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Graphical abstract

Abstract

Plants waste is enriched with valuable antioxidants. Extraction optimization, quantification of
Total phenolic content (TPC) and evaluation of their anti-aging potential was the prime goal of
this research study. Lime, Neem, Radish leaves, and carrot pulp were extracted with two types of
solvents under various extraction conditions. The highest TPC were extracted through boiling
water (2-3min) for all plant materials as follow: Neem leaves (112.3mg GAE/g), Lime leaves
(108.5mg GAE/g), Radish leaves (76.02mg GAE/g) and Carrot pulp (65.84mg GAE/g); Highest
free radical scavenging activities were achieved in Neem Leaves (92.82%), Lime leaves
(92.34%), Radish leaves (87.4%) and Carrot Pulp (81.22%) under different extraction
conditions. Water as extraction solvent yielded greater TPC values than ethanol. Upon the
addition of phytoextracts, a substantial increase in the antioxidant activity of the cream samples
was detected. Upon loading 2% lime extract, one cream sample exhibited a rise in TPC content
from 1.8 to 54.05mg GAE/g and antioxidant activity from 19.34% to 95.35%. Cream samples
infused with phytoextracts also showed notable antimicrobial activities. Conclusively, waste
derived phytoextracts can be cost-effectively utilized in formulation of skin anti-aging creams.
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1. Introduction

Topical applications of antioxidants have become a common
component in modern anti-aging skincare. Antioxidants are
recognized for their ability to delay the aging process by
scavenging harmful free radicals [1, 2]. Buildup of free
radicals is the main culprit in the development of aging and
age-related diseases [3]. All cells produce pro-oxidants like
Reactive Nitrogen Species (RNS) and Reactive Oxygen
species (ROS) during various physiological processes.
However, when an excessive amount of these pro-oxidants is
present, they interact with fundamental biomolecules and
cause tissue damage [4].

Skin aging process is influenced by both intrinsic and extrinsic
factors in environment. Internal factors include hormones,
genetics and cellular metabolic processes. External factors
include sun exposure, ionizing radiations, pollution, toxins and
hazardous chemicals, etc. [5, 6]. With aging, the creation of
harmful free radicals increases while the defensive mechanism
that fights them internally weakens. This imbalance causes
oxidative stress which leads to cellular structural damage and
induces aging [7]. The most effective topical treatments utilize
antioxidants, hormones, vitamins and minerals with potential
to fight harmful free radicals involved in pre-mature skin
aging. Antioxidants are widely recognized as effective anti-
aging agents because of their ability to undergo oxidation on
reaction with free radicals and protection of cellular
biomolecules from oxidative stress [8], Antioxidants fight
oxidative stress which aids in in the restoration of skin damage
such as wrinkles, elasticity loss, premature aging. Previous
studies have revealed that topical application of antioxidants
can enhance the skin’s self-repair process and shield it against
prolonged environmental damages [9, 10].

Antioxidants can be synthetic or natural. Natural antioxidants
include phenolic compounds, which can be substantially found
in all plant parts, including fruits, vegetables, seeds, nuts,
leaves, barks and roots [11]. The fundamental structure of
phenolic compounds consists of a minimum of one phenol ring
attached to one or more hydroxyl groups. Plants primarily
contain groups of multiple phenol rings, therefore known as

polyphenols. Polyphenols are among the second most common
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metabolites in plants, and they are widespread in nature.
Currently, around 8000 distinct structural variations of
polyphenols are found in plants [12].

Based on recent shift in consumers’ demand towards eco-
friendly skincare, the search for natural sources of antioxidants
has become more intense [13]. The reason for the shift in
demand is related to the known fact that synthetic products
impose detrimental effects on the environment and human
health [14,15].

Huge quantities of vegetable and fruit waste are produced on a
daily basis, often ending up in landfill disposal sites without
being fully utilized. This organic waste give rise to various
environmental issues related to leachate production,
biodegradability, and methane emissions [16]. With proper
management, these huge quantities of organic waste offer the
potential to serve as a valuable source of phytochemicals and
antioxidants, with the advantage of being abundantly available
at low costs [17].

Numerous research studies have explored the potential of
organic waste from various sources, to serve as a bio resource
for extraction of valuable bioactive compounds. These studies
have successfully extracted several secondary metabolites,
minerals, and vitamins from organic waste using diverse
extraction methods [18, 19]. The present study also aims to
optimize the extraction of phenolic compounds from seasonal
waste of plant materials via Lime leaves (LL), Neem leaves
(NL), Radish leaves (RL) and Carrot pulp (CP). Additionally,
the goal is to employ an eco-friendly and inexpensive

approach to naturally improve anti-aging properties of

cosmetic cream samples through the infusion of phytoextracts.
2. Material and Methods

2.1. Plant waste material

Plant waste materials from local sources in Lahore were
gathered during the winter season, and the specifics of the
collected samples are presented in the table below as Table 1.
2.2. Chemicals and reagents

Folin-Ciocalteu Phenol Reagent (C10H5NaO5S), DPPH 2,2-
Diphenyl-1-Picrylhydrazyl ~ (C18HI2N  506), Sodium
Carbonate (Na2CO3), Ethanol (C2H60), Gallic Acid standard

(C7H605), Nutrient Agar, Deionized Water. Analytical grade
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materials and reagents were utilized throughout.

Table 1. Sampling of plant waste materials.

samples Collection site

Azadirachta indica leaf Gardening waste

Citrus aurantifoulia leaf Gardening waste
Raphanus sativus leaf Food waste

Daucus carota pulp Juice waste

2.3. Preparation and extraction of samples

Initially, plant waste materials were collected, thoroughly
washed, and subsequently air-dried to eliminate moisture.
These dried samples were then finely grounded into a powder.
The resulting dry powder was used for extracting phenolic
content employing water and ethanol as extraction solvents.
The different extraction techniques included: Boiling (2-3 min),
Shaking (30 min) and Soaking (30 min and 4-6 hrs.). The ratio
of plant material (in grams) to solvent (in milliliters) was
consistently maintained at 1:50, for all extractions.

2.4. Evaluation of antioxidant potential in plant
extracts

The antioxidant potential of samples was calculated through
Folin-ciocalteu’s and DPPH assay.

2.4.1. Evaluation of free radical scavenging activity

Method for determination of scavenging activity was followed
with slight modifications [20, 21]. To begin, a reaction
mixture containing 3mL pure ethanol, 0.5mL plant extract and
0.30mL DPPH (0.5mM) solution was mixed and total volume
up to 3.8mL. The control sample contained 0.30mL DPPH
(0.5mM) radical solution and 3.5mL pure ethanol. The blank
sample contained 0.5mL plant extract and 3.3mL pure ethanol.
The reaction mixture was thoroughly mixed and left for
incubation for 100min at 25°C room temperature. After the
incubation period, the absorbance of the yellow coloration of
reaction mixture was measured through UV-Vis
spectrophotometer at 517nm wavelength.

2.4.2. Evaluation of total phenolic content

The method for calculation of TPC was adopted with slight

modifications [22, 23]. Initially, a reaction mixture containing

0.5mL Folin-Ciocalteu’s reagent, 0.5mL plant extract and
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5SmL deionized water was mixed and allowed to sit for 3-4 min.
Later, 1.5mL Na>COs3 (20%) solution was mixed in and final
volume was adjusted to 10mL. The solution mixture was
thoroughly mixed and left for incubation for 2 hours in dark.
After the incubation period, the absorbance of the blue
coloration was measured through UV-Vis spectrophotometer
at 765nm wavelength.

The content of Total Phenolic Content (TPC) was measured

by the following equation:

TPC (g/g) =2A * 1.957 * (L1/L2 * M)

L1 = the total volume of extract solution (ml)

L2 = the volume of extract solution used for analysis (ml)

M= the mass of extracts in (g)

A= the absorbance of reaction mixture at 540nm.

2.5. Evaluation of antioxidant potential in cosmetic
samples

2.5.1. Infusion of cosmetic samples with plan extracts

This phase of research included evaluation of antioxidant
activity and cosmetic properties of formulated cream samples
after loading phytoextracts into four locally available selected
cold cream samples. For confidentiality, the names of the
cosmetic creams are not disclosed here. Plant extracts which
showed superior antioxidant activities were sundried into solid
residue and used further for incorporation in to the cream
samples. 2% of extracts were infused in to the cream samples
and homogenized with a vortex mixer.

2.5.2. Preparation of cosmetic extracts

Method defined by study in 2017 was followed to make
cosmetic extracts from cream samples [24]. Stock solutions
were produced by dispersion of 10% cream in a solution of
ethanol-water (70:30) solvent. The stock solutions were left to
sit for 30 minutes with periodic shaking. Later, the stock
solutions were centrifuged for 10min at 5000rpm. The clear
supernatant was collected and filtered after centrifugation. The
filtrate was used for further analysis.

2.5.3. Evaluation of antioxidant potential in prepared
cosmetic extracts

The antioxidant activity of cosmetic extracts prepared from

formulated cream samples (Infused with 2% extract) and
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control cream samples (Original cream) was further assessed
using the DPPH radical and the folin-ciocalteu's assay.

2.5.4. Parameters in creams:

Some of the chemical, physical and biological properties of
the formulated creams that are essential for their stability and
customer acceptance were also examined.

a) color

Control and formulated samples were visually examined to
observe the change in color.

b) Odor

Control and formulated samples were examined for any
odor change by smelling them.

c) Appearance and Texture:

Both control and formulated samples underwent visual
assessment, additionally the changes in appearance and
texture were also detected through topical application.

d) Homogeneity:

The homogeneity of the control and formulated creams was
determined through touch and visual appearance.

e) pH measurement:

0.5g cream sample was dispersed in 50mL distilled water. The
pH was then measured by dipping the pH meter into the
beaker to a depth of 0.5cm.

f) Microbial growth in cream samples:

By using the streak plate method, the formulated and control
cream samples were inoculated on the agar media plates. The
nutrient plates were kept in the incubator for 24 hours at 37 °C
temperature. After growth on media, the microbial colonies
were counted with the aid of a colony counter.

2.6 Statistical Analysis

The statistical analyses of the data were analyzed with SPSS
computer software version 20.0. Significant differences for the
treatments mean data were evaluated by P<0.05 through the
least significance difference (LSD) method. Microsoft excel
(2016) was used to draw figures.

3. Results and Discussion

3.1. Total Phenolic Content

For quantification of TPC content, a calibration curve of

Gallic acid was prepared with standard concentrations ranging
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from 0.05 -0.5mg/ml (R?>= 0.988). TPC concentrations were
calculated through the standard curve, TPC values are
expressed as milligrams Gallic acid equivalent per gram of
sample (mg GAE/g). The solubility of chemical constituents
and polarity of solvents play an important role in extraction of
TPC [25,26].

A calibration curve of Gallic acid was prepared by making
phenol stock solution. And then from stock solution,
dilutions of different concentrations (0-0.5 mg/ml) were
prepared by adding distill water to make calibration curve.

The calibration curve is shown in figure 1.

08

0.8 y=1.179x + 0.0697
5 R2 = 0.998%

Absorbance 765nm

o o1 0.2 . 0.3 0.4
Concentration (mg/mil)

Figure 1. Calibration curve of gallic acid.

In order to optimize extraction of TPC in this work, two
solvents of extraction and four extraction conditions were
employed. The findings showed that aqueous extracts
outperformed ethanolic extracts in their ability to extract TPC
from plant waste (See figure 2 & 3). It is probable due to the
stronger polarity of water and high aqueous solubility of
phenolic compounds present in plant materials [27, 28].
Phenolic content in all extracts prepared with an aqueous
solvent was reported in the range of 37.68-112.3mg GAE/g
(see Figure 3). In contract, extracts prepared with ethanol as
the solvent showed the TPC values in range of 5.45-101.97mg
GAE/g. Water demonstrated better potential as an extraction
solvent than ethanol (Figure 2 & 3). Water's polarity makes it
an effective, quick, inexpensive, facile, and cleaner option for
extraction of phenolic contents from plant materials [29]. The
influence of various extraction conditions on achievable yields
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of phenolic content was studied by application of four
different extraction conditions: Shaking 30min, shaking 4-6hrs,
boiling 2-3 min and soaking 30min. The results revealed that
the highest TPC for all plant materials was produced on
boiling them in water for two to three minutes (Figure 2).
Studies suggested that extraction at high temperatures tend to

have a positive influence on to the extraction of polyphenols.

In general, Neem and lime extracts consistently exhibited
significantly higher TPC values compared to carrot and radish

extracts prepared in water at different extraction conditions.

In contract, highest phenolic content in ethanol solvent was
extracted by soaking the plant material for a long period of 4-6

hours (Figure 3).

Figure 2. Effect of extraction conditions on TPC content evaluated by Folin-Ciocalteu assay (Aqueous extracts). Vertical bars
represent + S.D. Different small letters indicate significant differences as determined by the LSD test (p < 0.05).
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Figure 3. Effect of extraction conditions on TPC content evaluated by Folin-Ciocalteu assay (Ethanolic extracts). Vertical bars
represent + S.D. Different small letters indicate significant differences as determined by the LSD test (p < 0.05
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Once again, Neem and lime leaves followed the same trend as
it was in aqueous solvent and produced higher TPC than other
plant materials in ethanolic solvent as well. Neem leaf extracts
exhibited the greatest phenolic content overall, measuring
112.3mg GAE/g in aqueous solvent and 101.97mg GAE/g in
alcoholic solvent, declaring Neem leaves as the waste material
with best antioxidant potential in this study.

3.2. Free radical scavenging activity

DPPH assay is a widely adopted method used to evaluate the

free radical scavenging activity of natural antioxidants in
120 -
100 { a
80 -
60 -

40 -

Antioxidant activity %

Water boiling
(2-3min)

Water soaking
(4-5 hrs)

Water soaking
(30min)

plants extracts [30]. DPPH (2,2-diphenyl-1-picrylhydrazyl) is
a stable free radical which undergoes a color change to deep
purple upon gaining H+ from antioxidants, hence providing a
quick and facile method to measure antioxidant activity
through spectrophotometry [31]. The prepared extracts were
assessed for their antioxidant capacity using the DPPH assay
and were reported as a percentage (AA %).

Measurements taken by DPPH assay revealed significant

levels of antioxidant activity in all plant materials.

= Neem Leaves
® Lime Leaves
= Radish Leaves

m Carrot Pulp

‘Water shaking
(30min)

Figure 4. Antioxidant activity in aqueous extracts of four plant materials evaluated by DPPH assay. Vertical bars represent +
S.D. Different small letters indicate significant differences as determined by the LSD test (p < 0.05).
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Figure 5. Antioxidant activity in ethanolic extracts of four plant materials evaluated by DPPH assay.Vertical bars represent +
S.D. Different small letters indicate significant differences as determined by the LSD test (p < 0.05)
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All extracts produced in aqueous solvent under various
conditions showed the range of antioxidant activity from 59-
92% (Figure 4). In contrast, ethanolic extracts showed a range
from 30-68% antioxidant activity (Figure 5).The highest free
radical scavenging activity of 92% was again observed in the
aqueous Neem extracts prepared through 2-3 min of boiling,
which also correlated with the maximum TPC values obtained
under same conditions for Neem. Based on the available
literature, no general understanding of correlation between
total phenolic content and antioxidant activity can be made.
As some researchers discovered a great correlation between
two [32], however other researchers could not identify any
correlation between phenolic content and antioxidant activities
[33,34]. This can be due to the variations in extract
preparation techniques, how findings are interpreted, the kind
of analytical method used, the influence of interfering
compounds (carotenoids, saccharides and ascorbic acid), etc.
[35].

The findings of the current study were in agreement with
previous study who found no correlation between the phenolic
content and antioxidant potential in alcoholic extracts of plant
materials [36]. But, TPC and antioxidant activity were shown

to be significantly correlated in aqueous extracts. The findings

of the aqueous extracts were in line with other research studies,
which showed that the amount of total phenol increases with
an increase in antioxidant activity [37,38].
Briefly, it can be determined that high polarity extraction
solvents result in extraction of high TPC quantities when
compared with low polarity solvents [37,39]. The variations in
extraction yields may result from the ability of high-polarity
solvents to break down hydrogen bonds within the phenol
structure, thereby improving their solubility.
Total phenolic content (TPC) values extracted from other plant
materials by employing various extraction techniques and
extraction solvents are mentioned in Table 2.
3.3. Antioxidant Potential of Formulated and Control
Cream Samples
Cosmetic extracts of all cream samples were prepared to
determine the total phenolic content of creams through Folin-
Ciocalteu's assay. Figure 6 clearly depicts that the antioxidant
potential of the formulated creams (infused with 2% plant
extract) significantly increased when compared to the control
samples (without extract). On comparison to creams infused
with Neem extract (32.5 - 64.9mg GAE/g); creams infused
with Lime extract (42.5 - 100.3mg GAE/g) showed greater
TPC values.

Table 2. Comparison of TPC values found in other organic waste materials.

Plant material Extraction solvent TPC value Extraction Technique References
(mg GAE/g)
Mango peel Methanol/water (20:80) 525 Centrifugation [40]
Apple peel Methanol/water (20:80) 245 Centrifugation [40]
Grapefruit waste Ethanol 71.0 Ultrasonication [41]
Artichoke waste Ethanol/ butanone (50:50) 514.2 Stirring and aging [42]
Golden rod Ethanol/ butanone (50:50) 251.4 Stirring and aging [42]
Neem leaves Aqueous 112.3 Boiling Present study
Lime leaves Aqueous 108.5 Boiling Present study
Radish leaves Aqueous 76.03 Boiling Present study
Carrot pulp Aqueous 65.84 Boiling Present study
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Figure 6. Effect of 2% phytoextracts infusion on TPC values of four locally available creams (C1, C2, C3, C4). Vertical bars
represent + S.D. Different small letters indicate significant differences as determined by the LSD test (p < 0.05)
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Figure 7. Effect of 2% phytoextracts infusion on free radical scavenging activity of four locally available creams (C1, C2, C3,
C4). Vertical bars represent + S.D. Different small letters indicate significant differences as determined by the LSD test (p <

0.05).

Free radicals scavenging activity in cosmetic extracts
displayed a significant boost after infusion of creams with
plant extracts. Figure 7 illustrates the DPPH scavenging
activity of the cosmetic cream samples. Scavenging activity of
creams infused with lime extracts (ranging from 55.91% to
95.35%) exhibited superior potential than creams infused with
neem extracts (ranging from 37.74% to 90.14%). Thus, the
findings of this study undoubtedly validate the utilization of

this environmental-friendly approach to naturally enhance
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antioxidant potential in cosmetic creams by incorporating
plant waste extracts

3.3.1. Effect of phytoextracts infusion on various
parameters in cosmetic creams.

The evaluated parameters included color, odor, homogeneity,
appearance and texture, pH and antimicrobial activity of
creams.

a) Color: Cream samples were visually checked for any color

changes. Based on visual observations, a notable change in
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color of cream samples was found after infusion. It was
evident that, the 2% Neem plant extracts gave the cream
samples a brownish color after addition. However, adding 2%
lime plant extracts gave the cream samples a yellowish tint.

b) Odor: Each cream sample was smelled to detect for any
odor changes. The aroma of the original creams was pleasant
due to the fragrances added by manufacturers. However, after
infusion of 2% plant extracts, a detectable change in the scent
of samples

was noticed. It was no longer on the fragrance side.

c) Homogeneity: By touch and visual inspection, the
homogeneity of the cream formulations was evaluated.

Visually, the cream samples showed the uniform distribution

pH value
N

of extracts.

d) pH measurement: When evaluating the efficacy and
stability of cosmetics creams for skin, pH analysis is a crucial
factor. The acceptable pH range for skin lies between 4.5 and
6, so formulations designed for skin application should fall
within this range [43]. The pH of the original and formulated
creams was analyzed, and the pH change was compared.
Following the addition of 2% extract, the pH values of the
cream samples clearly appear to be lower than the pH values
of the control cream sample (see figure 8). Although the
formulations examined for this study had pH values within the

acceptable range for skin pH.

® Orignal cream sampels (control)
= Formulated with Neem leaves

® Formulated with Lime leaves

Cl1 C2 C3

C4

Figure 8. Effect of plant extracts on pH of four locally available creams (C1, C2, C3, C4). Vertical bars represent + S.D.
Different small letters indicate significant differences as determined by the LSD test (p < 0.05).

e) Appearance and Texture. All examined samples were
found to have a smooth texture. The creams infused with
Neem extracts showed a semisolid light brown appearance,
while those with Lime extract had a yellowish semi-solid
appearance.
4. Conclusion
From this research study, it can be deduced that boiling for 2-3
minutes is the best extraction condition which allowed the
quick and maximal TPC extractions from four materials
(Neem leaves, Lime leaves, Radish leaves, and Carrot pulp).

The optimum solvent for extracting polyphenols was
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discovered to be water. Azadirachta indica leaf extracts
outperformed other extracts in terms of antioxidant and free
radical scavenging activity. Additionally, infusion of plant
extracts significantly increased the antioxidant activity of
cosmetic creams. The findings suggest that plants waste is a
bio resource providing cheap, readily available,
environmentally friendly, and natural source of anti-aging
chemicals. It is necessary to further isolate and purify
polyphenols from extracts, examine their mechanisms of
action, and determine their stability when used as a bioactive

component in skincare, in order to estimate their true
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cosmeceutical worth.

Conflicts of Interest

There are no conflicts of interest reported by the authors.
Authors contribution

Wajeeha Rafig (W.R), Maira Kaleem (M.K). and Sofia
Nosheen (S.N).; Conceptualization, W.R. and M.K;
formal analysis, W.R. and M.K.; methodology, W.R.;
software, W.R. and M.K.; writing—original draft
preparation, S.N.; supervision, W.R.; writing—review
and editing. All authors have read and agreed to the
published version of the manuscript.

Acknowledgment

The authors wish to express their gratitude to the
Department of Environmental Sciences at LCWU and
Department of chemistry at UCP for their collaboration
and analytical support.

Data Availability statement

All the data which is presented in this article can be
given on request from the first author.

Funding: Not Applicable

REFERENCES

1. Hoang, H. T., Moon, J.-Y., Lee, Y.-C. 2021. Natural
antioxidants from plant extracts in skincare

cosmetics: Recent applications, challenges and

perspectives. Cosmetics, 8: 106.

2. Rattanawiwatpong,P.,

Bumrungpert, A., Maiprasert, M. 2020. Anti-aging
and brightening effects of a topical treatment
containing vitamin C, vitamin E, and raspberry leaf
cell culture extract: a split-face, randomized

controlled trial. Journal of cosmetic dermatology, 19:

671-676.

3. Warraich, U. E., Hussain, F., Kayani, H. U. R. 2020.

Aging - Oxidative stress, antioxidants and

computational modeling. Heliyon, 6: ¢04107.

4. Griendling, K. K., Touyz, R. M., Zweier, J. L.,
Dikalov, S., Chilian, W., Chen, Y.-R., Bhatnagar, A.
2016. Measurement of reactive oxygen species,

reactive nitrogen species, and redox-dependent

www.jspae.com

Wanitphakdeedecha,R.,

10.

11.

12.

13.

signaling in the cardiovascular system: a scientific
statement from the American Heart Association.
Circulation research, 119: 39-75.

Gu, Y., Han, J, Jiang, C., Zhang, Y. 2020.
Biomarkers, oxidative stress and autophagy in skin
aging. Ageing research reviews, 59: 101036.
Parrado, C., Mercado-Saenz, S., Perez-Davo, A.,
Gilaberte, Y., Gonzalez, S., Juarranz, A. 2019.
Environmental stressors on skin aging. Mechanistic
insights. Frontiers in pharmacology, 10: 759.
Ponnampalam, E. N., Kiani, A., Santhiravel, S.,
Holman, B. W., Lauridsen, C., Dunshea, F. R. 2022.
The importance of dietary antioxidants on oxidative
stress, meat and milk production, and their
preservative aspects in farm animals: Antioxidant
action, animal health, and product quality—Invited
review. Animals, 12: 3279.

Babbush, K. M., Babbush, R. A., Khachemoune, A.
2020. The therapeutic use of antioxidants for
melasma. J Drugs Dermatol, 19: 788-792.
Comino-Sanz, 1. M., Lépez-Franco, M. D., Castro,
B., Pancorbo-Hidalgo, P. L. 2021. The role of
antioxidants on wound healing: A review of the
current evidence. Journal of Clinical Medicine, 10:
3558.

Kyi, M. T. 2020. A Split-face Double-blind
Randomized Placebo-controlled Trial of the Efficacy
of Kakadu Plum Extract for Reduction of Periorbital
Wrinkles. Paper presented at the Rangsit Graduate
Research Conference: RGRC.

Asif, M. 2015. Chemistry and antioxidant activity of
plants containing some phenolic compounds.
Chemistry international, 1: 35-52.

Dai, J.,, Mumper, R. J. 2010. Plant phenolics:
extraction, analysis and their antioxidant and
anticancer properties. Molecules, 15: 7313-7352.
Jesumani, V., Du, H., Aslam, M., Pei, P., Huang, N.
2019. Potential use of seaweed bioactive compounds

in skincare—A review. Marine drugs, 17: 688.

106



Journal of Chemistry and Environment

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

Bijauliya, R. K., Alok, S., Kumar, M., Chanchal, D.
K., Yadav, S. 2017. A comprehensive review on

herbal  cosmetics. International Journal of

Pharmaceutical Sciences and Research, 8: 4930-4949.

Khan, A. D., Alam, M. N. 2019. Cosmetics and their
associated adverse effects: A review. Journal of
Applied Pharmaceutical Sciences and Research, 1-6.
Yaashikaa, P. R., Kumar, P. S., Nhung, T. C,,
Hemavathy, R. V., Jawahar, M. J., Neshaanthini, J.
P., & Rangasamy, G. (2022). A review on landfill
system for municipal solid wastes: Insight into
leachate, gas emissions, environmental and economic
analysis. Chemosphere, 309(Pt 1), 136627.
Figuerola, F., Hurtado, M. a. L., Estévez, A. M. a.,
Chiffelle, 1., Asenjo, F. 2005. Fibre concentrates
from apple pomace and citrus peel as potential fibre
sources for food enrichment. Food Chemistry, 91:
395-401.

Celano, R., Docimo, T., Piccinelli, A. L., Gazzerro,
P., Tucci, M., Di Sanzo, R., Carabetta, S., Campone,
L., Russo, M., Rastrelli, L. 2021. Onion peel:
Turning a food waste into a resource. Antioxidants,
10: 304.

Pavlovi¢, N., Joki¢, S., Jakovljevié, M., Blazi¢, M.,
Molnar, M. 2020. Green extraction methods for
active compounds from food waste—Cocoa bean
shell. Foods, 9: 140.

Brand-Williams, W., Cuvelier, M.-E., Berset, C.
1995. Use of a free radical method to evaluate
antioxidant activity. LWT-Food Science and
Technology, 28: 25-30.

Hegazy, A., Ibrahium, M. 2012. Antioxidant
activities of orange peel extracts. World applied
sciences journal, 18: 684-688.

Cindri¢, J.I., Kunsti¢, M., Zeiner, M., Stingeder, G.,
Rusak, G. 2011. Sample preparation methods for the
determination of the antioxidative capacity of apple
juices. Croatica chemica acta, 84: 435-438.

Tsvetkova, D., Kostadinova, 1., Landzhov, B.,

www.jspae.com

24.

25.

26.

27.

28.

29.

30.

31.

Vezenkov, L., Marinov, L., Ivanova, I. 2023.
Application of DPPH assay for the evaluation of the
antiradical activity of Creatine Lysinate. Journal of
Advanced Pharmacy Education & Research, 13: 163.
Singh, M., Seth, P., Poddar, S. 2017. Comparative
analysis of four facial foundation lotions with
reference to its antioxidant richness and bio-safety.
Cosmetics, 4: 12.

Kumar, N., Goel, N. 2019. Phenolic acids: Natural
versatile molecules with promising therapeutic
applications. Biotechnology reports, 24: 00370.
Rotta, E. M., Haminiuk, C. W. 1., Maldaner, L.,
Visentainer, J. V. 2017. Determination of antioxidant
activity and phenolic compounds of Muntingia
calabura HPLC-DAD and
UPLC-ESI-MS/MS. International Journal of Food
Science & Technology, 52: 954-963.

Ng, Z. X., Samsuri, S. N., Yong, P. H. 2020. The

Linn. peel by

antioxidant index and chemometric analysis of
tannin, flavonoid, and total phenolic extracted from
medicinal plant foods with the solvents of different
polarities.  Journal
Preservation, 44: 14680.

Zhao, M., Yang, B., Wang, J., Li, B., Jiang, Y. 2006.

of Food Processing and

Identification of the major flavonoids from pericarp
tissues of lychee fruit in relation to their antioxidant
activities. Food Chemistry, 98: 539-544.

Takao, L., Imatomi, M., Gualtieri, S. 2015.
Antioxidant activity and phenolic content of leaf
infusions of Myrtaceae species from Cerrado
(Brazilian Savanna). Brazilian Journal of Biology, 75:
948-952.

Villaio, D., Fernandez-Pachon, M. S., Moya, M. L.,
Troncoso, A., Garcia-Parrilla, M. 2007. Radical
scavenging ability of polyphenolic compounds
towards DPPH free radical. Talanta, 71: 230-235.
Akar, Z., Kiigiik, M., Dogan, H. 2017. A new
colorimetric DPPHe scavenging activity method with

no need for a spectrophotometer applied on synthetic

107



Journal of Chemistry and Environment

32.

33.

34.

35.

36.

37.

38.

39.

and natural antioxidants and medicinal herbs. Journal
of enzyme inhibition and medicinal chemistry, 32:
640-647.

Aryal, S., Baniya, M. K., Danekhu, K., Kunwar, P.,
Gurung, R., Koirala, N. 2019. Total phenolic content,
flavonoid content and antioxidant potential of wild
vegetables from Western Nepal. Plants, 8: 96.
Feduraev, P., Skrypnik, L., Nebreeva, S., Dzhobadze,
G., Vatagina, A., Kalinina, E., Pungin, A.,
Maslennikov, P., Riabova, A., Krol, O., Chupakhina,
G. 2022. Variability of phenolic compound
accumulation and antioxidant activity in wild plants
of some Rumex species (Polygonaceae).
Antioxidants, 11: 311.

Pang, Y., Ahmed, S., Xu, Y., Beta, T., Zhu, Z., Shao,
Y., Bao, J. 2018. Bound phenolic compounds and
antioxidant properties of whole grain and bran of
white, red and black rice. Food Chemistry, 240: 212-
221.

Stratil, P., Klejdus, B., Kuban, V. 2007.
Determination of phenolic compounds and their
antioxidant activity in fruits and cereals. Talanta, 71:
1741-1751.

Ulewicz-Magulska, B., Wesolowski, M. 2019. Total
phenolic contents and antioxidant potential of herbs
used for medical and culinary purposes. Plant Foods
for Human Nutrition, 74: 61-67.

Andres, A. L., Petron, M. J., Lopez, A. M., Timon, M.
L. 2020. Optimization of extraction conditions to
improve phenolic content and in vitro antioxidant
activity in craft brewers’ spent grain using response
surface methodology (RSM). Foods, 9: 1398.

Sopee, M. S. M., Azlan, A., Khoo, H. E. 2019.
Comparison of antioxidants content and activity of
Nephelium mutabile rind extracted using ethanol and
water. Journal of Food Measurement and
Characterization, 13: 1958-1963.

Sepahpour, S., Selamat, J., Abdul Manap, M. Y.,
Khatib, A., Abdull Razis, A. F. 2018. Comparative

www.jspae.com

analysis of chemical composition, antioxidant
activity and quantitative characterization of some
phenolic compounds in selected herbs and spices in
different solvent extraction systems. Molecules, 23:
402.

40. Sadef, Y., Javed, T., Javed, R., Mahmood, A.,
Alwahibi, M. S., Elshikh, M. S., AbdelGawwa, M.R.,
Alhaji, J.H., Rasheed, R. A. 2022. Nutritional status,
antioxidant activity and total phenolic content of
different fruits and vegetables’ peels. PLoS One, 17:
€0265566.

41. Garcia-Castello, E. M., Rodriguez-Lopez, A. D.,
Mayor, L., Ballesteros, R., Conidi, C., Cassano, A.
2015. Optimization of conventional and ultrasound
assisted extraction of flavonoids from grapefruit
(Citrus paradisi L.) solid wastes. LWT-Food Science
and Technology, 64: 1114-1122.

42. Peschel, W., Sanchez-Rabaneda, F., Diekmann, W.,
Plescher, A., Gartzia, 1.,

43. Jiménez, D., Lamuela-Raventos, R., Buxaderas, S.,
Codina, C. 2006. An industrial approach in the
search of natural antioxidants from vegetable and
fruit wastes. Food Chemistry, 97: 137-150.

44. Matousek, J. L., Campbell, K. L., Kakoma, I., Solter,
P. F., Schaeffer, D. J. 2003. Evaluation of the effect
of pH on in vitro growth of Malassezia
pachydermatis. Canadian journal of veterinary
research, 67: 56

45. De Lima Cherubim, D. J., Buzanello Martins, C. V.,
Oliveira Farifia, L., da Silvade Lucca, R. A. 2020.
Polyphenols as natural antioxidants in cosmetics
applications. Journal of cosmetic dermatology, 19:

33-37.

How to cite this article:
Kaleem M, Rafiq W, Nosheen S. (2023). Recovery

optimization of plant derived antioxidants and their
incorporation in cosmetic creams to enhance antioxidant
potential. Journal of Chemistry and Environment. 2(2). p. 97-
108

108




