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Introduction

Silver carp (Hypophthalmichthys molitrix), owing to its easy accessibility and lower cost compared to
marine fish, presents economic opportunities for developing by-products (Ojagh et al., 2018). The
introduction of fish nuggets, with their desirable flavor and taste, can stimulate consumer demand for
aquatic products. Ready-to-eat and semi-prepared foods hold a significant market share, valued for their
crispy texture, attractive appearance, color, and enhanced flavor. Deep-frying is a common food
processing technique where food is cooked in hot oil at temperatures exceeding the boiling point of water
(Chen et al., 2009). This method aims for rapid food processing to extend shelf life while simultaneously
creating unique textural, color, aroma, and flavor attributes. Strategies to minimize oil absorption during
deep-frying include coating with hydrocolloids (such as edible coatings and gums) and the utilization of
bioactive peptides from plant sources. Chia seeds (Salvia hispanica) are recognized for their nutritional
richness, including high protein content (15-23%), antioxidants, dietary fiber, vitamins, and minerals.
Notably, their oil is abundant in alpha-linolenic acid (Omega-3). Their unique rheological properties and
ease of extraction have led to their application as thickening and gelling agents in the food industry, with
products formulated using chia seed gum achieving positive consumer acceptance. The text also references
Lepidium sativum (garden cress) concerning its oil content and thickening capabilities; however,
clarification on the specific scientific name employed in the study may be beneficial. Enzymatic protein

hydrolysis, employing either endogenous enzymes (autolysis process) or commercial enzymes, is utilized
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to improve protein characteristics and enhance bioactivity (Karazhiyan et al., 2009). This study
specifically utilized Alcalase (a protease from Bacillus licheniformis with an activity of 4.2 AU/mL) and
Flavourzyme (an exopeptidase with an activity of 1.5 AU/mL) (Oveysipour et al., 2012). The primary
objective of this research was to assess the antioxidant properties of chia seed protein hydrolysates
generated by these enzymes. Furthermore, the study aimed to investigate the impact of a composite
coating, comprising alginate and garden cress gum, on the physicochemical and sensory properties of fish
nuggets. This research endeavors to leverage these components to enhance the quality and appeal of fish
nugget products.

Methodology

Preparation of chia seeds and (Alcalase enzyme - Flowerzyme) extracted from Novazyme, Denmark. The
protein content of chia seeds was measured by the Kjeldahl method (Villanueva-Lazo et al., 2022).
Preparation of fat-free flour and protein isolate from chia seeds was carried out using the method of Zhou
et al. (2006). To measure the hydrolysis of chia seed protein isolate in the present study, 6 treatments were
selected. Treatment 1: Flowerzyme + 10 minutes of hydrolysis time. Treatment 2: Flowerzyme + 20
minutes of hydrolysis time. Treatment 3: Flowerzyme + 30 minutes of hydrolysis time. Treatment 4:
Alcalase + 10 minutes of hydrolysis time. Treatment 5: Alcalase + 20 minutes of hydrolysis time.
Treatment 6: Alcalase + 30 minutes of hydrolysis time. The degree of hydrolysis was calculated using the
method of (Villanueva-Lazo et al, 2022). The approximate length of the peptides resulting from
hydrolysis was measured (Chatterjee et al., 2015). The protein recovery rate was determined by the Biuret
method and the antioxidant activity was determined by the DPPH method (He et al., 2013). Extraction of
(Lepidium sativum) seed gum was performed using the method of Karazhiyan et al. (2011). Preparation of
wheat flour coating with different percentages by the method (Chen et al, 2009). Fish nuggets
(Hypophthalmichthys molitrix) were prepared and physical, chemical, textural and sensory tests were
performed (Asadi Farsani, 2018). The moisture content and the amount of absorbed oil were measured
using the method (Avak and Glaser, 2005). The texture measurement test was calculated using the Instron
texture measurement device according to the method of (Das et al., 2008). The coating percentage and frying
efficiency of fish nuggets were calculated according to the formula (Darai Garmkhanei ez al., 2009). Peroxide
value was measured using the method of (Ronald and Ronald, 1991). (TBA) was measured using a colorimetric
method (Hedayatifard and Miri, 2017). The (TVB-N) index was determined by the Kjeldahl method (Avak
and Glaser, 2005). Sensory evaluation was investigated using the hedonic test method (Asadi Farsani,
2018).

Results

The initial protein measurements of chia seeds and its protein isolate were (23.91+1.00) and (40.82+1.24),
respectively. The results showed that the degree of hydrolysis of the alkalase enzyme was higher than that
of flowerzyme (p<0.05). The measurement of protein recovery values showed that the alkalase enzyme
was higher than that of flowerzyme (p<0.05). The results of determining the peptide chain length by

alkalase were lower than that of flowerzyme (p<0.05). The results of determining the protein levels in
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different treatments showed that the alkalase enzyme was higher than that of flowerzyme (p<0.05). The
results of the DPPH free radical scavenging activity in different treatments showed that the highest activity
was related to the alkalase enzyme (82.02%). The results showed that the lowest oil absorption rate was
observed in the alginate + gum + 1% hydrolyzed protein (12.15%) treatment (p<0.05). The highest
moisture absorption was observed in the treatments of alginate + gum + hydrolyzed protein 0.5 and 1%
(56.84 and 57.45 percent, respectively) (p<0.05). The lowest tissue stiffness was observed in the treatment
of alginate + gum + 1% hydrolyzed protein (41.7%) (p<0.05). The highest coverage was observed in the
treatments of alginate + gum + hydrolyzed protein 0.5 and 1% (36.05 and 36.54%, respectively) (p<0.05).
The highest frying efficiency values were observed in the treatments of alginate + gum + hydrolyzed
protein with concentrations of 0.5 and 1% (78.93 and 79.24 percent, respectively) (p<0.05). The results of
peroxide value under the influence of time and treatment showed that the highest values were observed in
the control treatment and the lowest values were observed in the alginate + gum + 1% hydrolyzed protein
treatment (p<0.05). The results of statistical analysis of thiobarbituric acid values during the storage period
showed that the highest values were observed in the control treatment and the lowest values were observed
in the alginate + gum + 1% hydrolyzed protein treatment (»<0.05). The lowest values of volatile nitrogen
bases were observed in the alginate + gum + hydrolyzed protein treatment (0.5 and 1 percent) (p<0.05).
The results of sensory evaluations showed that the sensory score of the alginate + gum + hydrolyzed
protein treatment was 0.5 and 1 percent lower than the other treatments, respectively (p<0.05). In general,
the results showed that the alginate and watercress seed gum coating has antioxidant properties and
hydrolyzed chia seed protein increased its antioxidant properties, so that the alginate, watercress seed gum
and hydrolyzed protein coating significantly delayed the oxidative spoilage process in the nugget and
increased the shelf life of the nugget, and in all tests it had a better effect than the synthetic BHA
preservative. Therefore, the combination of alginate (2%), watercress seed gum (1%) and hydrolyzed chia
seed protein at the level (1% hydrolyzed) with the alcalase enzyme for (30 minutes) can play a significant
role in improving the quality characteristics of fried nuggets and increasing their shelf life during storage,
and also meet the consumer need for better and safer seafood products.

Conclusions

The protein recovery rate is affected by the increase in the degree of hydrolysis (Ovisipour et al., 2013).
The reduction in the peptide chain length of the alcalase enzyme is inversely proportional to the degree of
hydrolysis (Namati et al., 2012). DPPH is related to factors such as process time, degree of hydrolysis, and
the performance of each enzyme in producing active peptides and releasing lipophilic antioxidant amino
acids (He et al,, 2013). The reason for the reduction in oil absorption in the treatment is strongly
influenced by the solubility and hydrophobicity of the protein surface (Mazloumi-Kiapi et al., 2019). The
decrease and increase in moisture in the treatments is due to the gel formation characteristic during heating
and the high degree of coating and the creation of a relatively thick layer (Bahrami and Khadami, 2020).
Hydrocolloids with their water retention capacity soften the texture of the nugget and reduce the stiffness
of the texture (Altunakar et al., 2006). The high coating rate in the two treatments of 0.5 and 1% is due to
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the amount of adhesive that adheres to the fish nuggets (DaraiGarmkhanei et al., 2014). The frying process
causes cell collapse, less oil absorption and increases frying efficiency. (Mokhtariyan and Tavakolipour,
2014). The amount of thiobarbituric acid, due to the coating formed on the surface of the nugget, reduces
the amount of product contact with oxygen, the rate of initial oxidation of fats and the subsequent
formation of hydroperoxides (Mohan ef al., 2007). The amount of nitrogenous bases, by adding a coating,
delays the presence of bacteria and the process of autolysis and protein decomposition (Darocha et al.,
2018). The overall acceptance index in the 0.5 and 1% treatments was approved by the evaluator (Bahrami
and Khademi, 2020 In conclusion, the present study suggests several promising avenues for future
research. These include exploring the functional and antioxidant properties of hydrolyzed chia seed
proteins through enzymatic hydrolysis using proteases such as bromelain and ficin. Additionally, it is
proposed to assess the potential of hydrolyzed chia seed proteins as a sustainable nitrogen source in
bacterial culture media, with implications for both food science and biotechnology. Furthermore,
investigating the synergistic effect of hydrolyzed chia seed proteins and vacuum packaging could offer a
novel approach to enhancing the shelf life of marine products, thereby contributing to more effective food
preservation techniques.
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Table 1: Degree of hydrolysis values of hydrolyzed (Chia) seed proteins using different enzymes

Enzyme
Hydrolysis time minutes
Alcalase Flavourzyme
10 13.26+0.304¢ 10.26+0.278¢
20 19.10+1.094° 15.53+0.535B
30 22.1940.3042 18.10+0.13B2

Gloro 5l Blzsl £ 1. Skee) sl 0l 3l o0 sy Slael aen (
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(a, b, c,..).a5,ls o cixe BB Sglate gy b gt S o lasl (F

All data are presented as percentages (mean + SD)

Values in the same row with different superscripts (A, B) differ significantly.
Values in the same column with different superscript letters (a, b, c, ...) differ significantly.
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Table 2: Protein recovery values of hydrolyzed (Chia) seed proteins using different enzymes

Enzyme
Hydrolysis time minutes
Alcalase Flavourzyme
10 19.3740.214¢ 16.32+0.158¢
20 21.2840.364° 18.16+0.308°
30 22.9540.2142 19.84+0.3452

Glaro 5l Bl zl 1. Skee) sl 0l 4l do 0 s Slael den (

(A, B).asyls s cme S gliie By b sy G o olael (Y

(a, b, c,..).05,0s Lo cre BB glate gy b gt SO o lael (F

All data are presented as percentages (mean = SD)

Values in the same row with different superscripts (A, B) differ significantly.
Values in the same column with different superscript letters (a, b, c, ...) differ significantly.
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Table 3: Peptide chain length values of hydrolyzed (Chia) seed proteins using different enzymes

Enzyme
Hydrolysis time minutes
Alcalase Flavourzyme
10 9.01+0.1182 11.94+0.5542
20 5.70+0.165° 7.91£0.374°
30 4.6440.118¢ 6.34+0.404°

Gl 3l Bzl £ . S0kee) casl oas (o 0oy w3 Slael dan ()
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All data are presented as percentages (mean + SD)

Values in the same row with different superscripts (A, B) differ significantly.
Values in the same column with different superscript letters (a, b, c, ...) differ significantly.
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Table 4: Protein values, hydrolyzed proteins of (Chia) seeds using different enzymes

L. . Enzyme
Hydrolysis time minutes Alcalase Flavourzyme
10 79.09+0.874¢ 66.62+0.635¢
20 86.90+1.474° 74.14+1.24Bb
30 93.70+0.8842 81.00+1.3652

Glaro 5l Bl sl 1. S0keo) sl 00 4l o0 s Slael den (
(A, B).w s s cme BNzl gl B9y b ciys ) G jo olasl (¥
(a, b, c,..).05,0s o cre BB Sglate gy b gt S o lasl (F
All data are presented as percentages (mean + SD)

Values in the same row with different superscripts (A, B) differ significantly.
Values in the same column with different superscript letters (a, b, c, ...) differ significantly.
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Identical letters in each row indicate that the data are not significantly different from each other
flowerzyme g alcalase sl 3l alowgas ool judg uud iy (DPPH) Slogwwns| 61 codled i) JSCo
Figure 1: Antioxidant activity (DPPH) of protein hydrolyzed by alcalase enzyme and flowerzyme enzyme
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Figure 3: Moisture content in different treatments of fried phytophagous fish nuggets (Hypophthalmichthys molitrix)
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Figure 4: Tissue firmness in different treatments of fried phytophagous fish nuggets (Hypophthalmichthys molitrix)
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Figure 6: Frying efficiency in different treatments of fried phytophagous fish nuggets (Hypophthalmichthys molitrix)
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Table 5: Peroxide levels in different treatments of phytophagous fish nuggets (Hypophthalmichthys nobilis) during
storage (milliequivalents/kg fat)

Holding time (days)

Treatment 0 2 3 12 16
Control 0.99+0.024¢ 98+0.134¢ 7.48+0.184¢ 8.83+0.084" 9.4540.14¢
Alg+Gum 0.97+0.054¢ 0.5+0.0654 5.76+0.128¢ 6.41+0.328> 7.66+0.13B2
Alg+Gum+CPH 0.5% 0.99+0.044¢ 23+0.04¢d 4.62+0.07¢° 5.77+0.18P 6.56+0.18%
Alg+Gum+CPH 1% 0.98+0.054¢ 67+0.12P4 3.9+0.04F¢ 4.41+0.02F¢ 5.34+0.1Fs
Alg+Gum+BHA 0.98+0.034¢ 52+0.08"d 5.13+0.12P° 5.13+0.12F2 5.954+0.07P2
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Different letters in each row indicate significant differences between the data
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Identical letters in each row indicate that the data are not significantly different from each other
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Table 6: Thiobarbituric acid levels in different treatments of phytophagous fish nuggets (Hypophthalmichthys nobilis)
during storage (mg malondialdehyde/kg fat)

Holding time (days)
Treatment
0 4 8 12 16

Control 0.85+0.044¢ 240.114d 3.56+0.044¢ 4.06+0.054° 5.14+0.142

Alg+Gum 0.8440.054¢ 1.6140.078d 2.25+0.18¢ 3.1440.065° 44 0.14B2
Alg+Gum+CPH 0.5% 0.84+0.024¢ 1.3240.03¢d 1.84+0.09¢¢ 2.334+0.07PP 2.98+0.03¢2
Alg+Gum+CPH 1% 0.840.054¢ 1.13£0.03Pd 1.49+0.05P¢ 1.9840.03F> 2.61+0.03P2
Alg+Gum+BHA 0.840.054¢ 1.1940.054 1.88+0.04Cc 2.49+0.06° 3.10+0.06%*
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Different letters in each row indicate significant differences between the data
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Identical letters in each row indicate that the data are not significantly different from each other
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Table 7: Volatile nitrogenous base levels in different treatments of phytophagous fish nuggets (Hypophthalmichthys
nobilis) during storage (mg/100g)

Holding time (days)
Treatment
0 4 8 12 16

Control 11.2240.384¢ 23.740.36A4 34.061.144¢ 40.86%1.124° 47.054+0.5142
Alg+Gum 11.26+0.254¢ 18.4140.93B4 26.5+0.778¢ 31.2741.998b 39.58+0.6582
Alg+Gum+CPH 0.5% 11.08+0.154¢ 15.91+0.14¢ 23.36:£0.57¢° 27.73+0.65 31.65+0.64P2
Alg+Gum+CPH 1% 11.12+0.194¢ 15.28+0.27¢d 19.5140.48P¢ 24.55+0.6PP 30.48+0.65P2
Alg+Gum+BHA 11.07+4¢0.154¢ 15.03+0.23¢4 20.1140.77P¢ 29.26+0.3<° 34.52+1.03¢
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Different letters in each row indicate significant differences between the data
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Identical letters in each row indicate that the data are not significantly different from each other
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Figure 7: Sensory evaluation of different treatments of fried phytophagous fish nuggets (Hypophthalmichthys nobilis)
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