpour et al., 2019).  

The performance of the UAE is almost equivalent to that of SXE (Thilakarathna et al., 2023). 

2.6.2 Non-Convectional Extraction Method 

Microwave-assisted extraction (MAE) is the technique used to extract essential compounds by 

providing energy to the molecules based on ionic conduction and dipole rotation to destroy the 

plant cells with the aid of small traces of moisture contents. The heated moisture was 

evaporated and generated pressure on the cell wall, which helped in leaching the active 

constituents from the ruptured cells into the medium solvent. One of the main difficulties 

associated with microwave treatment is the separation of finer particles from the 

solvent(Talati, 2017). MAE is less fast, unfavorable to acidic conditions, and easily exposed to 

contamination as compared with the UAE. However, as compared to other extraction methods, 

it is more economical, environmentally friendly, and less time-consuming in terms of solvent 

amount(Kaseke et al., 2021). Maximum antioxidant activity of extract was observed by MAE 

extraction rather than Soxhlet extraction(Karami et al., 2015). Nevertheless, it has some 

limitations in the extraction of polyphenol compounds and heat-sensitive polyphenols such as 

anthocyanins and tannins (Kumar et al., 2023). 
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Ultra-sound-assisted extraction (UAE) is another non-convection extraction method that is 

available as an ultrasonic bath or ultrasonic probe based on the choice of extraction. It uses a 

high-pressure difference wave, which induces an alternative compressing and stretching of 

molecular structure near the liquid-solid interfaces, to break down the cell. Operating at 

suitable extraction temperatures for thermolabile components and lower extraction periods 

with high extraction efficiency (Belwal et al., 2018). However, ultrasound-assisted leaching, a 

lack of solvent recovery system, extended the duration of rinsing equipment after extraction, 

and increased the risk of losses or contamination of the extract(Kaseke et al., 2021). Moreover, 

the UAE also generates ROS, which results in lowering the concentration and degradation of 

some of the suspected compounds (Belwal et al., 2018). 

2.7 The Effect of Extraction Parameters against Phytochemical activities 

 The quantity and quality of oil from the plant depend on the selection of parameters, such as 

temperature, time, particle size, and types of ideal solvents. The ratio of liquid to solid had no 

statistically significant effects on the yield of phytochemicals, but sufficient solvent volume is 

required to enable proper hydration and swelling of solid particles (Che Sulaiman et al., 2017; 

Solaberrieta et al., 2022). Smaller particle size and drying have been chosen for oil extraction 

due to the greater interfacial area, softening the tissues and lowering the viscosity of the oil 

(Daniel Alemu et al., 2022).  

Criteria for an ideal solvent for a certain pharmacologically active constituent should be highly 

selective for the compound, not react, have a low price, and be harmless to man and the 

environment. The polarity degrees of the solvents significantly affected a single bioactive 

constituent that was present in the plant extracts. Solvent types determine the type and 

quantity of active constituents in plant materials (Hossen et al., 2022). Polar solvents are used 

to extract phenolic compounds, glycosides, and saponins, whereas non-polar solvents are used 

to used to extract a fatty acids and steroids. Most polar solvents are used in the extraction of a 

wide range of polar compounds as they interact with polar molecules. Ethanol is the best 

appropriate extraction solvent for polyphenol extraction and is safe for human consumption, 

whereas methanol solvent is more suitable for the extraction of lower molecular weight 

polyphenols (Do et al., 2014). 
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Temperature increases the diffusivity of oil from the cells, reducing the surface tension and oil 

viscosity. In that way, it improves the extraction rate and the yield of oil recovery. Much of the 

total polyphenol compounds are extracted at higher extraction temperatures. This is due to the 

breakdown of lignin-phenolic acid bonds, which gives rise to more phenolic acid. Mostly, the 

highest total polyphenol and oil yield are observed in the temperature range of 60°C to 80°C 

by the Soxhlet extraction method(A. Kumar et al., 2023). However, some phenolic compounds 

are reduced to greater than 70°C due to the thermal degradation of some phenolic compounds. 

According to some previous studies conducted on P. falcatus seed oil extracted by aqueous 

methods, a significant oil yield was shown at an extraction temperature of 70°C to 

80°C(Daniel Alemu et al., 2022).  

Time is a key point for the minimization of costs and the development of a better process. 

Extraction times that are too long or too short can lead to either lower yields or lower-quality 

extracts. Exposing the biomass to the solvent for a sufficient time would allow the desired 

compounds to migrate into the solvent(Che Sulaiman et al., 2017). The maximum yield of 

phenolic compounds was observed at the extraction time of six hours (6 hr) by the Soxhlet 

extraction method from licorice root(Karami et al., 2015). Too short an extraction time might 

lead to incomplete extraction of oil (under-extraction), which can result in a lower yield and a 

poorer quality extract. Whereas too long an extraction time (over-extraction) causes the extract 

to degrade and remove thermolabile compounds (Mahmud et al., 2019).  

2.8 Optimization Methods of Oil Extraction  

There are two most commonly used optimization studies. These are one factor at a time and 

response-surface methodology (RSM). In a single-parameter study, a one-factor-at-a-time 

approach was used to find the best operating conditions and achieve the desired limits for each 

factor(Mohammadpour et al., 2019). It is the technique of changing a single factor at a time 

while the other factors are set to be constant. The objectives of this are to determine the 

ultimate working ranges of level for one factor that provides the desired response. The 

optimum level of a factor is determined based on certain levels of other factors. However, it 

does not estimate the interaction between the levels of each factor. To determine the 

interaction effect of the process variable, an RSM is employed. It uses several mathematical 

and statistical techniques to model, analyze, and optimize the response by evaluating the 
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relative significance of variables that influence the interest response(Zhao & Zhang, 2014). 

Reduce the number of experimental runs and generate reliable results. A regression model can 

correlate the correlation between the input parameters and response. To confirm the results, 

sets of experiments were carried out in triplicate under the selected optimized 

conditions(Ngomade et al., 2023).  

2.9 Agar Well Diffusion Assay 

The agar-well diffusion method is used to determine the antimicrobial activity of plant 

extracts. Disc diffusion offers advantages over the others due to its simplicity, low cost, and 

ability to test an enormous number of microorganisms. About 6 mm of paper discs were 

placed in a beaker covered with aluminum foil and sterilized in an autoclave at 121°C for 15 

minutes. The paper disc was placed into four variable extract concentrations for a given time 

in order to allow the solvent to diffuse. The paper discs were transferred by sterile loop to 

media seeded with a spore suspension of MOs. The Petri dishes were incubated at 27°C for 3 

days for fungus and at 37°C for 24 h for bacterial tests (Guluma et al., 2020). The wells are 

separated by not less than 20 mm from each other and 10 mm from the edge of the plate. The 

potential strengths of antimicrobial agents were categorized into four and explained in the 

range of less than 8 mm as being less sensitive, 8 mm–14 mm as active, 14–19 mm as very 

active, and those greater than 19 mm as extremely sensitive (Bendjedid et al., 2021).  

2.10 Skin Infection 

Skin guards the internal organs of the human body from numerous harmful stresses induced by 

environmental factors. The main skin ailments that affect humans’ skin are psoriasis, 

microbial infection, aging, wrinkles, allergies, seborrheic, and discoid eczema. Among them, 

skin aging, fungus, and bacterial infection are the most frequently observed on human skin. 

Nowadays, about 70% of the bacteria that can cause an infection are resistant to at least one of 

the drugs mostly used for treatment. Prolonged or excessive use of antimicrobial ointments 

can lead to the development of antimicrobial resistance. This occurs when microorganisms 

adapt and become resistant to the effects of the active ingredients in the ointments. Many 

investigations have been reported regarding multidrug-resistant bacteria; among them, 

Escherichia coli, Pseudomonas aeruginosa, and S. aureus species are currently developing a 

broad spectrum of high resistance to antibiotics and causing a number of skin infections 
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(Añibarro-Ortega et al., 2019). These bacteria commonly causing various cutaneous infections 

such as cellulites,  impetigo, bacteremia, folliculitis, furuncle, endocarditis, carbuncle, and 

abscess(Otang & Afolayan, 2016; Saddiqe et al., 2020). Candidiasis is considered to be the 

second most prevalent fungal skin infection in humans caused by Candida species, which are 

observed in the dermatomycoses of nails, hands, and feet. Fungal infections general 

characterized by eczema, ringworm, dermatitis, skin rashes, and inflammation. Fungal skin 

infections may be classified as superficial or subcutaneous mycoses. A superficial fungal 

infection involves the outer layer of skin, i.e., the stratum corneum, mucous membrane, nails, 

and cuticle of the hair shaft (Ansari et al., 2019). 

2.11 Topical Drug Delivery 

A topical drug is a formulation that contains a dermatologic agent to achieve the desired drug 

concentrations at the proper site of action to treat cutaneous disorders of the skin with a 

reduced systemic drug concentration. It prevents the reaction between the encapsulated 

ingredient and other molecules in the product matrix(Costa & Santos, 2017). Skin drug 

delivery systems have been widely used and provide for several purposes, such as surface 

effects, dermal effects, and systemic effects, as well as deeper tissue anti-inflammatory drugs 

(Kaci et al., 2018). The selection of the route of treatment depends on the severity of the 

disease and the comorbidities of the patient. The topical route is largely preferred due to the 

dermal nature of the disease, ease of application for the patient, minimization of systemic side 

effects, and lifelong use of medication to manage the disease. 

Topical and transdermal application is an attractive strategy to treat disease rather than oral 

drug delivery. Topical products have a localized effect rather than systemic effects. In the 

transdermal delivery system, the drug is transported through the epidermis layer, followed by 

diffusion into the viable dermis, and ultimately reaches the systemic circulation to achieve 

therapeutic levels(Manna & Rudra, 2020).  However, the delivery of drugs across the skin is a 

laborious task and requires the aid of external agents or carrier systems for efficient 

permeation. Burst and sustained release are two major features that should be associated with 

cosmetic delivery systems. Burst release is important to improve the penetration of active 

molecules, while sustained release is required to supply the skin for long periods. Therapeutic 
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drugs might be prepared in the form of gel, lotion, cream, or ointments to satisfy the 

preferences of the patient and physicians.  

Herbal cream and ointment formulations were used in burn wound healing(Heidari et al., 

2019), simple ointment in the  incision and excision wound healing(Ghosh et al., 2019; 

Mahajan & Itankar, 2020). However, in the drug release study, herbal antifungal hydrophobic 

base showed minimal release or diffusion of the flavonoids compared to the PEG-based 

hydrophilic formulation(Ansari et al., 2019). 

2.11.1 Emulsion 

Emulsions are colloidal mixtures of two immiscible phases: a dispersed and an external phase. 

Stable emulsion comes with the aid of high-energy approaches such as ultrasonication, high-

pressure homogenous emulsion, microemulsion, emulsification solvent evaporation, 

emulsification solvent diffusion and solvent injection, and phase inversion(Kumari et al., 

2022). However, emulsion has some drawbacks, such as poor storage stability, size 

distribution, poor drug payload, and high manufacturing costs(Garg et al., 2020). To reach 

kinetically stable emulsification, increasing the viscosity and adding electrolytes are used to 

attain the immobilized dispersed phase droplets. 

Cream 

Creams are semisolid emulsions that are thermodynamically unstable. It might be prepared as 

hydrophilic, which contains large amounts of water in its external phase and offers advantages 

such as moisturizing, hydrating, and emollient. While hydrophobic creams contain a water 

droplet in the internal phase of oil that can provide intensive moisturization and a barrier effect 

for dry skin, Cream requires the inclusion of an emulsifier agent that is responsible for keeping 

the two immiscible phases together in a stable form. A cream has less thickness, less greasy 

consistency, and better spreadability over the absorption site than ointments. However, 

sometimes it causes severe allergic reactions and clogs the pores, resulting in blackheads 

(Ojha et al., 2022). There are different types of creams, like cleansing, cold, vanishing, 

massage, hand, and body creams. 

2.11.2 Gel 

The gelling vehicles used in the gelation formulation are mostly at concentrations below 15% 

w/v to increase the surface tension and prevent the flow of the solvent. The movement of the 
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dispersed phase is restricted in the three-dimensional networks of gels. Based on the physical 

state of the gelling agent, the gels are classified as hydrogels, which are prepared from water-

soluble materials, have the potential to take up and hold significant quantities of liquids and 

fluids, and can encapsulate and distribute therapeutic agents of hydrophilic drugs. The two 

types of natural gelling materials for hydrogel formulation are polysaccharides like dextran, 

hyaluronic acid, and chitosan, and proteins like gelatin and collagen. Hydrogel is an attractive 

delivery system as it can be easily manufactured and suitable for drug delivery; however, 

hydrophobic drug delivery is limited and less able to cross the stratum corneum(Ojha et al., 

2022). Organogels are capable of dissolving hydrophobic drugs and increasing their 

permeability through the stratum corneum. The main drawback of organogels is their oily 

nature, which hinders their removal from the skin after application because of their stickiness 

and oily residues, leading to lower patient compliance. The manufacture of bigels includes the 

separate preparation of the hydrogel and organogels, thereby subsequently mixing. Organic 

solvents that have been employed in the formulation of bigels for drug delivery are jojoba oil, 

palm oil, liquid paraffin, isopropyl palmitate, caprylic/capric triglyceride and PEG-400 

(Martín-Illana et al., 2022). Bigels have also been developed containing organogels based on 

Carbopol and polyethylene glycol (PEG-400) (Martín-Illana et al., 2022).   

2.11.3 Ointment 

Ointments exhibit excellent thermodynamic stability and less likely phase separation. 

Ointments are classified into emollient, medicated, and non-medicated types based on their 

uses. Ointments are semisolid formulations that could be desired to treat a certain topical 

ailment. Ointments are more commonly used for the delivery of medication than skin care 

products(Palefsky, 2010). A compound ointment formulation allows you to blend a wider 

range of active and non-active ingredients than a simple ointment. The synthetic ointment 

contains less than 20% water and greater than 50% hydrocarbons, waxes, or polyethylene 

glycols as the vehicle for external application. 

2.11.3.1 Properties of Ointment 

The selection of the proper vehicle, pH, and viscosity is important to achieve the desired drug 

agent without affecting the skin condition or the formulation. Temperature and relative 

humidity are the main factors that affect the stability of an ointment. The pH of ointments is 
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another quality factor that can affect the stability of products. Extremely acidic or basic 

conditions of the ointment hurt the normal body of the skin. Therefore, a pH that is compatible 

with the human skin usually ranges from six to seven (Odeniyi et al., 2020). The viscosity of 

an ointment plays a major role as it maintains ingredients in the applied area of the skin and 

affects its spreadability, thereby facilitating drug diffusion through the ointment. extending the 

residence time of the formulation on the skin by increasing viscosity (Ugur Kaplan et al., 

2019). Less sticky nature of ointment easily distributed to the damaged skin area by small 

force of action. Evenly distribution of mixing the ingredients renders to reduce the granules 

and control releases of biological active component.  

2.11.3.2 Types of Ointments Bases 

The ointment can be prepared into three or four types depending on the type of ingredient 

used. Therefore, the amount and type of ingredient employed in the formulation determine the 

types of ointments produced. Hydrocarbon bases provide emollient and protective properties 

and remain for prolonged periods on the site of action. It is difficult to incorporate aqueous 

phases into hydrocarbon bases and is limited in use due to its greasy and sticky nature(Ojha et 

al., 2022). Whereas, absorption bases has relatively less emollient properties, and contain a 

small amount of water. Both hydrocarbons and absorption bases are difficult to remove from 

the skin due to their hydrophobic nature. A water-removable base is a type of oil-in-water 

emulsion that has a large proportion of aqueous with the aid of suitable emulsifying agents. A 

water-soluble base is a type of hydrophilic ointment that is easily removed from the skin due 

to its good water solubility. Ultimately, the choice of ointment excipients will depend on the 

specific formulation and application. 

2.11.3.3 Selection of Appropriate Ointment Base  

The choice of appropriate excipients or vehicles for an ointment formulation depends on the 

specific requirements of the medication, compatibility with active components, stability, 

contact duration on skin and its intended use (Farhan et al., 2021). The main advantage of 

bases in the ointment formulation is to provide thickening to control consistency, maintaining 

stability, emulsion integrity and be sure of compatibility with the other ingredients. Some of 

viscosity increasing bases are; some fatty esters, paraffin types, vegetable gums, polyethylene 
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glycol derivatives, and mineral thickeners. The following table describes physicochemical 

properties, stability and percent of base used in ointment formulation.  

Table 2.2 Characteristic and percentage of base used in ointments formulation 

Synonyms Physiochemical properties Reference  

Propylene 

glycol 

Emollient  

(5 – 15)% 

(Anjum et al., 2023; 

Uronnachi et al., 2022) 

Hard paraffin Used in hydrophobic or water in oil creams 

insoluble in water 

Melting from     47 – 65 ° C 

5% is used in ointment 

(Ajala et al., 2016) 

soft paraffin 

 

Insoluble in water  

avoids water evaporation and emollient 

Up to 50%  are used in ointment 

Melting in range of    38 – 60 ° C 

( Elzayat et al., 2018; 

Talekar et al., 2017) 

Polyethylene 

glycol ( PEG) 

Preparation of hydrophilic ointments and creams 

PEG < 1000 melted over 37 – 40 ° C;                

PEG > 8000 melted from  60 ° C– 63 ° C 

PEG 400 (7.5 - 69.9) %  in cream formulations  

PEG 4000 (84%  ) used in ointments 

(D’souza & Shegokar, 

2016) 

Emulsifying 

Wax 

Insoluble in water 

30%  used in ointment and 10%  creams 

Emulsifying agent, stabilizer and gives thickness  

Melting from   (61 – 65 )° C 

(Talekar et al., 2017; 

Krishanu, 2021) 

Cetostearyl 

alcohol 

Insoluble in water and melts over 55 – 60 ° C 

Stiffening, viscosity enhancing, and emollient  

Weak emulsifying properties 

(5 – 8)% is used 

(Joshi et al., 2019) 
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Hydrocarbon bases are anhydrous substance particularly has some important characteristic, 

such as inert, protective barrier, improve skin hydration, emollient and non-reactive nature. 

Paraffin is a set of saturated alkane of hydrocarbons that may be observed in the form of hard, 

soft, and liquid paraffin. Generally, it is not desirable to incorporate a water phase into an 

anhydrous ointment base due to not contain the needed emulsifiers resulting in attempts 

instability, promotes microbial growth and susceptible to an individual who having a skin 

sensitivities. 

Polyethylene glycol (PEG) base has an emulsifying property that helps to solubilize both 

water-soluble and oil-soluble ingredients to make stable emulsion (D’souza & Shegokar, 

2016). It has a high absorption capacity, promote the regeneration of skin tissue, nontoxic, 

biocompatible, better stability in the swelling environment and during storage, (Vasowala et 

al., 2024). Depend on its molecular weight and concentration, PEG bases can provide a range 

of consistencies with diverse characteristics, which allowing for the creation of ointments, 

creams and lotions. The ointment formulated at the ratio a mixture of 70 % PEG-400 and 30 % 

PEG 4000 is to prepare a semi solid base. PEG ointment base has an excellent carrier and 

exhibits a synergistic action when loaded along with a therapeutic agent. Incorporating 

vegetables oils into a PEG base offer benefits such as enhances moisturization, emollience and 

occlusiveness. PEG has been much more explored with other co-polymers in the form of 

topical medication to treat diseases namely wound healing, antimicrobial activity and 

psoriasis. It can be applicable in the treatment of wound pathogenic microorganisms (A. M. 

Donkor et al., 2020), skin infection bacterial and fungus (Donkor et al., 2016; Punareewattana 

et al., 2023) and psoriasis  (Vasowala et al., 2024) in the form of ointment. Its efficacy of 

wound healing potential is better effective than Carbopol 940 gel formulations (Shukla & 

Kashaw, 2019).  

2.11.3.4 Basic Ointment Formulation 

Ointment formulations made from herbal medicines can be prepared by extracting the desired 

extract from the plant parts and incorporating them into an ointment base. A suitable base for 

herbal ointment formulation is selected based the compatibility of extract (Fahimi et al., 2016). 

The three most important techniques of ointment preparation are levigation, trituration and 

fusion are frequently used to incorporate the drugs, aqueous and oil phase components into the 
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ointment base. Selections of those methods are depending on the type of bases, solubility and 

stability characteristics of active pharmaceutical ingredients. Levigating is the method usually 

used for the incorporation of small quantities of dried insoluble coarse substance into molten 

bases with a continuous rubbing. In other hand, fushion is the method applied to when drugs 

and other solid medicaments are melted together in their descending order of melting point. At 

the end, trituration is the techniques employing for insoluble kinds of finely medicated agent 

are grounded in small amount within a bases followed by geometric dilution. Oleaginous 

ointments are prepared by both levigation and fusion process. When the ointment base is a 

type of hydrophilic preparation, a levigating agents, such as alcohol, glycerin, liquid PEG or 

propylene glycol are used to incorporate or disperses the hydrophobic components into the 

internal aqueous phase otherwise it should be use a hydrophobic levigating agents(Choudhury 

et al., 2017). A hydrophobic emulsifying agent is sometimes employed in the case of large 

amount of water incorporation into hydrocarbon bases under levigation. The aqueous phase 

and oil phase were separately heated in the temperature range of 70℃ to 80℃ and finally 

mixed with continues stirring in less than five minutes in a water bath. 
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CHAPTER THREE 

 MATERIAL AND METHODS 3

3.1 Equipment and Materials 

Round bottom flask, electric weighting balance, digital pH meter, beaker, test tubes, aluminum 

foil, pipette, Petri-dish, spatula, what- man filter paper, measuring cylinder, sieve, Erlenmeyer 

flask, thermometer, oven drier, conical flask and heating mantle 

3.1.1 List of Reagents and Chemicals 

Distilled water, 96 % Ethanol, 99% Methanol, hexane, chloroform, 2,2-diphenyl-1-

picrylhydrazyl, phenolphthalein, glacial acetic acid, Folic Ciocalteu, Gallic acid, sodium 

carbonate, starch, potassium iodide, sodium thiosulphate, Aluminum chloride, potassium 

hydroxide and Mueller Hinton agar. 

3.1.2 Apparatus / Instruments 

Soxhlet extractor, Rotary evaporator, Viscometer, Ultraviolet-visible spectrophotometer, Gas 

Chromatography - Mass Spectrometry, and Fourier Transform Infra-Red Spectrophotometer. 

3.1.3 Microorganisms 

The activities of extracts and ointment were tested on gram-positive strains (Staphylococcus 

aureus, Enterococcus faecalis) and gram-negative strain (Escherichia coli, Pseudomonas 

aeruginosa) and a single fungus (Candida albican). These microorganisms were obtained 

from Microbiology Laboratory of Biology department of ASTU.  

3.2 Methods 

3.2.1 Raw Material Collection of P. Falcatus Seeds 

The matured seeds of P. falcatus seed were collected from the ground surface around the P. 

falcatus tree that found in ASTU. The seed dried using sun drier with frequent spreading to 

control fungal growth for two weeks. The hard-outer shells of epicarp and mesocarp manually 

decorticated.  The seed was pulverized to a powder using an electrical grinder into four ranges 

of particle size.  
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Figure 3.1 The process of matured pod seed to the kernel seed of P.falcatus seed 

3.2.2 Size Reduction 

Particle size analysis was conducted to attain the desired size and achieving the maximum oil 

yield. The powdered seed was sieved with different sieves sizes starting from 0.75 mm to 2 

mm in range.  

 

                        Electrical grinder        Grounded seed                Sieve shaker  

Figure 3.2 The grounded seed of P.falcatus that sieved at different particle size 

3.3 Overview of Experimental Frame Work  

In this study, various experimental work was conducted by extracting P. falcatus seed oil 

and A.vera extract under different extraction methodologies. The extracted plants extracts 

were investigated for its phytochemical, antioxidant and antimicrobial contents. The extracts 

were also characterized instrumentally by GC-MS and FT-IR spectra for the identification of 

essential compound and functional group of a molecule’s. The desired amounts of plant 

extract were incorporated into PEG ointment for the development of herbal-based antioxidant 

and antimicrobial ointments. The following process block diagram (figure 3.3) describes the 

experimental design of the whole process carried out at the laboratory stages. 

 

 

  

. 

•Matured P. falcatus seed  

. 

•Dried P.falcatus seed                                         

. 

•P.falcatus seed kernel                                         
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Figure 3.3 Process block diagram of the experimental work 
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3.4 Optimization of the Extraction Parameters of  P.Falcatus Seed Oil 

3.4.1 Study of One Factor at a Time  

Before studying the interaction factor, a one-factor-at-a-time was conducted to reduce the 

number of experiments required to optimize the oil yield.  The five mostly affecting the 

extraction parameters within their ranges are; time (2 - 8) hr, temperature (60 – 80)℃ , solvent 

to solid ratio (5– 25)v/w, particle size in ranges (0.75 - 2) mm, and solvents type (methanol, 

ethanol, chloroform & hexane) were selected for the extraction of optimum TPC and oil yield. 

The three most important parameters that were exerting a greater impact against TPC yield 

were further studied for the extraction of maximum oil yield at their suitable levels by RSM.  

3.4.2 Response Surface Design  

Box-bhenken design (BBD) is used to investigate the effects of the three independent factors 

to get the maximum oil yield. The three major factors affecting the yield were selected based 

on their preliminary extraction study. Ethanol solvent selected for the extraction of P.falcatus 

seed oil. 

Table 3.1 Optimization of the extraction parameters for P.falcatus seed oil 

Factor Name Units Low level High level 

A Time Hr. 2 4 

B Temperature ℃ 65 75 

C Ratio V/W 12.5 17.5 

Generally, 20 g of P.falcatus seed powder (grounded) was employed at each trial of extraction 

with a variable ratio of ethanol solvent at 250 mL, 300 mL, and 350 mL in a 500 mL flask 

according to the Soxhlet extraction method. After the extraction, the solvent was removed 

from the desired extract by rotary vacuum evaporation at a temperature of 40 °C to obtain the 

final free ethanol oil extract. 

3.5 Preparation of A. Vera Extract 

3.5.1 Extraction of A.Vera Extract  

The preparation of crude A.vera extract was carried out according to (Manye et al., 2023) with 

slight modifications. A.vera leaves were transported to the laboratory in the plastic bag and 

any soil residues was washed with distilled water. The roots, rind, and shoot of the leaves were 
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removed, and the inner gel-like tissue was isolated with a sterilized knife as shown in Figures 

3 .4. 

 

 

        

 

Figure 3.4  The process pictures of extracting aloe vera gel extract 

A.vera gel were homogenized using a blender and dissolved in distilled water at the ratio of 

1:1 for 48 hr. Thereafter, the filtered aloe vera juice was concentrated in a rotary evaporator at 

the temperature of 50°C. The extract were further dried in oven at the temperature of 45℃. 

The dried crude extract was then placed in a refrigerator for further use.  

3.6 Moisture Content Determination 

The dried petridish in the oven at 105°C for 20 minutes was weighed after it cooled. The 

samples were dried in an oven at 105°C by frequently measured until a constant weight was 

maintained. Whereas, A.vera gel was dried at 50°C for 24 hours, and finally, the percentage 

weight of A. vera gel was determined in both water and dry matter contents.(Palaniyappan et 

al., 2023).  

Moisture contents (%) =    
Wo−W1

Wo
∗ 100   ............................................................ (1) 

            oW  = Initial mass of the sample + crucible (g) 

             1W  = Mass of crucible + sample after drying (g) 

A.vera leaves A.vera rinds A.vera pulp Pulp blender Gel mixer

 
 A.V Leaves 

Vacuum filter A.vera fiber A.vera Juice Vacuum evaporator Oven dried  
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3.7    Determination of the Extract and Oil Yield  

The P.falcatus seed oil yield was expressed as the weight of the extracted oil per grounded 

seed weight (Bruno et al., 2022). Whereas, aloe vera extract was determined as the percentage 

weight of the extract to the gel weight and expressed as the following formula:  

Oil yield (%)  =  
Mass of extracted oil

100
Initial mass of sample

   .......................................................... (2) 

3.8 Physiochemical Determination of P. Falcatus Seed Oil 

3.8.1 Specific Gravity Measurement 

The density of oil samples was determined using a pycnometer with a 50 mL capacity. The 

dry empty pycnometer, with oil and with water was weighed. The specific gravity was 

determined according to the following equation (Nduka et al., 2021). 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 =
𝑊1− 𝑊0

𝑊2 −𝑊0
  ..................................................................................... (3) 

     W0 = dry empty glass weight,  

    W1 = glass within oil 

     W2 = glass within a distilled water 

3.8.2 Acid Value Determination 

A 0.5 g of an oil sample was added to 20 mL of absolute ethanol. Around 3 drops of 

phenolphthalein was added and the solution titrated using 0.1 M potassium hydroxide until 

pink colour observed. The acid value was calculated by the following equation. 

Acid value =
56.1×Titre value×N of KOH

Sample weight
  .............................................................. (4) 

Titre value = Milliliters of KOH  used                                          

N = Normality of KOH  
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3.8.3 Determination of Iodine Value  

The visual method was used with some modification based on the procedure of (Tubino & 

Aricetti, 2013). A 0.15 g of oil was dissolved in 15 mL of 96% ethanol under vigorous 

magnetic stirring for five minutes. A, 20 mL of 0.1 M of ethanol iodine, 200 mL of distilled 

water and starch solution were added. Titration was carried out with 0.1 M of sodium 

thiosulfate solution until the solution shows the disappearance of the blue to a milky color 

solution. 

Iodine Value =
1 212.69×C×(V -V

M
  ............................................................................ (5) 

              C = concentration of 2 2 3Na S O  

              V1 = volume of 2 2 3Na S O  for blank 

              V2 = volume of 
2 2 3

Na S O  for sample 

              M = mass of the sample

NB : 12.69 is molecular weight of iodine used to convert 2 2 3Na S O  to I.

3.8.4 Peroxide Value Determination 

One g (1 g) of oil was weighted into a conical flask and 20 mL of solvent mixture of glacial 

acetic acid and chloroform (2:1) was added after addition of 1 g of potassium iodide. The 

mixture was boiled for 1 minute and hot solution quickly transferred into a flask containing 20 

mL of 10 % potassium iodide. One percent starch solution was dropped and titrated with 0.025 

N of 2 2 3Na S O  until the color is changed from blue to colourless(Nduka et al., 2021).  

Peroxide value =
S×M×1000

Sample weight
......................................................................... (6)

           S = M of 2 2 3Na S O  

           M = Molarity of 2 2 3Na S O  solution 

NB: 1000 is the amount of peroxide value in a kilogram of P. falcatus seed oil. 

3.8.5 Determination of Saponification Value 

Two gram (2 g) of oil with 25 mL of alcoholic KOH  was mixed in flask and refluxed 

condenser for a 1 hr. After a while, a few drops of phenolphthalein indictor was added after 
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the flask was removed and titrated with 0.5 N hydrochloric acid until the pink color of the 

indictor just disappears (Nduka et al., 2021).  

Saponification Value =  
𝐴−𝐵∗56.1

𝑊
  ............................................................................... (7) 

             A = HCl used for blank (mL),                                     B = HCl used for sample (mL) 

              W = weight of sample (g),                                         N = normality of HCl 

3.9 Quantitative Determination of Phytochemical Contents 

3.9.1 Evaluation of Antioxidant Capacity 

A 2 mg of DPPH was prepared in a 20 mL of methanol as reagent solution. About 180 µL was 

transferred into a test tube containing a sample to get the final volume of 200 µl. The control 

was prepared in the same manner by replacing the sample with methanol. The reaction 

mixture were incubated for 1hr and absorbance of was taken at 517 nm (Odeniyi et al., 2020).  

DPPH inhibition( % ) =  100
control - sample

control

       
  

.................................................... (8) 

            Control = Absorbance of DPPH + methanol 

           Sample = Absorbance of DPPH radical + sample   

3.9.2 Quantification of Total Phenolic Contents 

The total phenolic contents of extracts was done according to the method done by (Mehmood 

et al., 2022). Briefly, 20 μL of crude plant extract (10 mg/mL), 100 μL of Folin-Ciocalteaus 

reagent and 80 ml of 7.5% anhydrous sodium carbonate was mixed for about 5 min in vortex. 

After 30 min incubation period, absorbance was taken at 750 nm and the total phenolic content 

was expressed as milligram of Gallic acid equivalent per gram of extract. 

TPC =   
C×V

M
  ..................................................................................................... (9) 

               V = Volume of the extract (mL) 

               M = Weight of plant extracts (g) 

               C = Gallic acid concentration from calibration curve (mg/mL) 

3.9.3 Quantification of Total Flavonoid Contents 
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The flavonoid content of extract was determined using the method adopted from (Saifullah et 

al., 2019), slightly amended. Series of reference quercetin solutions was prepared. Crude 

extracts of 1 mg was dissolved in 200 mL methanol. About 20 mL 10 % aluminum chloride 

was added to the solution in respectively. Measured at 510 nm of absorbance and result was 

expressed in milligram of quercetin equivalent per gram of extract. 

TFC =  
C×V

M
     ................................................................................................. (10) 

                         C = Quercetin concentration from the calibration curve (mg/mL) 

                         V = Volume of the extract (mL) 

                         M = Weight of extract (g) 

3.10 Characterization of Chemical Composition 

3.10.1 Fourier Transform Infrared Spectroscopy (FT-IR) 

The functional groups of extracts and ointment were analyzed by FT-IR (JASCO FT/IR-6600 

type A) at the scanning speed of 2 mm/sec and resolution of 4 cm
-1

. The frequency ranges of 

wave number were used from 500 cm
-1

 - 4000 cm
-1

. A 2 mg of sample was mixed with KBr 

powder and pressed into pellet (Minjares-Fuentes et al., 2016).  

 

3.10.2 Gas Chromatography Mass Spectroscopic (GC-MS) Analyzer  

A Gas chromatography mass spectroscopic(GC14-A ) contains capillary column of having 30 

m length, 0.25 mm internal diameter and 0.25 μm film thickness. An initial temperature was 

set at 45 ℃ for 2 min then linearly increased to 300 ℃ at five ℃/min for 5 min. Samples was 

diluted in a n-hexane solvent at the concentration of 1% v/v. The injector temperature, detector 

temperature, sample injection amount, split ratio and helium flow rate were maintained at 

250℃, 280 ℃, 1 μL, 1:15 and 1.41 ml/min respectively (Gad et al., 2021).  

3.11 Determination of Inhibition Zone of the Extract 

Antibacterial activity of the two extracted was tested by agar well diffusion method. Four 

concentrations of A.vera extract (12.5 mg/mL – 100 mg/mL) (Nsofor et al., 2023) were 

reconstituted in distillate water and 1 mL/mL, 2 mL/mL, 3 mL/mL and 1 mL of P.falcatus 
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seed oil were dissolved in DMSO (El-gied, 2015). The culture plates were incubated at 27 ºc 

for 48 hours in case of fungi and 37 ℃ in 24 hr for bacteria.  

3.12 Formulation and Optimization of Ointment 

Development of an effective ointment was prepared by optimizing the ointment bases and 

active ingredients at various concentrations to attain a proper consistency and good efficacy. 

 Primarily, it is important to choose a compatible ointment base for the formulation of 

ointment containing aloe vera extract and P.falcatus seed oil.  

3.13 Optimization of PEG Ointments Bases 

The excipients used in the preparation were chosen based on the previous studies. 

Formulations of bases were done through trial and error before the proper formulation was 

achieved at different formulation ratio of PEG-400 to PEG-4000 at a six level of optimization 

starting from 85:15 to 60:40 within a five interval. In this method, each of proposed bases was 

added to the labelled beakers in water bath at 60 °C with continuous stirring by rod glass. 

3.14 Optimization of Antimicrobial Ointments 

Once a proper combination of excipients determined depend on the desired viscosity, 

spreadability, texture and smoothness; a one factor at a time was applied to both aloe vera 

extract and P.falcatus seed oil at various concentration in order to achieve the most effective 

in both antibacterial and antioxidant activities. Initially, the antimicrobial activities of the 

ointment were evaluated according to the methodology done by Donkor et al., (2021). The 

synergetic activities of  A.vera extract and P.falcatus seed oil were studied in a PEG ointment 

base at a different percentage of 2.5%, 5%, 10, and 15% w/w in respectively.  

Table 3.2  Antimicrobial optimization of ointment 

Composition of ointments F1,1 F2,1 F3,1 F2,2 F2,3 F2,4 

P.falcatus seed oil (mg) 50  100 150 100 100 100 

A.vera (mg) 50 50 50 25 100 150 

PEG-ointment base (g) 1 

Where, 25 mg (2.5%) (, 50 mg (5%), 100 mg (10%) and 150 mg (15%)  
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Formulation of ointment containing different concentration of active components were 

incorporated at the required quantity of extract in the optimized ointment base under 

continuous stirring until a smooth consistency and an elegant product was formed at the 

temperature of 70 °C for about 5 min by trituration method. 

3.15 Physiochemical Evaluation of Formulated ointment  

3.15.1 PH of Ointment 

The pH meter was calibrated at pH of 4, 7 and 10 standard buffers before use. A 10% w/v of 

ointment was prepared in distilled water. The pH measurement was measured within a second 

round of test having an interval gap of one month in triplicate (Herbal et al., 2022). 

3.15.2 Viscosity 

The viscosity of the different ointment formulations was determined without dilution using a 

Brookfield viscometer with spindle no. 64 at 100 rpm at temperature of 25 ℃.  

3.15.3 Spreadability  

A 2 g of ointment was sandwiched between a glass slide provided with the hook. A 1 kg  

sample weight was placed on the upper glass slid for a 5 min to expel air and provide a 

uniform film of ointment. The top plate subjected to pull about 80 g with the help of string 

attached to the hook. The spreadability value was determined according to the (Fatima et al., 

2017) and expressed in g.cm/s. 

Spreadability =  
𝐿∗𝑀

𝑇
   ..................................................................................... (11) 

Where, M = Weight (80 g), L = length (10 cm) and T = Time taken to separate the slide  
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CHAPTER FOUR 

 RESULTS AND DISCUSSION 4

4.1 Physiochemical Property of Oil 

The physicochemical properties of P.falcatus seed oil, such as iodine value, Saponification 

value and Peroxide value are in line with almost of the values recorded in the literature. The 

results of the Physical and chemical properties of the extracted seed oil were shown in Table 

4.1. 

Table 4.1 Physiochemical results of P.falcatus seed oil 

Physical property Chemical property 

Specific gravity @ 40 ℃ 0.95  Acid value             1.9 mgKOH/ g  

Density                                  0.97  g/mL Iodine value             135.36 g I2/100 g oil 

Moisture content                     3.80 ± 17 % Saponification value 180.9 mgKOH/ g  

Viscosity                 72.84 ± 0.6× 10
−6

 
2m /s  Peroxide value             7.03  2meq O /kg  

 Free fatty acid               0.95 mg KOH/g 

The result values were expressed as the means of three independent experiments ± SD. 

The physicochemical properties of P. falcatus seed oil (specific density, iodine, saponification, 

and acid value) were in good agreement with the results reported by Bruno et al., (2022). 

Some of the reported chemical properties, such as iodine values and specific gravity (Daniel 

Alemu et al., 2022), density, Peroxide and viscosity value (Gupta et al., 2022), were in close 

agreement with the present work. However, in contrast to this experiment, the disagreement 

paper reported on the contents of moisture and specific density(Feleke et al., 2012).  
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4.2 Functional Study of the Oil and Extract Using FT- IR 

The presence of some major essential functional groups, such as the phenolic, fatty acid, and 

amine groups, was detected and confirmed the existence of biologically active functional 

groups. The functional groups of P. falcatus seed oil and A. vera extract were analyzed by FT-

IR, as shown in figure 4.1. 

 

Figure 4.1 FT- IR spectrum of A. vera extract and P. falcatus seed oil 

The IR spectra of the oil and extract were found in the region of 4000 to 500 cm
-1

. The results 

of the FT-IR study revealed the existence of distinct patterns of functional groups that should 

be assigned as carboxyl, hydroxyl, fatty acid, alcohols, amides, and phenolic compounds. 

Table 4.2 Description of functional group with its assigned chemical compounds 

IR region (cm
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2864 and 2862 

cm
-1

 

stretching of fatty acids and 

their methyl esters(alkanes) 

2500–2000 (≡) region 2356, 2310 

and  2037 

C≡C alkynes 

2000–1500 (=) region 1742  C=O  carboxylic acid, ketones, 

aldehydes 

1500–600 

(fingerprint) region  

1614 and 1667  C=C cis stretching  

1455, 1378, 

1376 and 1234 

cm
-1

 

bending vibrations 

of CH2 and CH3 

presence of fatty acids 

1120 and 1162  C - O and C-N 

stretching vibration   

aliphatic amines  

 

Those peaks found in the region between 3200 cm
−1

 - 3500 cm
−1 

indicates the presence of the 

alcohol or phenol (O - H stretch) and amine group. The well-known parabola-shaped peak at 

3447 cm
-1 

and 3472 cm
-1 

with stretching vibrations suggests the existence of different phenolic 

compounds like as flavonoids, phenolic acid, anthraquinones and chromones (Bhattacharyya 

et al., 2019; Jales et al., 2022; Solaberrieta et al., 2022). This functional group can also be 

appeared in the protein and fatty acid structures. The peak in the region of 3000 - 2700 cm
−1 

shows the presence of the carboxylic acid. The spectra typical absorption peaks at 3010 cm
− 1 

of the stretched vibration shows the presence of unsaturation fatty acids of triglycerides. The 

unique peaks at 2925, 2917, 2864 and 2862 cm
-1 

is assigned to symmetric and asymmetric 

stretching of fatty acids and their methyl esters within the carboxyl groups (Solaberrieta et al., 

2022). The stretching vibrations in the fingerprint region at 1614, 1667, 1455, 1378, 1376 and 

1234 cm
-1

 are also implies the presence of fatty acids. The band at 1742 cm
−1

 is associated to 

C=O from ester bonds linkage (Jales et al., 20220), while the small band at 1614 cm
−1  

and 

1667 cm
−1 

 is due to the absorption of C=C cis stretching(Donkor et al., 2021). The CH 

absorption of bending vibrations CH2 and CH3 bands can be noticeably seen in the region of 

1455, 1378 and 1376 cm
−1

 respectively (Palaniyappan et al., 2023). The band at 1120 cm
-1

 and 

1162 cm
-1

 is due to the absorption of C- O ester bonds, whereas the band at 731 cm
−1

 is 
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corresponding to CH2 rocking vibration(Donkor et al., 2021). In addition, according to the 

authors who characterized the enriched extracts of polyphenols, the peaks at 1614 and 1667, 

1234 and 908 could be attributed to the ring of C=C stretching vibration, ester C- O stretching 

and C-N stretching vibration of aliphatic amines respectively (Solaberrieta et al., 2022). The 

peak absorption at 1013 cm
-1

  revealed the presence of S = O stretch sulfoxide(Palaniyappan et 

al., 2023) 

4.3 GS
_
MS analysis of P. Falcatus Seed Oil  

Gas chromatography-mass spectrometry analysis of ethanol extract of P.falcatus seed oil were 

revealed the presence of eight major bioactive compounds. Some of the major essential 

compound of P.falcatus seed oils that exerting the therapeutic activities are stated below in the 

table 4.3. 

Table 4.3  Therapeutic activities of some fatty acid of P.falcatus seed oil 

Compound name Pharmacological 

properties 

References  

Hexadecanoic acid, methyl ester  Antifungal, Antioxidant 

&Antibacterial 

(Tyagi & Agarwal, 2017; 

Ukwubile et al., 2019) 

 9-Octadecenoic acid, methyl ester, E -
 

Antibacterial, fungi 

antioxidant and anticancer 

(Hagr et al., 2019; Ukwubile 

et al., 2019) 

 9,12-Octadecadienoic acid Z,Z -, methyl ester

 

Antibacterial, antifungal 

& Nematicida 

(Marrez et al., 2022) 

 9,12,15-Octadecatrienoic acid, methyl ester, Z,Z,Z -

 

Antifungal, anti-

inflammatory,  anti-acne 

& antieczemic 

(F. H. Ferdosi et al., 2021; 

(Yamuna et al., 2017) 

Methyl stearate  Antibacterial (Ayyandurai et al., 2022) 

P.falcatus seed oil contains less saturated fatty acids than unsaturated fatty acids. From the 

analyzed results, the relative concentrations of 9-octadecenoic acid and 12-octadecadienoic 

acid are the most abundant in the extracted oil. These biologically active compounds have 

been used in the cosmetic and pharmaceutical industries due to their powerful antimicrobial, 
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antioxidant, and antiviral properties in several ointment formulations, especially 9,12-

octadecadienoic acid 

 (Zheng et al., 2019). Fatty acid derivatives, especially linoleic and oleic acids, have excellent 

antibacterial activity against Escherichia coli, Pseudomonas aeruginosa, Enterococcus 

faecalis and Staphylococcus aureus(Donkor et al., 2021). A portion of 9,12-octadecadienoic 

acid is employed in personal care products to nourish the skin(Zheng et al., 2019). A higher 

percentage of unsaturated fatty acids usually reveal the presence of antioxidant and anti-

inflammatory potentials. Eicosanoid acid has the potential to balance the skin's natural sebum 

and repair excessively dry skin. This oil contains almost all components of glyceryl monolete, 

which can sometimes be employed in the ointment formulation(Mahalingam et al., 2008). 

4.4 GC-MS Analyzed of Aloe Vera Extract 

Some of the promising therapeutic activities among the fifteen essential compounds identified 

by GC 
_
 MS has been described in the given table 4.4. 

Table 4.4  Therapeutic activities of some assured of chemical compound of A.vera extract 

Compound name Compound 

structures 

Therapeutic effect Reference 

α-Pinene  

 

Antifungal and antibacterial (Guluma et al., 

2020) 

β-Pinene  

 

Anti-cancerous, 

antimicrobial, antioxidant 

and anti-inflammatory 

(Patil et al., 2021) 

β-Myrcene  

 

Flavors,vitamins, 

Antioxidant, anti-ageing and 

antibacterial 

(Połeć et al., 2020) 

Alpha -Phellandrene  

 

Antioxidant, antibacterial 

and anti-cancer 

(Thangaleela et al., 

2022; Wojtunik-

Kulesza et al., 
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2019) 

O-Cymene 

 

Antifungal (Feng et al., 2021; 

Zouirech et al., 

2022) 

D-Limonene  Antibacterial, antifungal, 

anti-inflammatory and  

antioxidant 

(Thangaleela et al., 

2022) 

Eucalyptol  Antifungal activity (Panikar et al., 

2021) 

Gamma -Terpinene  

 

Inflammatory, Antibacterial 

and antioxidant 

(Patil et al., 2021) 

The higher content of terpenes, α-phellandrene, and β-myrcene indicates that the extract 

contains higher antioxidant activity (Wojtunik-Kulesza et al., 2019). Β-myrcene provides a 

flavor when combined with other volatile compounds such as limonene and 3-carene, which 

have an important role in the aroma and flavor production of products(Surendran et al., 2021). 

Aromatic compounds such as alpha-phellandrene, myrcene, γ-terpinene, α-terpinene, and α-

pinene showed strong inhibitory activity against antimicrobial features among the major 

bioactive compounds presented(Ogidi et al., 2021).  

4.5 Preliminary Screening of Phytochemical  

Preliminary phytochemical evaluation is an indication for the detection of secondary 

metabolites. Secondary metabolites are active constituents that are found naturally in plants 

and are accountable for their combating and preventing disease properties(Guluma et al., 

2020). The preliminary phytochemical screening of the ethanolic extract of P.falcatus seed oil 

and A.vera extract was carried out to determine the existence of various polyphenol 

components, such as alkaloids, flavonoids, terpenoids, saponins, and tannins, by using the 

standard procedures as described below. 

Table 4.5  Phytochemical tested of P.falcatus seed oil and A.vera extract 
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Phytochemical Test used Observed colour A.vera extract P. falcatus seed oil 

Phenol Ferric-chloride  
 

bluish black + + 

Flavonoid Zinc-chloride  
 

Yellow precipitate + + 

Tannin Ferric-chloride  
 

brownish green - + 

Alkaloid Mayer’s test brown precipitate + - 

Terpenoids Salkowski’s  
 

reddish brown  + + 

Saponins Foam test Froth test + + 

Sign of representation;   +  = Present,       −  = absent 

Crude ethanol extracts of P.falcatus seed oil and A.vera extract have shown the presence of 

saponins, tannins, terpenoids, flavonoids, and phenols. However, alkaloids and tannins were 

not detected in aloe vera extract, except alkaloids in the crude ethanol extracts of P. falcatus 

seed oil (S. Kumar et al., 2017).  

4.6 The Effect of Extraction Parameters against the Yield and TPC of P. Falcatus Seed 

Oil  

4.6.1 The Effect of Particle Size and Feed to Solvent Ratio on Extraction Oil Yield 

The effects of particle size and solid-to-solvent ratio on the extraction of oil yield were 

optimized by one factor at a time at a constant extraction of temperature and time. The range 

of particle size (0.75 - 2) mm and solvent-to-solid ratio (5- 25) v/w were selected at the 

maximum extraction temperature and time of 70 for 6 hr based on the previous result 

reported(Ngomade et al., 2023). Ethanol solvent is used from the primarily detection among 

the various solvent extraction that more affect simultaneously on the yield of TPC and oil 

recovery. 
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Figure 4.2  The effect of feed to solvent ratio and particle size on the yield oil extraction 

Based on the yield of maximum oil extraction, the particle sizes that are approximately to one 

millimeter ( ≅ 1 mm) was selected. Where those particle sizes are almost found between 1 mm 

and 1.5 mm (1 ≤ 1.5) mm, as can be observed from Figure 4.2. However, the formation of a 

lump-like powder seed was observed at smaller particle size (0.75 ≤ 1) mm due to the 

exposure of oil to the outer surface from its cell contents. A radical decrease was revealed at 

particle sizes that were greater than or equal to 1.5 mm (1.5 ≤ 2) mm. A larger particle size, 

especially those greater than 2 mm (≥ 2 mm), was not enough to yield much oil as a result of 

the very small surface area-to-volume ratio, and the yield of oil was continuously decreasing 

at this particle size range. 

The smallest oil yield was found at the lowest extraction solvent because of the equilibrium 

concentration is achieved overnight at the lowest solvent volume (5 mL/g) and results some of 

the oil left in the cell that is not released into the medium. The rate of mass transfer decreases, 

and there is no longer mass transfer as the concentration gradients of the active components 

reach equilibrium with small extraction solvent. As the amount of extraction solvent is 

increasing up from this stage of extraction solvent volume, the yield of oil extraction 

extremely increasing until it reach the maximum extraction solvent (15 mL/g). Above this 

extraction solvent amount (15 mL/g), the extraction yields of oil gradually increased up to it 
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reach 20 mL/g of extraction solvent. However, after 20 mL/g of extraction solvent, the yield of 

oil were continuously decreased. Over use of a large solvent volume for extraction would lead 

to the degradation and evaporation of essential oils from the extract during solvent recovery. 

The optimum oil yield of extraction solvent was selected at 15 mL/g with some consideration 

of the flask volume and cost saving for the next extraction process. 

4.6.2 Effect of Extraction Solvents against TPC and Oil Yield 

The selection of appropriate solvents in the extraction of oil is the key step in the optimization 

of extraction parameters, as it has a substantial impact on the yield of extraction. From the 

comparative investigation of various organic solvents against oil yield and TPC, it was 

revealed that the highest concentration of polyphenolic compounds obtained had more 

dielectric properties. The favorable extraction temperature, time, and solvent-to-solid ratio 

were set at constant values of 70℃, 6 hr, and 20 v/w  respectively. 

 

Extraction solvents types against the yield of oil and TPC      Calibration curve of standard GA  

Figure 4.3  The effects of extraction solvents on the yield of oil and TPC 

The above figure 4.3 illustrates the results of the TPC contents of P. falcatus seed oil that can 

be calculated based on the above calibration curve of the standard GA and expressed in mg of 

GA equivalent per g of extract. The calibration curve of a solution was prepared from 20 µL to 

120 µL by two-fold dilution methods to plot the linear graph. Therefore, to plot the linear 

graph in terms of GA concentration, the amount of GA concentration (1.25–6.25)mg/mL in 
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the solution was calculated from the initial amount of GA concentration (0.0625 mg/mL) that 

was used in the solution. 

In this study, both polar (ethanol and methanol) and non-polar (chloroform and hexane) 

solvents were used for the extraction of P. falcatus seed oil. There is a huge difference in oil 

yields and TPC recovered depending on the dielectric properties of the extraction solvents 

used. The yield of P.falcatus seed oil decreased in the following order of extraction solvents: 

hexane > chloroform > ethanol > methanol. However, increasing the oil yield is not  always 

means a high TPC value as it can be observed from the above figure 4.2. The oil yields of 

methanol extract is the least among the solvents employed for oil extraction. However, it 

contains a huge amount of TPC value than even those yields the highest oil recover solvents. 

which is positively agreement with the findings of Al-Ghanayem et al., (2022). However, 

methanol and ethanol were highly capable of extracting more biologically active components 

compared to non-polar solvents, as shown in the figure 4.2. The methanol extract of 

P.falcatus seed oil extracted more total phenol content, followed by ethanol among the 

solvents. This finding is in good agreement with the previously reported findings on different 

fixed seed and plant leaf solvent types investigated(Royani et al., 2023; Guluma et al., 2020; 

Shewale & Rathod, 2018). The ethanol solvent is selected for further optimization of the oil 

extraction by considering, from the point of view of its safety to the environment and low 

toxicity to humans, its capability of extracting both lipophilic and hydrophilic compounds 

(Gavan et al., 2022). Polar solvents are more favorable for the extraction of antimicrobial and 

antioxidant agents than non-polar solvents because of their affinity toward active constituents 

such as total polyphenols, steroid alkaloids, and flavonoids present in plant parts(Mehmood et 

al., 2022). 

4.6.3 The Effect of Extraction Time against the TPC and Oil Yield 

The effect of extraction time was studied by setting up the extraction temperature at a suitable 

constant level of 70°C. This extraction condition did not significantly affects the active 

chemical compound and the highest oil yield of P.falcatus seed oil that was obtained from the 

previous conducted finding (Daniel Alemu et al., 2022). The ethanol extraction of P.falcatus 

seed oil by Soxhlet extraction at a constant extraction temperature of 70℃ and solvent to solid 

ratio of 15 mL on TPC is shown in the figure 4.3. The selection of extraction time range is 
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based on the concept of previous study by RSM with Soxhlet extraction method (Ngomade et 

al., 2023). 

 

Extraction time variable on the yield of oil and TPC                 Calibration curve of Gallic acid  

Figure 4.4  The effect of extraction time on the yield of oil and TPC 

The variable of extraction time was highly affected by the TPC and oil yield, as can be seen in 

figure 4.4. Ethanolic extraction of oil for a two-hour extraction period provides a small amount 

of oil yield. The TPC and oil yield simultaneously increased with increasing extraction time; 

however, after four hours of extraction time, the TPC recovery decreased but the oil yield 

continuously increased. The increase in oil yield is due to the prolonged exposure of particle 

cells to the medium. This could provide a chance of sufficient time for the active chemical 

compound available in the cell to migrate to the extraction solvent as solvent penetration 

subsequently into the solute. Phenolic compounds were continuously decreasing after four 

hours (4 hr) of extraction time, resulting in degradation and oxidation formation due to 

prolonged extraction time(Mahmud et al., 2019). Therefore, by taking into account the cost of 

saving from the perspective of economics and quantification of TPC, the range of extraction 

time levels was selected, starting from 2 hours to 4 hours for the next optimization experiment 

conducted (RSM). 
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Most phenolic compounds are heat-sensitive and easily oxidized. Therefore, the upper limiting 

temperature must be set to preserve the useful components in the extract. In the previous work, 

the yield of oil decreased after the extraction temperature reached 80°C(Daniel Alemu et al., 

2022). The effects of temperature variables on the total phenolic content of oil were studied at 

different extraction temperatures. Five different extraction temperatures that ranged from 65°C 

to 80°C at a constant time of 4 hr and an ethanol-to-feed ratio of 15 mL were optimized 

against TPC, as shown in figure 4.5.  

 

   Extraction temperature variable on oil yield and TPC          Calibration curve of Gallic acid 

Figure 4.5  The effect of extraction temperature on the yield of oil and TPC 

The calibration curve of a solution was prepared from 25 µL to 200 µL by two-fold dilution 

methods to plot the linear graph. Therefore, to plot the linear graph in terms of GA 

concentration, the amount of GA concentration (1.25–10) mg/mL in the solution was 

calculated from the initial amount of GA concentration (0.0625 mg/mL) that was used in the 

solution. 
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temperature of 70, while the lowest TPC recovery was observed at an extraction temperature 

of 60. Similarly, this work is in agreement with the previous research conducted at the lower 

range of extraction temperature (60 - 65)°C, which had a little effect on the TPC yields (Che 

Sulaiman et al., 2017). The analyzed data results showed that an increase in temperature 

generally favors an increase in the TPC of the oil. This phenomenon is due to the breakage of 

the bond found between phenolic and lignin at elevated temperatures. Generally, a high 

extraction temperature has a positive effect on the extraction of phenolic compounds, but these 

increments are inconsistent. Moreover, an increase in temperature would likely cause a 

decrease in viscosity, an increase in intermolecular interactions, and an increase in diffusion 

rate in the cell, which causes the movement of compounds from the cell to the solvent more 

easily (Pods et al., 2022). Increasing the temperature up to 80°C can lead to a significant 

increase in the yield of oil; however, TPC yield is gradually reduced due to the possibility of 

degradation and decomposition of some heat-sensitive compounds (Che Sulaiman et al., 2017; 

Iryana et al., 2022). In addition, prolonged extraction time above 80°C decreases the TPC 

yield because the high extraction temperature results in the oxidation and degradation of some 

desired compounds(Mahmud et al., 2019).  

4.7 Phytochemical and Antioxidant Contents of the Optimized P. Falcatus Seed Oil  

The phytochemical composition (flavonoids, phenolic acids) and antioxidant potential of 

ethanolic extracts of P.falcatus seed oil are presented in the table 4.6.  

Table 4.6  Shows the TPC, TFC and antioxidant content of P.falcatus seed oil. 

Phytochemical compounds Oil Standard 

Phenolic content 10.25 ± 021 Gallic acid (mg GAE /g) 

Flavonoids 1.414 + 033 Quercetin (mg QE/g) 

Maximum radical scavenging (RSA max) 73. 3  ( % ) 

IC50 4.24 mg/mL 

The total phenolic content of P. falcatus seed oil is a little higher than that of its stems and leaf 

extract, as well as that of the other Podocarpus species (Podocarpus elongates, Podocarpus 

henkelii, and Podocarpus latifolius), which were extracted with methanolic solvent and had a 

phenolic content ranging from 2.38 to 6.94 mg/g (Abdillahi et al., 2011). The leaf extract of P. 
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falcatus showed the highest TPC content compared to the current findings, as reported from 

the previous experiment (Meharie & Tunta, 2020). The present TPC result of P.falcatus seed 

oil is nearly the same as in the other different plant herbal extracts. Similarly, some of the 

plant seeds having the same range of total phenol content as P. falcatus seed oil are; Moringa 

oleifera seeds extracted by methanol solvent (Bhutada et al., 2016), Sesame seed with 

methanol extraction (Hussain et al., 2019). The TFC contents of P.falcatus seed oil is much 

lower to from the last reported paper done on its extracts of its leaf (Meharie & Tunta, 2020). 

The TFC value of the P.falcatus seed oil is also nearly the same value with the other plant 

variety of Giza extract (Abd Elhamid et al., 2022).  

The antioxidant activities of P.falcatus seed oil are expressed in half-maximum inhibitory 

concentration (IC50) and percent of radical scavenging activity (% RSA). The IC50 value is 

frequently used as it easily points out the comparative evaluation of antioxidant capacity 

among the samples. The highest value of the IC50 of the extract showed the lower contents of 

antioxidants in the sample. The IC50 value indicates that the concentration of the required 

sample for scavenging 50% of DPPH radical. The IC50 value of P.falcatus seed oil has 

scavenging potential at a concentration of 4.24 mg/mL. This means it requires this much 

concentration to reduce the total concentration of DPPH radical to half. The oil has the 

potential to inhibit up to 67.3% of the free radical at its maximum concentration. 

4.8 Yield and Compositional Analysis of A.Vera Gel 

The dry matter content of aloe vera gel is about 1.75% and the rest of volumes were occupied 

by water (98.24%). This work is go hand in hand with the result reported by (Stanley et al., 

2014; Palaniyappan et al., 2023). The recovery of aloe vera extract yield is 2% obtained from 

200 mL of aloe liquid fraction that are closer to the reported last year of paper (Alzaid et al., 

2022). The pH values of gel and extract are 4.6 to 5.4 which is good in agreement with the 

range reported previously done(Flores-López et al., 2016).  

4.9 Phytochemical and Antioxidant Contents of A.Vera 

4.9.1 The potential Content of TPC, TFC and DPPH of A.Vera gel and Its Extracts. 
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The following figure 4.7 were describing the comparative evaluation of phytochemical and 

antioxidant activities of A.vera gel and its extract. 

Table 4.7  Depict the TPC, TFC and antioxidant content of A. vera gel and its extracts 

 Phytochemical compounds Extract Gel Standard 

Phenolic content 22.34 ± 474 1.19 ± 282  mg GAE /g 

Flavonoids 5.29 + 023 0.208 + 001 mg QE/g 

Maximum radical scavenging (RSA max) 84.43 28   %  

IC50 value 2.8 22 mg/mL 

Aloe vera mucilage (gel) contains much lower TPC compared to its extract. However, the 

mucilage has higher TPC value than its rind as confirmed from previous paper (Añibarro-

Ortega et al., 2019). This suggesting  that, aloe vera gel contains high amount of water than its 

dry matter as confirmed from present work and literature. 

The highest TPC contents of aloe vera extract is due to the enrichments of biological active 

constituents in the form of concentrated. The TPC contents of aloe vera extract has shown 

some similarity with the other previous conducted experiment (Manye et al., 2023), with those 

supplemented with various dose of nutritional (Chowdhury et al., 2021) and lower to thirteen 

investigated aloe vera species (A. Kumar et al., (2020).  

Whereas, the TFC content of gel and its extract were showed a significant difference was 

observed on the TFC. The TFC content of extract is much far away from gel as the result of 

enrichment of active compound in the concentrated form. The TFC contents of extract has 

been a great significance compared to last work done (Manye et al., 2023) and slightly lower 

to the find of (Mehmood et al., 2022). Surprisingly, A.vera extract contain higher amount of 

TFC and TPC than its gel.  

The total antioxidant activities A.vera gel and its extract were conducted to determine the 

antioxidant potential. The antioxidant potential is inversely proportional to IC50 value that was 

determined from the linear regression of the radical scavenging activity versus the extract 

concentration. The scavenging potential of A.vera gel and its extract in accord to IC50 value 

has 22 mg/mL and 4.24 mg/mL of the concentration. The half-maximum inhibition 

concentration of A.vera gel is much lower than its extract.  It required more than six times of 
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concentration to achieve the IC50 value of A.vera extract. A.vera gel and its extract has the 

capacity to reduce the free radical up to 28% and 84.43% in the given solution. Here also great 

difference is made between those extracts as result of unmatched inhibition concentration 

contents. As tried to mention somewhere else, A.vera gel has low contents of active chemical 

compound due to its large portion of volume is occupied by water. The potential content of 

antioxidant of A.vera extract is slightly higher to the previous reported paper (Bagherian et al., 

2021) and lower than macerated methanolic extract (Mehmood et al., 2022), ethanol extract by 

MAE (Solaberrieta et al., 2022). The present finding pronouncely confirmed to the previous 

studies that TCP and antioxidant activities ha significantly correlated (Mehmood et al., 2022). 

Difference of TPC, TFC and antioxidant is might be due to a number of intrinsic and extrinsic 

factories, such as plant variety, extracting solvents, extraction methods environmental, 

handling and development stage could be significantly influence on the phytochemical 

constituents (R. Kumar et al., 2018; Solaberrieta et al., 2022). Therefore, the A.vera extract 

would be a promising for the formulation of antimicrobial and antioxidant product in the drug 

delivery system (Nunes et al., 2021; Mehmood et al., 2022).  

4.10 Comparative Studies of P. Falcatus Seed Oil and A.Vera Extracts  

4.10.1 Total Polyphenol Contents of P.Falcatus Seed Oil, A.Vera Gel and Its Extract 

The following figure 4.5 was explaining the comparative study of TPC yield of P.falcatus seed 

oil, A.vera gel and its extract. 
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Figure 4.6  Illustrates the yields of TPC of P.falcatus seed oil, A.vera mucilage and extract 

The total phenolic contents of  P.falcatus seed oil, A.vera gel and its extract are depicted on 

the figure. A.vera extract has showed the highest amount of TPC than gel and oil. A.vera gel 

contain the lowest amount of TPC amongest the extracts. Confirmation from the previous 

work has been also stated that aloe vera extract were two fold greater than the gel (Flores-

López et al., 2016). There is also a significance difference of TPC found in the extracts of 

A.vera extract and P.falcatus seed oil. Oil bearing plant seed are generaly contains a small 

amount of biological active componets because of its hydrophobic nature. Since most of the 

active constituents found in the plant extracts has hydrophilic characteristic. The total phenol 

compound is part of phytochemical which shows the attributes of hydrophilic nature. Phenolic 

contents of any plants are directly related to their antioxidant properties. In the present study, 

the presence of significantly amount of phenolics would be contribute to antioxidant. 

4.10.2 Total Flavonoid Contents of P.Falcatus Seed Oil, A.Vera Mucilage and Extract 

The following figure 4.5 was explaining the comparative study of TPC yield of P.falcatus seed 

oil, A.vera gel and its extract. 
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Figure 4.7  Describes the TFC yields of P.falcatus Seed oil, A.vera mucilage and extract 

The total flavonoid contents of  P.falcatus seed oil, A.vera gel and its extract are shown on the 

figure above. A.vera extract again also contain the highest amount of TFC compared to its gel 

and oil. This could be as the result of high concentration and hydrophilic properties of 

different active phytoconstituents were present in the A.vera  extract. A.vera  gel has the least 
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amount of TFC as compared to aloe vera extract and P.falcatus seed oil. Flavonoid is 

associated with the colour and flavour of the plant natures. This colour and flovour is reduced 

with other heat sensitives components during the extraction process. 

4.10.3 The IC50 Value of P. Falcatus Seed Oil, A.Vera Mucilage and Extract 

The half-maximum inhibition concentration of P.falcatus seed oil, A.vera mucilage and extract 

were compared with each other’s in the figure 4.8. 

 

Figure 4.8   The half Inhibition concentration of plant extracts and ascorbic acid 

The half-maximum inhibition concentration (IC50) of P.falcatus seed oil, A.vera gel and its 

extract were illustrated on the above figure 4.8. High amount of IC50 value is not enough to 

reduce the half free radical at smallest dosage of extract. Based on this concept, the IC50 value 

of aloe vera extract and P.falcatus seed oil has revealed a lower value of IC50 as comparative 

to the aloe vera gel and higher to the standard ascorbic acid. Therefore, A.vera extract and 

P.falcatus seed oil has capacity to reduce the free radical by half percent at the concentration 

value of 2.68 mg/mL and 4.24 mg/mL in a given solution. However, the IC50 value of aloe 

vera gel is not enough to scavenge the free radical below the concentration of 22.48 mg/mL. 

Therefore, A.vera extract had the strongest antioxidant activity among the plants examined 

with the lowest IC50 value and somewhat closest to standard ascorbic acid (0.11 mg/mL). 

Therefore, a combination use of P.falcatus seed oil and aloe vera extract is possible to reach 

the standard ascorbic acid inhibition concentration at the lowest dosage. 
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4.10.4 The Potential DPPH Radical Inhibition Percentage of P. Falcatus and A.Vera 

The capacity of free radical inhibition percentages of P.falcatus and A.vera were presented in 

the figure 4.9. 

  

Figure 4.9  Percentage of DPPH scavenging activities of plant extracts and Ascorbic acid 

The total antioxidant potential of  P.falcatus seed oil, A.vera gel and its extract were shown on 

the figure 4.9 In this case, the potential scavenging of free radical were expressed in 

percentage compared to the standard ascorbic acid. The maximum radical scavenging capacity 

of P.falcatus seed oil, A.vera gel and its extract at its maximum concentration are 67.49%, 

28% and 84.54% in respectively. Aloe vera extract contain the highest antioxidant compared 

to the other extracts. The highest reduction of free radical is observed from the extract of aloe 

vera followed by the oil of P.falcatus seed but higher than gel. Whereas, the standard asorbic 

acid has the potencial to inhibit 81.97% of the radical even at its lower concentration of 3 

mg/mL. The potential inhibtion of each extracts is depend on their concentration dosage 

employed in the solution as it observed from the figure 4.9 (Bendjedid et al., 2021). The 

potential inhabition of DPPH radical is because of hydrogen or electron donation from active 

chemical compound present in the extract. In general, both P.falcatus seed and A.vera extract 

contain enough amount of antioxidant and it can be applicable in the area of product.  
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4.11 Model Fitting with Response Surface Methodology 

Figure 4.9 demonstrates the relation between predicted and actual value of the experiment carried 

out on the oil yield of P.falcatus seed oil. 

 

 

Figure 4.10  Presented the normal plot of experimental versus predicted on the oil yield. 

4.11.1 Development of Regression Model Equation 

Final Equation in Terms of Coded Factors 

Yield = +26.63 + 3.98*A + 2.15*B + 0.8725 C - 0.5075*AB - 0.4475*AC + 0.8075*BC - 

2.36 -1.38*B² +0.3278*C² 

Final Equation in Terms of Actual Factors 

Yield = -548.74275 +14.86560 Temperature +12.70100 Time + 0.312800 Ratio - 0.101500 

Temperature* Time - 0.035800 Temperature* Ratio + 0.323000 Time * Ratio - 0.094490 

Temperature ² -1.38225 Time² + 0.052440 Ratio
2 
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4.12 ANOVA for Quadratic Model 

Analysis of variance was performed to determine the significant differences between the 

independent variables against the oil yields. 

Table 4.8  Regression analysis and ANOVA employed in the model fitting for oil yields 

Source Sum of Squares df Mean Square F-value p-value 

Model 207.13 9 23.01 226.81 < 0.0001 

A-Temperature 126.56 1 126.56 1247.32 < 0.0001 

B-Time 36.89 1 36.89 363.60 < 0.0001 

C-Ratio 6.09 1 6.09 60.02 0.0001 

AB 1.03 1 1.03 10.15 0.0154 

AC 0.8010 1 0.8010 7.89 0.0262 

BC 2.61 1 2.61 25.70 0.0014 

A² 23.50 1 23.50 231.56 < 0.0001 

B² 8.04 1 8.04 79.28 < 0.0001 

C² 0.4523 1 0.4523 4.46 0.0727 

Residual 0.7103 7 0.1015   

Lack of Fit 0.258 3 0.0753 0.6214 0.6374 

Pure Error 0.4845 4 0.1211   

Cor Total 207.84 16    

Where; A = Time, B = Temperature & C = Ratio 

4.12.1 Model Adequacy Check and Statistical Analysis 

According to the experimental data illustrated in the Table 4.9, the value for determination of 

coefficient, Predicted and adjusted value for the response are 0.99, 0.97 and 0.96 in 

respectively. The difference of the Predicted and adjusted value was less than 0.2, whereas the 

adequate precision value was 53.83, which is greater than four are. All the aforementioned 

statistics confirming that the obtained experimental results and predicted values were in good 

correlation without any significant differences. This result confirms that the predictability of 
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the models in determining the optimum extraction conditions required to maximize the 

extraction yields of P.falcatus seed oil is well fitted.  

Almost all the independent variables had exerted a significant effect against the extraction oil 

yield. All the extraction temperatures, solvent to solid and time variables were highly affect 

the recovery of oil at less than 0.05 probabilities. The linear and quadratic extraction factors 

has been showed a significant oil recovery at less than 0.0001 (p < 0.01), whereas the 

interaction process variable exhibits a greater effect at less than 0.005 (p < 0.5). The extracted 

oil yield is highly affected by the Linear and its quadratic variables than its interaction.  This 

indicates that the extraction parameters employed in this study were significantly important for 

the optimization process.  

4.13 Response Surface Analysis of Oil Yield 

Response surface methodology was used to determine the optimum processing conditions that 

give maximum extraction yield. The relationship between independent and dependent 

variables is illustrated below in three-dimensional representations of the response surface plot. 
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Figure 4.11 The plot of response surface in 3D for oil yields 
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Based on the 3-dimensional plot illustrated on the above figure 4.12, the extraction yields of 

the oil are ranging from 16.48% to 29.49% from the total runs of 17 experimental 

conducted. The maximum oil yield was obtained at an extraction temperature of 70°C, 

extraction time of 4 hr and solvent to solute ratio of 17.5 v/w. The current work were yield 

higher than the previously reported paper conducted on P.falcatus seed, which is extracting 

with water solvent at an extraction temperature of 70°C yields 22% (Daniel Alemu et al., 

2022).  

4.14 The Effect of Extraction Variables against Oil Yield 

Increasing of extraction yield is generally due to the phenomenon of mass transfer that occurs 

in the extraction process. 

Figure 4.2a, represents the effect of extraction temperatures and time on the yields o oil at a 

constant extraction solvent to solid ratio of 15 mL. Both of the process variables are a 

significant effect on the extraction oil yield. At the lowest levels of the interaction between 

temperature and time were yields the minimum oil recovery; whereas, at their highest levels 

provide the maximum oil. Since at higher temperature, the cell membrane is destroyed and 

phytoconstituents are exposed into the medium(Pods et al., 2022). Moreover, having a longer 

extraction period can also provide a chance to reduce its surface tension, viscosity and 

increases diffusion rate to the medium from the left portion of components in the cell of the 

particle. These two factories were simultaneous provided the highest oil yield at its highest 

extraction level. 

Figure 4.10b, represents the effect of extraction temperatures and solid to solvent ratios on the 

extraction yields at a constant extraction time of 3 hr. Both of the extraction process variable 

has effectively affecting the oil yield. The maximum oil recovery was obtained at the highest 

extraction level from both sides of the process. The oil yield increases as the temperature and 

solid solvent ratio is increases. As it can be observed from the figure, the temperature variable 

is exerted greater impact on the oil yield than solvent to solid ratio. This might be due to the 

reason that under a high temperature, the plant tissues are becomes more softened and weak 

interactions of the cell membranes is becomes  (Pods et al., 2022). In addition, the increased of 

extraction solvent amount would resulting of increases the concentration difference between 
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the solvent and solid to facilitate easily the mass exchange. The yields of oil were increased 

with simultaneous increasing of extraction solvent volume and temperature up to it reaches the 

maximum level of extraction. This confirms that a large volume of solvent and high amount of 

extraction temperature induces a high concentration difference between the solvent and 

biomass cell. 

Figure 4.10c, illustrates the effect of solvent ratios and extraction times on the yields of oil at a 

constant extraction temperature of 70°C. The combination extraction of both variables at their 

lowest and highest extraction level has been found a better oil recovery. At the minimum 

extraction solvent ratio interaction with the longer extraction period were provide the 

minimum oil recovery. However, the maximum oil yields were obtained at longer extraction 

time and highest solvent to biomass amount. This confirms that an extended period of 

extraction provides a chance for various active constituents available in the cell of biomass to 

transfer gradual to the solvent by concentration difference (Che Sulaiman et al., 2017). 

Enough amount of solvent would bring a concentration difference in the cell of particle to 

diffuse into the media in shorter period.  

4.15 Comparative Studies of Antimicrobial Contents of Herbal Extracts 

The sensitivity of microbial against extracts was determined based on inhibition diameter 

using agar diffusion method. In this study, the antimicrobial activity of A.vera extract and P. 

falcatus oil were investigated against four bacteria species and one-fungus strains. Their 

effectiveness were determined by the presence or absence of inhibition zones.  

The minimum inhibition concentrations (MIC) of the extracts were determined at a different 

concentration to identify the minimum active concentration that should be incorporated in to 

the ointment formulation.  
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Table 4.9  The inhibition zones of A.vera extract against the MOs 

 A.vera extract(mg/mL) A.vera gel concentration (mg/mL) 

MOS 100  50  25  12.5   100  50  25  12.5   +ve(50 

mg) 

S. aureus 14 12 10 7.66 10.33 7.33 6 4.66 26 

E. faecalis 19.66 18.66 16.33 15 13.66 11 10.3 9.33 28 

E. coli 25 23 19.66 16 14.33 12.33 11 9 30 

P.aeruginosa 20.33 18.33 16 14.66 15 13 11 9 31 

C. albican 24 19.33 15.66 14 13.66 12 9 8 29 

In this work, the drug reference as positive control for anti-bacterial and antifungal test were 

Ciprofloxacin and gentamicin employed. As expected, DMSO and distilled water were 

employed as negative controls and no inhibition zone observed against to all of the bacteria 

tested.  

A.vera gel and its extract were showed a maximum inhibition diameter against four of the 

species except of S. aureus. S. aureus is revealed a characteristic of little resistance to the 

tested extracts at all its concentration. Decreasing of the inhibition diameters related to the fall 

in the concentration of A.vera extract indicates that the antimicrobial potential is depend on 

the dose.  The maximum diameter inhibitions to the minimum inhibition of the A.vera gel and 

its extract against bacteria strains are; S. aureus (10.33- 4.66 & 14 -7.66) mm, E. faecalis 

(13.66 - 9.33 &19.66-15) mm, E. coli (14.33 - 9 & 25 -16) mm, P.aeruginosa (15- 9 & 20.33-

14.66) mm and fungus species of C. albican (13.66-8 &19.33-14) mm respectively. Therefore, 

the minimum inhibition concentration of A.vera extract and its gel are 12.5 mg/mL to all the 

tested MOs except resisted S. aureus. Is the concentration at which A.vera has attained the 

minimum inhibition concentration (susceptibility) to the selected microorganism. The MIC of 

A.vera extract were showed an inhibition diameter of 15 mm, 16 mm, 14.66 mm and 14 mm 

against E. faecalis, E. coli, P.aeruginosa and C. albican respectively. While the MIC of A. 

vera gel were observed an inhibition diameter of 9.33 mm, 9, 9 mm and 8 mm to E. faecalis, 

E. coli, P.aeruginosa and C. albican. However, the MIC of S. aureus for A.vera extract and 

gel are 25 mg /mL and 100 mg/mL that can inhibit 10 mm and 10.33 mm in diameter. 
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As it can be seen from the figure 4.10, A.vera extract has been showed a significant inhibition 

diameter to the selected bacteria and fungus species as compared to gel. The result of the 

present finding are in strongly agreed with the previous work (Cataldi et al., 2015). Its extract 

exhibits a stronger inhibition against Pseudomonas aeruginosa, Escherichia coli, C. albican 

and E. faecalis except Staphylococcus aureus with a little resistance. Similarly, several others 

results were confirmed that the antibacterial activity of A.vera extract against E. coli showed 

the greatest zones of inhibition even at the lowest concentration of extract (Haque et al., 2020; 

Arsene et al., 2022).  The inhibition zone of P. Aeruginosa and E. Coli of the present study is 

showed the highest as compared to the other author’s papers (Nalin Pagi & Payal Patel, 2017; 

Nsofor et al., 2023). Previous study demonstrated that the effectiveness of inhibition toward 

Escherichia coli might be due to presence of excess amount of alkaloids in the extract (S. 

Singh et al., 2021). In contrast, Nejatzadeh-Barandozi, (2013) reported that the maximum 

suppression growth has been observed on the P. Aeruginosa and  lowest inhibition diameter 

was observed on to E. coli. 

This research finding are confirmed that the extracted aloe vera extract has a potential 

substitution in place of ingredient that can be serve as antimicrobial in the product production. 

Hence, these results suggest that antibacterial ointment formulation that containing the extracts 

of Aloe vera has good promising in the treatment of dermal bacterial infection. 

The antibacterial activity of P.falcatus seed oil was not revealed any inhibition against to the 

four tested bacteria. This might be due to the presence of inadequate quantities of active 

chemical compounds in P.falcatus seed oil required to inhibit the selected microbial. 

However, A.vera extract exerted a strong inhibition zone to the three of bacteria strains except 

one with a little resistance and one fungal strains as shown above in the table format. The 

reason for the highest antibacterial activity of A.vera might be due to the presence of certain 

bioactive compounds as it contains a diversity of biological active compound. 

4.16 Formulated Ointment  

In this case, PEG 400 was served as a levigating agent (cosolvent), which has the tendency to 

mix insoluble substance into the formulation. Whereas, the solid PEG (PEG-4000) was used to 

increases the viscosity of the formulation up to the desired concentration as it can be combined 

with the liquid form of PEG (PEG-400). Six formulation of ointment bases were formulated at 
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different concentration ratio of PEG depend on the previous reported result as the starting 

point for this optimization (Piranaghl et al., 2023). Among the six formulation the ratio of 9: 3 

of PEG (PEG-400:PEG-4000) was selected based on its evaluation of its smoothness, 

consistence (viscosity), crack formation and spreadability. As the amount of PEG-4000 

increased, the spreadability of ointment consequently decreased and more ointment that is 

viscous were formed. The optimized PEG ointment base was showed a better smoothness, no 

phase separation, viscosity (4786 cp) and spreadability (18.12g.cm/s). Some considerations 

have been taken into account during the optimization of the excipient. Hence, high viscosity 

content would render the ointment to be have the characteristic of lower potency. This 

phenomenon will be affects the spreadability, diffusion rate and availability of active chemical 

compounds. The selected vehicle was for further optimization with plant extracts in order to 

evaluate the activities extract against antimicrobial and antioxidant potenct. 

4.16.1 Antimicrobial Activities  

4.16.1.1 Effect of P. Falcatus Seed Oil against MOs 

 The antimicrobial activities of different formulation were evaluated against four clinical 

bacterial and one fungal skin strains. The activities of ointment were studied under various 

concentration of P. falcatus seed oil (50, 100,150) mg/g of PEG ointment base with constant 

amount of A. vera extract (50 mg) based on the idea of Donkor et al., (2023). 

 

Figure 4.12  The inhibition zone of ointments at different amount of oil against MOs 

The antibacterial and antifungal activities of the formulation were compared with commercial 

antibacterial and antifungal ointment respectively. The positive control of streptomycin and 
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fluconazole were used for bacterial and fungal strains. The PEG ointment base was used as a 

negative control did not exhibits any activity of inhibition in all case of tests. 

All the formulated ointment at different amount of oil were found between in the range of 

active diameter inhibition (10 - 15) mm. There is no significant difference of inhibition 

diameter is observed among of the formulated ointment. A little differences of inhibition 

diameter revealed between each of the formulated ointment is the result of an increment of 

P.falcatus seed oil concentration across the formulation. Therefore, the increased in small 

diameter is due to in a dose-dependent manner against all the test organisms.  However, clear 

zones of inhibition were induced to all of the suspected pathogens even to the resisted S. 

aureus bacteria. This indicates that the synergic activities of the two extracts would bring these 

kinds of advantage over a single extract employment in the formulation. When compared it 

with the commercial antibacterial and fungal that a huge difference of inhibition diameter is  

revealed. 

4.16.1.2  The Effect of A.Vera Extract against MOs 

Aloe vera extract were evaluated at three levels of optimization by a one factor method and the 

optimum amount of P. falcatus seed oil at 10% was selected based on biocompatibility by 

considering the property of PEG ointment base will not compromise with hydrophobic agents 

at maximum amount of incorporation(D’souza & Shegokar, 2016). 

 

Figure 4.13  The inhibition zone of ointments against MOs at variable extract of A.vera 

The activities of the formulated ointment were evaluated at a constant concentration of P. 

falcatus seed oil (100 mg) with a different concentration of A.vera extract (25, 100 & 150) 
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mg/g incorporated in PEG ointment base. The changes of A.vera concentration had showed a 

better antimicrobial potential compared to the formulated P.falcatus seed oil. The highest 

inhibition zone were obtained at the highest incorporation of extract into the excipient. 

Formulated F2,4 revealed a better efficacy that is closely similar to that of commercial 

antimicrobial ointment and categorized under the range of extremely sensitive to the tested 

pathogen except to the resisted S. aureus. Whereas, formulated F2, 2 and F 2, 3 have showed 

from sensitive to very sensitive against to the suspected clinical isolated pathogens. However, 

in all formulation, the dose dependent inhibition diameters exhibited as concentration was 

increased from 25 mg/g to 150 mg/g. All of the tested fungus and bacteria strains especial E. 

coli and P. aeruginosa were sensitive to the formulated ointments.  In addition, formulating 

ointment that has exhibit antimicrobial activity with similar to that of the reference drug is 

possible to achieve by incorporating higher than the maximum concentration used in the 

formulation.  

4.16.2 Antioxidant Activity of Ointments 

This study were formulate different candidate of ointment containing antioxidant potential of 

extracts at a various concentration. Evaluation for its antioxidant activities is based on the 

consideration of antimicrobial activities of the ointment. From its antimicrobial activities, 

formulation F2,4 and F3, 4 were studied to see the effect of P.falcatus oil. The formulated 

ointments that contain 10% w/w & 15% w/w of P.falcatus seed oil with and without 

incorporation of A.vera extract at its maximum concentration (15%) were evaluated to find out 

which formulation had the highest antioxidant activity. The percentage inhibition of DPPH 

free radicals by the developed ointment were shown below in figure 4.13. 
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Figure 4.14  DPPH radical inhibition of formulated ointments 

The antioxidant activity of the developed ointment was determined using DPPH scavenging 

method. The results of developed formulation showed some scavenging activities against 

DPPH radicals in a dose dependent manner. The antioxidant activities of ointment enhanced at 

a two different level of P.falcatus oil incorporation. The percentage of DPPH radical 

inhibition were reduced gradually as the incorporation amount of P. falcatus seed oil raised 

from 100 mg to 150 mg at a constant set of A. vera extract amount (150 mg). The percentage 

reduction is 29% and 36% at its minimum and maximum amount incorporation. Whereas, the 

lowest inhibition percentage has been found in the formulation F2,0 in which A.vera extract did 

not encapsulated within the P.falcatus oil. So, the absence and as well as the dose variability 

of the plant extract in the formulation has been rendering the ointment to be have a lower or 

higher content of antioxidant potential.  

The radical inhibition is not enough to describe the antioxidant potential; therefore, an IC50 

value was applied to achieve to the point of inhibition. A comparative study of each 

formulation was done based on IC50 value.  
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Figure 4.15  shows the half maximum inhibition concentration of ointments 

The IC50 value has inversely relationship with radical scavenging percentage. From the above 

figure 4.14, the IC50 values of formulated ointments were compared to each other as well as 

within the standard ascorbic acid. The combination effect of extracts in the formulation was 

shown a significant antioxidant activity according to the ranges given for standard antioxidant. 

Therefore, it can be concluded that the formulated ointment has a medium of antioxidant 

activity as it had an IC50 value in the range of 1.54 mg/mL to 0.86 mg/mL at different 

concentration plant extract in the PEG ointment base. Surprisingly, the formulated ointment 

was revealed a moderate antioxidant activity resulting synergies from the two plant extracts.  

4.16.3 Physiochemical Properties of Formulated Ointments  

The organoleptic properties of ointments, such as color, physical appearance, texture, 

homogeneity, phase separation, and immediate skin feel were analyzed. The prepared 

ointments were checked by visual eye to identify the color of each formulation and its 

homogeneity were observed by rubbing a small quantity of the ointment between the thumb 

and index finger. The presence of undissolved coarse materials indicated that whether the 

formulated ointment is a homogenous and smooth or not. 

Table 4.10  The results of physiochemical of ointments 

Formulation coded F1,1 F2,1 F3,1 F2, 2 F2,3 F2, 4 

pH 5.955 6.11 6.01 6.17 6.33 6.67 

Spreadability( g.cm/s) 20.64 27.12 
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The results of all of the test samples revealed that no greatness, no sign of phase separation or 

cracking, homogenous, smooth texture, opaque in colour and shows a slight kind of aromatic 

sensing odor. The opaque appearance resulting mainly due to the presence of 

phytoconstituents added in the form of extracts. The spreadability results of the ointment 

pointing out that the viscosity ointment revealed sufficient and evenly applied to the skin by a 

small amount of shear or force. All of the formulated ointments were in line with the previous 

reported result ranges (Ajala et al., 2016) and higher than the last recorded result (Avish & 

Swaroop, 2019).The ointments were dissolved in all the selected solvents from both lipophilic 

and hydrophilic solutions. Water and ethanol solution were highly dissolved the ointment 

without shows any precipitate at the bottom of the beaker. Hexane solvent was revealed a 

significant colour changes among the dissolving solvents. Therefore, all the formulated 

ointment fulfilled the main criteria required to have to after the formulation to be effectively 

employed for the commercial.  

4.16.4 Drug-Excipients Compatibility  

In cosmeceutical product, the active components were found to be in a small concentration in 

the product. However, it is important to determine the excipient drug interaction( 

incompatibility) to predict whether the delivery system is effectively carrying the drug agent 

to the proposed area without reacting with active components.  FTIR analysis is an effective 

way of identifying whether or not an interaction is formed between the encapsulated extract in 

the excipient matrix. The FT-IR spectra of PEG base and ointment containing the extract were 

illustrated on Figure. 4.15.   
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Figure 4.16  FT-IR spectra of PEG ointment base and ointment 

In the FTIR spectrum of ointment, the major characteristic bands corresponding to A.vera 

extract and P.falcatus seed oil were disappeared or buried in the peaks of PEG base. Some 

spectra peaks of the extract were also revealed in the formulation. A few minor changes 

observed in the spectra were attributed to overlying of the peaks of active components and 

corresponding base.  There is no significant variation of chemical group formation between 

the extracts and excipient. Nevertheless, a new peak was observed at the wave number of 1748 

cm
-1

, which indicates the interaction of extracts and PEG base. Sometimes, PEG bases were 

form an interaction with active pharmaceutical ingredients, such as ibuproxam ketoprofen and 

calcium phosphomycin. This causes to degrade the drug in a short period than the expected 

shelf life for the formulated ointment. The rate of decomposition was considerably higher 

when a fatty acid components are percent in ointment (Bharate et al., 2010). This confirms that 

the PEG excipient is suspected with incompatibility for effective delivering of active 

components that present in the extract even if a little change of displacement and intensity. 
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CHAPTER FIVE 

 Conclusion and Recommendation 5

5.1 Conclusion 

This study were comparatively evaluated the phytochemical, antioxidant and antimicrobial 

activities of P. falcatus seed oil and A. vera gel extract to develop herbal based ointment. P. 

falcatus seed oil was optimized under various extraction parameters to get the optimum TPC 

and oil yield. The optimum oil yield and TPC (29.48% and 10.25 mg GAE/g) were obtained at 

the extraction time of 4 hr, temperature 70
o
C , ethanol to biomass 17.5 v/w, and particle size 

of 1 mm. A. vera extract was extracted with a couple of vacuum rotary evaporator followed by 

oven drying at the temperature of 50℃ and 4℃. Quantitatively the phytochemical, antioxidant 

and antibacterial activities of P.falcatus seed oil, aloe vera mucilage and its extract have been 

compared.  A.vera extract had shown the highest contents of phytochemical, antibacterial and 

antioxidant activities flowed by P.falcatus oil except in antimicrobial activity. However, 

A.vera gel revealed a stronger antimicrobial inhibition than P.falcatus oil, which did not 

exhibit a clear inhibition zone. The two plant extracts were further instrumental analyzed by 

FTIR and GS-MS to identify the active functional group of the components and essential 

organic compound that are promising for natural antimicrobial and antioxidant. As 

confirmation obtained from the instrumental analysis, aloe vera extract contain more essential 

compound than P.falcatus seed oil that responsible for the antimicrobial activity and 

antioxidant. 

 By considering the problems and limitation associated with the current market, an herbal 

based drug formulation for skin infection were suggested. Herbal based drug ointment were 

formulated by encapsulating the desired amount of both plant at different level of optimization 

against antimicrobial and antioxidant in PEG ointment base. The formulated ointments were 

found to be a good antimicrobial and antioxidant activity to the selected MOs and DPPH 

radical reduction. By considering the biocompatibility, spreadability, viscosity and maximum 

inhibition diameter, a 10% of P.falcatus seed oil and 15% of A.vera extract was selected from 

the optimized ointments. In general, from the present experiment it can be summarized that the 

oil and extract had shown a synergistic activities in the formulated ointment. 
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5.2 Recommendation  

Further research work is required on the following points: 

 Optimization of extraction parameters such as solvents, temperature are much needed 

for A.vera extract. 

 It should be best to select a freeze drier for the extraction of A.vera extract 

 The fiber  sometimes named as bagasse left from A.vera juice by filtration has the 

capacity to reabsorb a high amount and will promises in the production of diaper 

babies and spongy 

 Formulation in the form of nano-emulsion is more advisable for this kind of 

ingredients 

 Hence, A.vera extract combined with P.falcatus seed oil can be employed as a source 

of natural antimicrobial and antioxidant that can serve as a medicinal ingredients from 

the present work. The extracted P.falcatus seed oil did not shows enough microbial 

inhibition to all of the test bacteria. 
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APPENDIX 

Appendix A  Experimental preliminary screening of phytochemical photo 

 

Figure a. Preliminarily phytochemical identification 

Appendix B  Experimental Result Photo of Chemical Property of oil 

 

Figure b. Determination of chemical properties of P.falcatus seed oil 

Appendix C  Experimental photo of agar well diffusion assay 
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Table c. Inhibition activities of extract and ointments 

Appendix D  Physiochemical of evaluation of ointment 

 

Figure d. Solubility, spreadability and viscosity measurement 

Appendix E  Extraction variable and yield oil by response surface 

Table e. Optimization of oil yield at different variables level 

Std Run A:Temperature ( 
o 
C) B:Time ( hr ) C:Ratio 

(V/W) 

Yield ( % ) 

9 1 70 2 12.5 23.28 

12 2 70 4 17.5 29.49 

7 3 65 3 17.5 21.78 

14 4 70 3 15 26.54 

17 5 70 3 15 26.26 

5 6 65 3 12.5 19.16 

4 7 75 4 15 28.28 

15 8 70 3 15 27.18 

3 9 65 4 15 21.64 

2 10 75 2 15 25.15 

6 11 75 3 12.5 28.31 

16 12 70 3 15 26.46 

10 13 70 4 12.5 26.11 

8 14 75 3 17.5 29.14 

11 15 70 2 17.5 23.43 

1 16 65 2 15 16.48 

13 17 70 3 15 26.72 

 

 

Appendix F  Calculation result of the TPC of P.falcatus oil 

Table f.1. Calibration curve of standard Gallic acid for phenol detection of solvents 

Solution used for detection(µL) 20 40 60 80 100 120 
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GA concentration solution 

(mg/mL) 

1.25 2.5 3.75 5 6.25 7.5 

Absorbance 0.2641 0.5187 0.6985 0.9251 1.1022 1.2964 

Standard concentration of Gallic acid is 0.0625 g/solution 

 Table f.2. Results of extraction solvents on TPC of P.falcatus seed oil 

               

Solvents 

Volume(mL) Mass(g) 
X =

y c

m


 at different 

Abs. 

TPC(mg/mL) ± SD 
 

Chloroform 

 

8.72 

 

8.46 

 

5.35226078 5.516751 

 

0.107821028 

 

Methanol 

 

4.2 

 

3.71 

 

7.74553102 8.768526 

 

0.151797927 

 

Ethanol 

 

6 

 

5.82 

 

6.79621451 8.181623 

 

0.169654706 

 

Hexane 9.5 9.23 5.47570978 5.635888 

 

3.541633771 

Table f.3. Calibration curve of the standard Gallic acid for phenol detection of temperature 

 Solution used for detection(µL) 25 50 100 150 200 

GA concentration solution (mg/mL) 1.25 2.5 5 7.5 10 

Absorbance 0.2231 0.445 0.8089 1.2056 1.4291 

Table f .4.   Effect of extraction temperature on the TPC of P.falcatus seed oi 

Temperature 

(℃) 
Volume(mL) Mass(g) 

X =
y c

m


 at 

different Abs. 

TPC(mg/mL) 
± SD 
 

60 

 
3.74 

3.63 6.12824173 
6.31 0.31468372 

65 

 
4.56 

4.43 7.74732334 
7.97 

0.273915774 

70 

 
5.8 5.52 

8.42398287 
8.85 0.074019625 

75 

 
6.34 

6.15 8.413276231 
8.67 0.150910294 



90 

 

80 6.56 6.3 
6.97811087 

 
7.23 0.48333444 

Table f.5. Calibration curve of the standard Gallic acid for phenol detection of time 

Solution used for detection(µL) 20 40 60 80 100 

GA concentration solution (mg/mL) 1.25 2.5 3.75 5 6.25 

Absorbance 0.6423 0.8673 0.9873 1.221 1.484 

Table f .6.  The results of extraction time against TPC of P.falcatus seed oil 

Time 

(hr) 
Volume(mL) Mass(g) 

X =
y c

m


 at different 

Abs. 

TPC(mg/mL) 
± SD 
 

2 

 
4.96 4.82 6.89136646 7.091530631 

0.258042953 

4 

 
5.88 

5.71 8.24436853 8.483831516 0.021113952 

6 

 
6.2 

6 

 

7.481014493 
7.730381643 

0.0698757 

8 

 
6.4 

6.23 6.039813665 6.204623989 
0.174824585 

Appendix G  TPC, TFC and antioxidant activities of optimized oil and A.vera 

Table g.1. Calibration curve of the standard Gallic acid for phenol detection 

Solution used for detection(µL) 10 20 40 60 80 100 

GA concentration solution (mg/mL) 1.25 2.5 5 7.5 10  

Absorbance 0.2236 0.3445 0.5008 0.6637 0.9274 1.0501 

Table g.2.  TPC content of P.falcatus seed oil, A.vera mucilage and its extracts 

Extracts volume Mass(g) 
X =

y c

m


 at different 

Abs. 

TPC(mg/mL) 
± SD 
 

A.vera 

extract 

 

- 12 4.443243243 
88.56 

0.476178328 

A.vera gel 

 
74 

73.99 1.19021983 1.19021983 0.028281593 

Optimized oil 6.25 
6 10.145382866 10.58648649 

0.49054057 
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Table g.3. Calibration curve of the standard quercetin acid for flavonoid detection 

  Solution used for detection(µL) 25 50 75 100 125 150 

Quercetin concentration solution (mg/mL) 0.25 0.5 0.75 1 1.25 1.5 

Absorbance 0.40 0.613 0.75 0.953 1.1013 1.2135 

Table g. 4.  TFC content of P.falcatus seed oil, A.vera mucilage and its extracts      

Extracts volume Mass(g) 
X =

y c

m


 at different 

Abs. 

TFC(mg/mL) 
± SD 
 

A.vera 

extract 

 

- 4 1.167837508 
21.168 

0.000543906 

A.vera gel 

 
74 

73.99 0.208155162 1.19021983 0.028281593 

Optimized 

oil 

 

6.25 
6 1.414477703 

1.473414274 

0.033284434 

  Appendix H  Calculation results of DPPH for the extracts, oil and ointments  

Table h.1. DPPH scavenging activities of P.falcatus oil, aloe vera gel and its extract 

Volume of solution used 

(µL ) 

 

 

Concentration of 

samples (mg/mL) 

RSA(%) 

gel extract 
oil AA 

20 1 13.39 27.08 13.6 71.97 

40 2 23.67 38.21 28.82 84.18 

80 3 24.04 54.07 35.76 97.44 

120 4 23.14 65.62 49.83 98.01 

160 5 31.65 79.71 58.49 97 

200 6 28 84.754 67.49 98 

IC50  = 22.48 2.68 4.23 0.11 
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At the concentration samples of 1 mg /20 mL  

Table h.2.  DPPH scavenging of formulated ointments 

Volume of solution 

used (µL) 

 

 

Concentration of 

samples (mg/mL) 

RSA(%) 

F2,4 F3,4 
F2,0 AA 

100 0.1 13.82 13.23 11.59 29.37945733 

200 0.2 20.47 25.198 15.46 40.86400525 

300 0.3 25.36 29.158 17.099 94.64710222 

400 0.4 28.89 33.707 16.29 95.39306501 

500 0.5 29.37 35.92 17.94 95.90130339 

600 0.6 29.29 36.789 17.78 98.35232396 

IC50  = 1.1 0.85 1.54 0.17 

At the concentration samples of 1 m g /10 mL  

Appendix I GS
_
MS results of P.falcatus seed oil and A.vera extract  

Table I.1. The identified essential compound of P.falcatus seed oil by GS
_
MS 

Compound Name Formula Rt. Area % Area % 

Hexadecanoic acid, methyl ester  17 34 2C H O
 

12.2507 130813 3.3273 10.119 

 9-Octadecenoic acid, methyl ester, E -
 19 36 2C H O

 
15.0224 155752 42.9891 12.048 

 9,12-Octadecadienoic acid Z,Z -, methyl ester
 19 34 2C H O

 
15.112 153874 35.5586 11.902 

Methyl stearate  20 40C H O
 

15.2519 157883 3.3397 12.213 

 9,12,15-Octadecatrienoic acid, methyl ester, Z,Z,Z -
 19 32 2C H O

 
15.3933 152040 1.4067 11.761 

Methyl 5,11,14-eicosatrienoate  21 38 2C H O
 

18.5119 179091 5.2819 13.853 

cis-11-Eicosenoic acid, methyl ester  21 40 2C H O
 

18.687 182570 1.5545 14.122 

cis-11,14-Eicosadienoic acid, methyl estera  21 38 2C H O
 

18.8228 180766 6.5421 
13.983 

 



93 

 

Table I.2. The major essential compound of A. vera extract identified by GS
_
MS 

 Compound name Molecular 

Formula 

Rt. Area %Are

a 

% 

Toluene 
7 8C H

 
3.21 570156 1.63 12.01 

   Bicyclo 3.1.0 hex-2-ene,2-methyl-5- 1-methylethyl -

 

10 16C H
 

5.44 261951 0.75 

5.52 

α-Pinene  10 16C H
 

5.58 118089 33.77 2.49 

β-Phellandrene  10 16C H
 

6.20 222652 0.64 4.69 

β-Pinene  10 16C H
 

6.30 129769 3.71 2.74 

β-Myrcene  10 16C H
 

6.43 856010 2.45 18.04 

Alpha -Phellandrene  10 16C H
 

6.74 111923 0.32 2.36 

 1,3-Cyclohexadiene, 1-methyl-4- 1-methylethyl

 

10 16C H
 

6.92 206031 0.59 

4.34 

O-Cymene 
10 16C H

 
7.04 929289 2.66 19.58 

D-Limonene 
10 16C H

 
7.12 188181 5.38 3.96 

Eucalyptol 
10 18C H o

 
7.20 157164 44.95 3.31 

3-Carene  10 16C H
 

7.38 148382 0.42 3.12 

Gamma -Terpinene  10 16C H
 

7.61 655912 1.88 13.82 

alpha-Terpinyl acetate  12 20 2C H O
 

13.37 189700 0.54 3.99 

Heptacosane  24 50 2C H S
 

20.72 110133 0.31 2.32 

 

Appendix J  GC
_
MS analysis of P.falcatus seed oil and A.vera extract profile 
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Figure g.1. GC–MS profile of ethanolic extract of P.falcatus seed oil 

 

 

Figure g.4. GC–MS spectra of alph-pinene essential oil found in the extract of aloe vera 

extract 
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Figure g.5. GC–MS spectra of beta phellandrene essential oil found in the extract of aloe vera 

extract 

 

 

Figure g.6. GC–MS spectra of beta-pinene essential oil found in the extract of aloe vera 

extract 

 

Figure g.7. GC–MS spectra of beta-myrcene essential oil found in the extract of aloe vera 

extract 
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Figure g.8. GC–MS spectra of alph-pellandrene essential oil found in the extract of aloe vera 

extract 

 

 

Figure g. 9  GC–MS spectra of toluene essential oil found in the extract of aloe vera extract 

 

Figure g.10. GC–MS spectra of o-Cymene essential oil found in the extract of aloe vera 

extract 
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Figure g.11. GC–MS spectra of D-limonene essential oil found in the extract of aloe vera 

extract 

 

Figure g.12. GC–MS spectra of Eucalyptol essential oil found in the extract of aloe vera 

extract 

 

Figure g.13.  GC–MS spectra of 3-carene essential oil found in the extract of aloe vera extract 
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Figure g.14. GC–MS spectra of gamma-Terpinene essential oil found in the extract of aloe 

vera extract 

 

Figure g.15. GC–MS spectra of alpha-Terpinyl acetate essential oil found in the extract of aloe 

vera extract 

 

Figure g.16.  GC–MS spectra of Heptacosane essential oil found in the extract of aloe vera 

extract 

  


