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Preparation of modified edible film using Yak milk protein
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Abstract: Using yak cheese protein as a film-forming substrate, sodium hydroxide for pH adjustment, fatty
substances (such as stearic acid, palmitic acid, and mixtures thereof) as a blocking agent, and a small molecule
monostearate polyol ester as an emulsifier, we studied the effects of the appending proportion of various ingredi-
ents, glycerin content, drying temperature, the ratio of mass to concentration, and film-forming process parameters
on the film formation. The optimal combination conditions of the ingredients and the film-forming component
process were determined via an orthogonal experiment. The results showed that the blend system had a condi-
tional miscibility and the optimal technical parameters were as follow: Yak casein at 2.5%, glycerin content at
1.0%, pH 7.0, drying temperature at 30°C, and humidity at 40%. A new crystal was formed and all the blend films
showed a wonderful appearance.
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Table 1 Factors and levels for orthogonal experiment

K- [KIZ& Factor
Level i 5 7194 J&£/% Casein concentration i J&/°C Temperature Y2 J5% /% Humidity pH
1 0.5 20 20 6.0
2 2.5 30 30 7.0
3 5.0 40 40 8.0
4 7.5 50 50 9.0
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Table 2 Different film-forming properties under dry conditions

HUE 44 F Film-forming condition

BB R Film-forming property

i T 248 Electric oven drying
T Microwave-drying
HAR KT Air-drying

TBEEE, RN (R, L), B
BN TRV RE, S, WA, MRS
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Table 3 Film performance on different media

FRIEA BT Film-forming media

FEE §E Film-forming property

Y3 Kl#4 J7i(SL)Plastic material
ANEE4M Stainless steel
B3 Glass

JRBE R 1R, RS, SR
BEIRGE, JES, AR
SRS, AL, R, HMERE

* 4 TRIEE THIRSARIERE

Table 4 Film-forming performance under different temperatures

i/ C FIE I8 J TR BEICE%
Temperature Film-forming speed Film color Intact rate Light transmittance
10 7 7 7 28.0
20 7 7 7 51.5
30 8 8 8 72.0
40 8 8 8 69.0
50 8 8 9 64.8
60 8 9 9 58.1
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Table 5 Effect of added amount of micro-molecule polyol ester on membrane performance

NG 2 JURE RN N &/ %% JRM I JRt 5 FEHER EICHY
Added amount of micro-molecule polyol ester  Film-forming speed Film color Intact rate Light transmittance
0.0 8 8 7 62.0
0.5 8 8 8 70.6
1.0 8 9 9 68.1
1.5 8 7 7 57.0
20 — - Rl —
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Table 6 Added amount of soybean o0il on membrane performance
SR I /mL S Ji £ Pt = B %
Added amount of soybean oil Film-forming speed Film color Intact rate Light transmittance
0.0 8 8 7 69.7
0.5 8 8 8 69.1
1.0 8 9 8 66.4
1.5 7 7 7 64.5
2.0 7 7 7 57.2
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Table 7 Added amount of peanut oil on membrane performance
A 0B /mL I S £ 5 SEHER FEICEIY%
Added amount of peanut oil Film-forming speed Film color Intact rate Light transmittance
0.0 8 8 7 70.3
0.5 8 8 8 69.0
1.0 8 8 8 68.2
1.5 8 7 7 66.7
2.0 7 7 6 56.8
% 8 HARKMIRINE A IR EE RN
Table 8 Added amount of linseed oil on membrane performance
HHBBRM5 0 B /mL JRNE I L SEERES SEHR BHY%
Added amount of linseed oil Film-forming speed Film color Intact rate Light transmittance
0.0 8 8 7 71.0
0.5 8 8 8 69.3
1.0 8 9 9 65.0
1.5 8 7 7 60.9
2.0 8 7 7 55.0

(a) M Surface

(b) I Section

1 H®4FREQRK SEM BRE
Figure 1 SEM photographs of the yak milk protein films
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Table 9 Results of orthogonal test and range analysis

R [Xl % Factor é}%ﬁf\"?‘ﬁ’_
No. A B C D Comprehensive
score

1 1 1 1 1 6.8
2 1 2 2 2 8.4
3 1 3 3 3 8.5
4 1 4 4 4 8.1
5 2 1 2 3 9.3
6 2 2 1 4 8.9
7 2 3 4 1 8.6
8 2 4 3 2 9.6
9 3 1 3 4 9.2
10 3 2 4 3 9.0
11 3 3 1 2 7.9
12 3 4 2 1 7.2
13 4 1 4 2 8.1
14 4 2 3 1 7.5
15 4 3 2 4 7.6
16 4 4 1 3 6.7
Ky 7.950 8350 7.575 7.525

K; 9.100 8450 8.125 8.500

Ks 8325 8.150 8.700 8.375

Ky 7.475 7.900 8.450 8.450

R 1.625 0.550 1.125 0.975

H: A RIREEE IR)E Casein concentration; B Rl
J% Temperature; C K/NESE Humidity; D %75 pH.

CEREVEI RN B WL L B L B K i L
W 2. 20 3813, LR PRI BEAE IE W] AR IPE R
GG AN, AT B3 58 2 T gk PR 18 KTk o

Comprehensive score is based on transparency, film- form-
ing speed, flexibility and solution rate, and full score is 2, 2, 3 and
3, correspondingly. Of which, the score can be increased with
increasing the transparency and flexibility, while it is decreased
with increasing the film-forming speed and dissolution rate.

£z 10 HEHH

Table 10  Analysis of variance

Factor Type [lISS DF  MS F Sig.
%%E”&E 5.653 3 1.884 452.200 0.000
Concentration

I

0.708 3 0236 56.600 0.004
Temperature

Nl

/ﬂk{; 2.832 3 0944 226.600 0.000
Humidity

pH 2.552 3 0.851 204200 0.001
3 Wt
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