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Abstract: Red kidney beans have antioxidant effect and thereby can help in skin smoothening, moisturizing, whitening 

and have anti-wrinkles effect. The study was based on the formulation of a stable w/o emulsion possessing extract of 

Phaseolus vulgaris L. seeds, using paraffin oil with the aim to investigate its effect on various skin parameters. The 

extract, achieved by concentrating ethanolic extract of red kidney beans was embedded in the internal aqueous part of 

w/o emulsion. An active formulation possessing concentrated extract of red kidney beans and a placebo formulation 

having no active material in the aqueous phase were formulated and placed at various conditions for the duration of 28 

days, to observe the stability of cream. The placebo and formulation were stable at different storage conditions in terms 

of phase separation and colour changes. Minute liquefaction was observed from 21
st
day up to 28

th
 day in formulations 

which were kept at 40
°
C +75% RH (relative humidity). With the passage of time significant changes were observed in 

formulation pH while insignificant changes were observed at basic pH. Different effects of creams i.e placebo and 

formulations were observed on the human skin by applying them on the volunteer’s cheeks for about 8 weeks. A stable 

w/o emulsion can be formulated by using red kidney beans’ extract without any phase separation, liquefaction and colour 

change over 28 days storage. 
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INTRODUCTION 
 

Two immiscible liquids on proper mixing may constitute 

a two-phase system known as emulsion, which can be 

stabilized by the use of proper surfactants. Depending on 

the dispersed and dispersion phase, emulsions are broadly 

categorized as being water in oil (w/o) or oil in water 

(o/w) emulsions (Remington et al., 2006). This system 

has been successfully employed to improve drug 

bioavailability and to avoid first pass effect when used 

topically (Marti-Mestres and Nielloud 2002). The 

emulsion formulation improves the therapeutic as well as 

distribution properties of the drug contents (Waqas et al., 

2010). Emulsion formulations can also be used as 

solvents to deliver drug substances to the body. These 

formulations can also be loaded with plant extracts to 

impart cosmetic properties (Waqas et al., 2010). 

Numerous formulations with potential antioxidant and 

cosmetic properties have already been prepared. . The w/o 

emulsions are used more extensively for dehydrated skin 

(Akhtar et al., 2011). 

 

Phaseolus vulgaris L. commonly known as red kidney 

beans (RKB), is an important legume crop that is used 

world-wide as food (Kereena and Vishnuvardhan 2012) 

(Wani et al., 2017) for its taste and enriched protein, 

vitamins and mineral contents like Fe (70 mg/kg) and Zn 

(33 mg/kg) and energy (32%) (Beebe et al., 2000, Medina 

Velo et al., 2017, Apodaca et al., 2018). The RKB are 

also reported to contain unsaturated fatty acids (Kereena 

and Vishnuvardhan 2012), and a variety of glycosides 

(Choung et al., 2003). Aqueous extracts of RKB hulls 

have strong anti-oxidant and anti-inflammatory activities 

when tested on COX-1 & COX-2 owing to their phenolic 

contents (Oomah et al., 2010). The methanolic extract of 

RKB has exhibited multiple activities e.g. anti-mutagenic 

effect, free radical scavenging activity (Cardador-

Martínez et al., 2002), reduction in the risk of heart 

diseases and colon cancer (Kereena and Vishnuvardhan 

2012) and improvement in metabolism (Grant et al., 

1995). Anti-oxidant effects of extracts containing 

phenolic compounds have already been established 

(Espinosa et al., 2015). Phenolic compounds have 

applications as anti-wrinkle, whitening and sunscreen 

agents (Grant et al., 1995, Hayat et al., 2014).  

 

The present study aimed at the development of w/o cream 

from RKB extract and to evaluate its physicochemical and 

physiological properties. The evaluation parameters 

comprise of colour, pH, liquefaction, electrical 

conductivity, phase separation, centrifugation, TEWL 

(Trans epidermal water loss) and dermatological tests.  
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MATERIALS AND METHODS 
 

Materials and apparatus 

Red kidney beans (RKB), Distilled water, Abil-EM 90 

(Franken Chemical, Germany), Lemon oil (Chemoflor 

Manufacturing Corp. Pakistan) and paraffin oil (Merck 

Germany). Digital pH-meter (WTW PH-17i, Germany), 

Conductivity meter (WTW COND-197i, Germany), 

Incubators (Sanyo, Japan), Water bath (HH-S 21-4, 

China), Digital humidity meter (TES Electronic Corp, 

UK), Centrifuge and Electrical balance (Precisa, 

Switzerland and Hettich, Germany), Mechanical mixer 

(IKA, Germany). TEWA meter and Corneometer MPA5 

(Courgae + kazaka, Germany). 
 

Preparation of plant extract 

The weighed quantities of Phaseolus vulgaris L. seeds 

were pulverized and macerated in 80% ethanol solution 

for 3 days with occasional shaking (twice a day for ten 

minutes). The macerated pulverized material was filtered 

through 16-folds of muslin cloth (coarse filtration) and 

later through Whatman # 01 filter paper (fine filtration) to 

obtain the extract. Finally, the extract was concentrated on 

rotary evaporator (Rasul and Akhtar 2014) to obtain 

concentrated extract of red kidney beans. 
 

Preparation of placebo cream 

The w/o emulsion was prepared by mixing and agitating 

the aqueous and oil phases. For the preparation of placebo 

cream, an oily phase composed of a 3% surfactant Abil 

EM 90 and 14% paraffin oil 14% was heated up to 75°C 

±1°C. Aqueous phase was also heated at the same 

temperature and mixed drop by drop with the oily phase 

(Waqas et al., 2010) at 2000 RPM to achieve complete 

mixing of oil and aqueous phases. During mixing few 

drops of lemon oil were added to give pleasant fragrance 

to the emulsion. The cream was further mixed at 

relatively lower speeds, first at 1000 RPM and then at 500 

RPM for 5 minutes each to complete the homogenization 

and allowed to cool down at room temperature (Akhtar et 

al., 2010).  
 

Preparation of formulation cream 

Both aqueous and oil phases were prepared as explained 

earlier and heated separately until temperature reached to 

75
°
C +1°C. Red kidney bean’ extract (3%) was added in 

the aqueous phase and then the aqueous phase was mixed 

drop by drop to the oily phase(Ali et al., 2013). After the 

mixing of aqueous and oil phases same procedure was 

followed that was used in the placebo preparation (Akhtar 

et al., 2010, Rasul and Akhtar 2014). 
 

Cream characterization  

The distinguished features of placebo and formulation 

creams were assessed by the determination of pH, 

centrifugation test, electrical conductivity test and 

physical analysis. Stability tests were also conducted 

under different storage conditions to observe the effects of 

different temperature ranges on the emulsions (Akhtar et 

al., 2011).  
 

Evaluation of Creams on skin 

Eleven healthy male volunteers between the age of 25 and 

35 years (RCT codes = AB, AC, AD, AE, AF, AG, AH, 

AI, AJ, AK, AL) were selected for the evaluation of 

cream on their skin with the selection criteria as; Only 

healthy volunteer, Not using any other cream during or at 

least two weeks before the study, Not allergic to any of 

the contents of cream and who gave written consent. The 

study was approved by the institutional ethics committee 

of Faculty of Pharmacy and Alternative Medicine, the 

Islamia University of Bahawalpur, Pakistan. Written 

detailed information was provided and informed consents 

were obtained from all the volunteers. Moreover, the 

dermatological examination of all the volunteers were 

also performed before the start of actual study. After 

assuring volunteers health, both placebo and formulation 

creams were applied to each volunteer’s face (Ali et al., 

2013). Creams were marked ‘left’ or ‘right’ showing use 

of that cream on left and right cheeks. Volunteers applied 

the both creams for eight weeks as per instructions. Every 

volunteer was weekly examined by a Dermatologist to 

avoid any unwanted effects (Akhtar et al., 2011). 

 

Dermatological tests 

In dermatological test melanin/erythema, moisture, sebum 

contents and also epidermal water loss (TEWL) were 

determined after 1, 2, 3, 4, 6 and 8 weeks from the start of 

cream application (Rasul and Akhtar 2014). Briefly, 

melanin and erythema contents were measured using 

mexameter (Courga+khazaka electronic GmbH). 

Measurements were taken on pre-defined time intervals 

after the application of either placebo or formulation 

creams. The sensitivity of placebo and formulation 

creams was checked by patch test prior to the actual 

experiment (Rasul and Akhtar 2014). 

 

Mathematical and statistical analysis 

To analyse the differences in different dermatological 

parameters among the individuals, the assays were 

performed in triplicates and results were expressed as 

mean values + S.D. (standard deviation). The calculated 

data was subjected to the one-way analysis of variance 

(ANOVA), using the statistical package (SPSS 26.0). 

Differences between placebo and formulation creams 

were determined by paired t-test, while variations among 

different time intervals were evaluated by Tukey’s test at 

p<0.05. Asterisks indicate significant differences.  

 

RESULTS 
 

Stability testing 
Four separate samples of placebo and formulation were 

prepared and placed at various temperature conditions i.e., 

8+0.1°C in refrigerator, 25+0.1°C, 40+0.1°C in incubator 
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and 40+0.1°C in incubator having 75% relative 

humidity(Rasul and Akhtar 2014). Samples were 

observed for the time intervals till 28 days under various 

storage conditions. The properties like colour change, 

liquefaction and phase separation were observed (Badiu et 

al., 2009). 
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Fig. 1: Percentage change in skin melanin content after 

application of placebo and formulation creams 
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Fig. 2: Percentage change in skin erythema content after 

application of placebo and formulation 
 

No change in colour was observed. All the samples of 

placebo and formulation placed at various conditions of 

temperature and humidity were observed for liquefaction. 

The slight liquefaction was observed in both placebo and 

formulation samples kept at accelerated temperature 

(40°C) without humidity and with humidity on 28
th

 day. 

Considering phase separation as a stability parameter, the 

formulations were comparatively more consistent than the 

placebo stored at the elevated temperatures (Badiu et al., 

2009). 

In centrifugation test, separation of phases was not 

observed in the preparations after keeping them under 

various storage conditions till 28
th 

day of study period 

(Waqas et al., 2010). The electrical conductivity tests of 

all the placebo samples as well as formulations were 

performed by using conductivity meter after storage under 

several different temperature conditions for four weeks at 

specific time intervals e.g.for24 hours, 7 days, 14 days, 21 

days and 28 days(Akhtar et al., 2011). No electrical 

conductivity was observed in placebo samples as well as 

formulations up to 28 days. 
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Fig. 3: Percentage change in skin hydration content after 

application of placebo and formulation creams 
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Fig. 4: Percentage change in skin sebum content after 

application of placebo and formulation creams 

 

pH of both the placebo and formulation samples showed a 

timely decline from 24 h to 28 days as given in table 

1(Akhtar et al., 2011). However, significant variation in 

the pH of formulation samples was observed under 
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various temperature conditions. In least significant 

difference (LSD) test the change in the pH of formulation 

samples were significant in similar storage condition with 

the time intervals. Aldehyde and organic acids production 

by paraffin oil oxidation may be the main cause of 

decrease in formulation pH at different storage conditions 

(Rowe et al., 2009). 

 

Dermatological tests 

Melanin 

During the evaluation of the effect of placebo and 

formulation on the formation of skin melanin by using 

mexameter (Courga + khazaka electronic GmbH), the 

skin melanin contents were increased over the time 

(insignificant change) by placebo cream while the 

formulation significantly decreased the skin melanin 

contents from week 0 (represented by dotted line) as 

shown in fig. 1. 
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Fig. 5: Percentage change in trans-epidermal water loss 

after application of placebo and formulation creams 
 

Erythema 
The erythema contents were slightly decreased 

(insignificant change) after the application of placebo, 

while in case of formulation a significant decrease in the 

skin erythema contents was observed from 1
st 

to 8
th

 week 

of observation as shown in fig. 2. 

 

Skin moisture contents 

The skin moisture contents were recorded by 

Corneometer (Courga + khazaka electronic GmbH) and 

the values are shown in figure 3. Intergroup differences at 

different time intervals were also analysed using one way 

ANOVA and post hoc Tukey’s test to observe the 

variations and it was observed that the placebo cream 

showed insignificant variations while formulation has 

significant difference in the study of 8
th

 week. 

 

Skin sebum contents  

The effect of placebo as well as formulation creams on 

sebum contents of human skin was examined by using 

Sebometer (Courga+ khazaka electronic GmbH) and the 

values are shown in fig. 4. When LSD test was 

performed, it was observed that the variation in the skin 

sebum contents recorded at specific periods after applying 

placebo and formulations were significant. 

 

Trans-epidermal water loss (TEWL) 

A significant variation in TEWL was observed after the 

application of both placebo and formulation as shown in 

fig. 5. 

 

DISCUSSION 
 

The developed w/o cream from RKB extract was 

evaluated for its physicochemical and physiological 

properties like colour change, liquefaction and phase 

separation (Badiu et al., 2009).  

 

The stability in colour of placebo and formulation was 

most probably due to the presence of paraffin oil (Waqas 

et al., 2010). The active ingredients i.e. red kidney beans 

extract contains polyphenols (Cardador-Martínez et al., 

2002) that kills most of the bacteria owing to their 

antimicrobial effect (Lopez-Hernandez et al., 1993). 

Table 1: The pH values of placebo and formulation kept at 8
o
C, 25

o
C, 40

o
C and 40

o
C + 75% RH (P = placebo, F= 

formulation, RH = relative humidity). 
 

Time 
8

°
C 25

°
C 40

°
C 40

°
C + 75% RH 

P F P F P F P F 

Fresh 5.92 5.67 5.92 5.67 5.92 5.67 5.92 5.67 

12hours 5.85 5.62 5.78 5.64 5.78 5.59 5.71 5.56 

24hours 5.72 5.53 5.61 5.59 5.64 5.53 5.43 5.49 

36hours 5.68 5.48 5.43 5.54 5.45 5.29 5.25 5.43 

48hours 5.43 5.39 5.28 5.48 5.35 5.11 4.98 5.38 

72hours 5.31 5.28 5.12 5.33 5.21 4.95 4.92 5.24 

7days 5.14 5.16 4.94 5.21 5.09 4.87 4.8 5.09 

14days 4.98 5.03 4.81 4.98 4.93 4.84 4.71 4.92 

21days 4.72 4.92 4.68 4.72 4.82 4.72 4.67 4.81 

28 days 4.59 4.78 4.49 4.67 4.71 4.68 4.24 4.73 
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Thereby help to protect the active formulation contents 

from microbial growth and the colour change of the active 

formulation during storage. The slight liquefaction was 

observed in both placebo and formulation samples kept at 

accelerated temperature (40°C) without humidity and with 

humidity on 28
th 

day, which might be due to the increased 

temperature. The consistency of the emulsion in term of 

phase stability at the elevated temperatures (Badiu et al., 

2009) was due to increase phase viscosity at low 

temperature (Waqas et al., 2010). In centrifugation test, 

separation of phases was not observed in the preparations 

after keeping them under various storage conditions till 

28
th 

day of study period (Waqas et al., 2010). 

 

The main cause of decrease in formulation pH at different 

storage conditions of both the placebo samples as well as 

formulations were may be due to production of aldehyde 

and organic acids by paraffin oil oxidation (Rowe et al., 

2009). 

 

The effect of placebo and formulation on the formation of 

skin melanin was also observed. The decrease in skin 

melanin contents by the use of formulation was due to its 

antioxidant and free radical scavenging activity, owing to 

the presence of polyphenols (Choung et al., 2003, Waqas 

et al., 2010, Marathe et al., 2016, Roy et al., 2019) and 

diglycosides of quercetin and kaemferoll (Cardador-

Martínez et al., 2002, Lin et al., 2008). The slight 

decrease in erythema contents after the application of 

formulation cream was due to Carotenes present in the red 

kidney beans (Lopez-Hernandez et al., 1993) which also 

consists of tocopherols and are effective in scavenging 

reactive oxygen species (Tsuda et al., 1994). These 

ingredients are responsible for anti-erythema effects of 

formulations. The significant increase in moisture 

contents by formulation cream may be due to vitamins C 

in the red kidney beans extract. Vitamin C helps in the 

collagen synthesis (Colven and Pinnell 1996). Hydration 

level also increases when collagen level is increased 

(Sharma et al., 2008). Placebo cream increased the sebum 

contents that may be due to thick viscous oily nature of 

paraffin oil, whereas, formulation cream contains flavanol 

glycosides, pro-anthocyanidins (Beninger and Hosfield 

2003) and anthocyanin are also present in red kidney 

beans coat (Choung et al., 2003), which reduce the sebum 

contents in the skin (Ali et al., 2013). A significant 

variation in TEWL was observed after the application of 

both placebo and formulation creams, which may be due 

to the fatty acids available in red kidney beans extract and 

they help in preventing TEWL, retain skin hydration and 

keep it healthy for longer periods. 

 

CONCLUSION  
 

The objective of this study was to develop a w/o cream 

from the extract of Phaseolus vulgaris L. seeds, using 

paraffin oil and to investigate its effect on various skin 

parameters. 

 

 It can be concluded that a stable w/o emulsion can be 

formulated by using red kidney beans extract without any 

phase separation, liquefaction and colour change over 28 

days storage. When tested on human volunteers, RKB 

formulation cream successfully whitened the skin, 

reduced skin melanin contents, skin erythematic values, 

TEWL, skin sebum levels and enhanced skin moisture 

contents in a significant manner. 
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