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A notable evolution within the cosmetic sector is the increasing reliance on botanical
agents with empirical evidence of efficacy, commonly known as cosmeceuticals.
Among these, Citrus limon (lemon) has emerged as a prominent ingredient in advanced
skincare preparations like face serums, reflecting its extensive history in traditional
wellness practices. This review offers a detailed examination of lemon's application in
contemporary dermatology. We explore its complex phytochemical makeup, which
includes L-ascorbic acid (Vitamin C), citric acid, a range of flavonoids such as
hesperidin and eriocitrin, and volatile essential oils. The paper systematically
investigates the biological mechanisms that justify its use in cosmetics, including its
powerful antioxidant, collagen-promoting, skin-lightening, antimicrobial, and anti-
inflammatory capabilities. We also confront the significant formulation hurdles, such as
the chemical instability of its primary active compounds and safety issues like
phytophotodermatitis. The discussion covers sophisticated formulation methodologies
and delivery platforms designed to augment both stability and cutaneous bioavailability.
Finally, the review delineates the critical physicochemical and biological criteria
necessary for the robust evaluation of a finished lemon-infused serum. In summary,
Citrus limon possesses a potent, multi-action profile ideal for skincare, yet its successful
deployment in a safe and effective serum is wholly contingent upon advanced
formulation science.

INTRODUCTION

[10, 11]. These quasi-pharmaceutical products,
termed  cosmeceuticals, are  increasingly

A fundamental transformation is underway in the
global skincare landscape, driven by consumer
demand for products that offer benefits beyond
simple aesthetics, bordering on therapeutic action

formulated with bioactive botanical ingredients to
meet this demand [1]. Within this green chemistry
movement, Citrus limon L., a member of the
Rutaceae family, has garnered substantial attention
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for its dense phytochemical profile and diverse
biological functionalities [15]. Face serums
represent a category of high-potency skincare,
engineered with a low-viscosity chassis to
facilitate the rapid absorption of a concentrated
dose of active ingredients [11]. The integration of
lemon-derived components into these advanced
systems 1is intended to leverage its scientifically
supported benefits, including photoprotection,
collagen synthesis support, and pigmentation
correction.

1.1 Historical Perspective

The utility of lemon in health and beauty rituals is

documented across millennia. In traditional
therapeutic systems like Ayurveda, lemon juice
was employed as a natural astringent, a remedy for
skin imperfections, and an antiseptic agent [22].
European folk traditions advocated for its use in
lightening freckles and as a general skin tonic.
This rich history of ethnobotanical application has
provided the impetus for modern scientific
inquiry, which has subsequently validated many of
the therapeutic and cosmetic effects traditionally

ascribed to the fruit [20].

1.2. Biological Description and Geographical
Distribution

1.2.1. Botanical Profile

Citrus limon 1s a species of a small evergreen tree
or spreading shrub in the flowering plant family
Rutaceae. The plant typically grows to a height of
3 to 6 meters and is characterized by a thorny,
branching habit [24]. Its leaves are ovate and
finely toothed, emitting a distinct lemon aroma
when crushed. The fruit, botanically a
hesperidium, is an ovoid berry, yellow when ripe,
with a prominent stylar-end nipple and an oil-rich,
pitted peel [24].
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1.2.2. Geographical Distribution

Native to South Asia, Citrus limon 1S now
cultivated in tropical and subtropical climates
across the globe, requiring protection from frost
for optimal growth [20]. Major commercial
production is in regions with
Mediterranean climates. As of recent agricultural
data, the world's leading producers of lemons and
limes include India, Mexico, China, Argentina,
and Brazil [12]. This widespread -cultivation
ensures a consistent global supply for culinary,
industrial, and medicinal applications.

concentrated

2. Phytochemical Constituents of Citrus limon

The dermatological power of lemon stems from a
complex synergy of its
phytochemicals.

constituent

e Vitamins: Foremost among its vitamin
constituents is L-ascorbic acid (Vitamin C), a
water-soluble antioxidant indispensable for
maintaining skin homeostasis [30].

e Organic Acids: Citric acid, a key alpha-
hydroxy acid (AHA), is the most abundant
organic acid and is the main determinant of
the fruit's characteristically low pH [27].

e Phenolic Compounds: Lemon is an abundant
reservoir of phenolic compounds. Major
flavonoids include hesperidin and eriocitrin
[15, 28]. The fruit matrix also contains
phenolic acids like ferulic acid [40].

o Essential Oils: The peel is the primary source
of lemon essential oil, which is dominated by
D-limonene [18, 25].

o Coumarins: The peel contains
furanocoumarins like bergapten and psoralen,

which require careful consideration in
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skincare due to their photosensitizing

potential [3].
3. Biological Activities Relevant to Dermatology
3.1. Antioxidant and Anti-aging Activity

Skin physiology is persistently challenged by
oxygen  species  (ROS)
environmental stressors, leading to oxidative stress
and accelerated aging [31]. Vitamin C and
flavonoids directly neutralize these free radicals
[6, 30]. Critically, Vitamin C is an obligatory
cofactor for enzymes that synthesize and stabilize
collagen, making it indispensable for preserving
the skin's structural integrity [29]. Ferulic acid,

reactive from

also present in lemon, uniquely stabilizes Vitamin
C and amplifies its ability to protect skin from UV-
induced damage [21].

3.2. Skin Whitening and Anti-pigmentary
Effects

L-ascorbic acid is a well-established suppressor of
tyrosinase, the rate-limiting enzyme in melanin
synthesis, which effectively slows down the
production of pigment [5, 41]. This biochemical
action is physically complemented by the
keratolytic effect of citric acid. As an AHA, it
promotes the exfoliation of pigmented cells from
the skin surface, leading to a more luminous and
uniform skin tone [20].

3.3. Antimicrobial Properties

Lemon's ability to inhibit microbial growth is
principally linked to its essential oil fraction and
its inherent acidity. Key components like limonene
have shown efficacy against skin-relevant
microbes, including Cutibacterium acnes [9, 25].
Concurrently, the low pH environment created by
citric acid creates conditions that are unfavorable
for the proliferation of many microorganisms [36].
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3.4. Anti-inflammatory Effects

Citrus flavonoids have demonstrated a marked
capacity to quell inflammatory responses by
downregulating  the production of key
inflammatory signaling molecules [18, 23]. This
activity can help to pacify irritated skin and
diminish the erythema (redness) typical of
inflammatory dermatoses.

4. Formulation of Lemon-Based Face Serums
4.1. Formulation Challenges

The chemical integrity of L-ascorbic acid is
notoriously fragile; it readily undergoes oxidative
degradation [29]. The extreme acidity of raw
lemon can disrupt the skin's protective acid mantle
[20], while furanocoumarins in certain lemon oils
can induce phytophotodermatitis, a
phototoxic reaction upon UV exposure [3, 38].
Furthermore, achieving sufficient penetration of
active ingredients through the skin's primary
barrier, the stratum corneum, is a major

formulation hurdle [14].

SEvere

4.2. Formulation Strategies

Prudent formulation demands the wuse of
standardized, furanocoumarin-free (FCF)
botanical extracts [38]. The final product must be
buffered to a skin-compatible pH (typically 4.5-
6.0) [37]. A proven strategy involves combining
Vitamin C with Vitamin E and ferulic acid to
create a regenerative antioxidant network [21]. An
alternative is using stable Vitamin C derivatives
like sodium ascorbyl phosphate [35]. To enhance
penetration and protect actives, modern serums
employ encapsulation technologies like liposomes
and nanoemulsions [14, 26].

5. Evaluation Parameters for Face Serums

1522 |Page



Bhakti Patade, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 2, 1520-1530 | Review

A scientifically developed serum must undergo
rigorous testing. This includes physicochemical
evaluation (pH, viscosity, appearance), stability
studies according to ICH guidelines, and safety
evaluation via patch testing [17, 34]. Efficacy is
assessed through in vitro assays (e.g., DPPH for
antioxidant capacity) and in vivo clinical trials
using like  the
Corneometer® (hydration) and Mexameter®
(pigmentation) to quantify changes on human skin
[4, 29].

non-invasive  instruments

5.1. Physicochemical and Safety Evaluation

This includes physicochemical evaluation (pH,
viscosity, appearance), stability studies according
to ICH guidelines, and safety evaluation via patch
testing [17, 34].

o Physicochemical Evaluation: Assessment of

(parallel-plate method), and washability [49,
50, 51, 52].

o Stability Studies: Samples are stored under
various  temperature  conditions  (e.g.,
$257{\circ}\text{C}$, $35™{\circ}\text{C}$,
and $40"{\circ}\text{C}$) and monitored for
physical changes over time to predict shelf-
life [52].

e Patch Test (Dermal Irritation Study): A
small quantity of the serum is applied to a
confined area of human skin (inner forearm)
and monitored for 24-48 hours for adverse
reactions like erythema or swelling to
determine skin suitability [49].

5.2. In Vitro Efficacy Assays:
Biological Activity in the Lab

Proving

organoleptic properties (colour, odour, In vitro assays are crucial for establishing the
homogeneity), pH, viscosity (using a fundamental biological activities—like
Brookfield viscometer), spreadability antioxidant power and  anti-pigmentation
mechanisms—before human trials.
Assay Category Specific Test Purpose and Relevance Reference
Antioxidant DPPH Free Radical | Directly measures the serum's ability to neutralize [4]
Capacity Scavenging Assay free radicals. The intensity of color change (from
purple to yellow) indicates the potency of
antioxidant components like Vitamin C and
flavonoids [40].
Anti- Tyrosinase Evaluates the serum's capacity to inhibit the [5, 41]
pigmentation Inhibition Assay enzyme tyrosinase. This is the rate-limiting step in
melanin production, directly validating the serum's
skin-whitening potential [41].
Anti-aging/ Cell Viability (MTT) Tests the serum's non-toxicity and protective [31]
Cytoprotection Assay effects on cultured skin cells (like fibroblasts or
keratinocytes) against induced oxidative stress or
UV damage [31].
Antimicrobial | Minimum Inhibitory | Determines the lowest concentration of the serum [25]
Concentration (or its oil component) required to inhibit the visible
(MIC) Test growth of skin-relevant microbes, such as
Cutibacterium acnes (for acne) [25].
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In Vivo Efficacy Assays:

Benefits on Human Skin

Validating [n vivo studies provide clinical

evidence of

efficacy and are conducted on human volunteers

under controlled conditions.

Efficacy Non-Invasive Measured Outcome and Relevance Reference
Parameter Instrument/
Method
Hydration Corneometer® | Measures the electrical capacitance of the skin's stratum [29, 34]
corneum. An increase in capacitance directly reflects
improved skin moisture content after serum application
[29].
Pigmentation Mexameter® | Uses spectrophotometry to quantify the skin's melanin and (4, 41]
erythema index. A decrease in the melanin index provides
objective evidence of the serum's skin-lightening and anti-
pigmentary effects [4, 41].
Skin Elasticity/ Cutometer® Measures the skin's ability to resist and recover from [10, 11]
Firmness negative pressure suction. Improvements are indicative of
enhanced collagen synthesis and anti-aging activity [10].
Sebum/ QOil Sebumeter® Measures the quantity of sebum (oil) on the skin's surface. [9]
Control Useful for serums claiming astringent or mattifying effects
[9].
Anti-erythema | Visual Grading | Assesses reduction in skin redness (erythema) caused by [23]
/ Mexameter® | irritants or inflammatory conditions, validating the serum's
anti-inflammatory and soothing claims [23].

6. FORMULATION FOR FACE SERUM-

SR. NO. INGREDIENTS FORMULATION [1] 50ML | FORMULATION [2] 50ML
1. Citrus lemon oil 18 15
2 Ashwagandha extract 15 10
3 glycerine 8 12
4 Almond oil 4.5 4.5
5 Coconut oil 1 1
6 Vitamin E 0.1 0.1
7 Rose water 3 3
8 Tween 20 0.5 2

6.1.1. ACTIVE INGREDIENTS-
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6.2. OTHER CONSTITUENTS

Citrus Lemon Oil: An essential oil from lemon
peel. Used for fragrance, but Warning: Highly
phototoxic; can cause severe chemical burns and
dark spots in sunlight [42]

Ashwagandha Extract: An Ayurvedic herb. Used
in serums to calm skin, fight inflammation, and
protect against environmental stressors [41].

Glycerine: A natural humectant. Used in serums
to pull moisture from the air into the skin,
providing deep hydration and strengthening the
skin barrier [43].

Almond QOil: A carrier oil rich in Vitamin E. Used
in serums to moisturize, soften skin, and soothe
irritation, particularly for dry skin types [44].

Coconut QOil: A rich moisturizing oil. Generally
avoided in face serums as it is highly comedogenic
(clogs pores) for most skin types, which can cause
acne [45].

Vitamin E (Tocopherol): A powerful antioxidant.
Used in serums to protect skin from free-radical
damage (like pollution) and to act as a natural
preservative [46].

Rose Water: A floral hydrosol. Used in serums as
a soothing, anti-inflammatory base to hydrate,
tone, and visibly reduce skin redness [47].

7. PROCEDURE FOR PREPARATION OF
SERUM-

The emulsion (o/w) was prepared according to
formula.

1) Preparation of oil phase: The oily component
consisting of Citrus Limon Oil, Vitamin E, almond
oil, coconut oil, Tween 20 are taken into one
beaker and melted at 70 C.
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2) Preparation of water phase: The water phase
is prepared at same time by mixing Ashwagandha
extract, glycerin, sodium benzoate and rose water
upto q.s.

3) Preparation of emulsion: Emulsion was
prepared by adding oil phase into liquid phase drop
wise Under mechanical stirring at 700 to 800 rpm
to obtain o/w biphasic emulsion. Then final
product Is transferred to amber colour glass
bottle.[48]

8. Materials and Methods: Evaluation of Serum
Formulations

To characterize the prepared face serums, a
comprehensive panel of physicochemical and
safety tests was conducted.

8.1 Physical and Organoleptic Evaluation

All serum formulations were first assessed for
their organoleptic properties. This included
qualitative analysis of their colour, odour, and
homogeneity. Furthermore, the formulations were
visually inspected for clarity and the presence of
any particulate matter or foreign particles [49].

8.2 Determination of pH

The pH of each formulation was determined using
a calibrated digital pH meter. Approximately 1 ml
of the serum was accurately weighed and
dissolved in 50 ml of distilled water. The pH of the
resulting solution was recorded. This test ensures
the formulation's pH is within the acceptable,
slightly acidic range of human skin (typically 4.1—
6.7) to prevent irritation [50].

8.3 Determination of Viscosity

The rheological properties of the serums were
evaluated by measuring their viscosity. A
Brookfield viscometer (Spindle No. 64) was
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operated at 50 rpm to determine the viscosity of
each formulation, providing data on the serum's
consistency and flow characteristics [51].

8.4 Determination of Spreadability

Spreadability, an important factor for topical
application, was assessed using a parallel-plate
method. A sample (approximately 3 g) was placed
between two glass slides. A standard weight of 20
g was applied to the upper slide, and the time
required for the upper slide to travel 10 cm over
the lower slide was recorded. This value serves as
a quantitative measure of how easily the serum
spreads on a surface [50].

8.5 Washability

The ease of removal, or washability, was evaluated
qualitatively. A
formulation was applied to a patch of skin. The
ease with which the serum could be washed off
using plain water was observed and recorded [52].

standard amount of each

8.6 Stability Studies

Short-term accelerated stability studies were
performed to assess the physical and chemical
integrity of the formulations over time. Samples
were stored under various temperature conditions
(25°C, 35°C, and 40°C). The samples were
periodically evaluated for any changes in their
physical properties to predict shelf-life and ensure
safety [52].

8.7 Patch Test (Dermal Irritation Study)

To evaluate skin suitability and safety, a patch test
was conducted. A small quantity of the serum was
applied to a confined area of skin, typically the
inner forearm. The application site was monitored
for 24-48 hours for any adverse reactions, such as
erythema (redness), itching, or swelling, to
determine its potential for irritation [49].
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9. Broader Medicinal
Cardiovascular Health

Applications:

Beyond dermatology, the phytochemical wealth of
lemon, particularly its flavonoids, has been studied
for its benefits in promoting cardiovascular health.
The term "heart blockades" generally refers to
atherosclerosis, the buildup of plaque in the
arteries. bioactives
cardiovascular wellness by mitigating the risk
factors associated with this condition. The key
flavonoids hesperidin and eriocitrin have
demonstrated potential in
cardiovascular markers, including lowering levels
of low-density lipoprotein (LDL) cholesterol [2,
19, 39]. The mechanism is thought to involve the
downregulation of key enzymes in hepatic
cholesterol synthesis [19]. Furthermore, citrus
anti-inflammatory  and

Lemon contribute  to

improving

flavonoids  exert
antioxidant effects within the vascular system,
helping to reduce oxidative stress that contributes
to atherosclerotic plaques [2]. They have also been
shown to improve endothelial function—the
health of the inner lining of blood vessels—which
is crucial for maintaining normal blood pressure
[33]. Epidemiological studies have associated
regular consumption of flavonoid-rich foods like
lemon with a reduced risk of major cardiovascular
events [16].

CONCLUSION AND

PERSPECTIVES

FUTURE

Citrus limon is indisputably a valuable botanical
asset for the cosmeceutical field. Its diverse profile
of bioactive molecules offers a holistic approach
to skin wellness. However, its successful
deployment in a high-performance serum is a
sophisticated scientific undertaking, demanding
rigorous control over ingredient sourcing, stability
enhancement, delivery optimization, and safety
verification. Future research should prioritize
robust clinical studies on standardized lemon
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formulations to further solidify the evidence for
their dermatological benefits.
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