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2. Water in oil (W/O)

3. Swelling

4. Pickering emulsion

5. Flocculation
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Table 1 The particle size of double emulsions (nanometers) at 0, 14 and 21 days of storage

Treatment 0 14 21
Control 351.6 386.4 417.8
1% HPMC 438 4919 540.1
2% HPMC 5777 700.4 790.1
3% HPMC 536.5 614 703.6
4%HPMC 378 4414 542.5
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Fig 1 The influence of emulsifier type on double
emulsion particle size
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Fig 3 The influence of emulsifier type on particle size
distribution of double emulsions
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Table 2 The particle size distribution of double emulsions during days 0, 14 and 21 of storage period

Treatment 0 14 21
control 0217 0.304 0425
1% HPMC 0.308 0.402 0.439
2% HPMC 0.664 0.721 0.787
3% HPMC 0.534 0.669 0.722
4% HPMC 0.251 0.327 0416
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Fig 5 The stability of double emulsions during 21
days of storage period
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Table 3 The double emulsions stability at 0 and 21 days of storage under different temperatures

Treatment 25°C 80°C 90°C
0 21 0 21 0 21
Control 100 100 99 96 99 96
1% HPMC 100 95 92 85 94 84
2% HPMC 100 95 86 81 93 82
3% HPMC 100 96 94 85 95 85
4% HPMC 100 100 99 97 94 93
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Fig 7 The influence of different temperatures on
thermal stability of double emulsions

ﬁ‘ﬁ PL 43@‘9.3 6‘-@&‘9:‘--‘36‘ QSJ"'L.’.L.’. —i—“
5o Sle 25

ﬁ'ﬁ P 4\3@‘9: 6ub”~3y| 6)'-\12 WS A
Ayl g5 56 o 55k

Y .hm}.? ol )\.L_{L_g AJK).) 6&0}—3»5}.»‘ A Ji"; 4 4;-}7 L«
Sde s Sty la 51 e Foker ke Jug s S oodes Lo
03 &S b s as by (o5sede Sels sk 4 @aads Yo
ol )U—ll'l AJK)J le.ﬁauj?m.s}»\ 9 Jals 4)@_5.) le.hd):.mjj.a‘
SU R S J e Jusn (mSooder doss b b s

YAV

Control - HPMC 1% HPM( 2% HPM(C 3% HPM( 4%

Fig 6 The influence of emulsifier type on thermal
stability of double emulsions
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Fig 10 The influence of shear rate on the viscosity of
double emulsions
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Table 4 The influence of emulsifier type on double emulsion color

Treatment L a B AE
Control 76.5° 1? 2% -
1% HPMC 73° 0.5%® 1° 3.67%
2% HPMC 66" 0® -0.5¢ 10.60°
3% HPMC 68° -0.5° -1¢ 8.57°
4% HPMC 74 .5° 1? 38 2.23%

*Imeans within each column with different superscripts are significantly different (p<0.05).
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Fig 11 Electron microscope images of the control sample at different magnifications
A:2000, B: 5000, C: 10000, D: 15000 and E: 20,000
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ABSTRACT

ARTICLE INFO

The aim of this study was to produce stable double emulsions by
hydroxypropyl methylcellulose and compare its physicochemical properties
with samples containing Tween 80. Double emulsions were produced using
the two-step method. The external aqueous phase consisted of
hydroxypropyl methylcellulose at three levels of 2, 3 and 4%, 1%
hydroxypropyl methylcellulose and 1% tween 80 and 2% tween 80 as
control samples. Double emulsions were optimized for particle size and
distribution, stability, viscosity, color and morphology. The results showed
that the lowest particle size was related to the double emulsion produced by
Tween 80 with particle size and distribution of 385.33 nm and 0.31,
respectively. These parameters were stable for emulsions stabilized with

4% hydroxypropyl methylcellulose, 453.97 nm and 0.33, respectively.
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