
 

~ 151 ~ 

Journal of Medicinal Plants Studies 2022; 10(2): 151-158

 
 
 
 
 
 
 
 
 
 
 

ISSN (E): 2320-3862 

ISSN (P): 2394-0530 

www.plantsjournal.com  

JMPS 2022; 10(2): 151-158 

© 2022 JMPS 

Received: 06-01-2022 

Accepted: 13-02-2022 

 

Iniobong S Enengedi 

Department of Chemistry, Akwa 

Ibom State University, Ikot 

Akpaden, Akwa Ibom, Nigeria 

 

Okon D Ekpa 

Department of Pure and Applied 

Chemistry, University of 

Calabar, Calabar, Cross River, 

Nigeria 

 

Ukana D Akpabio 

Department of Chemistry, 

University of Uyo, Uyo, Akwa 

Ibom, Nigeria 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Iniobong S Enengedi 

Department of Chemistry, Akwa 

Ibom State University, Ikot 

Akpaden, Akwa Ibom, Nigeria 

 

 
 

 

 

 
 
 

 

 

 

 

 
 

Formulation and evaluation of in vivo hydration 

property of creams with Talinum triangulare and 

Dacryodes edulis extracts 
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Abstract 
Modern skincare products are formulated using plant extracts as active ingredients. Leaf and stem of 

Talinum triangulare and leaf and bark of Dacryodes edulis extracts were used for the development of 

cosmetic formulations for in vivo evaluation of their moisturizing effects. Absence of redness, itching, or 

blemishes on the forearms of volunteers, with the cream without the extracts (control) and with creams 

containing the extracts (actives), confirmed the safety of these formulations. The pH of the active creams 

and control (4.9-5.4) were within the pH of the skin. There were no coalescence of dispersed phase, 

phase separation and change in colours of the active creams and the control from their respective initial 

colours stored at 7 °C, 30 °C and 40 °C for 90 days. Creams prepared with ethanol extracts of T. 

triangulare leaf hydrated the skin more than the other plant materials, indicating its potentials as 

moisturising ingredient to treat dry skin. 
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Introduction 
The exposure of skin to environmental stress such as ultraviolet radiations, toxic chemicals, air 

and humidity results in dry and damaged skin [1, 2]. Intercellular lipids and natural moisturizing 

factor present in the stratum corneum are responsible for the barrier function and maintenance 

of the water content of the skin. It has been established that water keeps the horny layer supple 

and ensures neutralization of acids and alkalis. A water content of 10-20% in the stratum 

corneum is said to be required to keep it soft and pliable, when the amount of water reduces 

below 10%, the skin becomes dry with wrinkles which also results in premature aging [3, 4]. 

Under these conditions, effective cosmetic products are being used, to improve skin hydration, 

to maintain the normal texture of skin and to prevent dryness. Natural remedies have been used 

for centuries for treating skin conditions and dermatological disorders such as inflammation, 

phototoxicity, psoriasis, atopic dermatitis and alopecia areata [5]. 

Formulation of liquid-liquid emulsion is a common practice in the food and pharmaceutical 

industries. A system that consists of oil droplets dispersed in an aqueous phase is called oil-in- 

water (or O/W) emulsion; a system that consists of water droplets dispersed in an oil phase is 

called water-in-oil (or W/O) emulsion [6]. Emulsions containing plant extracts as active 

ingredients are more promising in the field of research due to their therapeutic importance and 

reliability of people on natural sources [7]. Both oil-in-water and water-in-oil emulsions are 

widely used for their medicinal properties and as vehicles of various drugs to skin [8]. O/W 

emulsions are most useful as water-washable bases, whereas W/O emulsions are emollient and 

cleansing agents [9]. O/W emulsions are the most commonly used cosmetic delivery systems 

which supply moisture to skin and improve the skin condition by forming the occlusive barrier 

on the skin [10]. Rasul & Akhtar [7], in a study revealed that a stable topical cream (W/O 

emulsion) containing Milk thistle (S. marianum) extract could be produced, which could be 

cost effective with no harmful effects. The formulation was observed to have skin moisturizing 

effects as it caused an increase in skin moisture content. Decrease in surface evaluation of 

living skin (SELS) and transepidermal water loss (TEWL) parameters were also observed. 

These revealed that the formulation exerted anti-aging effects. Also, Khan et al. [11] prepared 

suitable emulsions for topical use with Hippophae rhamnoids and Cassia fistula extracts. 

Damasceno et al. [3] reported the use of Opuntia ficus-indica (L.) Mill extracts from Brazilian 

Caatinga as an alternative of natural moisturizer in cosmetic formulations.  
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Talinum triangulare is from the family of Portulacaceae. It 

originated from tropical Africa, and is widely cultivated as a 

medicinal and food crop in West Africa, Asia, and South 

America [12]. Traditionally, T. triangulare is used as softener 

of other vegetable species [13]. The leaves contain an 

appreciable amount of bioactive compounds namely 

flavonoids, alkaloids, saponins and tannins [14]. Cooking of the 

leaves of the vegetable for 5 minutes resulted in insignificant 

loss of tannins, alkaloids, flavonoids, sterols, cyanogenic 

glycosides, saponins and tocopherol, but significant loss of 

vitamin C, carotenoids and antioxidant activity [15]. 

Hydromethanolic extract of T. triangulare exhibited powerful 

antioxidant activity and inhibited the activity of tyrosinase 

enzyme [16]. The leaf extract of T. triangulare is potentially 

active against iron II - induced oxidative stress in the brain 

and testes of wistar albino rat in vitro [17]. Studies had found 

that polysaccharides isolated from T. triangulare water extract 

revealed remarkably different degrees of antioxidant activities 

in dose-dependent manners [18]. Polysaccharides are known to 

increase skin hydration [19]. Malic acid was isolated from stem 

extracts of T. triangulare [20]. Malic acid is a humectant, it 

helps in moisture retention to keep the skin hydrated. It 

exfoliates, improves skin smoothness and tones, and reduces 

wrinkles [21]. Allantoin facilitates corneocytes desquamation, 

and as a result, the skin surface is smoothed and softened. It 

also helps in wound healing process by regeneration of cells 

of damaged epithelium [22]. 

Dacryodes edulis is an indigenous fruit tree in the humid low 

lands and plateau regions of West, Central African and Gulf 

of Guinea countries [23]. D. edulis leaf and bark have rich 

phytochemicals and antimicrobial properties, and could be 

suitable antimicrobial ingredients for skin care products for 

relieve of skin diseases [24]. According to Enengedi et al. [25], 

extracts of D. edulis leaf and bark could serve as free radical 

inhibitors or scavengers, acting possibly as antioxidants. D. 

edulis oils have been projected as possible substitute for P. 

Americana oil in cosmeceutical formulations [26]. 

Apart from traditionally documented applications, some 

modern trials have also established the utility of plant extracts 

in personal care products [27-34]. Herbal cosmetics, referred to 

as products, are formulated using various permissible 

cosmetic ingredients to form the base in which one or more 

herbal ingredients are used to provide defined cosmetic 

benefits35. The natural content in the herbs does not have any 

side effects on the human body, but instead enrich the body 

with nutrients and other useful minerals [35]. Not much is 

available in the literature on the use of T. triangulare and D. 

edulis materials for the formulation of personal care products 

despite the great number and therapeutic properties of such 

plants, in Nigeria. Therefore, there is need to evaluate 

formulated emulsions with these extracts, which could 

provide protection, as well as treat the underlying causes of 

skin blemishes. 

 

Materials and Methods 

Sample collection, identification and extraction 

Leaf and stem of Talinum triangulare, and Dacryodes edulis 

(leaf and bark) were collected from Uyo, Akwa Ibom State, 

Nigeria, in the Month of January, 2018. The plant samples 

were transferred into polyethelene bags, labelled properly and 

taken to the laboratory for identification and preparation. The 

plant materials were identified and authenticated by a 

Taxonomist in the Department of Botany and Ecological 

Studies, University of Uyo, Akwa Ibom State. Voucher 

specimens were deposited at the herbarium with these 

numbers (Enengedi, UUH 3545 and 3541) for T. triangulare 

and D. edulis respectively. The plant samples (leaf, stem and 

bark) were washed, chopped into pieces and air-dried for 

about 14 days. The samples were coarsely powdered and 

placed in a big glass jar, and extracted by maceration with 

80% ethanol for 72 hours at 30 oC. The glass jar was covered 

with aluminum foil and the content stirred at interval. The 

extracts were filtered and concentrated in a rotary evaporator 

at a pressure of 10 kPa at 35 oC, and the solvent removed 

completely by evaporation in the water bath at 40 oC. The 

extracts were stored in a functional refrigerator at 7 oC until 

used for formulation. 

 

Formulation procedure 

Creams were formulated according to the method described 

elsewhere [36].The composition of the cream bases and the 

cream with plants extract (active cream) is shown in Table 1. 

F4 had a preferable cream flow and was chosen as the best 

base for active cream formulation. F1, F2, and F3 cream bases 

were thicker. 

Parts V ingredients were weighed into a clean beaker and also 

part W, into a separate beaker. Both parts were heated to 70 

°C. Part X (carbopol) was spread on the water surface, kept 

until it dissolved, and subsequently heated to 70 °C. Part V 

was added to Part W with stirring, and Part X was added 

afterwards. The mixture was vigorously stirred using a hand 

mixer until the temperature of 35 °C was reached. Then Part 

Y was added and mixed properly. The mixture was then 

blended with an electric blender to obtain a homogeneous 

formulation. Two drops of ambipur perfume oil was added 

and mixed. The cream was cooled with stirring to room 

temperature. Prepared creams were stored at room 

temperature in tight closed plastic containers protected from 

light. 

 

Analysis of cream 

Physical characteristics (colour and phase separation) were 

observed while pH and emulsion type of creams were 

determined at various intervals for a period of 90 days. Total 

viable count of micro-organisms was also determined using 

plate count method. 

 

Determination of pH of Cream 

The pH value of freshly prepared emulsions and emulsions 

kept at room temperature were determined using the standard 

method [37]. The emulsion (2 g) was weighed into a beaker 

and diluted with 18 cm3 distilled water and stirred before a pH 

electrode was directly inserted into the solution. The pH of 

the emulsion was determined at 30 oC using a pocket-sized 

digital pH meter. Readings were taken in triplicate for each 

emulsion. 

 

Types of Emulsions 

The drop dilution method [38] was used for detection of 

emulsion type. A certain amount of emulsion (1 g) was taken 

in a test tube and diluted with a certain amount of water (10 

cm3). An emulsion that is immiscible with water confirms the 

emulsion is W/O type and vice versa. 
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Table 1: Composition of cream bases and cream with plant extracts. 
 

Part Compound 
Formulation (% weight) 

cream base cream with plant extract 

V 

 

 F1 F2 F3 F4 A B C D E F G 

Petrolatum 5.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Mineral oil 5.0 4.0 2.0 3.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0 

Cetearyl alcohol 1.5 1.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Stearic acid 4.0 3.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Emulsifying wax 2.5 2.0 1.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Cetyl alcohol 3.0 2.0 1.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

W 

 

Glycerin 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Sodium benzoate 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Potassium sorbate 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Deionized water 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 

X 
Carbopol 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Deionized water 47.4 52.9 58.4 56.9 50.4 49.0 45.0 43.0 40.0 50.6 50.8 

Y 
Plant extract - - - - 0.5 1.0 1.5 2.0 2.5 0.3 0.1 

Deionized water - - - - 6.0 6.9 10.4 11.9 14.4 6.0 6.0 

 

Stability Tests  

Stability tests were performed at different conditions for 

formulations to investigate the effect of these conditions on 

the storage of emulsions [11]. These tests were performed on 

creams kept at 7 °C (in refrigerator), 30°C (in laboratory) and 

40 °C (in incubator). Physical properties, that is, colour, and 

phase separation were observed, while pH and emulsion type 

were determined at various intervals for creams kept at a 

temperature of 30 °C for 90 days. Also colour and phase 

separation of emulsions were observed at various intervals for 

creams kept at 7 °C (in refrigerator) and 40 °C (in incubator) 

for 90 days.  

Total Viable Count of Microorganisms-Plate Count Method  

In order to assess the degree of contamination in the creams 

with extracts (actives) and the cream without extract (control), 

determination of total microbial viable count for each active 

cream and control was carried out using plate count method 
[39]. Each cream (1 g) was serially diluted using 9 cm3 sterile 

dilution blank up to 10-2. Then 1 cm3 from the second dilution 

was transferred into sterile petri dishes that were properly 

labelled (seeding of plate). Sterile molten nutrient agar and 

sabouraud dextrose agar liquefied at 45 oC were poured into 

each seeded plate accordingly. Plates were swirled to mix, 

then left on the laboratory bench to set and thereafter, 

incubated at 28 oC using a Gallen kamp incubator for 24 h and 

5 days for bacteria and fungi growth respectively. Colonies 

that emerged after incubation were counted using a colony 

counter and recorded as colony forming unit per gram (cfu/g). 

 

Product evaluation on skin (patch test)  

The method [32] was used to perform patch test on the forearm 

of a volunteer to determine any possible reactions to the 

formulations. The forearm was marked Ab to Ah and Ct 

(control) for formulations using T. triangulare leaves extract. 

Ab to Ah represented the different concentrations of the 

extract in 100 g of the formulation. Moisture and oil contents 

of the marked area of the forearm were noted before 

application of formulation using a dual LCD digital skin 

moisture oil content analyser SK-8. The formulations Ab to 

Ah along with the control were applied on the forearm of the 

volunteer. Adhesive tape was used to fix them in place. The 

patches were left in place for 48 hours, during which time the 

forearm area was not washed. After 48 hours, the patches 

were removed and moisture and oil contents were determined 

one hour later. The forearm was examined for any redness, 

itching, or blemishes. These visible signs plus any itchy or 

irritable sensations indicate that there is something wrong to 

the product. If the skin is clear and comfortable, the product is 

safe to use. The same procedure was repeated for D. edulis 

extracts. The moisture and the oil contents were calculated 

and expressed in percentage using Equation 1. 

 

Change (%) =     Equation 1 

 

Where  

A = individual value of moisture or oil content after 48 hours 

patch (%) 

B = individual value before application of cream (%) 

 

Statistical analysis 

Data were expressed as mean of experiments performed in 

triplicate. 

 

Ethical issues 

Ethical clearance for this research was obtained from the 

Ministry of Health, Akwa Ibom State (Reference No. 

MH/PRS/VOL.IV/456). Informed consents were sought and 

obtained from human volunteers; they were free to participate 

and exit from the study. All the information that the 

volunteers needed to know were made available to them and 

the procedure for the analysis was explained to them prior to 

the analysis. 

 

Results and Discussion 

Characteristics of the cream 

Physical characteristic (colour and phase separation), pH and 

emulsion type of creams formulated with leaf and stem of T. 

triangulare and leaf and bark of D. edulis extracts stored at 

room temperature (30 oC) were noted at various intervals for a 

period of 90 days and are presented in Tables 2, 3, 4 and 5 

respectively. 

All the creams with extracts of T. triangulare leaf and stem, 

D. edulis leaf and bark and control, were oil-in-water (O/W) 

emulsions. This reveals that the creams with extracts and the 

control consist of oil droplets dispersed in an aqueous phase 

and can be used as vehicles of various drugs to skin [8]. Oil-in-

water (O/W) emulsions are mostly used in cosmetic delivery 

systems, thus supplying moisture and improving the skin 

condition by forming occlusive barrier on the skin [10]. 

The pH of all the creams with extracts and control ranged 

between 4.9 and 5.4. This shows that both the creams with 

extracts and the control can be used on skin without irritancy 

since the pH of products were within the pH of the skin. The 
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pH of human skin typically ranges from 4.5 to 6.0, even 

though 5.5 is considered to be the average pH of the skin [10]. 

Under the following storage conditions of 7°C (in 

refrigerator), 30 °C (in laboratory) and 40 °C (in incubator), 

and observations at various intervals for 90 days, both the 

creams with extracts and the control did not show any 

observable changes in colour. There were also no coalescence 

of the dispersed phase, nor phase separation of the creams 

with extracts and the control. These results imply that the 

creams with extracts and the control were stable at the 

indicated temperatures and periods. Generally, as soon as an 

emulsion is prepared, processes which depend on time and 

temperature may occur to effect its separation during storage; 

an emulsion’s instability is revealed by creaming, reversible 

aggregation and irreversible aggregation [40], while emulsion 

stability is described by the absence of coalescence of 

dispersed phase, absence of creaming and reserving of its 

physical elegance, odour, colour and appearance over a period 

of time [6]. 

 
Table 2: Physical characteristics of cream formulated with T. t (L) extracts 

 

E.C (g/100g) 
Fresh 30 days after 60 days after 90 days after 

pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S 

0.1 5.3 o/w Ofw -ve 5.3 o/w Ofw -ve 5.2 o/w Ofw -ve 5.3 o/w Ofw -ve 

0.3 5.3 o/w LG -ve 5.2 o/w LG -ve 5.3 o/w LG -ve 5.3 o/w LG -ve 

0.5 5.3 o/w LG -ve 5.3 o/w LG -ve 5.3 o/w LG -ve 5.3 o/w LG -ve 

1.0 5.3 o/w G -ve 5.3 o/w G -ve 5.2 o/w G -ve 5.3 o/w G -ve 

1.5 5.2 o/w G -ve 5.3 o/w G -ve 5.2 o/w G -ve 5.2 o/w G -ve 

2.0 

2.5 

5.3 

5.2 

o/w 

o/w 

G 

DG 

-ve 

-ve 

5.3 

5.2 

o/w 

o/w 

G 

DG 

-ve 

-ve 

5.2 

5.3 

o/w 

o/w 

G 

DG 

-ve 

-ve 

5.2 

5.2 

o/w 

o/w 

G 

DG 

-ve 

-ve 

*T. t (L) = T. triangulare leaf; E.C = extract concentration; E.T = emulsion type; Col. = colour; P.S = phase separation; Ofw = off-white; LG = 

light green; G = green; DG = deep green; o/w = oil- in-water and –ve = no phase separation 
 

Table 3: Physical characteristics of cream formulated with T. t (S) extracts 
 

E.C (g/100g) 
Fresh 30 days after 60 days after 90 days after 

pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S 

0.1 5.3 o/w W -ve 5.3 o/w W -ve 5.3 o/w W -ve 5.3 o/w W -ve 

0.3 5.3 o/w Ofw -ve 5.3 o/w Ofw -ve 5.2 o/w Ofw -ve 5.3 o/w Ofw -ve 

0.5 5.3 o/w Ofw -ve 5.3 o/w Ofw -ve 5.2 o/w Ofw -ve 5.3 o/w Ofw -ve 

1.0 5.2 o/w Ofw -ve 5.3 o/w Ofw -ve 5.2 o/w Ofw -ve 5.2 o/w Ofw -ve 

1.5 5.2 o/w LB -ve 5.3 o/w LB -ve 5.2 o/w LB -ve 5.2 o/w LB -ve 

2.0 5.2 o/w LB -ve 5.2 o/w LB -ve 5.2 o/w LB -ve 5.2 o/w LB -ve 

2.5 5.2 o/w LB -ve 5.2 o/w LB -ve 5.3 o/w LB -ve 5.2 o/w LB -ve 

*T. t (S) = T. triangulare stem; E.C = extract concentration; E.T = emulsion type; Col. = colour; P.S = phase separation; W = white; Ofw = off-

white; LB = light brown; o/w = oil- in-water and –ve = no phase separation 
 

Table 4: Physical characteristics of cream formulated with D. e (L) extracts 
 

E.C (g/100g) 
Fresh 30 days after 60 days after 90 days after 

pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S 

0.1 5.4 o/w Ofw -ve 5.3 o/w Ofw -ve 5.4 o/w Ofw -ve 5.4 o/w Ofw -ve 

0.3 5.2 o/w LG -ve 5.2 o/w LG -ve 5.2 o/w LG -ve 5.2 o/w LG -ve 

0.5 5.2 o/w LG -ve 5.3 o/w LG -ve 5.3 o/w LG -ve 5.3 o/w LG -ve 

1.0 5.1 o/w LG -ve 5.1 o/w LG -ve 5.0 o/w LG -ve 5.1 o/w LG -ve 

1.5 5.1 o/w G -ve 5.2 o/w G -ve 5.1 o/w G -ve 5.1 o/w G -ve 

2.0 4.9 o/w G -ve 4.9 o/w G -ve 5.0 o/w G -ve 5.0 o/w G -ve 

2.5 4.9 o/w G -ve 4.9 o/w G -ve 4.9 o/w G -ve 4.9 o/w G -ve 

* D. e (L) = D. edulis leaf; E.C = extract concentration; E.T = emulsion type; Col. = colour; P.S = phase separation; Ofw = off-white; LG = light 

green; G = green; o/w = oil- in-water and –ve = no phase separation 

 
Table 5: Physical characteristics of cream formulated with D. e (SU) extracts 

 

E.C (g/100g) 

 

Fresh 30 days after 60 days after 90 days after 

pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S pH E.T Col. P.S 

0.1 5.3 o/w Ofw -ve 5.3 o/w Ofw -ve 5.3 o/w Ofw -ve 5.3 o/w Ofw -ve 

0.3 5.2 o/w Ofw -ve 5.2 o/w Ofw -ve 5.2 o/w Ofw -ve 5.2 o/w Ofw -ve 

0.5 5.2 o/w LB -ve 5.2 o/w LB -ve 5.1 o/w LB -ve 5.2 o/w LB -ve 

1.0 5.0 o/w LB -ve 5.1 o/w LB -ve 5.0 o/w LB -ve 5.0 o/w LB -ve 

1.5 5.0 o/w B -ve 5.0 o/w B -ve 5.0 o/w B -ve 5.1 o/w B -ve 

2.0 5.0 o/w B -ve 4.9 o/w B -ve 5.0 o/w B -ve 5.0 o/w B -ve 

2.5 4.8 o/w DB -ve 4.9 o/w DB -ve 4.8 o/w DB -ve 4.8 o/w DB -ve 

*D. e (S) = D. edulis bark; E.C = extract concentration; E.T = emulsion type; Col. = colour; P.S = phase separation; Ofw = off-white; LB = light 

brown; B = brown; DB = deep brown; o/w = oil- in-water and –ve = no phase separation. 
 

Total viable count of microorganisms  

The degree of contamination of the active creams and control 

were assessed as viable microbial count and the results at 0.0, 

0.1, 0.3, 0.5, 1.0, 1.5, 2.0 and 2.5g/100g of active creams 
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show no colony forming unit. Cosmetic products are basically 

non-sterile as they contain nutrients which support the growth 

of various micro-organisms; however, they must be 

completely free of high-virulence microbial pathogens [41, 42]. 

According to Scientific Committee on Consumer Safety [43], 

total aerobic mesophilic microorganisms (bacteria plus yeast 

and mould) should not be more than 1 x 103 colony forming 

unit per gram or milliliter of cosmetics (cfu/g or cfu/ml). The 

creams were not contaminated with bacteria. This implies that 

the creams were suitable to be used on skin without any 

contamination. 

 

Formulation evaluation on skin (patch test) 
Patch testing after a single application is a widely used 

procedure to evaluate acute irritant reactions. The 

examination of the forearms of volunteers after removal of 

patch revealed that there was no redness, itching, or blemishes 

on the forearms of volunteers with T. triangulare leaf and 

stem; and D. edulis leaf and bark extracts creams, the skin 

was clear and comfortable. Evaluation of irritancy testing was 

based on visual observation only. This type of evaluation, 

although subjective, can be a sensitive, reliable and 

reproducible method [44]. This result indicate that there was no 

skin irritation with the creams, and that both the cream 

without extract (control) and the creams with extracts (active) 

were safe to use. This is corroborated with the report of Ali et 

al. [44], in which the cream base and active containing 

Moringa oleifera leaf extract produced no skin irritation after 

performing patch test for 48 hours.  

Results of moisture and oil contents of the marked areas of 

the forearm before application of cream containing T. 

triangulare leaf ethanol extract and after removal of adhesive 

tape are shown in Figure 1. The percentage moisture and oil 

contents increased as the concentration of T. triangulare leaf 

extract in the cream increased up till 1.0 g of extract, and then 

the percentage moisture and oil contents started reducing 

(Figure 1). In the percentage moisture and oil contents of T. 

triangulare stem extract shown in Figure 2, there was no 

significant difference between the control (cream base) and 

cream with extract (active) up to 0.5 g. A significant 

increment occurred at 1.0 g of extract before reducing again. 

In the D. edulis leaf extract, the percentage moisture and oil 

contents gradually increased as the concentration of extract in 

the cream increased up till 0.5 g, then became irregular 

(Figure 3). The percentage moisture and oil contents of active 

creams of D. edulis bark are shown in Figure 4 with higher 

moisture and oil contents at 0.3 g and 2.5 g than the control.  

 

 
 

Fig 1: Percentage change in moisture and oil contents of skin with different concentrations of T. triangulare leaf-ethanol-extract in the 

formulated cream. 
 

 
 

Fig 2: Percentage change in moisture and oil contents of skin with different concentrations of T. triangulare stem-ethanol-extract in the 

formulated cream. 
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Fig 3: Percentage change in moisture and oil contents of skin with different concentrations of D. edulis leaf-ethanol-extract in the formulated 

cream. 
 

 
 

Fig 4: Percentage change in moisture and oil contents of skin with different concentrations of D. edulis bark-ethanol extract in the formulated 

cream. 
 

It was observed that both the control and the creams with 

extracts (active) of T. triangulare leaf increased the skin 

moisture and oil contents (Figure 1), but the skin moisture and 

oil contents of all the active creams significantly increased 

more than the control. This indicates that the extract had 

contributed to the increase in the moisture and oil contents of 

the skin and that all the concentrations of the extract of T. 

triangulare leaf used in this research can increase the water 

and oil contents of stratum corneum more than the control. 

The peak of the increment in moisture and oil contents of the 

skin was attained at 1.0% concentration of T. triangulare leaf 

active cream (Figure 1). This indicates that 1.0% 

concentration of the extract in the cream is the best for 

optimum skin moisture and oil contents. Moisturisation of 

skin involves repairing the skin barrier, retaining or increasing 

water content, reducing trans epidermal water loss (TEWL), 

restoring the lipid barriers' ability to attract, hold and 

redistribute water, and maintaining skin integrity and 

appearance [45]. The significant increase in skin moisture and 

oil after application of active creams than control could be 

due to presence of polysaccharides, malic acid or allantoin 

contained in T. triangulare. Polysaccharides are known to 

increase skin hydration [19]. Studies had attributed the 

significant increase in moisture after application of 

formulation containing fenugreek extract to the fact that 

fenugreek extract contains mucilaginous polysaccharide that 

is a natural effective ingredient for improving skin hydration, 

possibly through a humectant mechanism [46]. Malic acid is a 

humectant, it helps in moisture retention to keep the skin 

hydrated. It exfoliates, improves skin smoothness and tones, 

and reduces wrinkles [21]. Allantoin facilitates corneocytes 

desquamation, and as a result, the skin surface is smoothed 

and softened. It also helps in wound healing process by 

regeneration of cells of damaged epithelium [22]. Water 

content of the control was 8.59% while those of the active 

creams ranged from 13.82-20.43%, implying that the high 

percentage water content observed when using the active 

creams shall make the stratum corneum soft and flexible and 

also the high percentage oil content of the skin would form an 

occlusive barrier on the surface of the skin, thereby 

preventing TEWL. A water content of 10-20% in the stratum 

corneum is said to be required to keep it soft and pliable4. 

Pectinases in the T. triangulare leaf extract can also 

contribute to the softness of the stratum corneum. High 

amount of pectinases detected13 from T. triangulare leaf had 

been linked as a contributory compound in T. triangulare leaf 
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as a softener of other vegetables species. The activity of the 

pectinases enzyme is known to increase with increase in 

temperature. This indicates that T. triangulare leaf extract 

might have a possible softening and hydrating effects on the 

skin. When the skin is hydrated, dead cells are removed 

frequently. This will improve skin smoothness and tones, 

thereby reducing wrinkles. Therefore, T. triangulare leaf 

extract can be used as an active ingredient in moisturising 

cosmetic formulations and also as a complement in the 

treatment of dry skin. It can also be used as a toner and as 

anti-aging ingredient, and for removing of fine wrinkles.  

Both the control and actives of T. triangulare stem ethanol 

extract increased the moisture and oil contents of the stratum 

corneum. All the active creams had higher moisture and oil 

contents more than the control (Figure 2), but the increment in 

the moisture and oil contents of the actives of T. triangulare 

stem were low up to 0.5% concentration of extract. The 

sudden significant increase of moisture (14.50%) and oil 

(14.71%) contents at 1.0% concentration of extract reveal that 

this concentration of active cream of T. triangulare stem was 

able to reduce TEWL on the skin thereby increasing the 

moisture content of the skin. This is the only active cream of 

T. triangulare stem that had moisture content (Figure 2) 

within the range that is required to keep the skin soft and 

pliable. 

There was a gradual increase in the skin moisture and oil 

contents of the actives creams of D. edulis leaf ethanol extract 

from 0.1-0.5% concentration of extract before an irregular 

reduction was observed (Figure 3). All the active creams 

increased skin moisture and oil content more than the control. 

The hydration of these active creams may be due to the high 

amount of phenolics in D. edulis leaf [25].  

The moisture and oil contents of active cream of D. edulis 

bark ethanol extract at 0.1% concentration of active cream 

was lower than that of the control (Figure 4). An increase in 

skin moisture and oil content was observed at 0.3% 

concentration, then irregularity was observed with the rest of 

the active creams. Only 0.3% and 2.5% active creams had 

moisture and oil contents higher than the control. This 

indicates that even though D. edulis bark contain high amount 

of phenolics, flavonoids and tannins [25], these compounds 

might not be available in the form that effect the required 

properties in the active creams. Bioavailability and 

metabolism of polyphenols may influence their effectiveness 
[47]. In case of topical delivery of polyphenols, the penetration 

of polyphenols into the skin is limited; successful delivery of 

plant polyphenols requires cream-based, organic solvent-

based or lipid soluble topical formulations that can enhance 

the penetration of the polyphenols [47]. Studies had shown that 

complex Phyllanthus emblica extract-phospholipid cream 

revealed higher localisation of gallic acid in the skin as 

compared to conventional P. emblica extract cream [48]. 

 

Conclusion  

All the active creams with the ethanol extracts of the T. 

triangulare (leaf and stem) and D. edulis (leaf and bark) 

under study exhibited hydrating effect on the stratum corneum 

more than the control. Therefore, these extracts can be used to 

treat dry skin and fine wrinkles. Among the extracts, T. 

triangulare leaf is suggested as the best in skin hydration for 

personal care formulations. Frequent application of 

moisturisers helps the skin to maintain the moisture content of 

the stratum corneum, keeping it smooth and pliable. All skin 

types equire a moisturiser at least twice a day. 
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