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ABSTRACT

Naringi crenulata, or Thanaka, is a medicinal plant possessing antioxidant,
astringent, and anti-inflammation properties, making it a promising ingredient for
cosmetic formulations. This study investigated the extraction of bioactive compounds
from N. crenulata leaves, using microwave-assisted extraction with ethanol at varying
concentrations (50%, 70%, and 95%). Bioactive compounds such as total phenolic
content (TPC), total flavonoid content (TFC), total tannin content (TTC), and astringent
activity, antioxidant activity by DPPH radical scavenging, and the ferric reducing
antioxidant power (FRAP) assays of the extracts were assessed using colorimetric
assays.

Among the tested solvents, 50% ethanol achieved the highest extraction yield
(16.81%) and maximized bioactive compound recovery (TPC 11.76 + 0.38 GAE mg/g
dry plant, TFC 19.35 + 0.32 QE mg/g dry plant, 11.51 + 0.07 TAE mg/g dry plant),
along with maximized antioxidant properties (3.35 £ 0.04 AAE mg/g dry plant by
DPPH and 3.57 £ 0.05 AAE mg/g dry plant by FRAP method) with ICso value of 624.6
+ 28.95 pg/mL for DPPH radical scavenging activity. In contrast, 95% ethanol
demonstrated the highest astringency 64.94 + 0.13%. These findings highlight the
critical importance of solvent polarity in enhancing the extraction of phenolics,
flavonoids, and tannins.

The 50% ethanol extract was selected to further formulate into cosmetic
formulation because it has the highest antioxidant potential and its integration into
essence cosmetic formulations were assessed through heating-cooling cycles and one

month of storage at different temperatures (room temperature, 4°C, and 45°C).



This study emphasized the overlooked potential of N. crenulata leaves within
the field of cosmetic science. Future research may concentrate on techniques to improve
stability, evaluate clinical effectiveness, and expand its cosmetic uses.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Recent years have witnessed a notable increase in global demand for natural and
plant-based ingredients in cosmetics, influenced by heightened consumer awareness,
health consciousness, and environmental concerns. This shift indicates a wider societal
trend towards sustainability and wellness, as consumers are progressively pursuing
products that correspond with their values. Research suggests that this demand
represents a significant and enduring change in consumer behavior. A survey conducted
in the Middle East indicated that 56.4% of respondents favored cosmetics with natural
ingredients, while 48.1% expressed a willingness to pay a premium for these products
(Kaliyadan et al., 2020). The global market for natural cosmetics is projected to grow,
especially in the Asia-Pacific region, despite challenges related to perceived efficacy,
pricing, and product diversity. This growth is driven by increasing awareness and
demand for organic products (Meliniasari, 2024).

The significance of bioactive compounds derived from plant extracts,
especially antioxidants, in promoting skin health and mitigating aging is gaining
acknowledgement in scientific studies and cosmetic practices. Antioxidants are
essential in reducing oxidative stress, which occurs when there is an imbalance
between the body's capacity to neutralize reactive oxygen species (ROS) and their
buildup. Oxidative stress significantly contributes to skin ageing by accelerating the
degradation of collagen and elastin, essential for preserving skin elasticity and
firmness (Buranasudja et al., 2023; Grenier et al., 2021). Oxidative stress is associated
with cellular damage related to multiple diseases, such as cancer, neurodegenerative
disorders, and cardiovascular conditions (Sen & Chakraborty, 2011).

Microwave-assisted extraction (MAE) is a technique that employs microwave
energy to improve the efficiency of extracting bioactive compounds from plant

materials. This method has become widely popular for its capacity to markedly



decrease extraction time and solvent consumption, while maintaining or enhancing the
yield and quality of the extracted compounds (Gallo et al., 2010). Microwave-assisted
extraction (MAE) represents a novel approach for the extraction of bioactive and
nutraceuticals, demonstrating increased efficiency by necessitating reduced time and
energy compared to conventional methods, while preserving the functionality of
bioactive compounds throughout the extraction process (Chaari et al., 2024). The
reduced processing time and energy efficiency of MAE lead to decreased
manufacturing costs, enhanced product yields, and superior, consistent product quality
relative to traditional methods (Kanthraj et al., 2024;Chaari et al., 2024)

The Thanaka tree (N. crenulata), belonging to the Rutaceae family, is
indigenous to Southeast Asia, specifically Myanmar, Thailand, and India. The tree
attains a height of up to 10 meters, characterized by gnarled branches, small fragrant
white or yellowish flowers, and simple alternate leaves. The fruit is a small, round
berry that is green when unripe and yellow upon ripening (Aung et al., 2024; Seiverling
et al., 2017). Thanaka is commonly utilized as a natural sunscreen and skin protector,
attributed to its cooling properties and efficacy in preventing sunburn, acne, and
various skin conditions. N. crenulata has applications in traditional medicine beyond
its cosmetic uses. The leaves are utilized for the treatment of epilepsy, the roots serve
to alleviate pain, vomiting, and dysentery, while the stem powder is employed for anti-
acne and anti-aging applications. The bark is utilized for the treatment of puerperal
fever, while a decoction of the fruit acts as an antidote for insect toxicity and a remedy
for intestinal worms (Aung et al., 2024).

The medicinal properties of N. crenulata leaves arise from its variety of
bioactive compounds, such as flavonoids, phenolic acids, tannins, and alkaloids, which
demonstrate significant antioxidant, anti-inflammatory, and antimicrobial activities
(Latha et al., 2005; Pratheeba et al., 2019; Sampathkumar et al., 2012). Quercetin, a
prominent flavonoid derived from leaves, exhibits notable antioxidant and antitumor
effects by suppressing the proliferation and migration of cancer cells (Singh & Patni,
2018). The leaf extract demonstrates significant antimicrobial efficacy, attributed to
the synergistic effects of its bioactive constituents (Latha et al., 2005). The antioxidant
properties of N. crenulata leaf extract have been validated, demonstrating significance

for cosmetic applications by combating oxidative stress (Sarada et al., 2012). The anti-



inflammatory and therapeutic effects, attributed to the presence of alkaloids and
tannins, substantiate its traditional medicinal application in addressing various
ailments (Pratheeba et al., 2019; Sampathkumar et al., 2012). Topical formulations
with leaf extract have demonstrated effective wound healing in experimental models
(Bhuvaneswari et al., 2014). The findings indicate that N. crenulata leaves may serve
as a significant resource for the formulation of cosmetic products designed for skin
repair and protection.

The maturation period for N. crenulata to achieve readiness for sustainable bark
harvesting typically ranges from 5 to 7 years. While the leaves are traditionally used
for medicinal purposes, they are often overlooked and discarded, leaving their potential
for cosmetic applications largely unexploited. Despite the documented antioxidant,
anti-inflammatory, and antimicrobial properties of N. crenulata, there is a significant
gap in research on its use in cosmetic formulations, particularly concerning formulation
development and stability. Most existing studies focus on the plant’s bioactive
components and their health benefits, but few explore their incorporation into skincare
products. Furthermore, there is limited data on the interactions between its bioactive
constituents and other cosmetic ingredients, as well as their stability under varying
environmental conditions (e.g., heat, light, and pH). This lack of research hinders a
comprehensive understanding of N. crenulata’s feasibility as a reliable ingredient in
commercial skincare products. Addressing these gaps could provide valuable insights
for the cosmetic industry and foster the development of innovative products utilizing

this underutilized plant resource.

1.2 Objectives of the study

1.2.1 To analyze the bioactive compounds composition (TPC, TFC, TTC) of N.
crenulata (Thanakha) leaf extract using different concentrations of ethanol solvent by
using microwave extraction.

1.2.2 To examine the in vitro antioxidant and astringent characteristics of N. crenulata

leaf extract.



1.2.3 To examine the stability of N. crenulata leaf extract through heating-cooling
cycles and short-term stability tests.
1.2.4 Assess the stability and efficacy and compatibility of the leaf extract in a

formulated cosmetic product.

1.3 Scope of the Study

This study examines the development and efficacy assessment of N. crenulata
(Thanakha) leaf extract for cosmetic applications, particularly regarding its bioactive
compounds, antioxidant, astringent, and stability characteristics. This research
encompasses:

Microwave-Assisted Extraction: The investigation commences with the
extraction of bioactive components from sundried N. crenulata leaves utilizing
microwave-assisted extraction methods. This method is selected to improve the
efficiency of extracting phenolic compounds.

Phytochemical Assessment: Following extraction, the total phenol, tannin, and
flavonoid contents of the leaf extract are assessed. Furthermore, in vitro studies are
performed to evaluate the antioxidant and astringent properties of the extract, enhancing
its potential application in skincare products.

Formulation of Cosmetic Essence: The subsequent process entails the creation

of cosmetic essence with N. crenulata leaf extract.
Stability Testing: The concluding portion of the investigation encompasses stability
assessments to analyze the efficacy of the essence formulation under diverse situations.
This includes heating-cooling cycles and short-term stability assessments to verify the
formulation's effectiveness and shelf-life.

This research seeks to investigate the cosmetic potential of N. crenulata leaf
extract, providing insights into its viability as a natural component in the skincare

sector.
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CHAPTER 2

LITERATURE REVIEW

2.1 Naringi crenulata

N. crenulata, also known as Hesperethusa crenulata (Roxb.) M. Roem or
Limonia crenulata Roxb, is commonly referred to as "Thanaka" in Myanmar and
"belinggai” in Malaysia. It belongs to the Rutaceae family. This species is native to
Southeast Asia, specifically in Myanmar, Thailand, India, Malaysia, Sri Lanka, and
additional areas such as Java and Pakistan. The tree is spinous and small, can grow up
to a height of approximately 8 to 12 meters. The tree features smooth, yellowish-grey
bark, winged, imparipinnate leaves, and clusters of white flowers, along with oblong
fruits that have a smooth black rind and red or purplish flesh. Thanaka typically grows
in dry hilly regions and dry jungles, demonstrating a strong adaptation to these
environments (Aung et al., 2024; Lim et al., 2021).

Thanaka powder, obtained by grinding the bark of the tree, possesses significant
cultural and historical relevance in Myanmar. The bark powder exhibits a smooth
texture and a yellowish hue, which holds both aesthetic appeal and cultural significance
for Myanmar people. This natural product has served as a skincare and cosmetic agent
for over two millennia, with its popularity historically linked to Queen Phantwar of
Peikthano, a city from the Pyu dynasty. Thanaka powder is esteemed for its cosmetic
and protective attributes, with a historical tradition among the Burmese as a natural
remedy for improving skin health and appearance. Thanaka powder, traditionally used
for its cooling and beautifying effects, is thought to exhibit antioxidant, anti-
inflammatory, and photoprotective properties, positioning it as an attractive choice for

cosmetic applications (Lim et al., 2021).



Source Pratheeba et al. (2019)

Figure 2.1 N. crenulata plant

The N. crenulata plant is acknowledged in traditional medicine throughout
Southeast Asia and has a documented history of therapeutic use for various tropical
diseases (Sarada et al., 2012). Each component of the plant—roots, stem, bark, fruit,
and leaves—provides distinct health benefits.

1. Roots: Historically employed to relieve symptoms associated with cobra
bites, colic, bodily pain, vomiting, and dysentery (Sampathkumar et al., 2011).

2. Stem: Stem powder is utilized for its anti-acne and anti-aging properties,
underscoring its potential in dermatological therapies (Sampathkumar et al., 2011).

3. Bark: The bark is recognized for its anti-inflammatory and antipyretic
properties, utilized in the treatment of puerperal fever and pita (Sampathkumar et al.,
2011). Bark juice is utilized externally for the prompt alleviation of sprains (Pratheeba
etal., 2019).

4. Fruit: A decoction derived from the fruit is utilized as an antidote for



insect bites, to address intestinal worms, and for its anthelmintic properties
(Sampathkumar et al., 2011).

5. Leaves: The aromatic leaves, related to other citrus varieties, serve as a
remedy for digestive issues in children when combined with milk. Traditionally, they
are utilized for the management of epilepsy (Latha et al., 2005).

The leaves of N. crenulata display notable macroscopic features. Initially, they exhibit
a dark green hue, transitioning to a lighter green upon drying, accompanied by an
aromatic fragrance. The leaves exhibit a pinnate structure, with lengths ranging from
2.5 10 10 cm, and possess sharp spines measuring between 1.2 and 2.5 cm. The petiole
and rachis exhibit jointed structures, characterized by a narrowly winged petiole and a
rachis with broad wings. Each leaf generally possesses 2—4 pairs of trapezoid-ovate
leaflets, which may be obtuse or occasionally acute, featuring a notched (crenulate) tip,
smooth (glabrous) surfaces, and cuneate bases. The joints of the rachis are characterized

as obovate to oblong with a crenulate edge. (Latha et al., 2005).

Dorsal view Ventral view

Source Sampathkumar et al. (2012)
Figure 2.2 Leaf of N. crenulata

Several studies have explored the phytochemical composition of N. crenulata,

highlighting its potential for therapeutic and cosmetic applications. Latha et al. (2005)



performed a preliminary phytochemical analysis of N. crenulata leaves, examining the
extractive values across various solvents. Methanol was found to yield the highest
extractive value (5.21%-5.65%), followed by ethanol (5.1%-5.25%), acetone (3.42%—
3.92%), petroleum ether (3.1%-3.4%), chloroform (1.05%-1.25%), and benzene
(0.5%-1.12%). The high extractive values in methanol and ethanol suggest that these
solvents are optimal for isolating bioactive compounds, indicating their suitability for
cosmetic and therapeutic formulations. The phytochemical composition of the ethanol
extract was further investigated, revealing the presence of substantial quantities of
alkaloids, phenols, carbohydrates, and proteins, each exhibiting a strong positive
reaction (++). Moderate levels of tannins and amino acids were also identified, whereas
flavonoids, steroids, saponins, and fixed oils and fats were absent (-). These findings
underscore the plant's potential as a rich source of bioactive compounds, particularly
alkaloids and phenols, known for their diverse biological properties (Latha et al., 2005).

Pratheeba et al. (2019) expanded on this analysis by examining methanolic
extracts of N. crenulata and confirmed the presence of key phytoconstituents such as
phenols, alkaloids, tannins, saponins, carbohydrates, quinones, and proteins. These
findings are consistent with earlier reports, further validating the plant’s phytochemical
richness.

Sampathkumar et al. (2012) conducted a qualitative phytochemical analysis of
ethanol extracts from N. crenulata leaves using Soxhlet extraction. The analysis
revealed the presence of several key bioactive compounds, including proteins, lipids,
phenols, tannins, flavonoids, saponins, and quinones. Among these, phenols were found
in the highest concentration (+++), followed by lipids (++), saponins (++), and
moderate levels of tannins, flavonoids, and proteins (+). In contrast, carbohydrates,
reducing sugars, triterpenoids, alkaloids, and anthraquinones were not detected. Further
guantitative analysis of secondary metabolites showed that the leaf extract was
particularly rich in phenols, with a content of 13.12% (w/w). Flavonoids (3.65%) and
tannins (2.64%) were also present in significant amounts, along with notable levels of
vitamins C (10.17%) and E (0.68%). The high phenolic content suggests potent
antioxidant activity, which aligns with the plant’s traditional use in skin protection and
anti-aging treatments. These secondary metabolites, especially phenols and flavonoids,

are well-known for their roles in preventing oxidative stress and promoting skin health,
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reinforcing the cosmetic potential of N. crenulata leaf extract (Sampathkumar et al.,
2012).

Singh et al. (2017) employed Soxhlet extraction with 80% methanol to extract
quercetin from N. crenulata leaves and callus. Using High-Performance Thin Layer
Chromatography (HPTLC), they quantified the quercetin content and found that the
leaf powder contained a significantly higher amount (0.13%) compared to the callus
(0.032%). The high quercetin content in the leaves suggests a strong potential for
synthesizing this bioactive flavonoid, known for its antioxidant and skin-enhancing
properties. This makes N. crenulata leaves a promising candidate for inclusion in
cosmetic formulations, particularly those targeting skin protection and rejuvenation.

In addition to its phytochemical properties, N. crenulata has been investigated
for its hepatoprotective and antioxidant effects. Sarada et al. (2012) evaluated the
ethanol extracts of N. crenulata leaves and bark for their ability to protect against
carbon tetrachloride (CCls)-induced hepatotoxicity in rats. The study revealed that the
plant extracts improved liver function, as indicated by favorable changes in liver marker
enzymes such as SGOT, SGPT, and ALP. Additionally, the extracts enhanced the levels
of antioxidant enzymes, including superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), and glutathione reductase (GRD), while reducing
thiobarbituric acid reactive substances (TBARS). These results suggest that N.
crenulata possesses strong hepatoprotective and antioxidant activities, with a protective
efficacy comparable to that of silymarin, a well-known hepatoprotective drug.

In summary, the studies reviewed here collectively demonstrate the significant
phytochemical, antioxidant, and hepatoprotective properties of N. crenulata. The high
extractive values in methanol and ethanol, coupled with the plant's rich content of
alkaloids, phenols, flavonoids, and quercetin, underscore its potential for therapeutic
and cosmetic applications. The plant's demonstrated hepatoprotective effects and
antioxidant activity further support its use in formulations aimed at protecting against
oxidative stress and promoting skin health. These findings provide a strong basis for

future research and development of N. crenulata-based products in cosmetic science.
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2.2 Phenolic Compounds

Phenolic compounds are crucial secondary metabolites in plants, classified
within the phenylpropanoid group, and are distinguished by their aromatic rings that
possess hydroxyl (OH) groups. Compounds can be categorized according to the number
and configuration of phenolic rings, as well as the nature of the radicals that connect
these rings (Manach et al., 2005; Hussain et al., 2019). These compounds are essential
for plant defense against pathogens, UV radiation, and herbivores, and they participate
in various physiological processes within the plant (Ruesgas-Ramon et al., 2017). The
variation in the distribution of phenolic compounds among plant species and tissues is
significantly influenced by genetic, environmental, and developmental factors (Ozcan
etal., 2014).

Phenolic compounds are categorized into simple phenolics, polyphenols, and
other phenolic compounds, as outlined by Al Mamari (2021).

1. Simple Phenolic Compounds:
1) Simple Phenolics: Examples are catechol, resorcinol, and
hydroquinone.
2) Phenolic Acids: They consist of hydroxybenzoic acids,
hydroxycinnamic acids, and coumarins.
2. Polyphenols:
1) Flavonoids: represent a diverse category comprising six
principal subtypes: flavanols, flavones, anthocyanins, flavanols, flavanones, and
isoflavones.
2) Tannins: characterized by their astringency and intricate
polymeric structures.
3. Other Phenolic Compounds:
Stilbenes, Lignans, and Lignins
Despite this diversity, phenolic compounds are generally categorized into
two main groups: flavonoids and non-flavonoids. Flavonoids consist of heterocyclic
oxygen atoms linked to two aromatic rings, with structural variations influenced by

hydrogenation levels. Non-flavonoid phenolics, including cinnamic and benzoic acids,
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generally possess an aromatic ring linked to organic acids. Lignins, stilbenes, and
tannins are classified within the non-flavonoid category (Gutiérrez-Grijalva et al.,
2016).

The bioactivities of phenolic compounds have attracted considerable research
attention owing to their potential health benefits, including antimicrobial,
neuroprotective, antioxidant, cardioprotective, anti-inflammatory, and anticancer
properties (Hussain et al., 2019). They are crucial for flavor, astringency, and color,
which are vital attributes for medicinal and cosmetic uses. Their effectiveness as free
radical scavengers, which is crucial for antioxidant activity, is primarily influenced by
chemical structure, the position and number of hydroxyl groups, and modifications like
glycosylation (Cai et al., 2006).

Phenolic compounds demonstrate anti-inflammatory properties by reducing the
production of reactive nitrogen species (RNS) and reactive oxygen species (ROS), both
of which are associated with inflammation and activation of proinflammatory enzymes
(Mizgier et al., 2016; Bowen-Forbes et al., 2010). These represent significant potential
in anti-inflammatory therapies. Natural phenolic derivatives have been utilized in
pharmaceuticals as essential compounds for anticancer drugs due to their proven
effectiveness in disease prevention and health protection (Rubi6 et al., 2013; Gordaliza
& Marina, 2007). Phenolics function as crucial bioactive agents, applicable in
antimicrobial, anti-tumoral, hepatoprotective, and antioxidant therapies.

Phenolic compounds are essential in protecting the skin against UV damage, a
major factor in photoaging. Certain phenolic compounds absorb UV radiation due to
chromophores in their molecular structure, functioning as natural UV filters
phenolic compounds can improve protection against harmful UV rays. Studies
demonstrate that phenolic compounds inhibit UV-induced damage and enhance skin
repair processes, thereby reinforcing their application in cosmetic formulations
designed to minimize photoaging (Hammami et al., 2023).

Phenolic compounds enhance skin moisture and elasticity, contributing to anti-
aging effects. Ferulic acid and its derivatives enhance collagen synthesis and improve
skin moisture retention, contributing to their popularity as anti-wrinkle agents. Phenolic

compounds engage with skin proteins and lipids, facilitating moisturization and
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diminishing trans epidermal water loss (Nascimento et al., 2021). Phenolic chemicals
are essential in cosmetic formulations aimed at aging skin due to their beneficial

properties.

2.3 Flavonoids

Flavonoids represent a significant category of plant-derived phenolic
compounds characterized by a structure consisting of two aromatic rings linked by a
three-carbon chain. They are extensively found in fruits, vegetables, herbs, cereals,
nuts, flowers, and seeds (Santos et al., 2017). This group of plant phenols has been
extensively studied and is recognized for its therapeutic benefits, especially its
antioxidant, anti-inflammatory, and antimicrobial properties. Flavonoids are important
components in multiple domains, particularly in cosmetics, due to their role in
enhancing skin health and appearance (Gawet-Beben et al., 2015; Cefali et al., 2019).

Flavonoids are classified based on structural modifications, leading to several
important subclasses:

Flavonols: Compounds like quercetin, offer strong antioxidant and anti-
inflammatory effects.

Flavones: Apigenin and luteolin in this group show anti-aging and skin-
protective properties.

Flavanones: Examples like hesperidin are studied for skin-whitening benefits.

Flavan-3-ols: Known for their UV protection and radical-scavenging properties,
catechins are prominent in this class.

Anthocyanins: These are responsible for the pigmentation in fruits and flowers,
adding antioxidant benefits (Chen et al., 2023).

The stability and arrangement of hydroxyl groups in flavonoids significantly
influence their antioxidant properties. The primary mechanisms involve the direct
scavenging of reactive oxygen species (ROS), the activation of antioxidant enzymes,
and the inhibition of oxidase enzymes responsible for generating harmful free radicals.

Flavonoids inhibit xanthine oxidase (XO) and nitric oxide synthase, thereby reducing
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oxidative stress on skin cells. This action is crucial for maintaining skin health and
preventing premature aging (Engwa & Godwill, 2018; Zeng et al., 2019).

Flavonoids exhibit notable anti-inflammatory properties. Compounds such as
apigenin and quercetin decrease inflammation by inhibiting inflammatory molecules
and increasing levels of IL-10, a natural anti-inflammatory agent. They protect cells
from damage by inhibiting enzymes like lipoxygenase, which are involved in
inflammation. Furthermore, specific flavonoids diminish the synthesis of inflammatory
molecules and safeguard cellular health, particularly in the eyes during oxidative stress
(Chen et al., 2023).

In cosmetic science, flavonoids are noted for their antioxidant and soothing
effects. Their applications focus on:

Sun Protection: Flavonoids facilitate the absorption of UV light and mitigate
oxidative stress caused by sunlight, thereby offering a natural sunscreen effect. Linarin
derived from Buddleja cardioides exhibits a sun protection factor (SPF) of 9, whereas
quercetin and rutin from Moringa oleifera demonstrate an SPF value of 2 (Saewan et
al., 2013; Mottaghipisheh et al., 2021; Ali et al., 2013).

Anti-Aging: Flavonoids play a crucial role in safeguarding the skin from signs
of'aging. A cream containing 3% taxifolin demonstrated enhancements in skin elasticity
and penetration rate, while flavonoid-rich extracts from Nymphaea lotus are commonly
utilized in self-care products for their skin benefits (Bjerklund et al., 2022; Micek et al.,
2021; Tran et al., 2022).

Anti-Inflammatory: Flavonoids inhibit inflammatory enzymes such as
phospholipase and cyclooxygenase, thereby regulating immune responses and cytokine
production, which contributes to their efficacy in reducing skin inflammation (Y ahfoufi
et al., 2018).

In summary, the multifunctional properties of flavonoids, notably their
antioxidant, anti-inflammatory, and sun-protective effects, establish them as essential
bioactive compounds in cosmetics designed to improve skin health, appearance, and

resilience.
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2.4 Tannins

Tannins are naturally occurring polyphenolic compounds in plants, primarily
known for their capacity to bind proteins, pigments, and other macromolecules.
Significant antioxidant activity is also exhibited (Melone et al., 2013). Tannins are
widely distributed across various plants and food sources, including fruits like grapes,
blueberries, as well as tea, coffee, leguminous forages such as trefoil, legumes, and
specific trees and grasses, including Acacia spp., Sesbania spp., sorghum, and corn.
Tannins, as secondary metabolites, are synthesized by plants in response to stress and
serve protective functions, including defense against UV radiation, free radicals, and
deterrence of harmful organisms and environmental stressors such as dryness (Fraga-
Corral et al., 2021).

The antioxidant properties of tannins are directly associated with their phenolic-
rich chemical structure. The phenolic rings enable tannins to bind diverse molecules
and function as electron scavengers, facilitating the neutralization of ions and radicals
(Fraga-Corral et al., 2021; Vuolo et al., 2019). The capacity of tannins to scavenge
various free radicals and inhibit lipid peroxidation is notably augmented under
conditions of cellular stress, which frequently leads to elevated concentrations in plants
(de Hoyos-Martinez et al., 2019).

Tannins are traditionally categorized into two primary types: hydrolysable
tannins and condensed tannins, the latter commonly known as proanthocyanidins.
Contemporary classifications have evolved to incorporate structural properties and
chemical characteristics, categorizing tannins into five distinct groups:

Gallotannins and ellagitannins: Hydrolysable tannins predominantly located in
fruits, berries, legumes, leafy vegetables, and various tree species (Shirmohammadli et
al., 2018; Shahidi et al., 2015). Tannins possess antioxidant and antimicrobial
properties and are frequently employed in industries like leather production.

Condensed tannins: also known as proanthocyanidins, constitute more than 90%
of global tannin production and are generally characterized as polymeric or oligomeric
flavan-3-ols. Upon heating in acidic ethanol, they decompose into anthocyanidins
(Macakova et al., 2014).
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Complex tannins: High molecular weight compounds formed through the
bonding of flavan-3-ols with either gallotannins or ellagitannins. Sources of these
tannins include tree species such as Quercus spp. and Castanea sativa (Okuda et al.,
2011).

Phlorotannins: present solely in brown marine algae, can constitute up to 30%
of the algae's dry weight and are recognized for their antimicrobial, photoprotective,
and antioxidant properties (Erpel et al., 2020; Salminen et al., 2011).

Tannins have garnered considerable interest due to their various biological
effects, such as antioxidants, anti-inflammatory, antimicrobial, anti-diabetic, and
cardioprotective activities (Fraga-Corral et al., 2020; Serrano et al., 2009). Their
properties have facilitated applications in the food, nutraceutical, and pharmaceutical
industries, where they enhance product safety, extend shelf life, and function as natural
preservatives or clarification agents in beverages (Huang et al., 2018; Sharma et al.,
2021). Furthermore, certain tannins, including tannic acid, have shown significant anti-
aging properties by mitigating UV-induced oxidative damage in fibroblast cell models,
indicating their potential utility in skin care applications (Fraga-Corral et al., 2021).

Tannins possess beneficial properties that include antioxidant, antimicrobial,
and anti-inflammatory effects, astringency leading to their expanded application across
multiple industries. Their use as food additives or clarifying agents demonstrates
potential for improving product safety and quality. Their toxic effects have been
assessed and continue to be a subject of research, particularly regarding the
determination of safe levels for human consumption (Barbehenn et al., 2011). Tannins
and tannin-rich extracts demonstrate efficacy in in vitro studies, animal models, and
human clinical trials, underscoring their versatility and therapeutic potential (Smeriglio
etal., 2017).

2.5 Microwave Extraction

Microwave-assisted extraction (MAE) is a technique that utilizes microwave
energy to improve the extraction efficiency of bioactive compounds from plant
materials. The method has become popular for its effectiveness in decreasing extraction
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time and solvent usage, while preserving or enhancing the yield and quality of extracted
compounds (Gallo et al., 2010). The principle of MAE involves the swift heating of
both the solvent and the plant matrix, thereby promoting the extraction of target
compounds into the solvent. The localized temperature and pressure produced by
microwaves facilitate the rapid migration of target compounds, surpassing the
efficiency of traditional extraction methods like Soxhlet extraction or maceration,
which require several hours or days (Li & Jiang, 2010; Sampaopan & Suksaeree, 2022).

MAE offers multiple advantages. The primary benefits include:

Reduction in Extraction Time: In contrast to conventional techniques that often
necessitate prolonged processing durations, MAE can attain similar or superior yields
in a matter of minutes, thereby markedly improving laboratory efficiency (Sampaopan
& Suksaeree, 2022).

Lower Solvent and Energy Consumption: MAE allows the utilization of
reduced solvent volumes, rendering it a more sustainable approach. The decrease in
solvent utilization minimizes waste, simplifies post-extraction procedures, and lessens
environmental impact (Périno-Issartier et al., 2010).

Higher Extraction Yield: MAE has shown superior yields of bioactive
compounds relative to traditional methods, especially for compounds exhibiting
antioxidant properties. MAE has demonstrated superior extraction of antioxidant
activity from specific plant extracts compared to ultrasound-assisted extraction,
enhancing the recovery of valuable constituents including flavonoids, tannins, and
essential oils (Villa et al., 2022; Gallo et al., 2010).

Suitability for Thermolabile Compounds: MAE offers a significant advantage
through its capacity to quickly heat plant material and solvent, thereby reducing the
duration that sensitive compounds undergo exposure to elevated temperatures. This is
particularly advantageous for thermolabile compounds, including flavonoids and
essential oils, which are susceptible to degradation when exposed to prolonged heat in
conventional methods. MAE maintains the structural integrity and biological activity
of these compounds, resulting in a higher quality extract appropriate for health and
cosmetic applications (Alvarez et al., 2017).

Scalability and Reproducibility: MAE provides reproducibility and enables the

simultaneous extraction of multiple samples, rendering it suitable for high-throughput
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applications. The rapid process and user-friendliness enhance efficiency and yield high
purity in the final product, which is especially beneficial for commercial and cosmetic
applications (Li & Jiang, 2010).

Although MAE demonstrates significant effectiveness, it is not without
limitations. Elevated microwave intensity can lead to excessively high extraction
temperatures, potentially resulting in the oxidation or degradation of specific
compounds and a reduction in extract quality. It is crucial to optimize microwave
intensity and exposure duration to prevent these problems, particularly when dealing
with heat-sensitive compounds (Sampaopan & Suksaeree, 2022).

MAE demonstrates efficiency and environmental advantages, including
decreased solvent and energy usage, establishing it as a sustainable alternative to
traditional extraction methods. The environmentally friendly extraction process, along
with minimized waste and enhanced safety, renders MAE an effective technique for
generating bioactive plant extracts, especially for applications in cosmetics and
pharmaceuticals where the stability and purity of compounds are essential (Gallo et al.,
2010; Li & Jiang, 2010).

2.6 Analysis of Phenolic Compounds

The analysis of phenolic compounds is crucial for comprehending the efficacy
and stability of cosmetic formulations. Standard methods for analyzing phenolic
compounds include spectrophotometric assays, which yield an overview of total
phenolic content, and advanced chromatographic techniques such as High-Performance
Liquid Chromatography (HPLC), which facilitate accurate identification and
quantification of individual phenolic constituents. Analytical techniques are essential
for the formulation and evaluation of cosmetic products, guaranteeing their efficacy and
safety.

2.6.1 Determination of Total Flavonoid Content

Quantitative analysis of flavonoids is essential for understanding their

biological activities and potential health benefits. Various methods have been

developed for this purpose.



19

The Aluminum Chloride Colorimetric Method is a popular technique for
flavonoid quantification, noted for its simplicity, cost-effectiveness, and rapid results.
This method utilizes the formation of a complex between aluminum chloride (AlCIs)
and flavonoid compounds in an acidic environment. Aluminum ions interact with the
adjacent hydroxyl groups of flavonoids, resulting in a bathochromic shift (shift to
longer wavelengths) and a hyperchromic effect (increased absorbance) in the UV-Vis
spectrum, which can be quantified spectrophotometrically at a designated wavelength
(Fernandes et al., 2012). The color intensity of the complex is directly related to
flavonoid concentration, making this method particularly effective for quantifying
flavonols and flavones because of their structural compatibility with AICls (Hudz et al.,
2023). This technique is commonly used for routine analysis; however, it is constrained
by possible interference from other phenolic compounds that may interact with AlCls.
High-Performance Liquid Chromatography (HPLC) is a well-established technique for
flavonoid analysis, recognized for its specificity and sensitivity, particularly in the
analysis of complex mixtures. High-Performance Liquid Chromatography (HPLC)
effectively separates individual flavonoid compounds according to their chemical
properties, facilitating precise profiling and quantification. The integration of detectors
like Diode Array Detection (DAD) or Mass Spectrometry (MS) with HPLC
significantly improves the identification and quantification of flavonoids (Zhang et al.,
2017; Guo et al., 2016). Zhang et al. (2017) demonstrated the effectiveness of HPLC-
DAD in profiling flavonoids in food matrices, highlighting its significance in quality
control and standardization. Despite its advantages, HPLC is resource-intensive,
necessitating considerable time for method development, calibration, and validation.
Co-extracted impurities may hinder the detection of minor flavonoid compounds;
however, this issue can frequently be addressed through pre-treatment or the
optimization of chromatographic conditions (Nolvachai & Marriott, 2012; Kalili &
Villiers, 2011).

Both the aluminum chloride colorimetric method and HPLC are effective
techniques for flavonoid quantification, each appropriate for different analytical
requirements. The aluminum chloride method provides an efficient and economical

option for the routine analysis of particular flavonoid classes. In contrast, HPLC
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delivers enhanced specificity and a detailed profile for more complex samples, though
it incurs higher costs and requires more preparation time.

2.6.2 Determination of Total Tannin Content

Measuring tannins in plant extracts is crucial for assessing their effectiveness in
diverse applications, such as cosmetics, owing to their antioxidant, anti-inflammatory,
and astringent characteristics. Various analytical techniques are employed, each
possessing distinct advantages and limitations in the measurement of tannin
concentration and structure.

The Folin-Ciocalteau Colorimetric Method is a prevalent technique for
quantifying total tannins, encompassing both monomeric and polymeric forms, owing
to its simplicity, speed, and cost-effectiveness (Adegbusi et al., 2022; Limaetal., 2012).
This method, approved by the Association of Official Analytical Chemists (AOAC),
utilizes redox reactions between tannins and the Folin-Ciocalteau reagent, resulting in
a quantifiable color change measured through UV-Vis spectrophotometry (Hung et al.,
2010). This method effectively captures overall tannin content; however, it is
susceptible to interference from other reducing agents, potentially resulting in
overestimated values (Hung et al., 2010).

High-Performance Liquid Chromatography (HPLC) is an advanced method
utilized for the separation, identification, and quantification of individual tannin
compounds. This method is particularly effective for the analysis of complex tannin
mixtures, as it separates compounds according to their molecular properties, including
polarity and size (Wigley et al., 2020; Sanz et al., 2010). HPLC can be integrated with
mass spectrometry (HPLC-MS), improving sensitivity and specificity in the profiling
of tannins. HPLC is recognized as the gold standard for tannin analysis due to its
capacity to deliver detailed compositional information, thereby providing insights into
tannin structure and concentration (Wigley et al., 2020; Sanz et al., 2010).

The Protein Precipitation Assay utilizes the capacity of tannins to bind and
precipitate proteins, rendering it effective for the detection of both condensed and
hydrolysable tannins. This assay involves mixing a tannin solution with a protein
solution, such as bovine serum albumin, to estimate tannin levels based on the degree
of precipitate formation (Wigley et al., 2020). A variation of this assay, the radial

diffusion method, quantifies tannin concentration by assessing clear zones in agarose
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gels resulting from the precipitation of proteins by tannins (Siqueira et al., 2012; Graca
& Bérlocher, 2020). This method is especially effective for identifying tannins that
exhibit a strong affinity for protein binding.

The Vanillin Assay is a colorimetric technique used to quantify condensed
tannins, including proanthocyanidins. In this method, tannins react with vanillin and
hydrochloric acid, resulting in the formation of a measurable color complex (Amr et
al., 2020). The vanillin method, while historically popular, may result in an
overestimation of tannin concentration due to interference from non-tannin phenolic
compounds and related flavonoids, impacting reproducibility (Dentinho et al., 2018).
This method has been largely supplanted by more reliable techniques, such as the acid-
butanol assay, to mitigate these limitations.

The Acid-Butanol Assay is a favored technique for the precise quantification of
condensed tannins, particularly proanthocyanidins, owing to its specificity. This
method employs an acid-catalyzed reaction in butanol to generate colored
anthocyanidins, which are subsequently quantified using spectrophotometry. The acid-
butanol assay offers enhanced precision in quantifying condensed tannins compared to
the vanillin assay, particularly in the analysis of tannins within complex plant matrices
(Shay et al., 2017; Grabber et al., 2013).

In conclusion, the selection of a method for tannin quantification is based upon
the sample matrix, required specificity, and possible interference. Colorimetric methods
such as Folin-Ciocalteau and acid-butanol assays are effective for general tannin

quantification; however, HPLC is preferable for detailed compositional analysis.

2.7 Evaluation of in vitro Antioxidant Activity

Assessing the antioxidant potential of natural compounds is essential for
determining their health and cosmetic benefits, especially when sourced from
botanical origins. In vitro methods are commonly utilized in this process, enabling
controlled and reproducible analysis of the antioxidant activity of different

compounds. The DPPH (2,2-diphenyl-1-picrylhydrazyl) assay and the Ferric Reducing
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Antioxidant Power (FRAP) assay are among the most employed methods, noted for
their efficacy and ease of use.

The DPPH assay is favored for its simplicity and effectiveness in measuring
the radical scavenging capacity of antioxidants. This assay is based on the principle
that antioxidants can donate hydrogen atoms to the DPPH radical, resulting in a color
change from deep purple to yellow. The DPPH radical reduction is quantifiable
spectrophotometrically at 517 nm, enabling a clear assessment of radical-scavenging
capacity (Salah et al., 2015). The DPPH assay is favored in diverse research settings
due to its simplicity and minimal equipment needs, facilitating quick evaluations of
antioxidant activity (Wei & Shibamoto, 2010). Nonetheless, the DPPH assay has
limitations; colored compounds in samples may interfere with results, and there is a
risk of overestimating antioxidant capacity due to low molecular weight compounds
that can react with DPPH without providing genuine antioxidant protection (Dhanira
et al., 2020).

The FRAP assay, alongside DPPH, is commonly employed to evaluate
antioxidant capacity by measuring a compound's ability to reduce ferric ions (Fe®*) to
ferrous ions (Fe?*). The reduction produces a colored complex with 2,4,6-tripyridyl-s-
triazine (TPTZ), measurable spectrophotometrically at 593 nm (Henderson et al.,
2015). The FRAP assay quantifies electron-donating capacity, which is essential for
antioxidant function (Rothe et al., 2023). This assay is especially significant for its use
in samples containing water-soluble antioxidants, although it may not
comprehensively assess the activity of lipid-soluble antioxidants.

To achieve a thorough assessment of antioxidant capacity, researchers
frequently employ the FRAP assay alongside DPPH. Each assay provides distinct
insights into antioxidant behavior, with DPPH measuring free radical scavenging
activity and FRAP evaluating the capacity to reduce metals (Mo et al., 2012). The
integration of these methods facilitates a comprehensive assessment of a sample's
antioxidant potential, addressing the strengths and limitations associated with each
assay type.
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2.8Analysis of in vitro Astringent Activity

The analysis of in vitro astringent activity is essential for understanding the
mechanisms behind astringency and its implications in various industries, particularly
in food and cosmetics.

The perception of astringency is closely associated with the interactions of
tannins, especially with proteins and polysaccharides. Numerous chemical methods
employed in the wine industry for measuring astringency are based on the interactions
between tannins and proteins or polysaccharides, resulting precipitation of complexes
serving as a correlation for sensory perception of astringency.

The protein precipitation assay is a widely utilized method for assessing
astringency. This method measures the interaction between tannins and proteins by
assessing the capacity of tannins to denature proteins, leading to the formation of
protein-tannin precipitates. This method accurately represents perceived astringency,
as the degree of precipitation is associated with the intensity of the astringent sensation
(Watrelot, 2021).

Salivary protein assays have been invented to evaluate individual differences
in astringency perception. The salivary protein difference value (SP D-value)
quantifies the replenishment of salivary proteins following exposure to astringent
compounds, offering insights into the effects of astringency on oral lubrication
(Fleming et al., 2016). This method provides a physiological perspective on
astringency perception; however, its practicality for routine analysis is limited by
individual variations in salivary protein composition and output.

Another commonly employed method is the turbidity assay, which quantifies
the cloudiness of a solution resulting from the interaction between astringent
compounds, such as tannins, and proteins or mucins. Tannins bind to proteins,
resulting in the formation of aggregates that scatter light and increase turbidity.
Research indicates a strong correlation between turbidity and sensory perceptions of
astringency, with increased turbidity typically signifying more pronounced astringent

interactions. It is also demonstrated that turbidity from polyphenol and mucin
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interactions correlates with the perceived astringency of tannic acid, with peak
turbidity levels coinciding with maximum astringency perception. (Kelly et al., 2010)

The correlation between antioxidant activity and astringency is significantly
affected by the presence of polyphenolic compounds, especially tannins. Tannins serve
a dual function, influencing both characteristics. Research indicates a significant
correlation between astringency and antioxidant activity in various plant-based
sources, including food and herbal extracts. Studies on tannin-rich food items,
including nuts and seeds, have shown a statistically significant relationship between
the Sensation of Astringency Index (SAIl) and Total Antioxidant Activity (TAA)
(Amarowicz et al., 2008). A positive correlation was also noted in legume seeds
between antioxidant activity and both total phenolic and tannin content, which were

also closely associated with astringency levels (Amarowicz et al., 2004).
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CHAPTER 3

METHODOLOGY

3.1 Chemicals

Table 3.1 Chemicals

Chemicals Company
2,2-diphenyl-1-picrylhydrazyl (DPPH) Sigma, USA
2,4,6-Tri(2—pyridyl)—s—triazine (TPTZ) Sigma, USA

Absolute ethanol
Aluminum Chloride
Folin-Ciocalteu Reagent
Gallic acid
Hydrochloric acid

Iron (I11)chloride
Sodium nitrite

Tannic acid

Quercetin

Sodium acetate

Sodium carbonate
Sodium hydroxide
Swine hemoglobin
Ascorbic acid

Glycerin

Butylene Glycol
Emogel Oil™

Liquid germall™ plus
Hydroxy ethyl cellulose
Colem TT™

RCI Labscan, Thailand

Loba Chemie, India

Sigma-Aldrich, USA

Sigma, USA

Fisher Che, USA

Ajax Finechem, Australia

Loba Chemie, India

Himedia, India

Sigma, USA

Ajax Finechem, Australia

Loba Chemie, India

Ajax Finechem, Australia
Sigma-Aldrich, USA

Ajax Finechem, Australia

S. Tong Chemicals Co., Ltd., Thailand
KH Neochem Co., Ltd., Japan

Suzhou Eleco Chemical Industrial, China
S. Tong Chemicals Co., Ltd., Thailand
Alfa Chemical, China

Suzhou Eleco Chemical Industrial, China




3.2 Instruments

Table 3.2 Instruments
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Instruments Model Company
2-Digital balance Pioneer Ohaus, USA
4-Digital balance SI-234 Denver, USA
Automatic pipette Biopett Labnet, USA
Blender EM-ICE Sharp, Japan
Colorimeter Ultra scan VIS Hunter Lab, USA
Hot air oven UM 500, UFEG00 Memmert, Germany

Microplate reader
Microcentrifuge

Moisture analyzer

Microwave Extraction

pH meter
Refrigerator
Rheometer

Rotary Evaporator
Vortex Mixer
Programmable
Temperature and
Humidity Tester

SPECTROstar Nano
Spectrafuge 16M
Ohaus

ETHOS™ X
pH-200L
SJ-D24N-SLG
HAAKE RotoVisco 1
Hei-VAP Expert
Vortex-Genie 2
GT-7005-A

BMG-LABTECH, Germany
Labnet, USA

MB45, USA

Milestone, Italy

Istek, South Korea

Eutech. Singapore
ThermoFisher Scientific, USA
Heidolph, Germany

Scientific Industries, USA
Gotech Testing Machines Inc.,

Taiwan

3.3 N. crenulata Leaf Preparation

The N. crenulata leaves were obtained from Mae Sai District, Chiang Rai during

May 2024. The leaves were sun-dried, and their moisture content was carefully

monitored to maintain minimal

residual

moisture before storage. Specimen

identification was verified by a botanist at Mahidol University Plant Museum (Voucher
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number PBM 006410 — 006412). The dried leaves were then grinded into powder and

stored in a cool and dry environment until further use.

3.4 Microwave Extraction

The bioactive compounds from the dried N. crenulata leaves were extracted
using a microwave-assisted method in accordance with the technique outlined by
Gunalan (2023). In an ETHOS™ X microwave extraction system, the leaf powder was
extracted using ethanol at variable concentrations (50%, 70%, and 95%). The leaf
powder-to-alcohol ratio was 1:10 weight by weight, and the extraction was conducted
at 600W power and 40°C for 30 minutes. To ensure consistency, a magnetic stirrer was
put in each chamber. The extract solution was filtered through Whatman® No.1 filter
paper following extraction. The filtrates were subsequently concentrated using a rotary
evaporator under controlled temperature and pressure (50°C and 75mbar). The
concentrated extracts were maintained at 4°C in sealed vessels until they were subjected

to analysis.

3.5 Determination of Total Phenolic Content

The colorimetric assay was implemented on a microplate reader in accordance
with Johnson's (2022) methodology to determine the total phenolic content. The
extracts were thoroughly mixed using a vortex mixer after being diluted to a
concentration of 1 mg/mL. Gallic acid was the preferred standard, which was diluted
with deionized (DI1) water. A 96-well microplate was used, 20 pL of the sample was
put in each well, followed by 100 uL of 0.2 N Folin-Ciocalteu reagent, for the assay.
The mixtures were incubated at room temperature for a duration of 10 minutes. After
that, 100 pL of 7.5% (w/w) sodium carbonate solution was added, and the plate was
incubated in the dark for another 10 minutes. The phenolic content was subsequently
determined by measuring the absorbance at 750 nm, and the results were expressed in

gallic acid equivalents (GAE).
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3.6 Determination of Total Flavonoid Content

The aluminum chloride colorimetric method, as described by Naphatsorn and
Chaiyavat (2017), was employed to evaluate the total flavonoid content (TFC) of the
N. crenulata leaf extracts. 150 uL of a 15% (w/w) sodium nitrite solution was added to
1 mL of the plant extract, which had already been diluted to a concentration of 1 mg/mL,
in this procedure. The mixture was incubated for a total of six minutes. Subsequently,
150 pL of a 15% (w/w) aluminum chloride solution was added and the reaction was
incubated for an additional six minutes. A 700 pL solution of 8% (w/w) sodium
hydroxide was added to the reaction to complete it. The mixture was incubated in the
dark chamber at room temperature for 15 minutes to allow for full color development.
A UV-visible spectrophotometer was employed to obtain absorbance readings at 510
nm. The total flavonoid content was determined using a quercetin standard curve and

expressed in quercetin equivalents (QE).

3.7 Determination of Total Tannin Content

The absorbance of N. crenulata leaf extracts was measured using a microplate
reader, and the total tannin content was determined using a colorimetric assay. This
technique was modified to be compatible with a 96-well microplate format and was
derived from the work of Naphatsorn and Chaiyavat (2017). The preparations were
initially diluted to a concentration of 1 mg/mL and thereafter thoroughly mixed. The
calibration standard was tannic acid, which was diluted with deionized water. In order
to conduct the assay, 20 pL of each extract was added to a 96-well microplate, followed
by 100 pL of 0.2 N Folin-Ciocalteu reagent. The mixture was then incubated for 4
minutes. Then, 80 pL of 7.5% (w/w) sodium carbonate solution was added, and the
reaction was allowed to incubate for 2 hours in the dark at room temperature. The total
tannin content was determined by recording the absorbance at 725 nm, and the results

were expressed in tannic acid equivalents (TAE).
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3.8 DPPH Radical Scavenging Activity

Ascorbic acid served as the reference standard for this assay, following the
methodology established by Kanlayavattanakul et al. (2013), with a calibration curve
generated through serial dilution in deionized water. The leaf extracts of N. crenulata
were diluted to a concentration of 1 mg/mL for analysis. A 60 uM DPPH (2,2-diphenyl-
1-picrylhydrazyl) solution was prepared by dissolving the reagent in absolute ethanol
and mixing thoroughly using a vortex mixer. In a 96-well microplate, 100 pL of the
DPPH solution was combined with an equal volume of the diluted extract. The mixture
was incubated in a dark chamber at room temperature for 30 minutes to complete
reaction. The antioxidant capacity of the extracts, particularly their efficacy in
scavenging DPPH radicals, was assessed by measuring absorbance with a microplate
reader. The DPPH scavenging activity percentage was determined using the standard

formula as follows.

Absorbance of control — Absorbance of sample

DPPH(RSA %) = ( ) x 100

Absorbnce of control
3.9 Ferric Reducing Antioxidant Power Assay (FRAP)

The Ferric Reducing Antioxidant Power (FRAP) assay was performed using a
modified method based on Naphatsorn and Chaiyavat (2017), tailored for a 96-well
microplate format. The FRAP reagent was prepared by combining 20 mM ferric
chloride (FeCls) in deionized water, 10 mM TPTZ (2,4,6-tri[2-pyridyl]-s-triazine) in 40
mM HCI, and 0.1 M acetate buffer (pH 3.6) in a 1:1:10 volume ratio. In the assay, 100
ML of the diluted N. crenulata extract (1 mg/mL) was mixed with 100 pL of the FRAP
reagent. The mixture was incubated at room temperature in a dark chamber for 4
minutes, facilitating the reduction of Fe** ions to Fe?*, which subsequently formed a
blue complex with TPTZ. Absorbance was quantified at 593 nm utilizing a microplate
reader. Ascorbic acid served as the calibration standard, with the FRAP values for the

extracts reported in milligrams of ascorbic acid equivalents (mg AAE).
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3.10 Analysis of in vitro Astringent Activity

According to Ditthawutthikul (2021), a swine hemoglobin precipitation
experiment was used to imitate tannin-protein interaction to evaluate N. crenulata leaf
extracts' in vitro astringency. Deionized water was used to dilute a 1 mg/mL swine
hemoglobin solution. Tannic acid was positive, and deionized water was negative
controls. In a microcentrifuge tube, 500 pL of hemoglobin solution and 500 pL of N.
crenulata extract (1 mg/mL) were combined using a vortex mixer. The mixture was
incubated for 30 minutes to facilitate the reaction. After incubation, samples were
centrifuged at 3000 rpm for 10 minutes. The absorbance of a 200 pL supernatant aliquot
was measured at 407 nm using a UV-visible spectrophotometer. Astringent activity was

measured by absorbance.

Absorbance of control—Absorbance of sample

Astringent Activity(%) = ( ) x 100

Absorbnce of control

3.11 Selection of Extract to Develop Into Cosmetic Formulation

The selection of N. crenulata leaf extract for cosmetic formulation was based
on its extraction efficiency, phytochemical content, and antioxidant properties.
Essence-type cosmetic formulations are widely available in the market, not only for
anti-aging applications but also for their astringent properties. In this study, we have
chosen to develop an anti-aging formulation with a primary focus on antioxidant
properties. Among the tested extracts, 50% ethanol extract exhibited the highest extract
yield, total tannin content (TTC), total flavonoid content (TFC), and antioxidant activity
(DPPH and FRAP assays), despite demonstrating the lowest astringency. Given these
favorable attributes, the 50% ethanol extract was selected for further formulation
development.

To determine the optimal concentration of the extract in the cosmetic
formulation, the dosage was calculated based on its ICso value obtained from the DPPH
radical scavenging assay. The final extract concentration was adjusted through testing
sample formulations to achieve the most aesthetically favorable color and odor in the

formulation.
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3.12 Development of N. crenulata Extract Into Cosmetic Formulation

The analysis of bioactive compounds and antioxidant activity indicated that N.
crenulata leaf extract in 50% ethanol is suitable for development into a cosmetic
essence. The formula is presented in the table below. The ingredients were meticulously
weighed and mixed uniformly. To evaluate stability, two additional formulations were
created: one consisting solely of the base ingredients, and another that incorporated the
extract along with preservatives. The stability of these formulations was subsequently
assessed over time. The formulations were stored in tightly sealed centrifuge tubes and
covered with aluminum foil to prevent light exposure.

Table 3.3 Essence Formula incorporating N.crenulata leaf extract

Ingredients Function Extract + Base Base Extract
(% wiw) (% wiw) (% wiw)
Water Solvent gs 100 gs 100 gs 100
Glycerin Humectant 3 3 —
Butylene Glycol Humectant 2 2 —
Emogel oil™ Humectant 2 2 —

(Glycerin (and) Glyceryl

Acrylate/AcrylicAcid

Copolymer(and) Propylene

glycol (and) PVM/MA

Copolymer)

Liquid germall™ plus Preservative 0.5 0.5 0.5
(Diazolidinyl Urea (and)

lodopropynyl

Butylcarbamate (and)

Propylene Glycol)

Hydroxyethyl cellulose Thickening 0.3 0.3 —

agent
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Table 3.3 (continued)

Ingredients Function Extract + Base Base Extract
(% wiw) (% wiw) (% wiw)

Colem TT™ Stabilizer 0.1 0.1 -

(Sodium Diethylenetriamine  against

Pentamethylene oxidation

Phosphonate/

Sodium Gluceptate)
Extract 0.062 — 0.062

3.13 Stability Assessment

3.13.1 Heating—cooling Cycle
The method adapted from Phonggasor (2020) was followed with minor
adjustments. In each 50 mL centrifuge tube, 45 grams of formulations were poured into
the 50 mL centrifuge tubes and tightly sealed. Then the tubes were protected from light
by covering them with aluminum foil. Programmable Temperature and Humidity Tester
(GT-7005-A) and set at 4°C and 45°C conditions, with each condition for 24 hours to
complete one cycle. Stability was evaluated by comparing color, pH, viscosity, total
flavonoid content, total tannin content, and antioxidant activity (measured by DPPH
radical scavenging activity) at both the beginning and after five cycles.
3.13.2 Short Term Stability Test
A slightly modified version of the protocol by Phonggasor (2020) was used to
evaluate the short-term stability of the formulations. The samples were stored at 4°C,
room temperature and 45°C for one month. Initially and at the end of the test period,
the formulations were analyzed by comparing color, pH, viscosity, total flavonoid
content, total tannin content, and antioxidant activity (measured by DPPH radical

scavenging activity) from the beginning to the end of the study.
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1. Color measurement

The color of the formulations was assessed with colorimeter by measuring
lightness (L*), redness—greenness (a*) and yellowness—blueness (b*).

2. pH measurement

The pH of the formulations was measured directly using pH meter.

3. Viscosity measurement

The viscosity measurement of the formulations was done by using a
Rheometer with a cone head. 1 mL of the sample was put in place and the measurement
was done at the fixed temperature of 25°C and expressed in mPa.s.

4. Measurement of bioactive content and antioxidant activity

Measurement of TFC, TTC and antioxidant activity by DPPH radical
scavenging activity were done by using the same methods as described above with the

adjustment of avoiding the sample dilution.

3.14 Statistical Analysis

In this study, all experimental data were collected in triplicate (n = 3) to ensure
precision and reproducibility. The results are presented as mean + standard deviation
(SD). An ANOVA test was conducted to compare bioactive substances and antioxidant
activity among the three extracts. Stability assessments involved comparing initial and
final values of physical parameters (color, pH, and viscosity) and bioactive properties
(total flavonoid content, total tannin content, and antioxidant activity) using paired t-
tests to determine significant changes. The significance level was set at p < 0.05 for all

analysis.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Microwave—assisted Extraction of N. crenulata

The leaves of N. crenulata were extracted utilizing a microwave-assisted
extraction (MAE) technique. This study utilized ethanol as the solvent at three different
concentrations: 50%, 70%, and 95%, to examine the impact of solvent polarity on yield.
Extraction yield is a crucial factor in assessing the efficiency of the extraction process,
especially for the isolation of bioactive compounds intended for cosmetic formulations.
MAE technique employs microwave energy to directly heat the solvent and sample,
resulting in a more efficient extraction of bioactive compounds (Gallo et al., 2010).

The extracts displayed a green hue and a fresh, earthy scent. The extraction
yields of N. crenulata were determined as a percentage of the weight of dried leaf
material in relation to the total weight of the recovered extract. The extraction yield was
maximized at 50% ethanol, followed by 70% ethanol, while the lowest yield was
recorded with 95% ethanol, (Table 4.1) indicating a clear relationship with solvent
polarity. The data indicates a distinct correlation between solvent concentration and
extraction yield, with 50% ethanol yielding the highest results and 95% ethanol yielding
the lowest. The increased yield noted with 50% ethanol may be associated to its
intermediate polarity, which enhances the solubility of both polar and non-polar
bioactive compounds in the extract. This is significant for N. crenulata leaves due to
their composition of phenolic, flavonoid, and tannin compounds, which exhibit higher
solubility in water-ethanol mixtures. The 95% ethanol, due to its lower polarity,
selectively extract a limited number of hydrophilic compounds, leading to a reduced
overall yield. The 70% ethanol solution exhibited an intermediate yield of 11.45%,
indicating that solvent polarity significantly influences the efficiency of bioactive
compound extraction. The bioactive components are essential for the cosmetic efficacy
of the extract, indicating that the 50% ethanol extract is likely to be the most effective

when included in cosmetic formulations.
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Prior research on microwave-assisted extraction of plant materials indicates that
ethanol-water mixtures yield optimal results compared to pure ethanol. A study by
Kubra and Kumar indicated that 50% aqueous ethanol resulted in higher extraction rates
of polyphenols from ginger than 80% ethanol. The authors ascribed this phenomenon
to the augmented swelling of plant material in the presence of water, which improved
the contact surface area between the solvent and the plant matrix (Kubra & Kumar,
2013). Itis also found that the extraction yields of oxymatrine from Sophora flavescens
diminished as ethanol concentration increased from 60% to 90%, suggesting that lower
ethanol concentrations are more effective for certain compounds (Xia et al., 2011). In
the study on the optimization of microwave-assisted extraction of natural antioxidants
from Gordonia axillaris fruit, researchers noted that the optimal ethanol concentration
for extraction as 36.89% (L.i et al., 2017).

The study shows that using 50% Ethanol as a solvent with MAE is effective in
extracting bioactive chemicals from N. crenulata, however there is room for
improvement in the method. Future studies may examine how extraction duration,
temperature, and power affect yield and bioactive chemical concentration. Evaluation
of various solvent systems may reveal more efficient or sustainable extraction methods.
This study clarifies solvent polarity plays role in N. crenulata leaf extraction.

Table 4.1 Extraction Yield of N. crenulata Leaf Extract

Solvents used Extract yield (Yow/w)
95% EtOH 8.64 +0.09°

70% EtOH 11.45 + 3.18°

50% EtOH 16.81 £+ 0.89?

Note Values within the same column marked with different superscript letters show

statistically significant differences. (p < 0.05)

4.2 Determination of Total Phenolic Content (TPC)

TPC in cosmetics is an important metric, given the various advantages provided
by phenolic compounds, especially their antioxidant properties. Phenolic compounds,

including flavonoids and phenolic acids, possess the capacity to neutralize free radicals,
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thus safeguarding the skin against oxidative stress and premature aging (Mapoung et
al., 2021). The presence of these compounds in cosmetic formulations improves their
effectiveness, making them significant components in anti-aging and skin protection
products.

The Folin-Ciocalteu assay is a commonly employed technique for the
quantification of TPC. The assay relies on the reduction of the Folin-Ciocalteu reagent
by phenolic compounds in an alkaline environment, leading to a measurable color
change via spectrophotometry (Hassan et al., 2019). The intensity of the blue color
produced is directly proportional to the concentration of phenolic compounds in the
sample, enabling quantification.

TPC of N. crenulata leaf extract was assessed to evaluate its potential for
cosmetic applications, particularly as an antioxidant ingredient. The Folin-Ciocalteu
colorimetric method was utilized to quantify the phenolic compounds in extracts
derived from different ethanol concentrations (50%, 70%, and 95%). Table 4.2 presents
a comparison of the TPC values, measured in milligrams of gallic acid equivalents (mg
GAE) per gram of dried leaves. The 50% ethanol extract exhibited the highest phenolic
content, measuring 11.76 + 0.38 mg GAE/g. In contrast, the 95% ethanol extract
recorded the lowest total phenolic content at 5.05 £ 0.07 mg GAE/g, while the 70%
ethanol extract had a total phenolic content of 8.41 + 0.05 mg GAE/g. The findings
indicate a distinct trend in which TPC rises as ethanol concentration decreases, with the
highest TPC observed at 50% ethanol. The intermediate polarity of the 50% ethanol
solvent facilitates the effective extraction of both hydrophilic and lipophilic phenolic
compounds. In contrast, 95% ethanol, as a more non-polar solvent, likely extracted
fewer hydrophilic phenolic compounds, resulting in the lower total phenolic content
observed.

The total phenolic content of N. crenulata aligns with findings from other
studies, which report high phenolic content in various plant species when extracted
using mid-polarity solvents. Huma et al. (2018) indicated that the optimal ethanol
concentration for extracting total phenolic content from carob kibbles using
microwave-assisted extraction is 44%. Wong et al. (2021) reported that 50% and 70%
ethanolic extracts exhibited the highest TPC from Ardisia elliptica when utilizing the

ultrasound extraction method.
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Table 4.2 TPC values of N. crenulata Leaf Extract at VVarious Ethanol Concentrations

Solvents used TPC (GAE mg/g dry plant)
95% EtOH 5.05+0.07°

70% EtOH 8.41 + 0.05°

50% EtOH 11.76 £ 0.38%

Note Values within the same column marked with different superscript letters show

statistically significant differences. (p < 0.05)

4.3 Determination of Total Flavonoid Content (TFC)

Flavonoids are acknowledged for their significant health benefits and are
integral to numerous nutraceutical, pharmaceutical, medicinal, and cosmetic
applications. Their significance is attributed to their potent antioxidant, anti-
inflammatory, anti-mutagenic, and anti-carcinogenic properties, alongside their
capacity to regulate essential cellular enzyme functions. Flavonoids serve as effective
inhibitors of various essential enzymes (Panche et al., 2016). The measurement of TFC
in N. crenulata leaf extract is essential for assessing its potential as a bioactive
component in cosmetic formulations. This study determined TFC using the aluminum
chloride colorimetric method, a recognized technique that quantifies the formation of a
stable complex between flavonoids and aluminum chloride.

TFC of N. crenulata extracts is expressed in milligrams of quercetin equivalents
(mg QE) per gram of dried leaves, as illustrated in Table 4.3. The extraction of
flavonoids yielded varying results across different ethanol concentrations. The 50%
ethanol extract demonstrated the highest flavonoid content at 19.35 £+ 0.32 mg QE/qg,
followed by the 70% ethanol extract at 10.19 + 0.02 mg QE/g, and the 95% ethanol
extract, which recorded the lowest content at 8.57 £ 0.08 mg QE/g. The results indicate
that solvent polarity has a substantial impact on the extraction efficiency of flavonoids.

The study conducted by Sari et al. (2020) employed MAE to extract flavonoids
from Padina australis, a brown algae species, using varying ethanol concentrations of
30%, 50%, and 70%. The optimal ethanol concentration identified was 50.33% (Sari et
al., 2020). The research conducted by Le et al. (2019) focused on optimizing the
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extraction of total phenolic and flavonoid content from Docynia indica fruits. The
findings indicated that an ethanol concentration of 65% was optimal for achieving the
highest yield. Jiang et al. (2014) identified 40% ethanol as the optimal concentration
for the MAE of total flavonoids from castor leaves. These findings align with our study,
which identified mid-polarity solvents as the most effective for flavonoid extraction,
owing to their capacity to dissolve both hydrophilic and lipophilic compounds.

Table 4.3 TFC values of N. crenulata Leaf Extract at VVarious Ethanol Concentrations

Solvents used TFC (QE mg/g dry plant)
95% EtOH 8.57 £ 0.08°

70% EtOH 10.19 +0.02°

50% EtOH 19.35 £ 0.322

Note Values within the same column marked with different superscript letters show
statistically significant differences. (p < 0.05)

4.4 Determination of Total Tannin Content (TTC)

Tannin content of N. crenulata leaf extracts was evaluated through a
colorimetric assay, reported as tannic acid equivalents in mg per gram of dried leaves
(TAE mg/g dried leaves), to assess the performance of various ethanol concentrations
in microwave extraction. Table 4.4 presents a comparison of the results, indicating that
the TTC is influenced by the concentrations of ethanol in the solvent. Of the three
ethanol concentrations assessed, 50% ethanol demonstrated the greatest tannin yield at
11.51 mg TAE/g dry plant, significantly surpassing the yields of 95% ethanol (6.60 mg
TAE/g) and 70% ethanol (8.04 mg TAE/g). This indicates that 50% ethanol achieves
an optimal balance between the polarities of water and ethanol, thereby enhancing the
extraction of tannins, which exhibit partial solubility in water.

The findings are consistent with Huma et al. (2018), which indicates that the
optimal ethanol concentration for extracting tannin from carob kibbles via MAE is 57%.
Additionally, Silva et al. (2021) reported that increasing ethanol concentration beyond
50% leads to a linear reduction in metabolite extraction, with a solid/solvent ratio of

50/50 vyields the best recovery results in the MAE of Syzygium cumini (L.) Skeels
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leaves. Intermediate ethanol concentrations (50-60%) are optimal for maximizing the
extraction of phenolic compounds, such as tannins. Increased ethanol concentrations
can diminish the extraction efficiency of total polyphenols and total tannin (Silva et al.,
2021) because tannins exhibit limited solubility in less polar environments. The
elevated tannin concentration in the 50% ethanol extract is significant in cosmetic
formulation. Tannins exhibit astringent and antioxidant characteristics, which
contribute to skin tightening and offer protection against oxidative stress.

Table 4.4 TTC values of N. crenulata Leaf Extract at VVarious Ethanol Concentrations

Solvents used TTC (TAE mg/g dry plant)
95% EtOH 6.60 £ 0.11°

70% EtOH 8.04 +0.12°

50% EtOH 11.51 £0.072

Note Values within the same column marked with different superscript letters show

statistically significant differences. (p < 0.05)

4.5 DPPH Radical Scavenging Assay

The antioxidant capacity of N. crenulata leaf extracts was assessed using the
DPPH radical scavenging assay, a recognized method for evaluating the efficacy of
plant-derived compounds in neutralizing free radicals. Extracts rich in antioxidants are
essential in cosmetic formulations designed to mitigate oxidative stress, a factor that
accelerates skin aging. The DPPH scavenging activity of obtained extracts were
expressed as ascorbic acid equivalents (AAE) per gram of dry plant material. The
findings indicated a distinct trend: a reduction in ethanol concentration corresponded
with an enhancement in the extract's capacity to scavenge DPPH radicals. The 50%
ethanol extract exhibited the greatest antioxidant activity (3.35 £ 0.04 mg AAE/gQ),
succeeded by the 70% ethanol extract (2.45 + 0.14 mg AAE/g) and the 95% ethanol
extract (1.15 £ 0.01 mg AAE/g). The results indicate that 50% ethanol is the most
efficient solvent for the extraction of antioxidant bioactive compounds from N.

crenulata via microwave-assisted extraction (MAE). The increased antioxidant activity
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observed in the 50% ethanol extract may be due to the enhanced solubility of phenolic
and flavonoid compounds at lower ethanol concentrations.

Zhou et al. (2013) indicated that a 50.6% ethanol concentration is optimal for
achieving maximal DPPH radical-scavenging capacity in the ultrasonic-assisted
extraction (UAE) of Clerodendrum cyrtophyllum leaves. In 2020, Weremfo et al.
conducted a meta-analysis on avocado (Persea americana Mill.) seeds and determined
that the optimal ethanol solvent concentration for maximizing antioxidant activity, as
measured by DPPH and ABTS assays, is 58.3%.

A parameter introduced for interpreting results from the DPPH method is the
ICso value. This refers to the substrate concentration that results in a 50% reduction of
DPPH activity, measured by color change. The ICso parameter indicates that increased
antioxidant activity corresponds to a lower ICso value (Molyneux & Philip 2004). A
lower ICso value signifies greater antioxidant potency, as a reduced concentration is
required to attain the equivalent radical scavenging effect.

The ICso value of standard ascorbic acid in our study is 13.87 pg/ml. The 1Cso
value for the 50% ethanolic extract is 624.6 + 28.95 pg/mL. The ICso value of standard
ascorbic acid, a recognized and effective antioxidant, is significantly lower at 13.87
pg/mL than that of the 50% ethanol extract of N. crenulata, which is 624.60 pg/mL.
This indicates that although the N. crenulata extract shows antioxidant activity, it is
considerably less effective than pure ascorbic acid in scavenging DPPH free radicals.
Quisti et al. (2010) classify antioxidants according to their ICso values as follows: very
strong (ICs<0.01 mg/mL), strong (0.01 mg/mL< ICso<1 mg/mL), moderate (1 mg/mL<
I1Cs0<7 mg/mL), and weak (ICs0>7 mg/mL). The ICso value of 624.60 pg/mL suggests
that the extract necessitates a significantly higher concentration to attain 50% radical
scavenging activity in comparison to ascorbic acid.

Plant extracts typically comprise a variety of compounds, many of which may
work synergistically to enhance antioxidant activity. Thus, although the extract exhibits
lower potency compared to the pure standard, it retains antioxidant potential, primarily
attributed to the presence of phenolic and flavonoid compounds that may interact
synergistically with other bioactive substances. Although the ICso value of the N.
crenulata extract is higher than that of pure ascorbic acid, its antioxidant potential

remains beneficial for cosmetic formulations. Future studies should investigate various
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extraction techniques, alternative solvents, and the optimization of ethanol
concentration to improve the antioxidant efficacy of the extract and maximize the yield
of bioactive compounds.

Table 4.5 DPPH radical scavenging activity of N. crenulata Leaf Extract at VVarious

Ethanol Concentrations

Solvents used DPPH (AAE mg/g dry plant)
95% EtOH 1.15+0.01°
70% EtOH 2.45+0.14°
50% EtOH 3.35+0.04?

Note Values within the same column marked with different superscript letters show

statistically significant differences. (p < 0.05)

4.6 Ferric Reducing Antioxidant Power Assay

The Ferric Reducing Antioxidant Power (FRAP) assay assesses the antioxidant
capacity of N. crenulata leaf extracts by quantifying their ability to convert ferric (Fe*")
ions to ferrous (Fe?") ions, resulting in the formation of a blue complex with TPTZ. The
results indicate a distinct trend where antioxidant activity rises with decreasing ethanol
concentration. The 50% ethanol extract exhibited the highest FRAP value (3.57 £ 0.05
mg AAE/qg), followed by the 70% ethanol extract (2.63 £ 0.03 mg AAE/g), and the 95%
ethanol extract (1.5 = 0.02 mg AAE/g). This pattern indicates that mid-range ethanol
concentrations are more effective in extracting the antioxidant compounds that reduce
ferric capacity. The differences in FRAP values among ethanol concentrations can be
attributed to the solubility of various antioxidant compounds, including phenolics and
flavonoids, which are more effectively extracted at lower ethanol concentrations. This
statement is also supported by the study of Luo et al. (2021) that identifies 49.61% as
the optimal ethanol concentration for maximizing the antioxidant activity of Akebia
trifoliata peels in MAE, also measured by the FRAP assay. Shang et al. (2020)
also indicated that an ethanol concentration of 58.43% optimally maximizes the

antioxidant capacity of Sweet Tea (Lithocarpus polystachyus Rehd.).
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Table 4.6 N. crenulata Leaf Extract FRAP activity at Various Ethanol Concentrations

Solvents used FRAP (AAE mg/g dry plant)
95% EtOH 1.5+0.02¢

70% EtOH 2.63+0.03°

50% EtOH 3.57 £ 0.05?

Note Values within the same column marked with different superscript letters show

statistically significant differences. (p < 0.05)

4.7 Analysis of In-vitro Astringent Activity

The astringent activity of N. crenulata leaf extracts was determined through a
hemoglobin precipitation assay. The findings indicated a notable variation in astringent
activity based on the solvent used (Table 4.7). The 95% ethanol extract exhibited the
greatest astringent activity at 64.94 + 0.13%, followed by 70% ethanol at 39.48 + 0.27%
and 50% ethanol at 36.57 + 1.68%. The findings suggest that increased ethanol
concentrations amplify astringency, which may be significant for formulations
targeting skin tightening and oil regulation. The extract exhibiting the highest
astringency (95% ethanol) had the lowest total tannin content, as previously noted. The
inverse relationship between tannin content and astringent activity may result from the
diverse types of tannins and their varying solubility. Astringency is primarily caused
by condensed tannins (proanthocyanidins) with varied chemical structures (Ma et al.
2016). The concentration of ethanol can markedly affect the interaction between tannins
and salivary proteins. Obreque-Slier et al. (2010) demonstrated that ethanol modifies
the binding affinity of tannins to salivary proteins, thereby influencing the perception
of astringency. The high astringency observed in the 95% ethanol extract may be
attributed to the increased ethanol concentration, which enhances tannin-protein
interaction and facilitates the extraction of greater quantities of condensed tannins.

Astringent compounds frequently demonstrate metal-chelating abilities, which
can enhance the free radical scavenging effects of antioxidants, thus offering dual

protection against oxidative damage. The interaction of astringent and antioxidant
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compounds can lead to the creation of new antioxidant species, including phenolic
dimers, which contribute to increased oxidative inhibition (Bayram & Decker, 2023).

Astringents are compounds that cause contraction and tightening of tissues,
particularly the skin and mucous membranes, by precipitating proteins. The reported
phytochemical composition of N. crenulata suggests significant astringent activity,
primarily attributed to its high tannin and phenolic content, along with the presence of
flavonoids and alkaloids. Studies on N. crenulata have confirmed the presence of
tannins in its leaves and bark (Sampathkumar et al., 2012; Pratheeba et al., 2019). These
effects contribute to skin tightening, reduce pore size, and enhance skin firmness.
Phenolic compounds engage with proteins via non-covalent interactions, including
hydrophobic forces and electrostatic attractions, which affect the strength of their
binding. Interactions of this nature can lead to conformational changes in proteins,
which in turn influence their solubility and functionality (Shahidi & Dissanayaka,
2023). Ethanol increases the binding affinity of polyphenols to salivary proteins,
modifying both the binding ratio and the thermodynamic properties of the interaction
(Jahmidi-Azizi et al., 2023). This also indicates that higher ethanol-based extracts could
enhance the perception of astringency by affecting the interactions between
polyphenols and proteins.

Flavonoids, particularly quercetin, have been identified in N. crenulata leaves
(Singh et al., 2017). Quercetin has been shown to interact with calmodulin, a calcium-
binding protein, suggesting that it possesses astringent properties from its ability to
modulate protein functions in biological systems (Nishino et al., 1984).
Table 4.7. In vitro astringent activity of N. crenulata Leaf Extract at Various Ethanol

Concentrations

Solvents used Astringent activity %
95% EtOH 64.94 + 0.13?
70% EtOH 39.48 +0.27°
50% EtOH 36.57 + 1.68°

Note Values within the same column marked with different superscript letters show

statistically significant differences. (p < 0.05)
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4.8 Development of N. crenulata Extract Into Cosmetic Formulation

Essence was chosen as the type of formulation because of its versatility and
common dosage form for antiaging cosmetics in the market. The 50% ethanol extract
of N. crenulata leaves was selected for incorporating into formulation due to its
significant antioxidant properties and the highest bioactive content compared to the
other solvent extracts.

The base formula was developed utilizing standard cosmetic components,
including glycerin and butylene glycol for hydration, while excluding colorants and
fragrances to preserve the extract's natural properties. Three versions were developed
for comparison: (1) base with extract, (2) base alone, and (3) extract alone. All
formulations were maintained in sealed centrifuge tubes and wrapped in aluminum foil
to mitigate light-induced degradation.

The concentration of the N. crenulata leaf extract used in the formulations was
determined based on the 1Cso value for DPPH radical scavenging activity, which was
measured to be 624.6 + 28.95 pug/mL. Four formulations were prepared as preliminary
using extract concentrations of 1 time, 2 times, 3, and 4 times of the ICso value. Among
these, one time concentration was selected as the final formula based on its favorable
color and scent attributes.

4.9 Stability Assessment

The stability of the formulations was evaluated through comparisons of physical
appearance, color measurements using a colorimeter, pH values, and viscosity
assessments via rheometer. Additionally, total tannin content, total phenolic content,
and antioxidant activity measured by DPPH were assessed for extract containing
samples both before and after five cycles of heating—cooling treatment, as well as before
and after one month of storage.
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4.9.1 Heating—Cooling Cycle

4.9.1.1 Organoleptic assessment

The formulations containing only the base exhibit a clear color, while those
containing extracts display a green hue. No visible color changes were observed before
and after five cycles of heating and cooling. The formulations containing only the base
exhibit no odor, while those containing extracts produce a distinctive scent reminiscent
of fresh leaves. No difference in odor was observed before and after five cycles.

4.9.1.2 Color measurement with colorimeter

The formulations were placed in a plastic cuvette for consistent value
assessment, followed by measurement using a colorimeter. Assessments were done at
both the beginning and conclusion of the five heating—cooling cycles. The AE value is

calculated using the following formula:

AE :J(Lz — L1)2 + (a2 — al)?2 + (b2 — b1)?

Where: L1 and L2 are the lightness values before and after the test.
al and a2 represent the green-red coordinate values before and after the test.
b1 and b2 represent the blue-yellow coordinate values before and after the test.
The interpretation of AE values is crucial for evaluating color differences
across various applications, including cosmetic formulations. The CIE L*a*b* color
space offers a standardized approach for quantifying color differences, facilitating a
systematic assessment of color stability and acceptability over time. AL, Aa, and Ab
denote the variations in lightness and color coordinates between two measurements.
Suliman et al. (2019) conducted a study that examines the relevant variables in the
context of their research. The interpretation of AE values is essential for assessing the
presence of a noticeable color difference between the initial and final measurements of
a cosmetic formulation. Research classifies AE values into perceptibility thresholds. A
AE value below 1.0 is deemed imperceptible to the human eye, whereas values ranging
from 1.0 to 2.0 suggest a slight color difference that may become apparent under
specific lighting conditions (Yoshida et al., 2010; Paravina et al., 2019). A AE value
ranging from 2.0 to 3.0 is commonly recognized as the threshold for perceivable color
differences, whereas values exceeding 3.0 are generally viewed as significant,

suggesting a color change that may influence consumer perception and product quality
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(Nemli et al., 2018; Sethi et al., 2015). Studies indicate that AE values exceeding 2.0
are noticeable in dental materials, implying that comparable thresholds may be relevant
to cosmetic formulations (Paravina et al., 2015; Paravina et al., 2019).

All formulations possess the AE values of less than 2, showing that the
formulations are stable in terms of color.

Table 4.8 Values of L*, a* b* and AE calculation after color assessment with

colorimeter
Formulation L1 L2 al a2 bl b2 AE
Base only 4050 4056 -0.13 -011 + -1.23+ -111+ 042 %
+043 +0.14 +0.03 0.14 0.06 0.01 0.08
Extract only 3886 3889 -073 -089 + 127 + 16 =+ 092 +

+0.23 +£092 +0.1 0.05 0.02 0.18 0.34
Extract + Base 38.42 39.06 -0.77 -0.82 1.77 =+ 1.88 0.72 +
+0.09 +070 +0.10 0.2 0.24 0.40 0.52

I+
I+

Note Paired t-tests were conducted to compare L*, a*, and b* values before and after
the stability test. No statistically significant differences were observed in any
parameter (p > 0.05).

L1=lightness values before the test, L2=lightness values after the test

al= green-red coordinate values before the test, a2= green-red coordinate values
after the test

b1=blue-yellow coordinate values before the test, b2=blue-yellow coordinate

values after the test

4.9.1.3 pH measurement

Following five heating-cooling cycles, the pH of all three formulations
exhibited differing levels of alteration. The paired t-test results demonstrated a
statistically significant reduction in pH for the formulations containing extracts (p <
0.05), while the base-only formulations showed non-significant pH changes (p > 0.05).
The pH of the extract-only formulation decreased from an initial value of 5.07 = 0.03
to 4.92 + 0.01, resulting from thermal stress or oxidative processes during the cycles.

The base-only formulations exhibited stability, with an initial pH of 5.82 + 0.03, which
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decreased slightly to 5.8 + 0.04. The inclusion of preservatives and stabilizers in the
base likely enhanced its resistance to pH fluctuations. The extract combined with base
formulations exhibited a smaller pH change compared to formulations containing only
the extract, shifting from an initial pH of 5.32 £ 0.02 to 4.92 + 0.01. This reduction is
likely attributable to the buffering capacity of the preservatives and stabilizers in the
base ingredients, which lessened the impact of temperature cycling. The findings
indicate that a well-formulated base can improve the pH stability of cosmetic products
with botanical extracts. The ideal pH range for cosmetic products is typically between
4.5 and 5.5, aligning with the skin's natural pH (Bartels et al., 2014). Consequently,
despite significant changes present in pH values of extract containing formulations, the
measured pH levels remained within the desired range, ensuring compatibility with the
skin.

Table 4.9 pH values comparison of before and after 5 heating—cooling cycles

Formulation Baseline After HC cycle
Base only 5.82 £ 0.03 5.8+0.04
Extract only 5.07 £ 0.03 492 +£0.01*
Extract + Base 5.32£0.02 5.26 + 0.01*

Note * indicates presence of significant changes between the values when compared
with baseline (p < 0.05)

4.9.1.4 Viscosity measurement with Rheometer

After five heating-cooling cycles, the viscosity of all three formulations
demonstrated varying degrees of change. The paired t-test results indicated a
statistically significant decrease in pH for both the base and extract + base formulations
(p < 0.05), whereas the extract-only formulations exhibited non-significant changes (p
> 0.05). The extract-only formulations demonstrated minimal change, while the base-
only formulations exhibited an average change exceeding 10%. The extract, when
combined with base formulations, demonstrates a change exceeding 40% of the initial
value. The significant reduction may be attributed to the synergistic interactions

between the extract and the base components when subjected to thermal stress, leading
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to destabilization. Bioactive compounds in the extract may interact with the base
matrix, influencing overall viscosity and stability.

Dabrowska et al. (2021) demonstrate that the chemical stability of active
ingredients in cosmetic products depends on their compatibility with other formulation
components and the storage conditions. The compatibility of interactions is essential,
as incompatible interactions may result in phase separation or precipitation, thereby
impacting the viscosity and overall stability of the formulation. A bioactive compound
that is not well integrated into the base matrix can result in excessive viscosity or
excessive fluidity, thereby causing instability in the formulation.

Table 4.10 Viscosity values comparison of before and after 5 heating—cooling cycles

Formulation Baseline (mPa.s) After HC cycle (mPa.s)
Base only 60.27 £ 1.76 54.09 + 1.62*

Extract only 1.14+0.26 1.44+0.19

Extract + Base 50.92 +0.6 28 +0.75*

Note * indicates presence of significant changes between the values when compared
with baseline (p < 0.05)
Measurements were performed at 25°C using a rheometer with a cone-and-plate

geometry. A sample volume of 1 mL was used for the measurement.

4.9.1.5 Measurement of bioactive content and DPPH

The bioactive compounds (TTC, TFC) and DPPH activity of N. crenulata
leaf extract was evaluated for extract containing formulations through five heating-
cooling cycles, simulating the thermal stress formulations might experience during
storage.

The initial TTC for the extract only containing formulations was 83.55 +
1.28 mg TAE/qg extract, which reduced slightly to 77.83 £+ 3.62 mg TAE/g extract after
the heating-cooling cycles, representing a small loss in tannin stability. Interestingly,
the extract incorporated base formulations exhibited an increase in TTC from 106.95 +
8.62 mg TAE/g extract to 134.5 £ 27.17 mg TAE/g extract. This unexpected rise might

indicate interactions between the extract and the base components. But it doesn’t have

v —
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that the viscosity of the base matrix can affect the release of phenolic compounds, such
as tannins, from semi-solid formulations. Lower viscosity formulations facilitate the
diffusion of these compounds, resulting in higher measured concentrations after thermal
solubility of tannins, facilitating their greater release into the formulation, which may
account for the observed increase in total tannin content.

Flavonoids, known for their susceptibility to oxidation and thermal
degradation, showed a substantial decrease in both formulations. The extract only
formulations’ TFC dropped from 135.49 + 8.03 mg QE/g extract to 87.02 + 6.93 mg
QE/g extract, while the extract and base combined formulation decreased from 80.24 +
3.41 mg QE/g extract to 58.31 + 2.46 mg QE/g extract. This suggests that the flavonoid
compounds in the extract are sensitive to the thermal fluctuations encountered during
the cycles. Additionally, the presence of the base did not seem to offer protective
effects, potentially exacerbating the degradation.

The DPPH radical scavenging activity of the formulations provided insights
into the antioxidant capacity of the extract before and after thermal cycling. For the
extract only formulation, the antioxidant activity increased significantly from 21.0 +
0.63 mg AAE/g extract to 24.31 + 0.84 mg AAE/g extract. Conversely, the extract +
base formulation exhibited no significant change in antioxidant activity (15.96 + 0.6
mg AAE/g extract to 16.06 + 0.86 mg AAE/g extract) even with the significant decrease
in value of total flavonoid content, suggesting that the base helped maintain the
antioxidant properties of the extract.

The stability of N. crenulata leaf extract in cosmetic formulations was
highly dependent on the formulation matrix. While the extract alone showed stability
in TTC (no significant change), decrease in TFC values significantly and a significant
change in antioxidant activity, the presence of the base altered these dynamics. The
base appeared to reduce the flavonoid content while potentially enhancing the tannin
content but maintaining stability in antioxidant capacity. These findings suggest that
incorporating stabilizers or optimizing the formulation matrix may be necessary to

ensure the long-term stability of the bioactive compounds in cosmetic products.
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Table 4.11 Bioactive compound and DPPH activity comparison of before and after 5

heating—cooling cycles

Formulation Baseline TTC After HC, TTC
(mg TAE/g extract) (mg TAE/g extract)
Extract only 83.55+1.28 77.83 £3.62
Extract + Base 106.95 + 8.62 1345 + 27.17
Formulation Baseline TFC After HC, TFC
(mg QE/g extract) (mg QE/qg extract)
Extract only 135.49 + 8.03 87.01 £ 6.93*
Extract + Base 80.24 +£3.41 58.31 + 2.46*
Formulation Baseline DPPH After HC, DPPH
(mg AAE/g extract) (mg AAE/g extract)
Extract only 21.08 £ 0.63 24.31 + 0.85*
Extract + Base 15.96 + 0.6 16.06 + 0.86

Note * indicates presence of significant changes between the values when compared
with baseline (p < 0.05)

4.9.2 Short Term Stability Test

The evaluation included both heating—cooling cycles and the stability of the
formulations, which were subjected to three temperature settings: 4°C, room
temperature and 45°C, over a duration of one month. Organoleptic measurements, color
measurements using a colorimeter, pH values, and viscosity assessments via rheometer
were compared across all formulations. Additionally, total tannin content, total phenolic
content, and antioxidant activity measured by DPPH were evaluated for extract-
containing formulations both before and after one month of storage.

4.9.2.1 Organoleptic assessment

The formulations comprising solely the base demonstrate a clear color,
whereas those incorporating extracts exhibit a green hue. No apparent color changes
were noted. The formulations comprising solely the base demonstrate no odor, whereas
those incorporating extracts yield a distinctive aroma like fresh leaves before the

stability test. No difference in odor was observed between formulations stored at 4°C
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and room temperature, as well as in base-only formulations at 45°C. However, the
extract containing formulations stored at 45°C emits an aroma reminiscent of brewed
tea.
4.9.2.2 Color measurement with colorimeter
The measurements were conducted using a colorimeter, following the same
methodology as outlined for the heating—cooling cycles stability test. Assessments were
conducted at the start and end of a one-month period. The AE value is determined using
the identical formula.
Table 4.12 Values of L* a*, b* and AE calculation after one month at different
temperature settings
Formulation Temp L1 L2 al a2 bl b2 AE
(°C)
Base only Room 4050 3995 -0.13 -0.04 -123 -1.09 0.62
+043 +003 =
003 004 006 011 0.36
Extractonly Room 3886 38.72 -0.73 -0.82 127 131 042
+0.23 +£029 +01 + + + +
0.07 0.02 012 0.06
Extract + Room 3838 3845 -0.77 -0.77 175 175 03
Base +0.14 +026 =+ + + + 0.08
0.10 0.02 0.27 0.06
Base only 4°C 40.50 40.37 -0.13 -0.04 -123 -1.09 0.26
+043 +052 =+
003 004 006 011 011
Extractonly  4°C 3886 3792 -0.73 -0.83 127 123 097
+023 +£03 0.1

I+
I+
I+
+

I+

I+
I+
I+
+

I+
+
+
+

0.0/ 002 0.03 0.38

Extract + 4°C 3838 3824 -0.77 -092 175 185 0.30
Base +0.14 +0.08 = * +01 +

0.10 0.05 0.27 0.13

I+
+
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Formulation Temp L1 L2 al a2 bl b2 AE
(°C)
Base only 45°C 40.50 40.37 -0.13 -0.04 -123 -1.09 0.26
+043 +052 + + + + +
0.03 004 006 011 0.11
Extractonly  45°C 3886 3792 -0.73 -0.83 127 123 097
+023 +030 +01 + + + +
0.07 0.02 0.03 0.38
Extract + 45°C 3838 3824 -0.77 -092 175 185 03 %
Base +0.14 +0.08 = + + +0.1 0.13
0.10 0.05 0.27

Note Paired t-tests were conducted to compare L*, a*, and b* values before and after

the stability test. No statistically significant differences were observed in any

parameter (p > 0.05).

L1=lightness values before the test, L2=lightness values after the test

al= green-red coordinate values before the test, a2= green-red coordinate values

after the test

bl=blue-yellow coordinate values before the test, b2=Dblue-yellow coordinate

values after the test

4.9.2.3 pH measurement

The pH stability of formulations with N. crenulata leaf extract was assessed

over one month under three storage conditions: room temperature (RT), 4°C

(refrigeration), and 45°C (hot air oven). Variations in pH can considerably affect the

efficacy and safety of cosmetic formulations, particularly those incorporating natural

extracts, which tend to be more susceptible to environmental influences.

At baseline, the pH of all formulations was within the acceptable range for

cosmetic products intended for skin application. The formulation containing only the

base exhibited a pH of 5.82, whereas the formulation containing solely the extract began

at a marginally lower pH of 5.07, suggesting that the bioactive compounds in N.



54

crenulata extract may have an acidic nature. The combination of the extract and base
formulation resulted in a pH of 5.32, suggesting that the base exerted a buffering effect
that mitigated the natural acidity of the extract.

After one month at room temperature, all formulations showed a notable
reduction in pH (p < 0.05). The formulation containing only the extract experienced the
most significant reduction, decreasing from 5.07 to 4.94. This indicates that the
bioactive components of the extract may experience gradual degradation at room
temperature, resulting in the release of acidic by-products or modifications to the
balance of pH-sensitive compounds. Dabrowska et al. (2021) emphasized that the
chemical stability of active ingredients in cosmetic formulations is notably influenced
by their compatibility with other components and the storage conditions, particularly
temperature variations. Fredes et al. (2018) observed that anthocyanins, a class of
flavonoids, exhibit stability in acidic conditions (pH 1-3) but may degrade at elevated
pH levels, leading to the formation of phenolic acids. The degradation of anthocyanins
results in the release of acidic by-products, which may affect the overall pH of the
formulation. The combination of the base and extract and base formulations also
resulted in significant pH decreases but lesser extent than the extract only formulation.
The buffering capacity of the base likely reduced pH fluctuations to a certain degree.

At 45°C, all formulations exhibited notable pH changes, thereby confirming
the instability of the formulations at elevated temperatures. The formulation containing
only the extract exhibited the most significant decrease in pH, from 5.07 to 4.74,
indicating that the compounds within the extract may degrade more quickly when
subjected to heat. The thermal degradation of bioactive molecules frequently results in
the production of acidic by-products, which contributes to a decrease in pH. The
formulations containing only the base and those combining extract and base also
demonstrated notable reductions; however, the buffering capacity of the base seemed
to restrict the degree of pH change relative to the formulation containing solely extract.

Chu et al. (2016) also found that elevated storage temperatures significantly
degrade plant extracts, particularly impacting their color and antioxidant properties.
The research indicated that extracts stored at higher temperatures (e.g., 60°C)
demonstrated a significant decline in color stability, whereas those maintained at lower

temperatures preserved their properties more effectively. This indicates that
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refrigeration may enhance the chemical stability of plant extracts by decelerating
degradation processes that transpire at elevated temperatures.

All formulations exhibited statistically significant pH variations (p < 0.05)
under the various storage conditions, as verified by paired t-tests. The results highlight
the formulations' sensitivity to environmental factors, especially temperature showing
most changes at 45°C and least changes at 4°C. The observed pH changes significantly
impact the stability and shelf life of cosmetic products that include N. crenulata leaf
extract. The formulations may necessitate the incorporation of stabilizers or pH buffers
to ensure long-term pH stability.

The pH stability of N. crenulata leaf extract formulations is greatly impacted
by temperature. Cold storage at 4°C results in minimal pH variation, whereas
formulations subjected to room temperature and increased heat experience major pH
shifts. The findings indicate a necessity for additional formulation optimization to
improve product stability, especially in geographic regions with elevated temperatures.
Future research may investigate the application of pH-adjusting agents or natural
stabilizers to enhance the shelf life of products containing N. crenulata extract.

Table 4.13 pH values after one month at different temperature settings

Formulation Condition kept Baseline After one
month

Base only 13 5.82 £0.03 5.72 £ 0.02*
Base only 4°C 5.82 £ 0.03 572 +£0.01*
Base only 45°C 5.82+0.03 557 £ 0.01*
Extract only Room Temp 5.07 £ 0.03 4,94 + 0.02*
Extract only 4°C 5.07 £ 0.03 4,93 £ 0.05*
Extract only 45°C 5.07 £0.03 4.74 £ 0.05*
Extract + Base Room Temp 5.32 +0.02 5.19 £0.01*
Extract + Base 4°C 5.32£0.02 5.22 £ 0.00*
Extract + Base 45°C 5.32+0.02 5.1+0.01*

Note * indicates the presence of significant changes between the values when

compared with baseline (p < 0.05)
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4.9.2.4 Viscosity measurement with Rheometer

The viscosity of cosmetic formulations is a crucial parameter that affects
product application, texture, and consumer satisfaction. Stability testing was performed
to assess alterations in the viscosity of N. crenulata leaf extract formulations following
one month of storage at various temperature conditions (room temperature, 4°C, and
45°C). The results provide insights into the long-term physical stability of these
formulations and their appropriateness for commercial cosmetic applications and
optimal storage temperature.

At baseline measurements, the viscosity of the formulation comprising
solely base ingredients was 60.27 + 1.76 mPa.s, attributed to the inclusion of viscosity-
modifying agents such as hydroxyethyl cellulose, commonly utilized in cosmetic
formulations. The formulation containing extract exhibited a significantly lower
viscosity of 1.14 + 0.26 mPa.s, relating to the lack of gelling or thickening agents and
the high-water content. The extract-base formulation, incorporating N. crenulata leaf
extract and the base, demonstrated a viscosity of 50.92 + 0.6 mPa.s, suggesting an
interaction between the extract and base components resulting in lower value than the
base only formulation.

Following a one-month period at room temperature, both the base-only
formulation and the extract and base combination demonstrated statistically significant
decreases in viscosity (p < 0.05). The base-only formulation decreased from 60.27 +
1.76 to 53.3 = 1.85 mPa.s, whereas the extract plus base formulation exhibited a more
significant reduction from 50.92 + 0.6 to 23.26 = 0.56 mPa.s. The presence of N.
crenulata extract may facilitate phase destabilization or the degradation of thickeners
over time. The extract only formulation exhibited a minor increase in viscosity (from
1.14 + 0.26 to 1.66 + 0.21 mPa.s), likely attributable to solvent evaporation or
alterations in the extract's physical properties over time. The minimal alterations may
be due to the extremely low initial viscosity of the formulation.

At 4°C, the viscosity of all formulations exhibited greater stability
compared to room temperature; however, significant changes (p < 0.05) were observed
in the formulations containing the base. The formulation with only the base exhibited a
minor decrease from 60.27 £ 1.76 to 57.9 =+ 1.54 mPa.s, whereas the formulation

combining the base and extract demonstrated a larger reduction from 50.92 + 0.6 to
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41.97 £ 1.45 mPa.s. The lessened rate of viscosity alteration at lower temperatures
indicates that refrigeration minimizes the degradation of viscosity-modifying agents,
thereby maintaining the structural integrity of the formulations. Similar to the room
temperature findings, the extract-only formulation exhibited a minor increase in
viscosity (from 1.14 + 0.26 to 1.47 + 0.44 mPa.s), with no significant changes (p >
0.05), likely attributable to the decreased rate of solvent evaporation in refrigerated
conditions.

At elevated temperatures (45°C), all formulations exhibited increased
viscosity changes than other storage conditions; however, the extract-only formulation
did not demonstrate significant changes (p > 0.05). The formulation with only the base
decreased from 60.27 £ 1.76 to 47.17 £ 1.31 mPa.s, whereas the formulation combining
the extract and base showed a significant reduction from 50.92 + 0.6 to 12.5 £+ 0.33
mPa.s. This indicates that the viscosity-modifying agents in the base are susceptible to
thermal degradation, and the inclusion of N. crenulata extract may additionally
destabilize the formulation. The extract containing only formulation exhibited an
insignificant rise in viscosity (from 1.14 + 0.26 to 1.96 £+ 0.25 mPa.s), likely attributable
to solvent loss or the concentration of specific extract components. The observed
changes indicate the potential instability of formulations at elevated temperatures.

Viscosity stability is greatly influenced by storage conditions and the
inclusion of N. crenulata extract. Statistically significant reductions are observed in all
base-containing formulas, with higher temperatures correlating to greater reductions in
viscosity, indicating temperature dependence. Formulations that included both the
extract and base exhibited notable reductions in viscosity over time, especially at
elevated temperatures. This indicates that the presence of N. crenulata extract
accelerates to its degradation, suggesting the potential need for additional stabilizers or
pH buffers to improve long-term stability. Future research may concentrate on

optimizing the formulation to enhance resistance to thermal degradation.
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Table 4.14 Viscosity values in mPa.s after one month at different temperature settings

Formulation Condition kept Baseline After one month
(mPa.s) (mPa.s)
Base only Room Temp 60.27 £ 1.76 53.3 +£1.85*
Base only 4°C 60.27 £ 1.76 57.9 + 1.54*
Base only 45°C 60.27 £ 1.76 47.17 + 1.31*
Extract only Room Temp 1.14 +0.26 1.66 +0.21
Extract only 4°C 1.14 +0.26 1.47+0.44
Extract only 45°C 1.14 +0.26 1.96 +0.25
Extract + Base Room Temp 50.92+0.6 23.26 + 0.56*
Extract + Base 4°C 50.92+0.6 4197 £ 1.45*
Extract + Base 45°C 50.92+0.6 12,5+ 0.33*

Note * indicates presence of significant changes between the values when compared
with baseline (p < 0.05)
The Measurements were performed at 25°C using a rheometer with a cone-and-

plate geometry. A sample volume of 1 mL was used for the measurement.

4.9.2.5 Measurement of bioactive content and DPPH

The stability of bioactive compounds, including total tannin content (TTC),
total flavonoid content (TFC), and DPPH radical scavenging activity, was assessed in
formulations with N. crenulata leaf extract over a one-month duration under various
storage conditions. The compounds are essential for the antioxidant and astringent
properties of the extract, which are vital for cosmetic applications. The storage
conditions comprised room temperature, refrigeration at 4°C, and elevated temperature
in a hot air oven at 45°C. The findings illustrate the behavior of these compounds over
time and under different environmental conditions, which is crucial for maintaining
product efficacy.

At room temperature, TTC remained stable in both the extract-only
formulation (83.55 + 1.28 to 83.58 + 0.96 mg TAE/g extract) and the extract-base
combination (106.95 + 8.62 to 107.42 + 3.01 mg TAE/g extract), with no statistically

significant changes observed (p > 0.05). This suggests that tannins exhibit resistance to
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degradation under ambient conditions. In contrast, TFC in the extract-only formulation
experienced a significant decrease (from 135.49 + 8.03 to 71.57 + 4.33 mg QE/g extract,
p < 0.05), indicating notable flavonoid degradation. However, the extract-base
formulation exhibited a smaller, non-significant decrease (from 80.24 + 3.41 to 69.66
+ 7.52 mg QE/g extract, p > 0.05), suggesting that the base provides some protection
against flavonoid degradation. DPPH radical scavenging activity remained stable for
both formulations, with the extract-only formulation showing a minor decline (from
21.08 £ 0.63 to 19.58 + 2.16 mg AAE/g extract, p > 0.05) and the extract-base
combination exhibiting a slight increase (from 15.96 + 0.60 to 16.68 + 0.38 mg AAE/g
extract, p > 0.05). These findings indicate that the antioxidant properties of the
formulations are largely retained at room temperature.

At 4°C, a significant reduction in TTC was observed in the extract-only
formulation (from 83.55 + 1.28 to 77.46 £ 1.05 mg TAE/g extract, p < 0.05), indicating
tannin degradation, possibly due to moisture condensation or microbial activity.
However, the extract-base combination exhibited a non-statistically significant
decrease (from 106.95 + 8.62 to 97.35 + 2.96 mg TAE/g extract). The TFC showed
significant reductions in both formulations, with the extract-only formulation
decreasing from 135.49 + 8.03 to 69.79 £ 4.65 mg QE/g extract (p < 0.05), and the
extract-base formulation decreasing from 80.24 + 3.41 t0 49.80 + 0.21 mg QE/g extract
(p < 0.05). This indicates that refrigeration slows degradation but does not entirely
prevent it. Interestingly, the DPPH radical scavenging activity of the extract-only
formulation increased significantly (from 21.08 £ 0.63 to 24.55 £ 0.54 mg AAE/g
extract, p < 0.05), which could be attributed to the formation of smaller, more active
antioxidant compounds. In contrast, the extract-base formulation exhibited a decrease
in antioxidant activity (from 15.96 + 0.60 to 13.32 + 2.74 mg AAE/g extract), though
the change was not statistically significant (p > 0.05).

At elevated temperatures (45°C), TTC in the extract-only formulation
decreased significantly (from 83.55 £ 1.28 to 73.81 + 1.80 mg TAE/g extract, p < 0.05),
indicating thermal degradation of tannins. Conversely, the extract-base combination
exhibited an increase (from 106.95 + 8.62 to 115.69 + 5.16 mg TAE/g extract), which
may be due to the stabilizing effect of the base ingredients such as Colemn TT. TFC in

the extract-only formulation exhibited a significant decrease (from 135.49 + 8.03 to
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83.51+ 1.11 mg QE/qg extract, p < 0.05), confirming that flavonoids are highly sensitive
to heat. However, the extract-base formulation showed an unexpected increase (from
80.24 + 3.41 t0 93.23 + 5.48 mg QE/g extract, p > 0.05), which may result from thermal
breakdown of the base components, releasing bound flavonoids into the formulation.
This process can result in an apparent increase in measurable TFC. Studies have shown
that heat treatment can lead to the release of phenolic compounds from their bound
forms, enhancing their detectable levels. For instance, when mulberry juice was
subjected to thermal treatment at 25-45°C, a decrease in total flavonoid content (TFC)
was observed. However, exposure to higher temperatures ranging from 45 to 100°C
resulted in an increase in TFC (Lin & Xiao, 2024).

Antioxidant activity measured through DPPH assay increased slightly in
both formulations at high temperatures. The extract-only formulation rose from 21.08
+ 0.63 to 23.27 + 2.37 mg AAE/g, while the extract-base formulation increased from
15.96 + 0.60 to 17.82 + 0.58 mg AAE/g, although these changes were not statistically
significant (p > 0.05). This phenomenon aligns with findings by Molaveisi et al. (2019),
suggesting that heat may facilitate the release of smaller, more potent antioxidant
compounds from larger precursors.

The stability of bioactive compounds in N. crenulata leaf extract
formulations is highly influenced by storage temperature. Room temperature conditions
provide stability for tannins and antioxidant activity but lead to flavonoid degradation.
Cold storage (4°C) offers partial preservation but still results in significant losses of
flavonoids and tannins, whereas antioxidant activity can increase under such
conditions. High temperatures (45°C) cause flavonoid degradation but can enhance
antioxidant activity, suggesting complex interactions between bioactive compounds
and formulation components. Understanding these stability patterns is crucial for

optimizing the formulation and storage of N. crenulata extract in cosmetic applications.
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Table 4.15 Total tannin content comparison before and after one month stability test

Formulation Condition Baseline After one
kept (TAE mg/g month (TAE
extract) mg/g extract)
Extract only Room Temp 83.55+1.28 83.58 £ 0.96
Extract only 4°C 83.55+1.28 77.46 = 1.05*
Extract only 45°C 83.55+1.28 73.81 +1.8*
Extract + Base Room Temp 106.95 + 8.62 107.42 £ 3.01
Extract + Base 4°C 106.95 + 8.62 97.35+2.96
Extract + Base 45°C 106.95 + 8.62 115.69 £5.16

Note * indicates the presence of significant changes between the values when compared
with baseline (p < 0.05)

Table 4.16 Total flavonoid content comparison before and after one month stability

test
Formulation Condition Baseline After one month
kept (QE mg/g (QE mg/g
extract) extract)
Extract only Room Temp 135.49 + 8.03 71.57 + 4.33*
Extract only 4°C 135.49 £ 8.03 69.79 + 4.65*
Extract only 45°C 135.49 +8.03 83.51 +1.11*
Extract + Base Room Temp 80.24 £ 3.41 69.66 + 7.52
Extract + Base 4°C 80.24 + 3.41 49.8 £0.21*
Extract + Base 45°C 80.24 £ 3.41 93.23 +£5.48

compared with baseline (p < 0.05)

Note * indicates the presence of significant changes between the values when



62

Table 4.17 DPPH comparison before and after one month stability test

Formulation Condition Baseline After one month
kept (AAE mg/g (AAE mg/g
extract) extract)
Extract only Room Temp 21.08 £ 0.63 19.58 + 2.16
Extract only 4°C 21.08 £ 0.63 24.55 + 0.54*
Extract only 45°C 21.08 £ 0.63 23.27 £2.37
Extract + Base Room Temp 15.96 £ 0.6 16.68 £ 0.38
Extract + Base 4°C 15.96 + 0.6 13.32+2.74
Extract + Base 45°C 15.96 £ 0.6 17.82 £ 0.58

Note * indicates the presence of significant changes between the values when compared
with baseline (p < 0.05)
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CHAPTER 5

CONCLUSION

This study demonstrated the effectiveness of microwave-assisted extraction
(MAE) in isolating bioactive compounds, specifically phenolics, flavonoids, and
tannins, from N. crenulata leaves for potential cosmetic applications. The application
of 50% ethanol as a solvent demonstrated the highest extraction efficiency (16.81 +
0.89% wi/w), supported by elevated TPC (11.76 + 0.38 mg GAE/g dry leaves), TFC
(19.35 £ 0.32 mg QE/g dry leaves), and TTC (11.51 + 0.07 mg TAE/g dry leaves).
Additionally, significant antioxidant properties were indicated by DPPH (3.35 * 0.04
mg AAE/g dry leaves) and FRAP assays (3.57 £ 0.05 mg AAE/g dry leaves). The 95%
ethanol extract exhibited the highest astringent activity (64.94 + 0.13%) despite a lower
tannin yield, highlighting the complex interactions that affect astringency beyond mere
tannin concentration.

Stability testing indicated that bioactive-rich extracts are optimally preserved
most at room temperature followed by cold storage at 4°C, with notable degradation
occurring at higher temperatures (45°C), underscoring the importance of appropriate
storage conditions to sustain bioactivity. Color stability was consistent across storage
conditions, pH value remains within the recommended range for skin despite the
decline; however, viscosity exhibited a gradual decline, especially at elevated
temperatures. This research highlights the potential of N. crenulata extracts as a source
of antioxidants for anti-aging cosmetics. Given the susceptibility of flavonoids to
thermal degradation, future studies should explore encapsulation and other innovative
stabilization strategies to improve formulation longevity. Investigating synergistic
combinations with other natural ingredients and performing clinical trials would
facilitate in fully utilizing the cosmetic potential of N. crenulata extracts.

This study demonstrated the effectiveness of MAE and optimal ethanol solvent
concentrations for N. crenulata leaves extraction, while also giving insights for future
advancements in bioactive-based cosmetics utilizing often overlooked parts of the
plant.
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