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Abstract Mcoroomulsions  are caensecl uieed oo lood
prarmaceuticals, and cosmetics due W their supenor solubikzing
capacky and proteciee cag Howewer, a kor g crical
ssuRw h moroemulsions is the quanitative relstanship betw e e
HLE walue and the: physicochemical proporties. Herein, o quantly e
offect of the HLB value onmcroemuksions, fompenus chinenss Smh.
e=sential o (CED) microemuisons were fabncaied. ks corified thes
HLE walues hetw cen 8.5 and 11.5 corespand tothe smalkes? hiphasc
regions, w hie vales between 9.5 and 13.5 cores pond (o e lngest
monaphesic egions. Bosides, te phase cvoldtion from Bmesiar
SIUCIunes W mcroemuelsions was mondored by the Smal- Angle K-y
Scatienng (SAXS) panerns. The physicochomcal propoies of the
resulling emukions, ©.g., polyd sper siyindices (PO, zeta poenbal,
thermal stabiity, viscasity, and conductivity, Were also mestgond
The quamication of the offect of the HLE value an the: formaton of
micracmulsions w il provide sgnificant quaniative and theoreical
guidanc oo researchers and indusiry professionals.

1.  Introduction

Mcrosmulsions  are delined as disporsions composed of water,
of, and sufactams, characimized a5 soiopic and
thermodynamicaly  siable  sysioms  with dspersed  phase
dameles ranging  approcmaicty  from 1 % 100 nm, byplcaly
bedween 10 1o 50 nmf! Since Schuman's iniial repart i the
1240=, ™ mcropmuisiors have been extenshecly wikzed across
warpus domans  due oo ther highly  disporsed  sysbome
pmsessing  significant  imorfaciol amas. These  applcatons
orcompess  pharmacoutical  fomulmions,  cosmeics,  food
products, o recovery, and nanommenial  synthesis. P The HLB
{Hydrophiic-Lipophile  Baknce} valse, a dimensonicss  number
that quantifies the relstiee hydrophiicly o ipophilcty of a
surlactant, = used o descrbe sufactants’ properties. A brger
mcrosmulsion  farmaton regon bypically suggests betbor stabiily

and versmiity. Imicstigaing the quantiative relabonship botw cen
the HLE walies of vanous surfactants, pariculsrly nonionic
surfaciants and akohol co-surfactants, and the areas of biphasic
and monophasic regons N mro holds  sut
scenific sgnicance.

The research on the quanification of HLE walue of foct on the
formation of mcroemukions & barely explored. Only afow relaied
studes have been publshed Bsa Lo ot al corstrucied temnary
phase dagams of noncnik  sorlactaniolwater syslems b
mvestigaie the cifecis of hydrophic-ipophiic  balance  (HUE)
wales and the didecric constant of the ol phase on emuisian
phaze behavier, They demonsirated ot sysiems comprsing
miitures of o surfactanis (eg. By 92 and Bn) 96] exhibded
sgnificantty higher water solubility across vanous phases, such
as modie and ligud crystaline phases, compared 0 singhe
swfactants, thus improving  ermukion stabity and | phese

distribton. ™! Wang ot al employed varying ratios of Tween 80
and Span &0 o prepare omulsiication systems w thddferent HLB

walups and systomoicaly cxamned ther oflecks using leser
particle analysk, mefacal temsion measwemens, and stabilky
ests. Ther resuls revealed that an emubsficaton. systemw ith an
HLE wabue of .65 produced the smabesi awerage dropled see wsh
e narowest panche sie diswiton, songside a3 notably
reduced inlerlacial fension, indicating optimal cmulsion stabity
under s HLE condiion™ Fam ot ol evalusted the role of
exopients’ HLB vales in moroomulsion systems, sysizmaticalty
analyzng ther cffects on emukion Tormation and stability. They
emphaseed that surfactants wih HLE vaues betwcon 4.5 ane
sulable for water-ineol (WD) microemubsions,  whie those wih
HLE vakues between 8.12 are mical for cl-in-w aler [O%) systems
Ther  findngs  undersocored  the mporlance of  solecting

r HBE wales io achiewe opbmal  sishity and
emubficaion  properties for different microcmukion fypes ™
Howy v, thene hawe been no detaled neports on how the HLB
walues o surfactans quanmatenly affect the sire of the sngle

1
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mcrocmuision region () and biphasic regions n pscudo-tornary
phase dagrams, patticulary when hydrocarhons are used a5 the
ol phase. Fovies shdies, such 2 the workby Reimer et al!™l
mvestigated the tomperabore sensitvly and phase bohavior of
ronknic surlactant systems but did nol systematically quantly
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Cymers | 16.6%). Myrcene |12B%). o-Prens (12.2%), and B
Pnene [34%)

The abbreviartions and Tull names used nths afcke ae shownn
e labe belnw

Tatsa 1 Tha by o and (ol memas used in s i

how HLE valups govem the Wansibons botw oen mcrosmulsion
ard biphast regons. This hghlghts 2 gap in understanding the | Toeen | Pulmme
quantitaties relstanship betw een HUE values and micrasmulsion FEG fiymen - [y i il
formation, wihich cur study aime 10 address.
This study developed microemubkions  of CED wia o direct s Jmal-hags iy camuing
ermukfication wlong varics swiaciants and co-swiaciams P Pk daprdy incis
The: resuks demorstrated that HLB walues w ithin she range of 8.5
bo 115 are associiod wkh the smalesi biphasic regions ATR-FTIR Alasitbed tolid il leclon Touie wansl orm efien
wheress HLB valbes ranging from 2.5 b 11.5 comespond o the - o
lrgest menophase regions. SAXS anelysis confirmed shan dunng tLh Hy droghifc L poghile: Eelincs
the preparation of meroemuksions, e phase siructwe ovolens
fram bmollar bqud crystabs o bice phases, ov y b 1, 1-Diphany -2 pery by iy !
ranstiorang w0 of-n-water (W) merosmulsion sirecires as the Il] 2oPhurryld, &5, Sliramel g ke - 1-caidie1-cay |
waler content inoreases. Additionaly, a companaiie ysis o
the: physicochemical properiies of mcdies, absent of essental o, TGN Tharragnin e
and the resubing mioroemasons  reveaked that the pH of the Wi [res——
mcrosmulsions s simiar o that of mceles, yet shay axhini anger
pariche =wes, higher A, and bkow er zeta pobential, wscosty, and oW CH-in-mite
clocwical  conductviy.  Thormograwmetric Anakysis  (TOGA) W "
suggested the presence of areoropes irvoleng alcohol-w aler o
alcahol-w aler-oll sysioms upon hesting. Futhermore, the e of Le-Rrus Dlual-Prerse fom (This ralis o lha turisd regian in tha
high-boling mediumechain alcchok was found to obance the s umary phicis cigrien of themicn .|
thermal stabiity of the mcroemubskrs.  Anally, in the amoxidant S (W) Sirgga-Prirss Anan wdh High Wati Canan! (T sl e
assays, B owas obseved thmt the essemal ol alier Lt B i el :;H'lll-l"ll nisgion i Lha peauks-lamary
phice disgran 1ha miciemubson,. where [h wale
microcmulsfication, exhibiled higher activily against DPPH (1.1- cortial e snals S0 [kt A ]
Diphenyl-Z-perghydrazyl] and  FID (2-Phengld,4,5,5-
tetramethyimdazakne. 3-oxide-1-ouyll free radicak. Cuamifying PELAD PEG-400 masre Bl athoay sl by dreginaliad ceslor ol
the: impact of HLE values on micoemuison formalion: can provide “::::" tolul of 401 vy albyharu groygn in B vingl
L
crucial empirical data and theormcal irsights, beneliting both
research and indusiry apploatons. PEG-20 FEC-A) s Bl ahoay el bl  isle o
ry ok by e
contir a bolid of A1 cocp by bere grougn in i Singh
okic i
2. Experimental section vE vitiminE, o Tapharsd
21 Materials we wilaminC, Ascortse Acd
The surfactants and co-surfactants used are shown in Table 2
Folysorbaie 200 [Tween 20, AR, Folyocyethylene  sorbdan
Tabte 2 Sabcted Sadfactans and Cimulsctnts sih Thar ©omaspendng
monopaimitaie (Twcen 40, AF), Folysorbaie Bl:l[mncnm., A, e
Ettyl Aboonol (AR), Hydrogen Forocide (30%), Forrous Suffaie
Heplahpdrate (AR, Sakeyic Acid (08, Ascorbic Acid (VC AR Sl il HLE,
were prchased from China Rmonal Fhermacestical  Group
Chemical Reagert Co., L. (Shanghal, Chinal. Palyoxyeiyene o1 Daeeen 0 *
{20} sorbitan monosicaraie [Tween &0 AR) and Makral (AR g7 Tweasm BO .8
woene suppled by MackHin Reagent Co, Lid [Shanghal Chinal.
1.z-Propencdal (AR, Ghcenn (AR, 1.2.8uancdcl (AR, 13- = [iwen 40 ne
Bulanedol  (AR), 1.2-Hexancdol (AR, FTD (>28%), o S-4 Twaan 20 T
Tocopheral [VE AR woe purchasod from Alsddn  Bochomecal
Technology  Co. L. (Shanghai, China).  Ethoxylated =2 o ne
Fydrogenated  castor ol (PEG20, AR and Eharylabed S Elhzaylibed Rydugarmbed  clo o (9.5
tytrogenated casior ol (PEGA0, AR] were purchased from o
Shanghai ¥ien Chemical Technalogy Co, Lid. (Shanghal Chinal. 5.1 Elhcaylited hydiogersted  cnler ol 118
DFPH  (»97%] was oblained from TCI Dewclopment Cao., Lidl PG
{Snanghal, China). The Jusperus chnensis Rowb, essemal ol PP LB

[CEDY compenenis are 2= fdiows: Dlimonene  (48.9%), p

2
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L5 Elbyl Ao T
C5-2 1, 2-Propunadel LEL
53 Lilyzmn 11.08
L5-4 1,2-Bul el T 4B
L5-5 1,3-Bul el T 4B
C5B 1,2-Hi srssdinyl ER

2.2 Microemulsion Preparation and Psewdo-Ternary
Phase Diagram Construction

The miperimental procedures ane s fobow s:

1. Proparation of the Mhores: The med suorfactant and co-
sirfactant [Me-3) and Mndpores chinens's Roxb. essomal ol
{CEDY woerecombined in giass vinks af moss ratos of 1:8, 28, 3.7,
48 5:h &4 T3, 22 and 21

Z%pakng and Strong: Each mikiune was scalod W kh nubber
stoppers.

I Waler Addiion: Wt was manualy added dropw e 1o each
mectun: under conbinuols TG al S0 rpm  using a magnetic
stErer (WE-24, G0W) umil a transparent emubkion ws formed.
4(nsorvation and Rocording of Fose Transiion: The
transparercy of cach miciure was observed, and e amount of
wialer added ot the panl of phese rarsion (from clear o b b
of [rom turbd 1o clear) w as recaordedl

SCakulsbon of Mass Fracions: The mass Iractions of the
components wore cakulsted based an the recorded data ot the
prase rarsion poinis.

G Consincton of the Fseudo-Temary Phase Dogram & pseuda.
ternary phase disgram was consirucied wsing the calkcolsbed
moss fractons o deiemmne the oplimal concenirabans For te
bosit microcmulson formation The recorded dma s shown in
Tabie 4

Tabka 3 Thir cosiponnt mins nitsos: of diflstenl Mix-5 nd s ¢ omin poncing
alstainsialine

Surlactamt | Co- HiLly,., | A i
f ) suriactand
fal

M-S | Szos CEanz 134 e WCE-1
MipS-2 | Sams CLians 103 |2 WCED-2
Min-S-3 | Sao0n CEana (13 W1 WCED-]
Min-S-4 | Sme Chians |mi 1] WCEC-
S-S | S1oE cEamz 118 |wes WCEC-S
MinSE | ST CEanm (124 s WCEC-S
MinS-T | 57 0T Canm 118 | WCED-)
Min-S-0 | 510 CE1mz 128 s WCECH
iS58 | SaoE cS202 (130 -
Mip-S-10| Saors 51,0 (144 -
M-S SEos ctians |17 -
Min-5-12| S8 0T 51,00 |8 -

Tha ay bl =" ndicates Sl S roietun of surd actents n [hi [omulaion s ne
sl [ or e f o bion of ol-inowslir miciesubkiions

101002 forira. 20 2400554
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Wi respect o the HLB walue of med surfactanis, i s computed
usng e Tallowing equation:

BLE, =i HLE, 40, HIE (i
wherea, and w, anz the mass fractions of the surlaciant and the
co.surlactant, respecively, and HLE, and HLE, _; are the HLB
walues of she sufaciant and the co-surfactant, respecively. The
HLE valme of the co-surlactant was caloulied wsing the fomula
poposed by Griffin:'

A
H'Iq' " M (ZI
where M, s the moleoular mass of the hydrophic portian of the
mokcule, and M ks the molecular mass of the enlire moleoule.

23 Phase Transition in Microemulsion Preparation by
SAXS

Mcropmulsion  samples @t diieren w ater mess fractons (0.2, 0.4,
06, 08 0994} werecdiecied along ine 82 (Fgure 2, and e
phase sinucire transtions were ested using SAXS. Line 82
ropresents 3 wabor diiion ine under wircless conditons. At ths
speclic ratn (ME-5-6: Tween B0 (057, w| & 1.3-Bulanedol (0,33,
w); wilth a mass rato of Me-546 bo CED setal B 2], the system
romans clear, ndicaing a singie-phase region hroughout the
waler addiion process. SAXxXS profies woe colected  Using
ShodSpace |Xouss 2.00 at A0W wiha Cu Ka radialion source [&
= 1.542 A). The samples were mscried imo 1.5 mmo guarz
capllarics. and measwed ai 2570 under smosphnic condemns

The sample-to-deipckr distance was 1188 mo Oata cobection
w5 perfarmed using SAXSdrve ™

2.3.1Guinier's law anahysis

Cuinker's. low shates thal at low scafionng weclors g the nborsiy
ilgh can be approcmated by: M4
Tg?
Hgh = Ml T il
wbere A0) s fhe scafioring niensiy ot zero angle (9=0).q & the
magniude of the scafiering weckor. R B fhe radus of gyration of

e pancke, which provides a measure of the pancie's see.
canduct the folms ing analyses.

2.3 2 Onmerall confarmiation anahsis

The Avabre indcates that ransforming S020% data inbo the par-
dstance disvibuton funcbon pir] ams &0 swdy e geomcirc
chaaclenstcs of partcles inoreal space more inluively. R
reflects the ireguency dswiiubon of vector distances wRhn
particles, akraing the dessmnation of e makimum dimens lon
Fea: and movphoiogical fratures . Specilically, pir is obtained by
::;H"'F a Founer transform o the measured scatioing nlensiy

L]}
For parickes wih uniform electron densiy, plr represents. the
frequency of vootor kengths r connecting small volume elements
W ithin the particle, witha maximum dmension Rpe. Furthenmore,
e souared radus of gyraton J!."_ w hich chucidabes. the paricke's
spodal exient and rorphokogy, B derheed from the normakeed
second momert of pln: ™

B AR (s

2 [ipinar

Compared o dinectly using scaticnng data, pir] provides o clearer
undersianding of particle shape changes and ther bobewior under
diferem physical condiions, faciitaing unﬂmr insghis i the
spatal sruciune and phase charachmisics of the sysiem

3
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2.2, Porad law analysis

The Forod e secidales  the rdmonship beteeen sorface
roughness and morphology  of dsordored materols al lrge

scatienng angles and the cormesponding s intorsity. Ths
can be epressed by e follow ing equation: I

Jigr=a =1

Bglpufn'rmg afnal g'~q" g Im: sibsenuent couation can be

‘m‘mn MWgh) = bk # b -q° i

For an deal bwo-phese sysiem charactorized by sharp
boundares, the parameier b =0. However, in e presence of
sight thermal dersity fuchslions o clecron density variations, b
»0, wilth s magnbxc gualalively ndcming the size of the
fichmiion region. In guasktwo-phase systems w ithdiduse phese
boundanes oran mierfacial ranstion zone betw cen the phases,
scalienng iniensty dimnishes, particulary at higher angles, e,
s depictod m Fagune 1.

L] T T i ot e

101002 orira. 20 2400554
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al the mooemusons  woe charackerized wsng the Talowing
methods.

24.1pH
The pH af the emulson was measured wsing & Feekasy Bus

poirtinmeier (Metiler Toledo, USA) ai 2570,

2.4 Jviscasity

The viscosity of the mic W using a MARS
&1 rheomeer (HAAKE, Gommomy) ot 25°C wkh a shear roe of
002 577

2435 and polydispersityindices (PO

M & a measre of the widih of sece dsributon in o dsporsed
system, such as colioids, nanopamcies, palymers, or molecules.
I s an important parameter for desc the uniformity and e
detribton range of a sample. Afer raton for a poricd of
24 b, thie meroemulsians woeedled w thdooneed w st b e
nsingmem  sensiniy range o measure e mean panichke

wsing a I Bano 1% [Mabesm instrumenis, LK)

o
Figure 1 Pared Curvirs Under Dl aranl Dy iafons and Ther Comisgonding
Sy sbam Sata Dixyrirs

2.3 4 Fractal analysis

The anatysis of the scatierng effects from compiex,  disordened
mowmials s signficanty smpified  when frecial geometry s
cpioyed 10 describe their siruclure. The SAXS intorsity fram
fractal phjecls folows a swaightforaard power-las dorm by
BaLEDN®

Ig) =B & 247" =
whene B, © ard -or ane corstants. & accounts for background
scalionng o momic-scak densiy fluchotios. O eellects the
scalienng contrast and overall maberial proporbes. o represcnls
the scaming behavior of the frackal abect and & directly oisted
b e Iracial dimersion Oy by o=0-3, where O s the Hausdordf
dmension. By fiting -o, the fractal dmension can be deduced,
providing insights min the surface roughness and  siructural
compleaty ol the maseial.
This approach s adopied becasse fractal geomeiry reduces
compley deordered systems 80 2 fow paramets, such as Oy
which guamiatvely descrbe ter  smclore. The  fractal
dmension indcales  whether  the moienal  forms teee
dmensional netwarks {O=3), yered struciunes (O 2), nesr
structues (& = 1), or sparse sysiems (O=1). Furhemore,
comparing expermentaly derheed O with theoretical simuilions
offers decper imsights ima  phase frorsRons and  struciural
evoltion n such sysicms

2.4 Microemulsion characterisation

Déferent formulshions adhering bo the spocilic mass rato derfed
fram the single-phase regon of the phase dagram [CEQE M5
Wigler = 1415) wee prepared o produce essentil of
microcmulsions  and moolies wEhowt essonial o (with wator
subsiiuing for the essertial off. The physkochemical properties

werepafomed at a 173" scafienng anghe

2 4.4 Fetapalential meassrement and conductivty

The zeta-pobential walues and conductviy of the cmulsions wone
= at room oy o usng the 2 Mang IS5
IMolvem Insinoments, UK and the DDE.3034  conduciivity meber
[$hanghai Electronics Science nstrumem Co, Lid, China) at
25, Each somple was equibraied for at kst 1.5 h before
wesang. This equiltraton Hme was essential for keoping samples
cizar and ensuring the phase dingram remained unchanged,

246 denuated Total Reflection Fourier Transfarm Infrared
Specroscopy (ATR-FTIR)

The ATR-FTIR spectra ol waler, J. chinonsis Roxb. pesemal ol
[CECS, miceles (M, morocukion of ) chinensis Roxh.
essortal ofl [MCED), suiactinis and co-sarfaciams  woe
atnined using a Moolel 550 FTIR specrometer (Thermo Fisher,
USA) coupped wRhan Alicnuaied Tobal Reflecbon (6 TH) modube .
Each s spectrum was the average of 32 scans in the range of
2000 1o 830 cm™ withia speciral resolutan of 4 cm.

24 BThermograsmetric Analysis (TGA)

TGA aralyses of 4. chimensis Moxd. essental ol (CEQ), mooles
1M, moroomuson of 2. cfYoensis Roxh, essenbal ol [MCEQ),
surfactants and co-swfactants wene conducted using a Byrs 1
TGA (Forkdn-Hmer, LFSA) witha hoating rase of § S mn™ under
niragen and syrihetic air purge gases, tach w mh a lioe raieof 10
mLomint. The analyses were perlormed inoan o.almina orucible
e 3 tempershore range of 30-2507

25 Free radical trapging ability

4
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2.6.1DPPH radical scawnging assay

The OFPH radical scavenging acivity assay s a common nowilra
metnod wsed i cwaluabe the ioial radical xa‘mngng :apa:ty d
antiondants in alcohalsaluble enveonmenis. This mcthod
appled io assess the joial mdical scavenging capaciy Df |I1|:
prepancd mcroemulsions nosuch ervronments.  Thee froe radical
scavenging aciwiy of . chnensis Rowd. essenial ol (CEQ),
micekes (W and moromrukion of J ciYmonsis Roxb. esseniil ol
{MCED) wore assessodising the 0FFH  assay. The method was
sighty modfind based on e grocedure descrined By Asres of
al., "and the specific sieps ane s follow s: 2mL of 01 mk DEFH
soluton was added 100.5 mL of MCED, and the muture was kek
n the dark for 30 mnuies. Atsorbance was measwred a1 517 nm
Fesuls wore expressed in viamn E epguealenis based on the
calbiraBon ocwve {0, 10, 20, 40, B0 pgoml]. The mhibdan
porcemage was calcubied with the formula:

Inhititema) =25 oo 1=

A8
whene 4B B he absorbance of the blank and 44 B e
atworhance of the sample.

2.5.2 PTIO radical scawenging assay

fthough the DFPH radical scavengng msay = a widely used n
win method for anlioxidant ewalumton, ® 5 not sufficienty
accurme of comprehenskie for assessing the radical scavengng
capacky of mooomukions akne. The & because the DPPH
amsay requies an akohol-scible envronment, wheresss MCED
has an OOW siruciure and B waler-souble. To achiove a more
accurme evaluston of the iolal radical scavenging capacily ina
waler-scible  crwronment,  the water-sauble PTE  radical
SCaW| a5y W as adopied, based an the method described
bry Li ol "™ v i gt mocficatans: 2m FTIO 105t solfionid &
mkT) was added o050 ml of MCED. The mbiure was swired
for B hin the waler of 37°C, Absorbance of the =amples W
meaured af 525 nm Resuls wern expressed inoviamin ©
oqurvalems hmsed an the calteabon curve [0 50, 100, 250 and
&S00 pg-l”), The pecenlage reduction or inhidion of PTID
radical scawengng acthry w as idenbical to that used for DPPH

2.5 A Hydnagd radical Scavenging assay

OFFH and PTIO radicals are commonly  wserd for evalusting
radical scaverging capacty bt cannol assess the scavenging
abilty of amoxdanis aganst speofic mdicals such as hydroogl,
suporood, O nivic odde rodicals. Hydracgl radicals won
soipcted as the targel dur b ther high reactivity and prevakence
in the: human body. Based on the method of Li et al, = wish skight
moddicmions, the specfc sieps anc as follows: 1 ML MCED wis
miced with0 S ml FeSO8E mi, 1 ml salbcybc acid (B mi), and
O5mL Hily {29 mi). Adier the mstore: i ey moed 2nd siand
for 1h i the dark, the absoobance walue & measwred ai 510 mm
by LW spectrophobtometer.  Resuks werne expressed in viamin
oquvalems hosed on the calbration cuve: 0, &0, 100, 250, 500
ard 1000 pgrrl."h Thir peroentage reduction o inhitriion of the
Frgdrocyl racdical scavenging acnaty was identcal b that wsed Tar
DPFH

2.6 Statistical anakysis

Al measwemints  wene periormed in rpcotes and dala ween
reparted as calculind mears and standard cevisons,

3. Results and Discussion

1001002 forira. 20 2400554
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31 Effect of Mix-5 type on area of MCEQ phase
diagram

Ta acheve cptrmal cmukfication, short-chain akchoks are used
as co-sufactants wih sclected suractants o form mived
=ufaciants (Mx-5). The psoidodemary phase dagrams of the
CED with several M-S were shawnin Figure 3.8 o Figure 3.0
Fovios  pxiensee research hes clodaicd that the phase
behaiowr of emuksion sysiems & a funcion of both composRan
and  temperature ™ The  formation of mcroemukions &
mimmsicaly nked 1o the nierfacial tosion of the sysicm
Meroemukians  are generaied only when the augmentation i
mierfacial freecnergy is sulficienty minimal, thereby aliowing the
envopk drving forceof the disperson process 0 predomnae 460
The spomancois  owvalure of the  phese  nledace
mcropmubsians. can be descrbed by e dmensioniess packing
parameter g .

Ly {1
whore vk ropresems the hydmophobic volome of all surfacians
and co-sufaciams, ah & the area requred by all amphphiic
molecules at the mieface, and L indcaes the length aof the
fydrophohic  segment.  The  spomancous curvatune ol the
mierface can be of fedively modulaied by the invoduction of co-
=wrfactants. Athough the conrbation of co-swfactam mkecules
ta the nierlacial area s negigble, they signficantly augment the
hydophohic  wolume, therchy diminishing  the  sponlancous
cuvalure and cormsequentty enhancing the packing paramecter
[Aigwe MY  Macroscopicaly, comclang  the  opsmal
compositions  of varos ralics betecen swfactonts and co-
surf actants with their HLB valmes eriables the rapid idenilicasan
of the rost sukable farmulstions of serlactants and co-surfaciants.

-®__P-

g, | ?uu-u.r- g b

v

™

Figera 2 Schamatic digram fulniing how eo-Surlaslim! molisks nensee
By drophole volume, e S pon leneous curvabes, and antence the Eeking
.

The poporiion of DdAren and SoArea (W) (Table 1) in
meroemubion  sysiems wihHLE vabes of diferem Mx-5 wos
shawnin Figure 28 which revealed thst momemuasons  fammed
try mbied) surfactants with HLE values w ithin the range of B.5-11.5
shorwed small O-Area, while thase W ghin the HL2 range of 9.5.
135 deplayed cxpanded S-frea (W), This resur difers from
Fanphaiboan et al's findng thal the optimal siahiy of osirich of
emukiors was achioved al an HLE vale of 55 F*™ The
diference & due o the {afty aod composidion of osirch ol
campared % the monclerpenes inessential cis, and the absonce
of cosuractants in oswich ofl omuksions, resuting nodiffeent
=wfactant sysiems. The phonomenon could be afribubed o he
miercalton of co-sudacknl mokcues  among  suractant
molccules, thorehy recducing minfacil torsion. nadegeaie co-
=wrf actant molecules {aied {0 elfecively reduce miedacial oreion,

5
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whereas  excess  co-swfactam  molecules mght cause C AT, WY

spontanccus curvature of droplets from concave to comeex, s " “S-Ammn

resuting in droplet mstabity, b and de: ot D-Area ~ 0230

thereby enlrging the biphaskc non-mcroemulsion domain " A S-Arca{W)-001I8

comparison of the S-Area (W) betwemn A and F, G and H, K and
L that co.surt with chain lengths
{such as 1,2-butanadol and 1,2 dal exhbted sup
co-solency properties at sutable ratns. Simiky to the findings of
Gradziciski cof al, '™ where co s such as 1

were show nta sigdcantly enhance the sclbiization capacty o
the system by ahwing morfocal tension and  molecular
o The L nDand G codd be

)

attrbuted to ethoxylated hydrogenated castar of (PEGAD) having
kyger hycrophic groups, thus facltating the casy ingress o

Km=3

smolker cthancl molecukes Mo the shel layer among surf
molecuks durng drogict formation, thereby reducing nterfacial
tesrehon

o C O D-Ares
A 10 T s-Arcatw)
ot D-Arca = 0.202
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Figure 3 F‘nuh-l-nr.r' win dmrans sih o lened M-S and e
ralalicraiup bvwaen (h HUE vl -5 el B DA and S-Aoem (W]
(A Pk barrsry phices diasgram of CEO wih ka5 (Taeeen 20 D0 &
Elhyl kst 0.2, oy B Pauic-demry phine dagrm o CEC sh Mz -8-2
(Twmen &0 (0.5, of & L2-Masanedel 04, wf; C: Pusstdolamery phics
dhiggram ol CEO wah M-S0 (Twanm 40 .25, w & Ethyl Acosol (0.38 wi;
O: Peisde-lnary  phase dagarm o CEO wilh Ma-S4 | Essery el
Ipdeoimradid cirtor ol PEGAD @8, of & 1, 3Hieansiol 0.8, w E:
Friaui-dmery phicss degim of CEQ sih she-5-5 (Tesen 80 (08 o 4 1,2
Ewtariainl 102, ol F: Pasudolamnary u disgrarn of CED wilh bkn-5-5
(Twsen B0 87, of & 1,3-Bulsmdil J033, oy G Pussolamery phice
digran of CED wity MocS.) (Elhany kibed hy croganalial inter o (PEGAD)
MAT, o & 1.2-Bulimaedsl A3, wi; H: PN iy phirve chigran of CECH
i M58 (Twaen BD (0.8, ub & Elbyl Mlzohal 02, il 1@ Prinsdo-lirmany
pRasa dugram ol CECHwdh Mie.5.0 (Tasan 30 J0H, wi & 1.2-Propumadal 0.2,

1: Psue-barmua " ol CECHwit Mix-5-10 (Twssan 20 (074,
:x-l Ettrpl Aleohol mmﬂmlml ghiria ﬂgllln al I:M%-nﬂ
ME-5-11 (Elhcay lated Rydrageritead caslr ol PEGIT 2.5 w & 13
Hucarsalnd {08, wff; L Foudolanany phase digras of CEO win Mie-5-12
(Eliwny lited ny ciixpanated caslorell PEGI) (067, w4 & Eshyl Alcohod (033,
iy M Thes peopention el D-Arasard S-Seas (W] in miciosmubaomn &y sbam s wit
HLE v ibusics of ol Isasa il e -5 |
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CramManoMat

3.2 Phase Transition in Microemulsion Preparation

It 25°C SAXE dffraction was performed on the mswe along
diulicn: Ine B2 of the pseudo-iemary phase diagram (Fgure 3.F)
The resuks woene depoied in Figare 4.

3.2.1 Guinier's law analysis

A iusiraed n Figae 40, @ ow waler conlent (02 w), e
5SAMS data revealed o sharp, stong peak at gl - 00729 A7
alongside o noficesbie Bguid crysial dffracton peak at g2 =
01460 A7, witha ratin gi: q2 = 1:2. This ralio & chanciensic of
a lamelar quid crysialne phase. Relermng o the processing
method wsed by Lo o al ™ 8y combining the Braggs ks
Zdsind=ol and the rellionship betwoon the scatenng weckor g
ard the angle 8, g=4x5ing /L, the relstonship betwconthe goalos
ard the I‘ﬂm Spacng of Is amaned BSQ-EIIEII'E, whore s 5
e incidient ﬂ'l;l’! i Is the difraction order, and 4 is the xﬂ?
wavelength, the byer spacing was detwrmned B0 be 251 AL As
the w aler coment increased ta 0.8 (&), abigh-mensity sharp peak
was observed in the kw gvale regon al gl - 0DSEY AT
Concurently, dffraction peals comesponding to the amellar
Iquid crystal phase wene observed ot g2 - DOGES A and g3 -
01336 A7, indicatng an nital bmelar spacing of 952 AL This
suggesits that the ncrease inow ater content keads 0 an capansion
of the: mellar spacing. With a further increase i w aler coniet o
06 the difraction peaks ol the el bguid crysial phase
disappeared, and a s¥ong, broad peak appeared atq =0.051 A7,
mdcating the presence of brger siructures in the: system, possisly
mdcatng  the formation of a  biconinuous  phase.  Those
transiions ane similar 1o the resuls jpreviesty reporbed by Kogan
ot al " asdiionally, a low intorsity broad peak was absorued at
g = 01354 A7, indcatwe of an O struciore. ™ As the walr
conlent comnued 10 ncresse, the bigh-niensty difraction peaks
across the entre g-value range ciappeared, while the ow -
imensity woeakdiffraction peak shifted tow andslow or g-walues. F¥

1.2.2 Owesall eonlorm alion analysis

Wrphological information: about the coladal panticles, including
their  maximum  deensions, can be obtsined  from o the
configuraton of the pair distance disirbubion fenction pin, as
isiraied in FAgure &8 Al low o waler conienis (from 0.2 1o 0.4,
], thee mammum neal-space dmersion expanded from 41.5 A o
427 A, conesponding %o changes in the niedayer spacng of the
lamedar bqud crystal phase. As thewater content increase to 05,
the symmedry of i further deterioraind, withthe maomum neal-
space dimension cobmdng io 675 A Ths ndicates that the
system transitioned  from a lamellar,  ordered  bgued  crystal
struciunz 1o & krger, more dscrdered bicomnuous phasc. 'Wih
further increases i waler contend, the systems maxmum real-
space dimersion gradualy decreased and the symmery of pia
impraved "' At & water conbert of 0834, pin exhbked high
symmery, refecting the geometic  characienstics of sphesical
paricies, witha maximom roalspece dimersion of 19.7 A,

1001002 orira. 20 2400554
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32 3Parad's law analysis

The correlation pint oblaned from Forods law was depicted in
Fgure: £.£ Al sysiems dsplyed posive devitions, suggesting
addicnal  scalicrng  induced by sublie clecron dersky
fluciustions witin the sysem!™! The scale of regions wih
mhomogenenus elecyon density could be characienzed by &, and
adecrease now aler conlent reduced the exent of these regions.

32 AFractal analysis

The fitting resuls for the fractaldimenson of the system at variows
waler conienis were dustraled i Figure 4.00 The scatiorers
cxhbicd mass fracials under warying waler comems. As the
waler conienl increased, the fractal dmension of the system rose
from 208 (a 0.2 w) o 270 [at 04 &), idicaing that the
camplexity of the lamelar bquid crystal siruchores noroased wih
the rsing water content, and the density varistios became more
poncenced wikh sze changes. Ths obscorvalon was ako
walidated by the specing betw con the bmellbr siruciures. Further
ncreasing the water coment ked o a gradual deoresse 0 the
fracial dimension o D42 (a1 0984 o), suggoshng that the
sysbems struciure became increasingly simple and comooc.
Which relormng to the example resubs of Ignic samples
mentioned n the study by Bae el ™Y
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Figura & SAXE sesulls of mecnssmulions sith &l walir conbants uu:
brmt 33, A} g wu. 1gl, Ihe il in Bhe ugger 1ghl coman shees an ankingems
of e ned chribead Box. B dutincs dibibubon Foncton pil) obbaned Tom
Fomir Inamslem, &) Filling nmuls accodng 1o Poeds e, Of Tace
ieins i obained from [llng SAKS daa
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n concheion, af 0.2 water conienl, the moosmukon W
entrely composed of a high-viscosity lamelar bqud crystaline
jphase. As the waler contert ncreased, the inberbyer spacing of
ihe lamellar structure expanded, resulRng inincreasod svuchral
complexty and densiy fucisations, and a irarsRon ooa
mcontinuous phase w ith interspersed waler and ol The hmellar
phase dsappeared  and was replced by 2 large-scale,
deordered  biconbnume  siruciuse when the wals oontent
mncreased fo 0.6, With furthor ncroases inowaler content, The ol
was progresshicly separmed and soklcd by the waber, forming
wlipznidal coleidal pavticles that became: increasingly ordered, Al
0.9594 water conbent, the chpsodal parbicies fully ransfarmed inbo

hghly symmetncal sphencal sruciunes (Figure S
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13 Physicochemical properties of microemulsions

The resuls of mooemuison characienzaton, ncheing pH
particle sze, AL e poienial conductviy, and wiscosily, are
shownin Figure & These resuks o dsoussed scparaicly as
foliows

131 Size, pH, wiscasity, PO, asta-patential measrement
and Canductiity

The pH values of modies and micrno afimr al
mcorporation: cahibied negigifle variion. The corspiououshy
low pH vabes of moolies od essobal ol microemubsions
prepared with B-5-1 and Mi-5.6 were may be reled (o the
smaler pariche size of the meroemukions  prepancd woigh Tw een
&0, w hch resulls in & higher spocific surface area, providing more
space for the adsorplion of hydnoide and ydrogen ons, lesding
%02 kow er pH value. The partcle sizes of moolies contaning M-
51 and ME-5-6 markedly oxoended e microsmukion range,
manfestng visually as miky wrbid bquids, a phenomenon nok
atserved foliowing the addiion of essential ofs. The scecion of
mcroemulsion rabios was based on the phase diogram, wherems
alfree mcolies  {emply merocmukion shels)  cabibied
demukficalion at ambierit temperahore, biely due o Tween B0
salidficabion at reduced iempermtures  no e abserce of ol
mokcules. Other mcelkes exhibicd sgnificant expansion upan
whe addtion of essemal ol resuitng D inoDeased partiche ses.
Among them the M2 mcdkes expenenced e keast eopansion,

10
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w e dismeter moreasing from 5.5 nm ko 167 nm. In contrast,
the M-5 micelies demonsirsied the greatest expansion, w iththor
dameier noreasing from 8.3 nm o 34.% nm. In other groups, the
moorporaton of essenial ois precipisted  mccle  dameter
epansion and increased PO whils the absolie reta poltential
walues woredminished compared &0 the comesponcng miooles
The absohee zeta polential values for these moroemuisons and
mcekes ranged from U1 to 08, polentially corndmed with the
soipcted proportions boing cose 0 the mooomuison  phase
disgram  boundary.  Conducivly  demomsiraied  a posite
corrdation with absolin zeta polentinl vales.'™1 The shear
wiscoskes aof al moroomulsions  wers bwe than what of the
cornespondng mogles, possinly duc o enhenced  mepancio
mmactors resuling rom the smoller diamcbers ol the micolies.

b= |

ekl ] T T e e e e
[T

ol -E.“.. ahm

Figural Summay ol Al pH, B pasticl slor, CF Gl potantil, D) viscsalky, E}

PO, ind F | combesi by sisalls o micime subions greped with o leent
M-S PSR frem M1 1o AAS, -5 & DLIA-0 A0 fram
MCECT I0MCED-) T o ol Db belin-5-1 : Twaen B0 BB, wl) & Elted

Alcohalll 2, ul; M-S A0 (08, wd | & 1,7 Huxarsdiol Mz
53 - Ty qulmn ¥} l.mmn:&-&m.lu\ FI e :EE:Tuxu
pdiogaraind caulor ol (PEGAD) (0.5, ai} & 1, 2-Hecarsdiol 0.5, M-S
5 - Toamar B3 J0E, «f] & 1, 2-Batarediol (0.2, s bS5 Tawn 80 (08T,
wd) K 1,3-Bulmnasicl [0, aif Mec-5-7 - Ettocyliled hy deogiralad il ol
PRGN (87, wl k1, T-Eatarediol (033, alt M58 : Tessin 83 106, wl} &
Ethryl Alezhol |02 )]

AI2ATRFTIR of variows micelles and microem usions

The atterusied ndal reflectance Founer ansfom infrared (ATR-
FTIF) specva of varcus modies and moroomulsons  ranging
fram 400 o i 4000 om™ ane depicled i Fgure 7. The infrared
specira of moeles (W1 o M| eshibied a hgh degree of
congrueEnon w ithithelr comresponding merosmulsians (MCELT o
RLEQE). This indcmed that the coloidal parcies o the
mcrocmulsions  possessed a surface slale anslogous o the
mcekes N othe aquens salion, suggestng thet CEO had
mfilrated the nicror of the colinidal particies, thus forming an
QMW siruciure. In particular, the brosd pesk inoregion 1 and the
pek inoregion [ woere attributed io the O-H sweiching wibraaon
ard HO-H bending vibration of waler moleoules, respocively.

1001 002 orima. 20 2400554
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The peak noregon [0 was primonly caused by the stretching
wibratons of te .CHy and <CH: groups in the surfactant and co-
surfaciant. The defailed struciure within region [V was shown n
whe upper nght corner of each subfigure m Figure 7. The ©O
s¥eiching vibration peak of primary alcohol al 1050 cm’ {point a)
mndicates the presence of dilferent co-suractant molecukes {shor-
«han alcohaks) an the swiaceof e mooemukions o moeles .
theehy  confimming  the  preserce of these  molecules.
Comparing A, Gand HwirnB, D E and Fin Fgure 7, the C-0
sieiching posk N Mo or mockes wih
ethanal as a co-sufactantwas more pranounced than w ihother
co-surfactants. This heighiened niensiy & el dur So cthenol s
smaler moiccular woight, which resdfis inoa higher molar
conconiraiion 2t an eguvaleni mass fraction

e M| [

A -1 A

H g B

e U]

— Twecen &0 i
= Ealryl Akl
— Esscritl ol
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Absorhance (s}
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1.3 3 Thesrnal 2tabilityof micelles and microem usnng

The thermal stabiity of micelies and momemasons with vanous
coOmpsRDNs was assessed wa TGA experimems  (Figuore 9).
Moninic  surfactants mandested  proncuncesl  berooralare
dependence, as the hydrabon of alyl cthoxylse  groops
progressively diminished  with increasing termperature,  Shereby
alhwring ther profemed curvature (Figure B).

Figurad Tha sl'lec] of lmgendune on e mic el sbociune Fomed g aononi:
sasil in L 7Y

This refaliorship stoms from e corsiderable varlsbon i the
schvation of the head groups of kil ethouylates. and aloyiphenod
cthouylabes. with wemporabore,  whih in wum shers  ther
genmetrical requrements af the olow ater interface ™M With reing
temperatlure, e hydration of the essential of head groups of alkol
ethoaylate surlactants decreased, thus requinng kess spaceat the:
amphiphdc  imerface (Figure 100 Consequenty, at kweo
temperaleres,  tese  swiacionts stablzed  cormcy oilw ator
mefaces, whic at higher lemperatures, thoy stabiized concave
cibwaler inberfaces [convex and concave are defined from the
persprctar of the aqueces phase). Atniemedaie temperatures,
a fiat inberfacn w as preformed. At o speolic iomperabre, Enownas
the phase mwersion femperalure, e moan curvature of the
surfactart at the miedace becomes dealy zera, resulng noa
“baanced Mmoo ° A5 thi F@ nCroases., the
mcrosTulsion  moorcscopically ransdions fram an ofl-inae aber
(DY} sruchere 80 & bicontinuows phase and subsequenly into a
Iquid crystaline phase or 3 water-n-al (W) stnechure 19

By ulipivg wl, wZ and wl slongsde ek o I ]
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cuves of meeles and mcroemubsiors at TB and TE, wihisuch
panis only manifesting at TG and TC.
3 ]

EREE
Vo % 1

Fgrorin B T, susaals ol it rmiculin s comanpondng micismubini
Pl 5 = 0240 B iom -1 to ME, O .S = (L0850 20, 15 from RCECR]
B MCECHH) ICeaposibion of haMx 5.1 - Tesin 63 |06, wl} & syl
Ficonoll.2, ull; -5 ; Tween 40 (0.4, w) & 1,2-Hucsmecl 0.5 ul]; M-
51 : Temsan 40 (075, wd) & Etby | Slcoinol [0S, ad); Mis-S-4 : Ellcy ks

A caslored (PEGI] M3, 1) & 1,2-Hacinedel |05 of|, M5

temperalures, the thermal stabilky of varicus microcmulsion
sysioms w as rigorously quantified [Fgore 9). These parameters
ideally correspond to the lerminal temperaiores of volatbivation for
woaler, cosurlactant, and essenial ol, dencted as TAS, TH, and
T, respecively. For systome ncorporating volatle cosurfactants
sich as cthanol as depicied in sectiors &, C G, and Hin Agure
2, the TEA ourves of mcdies and meroomulksions  demorsirated
subsianiidl owerlap prior G0 reaching & ooiain bempoature,
indcatve of congruent or highly analsgous thermal behaviour ot
this pnciure, This phomomenan s osiensibly atirbtable o the
predominant wolsibrmon of freew ater or the co-volmlzaon o
waler and otancl. Wih Twther temperalure  escaltion,  the
cuvalure ol  the amphiphilc  mesface  layes within
mcrocmulsions  and micelles undergoes alleraton, preciptating
the onset af essential ol volatization ™" Owing io the reitely
shuggsh  wolstizaton  rme of CED, the TGA cunes of
mcrasmulkions  and micelles  commence  dwoergence. The
diegence movks the infored rr 2k which oil
wolntization  indistes within the morosmulsion 0 s hghly
plausible that the pssomal ol oo-owalmbres with waler and
chhanol, gaen the absence ol dstinct nfiecion poinks inthe TGA

5 : Toisen 80 (08, uti & 1,2-Bulsrcl 0.2, ofk. Mz-S8 - Tessin B3 067,
i & 1,3 Buliseksl (033, w); Wie-5-T : Elheay ibed Ry ciogerated caslor of
|PECAO) AT, af] & 1,2 Buliredl (0000 ), be-S-H : Twain 30 (08, ) &
Exfw | Alzohal 0.2, ui'e)

i F ] Y
§ ¥ g
= 2

lincrrusing Trmpsraiwe -
S W frmet
L 2 :{.;;.:.;3:;.3:; a-.__,,.-_l_:-_-?.i._-g.g:j_jn._-‘

Figera 10 The sl lucl of ervgeniluee v inslon on e ooy sluse chinges: ol Be
exd-watin b e
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34 Antioxidam activity

In nmerous  prioe iwestigabons, imonene has beon dentified as
a poient amnxidant capabie of scavenging fres radcals both n
wiva and in wir ™™ The radical scavenging capacities of varous
mCrocTulsion  Sysiens moorporaing CECL a5 well as the pure
essential ol woremeticulously mssessed using the DFFH - radcal
scavenging assay, PO radcal scavenging assay, and hydoooyl
radical scavenging assay weredepcied in Figure 11,

Fgue 114 cieary demonstrated  thet the VE (wiamin B}
couivalpms  for DFPH radical scavenging by MOCED won
consistority superior to those of e pure essential ol Nolably,
the merocmulsion  containing the surlactant Mi-5-6 exhibied the
highest WE equisaiom for DFFH radical scavenging, achieving
774 pgal”, nearly threcfold higher than that of pure CEQ (26,4
pgml’). This resull was predominantty atirbutable o the sokent
chemical erwronment of the essential ol For substances wih
significant polanity, the incorporation of waler can expedic
hytrogen tramsfer dwing the free radical scavenging process M
In the eepoimem, methanal sorved as the sokenl, and the
antionidant  efficacy of CED was markedly enhanced in the
presence of w ater. Thes enhancement w as also ohsenvable i the
PTID radcal scavenging assay in Figre 118" whee the
microcmulsion W ith swrf actant Ma-5-8 manfesied e highest VE
{vimmin ] couivalent for PTD radical scavengng, measunng
2575 pgml’, mne than double that of pure CED (128.2 pgml’
1

I

Howeier, as shown in Figore 110 N the hydrowyl radical
SCAVENQING assay, the scawenging raie of the esuential ol (CEQ)
was conssiently higher than #hat of the cssemal al w ihin the
mcrocmulsion. ks important o note that the scavenging rabe of
the essential ol in the mcreemusion should be determned  as the:
difference betwenn the scavenging e of the morosmulsion
(MCED) and that of the microemulsion shall w thout esseniiol of
M. Addiiorally, e moroemulsion shell wihon essemal ol
alwo exhitiled a ceran degres of radical scavenging abity, which
w15 notobserved nthe OFFH and PTID . assays (Agure 114 and
Figue 118, This phonomenon may be atiibeed oo the
enceptionally high reaciviy of hydroxyl radicals, whichcan react
wi ith surfackanis oven in e absence of essential ol Therefone,
for hghty rmactve radcals  such as  hydrosyl  rodicals,
microcmuls fication may not of (ecively cnhance the essential of's
radical-scavenging copabify.
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Figrrin 11 Retliineickird nicils of CED, MCED, ind b iy & wlh o anint las
radicab (A OPPH nbeal scavingng mlhod, B: PTRD nd il scoyinging
melhod, £: Hydreay | idical scey inging shed) KW -5 - GOS0ELS
Hrom BCEC loMEEOH) (Compositon of Thibic-5-1 © Temn 60 J0E o &
Esy I Alzoholl 2, ) bhin 52  Twmen 40§35, 1) & 1,2 Hecersdinl |08,
BAE-5-3 : Taman 40 (074, ) & ESrylSeohel 125 @} Me-S-4 - Etfey kil
Ry dmgenmted canlor ol [PEGA0) 0.5, ot & 1.2-Hesanediol (05, adf; bS5 :
Twmen B 00K al) & 1,28ulsnediol (0.7, off Mx-S8 : Tmen B100ET, ul] &
1.3 Bularabol (033, i MocS.T : Elhsaylibed Bydnigemdsd crilor ol
GPEG) (17, W) & 1,2 Sulsnediol (3.3, ] MocS3 - Teemn B0 J08 o] &
EmylAlzohal (0.2, W)}

| MR A k) MRS R MRS 10

4. Conclusion

The shudy systermtcaly oxpiores the quantiatve relsionship
betweenthe HB valies of poloayethylene nonionc s actans
and ther mixiures with shart-chan akchok, focusing an the
emukfication peformance of mooomusons.  Furhemore, &
evalumes the physicochemical properties. and in viro amoxidant
acwiy of mcropmubsions  exhbiing  optimal | ol fication
performance. The resuks of the pseudo-ternary phase diagrams
reveal that microemasions  with HLE walues ranging from 8.5 in
13.5 possess exlenske sngie-phase cmusion regions [w ke
cament great than 5%, while mcroemubsians w ithHLB values
metwenn 25 and 11.5 exhitl smoller biphasc regors.  Thess
res ks are comparabie 1o exsing findings, pancubry n wrms of
HLB range. Hong cf al. demonsvaled shal O0W culsions
formelsbed with Span and Tween surfactanis achiresd the
smulest dropiel sze and highe zeta polential values within an
HLE range of 10.7-108 M Simiarly, Mertin ot al. stdied shyme
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essential oi emusons and idenified an optimal HLB range of 9-
9.5 faor stable formulations, #4

The improvemnt in cmutsificaon elfeciieness & atriboted o
the preserce of niermediste-chan-ength co-suractans such as
1.Z2-bulancdol  and  1,2-hexancdol  whch reduce  inberfacal
tersion and favor higher entropy, keading 1o mcrommulsions w
srroller particie sizes and higher dispersion™! This finding offors
waluabie gudarce for swfaciant selection in systoms ke drug
delwery and persoral cane products, contribuling to improved
encapsulation  effioency. conroled release,  and  siructural

megrEy.

LAXS studes further cucidale the relationship bebween phase
siruciure ranstions and wadkr contont fwith a fined ol rabio)
during mcroemulsion  preparation. Low water contents. (bolow
02 couse dsincive imerface betwesn kpophiic  pheses and
tydrophibc phases. "™ s wmer content increases, the distarce
botween uid orystaline lwers expands, rarsRoning o a
bicontinuous struchre: at LG water content. With further increases
In waler conlenl, the moropmusion  siruciure evakes  nic
elipsnidal droplets, with symmelry improving 2= waler content
continues. 1o rise, uemately farming perectly symmetne sphesical
dropicts. Charackizason of the physcochemcal propertics o
the mcroomuksions  reveals a stabie pHorange [15.65) and
paricke sees (15 nme35 nm). The addbon of essential obs eads
o micele copansion resuling in lrger microemulsion dropiets,
moeased P and deoressed absolie poia polential vabes.
This ndicates that erwronmental condidions, such a5 the use o
Tween &1 I:pH = 15), shoud be corsidored when sclecting
surfactants. ATR-FTIR confrms e formaiion of OOW mcdies,
w thco-surl actanis potentislly ncated at the micelie niedace The
incorporaton ol high-boling, low -valatiily medume-chain akcchols
a5 co-swifaciants can signiicantly enhance the thormal stabity of
mcrosmulsions, thormally siabie meroomukiors can act as sale
carners. for flwors, nowal pgments i food, or as perfume
ahpmalives, weventing wolmiization during siorage and franmspor.
‘iaier-based sysiems ako enhance salety.

In virn antimidant  fests reveaked  that mcrocmusfication
erhances the reactivily of essentnl ois ow ard DPPH. ard FTID
radica by acoelieraiing hydrogen framsfer in the presence o
waler, ndcaing  mproved  anbomidamt | perfommance. This
conchsion highights that mioroemuislication can probect vimin
E (VE). improwe is walcr solubiity, and cohanoe is antoidant
capacky, thoreby boosiing #he efficacy of VE in funcbanal foods
and cosmelcs.
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