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ABSTRACT
Synthetic cosmetic products pose threats to human and the ecosystem. This is because the ingredients used in the formulation are reported to be known carcinogens, endocrine disruptors and emerging contaminants. But herbal cosmetics are known for their therapeutic properties and less side effect to human.
Oils derived from C. paradisi and C. lemon seeds were used in this study to prepare a variety of ecofriendly cream compositions. Ingredients including lanoline, coconut oil, beeswax, and rose oil as fragrance were used in the compositions.
The formulated creams' physicochemical parameters, including their pH value, cooling effect, drop point, UV spectroscopy, neutral fatty matter and total fatty matter, were examined using established techniques.
The ecofriendly creams made from the oils of C. paradisi and C. lemon seeds showed strong antimicrobial action against the microorganisms that were tested. These formulations performed well in both preventing microbial invasion and fighting bacterially-induced skin infections when compared to a commercial standard reference cream (Nivea). In a similar vein, the creams' exceptional DPPH radical scavenging ability further demonstrated their potent antioxidant activity. The ecofriendly creams prepared from the seed oils of C. paradisi and C. lemon competed with the commercial cream (Nivea). Also, the formulated ecofriendly creams show promising antioxidant potency in protecting the skin.
Overall, this study shows that the exceptional antimicrobial and antioxidant qualities of C. paradisi and C. lemon seed oils make them highly promising ingredients for the creation of ecofriendly cosmetic products. These qualities may also be further utilized for industrial and medical purposes.
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1.0	INTRODUCTION
The most common ingredients used in skin cream formulations are water, emollients, emulsifiers and preservatives. Water is the most commonly utilized liquid among these in cosmetic compositions. The amount of water in a skin cream affects how it works when applied, the formulation creates a cooling effect on the skin's surface when the water evaporates. According to Shai et al. (2001), vanishing creams, contain a high-water content which spread quickly and seem to "disappear" when applied, leaving behind a non-greasy residue on the skin.
Emollients are lipids and oils that easily spread over the skin. They moisturize the skin by partially blocking the stratum corneum, which enhances the appearance of the skin as a whole (Rawlings et al., 2004). Different emollients provide different skin feels and they are chosen based according to their function. Since a greasy residue is acceptable overnight, for instance, night creams usually contain richer, oilier emollients. On the other hand, daytime hand creams typically employ lighter oils that leave less greasy residue and are comfortable to use while going about everyday tasks (Salka, 1997; Shai et al., 2001).
Emulsifiers and preservatives are key ingredients regarding the structural and microbiological stability of skin creams. Emulsifiers present in skin cream formulations are often formed from the combinations of surfactants and fatty alcohols (Eccleston, 1986). Examples of such ingredients include cetyl alcohol, stearic acid, glyceryl monostearate (fatty alcohols), triethanolamine stearate, sodium stearate and cetrimide (surfactants). These ingredients are often capable of performing more than one role within the formulation e.g. they may be classed as emulsifiers, stabilizers, thickening agents or emollients (Eccleston, 1997).
Preservatives and emulsifiers are essential ingredients regarding the skin creams' microbiological and structural stability. Combinations of fatty alcohols and surfactants are frequently used as emulsifiers in these formulations (Eccleston, 1986). Triethanolamine stearate, sodium stearate, and cetrimide (surfactants), acetyl alcohol, stearic acid, glyceryl monostearate (fatty alcohols). In addition, these ingredients are often capable of performing more than one role within the formulation e.g. they may be classed as emulsifiers, stabilizers, thickening agents or emollients (Eccleston, 1997). 
To stop unwanted bacteria or fungi that could ruin the formulation or endanger the health of customers, preservatives are necessary (Shai et al., 2001).
Preservative concentrations or levels in skin creams are generally acceptable at ≤1%, while the exact amount varies depending on the product type. Parabens (0.3%), cetyl trimethylammonium bromide (1%) and phenyl mercuric nitrate (0.01%) are common antimicrobial agents used as preservatives systems in creams (Bloomfield, 1996). For cream compositions to be safe for consumers, ingredient combinations and concentrations must be thoroughly tested.  According to strict regulations, cosmetic items must comply with Dir 76/768/EEC and its annexes in order to be marketed in the European Union (Pauwels & Rogiers, 2009). In a similar vein, Federal Food, Drug, and Cosmetic Act of 1938 is still in effect in the US (Simion, 2009). 
A skin cream's purpose differs according on its intended use. Some, like moisturizers, have an immediate effect on the skin, while others operate as vehicles for transferring a specific active substance to the skin, such as sunscreens and anti-acne remedies (Epstein, 2009). Skin creams can be broadly classified into three functional categories: cosmeceuticals, which combine cosmetic and therapeutic properties and contain active ingredients that improve skin function (e.g., anti-aging products); drugs, which prevent or treat diseases that affect the structure or function of the skin; and cosmetics, which improve the appearance and feel of the skin without significantly changing its structure or function (Griffiths, 2010). Lastly, Barry and Grace (1972) pointed out that skin creams need to be visually appealing to customers as well as have a pleasant sensory feel when applied.
The medicinal benefits of seed oils are widely acknowledged (Burt, 2004; Shrestha and Tiwari, 2009; Tabassum et al., 2013). The World Health Organization (WHO) reports that many pathogenic microorganisms, such as Salmonella typhi, Bacillus subtilis, Enterobacter aerogenes, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, and other dermatophytes, are susceptible to the significant antimicrobial effects of oils extracted from seeds. It is well known that herbal cosmetic formulations enhanced with natural antimicrobial, anti-inflammatory, anticancer, and antioxidant qualities support the maintenance of healthy skin. These oils' phytochemicals, which include terpenoids, tannins, proteins, vitamins, and other bioactive components, help revitalize and shield the skin from a variety of illnesses and conditions, such as psoriasis, dermatitis, keratosis, chickenpox, eczema, sunburn, skin cancer, and staphylococcal infections (Kapoor, 2005; Fathima et al., 2011; Joshi and Pawal, 2015). Thus, the aim of this research is to use the concepts of green chemistry to formulate bioactive cosmetics that are safe, economical, and ecofriendly using Citrus paradisi and Citrus lemon seed oils.
2.0	MATERIALS AND METHODS
2.1	Sample Collection and Preparation
During the fruiting season, fresh Citrus lemon and Citrus paradisi fruits were purchased from Igele Market in Ondo Town, Nigeria. After the fruits were manually dehulled, the seeds were collected, deshelled, allowed to air dry at room temperature, grind into a powder, and then stored for extraction. After soaking the powdered seeds in n-hexane for four to five days, the extracts were filtered and concentrated in a rotary evaporator until the n-hexane was dried to leave the oil extracts from the seeds of Citrus lemon and Citrus paradisi.
2.2	Formulation of Eco-friendly Creams from the Seed Oils
The eco-friendly creams were made with beeswax, lanoline, coconut oil, Citrus paradisi seed oil, Citrus lemon seed oil, and rose oil (for aroma).
Using various compositions, the following four cream formulations were created as follows: 
Formulation 1: 0.01 g of rose oil was added after 3.5 g of beeswax, 4.0 g of C. paradisi seed oil, and 2.5 g of lanolin had been heated together. The resultant cream was put into containers and kept for further examination. 
Formulation 2: After melting 2.5 g of beeswax, 2.5 g of C. paradisi seed oil, 2.5 g of lanolin, and 2.5 g of coconut oil, 0.01 g of rose oil was added. After that, the resultant cream was put into containers and kept for examination.
Formulation 3: 0.01 g of rose oil was added after 3.5 g of beeswax, 4.0 g of C. lemon seed oil, and 2.5 g of lanolin had been melted together. After being placed into containers, the resultant cream was kept for further analysis. 
Formulation 4: After melting 2.5 g of beeswax, 2.5 g of coconut oil, 2.5 g of lanolin, and 2.5 g of C. lemon seed oil, 0.01 g of rose oil was added. After being poured into containers, the finished product was kept for further analysis.
2.3	Physicochemical Parameter of the Formulated Creams and Standard Reference 
The four (4) eco-friendly cream products were subjected to the following parameters;
1. Drop Point Determination: On a steam bath set at about 65°C, a tiny amount of each formulated creams and the standard reference sample were melted. After cooling the thermometer bulb in ice, the molten sample was stirred until it reached 60°C to cool. After drying, the thermometer bulb was dipped halfway into the 60°C molten sample and removed immediately. The adhering sample was held vertically until its surface turned dull, and then it was submerged in ice water for five (5) minutes. The bulb tip of the thermometer was positioned 15mm above the bottom of a test tube after it was attached with a cork. While stirring with a mechanical stirrer, the test tube was slowly heated while hung in a water bath. The drop point was determined as the temperature at which the sample's first drop dropped from the thermometer bulb (Fagbemi, 2005).
2. pH Determination: Using standard buffer solutions, the pH meter was calibrated. 1 g of each formulated and standard reference creams were dispersed in 10 ml of distilled water using the Kuntal et al. (2012) method with slight modification, and the pH of the suspension was determined at 27°C.
3. Homogeneity/Appearance Determination: Each formulated and standard reference creams were examined visually for undissolved components/ ingredients, dirt particles, foreign matter, phase separation and clarity (Fagbemi, 2005).
4. Neutral Fatty Matter Determination: In a 250 ml conical flask, 0.40 g each of the formulated cream products and the standard reference were dissolved in 25 ml of ethanol, heated gradually, and then moved to a separatory funnel using 5 ml of ethanol. 100 ml of petroleum ether was then added after 30 ml of water and 10 ml of 1 M NaOH into the separatory funnel and shaken thoroughly to allow the two liquid layers to separate, the lower (aqueous) layer was run into a second separatory funnel. The process was carried out twice and the aqueous layer was kept.
The three (3) petroleum ether extracts were washed with 25 ml of 50 % aqueous ethanol and was added to the main aqueous layer. The mixture was transferred into a 250 ml beaker and each funnel was rinsed with 10 ml petroleum ether and this was added to the mixture inside the beaker. The mixture was dried on a water bath and was weighed to ascertain the neutral fatty matter (Poucher, 1993). 
5. Total Fatty Matter Determination: 20 ml of 1 M HCl was used to acidify the aqueous layer and then 100 ml petroleum ether was added into the separatory funnel and shaken vigorously to allow the two liquid layers to separate, the lower (aqueous) layer was transferred into a second separatory funnel. This process was repeated twice and the aqueous layer was kept.
The three (3) petroleum ether extracts were washed with 25 ml of 50 % aqueous ethanol and was added to the main aqueous layer. The mixture was transferred into a 250 ml beaker and each funnel was rinsed with 10 ml petroleum ether, and this was added to the beaker. The mixture was dried on a water bath and was weighed to ascertain the total fatty matter.
Some neutral fatty matter that remains unextracted such as fatty alcohol ethoxylates, 25 ml of water was added to the aqueous layer and three (3) successive 100 ml chloroform was used in the extraction. Each chloroform extract was then washed in a second separating funnel with 50 ml of water. Then the mixture was run into a 250 ml beaker and was evaporated to dryness and the weight was determined (Poucher, 1993).
6. UV Spectroscopy Determination: A UV-Visible spectrophotometer was used to take the UV spectra of each of the formulated and standard reference creams in order to ascertain their maximum absorption wavelength and level of penetration of the formulated and standard reference creams (Donald et al., 2001).
7. Cooling Effect Determination: The amount of time needed for each of the formulated and standard reference creams to cool or solidify after melting was noted.
2.4	Antimicrobial Assay
Selvamohan and Sandhya (2010) and Ameh et al. (2012) described the agar diffusion method for evaluating the antimicrobial activity of the formulated cream samples and the standard reference. The prepared agar media was spread into sterilised Petri dishes and cultures serially diluted to 1×10⁶ CFU/ml were used for microbial inoculation. Using a micropipette or syringe, aliquots of each formulated cream sample and the standard reference (0.80 g) were added to wells bored in the agar plates after they had been dissolved in 50% DMSO. For 48 hours, the plates containing bacterial strains were incubated at 37 °C, and for 96 hours, the plates containing fungal strains were incubated at 37 °C. By measuring the diameter of the zones of inhibition (in millimeters), antimicrobial activity was ascertained. Six (6) bacteria and four (4) fungi organisms were used for the antimicrobial assay.
2.5	Antioxidant Activity
DPPH Radical Scavenging Assay
According to Choi (2002), the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical decolorization assay was used to assess the antioxidant activity of the prepared creams and the standard reference. 500, 250, 100, 50, and 10 μg/ml were the final concentrations obtained by diluting each of the prepared cream samples and the standard reference (1.0 mg/ml) in ethanol. 1 ml of a 0.3 mM DPPH solution in ethanol was added to 2.5 ml of sample solution of different concentrations, and the mixtures was allowed to react at room temperature for 30 minutes. Using a Varian Cary I-E UV-Visible spectrophotometer, absorbance was measured at 518 nm. The radical scavenging activity was determined as the decolourization percentage of the test sample using the following formula: 
DPPH Scavenging capacity % = 100 - [(Absorbance of sample - Absorbance of blank) x 100/Absorbance of control]. 
3.0	RESULTS AND DISCUSSION
3.1	Formulation and Mixing Ratio of the Ecofriendly Creams
Table 1 lists the Citrus paradisi and Citrus lemon seed oil mixing ratios used to formulate the ecofriendly creams.
Table 1: Mixing ratio of the oils for the formulation of ecofriendly creams
	Oils
	          Formulation
	Colour of the formulated cream
	Clarity
	Code

	Citrus paradisi
	40 % of C. paradisi oil + 35 % of Beeswax + 25 % of Lanoline + 0.01 % of Fragrance
	   Cream colour
	  Good
	 CP1 

	Citrus paradisi
	25 % of C. paradisi oil + 25 % of Beeswax + 25 % of Coconut oil + 25 % of Lanoline + 0.01 % of Fragrance
	   Cream colour
	  Very Good
	 CP2

	Citrus lemon
	40 % of C. lemon oil + 35 % of Beeswax + 25 % of Lanoline + 0.01 % of Fragrance
	  Light cream Colour
	  Good
	LP1

	Citrus lemon
	25 % of C. lemon oil + 25 % of Beeswax + 25 % of Coconut oil + 25 % of Lanoline + 0.01 % of Fragrance
	  Light cream colour
	  Very Good
	LP2



Skin lotions with lanolin as an ingredient work well for dry skin. Lanolin is a member of the lipid-rich emollient moisturizer family, which helps seal the skin's intercellular spaces and stop water loss through the epidermis. It is frequently mixed with humectants, which improve the smoothness of hair and keep moisture on the skin. A great moisturizer and softener for the skin is coconut oil (Gediya, 2011). Furthermore, it offers defense against damage to the skin and hair (Aarti and Mohile, 1999).
3.2	Physicochemical Parameters of the Formulated Ecofriendly Creams and Standard Reference (Nivea)
The standard reference and the formulated creams' physicochemical parameters are shown in Table 2.
Table 2: Physicochemical parameters of the formulated ecofriendly creams and standard reference
	Cream sample 

	pH value
	Cooling effect 

	Drop point 

	UV spectroscopy
	Neutral fatty matter
	Total fatty matter
	Appearance 


	CP1
	4.85
	129 sec
	51 oC
	390 nm
	81.24 %
	6.59 %
	Clear

	CP2
	4.75
	135 sec
	50 oC
	395 nm
	81.21 %
	6.80 %
	Clear

	LP1
	4.70
	140 sec
	46 oC
	395 nm
	81.23 %
	6.90 %
	Clear

	LP2
	4.95
	155 sec
	44 oC
	394 nm
	81.34 %
	6.58 %
	Clear

	Nivea
	6.85
	182 sec
	35 oC
	392 nm
	82.89 %
	8.60 %
	Clear



Healthy adult human skin normally has a surface pH between 4.5 to 6.0 (Lambers, 2006). The pH values of the prepared ecofriendly creams, evaluated using a calibrated pH meter (Table 2), were within the permitted range for topical creams. The prepared creams' pH values varied from 4.70 to 4.95, whereas the pH value of the standard reference cream was 6.85. These figures align with other data reports (Oyedeji and Okeke, 2010; Takagi 2015). 
The standard reference cream demonstrated the largest cooling effect of 182 seconds under the same conditions, while the formulated creams' cooling effects varied from 129 to 155 seconds.     
The drop points of the commercial reference cream were 35 °C, while the drop points of the prepared creams made from Citrus paradisi and Citrus lemon seed oils ranged from 44 °C to 51 °C. The formulations derived from C. paradisi had the highest drop points, ranging from 50 to 51 °C.
Homogeneity/Appearance of the formulated eco-friendly creams and standard cream appears very clear.
While the commercial cream used as standard reference displayed an absorption peak at 392 nm, the formulated ecofriendly creams' UV absorption wavelength ranged from 390 to 395 nm which falls within the acceptable range of 290 – 400 nm for sunscreen creams reported by Kedor-Hackmann et al. (2004).
Both the formulated creams and the standard reference had neutral fatty matter values ranging from 81.21% to 82.89%, which is consistent with values reported for commercial creams by Oyedeji et al. (2011). The neutral fatty matter content is an indication of the fatty matter substances present in cosmetic emulsion such as mineral oil, silicones, fatty alcohols, fatty esters, lanolin and most waxes. The mineral oil, fatty alcohols and the waxes are good emollients which are useful in cleansing, massage and night creams and also act as vitamin carriers (Oyedeji et al., 2011). 
Likewise, the formulated and standard reference creams' total fatty matter contents ranged from 1.53 to 12.37%, which is in line with previously published figures for different commercial cream products (Oyedeji et al., 2011). The combined fatty acids in the cosmetic emulsion, known as total fatty matter, serve as building blocks for emulsifiers, which stabilize cosmetic emulsions. According to Van Boekel et al. (1981), some of these fatty acids also aid in skin healing and restoration.
3.3	Antimicrobial Activity of the Formulated Creams and Standard Reference
3.3.1	Antimicrobial Activity of the Formulated Creams from oil of C. paradisi Seed
Tables 3 and 4 display the antimicrobial activity of the prepared ecofriendly creams prepared from Citrus paradisi seed oil.





Table 3: Antimicrobial Activity of the formulated ecofriendly cream from oil of Citrus paradisi Seed (CP1) 
	
	    Concentrations (mg/ml)
	

	Pathogens
	200
	100
	50
	25
	12.5
	Positive control
	MIC mg/ml

	
	    Zone of inhibition (mm)
	

	Bacteria
	Gentamincin (10 mg/ml)
	

	P. aeruginosa
	20±0.0

	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   37±1.0
	  12.5

	B. subtilis
	19±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   36±0.0
	  12.5

	S. aureus
	22±0.0
	20±0.0
	16±1.0
	15±0.0
	10±0.0
	   36±0.0
	  12.5

	S. typhi
	19±0.0
	16±1.0
	14±0.0
	11±0.0
	    - 
	   35±1.0
	  25

	K. pneumoniae
	21±1.0
	17±1.0
	15±0.0
	11±0.0
	    -
	   36±0.0
	  25

	E. coli
	20±0.0
	18±0.0
	16±1.0
	14±0.0
	10±0.0
	   37±1.0
	  12.5

	Fungi
	Tioconazole
     70 %
	

	P. notatum
	16±1.0
	14±0.0
	12±0.0
	11±0.0
	    -
	   25±0.0
	  25

	C. albicans
	19±0.0
	16±1.0
	14±0.0
	13±0.0
	10±0.0
	   26±0.0
	  12.5

	R. stolonifer
	16±1.0
	14±0.0
	11±0.0
	    -
	    -
	   25±0.0
	  50

	A. niger
	19±0.0
	16±1.0
	14±0.0
	10±0.0
	    -
	   26±0.0
	  25


- Means no clear zone of inhibition
At a dosage of 200 mg/mL, the ecofriendly cream made from Citrus paradisi seed oil (CP1) showed significant antimicrobial efficacy against every organism that was tested (Table 3).  With an inhibition zone of 22 ± 0.0 mm, S. aureus had the highest amicrobial susceptibility, followed by K. pneumoniae, E. coli and P. aeruginosa, which had inhibition zones of 21 ± 1.0 mm, 20 ± 0.0 mm, and 20 ± 0.0 mm, respectively at a dosage of 200 mg/ml. The least susceptible species were P. notatum and R. stolonifer, each of which showed an inhibition zone of 16 ± 1.0 mm at 200 mg/ml.
With inhibition zones of 10 ± 0.0 mm, the lowest minimum inhibitory concentration (MIC) at 12.5 mg/ml was found against P. aeruginosa, B. subtilis, S. aureus, E. coli and C. albicans. Gentamicin and tioconazole were more effective than the prepared cream (CP1), despite exhibiting strong antimicrobial action. 
Table 4: Antimicrobial Activity of the formulated ecofriendly cream from oil of Citrus paradisi Seed (CP2) 
	
	    Concentrations (mg/ml)
	

	Pathogens
	200
	100
	50
	25
	12.5
	Positive control
	MIC mg/ml

	
	    Zone of inhibition (mm)
	

	Bacteria
	Gentamincin (10 mg/ml)
	

	P. aeruginosa
	20±0.0

	18±0.0
	16±1.0
	14±0.0
	10±0.0
	   36±0.0
	  12.5

	B. subtilis
	19±0.0
	17±1.0
	14±0.0
	12±0.0
	10±0.0
	   37±1.0
	  12.5

	S. aureus
	20±0.0
	18±0.0
	16±1.0
	14±0.0
	10±0.0
	   37±1.0
	  12.5

	S. typhi
	18±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0 
	   36±0.0
	  12.5

	K. pneumoniae
	20±0.0
	18±0.0
	16±1.0
	11±0.0
	    -
	   35±1.0
	  25

	E. coli
	19±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   36±0.0
	  12.5

	Fungi
	Tioconazole
     70 %
	

	P. notatum
	17±1.0
	15±0.0
	13±0.0
	11±0.0
	    -
	   26±0.0
	  25

	C. albicans
	18±0.0
	16±1.0
	14±0.0
	12±0.0
	 10±0.0
	   27±1.0
	  12.5

	R. stolonifer
	16±1.0
	14±0.0
	11±0.0
	    -
	    -
	   27±1.0
	  50

	A. niger
	18±0.0
	16±1.0
	14±0.0
	12±0.0
	 10±0.0
	   26±0.0
	  12.5


- Means no clear zone of inhibition
At a concentration of 200 mg/mL, the ecofriendly cream prepared from Citrus paradisi seed oil (CP2) exhibited significant antimicrobial efficacy against every organism that was tested (Table 4). With inhibition zones of 20 ± 0.0 mm each, P. aeruginosa, S. aureus and K. pneumoniae showed the highest susceptibility, followed by B. subtilis and E. coli which had inhibition zones of 19 ± 0.0 mm each at a concentration of 200 mg/ml. At the same concentration, R. stolonifer exhibited the least susceptibility, with an inhibitory zone of 16 ± 1.0 mm.
P. aeruginosa, B. subtilis, S. aureus, S. typhi, E. coli, C. albicans, and A. niger all had the lowest minimum inhibitory concentration (MIC) at 12.5 mg/ml, with an inhibition diameter of 10 ± 0.0 mm. Despite having strong antimicrobial activity, the formulated ecofriendly cream (CP2) was not as effective as gentamicin and tioconazole. 
3.3.2	Antimicrobial Activity of the Formulated Creams from oil of C. lemon Seed
The antimicrobial activity of the formulated ecofriendly creams from oil of Citrus lemon seed are shown in Table 5 and Table 6.
Table 5: Antimicrobial Activity of the formulated ecofriendly cream from oil of Citrus lemon Seed (CL1) 
	
	    Concentrations (mg/ml)
	

	Pathogens
	200
	100
	50
	25
	12.5
	Positive control
	MIC mg/ml

	
	    Zone of inhibition (mm)
	

	Bacteria
	Gentamincin (10 mg/ml)
	

	P. aeruginosa
	20±0.0

	18±0.0
	15±0.0
	13±0.0
	10±0.0
	   36±0.0
	  12.5

	B. subtilis
	19±0.0
	17±1.0
	14±0.0
	10±0.0
	    -
	   37±1.0
	  25

	S. aureus
	20±0.0
	17±1.0
	15±0.0
	12±0.0
	10±0.0
	   37±1.0
	  12.5

	S. typhi
	19±0.0
	17±1.0
	15±0.0
	12±0.0
	10±0.0
	   36±0.0
	  12.5

	K. pneumoniae
	20±0.0
	18±0.0
	16±1.0
	11±0.0
	    -
	   35±1.0
	  25

	E. coli
	20±0.0
	17±1.0
	15±0.0
	13±0.0
	10±0.0
	   36±0.0
	  12.5

	Fungi
	Tioconazole
     70 %
	

	P. notatum
	18±0.0
	16±1.0
	14±0.0
	11±0.0
	    -
	   26±0.0
	  25

	C. albicans
	19±0.0
	16±1.0
	15±0.0
	12±0.0
	10±0.0
	   27±1.0
	  12.5

	R. stolonifer
	16±1.0
	14±0.0
	11±0.0
	    -
	    -
	   27±1.0
	  50

	A. niger
	19±0.0
	16±1.0
	14±0.0
	11±0.0
	    -
	   26±0.0
	  25


- Means no clear zone of inhibition
The formulated ecofriendly cream from the C. lemon seed oil (CL1) demonstrated appreciable antimicrobial activity at a dosage of 200 mg/ml for the growth of all the test organisms in Table 5. With inhibition zones of 20 ± 0.0 mm each, P. aeruginosa, S. aureus, K. pneumoniae and E. coli were the most susceptible, followed by B. subtilis, S. typhi, C. albicans and A. niger, which showed inhibition zones of 19 ± 0.0 mm each at a dosage of 200 mg/ml. At the same concentration, R. stolonifer showed the lowest susceptibility, with an inhibition zone of 16 ± 1.0 mm.
With an inhibition diameter of 10 ± 0.0 mm, P. aeruginosa, S. aureus, S. typhi, E. coli and C. albicans had the lowest minimum inhibitory concentration (MIC), at 12.5 mg/ml. The formulated ecofriendly cream from the C. lemon seed oil (CL1) exhibited significant activity but was lower than the activity recorded for gentamicin and tioconazole.
Table 6: Antimicrobial Activity of the formulated ecofriendly cream from oil of Citrus lemon Seed (CL2) 
	
	    Concentrations (mg/ml)
	

	Pathogens
	200
	100
	50
	25
	12.5
	Positive control
	MIC mg/ml

	
	    Zone of inhibition (mm)
	

	Bacteria
	Gentamincin (10 mg/ml)
	

	P. aeruginosa
	20±0.0

	18±0.0
	16±1.0
	14±0.0
	10±0.0
	   37±1.0
	  12.5

	B. subtilis
	20±0.0
	18±0.0
	16±1.0
	14±0.0
	10±0.0
	   36±0.0
	  12.5

	S. aureus
	20±0.0
	18±0.0
	16±1.0
	13±0.0
	10±0.0
	   36±0.0
	  12.5

	S. typhi
	19±0.0
	17±1.0
	14±0.0
	12±0.0
	10±0.0
	   35±1.0
	  12.5

	K. pneumoniae
	19±0.0
	16±1.0
	14±0.0
	11±0.0
	    -
	   36±0.0
	  25

	E. coli
	20±0.0
	18±0.0
	16±1.0
	14±0.0
	10±0.0
	   37±1.0
	  12.5

	Fungi
	Tioconazole
     70 %
	

	P. notatum
	19±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   25±0.0
	  12.5

	C. albicans
	19±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   26±0.0
	  12.5

	R. stolonifer
	16±1.0
	14±0.0
	11±0.0
	    -
	    -
	   25±0.0
	  50

	A. niger
	18±0.0
	15±0.0
	13±0.0
	11±0.0
	    -
	   26±0.0
	  25


- Means no clear zone of inhibition
The formulated ecofriendly cream from the C. lemon seed oil (CL2) demonstrated appreciable antimicrobial activity at a concentration of 200 mg/ml for the growth of all the test organisms in Table 6. With inhibition zones of 20 ± 0.0 mm each, P. aeruginosa, B. subtilis, S. aureus and E. coli demonstrated the highest susceptibility, followed by S. typhi, K. pneumoniae, P. notatum and C. albicans, which showed inhibition zones of 19 ± 0.0 mm each at a concentration of 200 mg/ml. At the same concentration, R. stolonifer exhibited the lowest susceptibility, with an inhibition zone of 16 ± 1.0 mm.
At an inhibition diameter of 10±0.0 mm, the lowest minimum inhibitory concentration (MIC) was recorded against P. aeruginosa, B. subtilis, S. aureus, S. typhi, E. coli, P. notatum and C. albicans at a concentration of 12.5 mg/ml. Despite having excellent antimicrobial activity, the formulated ecofriendly cream from the C. lemon seed oil (CL2) was not as effective as the control medicines; tioconazole and gentamicin. Notably, a number of compounds derived from plants have been found to exhibit substantial biological properties, such as antimicrobial potential, which calls for more research (Zubair et al., 2018; Atolani et al., 2019; Sokoudjou et al., 2020; Babatolu et al., 2022; Babatolu et al., 2025).
3.3.3	Antimicrobial Activity of the Standard Reference Commercial Cream (Nivea)
The standard reference commercial cream's antimicrobial activity is shown in Table 7.
[bookmark: _GoBack]Table 7: Antimicrobial Activity of the Standard Reference Cream (Nivea) 
	
	    Concentrations (mg/ml)
	

	Pathogens
	200
	100
	50
	25
	12.5
	Positive control
	MIC mg/ml

	
	    Zone of inhibition (mm)
	

	Bacteria
	Gentamincin (10 mg/ml)
	

	P. aeruginosa
	22±0.0

	19±0.0
	17±1.0
	15±0.0
	10±0.0
	   37±1.0
	  12.5

	B. subtilis
	23±1.0
	20±0.0
	16±1.0
	14±0.0
	10±0.0
	   36±0.0
	  12.5

	S. aureus
	25±1.0
	22±0.0
	19±0.0
	16±1.0
	10±0.0
	   36±0.0
	  12.5

	S. typhi
	23±1.0
	20±0.0
	16±1.0
	14±0.0
	10±0.0
	   35±1.0
	  12.5

	K. pneumoniae
	21±1.0
	19±0.0
	16±1.0
	14±0.0
	10±0.0
	   36±0.0
	  12.5

	E. coli
	22±0.0
	20±0.0
	16±1.0
	14±0.0
	10±0.0
	   37±1.0
	  12.5

	Fungi
	Tioconazole
     70 %
	

	P. notatum
	19±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   26±0.0
	  12.5

	C. albicans
	20±0.0
	18±0.0
	16±1.0
	13±0.0
	10±0.0
	   28±1.0
	  12.5

	R. stolonifer
	19±0.0
	17±1.0
	15±0.0
	12±0.0
	10±0.0
	   26±0.0
	  12.5

	A. niger
	19±0.0
	16±1.0
	14±0.0
	12±0.0
	10±0.0
	   27±1.0
	  12.5


- Means no clear zone of inhibition
At a dosage of 200 mg/ml, the standard reference cream (Nivea) revealed good antimicrobial inhibition against every organism tested (Table 7). With an inhibition zone of 25 ± 1.0 mm, S. aureus had the highest susceptibility. B. subtilis, S. typhi, P. aeruginosa and E. coli followed with inhibition zones of 23 ± 1.0 mm, 23 ± 1.0 mm, 22 ± 0.0 mm, and 22 ± 0.0 mm respectively at a dosage of 200 mg/ml. With an inhibitory zone of 19 ± 0.0 mm at the same concentration, P. notatum, R. stolonifer and A. niger showed the lowest susceptibility.
With an inhibition diameter of 10 ± 0.0 mm, the lowest minimum inhibitory concentration (MIC) was recorded against all tested bacterial and fungal species at 12.5 mg/ml. Even though the Nivea cream revealed excellent antimicrobial action, gentamicin and tioconazole were somewhat more effective than it.
Overall, the ecofriendly creams prepared or made from C. paradisi and C. lemon seed oils demonstrated similar antimicrobial effectiveness, successfully competing with the brand name “Nivea cream” in the fight against skin diseases and defense of the skin against microorganisms in Tables 3–6.
3.4	Antioxidant Activity of the Formulated Creams and Standard Reference
3.4.1	Antioxidant Activity of the Formulated Creams from oil of C. paradisi Seed
The antioxidant activity of the formulated ecofriendly creams from oil of Citrus paradisi seed is shown in Table 8.
Table 8: Percentage inhibition of the formulated ecofriendly creams from Citrus paradisi and standards reference (vitamin C and commercial creams)
	Conc. (g/ml)
	                                                                % Inhibition

	
	CP2
	CP1
	   Nivea
	Vitamin C
	

	10
	58.460.33
	62.460.26
	89.640.04
	87.960.08
	

	50
	92.680.10
	92.010.04
	81.470.11
	92.950.05
	

	100
	92.610.67
	92.710.08
	92.790.06
	95.600.10
	

	200
	91.910.05
	91.910.14
	92.000.14
	97.840.04
	

	500
	91.580.04
	91.020.08
	91.670.24
	98.670.00
	

	IC50
	11.540.98
	11.650.97
	7.540.10
	1.300.05
	



The DPPH antioxidant activity of the ecofriendly creams made from C. paradisi seed oil (CP1 and CP2) was noteworthy; their respective IC50 value were 11.65 µg/ml and 11.54 µg/ml. Vitamin C had the highest DPPH scavenging activity when compared to the formulated creams and the standard reference cream (Nivea), with an IC50 value of 1.30 µg/ml, whereas Nivea cream had an IC50 value of 7.54 µg/ml. Nonetheless, the formulated cream from C. paradisi seed oil (CP1 and CP2) competed remarkably with the commercial cream (Nivea).
3.4.2	Antioxidant Activity of the Formulated Creams from oil of C. paradisi Seed
The antioxidant activity of the formulated ecofriendly creams from oil of Citrus paradisi seed is shown in Table 9.
Table 9: Percentage inhibition of the formulated ecofriendly creams from Citrus lemon and standards reference (vitamin C and commercial creams)	
	Conc. (g/ml)
	                                 % Inhibition

	
	CL1
	CL2
	   Nivea
	Vitamin C
	

	10
	85.450.26
	82.600.67
	89.640.04
	87.960.08
	

	50
	97.060.20
	91.740.03
	81.470.11
	92.950.05
	

	100
	97.230.06
	91.860.09
	92.790.06
	95.600.10
	

	200
	96.870.30
	91.860.09
	92.000.14
	97.840.04
	

	500
	97.220.02
	91.890.14
	91.670.24
	98.670.00
	

	IC50
	11.350.50
	11.200.03
	7.540.10
	1.300.05
	



Similarly, with IC₅₀ values of 11.35 µg/ml and 11.20 µg/ml respectively, the ecofriendly creams made from C. lemon seed oil (CL1 and CL2) demonstrated excellent DPPH radical scavenging activity. Vitamin C once again shown the strongest antioxidant activity (IC50 value = 1.30 µg/ml) when compared to the formulated creams and standard reference, while Nivea cream displayed an IC50 value of 7.54 µg/ml. Therefore, compared to creams prepared from C. paradisi seed oil, those made from C. lemon seed oil showed highest DPPH scavenging activity.
Nonetheless, all of the ecofriendly formulated from C. paradisi and C. lemon seed oils competed remarkably with the commercial cream (Nivea) according to the DPPH antioxidant result. The formulated ecofriendly creams showed promising antioxidant potency which helps in the protection of human skin from oxidative stress.
4.0	CONCLUSION
Ecofriendly creams made or prepared from C. paradisi and C. lemon seed oils showed strong antimicrobial efficacy against the investigated microbes in this study. These formulations also demonstrated excellent DPPH antioxidant scavenging capability.
The results from this study revealed that the oils from seed of C. paradisi and C. lemon could be utilized in the formulation of eco-friendly cosmetic products due to their excellent antimicrobial and antioxidant activities which could be further exploited for medicinal and industrial purposes.
Because of their strong antimicrobial and antioxidant qualities, C. paradisi and C. lemon seed oils could be utilized in the formulation of eco-friendly cosmetic products which could be further exploited for medicinal and industrial purposes. 
5.0	RECOMMENDATION
However, it is advised to conduct additional validation through in vivo studies. To fully evaluate the therapeutic potential of creams prepared from these seed oils, more research should be done on additional biological activities such as lipoxygenase (anti-inflammatory) activity, anti-tyrosinase activity, cytotoxicity and anti-parasite activities.
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