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Waste Utilization from Avocado consumption for Development of

Anti-Pollution Leave-on Hair Product
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iAdeilfifngustasdimednudnasnuesansaiadinTaguaeiisveseslanila (Persea
americana Mill) léufl Waanuagiuda iiethualtiBuanseonguiniedinmlundasosi
thyssuuuulifiosdnseaniinaanisueyyadassharUosiutian g ansatnnioudie 2
33 A0 MIAfALUUMNILAL-Conventionaliéxtraction (7200 rprm; t0URaN 3 vaL) Lag A1g
aﬁ'ﬂéﬁ’aaﬂ?{umm?{qﬂ—Uttrasonication extraction. (fi 24 Hz, Wiurdan 3 4u.) Ingldsarh
avany 95%EtOH uax hexane Tusmsndain sample:solvent 1:10"wA 91ntu3iAs1e%
il'%mmmﬁaaﬂqwéuazqw%‘é’mauyjaﬁaszé”m TPC, DPPH ICsp wayfatiufansiin Lipid
peroxidation WU@IT@APAINLUABARIY-95% EXOH LYY Conventional di@1 Total
phenolic content (TPC) gdaa (1.22+0.03 mg GAE/g extract) wquzil Ultrasonication TWieh
DPPH IC50 W18A(22-4020.01 pe/mL) agn158us s Lipid peroxidation gagn
(70.65+1.26%; p<0.05) axﬁauﬁqﬁ’ﬂam‘wsumL‘Uﬁaﬂas‘bmiﬂslumiﬂumﬁéhua%aSaszﬁ
Taawiu Wi luidmawdsdmusshenidensaimeanivdensstiailasie Ultrasonication
#3 95% EtOH (P-EtOH-UAE) Ua%-hexane,(P-Hex-UAE) Lﬁ@qmﬂﬁmsaaﬂqw'émamqm1713&
Hydrophilic (Polyphenols) uag Lipophilic (Fatty acids) %aﬁaaLa%quéLLazLﬁmaﬁsﬁmw
y93gn3 Tnowannndnfarithssuuuy leave-on $1uau 3 gns (F1-F3) Arnududusiisty
A8 95% EtOH (P-EtOH-UAE)/ Hexane (P-Hex-UAE) Vigm F1(0.1/0.01), g»3 F2 (0.2/0.02)

way @m3 F3 (0.05/0.005 %w/w)
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Abstract

Air pollution is a major factor contributing to excessive free-radical generation,
leading to damage in bothskin and hair. This study aimed to investigate the potential
of avocado (Persea americana Mill.) by product extracts specifically peel and seed as
bioactive ingredients for leave-on-hair'care-formulations with antioxidant and anti-
pollution properties:s The extracts were prepared using two extraction methods:
Conventional extraction(200 rpm, 3 h)'and ultrasonication extraction (24 Hz, 3 h),
employing 95% ethanol and hexane as solvents at a sample-to-solvent ratio of 1:10
(w/v). The extracts were subsequently evaluated for, their bieactive constituents and
antioxidant capacity using'total phenolic content (TPC), DPPH radical-scavenging
activity (IC5g);:and lipid peroxidation inhibition. The 95% EtOH peel extract obtained
via conventional extraction exhibited the highest total phenolic'content (1.22 + 0.03
mg GAE/g extract); whereas the ultrasonication/extract.demonstrated the lowest
DPPH IC5q value (22:40 +.0.01 pyg/mL) along with/the highest lipid peroxidation
inhibition (70.65-%-1.26%; p<0.05). These results-highlisht the strong antioxidant
potential of avocado-peel-extracts«For product development, peel extracts prepared
via Ultrasonication-both-95% EtOH(P-EtOH-UAE) :and-hexane (P-Hex-UAE) were
selected due to their complementary-hydrophilic (polyphenols) and lipophilic (fatty
acids) components, which are expected to enhance synergistic activity and improve
formulation stability. Three leave-on hair treatment formulations (F1-F3) were
developed using different concentrations of P-EtOH-UAE and P-Hex-UAE:
[F1: 0.1 / 0.01 %w/w, F2: 0.2 / 0.02 %w/w and F3: 0.05 / 0.005 %w/w].
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Evaluation results demonstrated that F2 showed markedly superior
performance compared to the other formulas, effectively maintaining cuticle
smoothness, reducing structural damage, and preserving hair strength following
exposure to pollutants (incense and cigarette smoke). F1 yielded moderate
outcomes, while F3 exhibited the lowest protective efficacy, with notable
deterioration observed after pollutant exposure. In conclusion, the protective efficacy
of the formulations correlated positively with extract concentration. F2 was identified
as the most effective leave-on ftreatment for shielding hair from pollution-induced
damage, indicating strong potential for further development into an anti-pollution

hair care product.
Keywords: Anti-pollution Hair-Care Product, Natural Extract, Avocado
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1. NITATBUAIDENINY
Thewiananerhalnanesitis Hass idaduiudonuazudn Tnsvianuazenn v/
nuﬁ]u%uﬁn wazunaviden nendbuoumiai-50-2C suriminesd mﬂﬁ?usﬁl’mazmiamm
a¥ 40 n3u 13 8 I (Wiond-vantmind 1am) Ineyihen 3 70
2. NMSATENRIRE A TANAIAAABMaRYRIRE1IAA
14 2 Wnsada laun
1) Conventional extractions 19 95% EtOH-Ua¥ Hexane 8ns1d@1uf1981968
ansazany 1:10/(w/\) 198191200 (pmy Vigausigsies 3w ntussvesavatseendae
rotary evaporator 7 50 °C LLazLﬁU‘ﬁ 4.°C
2), Ultrasonication extraction: 4 95% EtOH\Lag Hexane 8n351d71Uf2081970
a1sazand 1:10 (W/v) drinfl 24 Hz Tigaumgived 3 5. nTUsYIbF I aza1eeansae
rotaryrevaporator 71 50 °C wawsfiudl 4 °C
3. MywATERIUINIMNYeANTIN TPC (Total Phenolic/ Content)
19735 Folin~Ciocalteu finutasan Thitipramote et al. (2022) Taginsiae199i

a v

Ui Felin=Ciocalteu reagent wag NayCOz-duilln 30 w1l Mgaunivied 31niiuin

1Y
mi@mﬂﬁuuaqﬁ 765-nm YAIVIRADY 347 AUIMUTINAWeANWIBULINSFIUNIARNAEN
wazsreunalu mg-GAE/g extract
4. m’mﬂaaqu‘émiﬁwa%aﬁasz
1) WﬂaaummmmWiaiumié’uégaa%aaasz (DPPH Radical Scavenging Activity)

ARLUAIIINITUDIITIN 35501 wazAny (2560) Inenavasanniualsazany

v
a LY A

DPPH (0.2 mM) Usilufidla 30 u1# Ngaumaivie nuuinn1sganauuasi 517 nm l¥nsa

3

waanasUnilu positive control Al % Nsdudieuyadase wasya DPPH ICsg

2) NAERUMES Lipid Peroxidation Inhibitor



Published Online: 1 DEC 2025
5

9198¢78v8s Wang et al. (2004) leswseuszuvujiserniiundusghinnle
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way centrifuge udulaiensiaiansgandunasi 532 nm WieUseiliuanuaunsalunis
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5. NSNAIUINAAN U

Afedysiaunanfuriorgsnmulifesdveenanasataudeneslnila lag
Jeuuszansnmwasiariiazats Wi 95% EtOH-Conventional T TPC wazn1sdudy
lipid peroxidation gaa @3y Ultrasonication lvinalndlAsualdiiaiiaenin YUz
Hexane-Ultrasonication usie TPC i usidfuds Lipid peroxidation Iéfaﬁqﬂumjm Hexane
WARIDIN15YN9IUY0Ia15 Lipophilic FINUSN3IEAIU EtOH:Hexane = 1:10 Se3mnza
LAZEADAANDINUIIBITUNDUNT Immamqmﬁy’ams Hydrophilic uag Lipophilic

A13197 1 gasfiliinduugnenduasisiunan grldidugnssuwuu (Master Formula)

day aeu daudsenau #tiil Yow/W
A 1 | ‘DiWater Solvent g.s. to 100
2 Glycerin Humectant a4
3 Carbopol 941 Thickener 0.2
B 4 Olive,/Oil Active Ingredient 1
5 Cetearyl Alcohol Emollient 3
6 Glyceryl Stearate Emulsifier 1
7 Tween80 Emulsifier 3
8 Span8d0 Emulsifier 3
9 Dimethicone Conditioning Agent 1
C 10-—Phenoxyethanol Preservative 0.8
11 Fragrance Fragrance-Agent 0.1
D 12 “Citrie’Acid pH-Adjuster g.s.to pH
7.2

a

gnasinsuutaoanidu 3 dman laun du A, B uwavdiu C lneluannmswaningiv
lugdu A Navua enidu Carbopol 941 uddlviauSeunigaungil 70-75 °C Litolidunay
AazaULAZNITALAILIR 21ntWwmIBUERa Carbopol 941 Tnsazatslulinaulaz ALV

willudn (Magnetic bar) Wunan 15 w1l wWielilaanianuaiiaue neutnduuiagudn
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avangauysal waziinasludiu A wisuniusgvselllednuszunn 15 Wil ndntiuldes

a 1

Tidunauuasaunszgumglegfiuszuna 40 °C wanfningaulud C wagyinisinen

Y
'
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pH dugnineusuA pH vesgmsisudtiaa D Iegfivszana 5.5 Wolwldndnduaiid
AN IZANFDNT LTI
6. NAsaUAMUAIRITBIHARTITITaTuLaz o sfunan1ziitiansataanesla
A1la
NAAOUAILAIRI83E Long Term Stability Test Tagn 15iiusnuinan sl
paumgivaslneialy 25°C + 2€ B UszosIa 6 Wouliionanumaiavialududnyme
Meuen & NAU MILENTY LavAvin (Silva et al., 2025)
7. nagaunslasiusian1izuuulinasd1eesn (Anti-Pollution)
1) M3dainnziuazasuULFINY
$raeananzfsatuymnaggUlunasdaudnihlesnudivngsfionansiae
ansatnozlialadudan uNs uil IndunsiaaduindaRiinae SEM douuasvdsld
HERST0UN
2) M0 UU AN MNVDINGN T UUY DN
NgeUHANs ugiuuUsLNase IneUseLiy nisUesiudan1ie AUWide Ly
warANUF B UAuAUALLARRARR SN D9E Olive oil ag Avocado oil
8. IAsnzvdayan1eana
%au”aﬁiﬁ‘imeﬁé’wiﬂmmu IBM SPSS version 21 1 OneaWay ANOVA fiszsiu

(%

21 0.05 HaglUSouLigumINLANaII918 Duncan’s test 389Uy Aade + d7u

@,

Hudn

Lﬁsmmummgm

NANT3IY

N13LM3I BRAISAN AN aAA L pVadaEl A laRuT AN A AwANF 19 WaE 193]
WodAgn19ada (p<0:05)71n8 Luan Hexane Ultrasonication Wwawémqqﬁqm (11.26 +
4.46%) druFeniiatinsny 95%EtOH Rkualialvinandngsnin Hexane usiliunnsinamng
a0 (0>0.05) AuanwuzyINIEAIN 1Waen EtOH Tialsduluronmagyiounisiiusdn
(Lyu, Agar, Barrow, Dunshea, & Suleria, 2023) wugil WwEn Hexane Wawmdadlaly
anavneu Usinmsnanslutuiiitatosldodeiiusyansam uarBuduin Hexane wnze

nansanaansnay Lipophilic (Flores et al., 2019)
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Ultrasonication

nleana 79819 LI SovazvoINaNEn ANWULNINIEATN Junm
Conventional wWaen 95%EtOH 0.78+1.71° Adedueus dnwayladnies luwendu lainda L L
2 K
‘ 4
Hexane 2.69+0.52° ddendinlinia Sngneududuegfiiuasndntios &
Wan 95%EtOH 4.04+1.84° dimdesoung Yuidnted danuvilauiunans wazdinig —=
A3vanefIAOUYNEN LN v
Hexane 1.69+0.39" dvidesdatlaondulanios Usdiunnnznawdnties =
Ultrasonication  tU@an 95%EtOH 4.03+1.42° A3odieusn dngnounnuvasn LenFuLanties i gl
b N a v & v o @A o Y = ]
Hexane 3.20+0.69 AU WENTUABUYINYR URNLADURTEUBLVINUNGBA YUA __‘.‘ /
Leniel v
\wan 95%EtOH 3.74+1.59° dwidasineuiiinia Aoudisyu Mmepet niaUunans i A
4
Hexane 11.26+4.46° snsienvutnu kinds suuivdesladinznou duaie Tdd LB .

# lifdnznau

o

U8R Mean=S.D. (n=3) fasnwsenfiuansiu (a, b) lursdutifedniy wanstannsimnanaiuegeiidedAn1eada (ANOVA, Duncan Test ; p<0.05)
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wuiransatnan wWaenerlaailadae 95% EtOH fiA1 TPC gefian siauuy
Conventional (1.22 + 0.03 mg GAE/g extract) wag Ultrasonication (1.12 + 0.05 mg
GAE/g extract; p>0.05) @gvioutsza@nsnmass EtOH Tunisadaasiluednainilden YU
wén e TPC f;‘i’ﬂqm Lrlan1zn15annnIl Hexane (0.22-0.25 mg GAE/g extract; p>0.05)
4AnTIN Hexane Tlungsionsadniuedn eg1dlsfiniu Ultrasonication ansnsaudiusn TPC
veaudnlaogedidedrfey (0.75 + 0.03 WigwAu 0.51 + 0.04 mg GAE/g extract; p<0.05)

PMnnalNNTYaeNtawas (Xin Quiet al, 2018)
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wlaen LWAR waen L8R
Conventional/’ Conventional 'Ultrasonication'lltrasenication

W 95% EtOH mHexane

A WA 1 danaUSunaansiuednsiufnuainaisanaanaenuaziidneglinlafiainain  95% FtOH

Way-Hexane MgnseuIun1s Conventional kag Ultrasonication fisnwsakanmnaniy (a, b, c,
d, e, PrusuudazAaadll LAAIDIAINLARNAIAUREEUEHIARNINEDR | (0<0.05 ANOVA,

Duncan_Test)

a ¥ a

MNNSNAEUAWS FHeLIADRsEALAT DPPH uiaasatpaniUdonazhnlad
annnie 95%EtOH lwe1 DPPH ICr0 Gf’]ﬁ?jﬂ In#35 Ultrasenication wag Conventional
WU 22.40 + 0.0T4Az 2401 +0.96 ue/mi. Ata U (p >-0.05) Feaenpdesfuy3unad
upAnfige wansdsunumdRaUesaIMuesnnenITiuBYyadass nsstuiny arsafndly
Hexane #fi1 DPPH IC5q 981N Tnalanizdniiaiase Ultrasonication (11,789.17 +
91.00 pg/mL; p < 0.05) Agviouin Hexane limuzanlunisafnanseangniidesannly

aunsnaraeasILeULABaTENilATEItIlaa
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Conventional [ Conventional iUltrasonication Ultrasonication

m95% EtOH--m.Hexane

Al 3 Wesidudmuaiunsalunistiudsnsguaunasiin:Lipid Peroxidation vesansannaniUdenuay

Wanoelialaf afnain 95% EtOH-was-Hexane m38n58U3UN1S Conventional Way

Ultrasonication $enuys7uans1eny (a, b, ¢, d, e, f) v9ufazAaautl LanImeanIULANAIIY

pg13dltedAYNINARR (p<0:05-ANOVA,-Duncan-Test)

A15199 3 SNwUEUoENNVAIINATTLATNHANS g TSN sEn AR N TanAvdeaglinla

(L Uapn)nananagad Conventional wag. Ultrasonication NauULasnaInaaau

'
a

anUaenu (Neuan) 9w 2D (Microscope) AN 3D (SEM)

.
uamwmamsagmgﬂuasqm
gng A RNTEY fnwaznenw (Uasuu)
Control  fipuvagey:  tdunundany (cuticle) Sessh
ainane Lidunsevanaen way
lifleunaduvisedaudanuasy
A
M UL
vdmaaey,  dunuiidnvuzindauu (cuticle)
g BUUAAITDITRENTUNTUAY
WiSeutarouege fuanay
1N128gIOU T HUHITTHIUINN
wdmeaou  ndena (cuticle) TnTndese
yuid daau Tnedsngsesuenuay

msaonveundanulumnay
fuvils fuannieinizegsou 9

N

400X 1.00 kx
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100X 1.00 kx

gns AR anwaiznientw (Uaswa) awdagwy (nneusn) A 2D (Microscope) 27N 3D (SEM)
ndmedou  nanuu (cuticle) finsendivians
U 0 fuialsiSeu uilifuanmzan
LB UL URL
400X 1000X
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s WaENIAAABALNEAHUVAEIN
Tifluanmzannizuuduny
F3 founpdeu  Lnaan (cuticle) SuSesiadatau
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ndwadou | Indnull (cuticte) idnwalsmeny
g lyjasiiane waEuisouusnvany
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nasRaluNuReg TR
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i Aoud1ad untiuanzuualg)
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TAssasawuazdiliidemedaau

aAUTIYNARASYDLANBIUS

ns@nwalistunsiauiatsanaalasnuasadnedhnlalagldiavihazane

95% Ethanol wag héxane HIunssuIUnIsanaaals. mia-Conventional extraction way

ultrasonication extraction HANSTNARBINUINEITANANNUTEANS N WAIanABIUGDN-EtOH

(conventional) @slsimuSunaansiluednviavun (TPC) waztUasifudnisdudenaiia lipid

peroxidation guiign YazfasaiaUaan-EtOH (ultrasonication) A1 ICso A17ian wand

fadnenmanugsiueuyadaseliegnadanu sgdlsinulunisimumdndoue tidenld

arsannanaen—FtOH wasluan—Hexane Ml9a1nnszUuN1s Ultrasonication $2ufu
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\ialinTauARNaIAUTENRUTNTIN NIINAUAaNSTITYY (Hydrophilic; polyphenols) wagensi

(%
a o

laifi97 (Lipophilic; fatty acids, sterols) Sf'fqmmwzsmLa'%:uqwéwwﬁummwdwﬁ’uuaz
duasuarumuIzauuesgasiisy uonand deyavinnimaassagsiouldiiudl
Ultrasonication anunsatagiiiunisuanddneslasainavaduazvanydesaseangnsliunn
Y winaglivhazaesdindeiiufing

dnsunaiagnananduridiomn 3 ges Wi gas F1 (ududunnnsgu:
\UHBn-EtOH 0.1% uaziuan-Hexane 0.01%), a3 F2 (m1uudugegn: Wden-EtOH
0.2% wazluan-Hexane 0.02%) whe g0 F3 (A uiudwidens: wWien-EtOH 0.05% way
ifin-Hexane 0.005%) nansUsBiumInienminuin F2 \ugasiiifnenmgeiian yislu

[
¥ = ¥ s

AU adUlE AMUAIAT WAZATITNTEANEATVULAUNY LTTLATIENA8NaD93aNTIAY

a & 1

ALANATOULUUADINTIA (SEM) WUTIEAT F2 LanednBae U170 d UL NLANs190e 19

WudAgyilaifieuiugnsdu saufanquauaAllagnanims 91989 (Wuuznan) et

' ¥
Yyaa <

& = o o =
Anuausalunsundesndauuainanudsnieiifinainuanizlifo Wy asvieuds
Anenmlunisiliaundundnduniisedunuwuulifesgieen (leave-on) Neundes

duNuInNUanglaagEUsy AN

Ualauauue
1./ mysAnwianuUaeasisselmiliasniisdsuelusvogens
20 nasnageuluagigldauatauaznsusuuIigasiiasessunsnanluse ey

gRaMNT I IBEUEUUSEANS A MLaRITNANLIRRN o VB NGNS TN T

ANANISUUTZNE

(% L3

vouAmMdInIvadvEnmansiasetdowazauda i Judaiuuinnssundnsioe

(%
a

555U (CENP)-aiminedausiyimasmatiuayiipsesilotasiesgianislulasnisil

$18N1591994

fa o

NInes wad 3T warllan vad 3T, (2550), wald 113 viln: Aaim1919715UaeN 1571,
dtiniiuiiauan.

[ ¢ (% (% a a o L3 a % L3 a = ad
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