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Table 1: Degree of hydrolysis and protein content of crucian carp protein hydrolysates at different hydrolysis

Hydrolysis time (min)

Degree of hydrolysis (%)

Protein content (%)

30 13.99+0.78¢ 52.5540.99¢
60 19.95+0.88P 71.39+1.16°
90 28.32+1.11° 83.23+£2.292

2 Values represent means + SE (n = 3).
b Values in same columns with different lower letter are significantly different at P < 0.05.
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Table 2: The amino acid composition crucian carp protein hydrolysates (g 100 g") (30 min)

Amino acid(g 100 g) Alcalase FAO/ WHO, 1990
Histidine ® 4.77
Isoleucine * 5.88 2.8
Leucine? 11.21 6.6
Lysine® 13.05 5.8
Methionine® 3.24 -
Phenyl alanine® 6.44 6.3
Tyrosine 4.24 1.1
Threonine® 5.28 3.4
Arginine 8.58 -
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Valine?
Aspartic acid
Glycine
Proline
Serine
Alanine
Glutamic acid
Total amino acid

HAA®

4.55

35

7.98 -

3.87 -

3.48 -

3.58 -

4.21 -

9.78 -

98.14 -

41.25 -

a Essential amino acids
b Total hydrophobic amino acids (alanine, valine, isoleucine, leucine, tyrosine, phenylalanine, proline, methionine and cysteine)
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Fig 1. Moisture content of composite film along with crucian carp protein hydrolysates
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Tabble 3: Antimicrobial activity of composite film along with crucian carp protein hydrolysates

Film Staphylococcus aureus Escherichia coli (mm)
. (mm)
organism
C 6.65+0.25¢ 5.22+0.33¢
C+F 15.58+0.45¢ 13.58+0.75¢
C+ F+ CPH 0.5% 18.35+ 0.69° 16.28+ 0.95°
C+F+CPH 1% 21.44+1.202 18.18+0.75%

Data are given as mean= standard divition (n=3)

Different small letters in the same column indicate significant differences (P <0.05).

bl o028 Caglie Srals Cel iy cBle 215
S by olis Kb S0 s Tl a2 0
5ol Sl ks (ush, NI Cel s
Sl Geames ol G s (55, A agdd o508

gome 335 b s See A 5 S| ST ol

183

S S e -t
Al el 5 sdes (25 O35 oS ls OLLS Gl
0Pl Kl e OGS -0l 5S S e old 4 LS
S sl ol SO S0 g5 El s s | ol



gl Al OIS S 58 5 05528 S e Wld A 8

UL 5 IS She (6 nr 4zl

[1] Esmaeili, M., Ariaii, P., Nasiraie, L.R., et al.
(2021). Comparison of coating and nano-coating
of chitosan-Lepidium sativum seed gum
composites on quality and shelf life of beef. Food
Measure, 15, 341-352.

[2] Khanjani, M., Ariaii, P., Najafian, L., et al.
(2023). Investigating the effect of polylactic acid-
nanocellulose composite film along with
Lactobacillus casei on the quality and shelf life of
beluga sturgeon (Huso huso) fillet. Food
Measure, 17, 4161-4174.

[3] Chen, S., Sathuvan, M., Zhang, X., et al. (2021).
Characterization of polysaccharides from
different species of brown seaweed using
saccharide mapping and chromatographic
analysis. BMC Chemistry, 15, 1.

[4] Meillisa, V., Woo, H.C., & Chun, B.C. (2015).
Production of monosaccharides and bio-active
compounds derived from marine polysaccharides
using subcritical water hydrolysis. Food
Chemistry, 171, 70-77.

[5] Fawzy, M. A., Gomaa, M., Hifney, A. F., &
Abdel-Gawad, K. M. (2017). Optimization of
alginate alkaline extraction technology from
Sargassum latifolium and its potential antioxidant
and emulsifying properties. Carbohydrate
Polymers, 157, 1903-1912.

[6] Xu, B., & Wu, S. H. (2021). Preservation of
mango fruit quality using fucoidan coatings.
Lebensmittel-Wissenschaft ~ und-Technologie,
143, 111150.

[7] Pouralkhas, M., Kordjazi, M., Ojagh, S. M., &
Farsani, O. A. (2023). Physicochemical and
functional characterization of gelatin edible film
incorporated with fucoidan isolated from
Sargassum tenerrimum. Food Science &
Nutrition, 11, 4124-4135.

[8] Shakour, N., Khoshkhoo, Z., Akhondzadeh Basti,
A., Khanjari, A., & Mahasti Shotorbani, P.
(2021). Investigating the properties of PLA-
nanochitosan  composite films containing
Ziziphora Clinopodioides essential oil and their
impacts on oxidative spoilage of Oncorhynchus
mykiss fillets. Food Science & Nutrition, 00, 1—
13.

[9] Valipour, F., Ariaii, P., Khademi, D., & N. M.
(2017). Effect of chitosan edible coating enriched
with eucalyptus essential oil and a-tocopherol on
silver carp fillets quality during refrigerated
storage. Journal of Food Safety, 37(1), e12295.

[10]Samani, M. A., Babaei, S., Naseri, M.,
Majdinasab, M., & Nafchi, A. M. (2023).

Lo )s) el g dea s a5 das e QLIS aslllae ol
ks 53 b a5 381 S Ol 4 Ll 5o oS ol
S 513 sl 550 O35S =015 528 S e
@LZA—O

Development and characterization of a novel
biodegradable and antioxidant film based on
marine seaweed sulfated polysaccharide. Food
Science & Nutrition, 11, 3767-3779.

[11]Mehregan Nikoo, A., Sadeghimahoonak, A.,
Ghorbani, M., Taheri, A., Aalami, M., & Kamali,
F. (2014). Effect of hydrolysing condition on
antioxidant activity of protein hydrolysate from
Crucian carp (Carassius carassius). Research and
Innovation in Food Science and Technology,
2(4), 351-364.

[12] Shahosseini, S. R., Javadian, S. R., & Safari, R.
(2022). Effects of molecular weights-assisted
enzymatic hydrolysis on antioxidant and
anticancer activities of Liza abu muscle protein
hydrolysates. International Journal for Peptide
Research & Therapeutics, 28, 72.

[13]Shahosseini, S. R., Javadian, S. R., & Safari, R.
(2023). Evaluation of antibacterial and
antioxidant activities of Liza abu viscera protein
hydrolysate. Journal of Innovation in Food
Science and Technology, 15(1), 143-155.

[14] Bahram, S., Khezri, M., & Javadian, S. R. (2020).
Evaluation of antioxidant and antimicrobial
properties of hydrolyzed protein of Saurida
tumbil. Experimental Animal Biology, 9(2), 23-
35.

[15]Ovissipour, M., Rasco, B., Shiroodi, S. G,
Modanlow, M., Gholami, S., & Nemati, M.
(2013). Antioxidant activity of protein
hydrolysates from whole anchovy sprat
(Clupeonella engrauliformis) prepared using
endogenous enzymes and commercial proteases.
Journal of the Science of Food and Agriculture,
93, 1718-1726.

[16]Nemati, M., Shahosseini, S. R., & Ariaii, P.
(2024). Review of fish protein hydrolysates:
production methods, antioxidant and
antimicrobial activity and nanoencapsulation.
Food Science and Biotechnology, 33, 1789-
1803.

[17] Torabi, P., Hamdami, N., & Keramat, J. (2021).
Microwave-assisted extraction of fucoidan from
brown seaweeds of Nizimuddinia zanardini and
assessment of the chemical and antioxidant
properties of the extracted compound. Iranian
Journal of Nutritional Sciences and Food
Technology, 16(1), 61-74.

[18] Bahramzadeh, S., Tabarsa, M., You, S., Li, C., &
Bita, S. (2019). Purification, structural analysis
and mechanism of murine macrophage cell
activation by sulfated polysaccharides from



VErE g5 YY ays0 AW o,led

&lﬂl L;l‘j'b GL«DJC}\FM

Cystoseira indica. Carbohydrate Polymers, 205,
261-270.

[19]Lee, S. H., Ko, C. 1., Ahn, G., You, S., Kim, J. S.,
Heu, M. S, Kim, J., Jee, Y., & Jeon, Y. J. (2012).
Molecular characteristics and anti-inflammatory
activity of the fucoidan extracted from Ecklonia
cava. Carbohydrate Polymers, 89, 599-606.

[20] Gorgij, S., Sharifian, S., & Loghamin, M. (2022).
Antioxidant properties of fucoidan extracted
from brown alga Sargassum (Sargassum
tenerrimum) and its ability to inhibit vannamei
shrimp polyphenol oxidase enzyme. Aquatic
Physiology and Biotechnology, 10(2), 103-119.

[21]Filisetti-Cozzi T.M., & Carpita N.C. (1991).
Measurement of uronic acids  without
interference from neutral sugars. Analytical
Biochemistry, 197: 157-162.

[22]10jagh, S. M., Rezaei, M., Razavi, S. H.,, &
Hosseini, S. M. H. (2010). Development and
evaluation of a novel biodegradable film made
from chitosan and cinnamon essential oil with
low affinity toward water. Food Chemistry,
122(1), 161-166.

[23]ASTM. (1996). Standard test methods for tensile
properties of thin plastic sheeting, D882-91.
Annual book of ASTM. Philadelphia, PA:
American Society for Testing and Material.

[24] Siripatrawan, U., & Harte, B. R. (2010). Physical
properties and antioxidant activity of an active
film from chitosan incorporated with green tea
extract. Food Hydrocolloids, 24(8), 770-775.

[25]Emiroglu, Z. K., Yemis, G. P., Coskun, B. K., &
Candogan, K. (2010). Antimicrobial activity of
soy edible films incorporated with thyme and
oregano essential oils on fresh ground beef
patties. Meat Science, 86(2), 283-288.

[26]Nemati, M., Javadian, S. R., Ovissipour, M. and
Keshavarz, M. (2012). A study on the properties
of alosa (Alosa caspia) by-products protein
hydrolysates using commercial enzymes. World
Applied Sciences Journal 18 (7): 950-956.

[271Luo, Q., Zha, G., Lin, L., Huang, Y., & Zou, X.
(2022). Comparison of  physicochemical
properties of different tissues from China
climbing perch Anabas testudineus and crucian
carp Carassius auratus. Food Science &
Nutrition, 10, 936-944.

[28]FAO/WHO. (1990). Energy and protein
requirements. Report of joint FAO/WHO/UNU
Expert  Consultation = Technical  Report.
FAO/WHO and United Nations University,
Geneva, Series No. 724.

[29] Gopal, T. K. S. (2020). Foods from the ocean for
nutrition, health, and wellness. In Nutritional and
Health Aspects of Food in South Asian Countries
(pp- 113-122).

[30] Yang, C., Chung, D., Shin, I. S., Lee, H. Y., Kim,
J. C., & Lee, Y. J. (2008). Effects of molecular
weight and hydrolysis conditions on anticancer

185

activity of fucoidans from sporophyll of Undaria
pinnatifida. International Journal of Biological
Macromolecules, 43, 433-437.

[31]Abugoch, L. E., Tapia, C., Villaman, M. C.,
Yazdani-Pedram, M., & Diaz-Dosque, M.
(2010). Characterization of quinoa protein
chitosan blend edible films. Food Hydrocolloids,
12, 1-18.

[32]de Oliveira Filho, Rodrigues, J. M., Valadares, A.
C. F., de Almeida, ... Dyszy. (2019). Active food
packaging: Alginate films with cottonseed
protein hydrolysates. Food Hydrocolloids, 92,
267-275.

[33]Ghasemi, Zh., Alizadeh Khaled-Abad, M.,
Almasi, H., & Nikoo, M. (2022). Carboxymethyl
cellulose based bioactive edible films with
Lactobacillus casei and fish protein hydrolysates.
Iranian Food Science and Technology Research
Journal, 17(6), 85-102.

[34]Sinaga, M. Z. E., Gea, S., Sihombing, Y. A.,
Zaidar, E., Bulan, R., Panindia, N., & Azhari, H.
(2020). The preparation of agar-chitosan film
from Gracilaria. In Proceedings of the
International Conference of Science,
Technology, Engineering, Environmental and
Ramification Researches 1, 1047-1051.

[35]Pavoni, J. M. F., dos Santos, N. Z., May, 1. C.,
Pollo, L. D., & Tessaro, 1. C. (2021). Impact of
acid type and glutaraldehyde crosslinking on the
physicochemical and mechanical properties and
biodegradability of chitosan films. Polymer
Bulletin, 78(2), 981-1000.

[36] Sezer, A. D., Hatipoglu, F., Cevher, E., Ogurtan,
Z.,Bas, A. L., & Akbuga, J. (2007). Chitosan film
containing fucoidan as a wound dressing for
dermal burn healing: preparation and in vitro/in
vivo evaluation. AAPS PharmSciTech, 8(2),
Article 39.

[37]Kchaou, H., Jridi, M., Benbettaicb, N.,
Debeaufort, F., & Nasri, M. (2020). Bioactive
films based on cuttlefish (Sepia officinalis) skin
gelatin  incorporated with cuttlefish protein
hydrolysates: physicochemical characterization
and antioxidant properties. Food Packaging and
Shelf Life, 24, 100477.

[38]Sahragard, K., & Tabarsa, M. (2021). Isolation,
purification, anti-diabetic and antioxidant
properties of fucoidan from brown seaweed
Sargassum ilicifolium. Journal of Fisheries,
74(2), 223-234.

[39] Pirveisi, N., Ariaii, P., Esmaeili, M., et al. (2023).
Investigating active packaging based on cellulose
nanofibers oxidized by TEMPO method
containing hydrolyzed protein obtained from pine
tree fruit on the quality of Pacific white shrimp
(Litopenaeus vannamei) during the storage
period. Food Measure, 17, 3323-3337.

[40] Ghafari, E., Ariaii, P., Bagheri, R., et al. (2024).
Investigating the effect of nanochitosan-Iranian



gl Al OIS S 58 5 05528 S e Wld A 8 UL 5 IS She (6 nr 4zl

tragacanth gum composite film along with [42] Tkaczewska, J. (2020). Peptides and protein

Eryngium campestre essential oil on the shelf life hydrolysates as food preservatives and bioactive
of goat meat. Food Measure, 18, 1543—1558. components of edible films and coatings: a
[41] Gharekhan Taghar Tapeh, R., Kordjazi, M., review. Trends in Food Science & Technology,
Ahmad Nasrollahi, S., Shabanpour, B., & Adel, 106, 298-311.
A. (2020). Investigation of antioxidant properties [43]Shah Hosseini, S.R. (2023). Evaluation of
and antibacterial activity of alginate and fucoidan Physical, Mechanical and Antimicrobial
extracted from Sargassum boveanum algae Properties of Pullulan Films Enriched with Free
collected from the Persian Gulf coast. and Encapsulated Tragopogon graminifolius DC.
Aquaculture Sciences, 7(2), 64-76. Journal of Innovation in Food Science and

Technology, 15 (3), 57-76.

186



JEST No. 167, Vol. 22, January 2026 ABSTRACT

Wi Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Production of Chitosan and Fucoidan Extracted from Brown Seaweed Sargassum
latifolium Composite Films with Hydrolyzed Fish Protein from Carassius (Carassius

carassius)

Khadijeh Jafari Malekkolaei !, Sara Jafarian!”, Seyed Rohollah Javadian?, Seyedeh Khadijeh Mahdavi?,

Somayeh Bahram?

1-Department of Food Science and Technology, No.C., Islamic Azad University, Noor, Iran.
2-Department of Fisheries, Qas.C., Islamic Azad University, Qaemshahr, Iran.
3-Department of Natural Resource, No.C., Islamic Azad University, Noor, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received:2024/12/11

Accepted:2025/08/27

Keywords:

Chitosan,

Fucoidan,

Peptides,

Edible Film,
Antioxidant Properties,

Antimicrobial Properties.

10.48311/fsct.2025.83944.0.

*Corresponding Author E-

drsjafarian@yahoo.com

The aim of this study was to investigate the properties of edible composite
films made from chitosan and fucoidan combined with hydrolyzed fish
proteins from Carassius. In this context, hydrolyzed fish protein was
produced using the enzyme Alcalase, and fucoidan was extracted from the
brown seaweed Sargassum latifolium. Subsequently, five types of edible
films were prepared, including nano chitosan and chitosan-fucoidan with
varying concentrations of hydrolyzed protein (0.0, 0.5, and 1.0 percent), and
their properties were examined. The results indicated that the hydrolyzed
protein had a high protein content and degree of hydrolysis. Additionally, the
yield of fucoidan extraction was 5.89%, with total carbohydrates at 59.2%,
protein at 21.9%, sulfate at 21.78%, and uronic acid at 8.85%. Mechanical
tests showed that increasing protein concentration resulted in a decrease in
the tensile strength of the films. Furthermore, physical tests revealed that
higher protein concentrations led to increased water vapor permeability and
moisture content of the films (p < 0.05). The hydrolyzed fish protein
exhibited significant activity in scavenging DPPH free radicals, with an
increase in concentration positively impacting this parameter (p < 0.05).
Moreover, these films demonstrated high antimicrobial properties against
pathogenic bacteria, with superior antimicrobial activity against
Staphylococcus aureus compared to Escherichia coli. Overall, the findings
of this study suggest that chitosan-fucoidan composite edible films
incorporating hydrolyzed proteins can serve as a suitable option for
enhancing the quality and shelf life of food products. These films not only
possess improved physical and mechanical properties but also exhibit
antioxidant and antimicrobial activities that can contribute to increased food
safety and quality.
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