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ABSTRAC 

Gae (Momordico cochinchinensis) is a medicinal plant that contains high beta-

carotene that has potential to be used in a skin care product. This research developed 

the formulation of bead containing gac extract from micro-emulsion and emulsion. 

Then the highest stability of beta carotene bead formulation was selected to 

formulate into serum and determine its stability. The results of the beads production 

showed that the emulsion beads could contain more gac extract than microemulsion, 

and the formula X2 beads have the highest entrapment efficiency and showed 

maximum stability in pH 5. The formula X2A and X2P contain more than 85% of the 

amount of beta-carotene after one month for acceleration stability test. The 

results of the stability of facial serum products mixed with gac beads revealed that all 

formulas were slightly changed in pH and color but decreased in viscosity. All formulas 

contain more than 70% of remaining beta-carotene. The results from the consumer 

test found that the formula X2PF04 received the most liking scores. From all studies, it 

can be concluded that gac extract in the emulsion bead has a potential to be used as 

an ingredient in skincare cosmetics. 
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'U~~V1Vi'llt11b'U61V11. D':i~f1Vl "ll1n1?1 ~-.:imJ~eJ1b.lleJ~'Ubb61 ~-.:JVll\?leJV1';i~V1tl bU'U~D';!~f1eJ'Uf11';![;-J~(91 
" ' 'IJ 

bfl ~ e:i-.:ir;11m-.:iOJ1 n tl1JJ''U:w~~ ~11 bb61~-W n.LJ 11b~e:i~1?1"1l1V1oJ1t1~-.:i1mb61~~1-.:iLJ':i~bVI121 'LI e:i n OJ 1 mlm'J-.:i b U'LI 

b-.:i-:i1'U-r'U~ 1-:J[;-J ~(91 bfl~e:i-:ir;11 eJ1-.:J (OEM) 1 ~ bbtl61 f1 A1~'U 11?1 ti ~LJ ';!~ f1eJ'U f11';jlJfl11:wd.J-.:i~'U~OJ ~~ VlJ'U 1 
'IJ 'IJ ' 

m':l:w1661 rll?l611':iOJ1 nVl n.LJ 11b~e:i1.iJl 'U i;-J~ vii\' rusrl bfl~e:i-.:i r;11m-:i'1.Je:i-.:Jvi'U bm bb~ b ~ e:i-.:i o;i1 noLJ'e:i"ll1 nl?l'IJ e:i-.:i ?l 1':i 

6'1n\?lV1n.LJ11bti'LI6'11';!f1~:wJ1JJ 'LI ~:iJ ~ b Vl~ eJ-.:J ?i':w b .LJ:w bb61 ~n f1 ~'U~1d.JV1-.:iLJ ';!~ 6'1-.:J AVI 1-.:J bfl ~eJ-.:J r;11eJ1-:J v\' 11 ~ 
' 

i;-J~vii\' rusrl bfl~e:i-.:ir;11 m-.:iOJ1 nV1n.LJ11il~ b Vl~e:i-.:i b .LJ:wmn 1d.JoJ11 if-:i1'U bb61 ~Vl1 nOJ~i;-J~vi b U'Ui;-J~vii\' rusVI b61J~:w 16'1 

191e:i-:i~viJ'LI11 'U':llJ bb 'U'U 1:w 1fl':lBJJ 61i'U~:iJLJ~mru 611':i61 l?l bb ':i-.:J~-:i~11 'ULJ~mru ?l-.:i zj-:imOJv\'11 ~ bnl?l f11':i 
'IJ 'IJ 

b~eJbU'U6'11':lr;11r1~1'Ui;-J~V1i\'ruo/l~bb61~1 zj-:iVJn.LJ11 (Gae aril, Momordica cochinchinensis Spreng) 

b ll'U ?l:w 'LI 1 ~';!~ oJ1?l'U10J bb61~n1~ -.:i hH'U A11:wiJ t1:w 1 'Uu OJ o;iu'U :iJ m ':i b ~ 1~LJ 61n1 'LI 'll:w'llmb61 ~~11 LJ1 'LI 
'I 'I '\J 'I 

LJ':i~ b VI 1211 VI t1 ~1'Ur;11r1~'1.Je:i-:iVln.LJ11f1m~e:i~m:w~1?1 zj-.:i b U'U?l:l~'U 1 ~':i~lJt]V1iV11-:i b.ll~'lllVlt.11 rie:i'UoLJ'1-.:i 

nl' 1-.:i ~ 1?1:wlii'1 tl6'11':leJeJ f1 t]Vlif1~lllbfl b'Vl'LI eJ t1ii (carotenoids) 11?1CJ611';! bbfl b'Vl'Ue:i ti iir;11r1~~~'U A eJ 
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bu ~1 bU"l hV1ti (~-carotene) bbrt:; 1rt fauti (lycopene) zj'l?l1'H11A' ~ ~'ln~11~u d:;~vi 5m~ 1'Ll nT:i 

fl1~ (11 fflHJ rt B?l d:; b~ e:J'l~lln~ ~vi~1 'Ll nld fJ1J ~'lnld bflVl u B n~CJ 1 eiein:a bVl'ir'Ll 'LJ eJ '11'1Jil'Ll (lipid 

peroxidation) (Toyosaki, 2002) d1:l.J~'l~f1ru?l:J.Ju~1'Lln1 JU m'J e:J'l~ 1vti!'l~1nn1d'Vhrt1 CJ'LJ e:J'l 
' 

~:J.J~'Ll ( moisturizin~ effect) '1JeJ'lf1~:J.J~~~1'Ll~?l:J.J~1n?l1d?lnV1V1n'1i'111tim?ll?li!rid ~tJ11~~vii1ruo/i 

~~ ~1 'Ll ~ ?l:J.J 'LJ e:i 'IV1n'1i'11?l1:J.J 1d rn ~ :J.J f111:J.J od:J.J~'Ll ~ ~lvt i! 'l.ff ti 'Ll eJ n 1~ (cutaneous hydration) 
' 

(Leevutinun P. et al., 2015) ~1nriru?l:J.JU~'1JeJ'lb~eJVl:J.Jb:J.J~VlV1n.U11v\'11Vf~i~CJ?l'Llh~~:;YJ'~mV1n 
' ' 'IJ 

.U111Vfe:ie:inm1 tidU'VeJ'lb~VluVl'LJmVl b~nud:;mruvh b~:J.Jvt:J.JVl zj'l~:;od1CJ bbm '1J'1Je:iun~~e:i'l'1Je:J'l~~1n?11d 
'IJ ' 

?1nV1V1n'1i'111~ 1VlCJ~b~VluV1~Yl'~m~ti~:;od1CJ 1vr~~vii1ruo/i~ri11:J.J1V1Vlb~ti 1 'ilti1vimd:l.Jn1dbnVlb~V1uV1 

~ 1n?t1 d efo ~ b ti vi bbrt:; ri 1Vll1 b~ VlDVl~YJ ~'Ll 1~ti?f 1:J.J1 df!Ud:; CJ n~1.rr1 ti~~ vii1 ruo/i bA ~ e:i'l 6=11e:i1'1Ud:; b.n vi 
' 

4) b ~eJVJVl?te:ium1:J.J'IJe:JtJ'LJ e:J'l ~tJ~1.nri~~vie:i~~ vii1 ruo/i b6/l~:J.JU1d'l ~1~~ b~Vlu VleJrt~ b ti vi 
'IJ ' 

1.3 "lJeJ'Ub"ll~.:11'U1~fl 

Yr~ ti 1 b~ V1u (11~ 1 n eJ'rt ~ b ti vi bu ti ?te:i-:i'IJiJ V11~ bbn b~ Vlu (11~ r1n1:J.J 1rid8il rt-b'ti bbrt:; b~ Vlu V1 ~1 n 

8ilrt-b'ti fin'l.oJ1md nn bnu?11d ?tnV1V1n.U111 ti b~VluVl~'l?te:i-:i'IJiJV1 fin'l.oJ1m1:J.Jri11:J.J b.LJ'1nti 1~'1Je:i-:i b~VluVl 

~'l?l e:J'l'IJtJ V1n1J?lldrt:;rt1 CJ~ e:J~ b:J.J e:i1 4 'IJtJV1~1Vlbdm~rt1?t1~ bbrl ~ e:J~ b:J.Je:J1~ 1n?f1d5dd:l.J'IJ1~1~ bbrl 

xanthan ~um ~e:ifa:J.Je:i1~1nn~:J.Jb61lrt~fa?l Ae:J Hydroxypropyl Methylcellulose (HPMC), ~e:i~ 

b:J.Je:i1i1'lbf1'n:;i1~~e:i-:iu-ru pH Ae:J carbopol ultrez 20 bbrt:;~e:ifa:J.Je:i1i1'lbf1d1:;i1'1JiJV1~hJ~e:i'lu-ru 

pH f1e:i Aristoflex AVC ~1n~tiAV1b~e:Jn'IJiJVlb~VluVl~nmnu?l1dV1n.U111~tiu~mru~'l ~ri11:J.Jri'l\911 

bbrt:; A' V1 b~ e:i n?lld~ e:i ~ b:J.J e:i1~~ ri11:J.J ri'l~l ~1'Ll ri11:J.JvttJ V1 :J.J 1Yr ~'Ll 1 bu 'Ll?l vi d b61l~:J.Ju1 d 'I ~1 bbrt:;vi Vl?l e:JtJ 
'IJ ' 

1.4 tl<;i::: bf!"Htl~f'l1~11;u:::1~-ru 
1. 1~ e:J'l A f111:J.J~ b~CJl nu nTrn~ vi nld~~vi b~VlUVllJ':l':l~?f 1':l?ltlV1V1n.U11 bbrt:; ?ll:J.Jldfl 

'IJ ' 

1.rr~ ~vii1ruo/i~ti bb tJtJ b ~e:ivie:i CJe:iVl 1 m 'B'l~1ru'IJCJ1~ 
2. 1~~ ~vii1ruo/i b6/l~:J.JU1':l'l~1~'Llbb uu~~u~1.nriCJe:i:J.Jfo bbrt :;ri'!\911 e:i81'ltie:JCJ 1 \911-rtJ?lvi':l 

' 'IJ 'IJ 
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h111ensis (l.c·1ur.) 

f .. 1 

/1'fU t.11~-J 5··8 CVdl. \9lf:)fi iJ(Y!fJ~1b'~f1~iU,?,-l~\:91f'.jf:b'i/'J01 ue~i 

0'1elu1,1, (:i1 v·: 

~'v1v\'J'lJ~r1'mlv11 i'. 
E:'!1'U'Wt]fl'tll"11E:'!\91{ 2011) 

"; 
1:1-~ :a s 

v 
e) f!\1~'1.J TU(); FJl.j b 'b '1 

bde:i b~tl~:W b:W~\91V1n.U11iJ~bWMMllJA1.l.JA1Vl1'l 1il'IJ'Ll1?1'lU1~ ne:iulil1CJ E:'!11fl~:lmA b 1Vl'UeJCJl?l~ 
'I q <IJ q 

Vl fl 1flVlfl1 CJ b 'Ii 'LI beta-carotene, lycopene, zeaxanthin, beta-cryptoxanthin (Aoki et al., 

2002) il11CJ'l1'LrJ1V1n.U11iltJ~mru lycopene mnn11:w~b~tlbVlY'1bbfl~lJ beta-carotene :w1flfll1bbA 

1t!Vl (Muller et al.,2017) E:'!11fl~:W lycopene, beta-carotene bbfl~l\91:\J'U8~il11vii~1'Ut1e:in"lh\91-iJ'U 
(Jang, M., & Kim, G.-H., 2016) iltiviitJ'u~Wllfl~:W~b~'lUeJ\91 (Yua et al., 2017) 'Lltlff'll1fldt:.Jfl'lJe:J'l 

V1 n.LJ11tJ'lt1\9l:W1 tJ\il1 CJ fl1\911 'lJJJ'Ll hJ ~:w~1E:'!--:i iJ n11E:'!n\91 be:J1E:'!11~1f1 ru bVl~1db ~e:i 1ibllt!~1'UU1~ ne:iu 
' '\J v 

~1At1J 1 'Ll m1v\'1 bA~m~1m--:i1h~bJlVJl7i1--:i1 b ~e:i--:i'iJ1nE:'!11~1At1Jb Vl~1diJ11vii~1'Lle:J'4JjflBE:'!1~~--:i ilm1 

1 itJ1~ fo'1Jt11il1'Uriruri1vi1--:i 1.n'llm m1'lJt1--:Ji:,rnV1n.U111 'LlVlmCJtJ1~ b VJY'11 mm~CJ ~-iJ\91 b'il'Ll~E:'!\911\il bbri1 u 
' ' 

tJ1~ b vif'1 bl CJ\9lm:w zj._:irim1CJ\9lm:w1ffi iV1 n.U11 b llt!e:i--:iA:tJ1~ nffu 1 'Llt11Vl11~'Uu1t!Vlm CJ'll'Ll\91 b ~ e:i--:i'il 1n~ 
bb\91'1 ~ E:'! \911E:'!'lJ e:J--:JVJ floLJ11bbfl~AruA1Vl1'l e:J1Vl11 'U e:J fl'il1 ndu fll ~ CJ'IJ11 bl CJ\9l'U1:W 1\ilt:.J E:'!:W b tr e:iVJ floLJ 11fl'l1 'Ll 

' 
oLJ11b~e:J1 Vl b~ flU fl b~ CJ'U 'IJ'UUVl ~'lJ1\9ll \911:\J'U btl 1\ilvi 1'U t:.J fl fl11l~ CJ'WUl1 b~ flU fl b~CJ'U b Vl~ 1dVl1CJ'il1 fl 

tl1fl11'lJ1\9ll\911:\J'UbtleJc!1--:i1l1~'l'Wtl h 

bbA blVl'Ue:JCJl?l (carotenoid) bll'U':i'lAl\91~ (pigment) ~bVl~e:J'l 61:w bb\91'1 bbfl~61:1Hb\9l'l 'WU 

vi'11tJ1'Ll~'IJ Hlbll'Ll~t:.JE:'!:Wtl1Vl1':i (food colorant) 1'Lle:J~E:'!1Vlfl':i':i:Wtl1Vl1':i'il1flli11:W'IJ1~ bll'Llfl~:Wm':i~ 
' ' 

iliJtJ':ldCJ'btJl7ieJE:'!'lJJl1'W~1'lfl1CJ 'li1 CJ~1'Ll eJ'Ll:Wfl BE:'!':i~ (anti-oxidant) bA':i'lE:'!~1'1Vl~ fl'lJtl'l':i'lAl\91 bl n~:w 
'I '1 'll 'I q 

df1e:i 6lJ'U?l1CJ11Jb\911A1fou'Ll zj'ltJ':i~fleJU\il1CJA1foeJ'U 40 e:J~~tl:W blJ'Ll11Jfa':JA1foe:J'U'IJ'Li\911:1J~:W~1 lJ 

~'Llli~AVlfl1CJ\'11bbVlU'l bbAblVl'UeJCJl?l '111bb'Llfl11il'bll'U 2 n~:wc!e:iCJ lil--:id 1) bbAhVl'Ll (Carotene) bllm--:iri 
'\J ' 
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11'l~~iJaaJ.J 'Vl~BaJ.J-bb\?M bllii?i1CJCJ11'1JB-:i1eJhr'imfom..i 2) bb61lii1'VlYl1~ (xanthophyll) iJabV!~B-:i 

V!~BaJ.J-b'Vl~B-:i bllii?11CJm1'1Jm 1eJ11?11A1foBii ~iJmin68v<1m o blliimrhh~nmJ zj'lbb61ltJb'VlYl1~ iJ 

V!611CJ'lJU1?1~1..!B8nLJ1~~'lJ oxidation '1JB'l bm61n61 bbA bV1iiBCJti11 iimV!115"i1J.J'lJ1&liJth~mru 600 
'U ' 

'lJUl?l ~'V'mmniJ 6 'lJUl?l AB bb861Vh-bbf1 bV1ii (alpha-carotene), U\911-bbfl bV1ii (beta-carotene), 

U\911-A~'Vibl'lbb"lltJVltJ (beta-cryptoxanthin), 16'11A~1..l (lycopene), ~VltJ (lutein), ;bb6/J1..!Vl1..l 

(zeaxanthin) 

ni11 bA11~-Mu~mru bbfl b "iVltJ 8CJli1"i1J.Jv111~1?1 CJlB Spectrophotometry bl?l CJ n1"i 1 i ~­

carotene b lJ ii ?11"ilJ1\91"i9'i11..l 61~611CJ1ii~1vi1 61 ~ 611 tJ methanol , acetonitrile bb 61 ~ 
"' 

tetrahydrofuran eY \9111?!1 ii 50:45:5 v/v "il 1ntTmJ11tJ1l?lA11?1l?1n~1..lbb?l 'll'l 1 CJ bfl~ B'l UV 
'U 

Spectrophotometer ~f111J.JCJ11f1~1..l 450 mfobJ.Jm (nm) A'1ii1ruu~J.J1b1.J?11"i carotenoids 1ii 

V!tllCJ mg ~-carotene/g of extract famVltJ'Un'Um1i'Jml'l"i)j11..!'1JB'l ~-carotene (Doka, 0 et 

al., 2013) 

"il1n?l1"in~J.J bbA b "iVl1..!BtJli1 bb61~ 1611Auii (lycopene) zj-:i?111611A'~~-:in~11iJu"i~~'Vl6m'Vi~-:i 1 ii 

ni"in1~1?1m.pj61~?11~ b ~8-:J"iJ1niJ~'Vlt1 iini1~'lJ t-:ini"ibfll?lul) n~tJ1 lipid peroxidation "ilJ.J~-:iiJ 
Aru?1J.Ju&l1 iim"iu mJB-:i~1Vlir-:i"il1nm1v\'1mtJ'1JB'l bb?l'lbb1?11?1Bnl'l1CJ iJm"i 1-iru1~ btJ'lJ9Jb ~B m"il?l bb61~1 

' 'U 

n111~f11t.JbA8'l (Sahasrabuddhe et al., 2011) 

1iin11'Vl1?1?18'UU1~ ~'Vl6 fl1'Vm11~'U t-:i n1"ibbri (anti-aging effect) '1J B'lf1~J.J~iJ?!1mrnJ.J"il1 n 

?11"i?ln1?1V1n.LJ111 t.!81?11?1~f11 -W'Ul1e.J~l'l.ilru'Vl?11m"im~J.Jf111J.J~1..l1Vf~ii~1Vlir-:i11'111?1tJ moisturizing 

effect iJri1 64% bb61~ 75% '1JB'l"il1ii1iiB1?11?1~A"i b:UB'Vl1A~J.J 28 1ii bb61~ 56 1ii \911J.J~1~'U 

1..!Bn"iJ1nd~-:i611?1f111J.JV!tJ1'lJ'lJ8'l~1bb61~b~J.Jf111J.Jb~tJ'lJl'l1tJ (Leevutinun P. et al., 2015) ~-:i~1Vfv~ii 
11 ?111?1n1?1"il1nV1 n.LJ'11ii Bn"il1 n"il~'li1 CJ61 l?1 b~ Bii{1"iBtJ 11'1 ~-:i?11m"iri'li1m~J.JA11J.J'liJ.J~ii11'1B nl'l1 tJ 

' 

bb61 ~ e.J ~\91Jl ru'Vl5"i"ilJ'lJ1 ~ ?lfl1U ill~ CJl'Vl tJ1f'11?1\91{ bb61~b'VlflbtJfa8 bb vl-:itJ ';)~ b 'Vlf'11 VlCJ ( 11 .) 1\?l~ \9l.J tJ 1 

bA~m611m-:i"il1nV1n.LJ11mtJL~zjeim"iA1 BIO-GAC 881-:iV!mn'vtmCJ~'l e.J~\9lnru'Vln~J.Jvl1f111J.J?l~ml?l 
' 

(rinse off) n~J.J~bb61~1'1JUl?lhHh-:iBein (leave on) "i\'1ii1ii 9 e.J~\91Jlb1.J"l'l11'lbbn BIO-GAC Anti-aging 

serum, BIO-GAC UV shield cream, BIO-GAC Facial scrub cream, BIO-GAC Body scrub 

cream, BIO-GAC Moisturizing lotion, BIO-GAC Transparent soap, BIO-GAC Facial Whip 

Foam, BIO-GAC Facial Toner, GAC Under Eye Serum (611irn~l?ln11bVlAbtJfa8bb61~1..ll\9ln"i1J.J, 

2018) 
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2.4 n1';i~~~b~~U~el6'l~b'l .. m (alginate spherification) 

D"il"ilU 'U fl 11~ \il.l'U 1 B-J~\91Jl ru'Vl bA ~enG11 eJl\llJ f111bb ~\loLJ'U n'Ll?1\l w B-J~ \91 bA ~eNG1'1 ell\! bbf\ ~ w B-J ~ \91 
9 'U 'U 'U 

l\91~~u (supplier) ~c.nc.n:i.m~\loLJ'Un'Ll 1 'LlJi'1'Ll~1\11 b 'li'Ll?1~1\l~L.J~mm1~mJnn 1 Vl~ m1~\il.lm~L.J bb'U'U 

(dosage) 1'Llnmnu?111G11A'qJ1 Vir1\IL.J1~~vi6m'V1b~e:i~\1~1?11"il~u~1.nmbn~Vl~\l1 'Ll~i.Jbb'U'U~Ll1?1'U h~e:i 
b~\?ltJl?l"illflelfl~b'U\91 (Tadros et al., 2007) iJm1~\il.l'U1elfl~b'U\91Ul?l1'Ll~i.J'VeJ\l microencapsulation 

b ~e:i'U ll"il b ~e:i 1'V1I1u1e:i&i A bvi:J.J f1111eJl?l~l\91'V eJ\lb ~eJ~\lf1~111'Ll1~'U'UVl1\lb~'UeJ1Vl11 ( Mandal et al., 
' 

2006) iJ n11~ \il.l 'Ll 1 b~ l?ltJ vi el n ~ b 'LI \91'\J 11"iltl1iJ'Ll"ii1nif11 ?11~ l?l ~:J.J b ~ e:i 1ViL.J1~ 1CJ 'lltl b tJ 'LI e:i1Vl11 bb n ~ 
' '\J 

bA~eJ\IG11en\lb ~mvi:J.Jm1:J.JA\!Wi1'VeJ\1?111G1'1At1J 1 Vimn~'Ll (Durante et al., 2012) 

elfl~b'U\91 (alginate) bU'Ll1~1V11AeJflfleJCJ~ (hydrocolloid) L.J1~bflVl'V1eJ~bb~f1Alb~ 

(polysaccharide) ~ bU'UbmVle:i by-jeJ~ bb~nm h~ (heteropolysaccharide) b U'Ll?111y-jeJfo:J.Je:ifa1 CJ 

\911\I~1Ji'"ii1n?11Vl~1CJ~J1 \911 fl b 'Ii 'LI Macrocystis pyrifera, Laminaria digitata, Laminaria 

hyperborea iJ1r11\1?1~1\11mn~mlJ'Ll alpha-L-guluronic (G) and beta-D-mannuronic (M) ~iJ 
m1:J.J?1:l.Jllmn1?1bU'U 1Al\1?1~1\lb"ilfl (gelation) 11?1CJf111?1~1\l~'U5~bb 'U'J'V11\l 1'Ll1mn~fl (crosslink) "il1f1 

?1111e:ie:ie:i'Ui.Jl~"il'U1 f1 (cation) b 'li'Ll 1eiei'Ubbflflb~CJ:Jj (Ca) iJ f111DI~ CJ fl\911 -tr b U'U?111n mn'U ?111G11A'ru 1 'Ll 
' ' v 

B-J ~ \91Jlrusv1~1\11 b'li'Ll CJ1 eJl'Vl 11 B-J ~ \91 Jl ru sv1" b?1~:J.J eJ1Vl11 bbn ~ bA ~ei \IG11eJ1\l1Ji'Vln 1 CJ ~L.J bb urn 'li'Ll 

biodegradable hydrogels, particle coating bb fl ~ microencapsulation (Braithwaite et 

al.,2014) 

f111B-J~\91b~\?1Ul?lelfl~b'U\91 (alginate spherification) l1?1CJ~'U\91eJ'UeJ81\1~1CJlJ~'U\91eJ'U~\l.Q B-J?1:J.J 

?111 l'llb~ t.J:l.Jelfl~ b'Ll\911 'Utl1~eJ'U~fl11mil:J.JiJ'U 2 % w/v bbfl~B-J?1:JJ?111fl~f\1CJ 16/lb~CJ:lJelfl~ b'U\91nutl1iJ'U 

il11m~ "ill ni!'Ll~'UJi'1CJri11m 111e:iu 350 rpm b U'Llnm 1 -&11m 1Ji' b U'Ll 8irn'li'Ll "i11ni!'Ut118irn'li'Ll~ 
1Ji1D'Ull"il1 'Llm~'UeJ f1U\?lCJ1bbf\~VlCJ\?lfl \l'U'U?111fl~f\1mbAflb~CJ:lJAfleJ h~fl11:l.J b iJ:JJiJ'U 0.05 M ~Vl:JJ'U 

' ' 
e:i 8\91fle:il?lb1f\1"il~1Ji' b~ vill l?l elf!~ b 'LI \91 bn l?l~'Ll (Durante et al., 2012) bbfl ~ B n mlVll?l fl eJ\l Vl~ \I m1B-J ~ \91 

'\J 

b~l?lUl?lelfl ~ b 'U\91'Ull"iltl1iJ'Ui.J1~:J.J 1'Lli.J~:JJ1ru?1\l 1vi CJflllb\91~ CJ:JJ?111n ~m t.J l'll b~t.J:JJeln~ b 'Ll\91~1°111:JJ b iJ:JJiJ'Ll 
' '\J 

5-45 g/L "ii 1ni1'Ut11:J.J1B-J ?1:lJn'UJ1ir'U u 1 ~ :lJ ( ri11m il:JJ if 'U 10-60% 1'Ll8ir fl 'li'Ll) Vl~ 'U 'iJ e:i \I B-J ?1:J.J ~ 
m1m111ei'U 300 rpm bU'Llb1fl1 45 'UTVl"il~1J\'8irn'li'Ll "illni!'Llt118irnoli'Uu11~m~ue:im~:JJU1?1CJ1bbii'1 
VlCJ l?lf\\l'U't..!?111n ~fllmbAflb~CJ:JJflneJ h~ (15 o/L) ~Vl:J.J'LleJ 8 ll?l CJ n1Vl'Ul?l ri11:JJ?1\l'iJeJ\l f111Vl CJl?lBJJn'li'Ll~ 

::::, 9 'U 'U 

15 b'll'U&i b:JJ\91Jbbn~v1'\lnm 1 Vib~\?lu\?leln~b 'U\91bn1?1m1 cross-Link nu 1eieieimbrim~CJ:JJ bU'Ub 1m 30 m'Vi 

(Chaa et al., 2011) 



6 

(emulsion) L~tJ~~l'lnruo/i~'V'JU 1 'LlV1u-.:ililm~~1'Llmn~~ bU'LllbUU?l1'i61~mtJ 1?1~~~1'Ll~?l:W'Vu-.1?1111 Vi 
A11:WVlU~zj-.:iiJm U'Ll?l1'if1~:J.Jb~'Ll 1tJ'V'Jufo:wu~'VUWIJuUtl1 (hydrophilic polymer) ~1f1f11'i~'lbfl'i1~~ 

bb61~~1f15'i'i:W'V1~ b'li'Ll carbomer, cellulose, xanthan gum oLJ€J~'V€l'l~~l'lnruo/ib61J{:wbbUU 

6'11'i61 ~611 tJ A uhJ~ ~1'Ll~?l:W~1 ntl1ir'Ll ~'1 b Vlm~ nu ~u~1.nA~~~1VlU 1dJ'Ll bb61~ ld.J~u-.1 f11'ibfl~€J-.1 ~1 m-.:i~ 
'lJ 

VlU1~l'i1-.:i1b'li'Ll ?1111Vim1:w~:w~'Ll (humectant) ?11'i~ufamrnun (chelating agent) tl1Vlu:W 

(fragrance) 6'11'i61~bb'i-.1~'1~1 (surfactant) 6'11'in'Llb~tJ (preservative) 6'11'ililf1bbl'i-.:i~ (colorant) bb61~ 

?111~1r1qJ (active ingredient) l'i1-.:i 1 ~n:w1 lil~D'i~?l-.'.JA'Vm~ ~l'lnruo/i b 'li'Ll ?11'i61~ b~ u'Ll {1 'iu tJ'V~61 u1 tJ 

(anti-aging) ?11'iVh1Vf~1i~n~-.:im~iu (firming agent) ?111'li1mh1Vf~1~m~~1-.:ib (brightening 

agent) ?11'icJU~-.1~61'1l'V'J (antimicrobial) lBblil~tJ:J.Jb61J~:W'VU~?l1'i61~mtJ 16'1 blil~tJ:W l~~tJm'im ~~1tJ 

;!1?1111VfA11:w'Vlu~1'Ll?111n~:w1 Vi'A11:w~'Llnu'Ll ~1rn5'Ll61~mtJ?111l'i1-.:i 11'Ll~l'l'i~1{u~1tJtl1n~'Ll1 'Llm'i 

~~ {il bfl~€J-.1~1€l1'1D'i ~ bJlVJ b61J~:Wm~ 1iA11:W~€l'Ll'Vl~€l1:w1 in1~~'Llu8 nu Aru?l:wu~1 'Llf11'i61~ m tJ'V €J-.'.J'V'J€J ~ 
'lJ ' 

2015) 

m1~hHuA11:wutJ:wmn~~~1'Llm'iVJ~?l€JUf11'itJu:Wfonf1u 9 - point hedonic scale zj-.:i 

i~nn'Ll1'LlBf1zj€JVl~-.:i11 degree of Liking scale m11i hedonic scale J'Ll~~utjU'Ll'Vl~nm1~11 
A11:W'V€JU'V€J-.'.J~U~foAJ'Ll 6'11:W1'iblblf1~~~1bb'Llf11~~tJA1'V€J-.'.Jf11'ilil€JU?l'Ll€l-.1 (A11:W'V€JUbb61~ ld.J'VuU) ~ 

'lJ 'lJ 

bn~~'Ll mm1fl1i 9 - point hedonic scale 1~~1tJmn bb61~f11'ibbD61~61nm~V11l~~1tJ l~{um1 

tJu:wfo 1 'Llm'i'\.J'i~ bJJ'Ll€l1Vl1'i bA~u-.:i~rnb61~~~1iln ruo/i~'Ll 1 ~1JJ1 'lim'Vl1'iu81-.:i bb 'V'J1Vlm tJ hedonic 

rating Vl~um'i 1 VlA~ bb 'Ll'LlJ'Llm'itJu:w-ruJ'Ll m~ 1~fo~61m~VJU~1f1f11'ib LJ~tJ'LlbbD61'1r!Jl11~'Vm f11'i 

VJ~?l€JU 1~ (b 'li'Ll VJ~ ?1€JUJl1tJ 1~r!Jl 11 ~'V €J-.1Vl€J-.'.JVJ~?l€JUbb61 ~VJ ~?1€JUJl1tJ1 'LlVl€l-.1€J1Vl1'i b U'Ll ~'Ll) bbl'i 

G'\'1~u'Vu-.:iA11:w'Vuu1'Ll;J1mh-.:iJ'Ll '\Jn~ bb~1~~1JJflnm~VJrnvhbun 'V'l~BnutJVl~-.:inf1u ri1 
'lJ 'lJ 

magnitude ~:W\j'itU (absolute magnitude) 'Vu-.1 hedonic score €J1~b~:W~'Ll'Vl~€l61~61'11~ bbl'i 

;i1u81-.:iVJ n;l1u81-.:i~~~m1b'IJ~ tJ'LlbblJ61-.:i 1 LJ1 'Ll~f'1VJ1-.:i b~mn'Ll'Vl~m'Vl~u'Ll n'Ll un1~tJVl611tJ 1 v11'Ll 1~ 

EJ'LlcJ'Ll11 mn61~1id?11m1mzju~u1~ bb61~lim1:w b?l~ tJ'il'ium'ililuU?l'Llu-.:i?l-.:i tf'Llnf1u15-d'~A11:w b U'Ll 
'lJ 

?11JJ1'iblf1 'i~V\11~ b 'V'J'i1d1~ll1-.'.J~U1-.'.JA~-.'.J~VJ~?l€JU~~ 1JJ~LJ f1 n~tJ11'1€JU?l'Ll €J-.1Vl~€J bb?l~-.1€1 un~'i~~U?l-.1 
'lJ ""' 'lJ 

1 Vl~u~1 1 mnun (Resurreccion, 1998) ~'i1tJ-.11'Llm'i1i15 7 - point hedonic scale 1'Llm'i 

LJ1~bJJ'LlVJ1-.:iLJ1~?11VJ~1~?1nu~~l'lnruo/ibA~m~1m-.:i~1Vl{u~'V1tJ (Garrel and Huber, 2016) 
'lJ 



d 
'U'Vl'VI 3 

15mdil1b frwmd1~ tJtb::;rrnu 1 tl~h tJf11';i~-:il'l1fo hi 1rid8~;;i~\nb;;i::;foJ';;i~\i~ih+:iw: . .J?l:lJ61JeM 

m ';i?l n~ b~erVf:lJ b:lJ~ ~V1n{f 11 1~ tJ'V11 m d~\rn U';i'lJU~ bb;;i::;tl~mru61J e:M ?11';i;;i~ bb ';j-:J~-:i ~1vi1e:i ?l1';i~W;;i681 vJ 
' 

be:ie:i1~ bb~n~1-:inu ~rn ~'V'n5~~e:J-:Jn1';iAe:J 1Jll:lJ 1rid8~;;iimb;;i::;8~;;iiu~ e:i-:ii1m1:1Jri-:i~1e:i~1-:iue:itJ 3 1u 

"il1m5m111'11{u8~;;iiu~-:iae:i-:i'lJ'Ll~ 1 tJ[;.j~~ b~~u~ bb;;i::;fim11 b tl~tJu bVJ tJu ~e:i tJ;;i::; ~rn [;.)~~ b~ ~u ~~1~ 
~m~w..i::;vnrn1tJm'V'J ~e:itJ;;i::;tl~mrum';inmnu?l1';ibU~1bbfl1';iVJt!1 m~~u~ "iJ1nt5uA'~b~e:inam~iJrh 

" 

8ad::; bb;;i::;mdtlfofi1 pH 61Je:i-:i8~;;iiu 1 lXb vim::;a:1J~1vifomd~~~ b~~u~ '<\]::; 1~ b~~u~~bvim::;a:1J~~~ 
1 um di11m b lJu ?l1';i~1A'ru 1ul'l1fo b"ll~:lJ "il 1 nt!uvh f11';jfl n~1'lJ'Ll~ bb;;i ::;tJ~mru~ b vim ::;?1:1J61J e:i-:i?11';in~:1J 

v ' 

?l1';i?lfl~b~e:i~rn:1J~~·tfo{f 11 ( gac extract) 1~fori11:1Je:J~bfl ';i1::;vr"iJ1 nu~~'Vlill'lJm b uavil tl d 

v1nv'i ~1n~ el'1bJ1e:i~rnb;;i ~-:ivi1~e:im~~ci zj-:iiJmd:lJ1tfon~v1-:id tl1b~e:i1Xm:1J~~V1n{)111tle:irnblX-:i~e:iru 
' ' ' 

~1mfl~e:J-:J~t![;.J?l:lJ191Jvh ~-:i~-:iH 30 mV1 "iJ1nt5ume:i-:i~1mri~e:i-:i screw press 

3.1.2 ~111'1PH1~'U'Vl1\lbfl~B\lcl°1B1\I 
' 

Allantoin (Namsiang, thailand) 

Aracel 165 (PC intertrade, Thailand) 

Aristoflex AVC (Namsiang, thailand) 

BHT (i'J~rubriiJ, t]';i::;b'Vll"l1 'VltJ) 
' 

Butylene Glycol (Namsiang, thailand) 

Calcium Chloride (i\1~rubfli1, U';i::;b'Vll"lb'VltJ) 
' 

Carbopol ultrez 20 (Namsiang, thailand) 

Cellosize PCG-10 (PC intertrade, Thailand) 

Cetiol He (BASF, Thailand) 

Citric acid (10%) (Phitsanuchemecals, Thailand) 



Deionized water 

Disodium EDTA (Namsiang, thailand) 

Emullium Delta (PC intertrade, Thailand) 

Glycerin (~'tfrubfl:iJ, U':i~b'Vll"lb'Vlt.J) 
' 

Glydant Plus Liquid (Waterdoctor, Thailand) 

Hyaluron (oligo) (Waterdoctor, Thailand) 

lsopropyl palmitate (~'tf~bfl:iJ, U':i~b'Vll"lb'Vlt.J) 

Labrasol (PC intertrade, Thailand) 

Lipomuse LUXE (PC intertrade, Thailand) 

Perfume fl~'il JUNE (The Myth, Thailand) 

Pigment (PC intertrade, Thailand) 

Polysorbate 20 (Namsiang, thailand) 

Propylene Glycol (Namsiang, thailand) 

Sodium alginate (~'tfrubA:iJ, U':i~b'\/ll"lb'Vlt.J) 
' 

Sodium PCA (Namsiang, thailand) 

Transcutol GC (PC intertrade, Thailand) 

Triethanolamine (99%) (~'t!-rubfl:iJ, U':i~b'\/ll"lb'Vlt.J) 
' 

Vitamin E (~'tfrubfl:iJ, U':i~b'Vll"lb'Vlt.J) 
' 

Xanthan gum (~'tf~bfl:iJ, U':i~b'\/ll"lb'Vlt.J) 

3.1.3 6l11bf'lii~1V1-rum11bl'l'a1::~U-h.rnu 

Hexane (Lab-Scan, Ireland) 

Acetone (Lab-Scan, Ireland) 

Beta carotene (Sigma-Aldrich, Germany) 

Ethanol (Lab-Scan, Ireland) 

Methanol (Lab-Scan, Ireland) 

Micropipette (Sartorius Biohit, USA) 

Multichannel Micropipette (Sartorius Biohit, USA) 

96 Well Plate (Thermofisher, Thailand) 

8 



Cuvette (Thermofisher, Thailand) 

Volumetric Flask (Duran®, USA) 

bf1~B-.Ji-.J?l1':i'Vll"ltJCJ:W 4 vl1bbVlU-.J (Mettlertoledo®, Switzerland) 

bfl~B-.J Vortex (!KA®, Germany) 

bfl~B-.J UV-Vis Spectrophotometer (Evolution 201 UV - Throm 

Scientific, USA) 

bfl~B-.J pH Meter (Mettler-Toledo, Switzerland) 

~fflJ!;l:W~ffW (Hot Air Oven MEMMERT® Germany) 
'U 

Hot plate (!KA®, Germany) 

bfl~€l-.Jl\71A1~ (Chroma meter®, Japan) 

bri~e:i-.J1vim1:wVluvi (Brookfield® USA) 

3.2 n1-;ib~~v:u hi bf1-;i~hJ'6'1oU'U 

9 

b\J'W n1':i'VIV1!;1€l-.J~-.J v11fo?lm 1:w 1ri':iBJJ!;li'Wr:.J?lJJ?l1':i?lnvi b~ffvf:w bJJ~vi~n.V11 ~~m1:wri-.J~1 hJ 
'U ' 

bWn~'W 1viCJv11m':ie'.i'mb U':i'IJtJ\71 bbm1J~mru'l.le:i-.J?l1':i!;ll71 bb ':i-.J~-.J~11\l11..!1'W 3 'l.ltJl71til'-.J~1':i1-.J~ 3.1-3.3 bbm; 

~1..!~81..! n1':i~-.Jvl1~U 1:w 1ri':iBJJ!;li'W~til-.Jd 
1) i-.J?l1':ib6D-.J~1:W~1'W (part) til-.J~1':i1-.J~ 3.1-3.3 

2) tl1~11..! A fie:i ?l1':i?ltll71b~e:i-Mm:w~l71~n.V11, surfactant 6bm: co-surfactant m'W1-MboV1 
' 

tl'W~1Clbbvl'16btl1 

3) ·'inrnl1..!tl1~1'W B ABCJ616'Vl!;l-.J1'W~1'W A m'W~mtie:i-.J~1mb'Vi-.Jb6tlT'll'W1?l 

4) ·~nrnlm~:wm':i1'W~1'W c m1..!~1mb'Vi-.Jb6n1~e:i~'LlboV1n'W 

5) tl11:w1m8d!!;li'W~1m~Vl!;1BV1'Vll71!;1B-.J6~mh~d'J'Wm1:wri-.J~1b\J'W':i~mmm 3 1'W 

6) tJ':i~6lJ'Wn1':ibWn~'W'l.lm 1:w 1m8d!!;li'W 

7) Al71b~e:inv11fo?l~':i~1.ff ?l1':i!;lvi bb ':i-.J~-.J~1tJ~mru~1~?1171~1m:w1ri':iBJJ!;li'W~1?l ri-.J~1 hhwn 
'U ' 
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~1i1.:iv1 3.1 ~~i~1~u1:u1fliB~~-Uu1ii Cetiol He bllu~1i~~bbi.:i~.:i~1 
'U 

Part Ingredient Function Formulation % w/w 

Hl H2 H3 H4 

A Gae extract Active 2.5 2.5 2.5 2.5 

A Cetiol He Surfactant 15.0 20.0 25.0 30.0 

A Transcutol GC Co-surfactant 20.0 15.0 10.0 5.0 

B DI water Solvent 12.5 12.5 12.5 12.5 

c 0.8% Sodium alginate Thickener 50.0 50.0 50.0 50.0 

Total 100.0 100.0 100.0 100.0 

~1i1.:iv1 3.2 ~~i~1~u1:u1fliB~~-Uu1-b' Labrasol bU'U~1i~~bbi\l~\1~1 
'U 

Part Ingredient Function Formulation % w/w 

L1 L2 L3 L4 

A Gae extract Active 2.5 2.5 2.5 2.5 

A Labrasol Surfactant 15.0 20.0 25.0 30.0 

A Transcutol GC Co-surfactant 20.0 15.0 10.0 5.0 

B DI water Solvent 12.5 12.5 12.5 12.5 

c 0.8% Sodium alginate Thickener 50.0 50.0 50.0 50.0 

Total 100.0 100.0 100.0 100.0 

~1i1.:iv1 3.3 ~~it>hi'u1:u1fliB~~-Uu1-b' Tween 80 bU'U~1i~~bbi\l~\1~1 
'U 

Part Ingredient Function Formulation % w/w 

Tl T2 T3 T4 

A Gae extract Active 2.5 2.5 2.5 2.5 

A Tween 80 Surfactant 15.0 20.0 25.0 30.0 

A Transcutol GC Co-surfactant 20.0 15.0 10.0 5.0 

B DI water Solvent 12.5 12.5 12.5 12.5 

c 0.8% Sodium alginate Thickener 50.0 50.0 50.0 50.0 

Total 100.0 100.0 100.0 100.0 
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3.3 n1';ibVl~m..1ih!~-ti'U 

bD'Llf11~VlV1r1eJ-.'.l~-.1~1fo?JmDilriiu'lluvnl1ilum~'ll1tJ~1lutl1 (0/W Emulsion) ~i1rn1:i.JA-.'.l 
" 

' v iJ v 

Vi 3.4-3.6 bbr1~oLJ'Ll\91eJ'Llf11~~-.1~1-ruDilriiuiJ~-.'.l~ 
' ' 

1) 6b'-.1?11~bbU-.'.l\911:!.J~1'Ll (part) ~-.1\911~1-.'.JVi 3.4-3.6 

2) tl1~1'Ll A AeJ Gae extract bbrl~ emulsifier tl1hJ1ViA11:w~eJ'Ll~eJruV!i1lJ 70 eJ-.11"11 
' " 

b61lm6/ltJ?J 

3) tl1~1u B f1e:i tl1nti'u1~ri-.'.lumne:i1bb~~tl11UlVim1:w~e:iu~e:iruV1niJ 75 eJ'11"11b61lm61ltJ?J 
' " 

4) '111rnYutl1~1u B b'Vlri-.11'Ll~1'Ll A '111n~m.111u~mrn:w~1mA~eJ-.'.l homogenizer~ 
A11m~1~e:iu 10,000 rpm bU'lmm 2 mVi 

5) 'II 1 n ~ w ~ :w ?11 ~ 1 u ~ 1 u c n 1 u ~ 1 tJ bb vi -.1 bb n 1 ~ e:i 'II 'Ll e:i ru VI .n iJ 'll e:i -.1 D ii ri 6b 'Ll ri vi ri -.1 ~ -.1 
' " 

eJtuV!i1lJVleJ-.'.J 
' " 

6) tl1Dilriiu~1~~V!r1eJV1VlV1r1eJ-.'.lb~tiu~~bil'LlA11:WA-.1~1 bUm~tJ~nm 3 l'u 

7) u~~blJ'LlA11:WA-.1~1Dilriiu (emulsion stability, ES) b~eJ~bwn'5u'UeJ'1Dilrii'LlbV1tJ'll~'V11 
m~1 viu~m\91~'UeJ-.'.l Dilriiu~iJ~ n~ru~ b llu~~:w.Uu~m'll bnvi m~ bbtJn~1 '111n'5uJ11?1 ~1 tJ 

' 

Vemul. 
ES.= ... 1x 100 Vzmtia 

1vitJ~ Vemul. f1e:iu~mm'llti'1Dilri<buV1~-.'.l'll1mnuH 3 1u 

Vinitial AeJU~:l.J1\91~'UeJ'1Dilri<bub~:l.J~'Ll 

8) r1vi b~e:in~1-ru?Jm~1 <(JLJ~mru?J1~Dilri681 'V1be:ie:i1~1~?Jvi bbrl~ 1 ViDilriiu A-.1~11:J bflVlbwn.&u 
" ' 

1 ufin~11u.fru\91e:ium~~~\91b~viuvi~e:i1 u 

V11';i1\lif1 3.4 61Vl';i~1~'UB~~-ti'W1if Aracel 165 bU'U611-;iB~~~1v.Jbern{ 
'U 

Part Ingredient Function Formulation % w/w 

A Gae extract 

A Aracel 165 

B DI water 

C 0.8% Sodium alginate 

Total 

Active 

Emulsifier 

Solvent 

Thickener 

Al 

2.5 

1.0 

46.5 

50.0 

100.0 

A2 A3 A4 

2.5 2.5 2.5 

2.0 3.0 4.0 

45.5 44.5 43.5 

50.0 50.0 50.0 

100.0 100.0 100.0 



~1~1~~ 3.5 6'1~~~1-ruB~G'loU'UL"!i Emullium Delta bU'U6'11~B~G'l~hJbern{ 
" 

Part Ingredient Function Formulation % w/w 

01 02 03 04 

A Gae extract Active 2.5 2.5 2.5 2.5 

A Emullium Delta Emulsifier 1.0 2.0 3.0 4.0 

B DI water Solvent 46.5 45.5 44.5 43.5 

c 0.8% Sodium alginate Thickener 50.0 50.0 50.0 50.0 

Total 100.0 100.0 100.0 100.0 

~1~1~-vi 3.6 ~m~·h-rua~G'l-tlutil Lipomulse LUXE bU'U6'11~B~G'l~lrhm:i{ 

Part Ingredient Function Formulation% w/w 

Xl X2 X3 X4 

A Gae extract Active 2.5 2.5 2.5 2.5 

A Lipomuse LUXE Emulsifier 1.0 2.0 3.0 4.0 

B DI water Solvent 46.5 45.5 44.5 43.5 

c 0.8% Sodium alginate Thickener 50.0 50.0 50.0 50.0 

Total 100.0 100.0 100.0 100.0 

3.4 m~b~~E.J:lJbn~u~"<i11n h11ri~a~G'lotl'UbbG'l::a~G'l-tlu 

vhnT~b~Bn6'!\911~i1ri11:1.JA-:Jl'l1mV1~-:im1~'1~-:i 11 3 1t! 1~t.JA~b~Bn6'!\911~1 oil6'!T~Bilfl681 'VJ 
'U 'U 

1) b\91~t.J:l.J coagulation fluid 1~t.Jf111fl~fllmbAm~t.J:l.JAflBhii 1.0 % w/v lutl1nfi''t..l 

~l't..!TU 600 ilfl~~\9111~urnnB1'1Jm~ 2,000 ilfl~~\911 m't..!6'!11fl~mt.J coagulation 

fluid ~lt.Jbbvl'lbb~bV!~numA~B'l hot plate stirrer A11:l.Jb~118U 100 'JBU~Bm-vi 

(rpm) 

12 

2) ·<1nnJ't..!V!t.J~1:i.J1A1Bilw['t..l/Bilfl.rr't..lfl'lb't..l coagulation fluid ~lt.JV!flB~V!t.J~"il~ 

bn~ulJn~mm1 cross-link nt!~~l'IJB-:JV!t.J~ 1:i.J 1ri1Bilfl.rrt!/Bilfl.rrw1h 1 vtbn~m1~t!~'\J 
blJm~~u~ 

3) ~-:ibvtb~~u~bn~ul)n~mm1 cross-link bllt!nm 10 m-vi"il1nJ't..lmB'lbbt.Jrn~~u~~~~\91 
1Jll u-&-:itl1V!U n bbfl~rl1't..!11W~8 t.Jfl~~fl~~\91\911:l.J6'!:l.J f111 
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Wb 
Bead production Yeild (%) = Wt x 100 

1~m~ Wb AB tl1V1Uf1'tJB'l L~\9ltJ\9l~~~\911~ 
a,,i ~ v w: .::::( &:ii 

Wt fl€l 'U1Vl'Llf1'tJ€l'lLJ..J\9l'U\9l\911d..JVl~'tl!J 

4) tl1L~\9ltJ\9l~-:i 6 ?11'1'i1uf:ln'tl1~BhJ 
'\J 

f11'il Lfl'i1::; ~u~J..J 1 ru ?11'H'11A' qJ b\91CJ1.rr?11'i Lu li1'1 LLfl b'Vlm U'Ll ?11 'iU 'l~ (marker) -&-:i?11 'i 

d..J1\91'i3j1'WL uli1'1LLfl hV1'Ll"il1'Ll1'Ll 5.00 :D61~f11'J..J 6'J::;mCJ~1CJ acetone 50 :D61~~\91'i ~nm!m~eJlil1'l~1CJ 
~1CJ acetone 1~1~fl11J..JLoLJJ..JoLJ'Ll 1.0, 3.0, 5.0, 10.0, 15.0 LL6'l::; 20.01J..Jfa'in1'J..J~eJ:D61~~\91'i 

(µg/ml) tl11ul\9lA1~\9lf1~'ULL?1'l~fl11d..JCJ11fl~'Ll 4 73 m 1 'ULJ..J\91'i~1mfl~€l'l?1LUfl b\91'ib vJ1191fa191ei~ (UV-

VIS Spectrophotometer) ?1~1-:im1vJm\91'i3j1'Ll l\9\CJ~ LLf1'Ll 'LleJ'Ll (X) A€lfl11J..J L oLJJ..JoLJ'Ll?11'iL uli1'1 LLfl b 'i 

Vl'ULL6'J::;6Lf11..J~'l (Y) A€JA1\9l\9lf1~'WLL?1'l~ 473 'U1l'ULJ..J\91'i 
'\J 

tl1L~\9ltJ\9l m1LA'i1::;~u~mru~eiCJ6'l::;m'inmn1Jm'iLUli1'1LLfl h'Vl'Ll 1 m~\9ltJ\9l (% drug 

loading) LL6'l::;~eiCJ6'l::;u'id~V16m'j!\J1'1..Jm'inmn1J?11'iLUli1'1LLflhV1'Ll ( % entrapment efficiency) b\9lCJ 

vl1 f11'i?1 n \9l?11'i?1 tl\9l~f1oLJ11 €l €l f11il1 f1L~\9ltJ\9l 6 ~Bl Lfl'i1::;~tJ~mru?11'iL u\i116Lfl b 'iVl'Ll b\91 CJiJ.ff 'Ll\91€J'U\91'ld 

1) i-:iL~\9ltJ\9l"'il1'Ll1'Ll 5 n1'J..J~?1J..Jnu ethanol 5 n1'J..J ~1..JU\9l~1mfl~€l'l homogenizer 1~ 

Lllmdm~CJ1n'l..J1U::;1~'tJeJ'l~?1J..J (mixture) ~lltl1V1um1J..J 10 n1'J..J 

2) -&-:i mixture 1 n1'J..J (iJL-dm~\9ltJ\9l 500 :Dfl~f11'J..J) ~?1J..Jnu acetone 2.0 :Dfl~~m LL6'l::; 

hexane 2.0 :Dfl~~m lild~ mixture 5.0 :Dfl~~\91'i 

3) tl11 tJ mixture 5.0 :D61~~\91'i 1U~?1J..J1 ~LoLJ1n'Ll~1mfl~€l'l vortex 'U1'Ll 5 'Ll1Vl 

4) tl11u mixture 5.0:D61~~m1u~'LlLVl~CJ-:i1~\91f1\91::;nei'Ll~1mfl~eJ'l centrifuge ~m1m11 

5,000 'ieJU~eJ'Ll1Vl LU'Llnm 5 m'Vl 

5) \9l\9l~1'Ll1?1 1.0 :Dfl~~\91'i~?1J..Jnu ethanol 4.0 :Dfl~~m tl11u1\9lA1\9l\9ln~mL?1-:i~m1J..J 
'\J '\J 

CJ11fl~'Ll 473 m1'LlLJ..J\91'i ~1mfl~€l'l UV-VIS spectrophotometer 

6) r11mruu~mru?11'i 1 'LlL~\9lU\9lLVlCJunum1vJm\91'i\i1m uli1'1LLfl 1 'i'Vl'Ll 
"' 

7) r11mruu~mru~eiCJfl::;m'inmnrnuli1'1LLflhVi'Ll1m~\9lU\9l (%drug loading) LLfl::;~BCJfl::; 

U'i::;~V16f11'j!\J1'1..Jf11'itlf1bnULUl'i'1LLflbVl'Ll (%entrapment efficiency) \911d..J?1d..Jf11'i 

(Cheng et al., 2018) 



Ma 
Drug Loading(%) = Mb x 100 

Ma 
Entrapment Efficiency(%)= -x 100 Mc 

11'm~ Ma AeJ tJ~mru?111611rl'1lJ lub~\91U\91~~~~ 1~ 

Mb AeJ J1vrun'ileJ~b~\91u\91~~~~1~ 

Mc AeJ tJ~mru?111611A1lJ~lll'Vl~~D 

14 

9 vl'~J'Ll1~t1tJ1~?1~A'ileJ~n11i'i n~1df1eJn11tJ1~ biJ'Ll?1.fl11~ri1 pH ~ b vtm~ ?1ll~?1191~ b~\91u\91 tJ'~ri~ ~ 
' ' 

1tJ~1 ~ n61ll bb61 ~~tJ~m ru?111b'U~1 bbA hVi'Ll ri~ b VI~ eJ ?1 ~ ?1 \91 11'1 tm11tl1 b~ \91U \91 "11'Ll1'Ll \9111''U?1~161 ~ 1. O 
'U 'U 9 'll 

n-rmwn~?1llfl'U?11161~611t.1ml'1"8~~A (pH 5.0), J1nii'u (pH 7.0) bb61~?111n~mt.1 triethanolamine 

(pH 9.0) tJ~m~1 25.0 iJn~~m ~1ni!mn'U~?1m1~d~1u~eJ'UA1'U~ll~ruvtJ;JiJ~ 45 eJ~V'11b61lm~t.1?1 
hrntJ11V'1~1mb?1~ bll'Ll1~t.1~nm 1 b~eJ'Ll ~1ni!uvhm1ibm1~'1hfimru?111b'U~lbbribViu~ri~bV!~eJ 
1m~\91U\91~1lloLJeJ~ 3.6 ~1nJuA'1u1ru~eJt.1n~tJ~mrub'U~lbbAbViuri~bV!~eJ (% remaining) ~1ll 

?1lln11 
Mstability 

Remaining(%) = ... l X 100 Mmitia 
Mstability AeJtJ~mrub'U~lbbA 11Vi'Ll 1ub~\91U\91~bvt~eJmJ 

'U 

Minitial AeJU~J.Jlillb'U~lbbA bVi'Ll 1'Llb~\91U\91b~ll~'Ll 

~1ni!url'\91b~eJn?1~1\9111'u b~\91U\91~~tJ~mru?111bu~1bbA 11Viuri~b vt~eJ?1~~?1\911tJ~!1ll'Ll1~eJ11918 
'U 'U ' 



15 

i./ I I I 

v11m"i\91'-:iil1-ru 8JJ'~iu6i1-:iiJG'i1ut:-J?l:WVl bb\91 n~1-:in'Ll~'1\91l"il'1Vl 3. 7 \911:W m"i:w15~-:i.1JB 3. 3 111 

80~-b'u~-:i 3 il1-ru?l\91"i hJt:-J~\91b~\91U\91\911:Wm"i:w15~-:i.UB 3.4 ~nrnfutl1b~\91U\91~11'1'hJ~m~11rn1:wri-:i\91'1 
'\J 

1vrnm"it:-J?lm~\91U\91"il1u1u 5.0 n-r:wt:-J?i:wnu?ll"i~~mc.in"i\91'8\91~A (pH 5.0) tl~mm 50.0 iJ~~~\91"i 

bilu1'Ll?lfl11~b~'1~1JruVlfliJ 45 1J'1f"llb61Jm~crn1\91t.Jtl"i1f"l-:;;i1rnb?l'1 bU'Llnm 28 1u b~°iJA"i'Url1Vl'Ll\91vl1 
' '\J ' v v 

fll"itl "i ~ bll'Ll Alm tJ JI 1'V'll'1' l'Ll~ 1'1'1 mA~"iJ'l colorimeter \11 nl1uv11 Al~Vl'!Vl:W \91:lJ1Al'Ll1 ru r11m1 :w 

bb\91 n~1-:i'LJ B-:i~nB'Ll bb~~Vl~'l nl"ibtl'U 1 u?im1~ b ~-:i \911:W?l:W nl"i 

Part 

A 

A 

A 

A 

A 

A 

B 

B 

B 

L.E*. = [(L.L.*)2 + (L.a*)2 + (L.b*)2 ]Al/2 

Ingredient Function 

Gae extract Active 

BHT Antioxidant 

lsopropyl palmitate oil 

Vitamin E Antioxidant 

Lipomuse LUXE Emulsifier 

Pigment Colorant 

DI water Solvent 

Sodium alginate Thickener 

Vitamin C Antioxidant 

Formulation (% w/w) 

X2M 

2.5 

5.0 

2.0 

90.1 

0.4 

X2A X2P 

2.5 2.5 

0.1 0.1 

5.0 5.0 

2.0 

89.7 

0.4 

2.0 

1.0 

88.7 

0.4 

0.3 0.3 

Total 100.0 100.0 100.0 

d 0 ~ w: ..::::,! .:::.. .:::.. 0 w: ..::::,! 

1) b:W°iJA"i'\J f11Vl'Ll\91"i~ t.J~ b 1m m"if"l mn mB-:i b:W\91'\J\911J 1J n-:;;i1 n?ll"i~~m tJ m \916/l\91"iA m b:W\91'\J \91 

~mm 11'11 tltl"i~biJ'LlAl~ 

2) tJ1b~\91U\91 5 n-r:w t:-J?l:W mixed solvent (hexane: acetone,1:1) -'ill'Ll1'Ll 20 il~~~\91"i 
I 2.J d d ~ W: ..::::,! 

bb~~U'LlvnmmB'l homogenizer VlA11:\Jb"i1"i"iJ'\J 3,000 rpm v0'Ll"i~t.J~b1m 1 'Lll'Vl~~ 

11'1' mixture bU'LlBJJ~ob'Ll 

3) 111 mixture 1tl centrifuge 1'1'1t.Jrn1m~1 5,000 "i"iJ'\J~"iJ'LllVlbU'Llb1m 5 'LllVl 
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4) (Yl(Yl~1t1a61':w1?i'lJE:J'l mixture "il1t11'Ll 3001:w1A'i~111'it:-J?i:Wn'U mixed solvent "il1t11'Ll 
" 

5) r\'1mruLJ~mru?11'i b u~lbbA b 'iVl'Ll 1 'Llb~(YlD(Yl b VitJunu m1'VJ:1J1111'i_21'Llb 'U~lbbA b 'iVl'Ll 

6) r\'1mru~E:JtJ{;]::;'lJ~mru?!l'iA'lb'Vl~8 (% remaining) "ll1fl?!:Wfl1'i 

Mstability 
Remaining(%) = M" .. l X 100 mitia 

b(YltJ~ Mstability A8'lJ~:lJ1illb'U~1bbA bVi'Ll 1 'Llb~(YlD(Yl~b Vl~88~ 
" 

Minitial 

~OQ.I c:i.<V ~~ 
3.10 fl1'i!Pl\llP11'aJ~6'1!Pl,fHU6VI b6lf'i11 

bl11~tJm61.l{:w"i\'1mt1 4 ~1~'U?l111'ib(YltJbb'lJ'i~'Ll'll'Ll(Yl?f1'i1Vim1jj'!JltJ(Yl 4 'll'Ll(Yl\i1..:i1111'i1..:i~ 3.8 b(YltJiJ 
" v v v 

oLJ'U (i) EJ'Ll fll'it>l..:J ~ 1 ~'U (i) ..:i1'.1 

1) ~..:J?!1'ibbU'lli11:W~1'Ll (part) ti1..:ili11'i1'l~ 3.8 {;l::;mm~..:i 3 ~·m1Vl'1?! 
2) tl1~1'Ll B bVli;l'l~l'Ll A mt11VfboLJ'1nt1J11mbvl'lbbtll"IJdJ1b61.l{:w1?\ 

3) tl1~1'Ll C bVli;l'l~l'Ll A mt11VfboLJ'1nt1J11mbvl'lbbtl1"1J::;1Ji'b61.l{:w1?i 

4) 'lJ'i::;biJ'UA1 pH 'lJ8..:J~1fo~li1'i bbi;l::;'lJ~'UA1 pH bU'Ll 5.0 J11tJ citric acid 
' v 

5) tl1b61.l~:wVl..:i 4 ~1~'U?lli1'i (FOl, F02, F03, F04) "i\'1t11'Ll 100 fl~:!JbbtJflt:-J?i:Wn'U b~(YlD(Yl 
" 

v v 

"i\'1t11t1Vi..:i~'Ll 8 ~1~'\J?lli1'i (X2AF01, X2AF02, X2AF03, X2AF04, X2PF01, X2PF02, 
" 

X2PF03, X2PF04 ) 

3.11 fl1'fVl~H'lel'Uft'J11Jf'l\l~'J61.JB\l~~!PlJiru6i-1b6lfi'11 

vl1fl1'iV1(Yl?\8'UA11:lJA..:Jt'11'lJB'lt:-J ~(i)Jl ru'f1 b61.l{:W b(Yl tJ fll'i bfl'U 1 'Ll?i.f111::; d..:i 45 8'lf11 b61.li;'1b~tJ?!~ 
'lJ'i1f1'<\J1flbb?!'l blJm::;tJ::;nm 2 b~B'Ll vl1fl1'i'lJ'i::;biJ'LlA1bAiJfl1tJ.fl1'\l'l'lJ8'lt:-J~(i)Jlill'f1b61.l{:w riB'Llbb{;l::;Vll;l'l 

I .<::::ii V d 
1) A1?!AltJbA'i8'l colorimeter 

2) A1A11:WbU'Llfl'i(Yl~1..:J J11mri~B'l pH Meter 
I ~ i.J d 

3) 1"11A11:WVl'Ll(YlAJtJbl"l'i8'l Viscometer 

4) LJ~mru?!l'ib 'U~1 bbl"l bVit1ri..:i b Vl~B 1 'Llb~(YlD(Yl J11 tJ15\i1..:ioLJ'B 3. 9 
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' ' 
~111.:iili 3.8 a~16'i1'Ue.ia11"1JB..:!b611~11u11..:ie:l1 (serum) 

' 
Part Ingredient Function FOl F02 F03 F04 

A Xanthan gum Thickener 0.50 

A Cellusize PCG10 Thickener 0.50 

A Aristoflex AVC Thickener 0.50 

A Carbopol ultrez 20 Thickener 0.50 

A Distilled Water Solvent 82.50 82.50 82.50 82.50 

B Butylene Glycol Humectant 2.00 2.00 2.00 2.00 

B Propylene Glycol Humectant 2.00 2.00 2.00 2.00 

B Glycerin Humectant 2.00 2.00 2.00 2.00 

B Sodium PCA (50%) Humectant 1.00 1.00 1.00 1.00 

B Transcutol GC Humectant 2.00 2.00 2.00 2.00 

B 10% Hyaluron (oligo) Conditioner 5.00 5.00 5.00 5.00 

solution 

B Allantoin Conditioner 0.30 0.30 0.30 0.30 

c Perfume n~tJ JUNE Fragrance 0.20 0.20 0.20 0.20 

c Tween 20 Solubilizer 2.00 2.00 2.00 2.00 

c Glydant Plus Liquid Preservative 0.50 0.50 0.50 0.50 

D Triethanolamine (99%) pH adjust qs 

D Citric acid (10%) pH adjust qs qs qs 

Total 

3.12 n11'Vl~aBu'll1:aiJ'Wfl1111W..:l'WBl<ii"1lB..:!~'U~b.flfl ., 
1 Vi ~Yl\71?le.J'U'lh~ biltJ A11:!J~'l'\l'lel 1';\)1 tJAru~ mHU~~1-:J '1'1Je.J'l~~\Ml ruo/i b'IJ~:!JtJ1'j-:J e:Jl ~1 tJlB n1d 

'U <i I 'I 

7-point Hedonic scaling test ll71tJm~v111tJm?l1?liTAd6d1-:im~ 18U~tJ1ti1tJnzjJJm?l1?liJAd~1:iJ 
~1tJn1'jtJmJtJ ~ltJltJ 100 AtJ m?l1?liJA'j';\J~1~-r'U~~(91Dillo/i ~ltJltJ 4 1'11-r'Ufie.i ~~(91nrusVib'IJ~JJ?lm 

'U 

~ X2A F04, X2P F04, X2A FOl bb61~ X2P FOl l\71tJ'lJ'j'j';\Jb'IJ~:lJ61-:J1tJm'j';\JJlillsVi'IJ1\71e.Jl~JJ?lruUJ1n1Y'l '\ 'I 'I QJ v 

1?l bv1e.i 1 Vf m?l1?liJAdb~tJ~ bb6l~~m!ru~'IJe.i-:i~~(91Jlruo/i b'll~JJ ';\Jln,!tJ 1 Vfm?l1?1irmYll716le.J-:JVll~~(91Druo/i 
b'll~JJ'V'l-re.iJJ(91e.J'lJbb'U'U?le.J'UtnJJ ll71tJm?l1?liJA'jV!tJl71 b'IJ~JJ~ltJltJ 1 V!tJ171'UtJbb'lltJ~ltJ 1 tJ 1 iD1bn~ m'll~JJ 
1Vi~17i'IJJJ ';\JtJ bb Vf-:i V!~'l';\Jl n,!tJ 1 Viri~ bb tJtJA11JJ'LJ e.J'UV!~ -:i nld 1 i ~~ (91Jl ruo/i 1tJJ11tJ~1-:i 1 til-:id ~ n'tfru~ 
t.h1n{ll\71tJ'jlJJ ~n'tfru~'IJB'lb~V1Dl71 n~tJ btlm1JJ~?l rn1JJ~1tJ1tJm'jVl1 ri11JJ~JJ~tJ ri11JJi~nV!~-:iH 



(Resurreccion, 1998) l~t.JjjbnruonA~bb'Ll'Ll~,rd 
1 'Vlmt.J5-:i hhle:i'Umn 

2 'Vlmt.J5-:i hJ'lle:iutJ1'Um=rn 

3 'Vlmt.J5-:i hJ'lle:i'Ub~niimJ 

4 'Vlmt.J5-:i but.J1 
"" w: ,, 5 'Vlmt.Jm 'lle:J'Ub61n'Lle:it.J 

6 'Vlmt.J5-.J 'lle:J'lJUTl.!n611-.J 

7 'Vlmt.J~\l 'Ue:imnn 

-:;i1 rn1'Uv11m'i b tJ1t.J'lJ b Vlt.J'U ri1 bu~ t.JA~ bb 'Ll'Llfl'H1J'lle:J'lJ'l.Je:J\lm?11?1dJ'm 1 'LIA ru~n~ru~ 
' 

3.13 nT~ibfl~1:::~~~'Vl1.:!6'1U~ 
n1'i1 bfl'i1~Vioif e:i:w61 b~\l'\Al'J'iru'Lll 1~ t.Jn1'i'Vl1A1bu~t.JVl1-.Jb61'l.Jflru(>) (mean) ri1611m rj tMb 'U'Ll 

'\) 

1J1(9)'i~1'Ll (standard deviation) 

18 

.,.. 
m'i1bm1~Vi.Ve:i:wm~-:ie:i'Um'Ll 1~t.J H'?1~&11~t.Jm'i1bA'i1~Vi.Ve:i:wm~-:ie:i'Llm'Ll~\l'Vl:W~n1V1'U~ 

~ ~ ~ ~ 

'i~~'Uut.J611rl'ru 11~ 0.05 1bfl'i1~'Vl'1~t.J1 m U'ibbm:w61'1b ~-;;i1tJ SPSS Statistics 24 
v '\) 

one way ANOVA b~e:i1bfl'i1~Vtfl11:lJbbU'JU'i1'Ll'l.Je:J\ln1'i1bA'i1~Vt 1'Llni'ifin~1 n1'i1bfl'i1~Vt 
tJ1~ ~vi6n 1'\AI n11n n bn'U ?11'i611A' t1J 1 'Llb~~u ~ n 1'ifi n~1A11:wA-:irJl1'lJ e:i-:i?111611A' t1J 1 'Ll b~ ~u ~ 1 'Ll 

' "" ?11'i61~611t.J ~1\l'\Albe:J'll 

m'ifin~1m1:wA-:irJl1'l.Jmb~~-u~1'Llm'i61~mt.J6/1(9)~fl pH 5.o 
' ' 

paired t -test b ~ e:i1 bA'i1~V!ri1 bu~ t.J'l.Je:J\ln1'iVl~61 e:i-:i n1'JVI~ ?1e:iu A11:WA\lrJi1'lJ e:i-:ie-.1~ (>)Jl ruon 



d 
'U'Vl'VI 4 

4.1 A11:WA\l~1'Vl1\lfl1EJ.ll1'W"l.le:J\l hi bA~B~6'lotl'Ubb6'l~B~6'lotl'U 
"ill nn1'~~.;i\911-ru?1~11:w 1A18:W1;1.rr'Ll faCJ'Vl1m1~'Llbb u1'll'LlV16UeN?111 !;l\71bb1.;i&i.;i~1 3 'll'Ll\71 bbm;~'Ll 

'\J 

bb'U1u~mru?1111;1V1bbl'l&i'l~lbU'Ll 4 1~vi'u1'Llu1~mru~elCJ!;l~ 15, 20, 25 bb!;l~ 301vimhvn!n (w/w) 

b~elV!1?1~1\911fovfl '1Jm11;1vibb 1.;i&i.;i~11 'Llu~mru~1~?1vi~1 Vf li11-ruJ'Jm1:wA.;i~1 b U'Ll1~CJ~b1m 3 1'Ll ~rn 
'\J ' 

HblJm11;11 3 1'Ll1Ji'bbn?l~I H4 (Cetiol He) L4 (Labarsol) bb!;l~ T4 (Tween 80) 1'Llu~mru?1~11;1~ 
'\J '\J 

~elCJ!;l~ 301171ml1m!n (w/w) vi'.;im'V'I~ 4.1 b~el'l"il1n1:w1m8:W1;1.rr'LlbU'Lll~UU61.Jel'le.J?lm~V!11.;iJ1 
n~'Ll J1:Wmb1;1~m11;1171bb1.;i&i.;i~1~J'J~n~ru~ 1u~'lbb?l'lV!~el1?1 vi'.;iJt!m1"il~'Vl11Vftl1:Wt!1 'Ll?1~1\i11fof!el 

'\J 

1m8:W1;1.rrt!~:W~1t!e.J?1116Uel'l?1111;1171bb1.;i&i.;i~11 'Llu~mru 30 % w!w bb1;1~m1~'Ll I vi'.;i~bb?l\71'11'1..!~111.;i~ 

3.1-3.3 

u~mru?1118:W1;16111v.Jbelel1 bU'Ll 4 1~vi'u1'Llu1~mru~elCJ!;l~ 1, 2, 3 bb!;l~ 41m1tl1V11!n b~elV!1?1~1 '\J 

li11-ruffi '1JB:W'1;16111 'V.Jbelel11'Llu~mru~1~?1l71~tJ'lA'l1 Vf \911fo:Wm1:wA.;i~1 1~ bnl71m1bwm um~CJ~ b 1m 3 
' 

.g'Llb~el~'l~'lHblJ'Llnm 3 CJnbl'Ll?lm~ Al bb!;l~ Xl b~el'l"il1n8:W1;1.rr'Ll1'Llfn1Vll71i;lel'ld1'1JJ1:Wt!~n.U11 
'\J 

2.5 % ~1llflu?111~'Lll vi'.;i~bb?IV1'11'Llm11.;i~ 3.4-3.6 ?1118:W1;16111v.Jbmi1~b~elntiblJ'Ll 8:W1;16111v.Jbelel1 

'll'Lll71nel8:W'1;1i'Ll'll'Lll71tl1:W''Llm~"il1CJ~11'Lltl1 (oil in water emulsion) 8:W1;1.rr'Ll~'lbU'Ll'l~U'\J61.Jel'le.J?lll~ 
Viu bb?l'l 1Ji'~ n~ru~ b U'Ll faimV11;11~b V!~el'loLJ'Llvi''lm'V'I~ 4.2 "ill ne.J1;1m1'Vll711;1m~i~CJ~'l 1Ji'b~eln 8:W1;1oti'Ll 

' '\J 

~~d A2, 02 bbi;l~ X21'Lle.J~~b~\71D\71bbi;l~nllfln~1~'Ll I ~el1u 

b~ ffi111:w 1A 18:W 1;1.rrmb1;1~8:W1;1oti'Ll ?1 m~ ~1'Ll m 1A'vib~eln"il1 nm l'Vl vi?! el um 1 bbCJ n.rr'Llm e.J ~ ~ b lJ 'LI 
'\J 

b~ 171D 171tii'1CJlBn1IV!CJ1711:w 1AI 8:iJ 1;1.rr'Ll bb!;l ~ 8:iJ 1;1 otl'Ll ~ :iJ~l 'Ll e.J ?lll 61.J el'l 1"llb~CJlliJ1;1~b'LI~1;1.;i 1'Ll?1111;1~1;11 CJ 

bbA!;l b'llCJ:wA1;1el111il~V!ll'Lll'Lllii'1mA~m m'l..!?1111;1~1;11 CJ efo ~ b 'Ll~zj.;i b U'Ll?111~1Ji'm"il1n?11V!~1CJtJ1'l'll'Ll171 
' 

mA1'1?1~1.;i~bU'Ll 
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alpha-L-suluronic bbrl::; beta-0-mannuronic ~llf111ll?lll1'Hl bn \?lb th..! 1f1 ':l\l?l~l\I b"ll rl ( selation) 

1\?ltJnl'J?l~l\1~1..Ju::; bb'U1'1J11\l lu 1mri nri (cross link) ~1Wl'\J?ll'J hieieimJ'J::;"IJ'tn n (cation) b<d'Ll 1eiei'Ll 
' ' 

bbrim6ilt.ill (Ca) ~\lbn\?lm'JblJm~\?lU\?lVJ'J\lnrimn\?l~'Ll~\lm'Y-1~ 4.3-4.4 Vl~\l"ll1nm':i~~\r\b~\?lu\?lbb~1 

tl1 b~\?lu \?1~1\?lm~uJ1u~ b 1ru~11 Vlbb Vl\I bb~1-8'\ltl1Vlu n b ~eir11mruu~mru~ei t.iri::; ~ri ~~\r\~1\?l (%Yield) 

V-1'\Jll?l\r\'J H4, T4 bbri::; X2 1\?lu~mru~eim1::;~;;:i~~\r\mnn11~eit.1-a::; 90 ?111..J?l\r\'J L4 1ilA1~eit.1-a::; 
~ ~ 

b ~ t.11 bb Vf \I ?111...l A 1 ~eit.in ::;n 1'J n n bnu?11'J~1A' fl! 1 'Llb~ \?lu \?l bbn::; Al~ei t.in ::;LJ 'j::;~V16n 1V-11'Lln1'Jn n bn u 

?ll'J~l A'ru 'V-1'\Jll?l (rl'J X2 iJAl?l\l?l\?ltll b U~tJ'\Jb V1 tJ'\J n'Ll b 'Ll n~ll'lJtl\l?l\r\'JBiln-b''Ll ~11..J?l\r\ 'Jb~\?lU\?l'<\ll n 1ll 
v 'U 'U 'I 'I 'U 'U 

1ri'J8il-ai'Ll'V-l'U11A1~eit.1-a::;LJ'J::; ~VJ5 m'V-11 'Ll m'Jn n bnu?11'J~1 A' fl!iJA11n~ bAmnu bbn::;-Lleit.1 n11 b~ \?lU\?l~ 
1il "ll 1n8il n-b''Ll b ~ eJ\l"ll 1 rn V-1'J1::; ?l\r\ 'J 1ll 1ri'J8il-ai'LliJLJ~mrum':iri \?l bb 'J \l~\1~11 mJ~mru~?l\I n11?1\r\ 'J 

~ ~ ~ 

€\ilrii'Llmn ~\1~1...l?ll'Jn\?l bb 'J\l~\1~1zj\lb lJ'Ll?ll'J~n::;mt.1tl11\?l~m"ll"ll::;~\l?ll'Jb u~1bbf1 b 'JVl'Lleiein'<\l1n b~ \?l 

u\?11 LJ-a::;m t.iei~1 u coasulation fluid 11...l.fr'Ll\r\eJ'Llnl'J~~\r\b~\?lu \?l vl'l 1 Vl?ll'Jb '\J~l bbf1 bV1'Llf1\I b Vl~eJ 1 'Ll 
,, 

~11..JbUeJ'lJtl\lb~\?lU\?l (matrix) n\?ln\I 

vi111-:i~ 4.1 ~61m1·t.h:aih.1fl11~fl-:i~16lle:i-:i hi 1fl1B:ir61-ff'Wu6l~B:ir61.ff'W 
0 .., 0 .., 

% Emulsion ~Vl1Vl11'U ., ~l911l'l11'U 
~ 

.., 
" 

1~ 1fl1B:ir61-ff'W 
n11bWn6ll'W "'.., .., 

e:J~616ll'W stability 
,, 

Hl bbtJnob'Ll Al 80 
,, 

H2 bbt.ini'Ll A2 100 
,, 

H3 bbtJ ni'Ll A3 100 

H4 hJbbt.in~u A4 100 
,, 

L1 bbtJni'Ll 01 100 
,, 

L2 bbtJnob'Ll 02 100 
,, 

L3 bwni'Ll 03 100 

L4 1JJ bbtJ n~'Ll D4 100 
,, 

Tl bbt.ini'Ll Xl 90 
,, 

T2 bbt.ini'Ll X2 100 
,, 

T3 bbt.1 ni'Ll X3 100 

T4 1JJbbt.in~'Ll X4 100 



H4 

L4 

T4 

A2 

02 

X2 

.. ...... . . 
•z11i~r' ~'."'i,' '.:";: 

(%Bead 

production 
Yield±SD) 

97.50±2.50 b 

60.00±5.00 e 

102.50±2.50 a 

81.80±0.35 d 

82.67±1.53 d 

92.33±0.58 c 

(%drug 

Loading±SD) 

0.031±0.001 c 

0.053±0.004 b 

0.031±0.002 c 

0.056±0.002 b 

0.069±0.002 a 

0.071±0.002 a 

( % Entrapment 
Efficiency±SD) 

66.52±2.68 c 

69.44±5.06 be 

70.16±3.36 b 

74.31±3.17 b 

94.30±2.40 a 

95.69±2.49 a 
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"1:1rn.1b"11i) \i\'18mrj~bblilfllii1-:in11hmm~-:ibb?HiMf1-:ifl11rnblilfllii1-:inm:iti1-:illut.1'11A'tjjV11-:i?1n~~~:::iilum1rnzjDif11~mm::: 95 (p<0.05) , 

n~3 

bb61 ~ X2 i161 rrt·H1J~~'Ll~1'UB n b~ CJ'\J b U'UVl'i-:J nmJ ~6111?1 (91 bb61~iJfl1111V1u bb?1-:J 1(91CJ~iJ61m'.fru~vi1-:im CJmY<J 

bV!:i1eJ'Utl'U v1-:i~bb?1(91-:J1'U.fl1'V<J~ 4.4 

4.4 i:.i~m1Am~nfl11a.iri~~'J611'HUl'i1bbfl11Viu1 'Ub~wiuwi b 'U6111~:::~1ci~1~.Wbt1"!1 
fl1'iAn'l'.f1'6b U'Llfll'iU'i~ b:iJ'U?1.f111~f11 pH ~rnm~?111~~(91 ~vh 1 Vf61n'l'.fru~vi1-:i fl1CJ.f11Y<J'lJB'l 

b~(91U~HJ-:Jfl-:ii1'iu~1-:ivi'i-:im1mva~i1u~mru?11'i b uti11bbfl 1 'iVl'Llfl-:J b V!~ ti?1-:J?ll71 fa CJ m"Jtl1 b~\71U(91~ -:i 6 
'.! '.! ' 

~1-r'U?1\91'ib~bbn H4, L4, T4, A2, 02 bb61~ X2 ~1'U1'U~1fo?1\9l'irl~ 1.0 fl~lJbbCJm.1?11Jtl'\J?l1'i61~mCJ 
'.! '.! 

n"J(9168\9l~fl (pH 5.0), J1ni'Ll (pH 7.0) bb?l~?11'i?l~611CJ triethanolamine (pH 9.0) u~lJ1\9l'i 25.0 

:iJri ~~\9l'i ·<1nmimnu~?1m1~ d-:i 1 'LllKffufl1ufl11tiru'Vln:iJ~ 45 ei-:im b6/lm~CJ?11(91CJU'i1~'<\11 mb?1-:i b U'Ll 
'U 'l 'l 'U 

'i ~ CJ ~ b 1 ri 1 1 b ~ ei 'Ll "il 1 mi 'Ll v1' 1 m 'i 1 b fl 'i 1 ~Vi u ~ m ru ?l 1 'i bu tK 1 bb fl h V1 'Ll ~ fl -:i b V! ~ ei 1 m~ (91 u 171 "il 1 nm 'i 

lbfl'i1~vtu~mru?11'ib'UIK1bbflhVl'Llfl-:JbV!~tJ'V<J'\Jl1V!61'-:J"il1fl~1'UbU 1 b~tl'U ~?11'i61~;;'11CJ pH 5.0 bb61~ 

pH 9.0 i1f11u~mru?11'ibu~1bbfl bV1'Llfl-:irn~ei1n~bACJ-:in'Ll 611'U?11'i61~mCJ pH 7.0 i1u~mru?11'i 

b'UIK1bbfl1'iVl'Ufl-:JbV!~tltltJCJ~?1(91 bb61~b~tl~"ll1'i1W1~ pH 5.0 'V<J'\Jl1b~(91U\71?1\9l'i X2 i1u~mru?11'ib'\J~1 
' '.! 

bbfl 1 'iV1'Ll fl-:i b V!~ ti?1-:i~?1(91 fiei~tiCJri~ 77 .89 611t!61' n'l'.fru~'iuvi'i-:i'lJm b~\71~ bnu 1 'Ll?11'iri~m CJ~-:iV111l71tJ'-:ifl-:i 
'.! ' '.! 
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~fl'lbV!~8 vl'l~bb6'1\?1'lh,Lfl1'\l\I~ 4.5 '\.J~mruA'lbV!~8'U8'16'111bU~1bbAbVl'Ll1'Llb~\?1U\?181~iJ 2 U~~t.J~ 
b~t.J1oLJ8'lA8fl11D;;'1\?1D~8t.J6'111b U~l bbA 11Vl'U88fl~1fl b~\?1U\?1 zj'lt:.J;;'1fl11Vl\?1;;'18'l~~ b~'Ull b~\?1U\?1~1fl h.i 
bA1BJJ;;'1oir'UiJ'IJ~mrum1 b U~l bbA 11Vl'UA'l b Vl~ff\~ 8t.J fll 1 b~\?1U\?1~1 flBJJ ;;ioir'U~:Wm1lJ6'18\?1A i18'1 tl'U nu [:.J;;'1 

m11Lm1~~'\.J1~~viTim'\l\lm1nrnnu?111G11A'qJ1'LlL~\?1u\?11'LloLJ'8~ 4.2 ~1'LlBflU~~t.JV!~'lA8A1 pH 'U8'l 

6'111;;'1 ~ ;;'11 t.J~iJ t:.J ;;i l'i8A11lJl'11'U 8'1bU~1 bbA bVl'Llvl 'l\?1111'1~ 4. 3 vl'lJ'U ~'lb~ 8 fl?\ \?11~ X2 ~ \9lJ 'U 1\9i eJ 
'\J 

b ~e:i 1mJlb~\?1U\?1~iJA11lJA'll'11'U8'1?111bU~1bbAb1Vl'LllJ1fl~'Ll 

«l d "' u"' "' 1 "" "" blJ~'U~ 'HH.16'1~ )lJ1Wb'U(911bbfl )'Vl'Wfl.:lbVlf;leJ 
0 ., 

pH 5.0 pH 7.0 pH 9.0 6'1(91)(911)'U 
'IJ 

H4 45.30±0.42 d 28.52±0.42 a 46.30±0.29 d 

L4 18.74±0.30 e 13.36±0.22 d 17.61±0.59 f 

T4 11.93±0.15f 13.44±0.69 d 56.41±1.05 L 

A2 74.47±0.67 b 14.50±0.16 c 67.47±0.51 a 

02 64.22±0.1 7 c 12.41±0.04 e 65.19±0.06 b 

X2 77.89±0.08 a 18.84±0.31 b 40.30±0.23 e 

mnm Vl\Jl '11ilmr~~ bb\iln.!1-inu 1 mbtn~-Jbb6rn-:iil-:iri11:ubb\ilfl'11-:in·1x;181-:illutJ.-11~qiY11-:iail&1~~:;\ii'um1:m zjoi:i'u'.iotJi'l:o 9 s (p<0.05) , 

n=3 

4.5 ~-J6'ln1)Am~1f111lJfl.:i~1"tle:i.:ib:W~u~i.u6'11)i;i~i;i1~~(91~fl pH 5.0 

4.5.1 ~.rnm)flm~i-1f111lJfl.:i~1"tJe:i.:i~b:W~u~ 

~1 fl fl11Vl\?1ffeN neJ'LlVl111'\l\IUl1bU~1 bbA bV1'LliJA11lJA'll'11~ pH 5.0 lJ1 fl~~\?1 ~'lJ'U 1 'Ll fl11 

vi\?1;;imd~'l 1Jlvhm1~'1~1foBJJ';;ioiJ'Llzj'liJ~1'Ut:.J?1lJ~ bb1?1fll'i1'ln'Llvl'l~ bb6'1~M 1 'Lll?1111'l~ 3. 7 1v1Lbn X2M 

blJ'Ll6'11?11~t:.J?1ml1il'Ll isopropyl palmitate ?1\911 X2A t:.J?1lJ6'111~1'LleJ'UlJ;;'1B6'11~A8ll?1iJ'U~bb;;'1~l1?1:lJ'UB 
'1...1 'U 9 '1..l 

bb;;'1~ 6'11?11 X2P t:.J6'1lJ6'111~1'U8'UlJ;;'1B6'11~A8l\91:lJ'Ll~ l\91iJ'UBbb;;'1~t:.J'l~ U1BJJ;;'1oir'U~'l 3 6'1\9111'1Jt:.J~\91b~\?1 
'U q'U 'U 

U\?1\911lJfl11lJlBvl'loLJ8 3.4 ~1 flJ'Utl1 b~\?1U\?1~1vl1 LJ ~ m~1 A11lJA'll'111\?1t.J m1t:.J?1lJb~\?1U\?1"il1u1'Ll 5. O 

fl1lJt:.J6'1lJtlU6'111;;'1~;;'11t.Jf!1\?16E\91~A pH 5.0 'IJ~lJl\911 50.0 iJ;;i~~\911 bnU1'Ll6'1.f111~b~'l~8tuVl.f1iJ 45 
' '\J 

8'1Y'11b"lrn b~t.J?1b\?1t.J'IJ11Y'1~1mb?1'l blJ'Unm 28 l'Ll b~8A1Ufl1Vl'Ll\?1vl1fl11D1~biJ'UA1fl1t.Jil1'\l\lvl1'Ll~vl1 t.J 

bA~8'l colorimeter ~1flJ'Utl1r11~~'lV!lJ\?1lJ1Al'UlruA1 L':-[ B-Ji:l n·111 bA11~~m·mJ~rJ'Ubb '1Jri'l~1~u11 
b:JJ(71U\?1~\9iTVl X2M' X2A bb!;'1~ X2P :Wr11bvi1nu 3.87±0.04, 8.18±0.42 bb;;'1~ 2.95±0.08 \911lJ~1vlU 

vl'l~bb?\\?1'11 'Ll \91111'1~ 4.4 
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H1 

L1 

r·-·-· 
I T4 

(~h.:i) 

V1a.:ib~~tia.ih.1lf'11ila!~i'W <sg1t1> bb~~i.:i~.:iH'Vla.:ib~~tia.i 3 1'W ("U11> 
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. . 
mv-i\/i 4.4 an"etru~'Vl1·m1E.J.fl1Wlle:l~b~~U~~~ai'U~lil':i\/i A2 ('U'U), 02 (na1~), X2 (i;l1~) 

" 
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d Q,I ~ .c:t QQJ' Q,I d .c:t ii 

.fl1'V'IVI 4.5 ~mm.!~Vl1'1n1f.J.fl1'V'l"Uel·:H:U~'U~el:U~611'U611WaVI L4, H4, T4, A2, 02, X2 (b~f.J'l~1n61l1f.J 
" 

hhrn) nei'Um~Am~1f'l'J1WN~'l ('U'W61~) bb~~Vl~'ln1~Aml'1f'l'l1:Uf'l'l~Tv1 pH 5.0, 7.0, 9.0 
' 



m-
a1
~V
i 

4.
4 

~6
ln

1'
:i

1b
fl

':
i1

~~
fl

11
1J

fl
~~

16
ll

eN
~b

n~
u~

 

0 7 14
 

21
 

28
 

6E
 

L*
 

53
.3

3±
0.

06
 

57
.0

1±
0.

41
 

56
.7

6±
0.

05
 

56
.8

3±
0.

03
 

56
.8

1±
0.

05
 

X2
M

 

a*
 

21
.9

0±
0.

05
 

21
.7

1±
0.

17
 

22
.0

2±
0.

02
 

20
.7

6±
0.

10
 

20
.2

0±
0.

02
 

3.
87

±0
.0

4 
b 

b*
 

76
.3

3±
0.

08
 

74
.9

5±
1.

41
 

76
.2

6±
0.

05
 

77
.9

7±
0.

04
 

76
.3

2±
0.

06
 

I 
Q

.I
 

d 
C::

: 
d 

fl
1f
l1
11
Jf
l~
l1
11
6l
lB
~m
lJ
~'
U~
 

L*
 

58
.4

0±
0.

23
 

61
.4

1±
0.

05
 

62
.1

7±
0.

02
 

62
.0

6±
0.

05
 

62
.4

3±
0.

04
 

X2
A a*
 

25
.1

7±
0.

04
 

25
.8

6±
0.

05
 

24
.8

3±
0.

05
 

22
.8

2±
0.

04
 

24
.2

1±
0.

04
 

8.
18

±0
.4

2a
 

b*
 

70
.4

9±
0.

58
 

77
.3

0±
0.

10
 

77
.6

0±
0.

03
 

76
.2

3±
0.

04
 

77
.5

6±
0.

05
 

"v1
mm

'VW
! i

l18
n·i

,v;
~bb

111
n~1

.:i
nu1

mbm
uil

mb?
l\i

l.:
in~

m1w
b11

1n~
1.:

inu
il~

1.:
i~u

(Jr
\1A

"l\
!Vl

l-1
?1D

iil
~1:

:;\
il'

Um1
wzj

il,
j\.

1~i
l(J

<i:
:; 

95
 (

p<
0.

05
) 

, n
=3

 

L*
 

56
.5

0±
0.

04
 

58
.2

9±
0.

09
 

56
.9

4±
0.

03
 

58
.7

3±
0.

03
 

59
.0

5±
0.

02
 

X2
P a*
 

17
.7

9±
0.

05
 

18
.2

3±
0.

06
 

18
.3

5±
0.

03
 

17
.8

4±
0.

02
 

17
.5

0±
0.

03
 

2.
95

±0
.0

8 
c 

28
 

b*
 

60
.5

9±
0.

01
 

63
.6

5±
0.

19
 

62
.7

4±
0.

11
 

63
.7

6±
0.

04
 

62
.0

7±
0.

12
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4.5.2 ~H1fl11An'\~t1fl11l.lfl'l~'J"UeMaTH'U~1bbfl 1-ai'i'Ub'Ub~~-u~ 

V1i1'1~·1nmciAf1Hlr1HWA'1~1'UeJ,mJ\11'Ul711t1~m1::;d'1lU'Ullm 28 l'U tl1b~\71Dr1~ri'l~ X2M , 
" 

X2A bbfi::; X2P :wllbA'l1::;'1,hJ1mru6'1.Jlii'166AhV1t1A'lbVl~eJ (µg carotenoid/ g bead) bbfl::;tJ1mru~m.1 

fi::;b'l.Jlii'lbbAbVltifl-:JbVl~u (% beta carotenoid remaining) ~u11tJ1mru6ulii'166AhV1t11'Ub~\71U\7lbb~ 

f!::;?i ri 'l5JtJ1mru 1:iJ vvh1l'U 1 ti1m~:wlii'ti (day 0) 'LJB-:Jfl1'lAflH1fl11:1JA-:J{l)1 bbfl::; b~u16m1::;~tJ1m ru 
" 

mnn11~Bt.Jfl::; 80 b~B~1iin1'lbnu1ii?im1::;d.:iblJm::;tJ::;nm 281-u v1.:i~bb?il71.:i1t1m'l1.:i~ 4.6 117ltJ 

~6'1\91'l X2P 5JtJ1mruA'lbVl~eJ6'1'1~6'1\71AeJ~utJfi::; 89.23±1.30 ~1'U?l\91'l X2A 5JtJ1mruA'lbVl~eJ 
'U 'U 'I 'U 

-a:m~nin 
'l.fimWb'U~1bbAbVi'U (µg carotenoid/ g bead) 

0 ., " "' 
(1'U) 

at'IWl11'Ubl.l~'U~ 

X2M X2A X2P 

0 798.51±10.40 800.99±17.37 904.71± 11.82 

7 749.75± 7.54 767.11±15.53 903.47±12.94 

14 677.85±6.56 754.30±18.57 865.87 ±8. 70 

21 670.00±8.97 696.03±5.73 796.03± 7.47 

28 639.83± 7.05 c 684.88±4.69 b 807.19±3. 78 a 

111mm1111iJ A'15m;'l~bblilnl'i1~nu 1 mbtn~~mw1~~~fllllJ6blil nl'i1~nueJcJ1~~utJi'i'1fib\!V11~?11\&1~1~iil'Ufl11mzjilii'u~iltJn~ 9 s (p<0.05) , 

n=3 

4.6 ~rnm1'Vlvim1uA1111A.:i~1"Ue:i.:ii:.J~t'l.ii'ruetib6ll~11 

v'i1m'l~'1\7\'1fo b"1l~:w'il1mii 4 ?iri'l~5Jm1m6ri n~1.:inii~?i1'l 1 ~A11:wV1iJl7lv1.:i-d' 
" 

FOl 1'1J?i1'l1~A11:WVIU\71AB Xanthan gum 

F021oiJ?i1'l1~A11:WVIU\11AeJ Cellusize PCG10 (INCl:HYDROXYETHYLCELLULOSE) 

F03 1oiJ?iTa1~A11:1.JVIU\71AeJ Aristoflex AVC, (INCi: AMMONIUM 

ACRYLOYLDIMETHYLTAURATE/VP COPOLYMER) 



F04 1'1rm11VfA11:lJ'VlU~AeJ Carbopol ultrez 20 (INCi: Acrylates/Cl0-30 Alkyl 

Acrylate Crosspolymer) 

30 

·'inntTm'1l{11~\I 4 ~1fo?l171'J''ill'LlTU 100 n-rmwm.J?llltl'Ub~~{j~ 2 ?1171'J (X2A bbr;i~ X2P) "il~ 
'U 'U 

1Ji't:.J~171.tlru'Vlb'1l{11f,J?l11b~l'ID~Vln.V11'\\'1m'Ll~\l~'Ll 8 ~1fo?l171'J 1v'lbbn X2AFO 1, X2AF02, X2AF03, 
'U 

X2AF04, X2PF01, X2PF02, X2PF03 bbf;1~ X2PF04 "illnnl'JD'J~bil'Ll~l~beJ'IJ'IJeJ\l\il1fob'1l~ll~'UlliJ 

A11mliuml'ltieiu11mh\I 4.48 - 5.20 bbf;1~'Vl~\l"il1nni1bn'U1u?Jm1~b~\lbllun;;i1 2 b~eiu~'U11iJ 

6'1171'Jb'1l~1JlJ~1~ bel'IJ?l\l~'Llb~ n'LleltJ ~\I~ bb?ll'l\l 1 'U1711'J1\I~ 4. 7 
'U 'U 

'a::EJ::b'J6'11 
~eJEJ6'l::m:1.11rubul911bbfl bVi'Ufl'lb'llliiei (% beta carotenoid remaining) 

0 ., "' ct 

(1'U) 
'1t91'aVI1 'a'U b:IJ ~'U ~ 

X2 X2A X2P 
0 100 100 100 

7 93.91±1.94 95.79±2.23 99.88±2.35 

14 84.90±1.77 94.19±2.75 95.73±2.16 

21 83.91±0.15 86.93±2.55 88.00±1.45 

28 80.13±0.80( 85.54±2.37 b 89.23±1.30 a 

vm1m VlliJ iil18m,i'l~llAnlii1-:inu 1 mlm~-:ill?1vn1i-:irn1lmli1n!ii1-inur:irh-:i~u1.1i1A't\!m-:i?11i&'i~~~iiiuA11mzj8ifil'l'mm~ 95 (p<0.05) , 
n=3 

X2AF01 

X2AF02 

X2AF03 

X2AF04 

X2PF01 

X2PF02 

X2PF03 

X2PF04 

4.56±0.05 

5.06±0.01 

4.51±0.01 

5.23±0.01 

4.54±0.02 

5.05±0.01 

4.48±0.01 

5.20±0.02 

f'i1 pH 

4.56±0.01 

5.09±0.01 

4.54±0.0l * 

5.18±0.01* 

4.55±0.00 

5. 10±0.01 * 

4.52±0.02* 

5.18±0.01 



31 

Wflf11'j[J<j::; b:lJ'Ll A11:UV\U\71'lJeJ'1 W~{!)i\' rusv1 l6lf~:U neiu f11'jltl'U1 u ?!i111::; l ~'1 ~'Ull l6lf~:UlJA 1A11:U 

V!UIY1~ll{i) n~1'1nu~uei8n'U'UUIY1'Uu--1?11'j 1 !Xm1:uVlu1Y1~ ll{i) n~1--lnu b1'18?!1"i~1 !Xri11:uV!u1Y1?1'1~?11Y1Aei 
'\J '\J ' 

Cellusize PCG 10, Carbopol ultrez 20, Aristoflex AVC llfl::; Xanthan gum {!) 1:1.J ~ lvl'U b\Y18~ 
Xanthan gum 11Xri11:UV\U\Y1~1~~\Y1vl'1{!)1'j1'1~ 4.8 llfl::;V\~'1'J1flf11'jlfl'U1u?tm1::;b~'1bUm::;f.i::;nm 2 

l~eiu llfll~'Ull l6lf~:uvi n?tmilrl1m1:uV!U\Y1fl\Y1fl'1 1JJ11'J~ l U'Ll?!l'j 1 !Xm1:uVlU1Y1'J1 n n~:u~ei~ l:U ei{5'j'j:l.J 
' '\J ' 

'U1&iHi'lln Cellusize PCG10 lbfl~ Xanthan gum ?\1'j1!Xm1:uV!U\Y1n~:U~eJ~b:UeJ~~'1bm1~i1~1JJl'i'ei'1 
LJfofi1¥1lei'U AeJ Aristoflex AVC bbfl~?\1'j 1 !Xri11:uV\U\Y1~MeJ'11.J-r'Ufi1Y1bei'U~l8~1'1eleJ'Ll AeJ Carbo pol 

ultrez 20 zj'1b\Y18vi'1 l LJ bbfll bA~eJ-.1;;11 eJ1'1ii' fl'J~lJ A11:UV\U\Y1 fl r!fl-.lb~ ei ~l'Ll fll"i btl'U 1 u?t.f111 ~ b ~'1 b U'Ll 

blfll'Lll'Ll ei81'1l"itl{i)l:UVl1nri11:uV\U\Y11JJ1~ b tJ~ f.l'Lllb Dfl--11 LJ 'Ju'Yi11 IX~ m~rurn18'LleJfl'UeJ'1lA~eJ-.1;;11 eJ1'1 

b LJ ~ f.l'Lllb LJ fl--11 LJ Vl~ m Vl fll fl-.l'J'Llln'Ll 1 LJ 'J'LlN'U11i1 A~:u~ ?t1~~'1 m1:u lb\91n~1'1 v1'1i1'Ll~'1r11'1 l~ ei n?\\91 'j~lJ 
'\J '\J 

m"i l LJ ~ tJ'Llll LJ ri--1m1:uV!uriu ei tJ llri ~ l~riu ri tJ--lvNm~'J18 ~11~ ei 81--1?tJ1b?t:uei1 'Ll l6l!~:u th 1LJvi1Y1 ?! ei'U 

m1:u'Uu'U 1'LlN'U1fari~e:i1 LJ 
'\J 

VlU\Y1AeJ Xanthan gum 'J~il~n'tlru~~m~nue:itJ~l'Ll~\?l'j~'Ll 1'l~ilri11:u 1?t Vl~'1'J1flf11"iltl'U 1 'Ll?ti111~ 

d--lm'Ll 2 b~u'Ll~'Ul1?!\9l'j~lJm"il LJ~tJ'Llll LJ ri--lei 81--1 b~'Ll l~otiriAei X2AF02 zj--1 b~IY1UIY1'J~rieitJ~'Ll~1'Ll'U'Ll 
'\J 

b ~ eJ-.l'J 1 n l~ riu \Y) lJ~l'Ll w ?!:U'U eJ .:iJ 1iJ'Uzj.:JiJ All:UV\'Ll 1 bb ti'Ll ~ 1n11J1 fl~'Ll bbfl ~ b d eJ b 6/f~:UlJ Al l:UV\U \Y) 1JJ 

b'V18.:i~ei~'l~'li1ml'Ul'LlfleJm~riu1Y11~ ~1'Ll?!\9J'j X2PF02 ~'Ullb~r!Ul'1\9lnri.:i~1'Ll~1.:ib~ei.:i'J1n?tml~\Y1 
'\J '\J 

ul'1 X2P il~1uw?t:u'Uei.:iw.:i~viei.:iVl~eJ?!l'jlJ'j::; mtJ:unzj.:i l U'Ll?\1'jn~:u6/l~ n1 llri::; l:ufh ilri11:uVlm llii'Ll?t.:J 
' ' '\J 

il~n'tlru::;Vl1'1f118i11~1nfi'lAtJ.:Jl~:UAeJ?!\9l'j ~ X2AF01, X2AF04, X2PF01 llri::; X2PF04 Nl~tJ'il--11~ 
'\J '\J 

tl1l6l!~:u~.:i 4 ?\\?l'j 1UVll'16'!eJ'UN'U1fari~ei1 LJ 
'U 'U 
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. 
••• {,cl 

X2A f0t , I Jlffli2 \; ' -~ 4<<, 
" -=-·"" .... ~,' '...-.!" ·~ 

~~~Ji'rusn t61.1~iirieJutnu 1 ur;11111~t i.:i 

=,,..-' ... ~ 
'-~· ~ 
~~~Ji'rusn t61.1~iirieJmnu 1 ur;11111~ b i.:i ~~~Ji'rusn t61.1~ii'Vi~.:i tnu 1 u r;11111~ b i.:i . . 

mVIVi 4.6 ~ ~~Ji'rusn t61.1~iirieJmt61~'Vi~.:i m'a'VI~ fleJ'UF111i1F1.:i~1 

X2AF01 

X2AF02 

X2AF03 

X2AF04 

X2PF01 

X2PF02 

X2PF03 

X2PF04 

A1F111ii'Viu~ (cP) 

916.33±3.51 

5282. 33± 132.46 

934.00±2.65 

1820.00±28.79 

925.33± 7.51 

5433.33±17.95 

969.33±18.48 

1918.00±10.15 

637.77±10.07* 

4442.00±131.46* 

229.97± 7.57* 

1631.33±33.71* 

628.43±0.75* 

4177.67±145.25* 

239.57±21.17* 

1665.00±25.87* 
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L* a* b* L::.E 
' "' ml'Ubf1U " "' 'Vl~'lbf1U ' "' f1eJ'Ubf1U " "' 'Vl~'lbf1U ' "' f1eJ'Ubf1U " "' 'Vl~'lbf1U 

~m1:::d.:i ~m1:::d.:i ~m1:::b~.:i ~m1:::d.:i ~m1:::d.:i ~m1:::d.:i 

X2AF01 51.53±0.08 53.85±0.10 24.49±0.06 25.14±0.13 65.50±0.13 65.10±0.45 2.48±0.18 b 

X2AF02 51.53±0.08 53.86±0.12 24.49±0.06 25.37±0.10 65.50±0.13 67.82±0.68 3.43±0.39 a 

X2AF03 51.53±0.08 54.96±0.02 24.49±0.06 23.82±0.15 65.50±0.13 64.41±0.60 3.69±0.21 a 

X2AF04 51.53±0.08 53.82±0.09 24.49±0.06 24 09±0 08 65.50±0.13 67.53±0.08 3.10±0.11 a 

X2PF01 48.37±0.16 50.28±0.21 22.05±0.25 22.74±0.40 59.62±0.17 57.86±2.30 2.92±1.67 a 

X2PF02 48.37±0.16 49.47±0.09 22.05±0.25 23.29±0.02 59.62±0.17 59.39±0.33 1.68±0.27 b 

X2PF03 48.37 ±0.16 51.49±0.38 22.05±0.25 22.10±0.37 59.62±0.17 57.28± 1.24 3.93± 1.08 ab 

X2PF04 48.37 ±0.16 51.62±0.03 22.05±0.25 21.85±0.06 59.62±0.17 60.45±0.22 3.36±0.14 a 

vnnum") ihfin'tl'l~bblilfwi1-inu 1 mbi.n~·m?1'1-i~-im1m•1>1n.11-inuBti1-i~uu~1A'll!Vl1-l?l~~~'l:;i"l'rn·mmzjt1~ufam1:; 9 s (p<O. OS) , 

n=3 

m1lJA'l~l'U€l'l?111 b '\.J ~1bbA11V1u'U€l'l b~\YltJV1~ bb 'Ul'Llfi m.J 1 m61J~ll~?Ln111::; b ~-.:i b tJm::;tJ::; b 1m 2 

l~€l'U~'\.Jl1?1m X2AF01 (73.64±1.27) tl'\.J X2AF04 (71.40±2.20) ritl1mrub'\.J~1bbf1hVl'Llf1'lb'\ll~€l 
'U 

1:Wbbl'lf1A1'ltl'U bbf1::;?11'11 X2PF01 (75.42±0.63) tl'\.J X2PF04 (76.27±0.78) ritl1mrub'\.J~1bbAhV1 
'U 
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Formulation (µg carotenoid/ g % Beta carotene 

bead) remaining 

X2A (base line) 645.62±5.40 100±0.00 a 

X2AF01 475.37±4.35 73.64±1.27 de 

X2AF02 474.55±5.68 73.50±0.65 de 

X2AF03 490.25±13.71 75.94±2.23 cd 

X2AF04 460.91±11.95 71.40±2.20 e 

X2P (base line) 662.15± 17.37 100±0.00 a 

X2PF01 499.34±9.36 75.42±0.63 cd 

X2PF02 509.67±4.35 77.01±2.34 be 

X2PF03 523. 72± 1.43 79.13±2.08 b 

X2PF04 505.12±18.15 76.27±0.78 cd 

V1mmV1~ ITT'18n1'!~~bb(ilflA1.:inu1mL1..1'.l~·mali1.:i1i.:im1:i.m(ilni>i1.:in1..1tJ~1.:ii'Ji11J~11'1fk!m.:ia1i\;l~~::iiium1mzjtJir1..1fa1J<1:: 95 (p<0.05) . 

n=3 

4. 7 ~i;inTrVI~ 6le:J'U'lh~biJ'IJA'J11JVi..:i'VHl blil"Ue:J..:l~'U~tn fl 
'U 

l'Jfln1'~VW1?!D'U~'U~1.nrivieil'J~\71Jlru'V'ibbnf1 1m:i:J'U uvi b'll~:W (Gae Vitamin Bead Serum) 
'U 

~'U~b.llf1~\71D'Ubb'U'U?!D'Uf11:W bbU..:JblJ'Ub'VH"1V!ll..:J 1mm~ 80 bbflnV'H"1'lJ18 1Dt.Jfl~ 20 ~11..JbV!ruDlt.JDci 
'U v v 'I 'U 

b'U'1l1..:i 25-29 u AViblJ'Ll1Dt.Jfl~ 45 'JD..:Jfl..:J:wlAD Dlt.J 30-35 u bbfl~ 36-40 u AViblJ'Ll1Dt.Jfl~ 25 bbfl~ 
' 

21 \711:W~11'1'U lJ'J~l'1'Un1'J~n'\~1~'U?!.:J?!VIAD '\.J~ruru11 V1V!~D?!..:JffJ1 1Dt.Jfl~ 49 bbfld~ruru1171~1Dt.Jfl~ 'U 'I v v 'U v v 

33 1vit.i~11..J 1 viru1eit.irt~ 77 '\.J"J~nei'Um~~.LJ1"J1'lJm'J/v·fun..:i11..J'LJD..:i-rio1-rio1?11vif\\J :ih1t.i 1tii\u~t.iviei 
v ... ... 

b~tl'U?!.:J?!Vl b 'U'1l1..:i 20,001-30,000 'U1V1 AVlblJ'Ll1Dt.Jfl~ 48 'JD..:Jfl..:J:wlAD 30,000 'U1V1~1..J hJ 1Dt.Jfl~ 
'U ' 

28 

~m~1fo 4 ~\71'J A1t.i15 7-point hedonic scale b'U~ru~m1ru~A11..Jvi1..:i1 1Abbn ~n~ru~U'Jln!J 
~n~ru~'LJti..:ibiJvi-Uvi n~'Ll bdmr:w~?! A11:w~1t.J 1 'Lln1'JV11 A11:w'1l:u~'Ll A11:w1~nvi~n 1 '1l' bbfl~A11:w'lJD'U 

' 'U 

bVlt.J'Jl:W ~'Ul1 ~'U~b.nri 11Xri~bb'U'Uf111:W'1lD'UA11..Jn~'U'IJD..:Jb'll~:U~..:J 4 ?!\71'J hhbl71nvi1..:in'UDci1..:iiJ 
'U 'U 

'Llt.i~1ilfl]V11..:J?!f\~ (pz. o. 05) b~D..:J\11nn~'Ll~1'1i' blJ'U n~'Llb~t.Jdn'Ll ~11..J~ru~ n~ru~A11..J~'U '1 l'Jfl\11 nm'J 

?!D'Uf11:W~'Ul1 ~'U~1.nf111Xri~bb'U'Uf111:W'lJD'U b 1..J~ru~n~ru~v11..:i1'1.JD..:J~(?)'J~lfo X2PF04 1 m~l91'U'lJD'U 
'\.J11...!nm..:in..:i'l1ti'Umn b 1...!'l.Jru~~~\71'J~1fo~'Ll 11Afori~ bb'Ll'UA11:W 1 m~l'1'U'l1D'U b~ nueit.in..:i'\.J11...!nm..:i 



D1~ 

25-29 ti 
30-35 ti 
36-41 ti 
42-47 ti 
48-53 ti 
~~~un1~An~1~t1~~~~ 

" ' 
:il'iStnJ~n'\~1 

tl1'V ./tl11:1./t1'1i1JJ'lj'lJ1 

tl'1'lj'lj1(il~ 

tJ1'lj'lj1 b 'VlVl~D~~nl1 
u1:UV1 
<iJ 1'.i1'Vn1"J/yji:Jn~1'U'V D~ 1'3j/1'3jl '11VI n 'ii 
yji:Jnrn..1u'1~'VlbDn'ln.1 

bbl.JtJ1'\..I 

~1 ti Hh11~vl'im~Dt1 
5,000-10,000 Ul'Vl 

10,001-20,000 Ul'Vl 

20,001-30,000 1J1'Vl 

80 

20 

45 

25 
21 

8 

9 

9 

33 
49 

77 

18 

5 

18 

3 
37 

35 

mnn11 30,000 u1'Vl 42 

~Tn..:i~ 4.12 A:::ll'Ll'UA11:l.J'UeJ'U'UeJ'l~U~bA~1'UTU 100 A'Ll (n=100) J\'1t.115 7-point hedonic 

scale ~m-J~(91Jltu6V'i'bbnA l(911iJu D\71 b'IJ1:l.J~(91'J~1-:J'l 

v 

buei?i:l.Jer~ 

m1JJ~1t.11 unwvn 
v 

A11dJ'lidJ;'fi'U 
' 

m1JJ~~m-i~-:iH 
" 

X2A F04 

5.58 ± 0.64a 

5.30 ± 0.87b 

5.01 ± 1.40 

5.07 ± 1.29b 

5.38 ± 1.05ab 

5.52 ± 0.82ab 

5.28 ± 0.88bc 

5.20 ± 0.88bc 

X2P F04 

5.82 ± 0.86a 

5.86 ± 0.92a 

5.34 ± 1.38 

5.50 ± 1.19a 

5.74 ± 0.91a 

5.74 ± 0.87a 

5.69 ± 0.97a 

5.82 ± 0.78a 

X2A F01 X2P F01 

4.81 ± 1.37b 4.96 ± 0.85b 

5.22 ± 0.92b 5.78 ± 0.85a 

5.06 ± 1.34 5.01 ± 1.26 

4.99 ± 0.98b 5.12 ± 0.79ab 

5.18 ± 1.18b 5.28 ± 1.19b 

5.27 ± l.13b 5.50 ± 0.86ab 

5.04 ± l.19c 5.44 ± 0.97ab 

5.12 ± i.28c 5.50 ± o.8rb 

Vl"1Vb'1'111f 1. ri1lil~CJ ± ?i1m~CJWU'LllJllil'l.lJTW. A::ab'Ll'Lli"111"'1JD1J 1 = hi'IJi.lUmn bb'1~ 7 = 'IJilUmn 

2. 1>'118n'tl'l~blliln\ii1~nutm,m'Llil'Lllb?llil~D.jf11ll.mlilnlil0 1.jrl'Lli.lti1.jlJUCJcl1A''l!Vl1.j?I~~~ p<0.05 , n= 100 
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b~e:i~~1·rn.n 1 mb~fl~fJ ru~ n1~Hu~'1J e:i-:i b61J~ll vi1-:1J11'U ~ n~ru~th1nn 1vi m111 v'fu11 ~vi1v\' 1~'\J 

X2AF04 bbfi::; X2PF04 1J1fl~bb'U'Ufl11ll'1le:J'\J1iJbbV1n~1-:1n'Ue:it.l1-:iiJl1m11rl'qJV11'l?lQ~~ p20.051vic.MI 

fl~bb'U'Um111'1Je:i'l.Jbvi1n'\J 5.58 ± o.64 bbfl~ 5.82 ± o.86 vi111~1~'\J zj-:ibllm~~'\jfi::;bb'U'U~?i-:in118n 
'U 

'1le:J'\J l~viuvi~iJm1 b~ll r..1-:i~vie:i-:1111 n nl1b~viu vi~1iJiJ m1 b~ll b~ e:i-:1~1 n b~viuvi~iJ m1 b~ll r-H~VI e:i-:i 

(X2PF04 bbfl::; X2PFO 1) 1Jlfofl~ bb 'U'Ufl11ll'1le:J'\Jll1 f1f1l1Bf1?le:J'l?lV11~1iJiJ f111 b~ll 11lJQ'lflru~ n~ru~ 
'U ' 

fl11ll'1l 8'\J L 'U 1::; ~ '\J'1l B'\J b~ nti e:i tJ [1-:itJ 1'U n fl1'l bbfl::; 1iJ bbV1n~1-:i fl'U e:i 81-:iiJu tJ ;;:11fl.qJVI1-:i ?l [i ~ ( p2 0. 05) 

L 'U'1Jru::;~?lm X2AF01 bU'U?lvi1~1Jlfl~bb 'U'Ufl11ll'1le:J'\J L 'Uflru~n~ru~J11'U~1-:i .,r\e:i'Ui1-:itie:itJ n11?im 
'U 'U 9 I 'U 

~'U61 b~e:J'l~1f1bU'Ub61J~ll~~'U 1111?1 bbfl~b~\71UV11iJb~llr..J'l~Vle:J'l ~'l,r'U ~l~tJ~'lb~e:Jf1?lV11vl1~'\J X2PF04 I <i 'U <u 

'U e:i n~ 1 nd ~ 1 nm1?le:i'\J tnllfl11ll'1le:J'\J bbfl ~rn 111bVlll1 ~?lll'IJ e:i-:i'\J 11~.n ru'Vl b61J~ll ~ 1n~'\J ~1.n fl q 'U 

( n= 100) ~'\Jl1 m1~.ilrusv1'1Je:i-:ir..1~vinrusv1 b61J~111Jlfofl~ bb 'U'Ufl11ll'1le:J'\J 1 m~~'\J'1le:J'\Jb~ntie:itJQ'lU1'U 
q 

nm-:i fatJ~'1J1vi1Ji'fl::;bb'U'Ufl11ll'1le:J'\Jbu~tJ 5.72 ± 1.57 bbfi::;umn1Jlfl~bb'U'Ufl11ll'1le:J'\JbQ~tJ 5.65 ± 

1.531vitJ~~'lJ~fofl~utJfi::; 95 L~m1m~'Lll1b61J~11m1~e:itJb'U'1J1vi~bVlll1~?111 bbfl~~e:itJfl~ 92 '\Je:in11 
'U q 'U 

i;..i~vinru'Vld bbfi::;~e:itJfl~ 87 ~::;~vi~'Llh~m~e:ii1r..1~vinru'Vlbbf1fl 1vi1il'U uvi b61J~ll (Gae Vitamin Bead 

Serum) ;;l1VlU1tJ L 'UVle:J'lV1fl1\71 

• 

(n=lOO) 



.,; 
'U'Vl'VI 5 

?1m H4, L4 bb?i::; T4 zj'lHfo11?il'Hb"i'l~'l~11'Llti~mru?1~'rndmrn::; 30 ~1'Ll?1~1BJJ?1oLJ'Ll~e:J?1m ~ 
'U 'U 'U 'U 

A2, 02 bba::; X2 zj'l1oLJ?111Bira'IJh,he:ie:i~1'Lltl~mru?1~1a::;5mrn::; 2 b~e:it11~'l 6 ?1~11t1~~~b~l'lDl'l 
~ ~ 

~'U11'Vl n?1 ~11~ b~l'lul'l~i1vi1'lnm.J?1~11:w 1mBirai'LI 1VIb~l'lul'l~?i':w1?1 ~1'Ll?1~1Birai'LI1 VI b~ l'lu (il~?i'lJ 
'I 'U 'U 'U 

Vi'U ~;;im1'lbfl11::;~tl1::;~vi6m~m1nrnn'Ub'UM1bbflbV1'Ll1m~l'liJl'l~'U11b~l'lUl'lBirai'LI (A2, 02 bba::; 

X2) i15m.1a::;tJ1::;~'Vl5m~1'Llm1nrnnrn'UM1bbflbV1'Llmnn11b~l'lUl'l1:w1mBirai'LI (H4, L4 bba::; T4) 

fat.1~b~V1Dl'l?1m X2 i1f115e:it.1a::;tl1::;~'Vl5m~ 1'Lln11nrnnrn'UMlbbAl1Vl'L1?1'l~?11'1 b~mwmnrn~l'lU\91 
~ ~ ' 

~'l 6 ~~11'Ll?111a::;mt.1 pH 5.0 , 7.0 bba::; 9.0 btlm::;t.1::;nm 1 b~ti'LI ~'Ul1?111b'UM1bbflbV1'Lli1A11:w 

fl'l\il1?1'l~?1\9lb~e:ie:icl1'Ll?i::;a1t.1 pH 5.0 bbf1::;?1~1 X2 i1f115e:it.1a::;tl~mrub'UM1bbflbV1'Llfl'lbVl~ti?1'l~?11'1 
'U 'I 'U 'U 'U 'I 

fl11'Vll'1?1e:J'lb~e:J~fl'jj1fl11:!.Jfl'l~1'Ue:J'lb'U~1bbflbV1'Ll1m~l'lD\91 3 ?1~1 (X2M, X2A bb?i::; X2P) ~?1m1::; 
~ 

mnn115e:it.1;;i::; 85 

'111 n n11~'lv11~rn'lJ~:w"i\'1m'LI 8 v\'1~'\J?1~1bba::;~ fl'tf1fl11:!.Jfl'l~11'Ll?1m1::; b tJm::; t.J::; nm 2 
~ 

'Lll'Hb'Vl~tl:!Jlflflllfat.Ja::; 70 b'lJ~:l.J?1~1~ X2AF01, X2AF04, X2PF01 bba::; X2PF04 hhnl'lfl11 
~ 

5.2 oUBb6'1'UBbb'U~ 

A11b ~:w-;;\'1m'L!e:i1?11?1iJfl11 'Lln11'Vll'l?1e:J'Ufl11:w'Ue:i'Umn~'LI 
A11~ fl'tfltl 1~~'VlBfl1~ bb?l~ All:Wtl ?1 e:i l'lD t.J'Ue:J'l ~ ~ ~ .rl ru61'11 'Lim ?11?1JJ fl1 
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