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ABSTRACT

Air pollution contributes significantly to oxidative damage in skin and hair,
primarily through the formation of reactive oxygen species (ROS). This study aimed to
develop leave-on hair care formulations using natural extracts from avocado (Persea
americana Mill.) peel and seed agricultural by-products rich in antioxidants to protect
hair from pollution-related “damage. Two extraction methods were employed:
conventional maceration (200 rpm, 3 hours) and ultrasonication (24 Hz, 3 hours), using
95% ethanol and hexane as solvents at a 1:10 (w/v) sample-to-solvent ratio. The
extracts were analyzed for total phenolic content (TPC), DPPH radical scavenging
activity (ICsp), and lipid peroxidation inhibition. Results showed that the 95% ethanol
extract from avocado peel (conventional method) had the highest TPC (1.22+0.03 mg
GAE/g extract), while the ultrasonicated ethanol extract (P-EtOH-UAE) had the strongest
antioxidant activity (ICs = 22.4+0.01 pg/mL). Lipid peroxidation inhibition was also
highest in the ethanol extract from the conventional method (70.65+1.26%), with
statistically significant differences (p<0.05).

These findings supported the use of P-EtOH-UAE and P-Hex-UAE (ultrasonicated
hexane extract) in product development: Three leave-on hair treatment formulas were
created: F1 (P-EtOH-UAE 0.1%, P-Hex-UAE 0.01%), F2 (0.2% / 0.02%), and F3 (0.05% /
0.005%). Their efficacy against air pollutants (PM2.5 and cigarette smoke) was evaluated
through physical observation and SEM imaging. Formula F2, containing the highest
extract concentration, showed the best protection. Hair maintained smooth cuticle
structure with minimal damage post-exposure. Formula F1 provided moderate

protection, with slight lifting of cuticle layers but overall preserved structure. In



contrast, Formula F3 demonstrated the least efficacy, showing cuticle disruption and
rough surface texture. In conclusion, avocado peel extracts exhibit strong antioxidant
and anti-pollution properties. Formula F2 was the most effective, followed by F1 and
F3. It can thus be concluded that Formula F2 exhibited the highest protective efficacy
against pollution-induced hair damage, followed by Formula F1 and Formula F3,
respectively. This protective performance was directly correlated with the
concentration of extract in each formulation. These results suggest that avocado by-
products can serve as sustainable bioactive ingredients in pollution-protective hair care

products.
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