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ABSTRACT 

SUMMARY 

Plants waste is considered a valuable resource for extraction of valuable antioxidants. The prime objective of this 

study was to optimize extraction of phenolic compounds from four plant waste materials and quantification of 

their phenolic content to utilize their phytoextracts for loading into cosmetic creams. Dried residue of four plant 

materials: Neem leaves (NL), Lime plant leaves (LL), Radish leaves (RL) and Carrot pulp (CP) was extracted 

using water and ethanol solvent under conditions i.e., boiling, soaking and shaking. Phenolic activity was accessed 

by Folin-ciocalteu and DPPH free radical scavenger method. Neem leaves extract showed the highest TPC of 

112.3 mg GAE/g and 92.82% free radical scavenging ability while the other samples also showed significant 

amounts. Aqueous solvent extracted higher TPC as compared to ethanolic solvent. A positive correlation was 

observed between TPC and antioxidant activity in aqueous extracts while ethanolic extracts showed no significant 

correlation. A significant raise in antioxidant activity of creams samples was reported upon loading them with 

phytoextracts. In one cream sample, the TPC content went from 1.89 to 54.05 mg GAE/g after loading with lime 

plant extracts. In another sample, the free radical scavenging activity of cream raised from 19.34% to 95.35% by 

loading cream with 2% lime plant extract. Cosmetic creams containing plant extracts also indicated lesser 

microbial growth. Slight changes in other parameters e.g., pH, color and odour were also detected in formulated 

cosmetic products. Conclusively, plant wastes can be used as a valuable resource in cosmetic formulations for 

skin anti-aging. 
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INTRODUCTION 

Anti-aging treatments for skin nowadays mostly include topical application which contains antioxidants, these 

anti-aging antioxidants have the capability to slow down the inevitable process of aging by scavenging destructive 

free radicals [1,2]. It is a known fact that damage from accumulation of free radicals is a leading cause of aging 

and age related defects [3]. Pro-oxidants like Reactive Oxygen Species (ROS) and Reactive Nitrogen Species 

(RNS) are formed in all cells and play an essential role in regulation of several physiological processes in cell, but 

on availability in excess, they react with structural biomolecules leading to injury of tissue [4]. 

Skin aging is a complex process that depends on extrinsic or external factors like pollution, ionizing radiation, 

chronic light exposures, toxins and harmful chemicals etc. and intrinsic or internal factors like cellular metabolism, 

genetics, hormones and metabolic processes etc. [5,6]. The production of destructive free radicals rises with age 

while the encountering defense mechanism which internally fights them decreases which creates an imbalance 

and lead to damage of cellular structures which further leads to aging [7]. 

The best performing topical treatments involves antioxidants, vitamins, hormone estrogen and minerals which 

shows the ability to scavenge free radicals from skin cells. Antioxidants have been accepted as anti-aging agents 

because they can oxidize themselves on interaction with harmful radicals and save the vital molecules from 

oxidative stress [8], which helps in repairing skin damage, such as wrinkling, loss of elasticity and premature 

aging. Experiments have revealed that, when antioxidants are applied topically, they can enhance self-repair and 

protect against long term damage from environmental influences [9-12]. 

Antioxidants are basically classified in two groups, which include natural and synthetic antioxidants [8]. Natural 

antioxidants are basically phenolics which may occur in almost every part of plants [13], such as vegetables, nuts 

fruits, seeds, roots, leaves and barks. The basic core of phenolic compounds is at least made up of one phenol ring 

with one or more attached hydroxyl groups. In plants, they mostly contain many phenolic rings which make them 

polyphenols. Polyphenols are widely distributed in nature, and they are considered the second most abundant 

metabolite in plants. Almost 8000 different structures of phenolic compounds are recognized in plants currently 

[14]. Recently the search for natural antioxidants from plant-based materials has intensified because of consumers’ 

desire to use natural cosmetic formulations that are eco-friendly [15]. The observed shift in consumers’ desire 

could be because synthetic products have been proved to cause negative effects on environment and health [16,17]. 

Large amounts of vegetable and fruit waste is produced by many food industries. This waste ends up in landfills 

and cause problems because of leachate, biodegradability and methane emissions [18]. So globally a huge amount 

of fruit and vegetable waste gets wasted, this same waste can also be utilized to serve as a potential source of 

bioactive compounds and phytochemicals. By products obtained from vegetable and fruit industry are getting 

attention because they are available in large quantities with inexpensive costs [19]. Many kinds of vegetable by-

products are considered to prove as a source of certain phytochemicals having antioxidant potential. Many 

vegetables have been studied on industrial scale as a potentially safe source of natural antioxidants e.g., 

polyphenols. Now special attention is given to the thought that vegetable and fruit wastes can serve as a rich 

source of phenolic compounds [20-25]. 
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Current study aims at optimizing experimental conditions for extraction of bioactive compounds from plant waste 

viz Neem leaves (NL), lime plant leaves (LL), radish leaves (RL) and carrot pulp (CP). And to utilize an eco-

friendly and cost-effective approach to enhance the anti-aging activity of locally available cosmetic creams by 

loading natural extracts. 

MATERIALS AND METHODS 

Plant Materials 

All the samples were collected locally in the month of January 2019. The details of plant material collection are 

mentioned in table 1. 

Table 1: Collection of plant materials. 

Sample Botanical Name Part Used Collection Site 

Neem Azadirachta indica Leaf Gardening waste 

Lime Citrus aurantifoulia Leaf Gardening waste 

Radish Raphanus sativus Leaf Food waste from market 

Carrot Daucus carota Pulp Juice waste 

Chemicals 

Reagents used in this experiment include DPPH 2,2-Diphenyl-1-Picrylhydrazyl (C18H12N5O6), Folin-Ciocalteu 

Phenol Reagent (C10H5NaO5S), Ethanol (C2H6O), Sodium Carbonate (Na2CO3), Gallic Acid (C7H6O5), Distilled 

Water, Nutrient Agar. All the chemicals and reagents used were of analytical grade. 

Preparation of Samples and Extraction 

All the samples were collected and washed and then dried under direct sunlight to remove their water content and 

grinded properly into powdered form. Then the dry powder was used to extract in water and ethanol solvents by 

using soaking (30 minutes & 4 hours - 6 hours), shaking (30 minutes) and boiling (2 minutes - 3 minutes) as 

different conditions. The ratios of plant material (g) and solvent (ml) was 1:50 respectively, for all extracts. 

Determination of Antioxidant Potential in Plant Materials 

In this research study, antioxidant potential of plant materials was determined by performing DPPH assay and 

folin-ciocalteu’s assay. 

Determination of free radical scavenging activity by DPPH assay 

Briefly, a 3.8 ml of reaction mixture consisting of 0.5 ml of extract, 3 ml of absolute ethanol and 0.3 ml of 0.5 

mM DPPH radical solution was prepared. The control set contained 3.5 ml absolute ethanol and 0.3 ml of 0.5 mM 

DPPH radical solution. The blank solution was prepared by adding 3.3 ml absolute ethanol and 0.5 ml extract. 

The tubes containing the reaction mixture were mixed thoroughly and incubated for 100 minutes at room 

temperature. The changes in color (violet to light yellow) were read at 517 nm using UV-Vis spectrophotometer 

[26,27]. 

Determination of TPC by Folin-ciocalteu’s method 

Firstly, a reaction mixture of 0.5 ml sample, 0.5 ml Folin-Ciocalteu’s reagent and 5 ml distilled water was prepared 

and left for 2 minutes - 3 minutes. Then, 1.5ml 20% sodium carbonate solution was added and volume up to 10 
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ml. The reaction mixture was incubated for 2 hours in dark and then absorbance of the blue coloration was 

measured at 765nm in UV-Vis spectrophotometer [28-30]. 

Determination of Antioxidant Potential in Cosmetic Creams before and after Loading Extracts 

Preparation of formulated creams 

This phase of the study was conducted to evaluate the difference in antioxidant potential and various properties 

of cream after loading natural plant extracts in locally available creams. Two plant materials that showed superior 

antioxidant potential were dried to produce solid residue which was used further used for addition in four selected 

creams of locally available brands. The solid residue was finely grounded into fine powdered form and then 2% 

solid residue was added in collected cream samples and mixed thoroughly by using vortex mixer. 

Preparation of cosmetic extracts 

Stock solutions of creams were prepared by making 10% solution in a solvent mixture of water-ethanol (30:70). 

The suspensions of each cream in the solvents were incubated with periodical shaking for 30 minutes. After the 

incubation period ended, the solutions were centrifuged at 5000 rpm at room temperature for 10 minutes in a 

centrifuge. After centrifugation, the supernatant was filtered and clear solvent extract was collected and used for 

further evaluation [31]. 

Evaluation of antioxidant potential in cosmetic extracts 

Cosmetic extracts obtained from formulated samples (creams with extracts) and control samples (creams without 

extracts) were used further to determine antioxidant potential by using DPPH radical scavenging assay and folin-

ciocalteu’s assay. 

Evaluation of other parameters in formulated creams 

Formulated samples were also analyzed for some of their physical, chemical and biological properties that are 

important for their acceptance by consumers and for their stability. 

Color 

Visual changed in color of control samples and formulated cream samples were observed. 

Odor 

Odor of both control and formulated cream samples were smelled and change in odor after adding extract was 

detected. 

Appearance and texture 

The change in appearance and textural feel of both control and formulated cream samples was detected visually. 

Homogeneity 

The formulations and control samples were tested for the homogeneity by visual appearance and by touch. 

pH measurement 

0.5 g of cream was dissolved in 50 ml of distilled water. Then pH meter was dipped to a depth of 0.5 cm in beaker 

to measure pH [32]. 
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Test for microbial growth in formulated creams 

The formulated creams and the control cream samples were inoculated separately on the plates of agar media by 

streak plate method. The plates were incubated for 24 hours in the incubator at 37°C. After the incubation period, 

plates were taken out and microbial colonies were counted and compared between both control and formulated 

samples. 

RESULTS AND DISCUSSION 

Total Phenolic Content 

A calibration curve prepared with Gallic acid concentrations (0.05 mg/ml - 0.5 mg/ml) as standard was used to 

determine the total phenolic content in various extracts. TPC values calculated were expressed as milligrams 

Gallic acid equivalent per gram of sample (mg GAE/g). Extraction of phenolic content may be influenced by the 

polarity of the extracting solvent and the solubility of chemical components in the extracting solvent [33,34]. 

Therefore, two extraction solvents along with four different extraction conditions were implemented for the 

extraction of TPC in this study. The outcomes revealed that aqueous extracts proved to be more potent than 

ethanolic extracts in extraction of TPC from plant residues (Figure 1 & Figure 2). This is most likely because 

water has stronger polarity and improved solubility for phenolic contents found in plant residues [35,36]. The 

phenolic contents among all plant materials prepared in aqueous extracts were in range of 112.3 mg - 37.68 mg 

GAE/g (Figure 1). On the other hand, the phenolic contents in ethanolic extracts were in range of 101.97 mg - 

5.45 mg GAE/g, which was lower than aqueous extracts (Figure 2). Because of water polarity, water is a fast, 

economic, simple and non-toxic option to efficiently extract phenolic components from plant materials [37,38]. 

 
Figure 1: Comparative analysis on TPC of four plant materials evaluated by folin-ciocalteu method in aqueous extracts. 

 
Figure 2: Comparative analysis on TPC of four plant materials evaluated by folin-ciocalteu method in ethanolic extracts. 
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Optimization of extraction condition to achieve maximum yields was also performed in this study. The effect of 

a range of extraction conditions including boiling 2 minutes - 3 minutes, soaking 30 minutes, soaking 4 hours – 6 

hours, shaking 30 minutes was investigated to determine the yields of phenolic content from four plant materials. 

It is a safe conclusion to make that boiling of extracts for 2 minutes - 3minutes yielded the highest quantities of 

TPC from all four plant materials in aqueous extracts (Figure 1). A previous study done on effect of various 

solvent ratios and temperatures on extractability of phenolic compounds, also suggested that higher extraction 

temperatures cause a positive effect on the extractability of phenolic compounds [39,40]. Overall, Neem leaves 

and lime leaves showed exceptionally high yields of TPC than radish leaves and carrot pulp extracted under all 

conditions in aqueous solvent. 

In case of ethanol as extraction solvent (Figure 2), it is clearly depicted that soaking of plant material for 4 hours 

- 6 hours in ethanol resulted in highest yields of TPC in comparison to other extraction conditions. But again, as 

mentioned above for aqueous extracts, the Neem leaves and lime leaves also gave the highest quantities of TPC 

than radish leaves and carrot pulp extracts prepared under all conditions in ethanol as solvent. Overall, the highest 

phenolic content of 112.3 mg GAE/g in water and 101.97 mg GAE/g in ethanol was found in Neem leaves extracts 

which makes them the plant material with exceptional antioxidant properties. 

Free Radical Scavenging Activity 

For the study of natural antioxidants, DPPH assay is a very popular tool for evaluation of the scavenging activity 

of various plant materials [41]. DPPH is a free radical which is also stable. On gaining H+ from contributor, its 

solution starts gaining deep violet coloration which helps in providing an easy and quick method to evaluate 

antioxidants by spectrophotometry [42]. Antioxidant activity of the prepared extracts was determined by DPPH 

assay and expressed in terms of percentage.  

Results obtained in this study showed a significant level of antioxidant activity in all extracts prepared from neem 

leaves, lime leaves, radish leaves and carrot pulp. Antioxidant activity achieved among various extracts prepared 

in water was in range of 92%-59% (Figure 3). On the other hand, the antioxidant activity of ethanolic extracts was 

achieved in range of 68%-30% (Figure 4). The maximum scavenging activity of 92% was obtained in Neem 

leaves extracts prepared from boiling 2 minutes - 3 minutes in water which was in correlation with the highest 

TPC content obtained. So, all the extracts showed greater variability among different conditions and predominant 

changes were detected in antioxidant activity of different plant material prepared under different extraction 

conditions. 

 

Figure 3: Comparative analysis on antioxidant activities of aqueous extracts evaluated by DPPH assay. 
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Figure 4: Comparative analysis on antioxidant activities of ethanolic extracts evaluated by DPPH assay. 

According to the literature available, there’s no general conclusion concerning the correlation between total 

phenolic contents and antioxidant capacity of plant material. Some authors found great correlation between total 

phenolic content and antioxidant capacity [43-47] while others could not find any correlation between these two 

[44,48,49]. The possible reason for this may be because of difference in extract preparation methods, interpretation 

of results, type of method used for analysis, effect of interfering substances (saccharides, carotenoids and ascorbic 

acid), etc. [50]. 

Results in current study showed no significant correlation between polyphenolic content and antioxidant activity 

of plant materials prepared in alcoholic extracts, which is in agreement with results reported by Ulewicz-Magulska 

and Wesolowski [51], where alcoholic extracts showed no significant correlation. While in aqueous extracts a 

significant correlation between TPC and antioxidant activity was observed. Results of aqueous extracts were 

consistent with previous studies, which reflected that antioxidative activity enhances with increasing total phenol 

content [52-54]. It could be established that, extraction solvents of high polarity show higher yields of 

phytochemicals as compared to low polarity solvents [54,55]. The alterations in yield may be attributed to the fact 

that high polarity solvents facilitate the breakdown of hydrogen bonds in phenol structure and enhances solubility 

[56]. 

Antioxidant Potential of Formulated and Control Cream Samples 

The total phenolic content in formulated and control cream samples was evaluated by folin-ciocalteu’s assay. It 

is evident from figure 5 that, the formulated cream samples (with 2% extract) showed higher antioxidant potential 

as compared to control samples (without extract). Formulated creams with Lime leaves extracts (42.51 mg GAE/g 

- 100.4 mg GAE/g) showed higher TPC than the creams formulated with Neem leaves extracts (32.59 mg GAE/g 

- 64.99 mg GAE/g). 

 
Figure 5: Evaluation of antioxidant potential in formulated creams by folin-ciocalteu method. 
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Analysis of the cosmetic extracts for free radical scavenging activity demonstrated a significant increase in 

antioxidant potential of cosmetic creams upon addition of natural extracts. Figure 6 shows DPPH scavenging 

activity of formulated cream samples containing extracts, where cream samples with Lime leaves extracts (55.91% 

- 95.35%) showed better antioxidant capacity followed by cream samples with Neem leaves extracts (37.74% - 

90.14%). So, the results clearly demonstrated that addition of natural extracts derived from waste plant material 

provides an eco-friendly option to enhance the antioxidant activity and total phenolic content in cosmetic creams. 

 
Figure 6: Evaluation of antioxidant potential in formulated creams by DPPH assay. 

Effect on various parameters in formulated creams 

The parameters evaluated were color, odor, homogeneity, appearance and texture, pH and microbial activity. 

Color 

Samples of creams were detected for any color change visually. Change in color was detected in original and 

formulated cream samples based on visual observations. It was clearly observed that, the addition of 2% Neem 

extracts imparted brownish color to the cream samples. On the other hand, addition of 2% Lime extracts imparted 

a yellowish hue to the cream samples. 

Odor 

All cream samples were smelled for their odor change. All the original cream samples had pleasant odor. On the 

other hand, a slight change in odor of formulated cream samples was detected after the addition of 2% plant 

extract. It was not on fragrance side anymore. 

Homogeneity 

The cream formulations were tested for the homogeneity by touch and visual appearance. On visual appearance, 

the creams showed homogenous distribution of extracts in creams. 

pH measurement 

The pH analysis of creams is a significant parameter when considering their efficacy and stability. The acceptable 

and normal range of pH for skin is 4.5-6, so the formulations with their purpose of application on skin should 

have pH near this range [57]. pH analyses were performed on formulated creams and original creams and change 

in pH values was compared. The pH of the cream samples after adding 2% extract clearly seems to be lower than 

the pH of originally available creams. Although the formulations analyzed in this study, found to have pH values 

nearby normal range (Figure 7). 
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Figure 7: Change in pH value of formulated and control cream samples. 

Appearance and texture 

All the creams samples showed smooth texture. Appearance of creams formulated with Neem extracts was in 

form of light brown semisolid cream and for the Lime extract formulated creams it was as yellowish semisolid 

cream. No significant change in texture of cream samples was detected before and after adding extracts. But 

appearance of cream samples slightly changed on adding extracts. 

Microbial activity test 

Cosmetic products with high antioxidant potential also have an inhibition effect on growth of microbes present 

over skin [58]. Microbial activity in cream samples before and after adding extracts is shown in Figure 8. 

 
Figure 8: Microbial growth in formulated and control cream samples. 

It is clearly evident from the results that, the formulated cream samples containing extracts showed lesser 

microbial growth than the original cream samples without extract. These results can be justified by the fact that, 

antioxidants can have antimicrobial effect when they were added in samples. Cream samples with Neem extracts 

showed more antimicrobial effect than the cream samples containing Lime extracts. The results of this study 

suggested that natural extracts obtained from plant materials contain significant amounts of phytochemicals and 

have a good potential for eco-friendly cosmetic products formulation and development. 

CONCLUSION 

From the current study, it may be concluded that optimum conditions which allowed fast and maximum 

extractions of TPC from four samples (Neem leaves, Lime leaves, Radish leaves and Carrot pulp), were obtained 

through boiling for 2 minutes - 3 minutes. Water was found to be the best solvent for extraction of polyphenols. 

The extracts of Azadirachta indica (neem) leaves demonstrated superior antioxidant and free radical scavenging 

activities over other extracts. Also, addition of extracts into cosmetic creams significantly improved their 
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antioxidant potential. From the results, it can be concluded that plant waste materials can serve as a good source 

of phenolic compounds and can be useful further as a cheap, eco-friendly and natural source of topical 

antioxidants. Further isolation and purification of polyphenols from extracts and study of their mechanism of 

actions, their stability when added as an active ingredient in cosmetics, are needed to be known for estimation of 

their cosmeceutical value. 
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