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5. Differential scanning calorimetry
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1. Permeability water vapor
2. Ultimate Tensile Strenght
3. Elongation to Break

4. Young modulus
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Table 1 Zeta potential of edible gelatin films with different ratios of nanochitin and oil

Sample Film Zeta potential (mV)
Gelatin mixture containing 20% oil -5.8+0.23°
Gelatin emulsion containing 80 tween and 20% oil -6.94+0.21°
Gelatin emulsion containing 0.2gr/gr N-chitin and 20% oil -13.5£0.11%®
Gelatin emulsion containing 0.5gr/gr N-chitin and 20% oil -13.940.19*
Gelatin emulsion containing 1 gr/gr N-chitin and 20% oil -11.840.25™
Gelatin emulsion containing 2 gr/gr N-chitin and 20% oil -9.5:+0.32¢
Gelatin mixture containing 30% oil -4.9+0.17"
Gelatin emulsion containing twine 80 and 30% oil -5.2+0.35°
Gelatin emulsion containing 0.2gr/gr N-chitin and 30% oil -10.5+0.15%
Gelatin emulsion containing 0.5 gr/gr N-chtin and 30% oil -12.0£0.28™
Gelatin emulsion containing 1 gr/gr N-chitin and 30% oil -11.5+0.12°
Gelatin emulsion containing 2 gr/gr N-chitin and 30% oil -8.9:+0.14°

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 2 Thickness of edible gelatin films with different ratios of nanochitin and oil

Sample Film Thickness(Mm)

Gelatin film containing 20% oil 0.12°

Twin 80 gelatin film containing 20% oil 0.12°
Gelatin film 0.2gr/gr Nanochitin containing 20% oil 0.10°
Gelatin film 0.5gr/gr Nanochitin containing 20% oil 0.11°
Gelatin film 1 gr/gr Nanochitin containing 20% oil 0.10°
Gelatin film 2 gr/gr Nanochitin containing 20% oil 0.12°
Gelatin film containing 30% oil 0.12°

Twin 80 gelatin film containing 30% oil 0.10°
Gelatin film 0.2gr/gr Nanochitin containing 30% oil 0.09°
Gelatin film 0.5gr/gr Nanochitin containing 30% oil 0.11°
Gelatin film 1 gr/gr Nanochitin containing 30% oil 0.09°
Gelatin film 2 gr/gr Nanochitin containing 30% oil 0.10°

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 3 Moisture and Solubility of edible gelatin films with different ratios of nanochitin and oil

Sample Film Moisture(%) Solubility (%)
Gelatin film containing 20% oil 22.46+3.6™ 30.431.21°
Twin 80 gelatin film containing 20% oil 22.39+0.7" 31.20+1.04°
Gelatin film 0.2gr/gr Nanochitin containing 20% oil 20.55+2.4® 25.47+1.51%
Gelatin film 0.5gr/gr Nanochitin containing 20% oil 20.08+0.4™ 23.62+3.19%
Gelatin film 1 gr/gr Nanochitin containing 20% oil 16.52+5.3" 23.20+3.44%
Gelatin film 2 gr/gr Nanochitin containing 20% oil 13.27+4.3° 19.28+0.81°
Gelatin film containing 30% oil 24.654+2.6" 26.52+2.04%
Twin 80 gelatin film containing 30% oil 22.6946.2° 27.2742.97*

Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

19.52+0.58%®
19.46+0.63®
20.37+1.91®
21.32+1.15%

21.2542.02°F
20.27+0.61°F
18.75+1.90°
17.83+1.03"

*Values with similar superscripts have no significant difference(p > 0.05)

S Yo laas alS 1 ok (g didsi 0T bS5 (5 achy
Ohas 5 Slls Sldlas s b gillas Laasly cpl[T)
o Y3 eSS ek ol S 5y (V10)
L5lys 5 L3S eon by oo S35t s a8 Sl
SU35L cpl 033l S o ol Db (Salssl ool
X chle U ey, chale ull ioman [YY]CSL 55
S 4 g adidsiials el oy, UT ke 4 s
(YY) SSan 5 Olpee by mls ol alie L ol

A edalice (V'\O)be/vuﬁj L_;:L;j;y]

ST by 4 (s pd3 5 £
&S sl Ol CL:J Cslo s o3ls OLES € Jad o gj S
S a S5k Shy old sletle 5o 1S 80 08l
Sy 3 godane Slallas ool esls Aul580 1 LA(,.L::S gj
CaialS 56 slanks OT Sy s pdidsi 5 ol b i
G 5l Wlg e S3gl S AS a4 e
Sl s W db e b il s s Kool
Gla iy G 3Ll o (slalad 035 5 b sack ploend]

Table 4 WVP of edible gelatin films with different ratios of nanochitin and oil

Sample Film

Water vapor permeability(gmmm™pa’day” *10*)

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

5.60+0.03°
5.414+0.10°
4.76+0.14°
4.38+0.11%
4.32+0.02%
4.27+0.06%
4.45+0.14°
4.16+0.14¢
3.87+0.11°
3.8140.02¢
3.40+0.29"
3.09+0.018

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 5 contact angle of edible gelatin films with different ratios of nanochitin and oil

Sample Film

contact angle ¥

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

82.48+0.77"
76.38+0.73"
84.55+0.11¢
87.93+0.21¢
90.66+0.78¢
92.60+0.40°
85.03+0.14¢
80.53+0.71¢
90.62+0.66°
90.92+0.54°
93.51+0.29%®
94.31+0.43°

*Values with similar superscripts have no significant difference(p > 0.05)
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Table 5 Mechanical properties of edible gelatin films with different ratios of nanochitin and oil

Sample Film

(MPa) UTS

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

4203.33+64.29
5307.67+44.65°
5701.00+£56.93°
5954.33+55.82°
5245.33+41.01¢
5058.67+13.05
4884.33+12.502"
4906.67+672
5168.33+17.55¢
5910.67+27.22°
4831.33+11.06"
4372.0049.16'

EB(%) (MPa) EM
10.30+0.81 7867.21£76.19°
32.46+1.76 8341.41+21.46°
33.13+1.80°" 9361.68+81.12¢
35.3042.40° 11878.66+37.42°
45.83+2.38¢ 9617.41+63.25°
75.10+2.52° 9136.21+83.29°
26.2941.39" 6326.85+53.11°
30.49+0.89 6747.34+20.51F

28.4742.21%" 7289.27433.27¢
34.8342.45¢ 10254.06+13.29°
52.5242.41° 9141.96+30.82¢
82.30+1.41° 9051.02+25.62¢

*Values with similar superscripts have no significant difference(p > 0.05).
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Sample Film

Gelatin film containing 20% oil
Twin 80 gelatin film containing 20% oil
Gelatin film 0.2gr/gr Nanochitin containing 20% oil
Gelatin film 0.5gr/gr Nanochitin containing 20% oil
Gelatin film 1 gr/gr Nanochitin containing 20% oil
Gelatin film 2 gr/gr Nanochitin containing 20% oil
Gelatin film containing 30% oil
Twin 80 gelatin film containing 30% oil
Gelatin film 0.2gr/gr Nanochitin containing 30% oil
Gelatin film 0.5gr/gr Nanochitin containing 30% oil
Gelatin film 1 gr/gr Nanochitin containing 30% oil
Gelatin film 2 gr/gr Nanochitin containing 30% oil

Tm (C) AH,, (J/g)
61.57+1.7° 18.31+0.7™
65.45+0.8% 19.65+1.5"
72.2242.1° 98.77+1.3¢
79.96+1.3 149.27+0.3°
67.42+1.6° 119.16+1.5°
64.65+0.7% 101.56+1.2°
57.29+1.9¢ 10.26+1.6
58.31+1.28 15.94+0.4'
67.53+2.2° 79.55+0.9°
73.70+1.2° 90.71+1.3¢
64.53+0.7% 67.25+1.7"
62.56+0.5°" 52.42+0.6°

Table 3 Thermal properties of edible gelatin films with different ratios of nanochitin and oil

*Values with similar superscripts have no significant difference(p > 0.05)
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Fig 1 Thermal analysis curve of gelatin emulsion
film with different ratios of nanochitin and oil

(S S 4o 4
olime gbadons b oV laghd adlas ol o
OFas ol Zhle s gl 5 as Sl
O gred ol B 4 O ged ol Sy Sy S5 4 (X Y
G (S Sl S 50 2 S 500 8 0/0 (g5l 2N
5 S asby Ol sls OIS s Sl b sed plo «
523l SRl S5 I LTl 6 ik
My mals Of Cam gk blas 38w 0155
b e, bl Ol Ghlpl L oax 31l oS
SR s Sl Jy oS iy Gl b s
Slapks ol Slosar wlsl 3 il rals O s
0L S 56 0355l 13 ol 45l 3 g S 56 ool
Lo il 5 s gledialpl 4 i 0 5 5 p 8


http://dx.doi.org/10.52547/fsct.18.120.24
https://dorl.net/dor/20.1001.1.20088787.1400.18.120.25.7
https://fsct.modares.ac.ir/article-7-54220-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOR: 20.1001.1.20088787.1400.18.120.25.7 ]

[ DOI: 10.52547/fsct.18.120.24 |

s 4 553 Gardsel Slacks ag

oil on physical, thermal, and antifungal
properties of gelatin-based nanocomposite
films containing nano chitin. LWT-Food
Science and Technology 76: 33-39.

[13] Shi, W. J,, Tang, C. H., Yin, S. W., Yin,
Y., Yang, X. Q., Wu, L. Y. and Zhao, Z. G.
2016. Development and characterization of
novel chitosan emulsion films via pickering
emulsions incorporation approach. Food
Hydrocolloids 52: 253-264.

[14] Lee, J. H., Song, N. B., Jo, W. S. and
Song, K. B. 2014. Effects of nano - clay type
and content on the physical properties of
sesame seed meal protein composite
films. International journal of food science &
technology 49(8): 1869-1875.

[15] Gounga, M. E., Xu, S. Y. and Wang, Z.
2007. Whey protein isolate-based edible
films as affected by protein concentration,
glycerol ratio and pullulan addition in film
formation. Journal of Food Engineering
83(4): 521-530.

[16] Liu, F., Antoniou, J., Li, Y., Ma, J. and
Zhong, F. 2015. Effect of sodium acetate and
drying temperature on physicochemical and
thermomechanical propertiesof gelatin films.
Food Hydrocolloids 45: 140-149.

[17] De Carvalho, R. A. and Grosso, C. R. F.
2004. Characterization of gelatin based films
modified with transglutaminase, glyoxal and
formaldehyde. Food
hydrocolloids, 18(5):717-726.

[18] Xu, Y., Chu, Y., Feng, X., Gao, C., Wu,
D., Cheng, W. and Tang, X. 2020. Effects of
zein stabilized clove essential oil Pickering
emulsion on the structure and properties of
chitosan-based edible films. International
journal of biological macromolecules 156:
111-119.

[19] Sun, G., Zhao, Q., Liu, S., Li, B. and Li,
Y. 2019. Complex of raw chitin nanofibers
and zein colloid particles as stabilizer for
producing stable pickering emulsions. Food
Hydrocolloids 97: 105178.

[20] Rubentheren, V., Ward, T. A., Chee, C.
Y. and Tang, C. K. 2015. Processing and
analysis of chitosan nanocomposites
reinforced with chitin whiskers and tannic
acid as a  crosslinker. Carbohydrate
polymers 115: 379-387.

[21] Shankar, S., Reddy, J. P., Rhim, J. W. and
Kim, H. Y. (2015). Preparation,
characterization, and antimicrobial activity
of chitin nanofibrils reinforced carrageenan

AR}

food packaging films. Polymer Testing 69:
39-51.

[3] Milani, J. M. and Tirgarian, B. 2020. An
overview of edible protein-based packaging:
Main sources, advantages, drawbacks, recent
progressions and food applications. Journal
of Packaging Technology and Research 4(1):
103-115.

[4] Falguera, V., Quintero, J. P., Jiménez, A.,
Muioz, J. A. and Ibarz, A. 2011. Edible
films and coatings: Structures, active
functions and trends in their use. Trends in
Food Science & Technology 22(6): 292-303.

[5] Ghasemloo, R,. Khaksar, R., Mardani, T.,
Shahnia, M. and Rashedi, H. 2012.
Preparation and study of biodegradable
antimicrobial biofilm packaging based on
corn starch. Iranian Journal of Nutrition
Sciences and Food Industry, 5: 115-123.

[6] Dammak, 1., Lourenco, R. V. and do
Amaral Sobral, P. J. 2018. Active gelatin
films incorporated with pickering emulsions
encapsulating hesperidin: Preparation and
physicochemical characterizations. Journal
of food engineering 240: 9-20.

[7] Sahraee, S., Milani, J. M., Ghanbarzadeh,
B. and Hamishehkar, H. 2017.
Physicochemical and antifungal properties of
bio-nanocomposite film based on gelatin-
chitin nanoparticles. International journal of
biological macromolecules 97: 373-381

[8] Calabrese, V., Courtenay, J. C., Edler, K. J.
and Scott, J. L. 2018. Pickering emulsions
stabilized by naturally derived or
biodegradable particles. Current Opinion in
Green and Sustainable Chemistry 12: 83-90.

[9] Yuan, D. B., Hu, Y. Q., Zeng, T., Yin, S.
W., Tang, C. H. and Yang, X. Q. 2017.
Development of  stable Pickering
emulsions/oil powders and Pickering HIPEs
stabilized by gliadin/chitosan complex
particles. Food & function 8(6): 2220-2230.

[10] Kolahi, P. and Shekarchizadeh, H. 2018.
Pickering emulsion and its application in
food industry. 2nd International Congress
and 25th National Congress of Food Science
and Technology of Iran, Sari.

[11] Li, M. F,, He, Z. Y., Li, G. Y., Zeng, Q.
Z., Su, D. X., Zhang, J. L. and He, S. 2019.
The formation and characterization of
antioxidant pickering emulsions: Effect of
the interactions between gliadin and
chitosan. Food hydrocolloids 90: 482-489.

[12] Sahraee, S., Milani, J. M., Ghanbarzadeh,
B. and Hamishehkar, H.2017. Effect of corn


http://dx.doi.org/10.52547/fsct.18.120.24
https://dorl.net/dor/20.1001.1.20088787.1400.18.120.25.7
https://fsct.modares.ac.ir/article-7-54220-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOR: 20.1001.1.20088787.1400.18.120.25.7 ]

[ DOI: 10.52547/fsct.18.120.24 |

\i"&“-é-f NA 092 AAK O‘)Lmi’

Olpl gle mlo 5 el dns

and evaluation of a novel biodegradable film
made from chitosan and cinnamon essential
oil with low affinity toward water. Food
Chemistry 122: 161-166.

[27] Yang, L. and Paulson, A. T. 2000. Effects
of lipids on mechanical and moisture barrier
properties of edible gellan film. Food
research international 33(7): 571-578.

[28] Chang, P. R., Jian, R., Yu, J. and Ma, X.
2010. Starch-based composites reinforced
with novel chitin nanoparticles.
Carbohydrate polymers 80(2): 420-425.

[29] Khedri, S., Sadeghi, E., Rouhi, M.,
Delshadian, Z., Mortazavian, A. M., de
Toledo Guimarées, J. and Mohammadi, R.
2021. Bioactive edible films: Development
and characterization of gelatin edible films
incorporated with casein
phosphopeptides. LWT 138: 110649.

[30] Jridi, M., Hajji, S., Ayed, H. B,
Lassoued, 1., Mbarek, A., Kammoun, M. and
Nasri, M. 2014. Physical, structural,
antioxidant and antimicrobial properties of
gelatin—chitosan composite edible
films. International journal of biological
macromolecules 67: 373-379.

nanocomposite
polymers 117: 468-475.
[22] Kanmani, P. and Rhim, J. W. 2014.
Physical, mechanical and antimicrobial
properties of gelatin  based active
nanocomposite films containing AgNPs and
nanoclay. Food Hydrocolloids 35: 644-652.
[23] Imran, M., Revol-Junelles, A. M., René,
N., Jamshidian, M., Akhtar, M. J., Arab-

films. Carbohydrate

Tehrany, E. and Desobry, S. 2012.
Microstructure and physico-chemical
evaluation of nano-emulsion-based
antimicrobial  peptides embedded in
bioactive packaging films. Food

Hydrocolloids 29(2): 407-419.

[24] Acevedo-Fani, A., Salvia-Trujillo, L.,
Rojas-Graii, M. A. and Martin-Belloso, O.
2015. Edible films from essential-oil-loaded
nanoemulsions: Physicochemical
characterization and antimicrobial
properties. Food hydrocolloids 47: 168-177.

[25] Pereda, M., Amica, G. and Marcovich, N.
E. 2012. Development and characterization
of edible chitosan/olive o0il emulsion
films. Carbohydrate polymers, 87(2): 1318-
1325.

[26] Ojagh, S. M., Rezaei, M., Razavi, S. H.
and Hosseini, S. M. H. 2010. Development


http://dx.doi.org/10.52547/fsct.18.120.24
https://dorl.net/dor/20.1001.1.20088787.1400.18.120.25.7
https://fsct.modares.ac.ir/article-7-54220-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOR: 20.1001.1.20088787.1400.18.120.25.7 ]

[ DOI: 10.52547/fsct.18.120.24 |

JEST No. 120, Vol. 18, February 2022 ABSTRACT

H

L]

\:;;;m' ¥ '.‘,u;\;;»‘ Homepage:www.fsct.modares.ir

Iranian Journal of Food Science and Technology

el

Scientific Research

Preparation of Gelatin emulsion films by emulsion pickering method

containing Chitin nanoparticles

Yousefi Hezari, S. 1, Mohammadzadeh Milani, J. 2*, Motamedzadegan, A. 2, Sahraei, S. 3

1. Ms.C.Student of Department of Food Science and Technology, Sari Agricultural Sciences and Natural

Resources University.

2. Professor, Department of Food Science and Technology, Sari Agricultural Sciences and Natural Resources

University.

3. Postdoctoral student, Department of Food Science and Technology, University of Tabriz.

ARTICIE INFO

ABSTRACT

Article History:

Received 2021/ 07/ 20
Accepted 2021/ 10/ 25

Keywords:

Pickering emulsion,
Gelatin,

Edible film,
Nanochitin.

10.52547/fsct.18.120.24
DOR: 20.1001.1.20088787.1400.18.120.25.7

*Corresponding Author E-Mail:
jmilany@yahoo.com

This study aimed to produce and investigate an emulsion film of gelatin by
emulsion pickering method containing chitin nanoparticles. Different
concentrations of nanochitin (0.2, 0.5, 1, and 2 g/g dry gelatin) and two
different concentrations of corn oil (20% and 30% based on dry matter
weight) were used to prepare the gelatin emulsion film by the emulsion
pickering method. Then the properties of the films were investigated by
examining the zeta potential, thickness, moisture and solubility, water vapor
permeability (WVP), surface hydrophobicity, mechanical and thermal
properties. The results showed that the gelatin emulsion containing 0.5 g/g of
chitin nanoparticles was more stable than other samples. Nanochitin-stabilized
emulsion films reduced moisture, solubility, and water vapor permeability
compared to control films and tween-containing films, and nanochitin-
containing films improved mechanical properties. In addition, the addition of
nanochitin up to 0.5 g/g to the gelatin emulsion film improved the thermal
properties because it led to increase in melting temperature and enthalpy. The
addition of nanochitin also increased the hydrophobic properties of the film.
30% oil concentration had a better effect on film properties than 20% oil
Therefore, the use of nanochitin as a stabilizing emulsion for pickering in
gelatin films with a concentration of 30% corn oil can lead to the formation of
biodegradable polymers with more acceptable properties for food packaging.
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