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of food resource. Thus, a special wetted surface was fabricated to inhibit the adhesion phenomenon of yogurt, which was used to
reduce the residual amount of yogurt.

In this study, the carnauba wax, silica and sodium carboxymethyl cellulose were used as the original materials which could
be developed a hydryphobic surface. 3 g carnauba wax and 0.9 g silica were dissolved in 100 mL absolute ethyl alcohol and was
taken a water bathe at 80 C for 30 min in a magnetic stirring equipment. While 0.6 g sodium carboxymethyl cellulose was
dissolved in 100 mL deionized water at 75 ‘C for 30 min. Afterwards, the ethyl alcohol solution and the water solution were
mixed together with a volume ratio of 2:1 and spayed on the polystyrene sheets to form a special wettable surface in 75 C for
30 min. Then, the special wettability surface was characterized comprehensively. A scanning electron microscope and a Fourier
infrared spectrometer were utilized to analyze the morphology and the constitute of the special wetting surface. At the same
time, the chemical stability test, self-cleaning property test, anti-pollution test, and inadhesion test were all performed verify the
applicability of the special wetted surface. Lastly, the residual amount of yogurt was detected to verify the applicability of the
special wettability surface.

The typical micro-nano structure could be observed on the special wettability surface. Meanwhile, carnauba wax, silica and
sodium carboxymethyl cellulose could be integrally fused to constitute the special wetted surfaces, which could be concluded
from the Fourier infrared spectroscopy curves. The contact Angle of water on the special wetted surface was (131.34+3.61)°, but
water could not be rolled freely probably due to the existence of hydrogen bonds between the sodium carboxymethyl cellulose
and water. Besides, The contact Angle, rolling Angle of yogurt on the wettability surface were (141.32+5.43)° and (7.51+2.86)°,
respectively, indicating great inhibition adherence of the yogurt on the special wetted surface. Alkali resistance and salt
resistance tests showed that the contact angles of yogurt on the special wettability surfaces were (132.00+£5.75)° and
(130.1846.09)° after soaking for 24 h, respectively, without significant decrease compared to the original wettability surface
(141.32+5.43)° (P<0.05). However, after acid resistance test, the contact angle of yogurt on the special wettability surface
decreased dramatically to (112.39+8.84)° (P<0.05). It could be inferred that the acid solution contained a lot of H" which could
easily bind to the sodium carboxymethyl cellulose, damaging the integrity of the special wettability surface. In addition, the
residual results of methyl blue powder and solution showed that the fabricated surface had good self-cleaning performance. And
the residual amount of yogurt was significantly decreased from (15.12+2.77)% to (3.77+1.99)% compared the pristine
polystyrene sheets with the coated sheets (P<0.05). Although yogurt is a complicated liquid system which contained nutrient
substances such as lactose, lipid, protein and lactic acid, the special wettability surface could be served as an efficient package
material to reduce the adhesion of yogurt significantly.

Totally, the special wettable surface has good chemical stability, self-cleaning and non-viscosity, which can effectively
reduce the waste of yoghurt resources, and also provides a theoretical basis for the packaging design of liquid viscous fluid food.

KEY WORDS: special wettable surface; spray method; chemical stability; self-cleaning property; yogurt; residual quantity
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Fig.1 Fabrication of a device flow chart for a
special wettability surface
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Tab.1 Experimental design table of the effect of the

addition amount of CW, CM C-Na and SiO, on the
hydrophabicity of the surfaces

g
CW-addition SiO,-addition CMC-Na -addition
A 0.9 1.0
3.0 B 1.0
3.0 0.9 C

Notes: A is CW quality, that is, A is 1, 2, 3, 4, 5;B is SiO, quality,
that is, B is 0.3, 0.6, 0.9, 1.2, 1.5; C is the CMC—Na mass, that is, C
is 0.6, 0.8, 1.0, 1.2, and 1.4.
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Fig.2 Self-cleaning test simple device
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Tab.2 Results of fabricating special wettability surfaces with single substances

Type Addition/g

Special wettable surface (Yes or No)

Water-CA/(°) Yogurt-CA/(°) SA/(®)

CMC-Na 1.0 No
SiO, 0.9 No
CwW 3.0 Yes

128.69+6.05

125.0745.22 -

Notes: - represents a water droplet that does not roll on a particular wettability surface, same below.
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Tab.3 Results of the fabrication of special wettability surfaces by two substances

Type Addition/g Special wettable surface (Yes or No) Water-CA/(°)  Yogurt-CA/(°) SA/(°)
CMC-Na +Si0, 1.0+0.9 No - - -
CMC-Na +CW 1.0+3.0 Yes 134.16+4.77 138.24+4.16 -

SiO,+CW 0.9+3.0 Yes 127.49+6.38 136.14+4.86  19.05+4.95
140 150
b b
b
135+ b 145} %
— b A
< 130} < 140f NS
§ st a §msp  a /
Q 7
E 5
Z 120f S 1301
115 125
1 12 1 1 1 1 1
1100 1 2 3 4 5 00 1 2 3 4 5 6
CW-addition/g CW-addition/g
a K b BRY;

K3 CW iR xR R K (a) FBRYS (b) e R/ NaoEm (R8N 70

AR CW IS I % 45 R 32 1 1 3R i 8 2 Vs )

Fig.3 Effect of CW addition on the contact angle of special wettability surface for water (a) and yogurt (b) (The
same lowercase letters indicate that the amount of CW added has no significant effect on special wettability surfaces)

F 4 CWHmMEXMFHIZEERARIEIN AKX MG
Tab.4 Effect of CW addition on yogurt roll angle of special wettability surface

)
SA lg 2g 3g 4¢g 5¢g
Water - - — - —
Yogurt - (20.09+7.99) (9.79+4.44)* (7.61+4.95) (23.05+10.35)°
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M2 5 AT, KGR R R M R LR g, Y
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b Y

K4 SiO RS A 0 5 R IR 118 4 26 T K FTR W5 Y
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TSI A T R TR IR 1 3 T IC Y 3 R )
Fig.4 Effect of SiO, addition on the contact angle of
special wettability surface for water (a) and yogurt
(b) (Same lowercase letters indicate that SiO,
addition has no significant effect
on special wettability surfaces)
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Tab.5 Effect of SiO, addition on the yogurt roll angle of
special wettability surface
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KB T (7.51+2.86)°, M4 CMC-Na @it

136
134
132 1

i / \

128 |

Water-angel/( °)

126 |

124 |
—-02 0 02 04 06 08 10 12 14 1.6
CMC-addition/g
a JK

150 a
145}

140

©
e
®
—p—®
)
7
¥
>

135

Yogurt-angel/( °)

130

12§0.2 0 02 04 06 08 1.0 12 14 16

CMC-addition/g
b By

Bl 5  CMC—Na ¥ % e ik 15 1 4 2 T 7K RN R W3 1)
el KNI (AR TR /NG B SE CMC-Na

TSN A T R SR T P 6 TR G W 3 R R ) )
Fig.5 Effect of CMC—Na addition on the contact angle
of special wettability surface for water (a) and yogurt

(b) (The same lowercase letters indicate that the
amount of CMC—Na has no significant effect
on the special wettability surface)




- 306 * * wm #H R

2022 49 A

#6 CMCNaRMEXHFRIEMEREARSN B RN
Tab.6 Effect of CM C—Na addition on theroll angle of
special wettability surface
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Fig.6 SEM images of PS substrate magnified by 100x (a) and 50% (b), and
special wetted surfaces magnified by 100x (c) and 50% (d)
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Fig.7 FTIR spectra of a surface with special wettability
Notes: Curve A, B, C and D represents the IR spectrum of CW,
Si0,, CMC—Na, and the special wetting surfaces, respectively.
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Fig. 8 Effects of acid, alkali and salt on special
wettability surfaces (The same lowercase letter
represents that the special wettability surface
after acid, alkali and salt test, has no significant
effect on the contact angle of water (P>0.05);
the same capital letter represents that the special
wettability surface after acid, alkali and salt

test has no significant effect on the contact
angle of yogurt (P>0.05))
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Fig.9 Self-cleaning test of a specially wettability surface
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Fig.10 Dirt resistance of a specially wettability surface after dipping 30 s: a) dipping completely;
b) pull up half of the sample after dipping 30 s; c¢) pull up the sample after dipping 30 s
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Fig. 11 Effect of special wettability surface on 5 B0 X R R TR I P o T Y T ) s ) R R R
yogurt residue (The same lowercase letters WAER SR IR M R R Sh i B R R — 5 1]

indicate that special wettability surfaces have a
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