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SUMMARY

In this study, polysorbate 80 — fatty alcohol — water ternary systems were used as
models to represent the corresponding oil-in-water emulsions. Their thermal properties
were investigated by using diffrential scanning calorimetry (DSC) as they aged for 2
month at ambient temperature. DSC experiments were perfomed in 3 consecutive cycles:
heating — cooling — reheating in the range 15-80 < at the rate of 10 T/min. The ternary
system containing a mixture of cetyl and stearyl alcohols (1:1, w/w) existed as a «a-gel
network, of which the extent was linearly dependent upon emulsifier concentration used
(5-15%). This system was stable during storage (evidenced by unchanged characteristics
of the endotherm related to melting of the gel network). In contrast, the cetyl or stearyl
alcohol systems destabilized after 1-month storage as they broke down into non-swollen
S, ycrystals. This finding strongly suggests the use of cetostearyl alcohol rather than pure
cetyl or stearyl alcohol to enhance the physical stability of topical oil-in-water emulsions
containing fatty alcohol and polysorbate 80.

Tir khoa: polysorbat 80, alcol béo, DSC, a-gel, dé 6n dinh vt Iy.
Pit van dé

Hon hop chat nhit héa dugc sir dung dé bao ché dugc pham va my pham bdi da cé
cau trdc nhil twong dau trong nudc thuong bao géom chat dién hoat va alcol béo. Vé
nguyeén tic, chat dién hoat va alcol béo c6 thé tron lan dudi dang sap nhii hoa hodc thém
Vao riéng ré tiing thanh phan trong qua trinh bao ché. Cac ché pham nay c6 thé chat thay
d6i tir long (liquid — véi sita dudng (lotion)) dén ban ran (semisolid — vai kem boi da) tiy
theo ndng do va dang chat nhii hoa st dung.

Trén thuc té, cetostearyl alcol hoic hdn hop cua cetyl va stearyl alcol duoc sir dung
kha pho bién dé bao ché kem bdi da. Theo ly thuyét, kem boi da dugc bao ché tir cetyl
hozc stearyl alcol s& kém bén hon so vai hdn hop dong dang alcol béo la cetostearyl alcol
[1], [5], [7]. Vi mot s6 hdn hop nhi hoa, viéc danh gia d6 6n dinh vat ly cia ché pham s&
gap kho khin hon do thé chat cua chung thay ddi trong qué trinh bao quan [6].

Nhiét luwong quét vi sai (Differential Scanning Calorimetry — DSC) la ky thuat
phan tich nhiét xac dinh su thay doi ning lwong (dong nhiét — heat flow) khi mau duoc
dun néng, 1am lanh hoic gitr dang nhiét. Theo Iy thuyét, DSC c6 thé giup danh gia d6 on
dinh vat ly nho xac dinh cac tham sé caa qua trinh ndng chay, két tinh, chuyén dang tha
hinh & thé ran, chuyén kinh (glass transition), gian no nhiét (thermal expansion). Trén thé

2


mailto:hoangvd@hup.edu.vn

Nghién ciru Dwoc & Théng tin thuéc, 2021, Tap 12, Sé 4, trang 2-8

gidi, nhiét lwong quét vi sai 1a ky thuat phan tich nhiét da duoc tng dung thanh cong dé
danh gia d6 6n dinh vat Iy caa kem béi da. Vi dy, trong thap nién 1980 de Vringer va
cong su da ung ky thuat nay két hop vai phép do nhidu xa tia X (X-ray diffraction) va hoi
phuc mang spin (spin-lattice relaxation) dé nghién ctu su hydrat héa & nhiét do thap cua
chudi polyoxyethylen trong phan tir chat dién hoat khdng ion Polywachs1550® [2]; cu
trdc gel cua kem dau trong nudc bao ché tir chat dién hoat khéng ion c6 chita mot nhém
polyoxyethylen theo cdng thic cua Duoc dién Bic 1979 [3]; giam sat do on dinh trong
qua trinh bao quan cua cua mot loat kem dau trong nudc bao ché tir chat dién hoat khdng
ion c6 chira mot nhom polyoxyethylen [4].

Nghién ctru nay duoc tién hanh nham tim ra méi quan hé giira qué trinh chuyén
pha véi d6 6n dinh vat ly cua hé ba thanh phan polysorbat 80 — alcol béo — nuéc. Hé ba
thanh phan nay duoc str dung nhu mé hinh cho kem béi da kiéu nhii tuong dau trong
nude tuong ng [9]. Cho ti nay, hau nhu chua cé nhiéu cong trinh nghién ciu tinh chat
nhiét cia kem boi da dugc bao ché tir chat dién hoat khdng ion c6 chira nhiéu nhoém
polyoxyethylen trong phéan tir (vi du: polysorbat 80).

Nguyén li¢u va phwong phap nghién ctru
Cong thizc va phirong phap bao ché hé ba thanh phan

Alcol béo (cetyl — C16 va stearyl — C18 > 99 %) va chat dién hoat khong ion
(polysorbat 80) dat tiéu chuan dugc dung duoc Croda (Singapore) cung cip. Hé ba thanh
phan “chat dién hoat — alcol béo — nudce” (TS - bang 1) duoc diéu ché khi thém dan hdn
hop nong chay (alcol béo va chat dién hoat) vao nuéc & 70 °C, ¢ khuay tron trong 10
phut bang may Overhead Stirrer (VELP Scientifica, M¥) vai tbc d6 700 vong/pht; tiép
tuc khuay tron véi toc do 300 vong/phut cho dén khi h¢ dat nhiét do phong. Hé ba thanh
phan nay ciing duoc bao ché véi tong nong do chat nhii hoa trong khoang 5 — 15 %.

Bang 1. Thanh phan cia hé ba thanh phan “chdt dién hoat — alcol béo — nueée”.

Nguyén liéu Khéi luong (g)
TSC18 TSCSA TSC16

Polysorbat 80 4 4 4
Cetyl alcohol 0 8 16
Stearyl alcohol 16 8 0
Nudc loai ion 180 180 180

Tong 200 200 200

Lura chon théng sé do DSC

Mau do (alcol béo hoic hé ba thanh phan) khoang 10 mg dugc dé trong noi dung
lam bang nhém (40 pL) duoc dap kin. HAn hop alcol béo C16:C18 (1:1, ki/kl) duoc diéu
ché bang 1am lanh sau khi dun chay 5 g hdn hop alcol béo. Thyc nghiém DSC duoc tién
hanh trong khoang nhiét do 15-80 °C theo 3 chu ky lién tiép: dun néng, 1am lanh va dun
néng véi toc d6 10 °C/phdt st dung thiét bi DSC1 (Mettler Toledo, Thuy Si). V&i bo
phan cam bién MultiSTAR (hinh 1), thiét bi nay cho phép do riéng dong nhiét cho ting vi
tri dat mau (so sanh — thir) nhd n cap nhiét dién (vi du: n = 56 véi FRSS) dugc bd tri doi
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xing, Xuyén tam theo hinh ng6i sao (hinh 3). Do vay, phép do DSC da duoc cai thién
dang ké vé d6 phan giai va do nhay cung véi duong nén phang. Hé ba thanh phan duoc
dinh ky kiém tra trong qua trinh bao qUan & nhiét @6 phong (25 °C).

=1 i

Hinh 1: (A) thiét ké cam bién MultiSTAR cuia thiét bj DSC1 (Mettler Toledo); (B): hinh
anh cam bien MultiSTAR®FRS5

Két qua nghién ciu

Cac mau TSC16, TSC18 va TSCSA ngay sau khi bao ché co thé chat kem boi da
(dang bén rian, mau trang duc). Tuy nhién, sau khi bao quan ¢ nhiét d6 phong mot thang
mau TSC16 dan chuyén sang dang long mau trang sita. Pang chu ¥, bé mat hai hé TSC16
va TSC18 dan c6 mau sang bong sau mot thang bao quan. Trai lai, véi hé TSCSA khong
c6 sy thay ddi nao dang ké vé mat cam quan trong hai thang bao quan & nhiét do phong.
Hinh 2 biéu dién pho DSC thu duoc khi dun néng cac alcol béo C16, C18 va hdn hop
C16:C18 (1:1, kI/kl). Két qua cho thay trén pho DSC chi c6 duy nhat mot peak tu thu
nhiét vai alcol béo C16 va hdn hop C16:C18 lan luot tai 54 va 58 °C; nguoc lai alcol béo
C18 c0 hai peak tu thu nhiét tdch khoi nhau hoan toan tai 45 va 59 °C. Khi lam lanh cac
mau do nay (hinh 3), trén phd DSC lan luot xuét hién hai peak td toa nhiét bi xen phit mot
phan tai 37 va 43 °C véi alcol béo C16; trong khi d6 phd DSC cua alcol béo C18 va hdn
hop C16:C18 chi xuat hién mot peak til toa nhiét twong (ng tai 48 va 45 °C.

Onset  4995°C
Peak 5419°C

\

Onset  55.96°C

Onset  4009°C Peak  5927°C

Peak  4576°C

C16:C18 (1:1) ‘\/ P ot

26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78°C

Hinh 2: Phé DSC khi dun néng céc alcol béo C16, C18 va han hop C16:C18 (1:1, kI/kl)

Déng nhiét (endo) mW
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Hinh 3: Phé DSC khi 1am lanh (ngay sau dun néng) céc alcol béo C16, C18 va hon hop
C16:C18 (1:1, kI/KI)
Ngay sau khi bao ché, khi bi dun néng ca ba hé khao sat (TSC16, TSC18 va
TSCSA) déu c6 duy nhat mot peak tu thu nhiét dat dinh trong khoang nhiét d6 54 — 58 °C
(hinh 4A).

B
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Hinh 4: Phé DSC cua h¢ ba thanh phan polysorbat 80 — alcol béo — nuwréc ngay sau khi
bao che (A) va sau khi bao qudn ¢ nhiét do phong mét thang (B)

Integral -20.60 mJ

nomalized -2.06 Jg*-1
Onset 5359°C 5%
Peak 5505°C , B
g Integral 2997 mJ
normalized -3.42 Jg*-1
o Onset 5397°C

= 7,5% Peak 5540°C

(S Integral -41.08mJ

’g‘ nommalized 4.47 Jg*-1

e Onset 5399 °C

ot Peak 5592 °C 10%

@ Integral -5182md

£ normalized -5.30 Jg"-1
Onset 54.19°C

g 12,5% Peak 56.10°C

5] Integral -66.07 mJ

nommalized -6.59 Jg*-1
Onset 5569°C
Peak 5751°C 15%
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Hinh 5: Pho DSC khi dun néng hé ba thanh phan polysorbate 80 — C16:C18 (1:1) — nudc
Véi nong do chat nhii héa 5 — 15 % ngay sau khi bao che (normalized: enthalpy da hi¢u
chinh theo khoi lwong mau do)
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Véi hé TSCSA, enthalpy cua peak thu nhiét (khi dung néng lan dau) c6 xu huéng
giam theo nong do hdn hop chit nhii héa str dung 5 — 15 % (hinh 5). Méi quan hé nay
dugc biéu didn bang phuong trinh hoi qui bac nhat: “enthalpy = — 0,4376xndng do nhii
hoa + 0,008 (R? = 0,9939)”; duong thiang biéu dién phuong trinh ndy giao truc hoanh tai
gia tri ndng do nhii hoa = 0,0183 %. Ph DSC cua loai hé nay hau nhu khong thay d6i dic
diém trong hai thang bao quan (hinh 4B).

Nguoc lai, sau mot thang bao quan trén phd DSC caa hé TSC16 c6 xuat hién thém
mot peak thu nhiét & 41 °C véi enthalpy nho hon; trén phd DSC cua hé TSC18 xuat hién
hai peak thu nhiét lién k& nhau tai 59 va 64 °C, trong d6 peak ¢ nhiét do thap cé enthalpy
nho hon.

Ban luan

Trong cong thirc cua hé ba thanh phan polysorbat 80 — alcol béo — nudc, cetyl va
stearyl alcol dugc phan loai la chat béo ludng phan (fatty amphiphile). Pay 1a hai chat
trong ddy dong dang cua rugu no don chuc vai 16 (cetyl alcol) va 18 (stearyl alcol)
nguyén tir carbon trong phan tir. G dang nguyén chat, hai alcol béo nay c6 it nhat ba dang
tht hinh 14 o, B va y. O nhiét do thap, chiing cd thé ton tai & dang p hodc y hoic ca hai
dang nay véi chudi hydrocarbon khong xoay (dang ) hodc nghiéng (dang ). O nhiét do
cao, dang B hodc y s& chuyén thanh dang o c6 chudi hydrocarbon xép theo cum hinh luc
glac (hexagonal), cu hinh trans va c6 thé quay xung quanh truc phan tir. Dang o khong
bén & nhiét do cao va co nhiét do ndng chay tiang 1én khi phan tr lwong cua alcol ting
[11]. Pang chu ¥, chi c6 alcol béo ¢ dang a méi ¢d kha ning tao pha gel dang phién (a-
gel — lamellar gel phase). Véi cetostearyl alcol (thanh phan cha yéu 1a cetyl va stearyl
alcol > 90 %), chuyén dang thd hinh s& xay ra trén khoang rong o viing nhiét o thap hon.

Céc nghién ctru trude ddy di xac nhan tin hiéu DSC chuyén dang thd hinh va néng
chay cua alcol béo C16, C18 c6 thé tach thanh hai peak riéng biét va peak & viing nhiét do
thap twong tng véi chuyén dang thd hinh [8], [10]. Piéu nay ciing phu hop véi két qua do
DSC trong nghién cau nay (hinh 4): véi alcol C16 va hon hop alcol C16:C18 (1:1) peak
t0 duy nhat tai 54-58 °C 1a sy chong chap tin hiéu caa sy chuyén dang thd hinh B, y-o. va
néng chay cua dang o; vai alcol C18 chuyén dang thu hinh B-y ¢ thé da xay ra tai 45 °C
va peak thu nhiét tai 59 °C bao gom ca chuyén dang thu hinh B, y-a. va ndng chay cuaa
dang o.. Phé DSC ghi lai khi 1am lanh alcol C16 dang néng chay (hinh 3) da khang dinh
su chong chap tin hiéu nhu dugc giai thich (két tinh va chuyén dang thd hinh o-B, v). Véi
c4c alcol béo nay, nhiét do két tinh déu thap hon so véi nhiét 6 néng chay twong tng la
do anh hudng “siéu lanh” (supercooling). Két qua DSC cua ching t6i véi hdn hop alcol
béo C16:C18 (1:1) khéc véi cong b cia Wunsch va cong su [12] ghi nhan su xuét hién
thém mot peak {twong tng véi chuyén dang orthohombic (truc thoi) sang o} & ving nhiét
d6 thap hon nhiét 6 néng chay cua dang a.. Nhdm tac gia nay ciing chi rd nhiét do nong
chay cua hén hop alcol béo C16:C18 (1:1) dugc hydrat hda sé ting khoang 2 °C va
enthalpy cua peak nong chay cling tang 1én.

Theo ly thuyét mang gel (gel network theory) do Eccleston dé xuat [9], hé ba thanh
phan polysorbat 80 — alcol béo — nudc ¢ cau tric mang gel (o-gel) véi it nhat ba pha
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cling ton tai: (i) pha gel than nudc ciu tao boi cac 16p kép (bilayer) cua chat dién hoat va
alcol béo; va mot phan nuée cua hé dugc giir ¢b dinh gitra cac 16p kép xen ké& nhau (nuéc
lien két); (ii) nudc te do can bang véi nudc lién két; (iii) pha gel than dau duoc tao thanh
tur luong alcol béo du (khdng tham gia tao pha gel than nudc). Tin hiéu DSC cua cac hé
ba thanh phan TSCSA, TSC16 va TSC18 (c6 ti I¢ mol alcol béo : chat dién hoat la khoang
20:1) cho thay su c6 mit caa mang gel ngay sau khi cac hé nay duoc bao ché (hinh 4A):
peak ti thu nhiét xuat hién trong khoang 54 — 58 °C biéu di&n s néng chay cua alcol béo.
Véi hé TSCSA, mang gel chi cé thé hinh thanh khi ndng d6 chat nhii héa > 0,02% (hinh
5). Khi mau duogc bao quan 1 thang & nhiét &6 phong, véi hé TSCSA peak nay khong thay
d6i dang ké vé nhiét do va enthalpy. Nguoc lai, hai peak thu nhiét da dugc phat hién trén
pho DSC cua TSC16 va TSC18 (peak ¢ nhiét do thap biéu dién su chuyén dang thu hinh
B, y-a; peak & nhiét do cao biéu dién sy nong chay cua alcol béo) chirng té cau trlic mang
gel d3 bi pha vd mot phan trong cac hé nay. Piéu nay ciing phu hop véi gla thiét: mot
phan alcol béo trong cac hé nay chuyén dang tir dang o (& 70 °C khi bao ché) sang dang
B, v (khi bao quan & 25 °C) va tach ra dudi dang tinh thé (Iam cho bé mat cac hé nay co
mau sang bong). C6 thé nhan thay qua trinh hydrat hda trong qua trinh bao quan da lam
tang dang ké nhiét d6 ndng chay cua mang gel trong TSC18 (tir 58 dén 64 °C).
K&t luan

Do 6n dinh cua cac hé ba thanh phan polysorbat 80 — alcol béo — nudc ¢6 thé dugc
giai thich bang ly thuyét mang gel do Eccleston dé xuat mo ta mdi quan hé giita cau tric
va tinh chat ly héa cia mang gel dang phién o truong nd (swollen o lamellar gel
network). Két qua thuc nghiém DSC cho thay hé TSCSA 6n dinh khi duwoc bao quan 2
thang & nhiét &6 phong. Nguoc lai, tinh kém bén cua cac hé TSC16 va TSC18 sau 1 thang
bao quan c6 lién quan dén qua trinh chuyén dang tha hinh tir o sang B, y va tach ra dudi
dang tinh thé cua alcol béo (khong cd kha ning truong ng khi c6 mat chét dién hoat).
Nghién ciru nay ciing dé xuét viéc str dung cetostearyl alcol thay vi cetyl hoac stearyl
alcol trong cong thuc bao ché dé cai thién do on dinh vat ly cua kem bdi da dang nhii
tuong dau trong nude c6 chira alcol béo va polysorbat 80.
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