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Abstract. Surimi-based products are ready-to-eat foods consumed worldwide. Similar to other seafood 
products, surimi-squid blended gel products, namely squid balls, are produced by combining surimi from 
striped catfish with squid by-products (heads and tentacles), and are highly perishable. Therefore, 
preventing spoilage caused by microorganisms and oxidation is essential. In this study, the antioxidant 
and antimicrobial activities of shallot (Allium ascalonicum) extract (SE) were evaluated. Additionally, the 
physicochemical, microbiological, and sensory properties of control and SE-supplemented squid balls (SE1-
0.25 g kg-1; SE2-1.69 g kg-1; SE3-3.13 g kg-1) were assessed during 20 days of storage at 4°C. The SE 
notably demonstrated antioxidant and antimicrobial activity, with an IC50 of 250 µg mL-1 for the 2,2′-
diphenyl-1-picrylhydrazyl (DPPH) free radical–scavenging activity (DPPH) and the minimum inhibitory 
concentration  (MIC) of 3.13 mg mL-1 against Vibrio cholerae. The incorporation of SE2 and SE3 markedly 
enhanced the preservation of squid balls by effectively suppressing microbial proliferation and retarding 

protein and lipid deterioration during refrigerated storage. SE-treated samples exhibited significantly lower 
total volatile basic nitrogen (TVB-N), trichloroacetic acid-soluble peptides, and thiobarbituric acid reactive 
substances (TBARS), as well as improved gel strength, indicating superior muscle texture and oxidative 
stability. Notably, SE2 and SE3 delivered the most pronounced protective effects, maintaining desirable 
texture, color, and overall acceptability over extended storage. These results emphasize SE, especially at 
1.69 g kg-1, as an effective natural preservative with significant prospects for use in surimi-based products. 
Keywords: antioxidant and antibacterial properties, shallot extract, shelf life extension, squid balls. 

 

 

Introduction. Surimi is an affordable protein source and a versatile ingredient widely used 

in various fish-based foods, such as imitation crab meat, fish sausage, fish balls, and 

breaded fish sticks. In recent years, surimi-based products have gained increasing 

consumer acceptance due to their unique texture, low fat and cholesterol levels, and high 

nutritional value (Yousefi & Moosavi-Nasab 2014). As of 2020 estimates, global surimi 

production exceeded one million metric tons, including about 250,000 MT of Alaska pollock 

surimi, 40,000 MT from other cold-water fish species, around 650,000 MT from tropical 

fish, approximately 60,000 MT from freshwater fish, and roughly 10,000 MT from various 

other species (Yin & Park 2023). It has been reported that the squid processing industry 

produces approximately 60% by-products, primarily heads, viscera, pens, ink, skin, fins, 

tentacles, arms, and unclaimed mantles (Ezquerra-Brauer & Aubourg 2019). Incorporating 

squid by-products into surimi marks a major advancement in the utilization of marine 

processing discards.  However, the biochemical composition of these mixtures makes them 

highly susceptible to protein degradation, lipid oxidation, and microbial growth, the main 

factors that drive quality loss and shorten shelf life during refrigerated storage. Although 

synthetic antioxidants like butylated hydroxyanisole (BHA) and butylated hydroxytoluene 

(BHT) have been selected for their affordability and effectiveness, growing concerns about 

their potential toxicity have prompted a shift toward natural alternatives. Shallot  (Allium 

ascalonicum (Linnaeus, 1756)) has emerged as a potent source of bioactive compounds, 

offering a complex profile of vitamins, carbohydrates, and phenolics, including gallic acid, 
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quercetin, and kaempferol (Sun et al 2019). Beyond their basic nutritional value, these 

phenolic compounds exhibit strong antioxidant, free-radical scavenging, and antimicrobial 

properties. Previous studies have demonstrated that adding extracts and powders from 

Allium species, such as onion and shallot, to fish fillets and seafood products (such as 

surimi and sausages) can enhance quality by providing antioxidant benefits and prolonging 

shelf life (Raeisi et al 2016; Bedrníček et al 2020; Ha et al 2025). However, the application 

of shallot extract (SE) as a natural substitute for synthetic antioxidants in surimi-based 

networks remains underexplored, particularly during refrigerated storage. Given its 

richness in bioactive compounds and distinctive organoleptic attributes, A. ascalonicum 

presents considerable potential as a functional ingredient for seafood processing. 

Therefore, this study comprehensively evaluated the effects of SE on the physicochemical 

stability, microbial quality, and sensory attributes of squid balls during 20 days of storage 

at 4°C. The results provide scientific evidence supporting the use of SE as a natural 

preservative for developing surimi-based products with improved quality, texture, and 

safety.  

  

Material and Method 

 

Time and location. The study was conducted from August 2025 to December 2025 at the 

College of Aquaculture and Fisheries, Can Tho University. 

 

Materials. Squid (Uroteuthis chinensis (Gray, 1849)) by-products (heads and tentacles) 

were purchased from Ca Mau province, Vietnam. Farmed striped catfish (Pangasianodon 

hypophthalmus (Sauvage, 1878)), weighing 1,500±200 g, was purchased from a grocery 

store at Tan An Market, Can Tho City, Vietnam. The present study adhered to Vietnam’s 

guidelines (no. 79/2015/QH3) for humane animal treatment. Shallots (A. ascalonicum) 

were directly obtained from local farmers in Can Tho City, Vietnam. All chemicals used in 

this study were of analytical grade. Boric acid, the 2,2′-diphenyl-1-picrylhydrazyl (DPPH), 

thiobarbituric acid (TBA), malondialdehyde, dichloromethane, magnesium oxide, resazurin, 

gentamicin, dimethyl sulfoxide (DMSO), and Folin-Ciocalteu reagent were purchased from 

Sigma-Aldrich. Tryptic soy broth (TSB) and plate count agar (PCA) were obtained from 

Merck. 

 

Determination of antioxidant and antibacterial properties 

 

Shallot extract (SE) preparation. Shallots were transported to the laboratory, where they 

were washed to remove dirt and debris, drained, thinly sliced, dried at 55°C for 48 hours, 

and then ground into a powder. Afterward, shallot powder was extracted with 70% ethanol 

(1:8, w/v) at 37°C under shaking for 24 hours. The obtained extract was collected, 

decanted, and filtered. The solvent was entirely removed from the filtered solution using a 

rotary evaporator at 50°C, yielding the shallot extract (SE). The SE was subsequently 

stored at -30°C until use (Ha et al 2025). 

 

DPPH radical-scavenging activity. To determine the antioxidant activity of the extract, the 

method proposed by Sharma & Bhat (2009) was employed with slight modifications. 

Briefly, the reaction mixture included 100 μL of DPPH (6 × 10–4 M) and 100 μL of the 

extract. The mixture was incubated in the dark at room temperature for 60 minutes, after 

which the absorbance was measured at 517 nm. IC50 was determined from the calibration 

curve (y = ax + b) and indicates the SE concentration (µg mL-1) needed to scavenge 50% 

of the DPPH free radicals. 

 

Minimum inhibitory concentration (MIC). The MIC of SE against Vibrio cholerae was 

determined using the bacterial preparation technique and the 96-well plate microdilution 

method described by Sarker et al (2007). The extract was diluted in 25% DMSO. Solutions 

of resazurin and gentamicin (positive control) were prepared in sterile deionized water at 

concentrations of 0.1 and 100 mg mL-1, respectively. V. cholerae was cultured in TSB 

medium at 37°C for 24 hours. The broth was centrifuged, the supernatant was removed, 
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and the cells were resuspended in 20 mL of sterile saline. Approximate bacterial counts 

were estimated from optical density at 600 nm, yielding 1 × 108 CFU mL-1 of V. cholerae 

based on the McFarland standard turbidity. Further dilutions were adjusted to a final 

concentration of 5 × 106 CFU mL-1 in the TSB. A mixture containing 50 μL of the extract, 

50 μL of the bacterial solution, and 20 μL of resazurin solution was loaded into each well 

and incubated at 37°C for 18 hours. The plates were observed to determine the lowest 

extract concentration that completely inhibited bacterial growth. Color changes from purple 

to pink indicate the MIC value (Sarker et al 2007). The experiment was conducted in 

triplicate.  

 

Experimental design 

 

Surimi and squid by-products preparation. Live fish were transported to the laboratory and 

rested for 3 hours in oxygen-saturated water (> 4 mg L-1). The fish was placed in ice water 

at a 1:1 ratio (< 4°C) and then slaughtered. The fish were bled, filleted, skinned, washed, 

and drained within 30 minutes. The fish flesh was then minced thoroughly with a meat 

grinder. The muscles were kept on ice during preparation. Surimi was prepared from 

minced pangasius fish following a three-cycle washing method (Ha et al 2022). Dewatering 

was performed using a hydraulic press, with a final moisture content of 76%. All samples 

were mixed thoroughly before being placed in an air-blast freezer with 4% (w/w) sucrose 

and 4% (w/w) sorbitol. Frozen surimi was divided into 500 g blocks, sealed, and stored at 

–30 °C for up to one month. Squid by-products were iced at a 1:1 ratio (w/w) in insulated 

polystyrene boxes and transported to the laboratory. The squid by-products were washed 

under running water to remove mucus, drained thoroughly, minced, and stored at -30°C 

until use.  

 

Application of shallot extract (SE) in the preservation of squid balls. Squid by-products 

(heads and tentacles) and striped catfish surimi were mixed at a 45:55 (w/w) ratio. Besides 

additives (1.5% salt, 1.5% sugar, 0.5% monosodium glutamate), SE was also added to 

squid balls at concentrations of 0.25 g kg-1 (SE1, the IC50), 1.69 g kg-1 (SE2, the average 

of IC50 and MIC), and 3.13 g kg-1 (SE3, the MIC against V. cholerae). The mixture was then 

chopped using a silent cutter for 10 minutes. It was gelatinized at 4°C for 30 minutes, then 

shaped into 20 g balls. The squid balls were steamed at 90°C for 15 minutes. Afterward, 

the samples were packed in PA bags and kept at 4°C for 20 days. In each treatment, 144 

squid balls were divided into 18 PA bags (triplicate). A total of 72 PA bags of squid balls 

were prepared across four treatments. All groups were randomly sampled and analyzed on 

days 0, 4, 8, 12, 16, and 20. 

 

Quality assessment of squid balls during cold storage 

 

Total volatile basic nitrogen (TVBN). Total TVBN was determined using the method 

described by Velho (2001). Five grams of the sample were transferred to a Kjeldahl tube, 

followed by the addition of 2 g of MgO and 50 mL of deionized water. Distillation was carried 

out for 5 minutes. A mixed indicator solution containing 35 mg of methyl red and 50 mg of 

bromocresol green was added to the collected boric acid solution, and the sample was left 

to stand for 5 minutes. The obtained solution was subsequently titrated against 0.1 N 

sulfuric acid. 

 

Total viable count (TVC). Squid ball samples (25 g) were aseptically collected and subjected 

to serial decimal dilutions. The diluted samples were inoculated into sterile Petri dishes 

using the pour-plate method with plate count agar (PCA). Total viable counts (TVC) were 

performed in accordance with NMKL Method No. 86 (2013). After a 72-hour incubation 

period at 30°C, aerobic microorganisms were quantified by selecting plates containing 

appropriate colony densities. 

 

Trichloroacetic acid-soluble (TCA-soluble) peptides. The TCA-soluble peptide content of 

each sample was determined as described by Benjakul et al (2002). Three grams of sample 
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were homogenized with 27 mL of chilled 5% (w/v) TCA solution at 11,000 rpm for one 

minute. To quantify TCA-soluble peptides, the homogenate was first kept on ice for 30 

minutes and centrifuged at 5,000 x g (20 min, 4°C). The supernatant was subsequently 

subjected to the Lowry assay (Lowry et al 1951), and the final values were calculated as 

tyrosine equivalents (µmol g-1). 

 

Gel strength. The surimi-squid blended gel was shaped into cylinders (27 mm diameter × 

25 mm height) and heated at 90°C for 20 minutes. A TA-XT2i Texture Analyzer (Stable 

Micro Systems, Godalming, UK) with a P/5S spherical probe was employed to measure the 

the breaking force (gf) and deformation of the samples . Measurements were taken under 

these conditions: pre-test speed of 1.00 mm s-1, test speed of 1.10 mm s-1, post-test speed 

of 10.00 mm s-1, trigger force of 10.0 g, and a penetration depth of 15 mm (Zhou et al 

2020). 

 

Peroxide value (PV). The PV was determined using the ferric thiocyanate method 

(International Dairy Federation (IDF) 74A: 2006). The squid ball (7.5 g) was extracted with 

30 mL of a chloroform: methanol mixture (2:1, v/v) for 3 hours, then centrifuged at 700 

× g for 5 minutes at 25°C. The lower phase was collected for fat content determination 

and for further analysis as a sample extract. To determine the peroxide value (PV), 1 mL 

of the sample extract was combined with 3.9 mL of a chloroform-methanol solvent (2:1, 

v/v). This was followed by the sequential addition of 50 μL each of 0.018 M Fe2+ solution 

and 50 μL of 30% NH4SCN, after which the mixture was vortexed for 15 seconds. 

Absorbance was recorded at 480 nm against a reagent blank. The final PV, reported in meq 

kg-1 of lipid, was derived from the Fe3+ concentration calculated via a standard regression 

equation (y = ax + b), and the lipid content of the squid balls. 

 

Thiobarbituric acid reactive substances (TBARS). The spectral colorimetric method of 

Raharjo et al (1993) was used to measure TBARS. The sample was ground and extracted 

with 5% TCA. Samples were centrifuged at 1050 × g and 4°C for 15 minutes. Then, the 

supernatant was collected and adjusted to a final volume of 50.0 mL. A mixture of 2 mL of 

the extracted sample and TEP standard solution was added to the test tube, followed by 2 

mL of 80 mM TBA. The solution was stirred for 15 seconds and subsequently incubated at 

94°C for 5 minutes in a water bath. Afterward, the sample was cooled, and its absorbance 

was measured at 530 nm. Standard curves were created using TEP concentrations ranging 

from 0 to 10 μM L-1. The TBARS were expressed as milligrams of malonaldehyde (MDA) 

per kilogram of sample. 

 

Color measurement. Surface color parameters (L*, a*, and b*) were recorded for the squid 

balls using a colorimeter. The instrument used for this purpose was a PCE-CSM 2 

colorimeter (PCE Instruments, Meschede, Germany/Beijing, China). 

 

Sensory assessment. The sensory properties of squid balls were evaluated by 10 trained 

panelists (5 females and 5 males) following the method described by Senphan et al (2025) 

(IRB Approval Code: CTU-AEC26008). The samples were assessed for color, flavor, taste, 

texture, appearance, and overall, on a 9-point hedonic scale (1 = dislike extremely; 9 = 

like extremely). 

  

Statistical analysis. Data were expressed as mean±SD and analyzed using Minitab 20.0. 

Significant differences between treatments were determined using ANOVA and Tukey’s 

multiple test (p < 0.05). 

 

Results 

  

Antioxidant and antibacterial activities of shallot extract. In this study, the 

antioxidant activity of ethanol shallot extract was evaluated through DPPH scavenging 

activity and total phenolic content (TPC). The DPPH scavenging activity of SE increased 

from 13.51±0.16 to 78.83±0.52% as the concentration rose from 50 to 400 μg mL-1 
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(Figure 1). IC50 indicates the concentration of SE needed to scavenge 50% of DPPH free 

radicals. The IC50 value was determined by applying the linear regression equation derived 

from the sample's calibration curve (y = 0.1904x + 2.3139, R² = 0.997). The IC50 value 

of SE was 250 μg mL-1. The TPC of SE was measured at 85.9±3.13 mg GEA g-1, based on 

the calibration curve equation for gallic acid, y = 0.0276x + 0.0034 (R² = 0.992) (Table 

1). The antibacterial activity of SE against V. cholerae is presented in Table 1. Results 

showed that the ethanol extract of shallot exhibited antibacterial activity, with a MIC of 

3.13 mg mL-1 against V. cholerae.  

 
 
 
 
 
 

 

 
 
 
 

 

 
Figure 1. DPPH scavenging activity of shallot extract. 

 
Table 1 

Antioxidant activity and antibacterial activity of shallot extract 
 

Antioxidant activity Antibacterial activity (MIC) 

IC50 = 250±1.92 μg mL-1 Vibrio cholerae = 3.13 mg mL-1 

Total phenolic content = 85.9±3.13 mg GAE g-1  

 

Quality evaluation of squid balls during cold storage 

 

Total volatile basic nitrogen (TVB-N). The TVB-N values of squid balls during cold storage 

are shown in Figure 2A. Overall, the TVB-N values of the samples gradually increased over 

the storage period, ranging from 8.64-8.87 to 14.16-22.24 mgN 100g-1. After 4 days of 

storage, the control sample had a TVB-N value of 12.16 mgN 100g-1, which was higher 

than, and significantly different (p < 0.05) from those of samples SE2 (9.52 mgN 100g-1) 

and SE3 (9.21 mgN 100g-1). From day 8 until the end of the storage period, the control 

sample and sample SE1 consistently showed TVB-N values that were higher than and 

significantly different (p < 0.05) from those of samples SE2 and SE3. Notably, after 16 

days of cold storage, the TVB-N value of the control sample was higher and significantly 

different (p < 0.05) from that of the SE-supplemented samples. 

 

Total viable count (TVC). As shown in Figure 2B, squid balls supplemented with SE (at 

concentrations of 0.25, 1.69, and 3.13 g kg-1) and the unsupplemented control sample 

showed no statistically significant differences (p > 0.05) in TVC immediately after 

processing. After 8 days of storage, sample SE1 had a lower TVC value than the control 

sample (p < 0.05). Meanwhile, the squid ball without SE and the sample with SE at 0.25 g 

kg-1 (SE1) showed a rapid rise in total aerobic microorganisms, reaching 3.67 and 3.47 

log10 CFU g-1, respectively. These values were significantly greater (p < 0.05) than those 

in samples with SE at the other two concentrations (3.24 and 3.17 log10 CFU g-1) from day 

4 until the end of the study. Conversely, no statistically significant differences (p > 0.05) 

were observed between samples SE2 and SE3 throughout cold storage. The TVC value of 

the unsupplemented sample reached 6.30 log10 CFU g-1 after 12 days of cold storage, 

exceeding the permissible limit of 6 log10 CFU g-1 (Özogul et al 2004). In contrast, sample 

SE1 surpassed this limit on day 16 (6.89 log10 CFU g-1), while samples SE2 and SE3 

exceeded the limit on day 20, with values of 6.77 and 6.58 log10 CFU g-1, respectively.  
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Figure 2. Changes in TVB-N (A) and TVC (B) of squid balls with SE1, SE2, SE3, and without shallot 
extract during cold storage. a–dValues with different superscripts within the same day are 

significantly different (p < 0.05) 
 

TCA-soluble peptide. Figure 3A shows an increase in the peptide content of squid balls 

during storage, rising from a range of 6.93-7.14 to 9.00-12.73 (µmol tyrosine g-1). After 4 

days, the control samples showed significantly higher levels of TCA-soluble peptides than  

those treated with the highest concentrations of shallot extract (SE2 and SE3). By day 8, 

the control sample and sample SE1 (8.37 and 8.16 µmol tyrosine g-1) showed higher 

peptide levels (p < 0.05) compared to samples SE2 and SE3 (7.48 and 7.21 µmol tyrosine 

g-1). At the end of storage, samples SE2 and SE3 had the lowest levels of TCA-soluble 

peptides, while the control sample contained levels 1.38 and 1.41 times higher than those 

of SE2 and SE3, respectively. Additionally, the peptide content of the supplemented 

samples SE2 and SE3 showed no statistically significant difference (p > 0.05) throughout 

the entire storage period.  

 

Gel strength. The gel strength of the squid balls gradually decreased (from 413.0-415.8 to 

223.1-322.0 g*cm) during cold storage (Figure 3B). After 8 days, sample SE3 (3.13 g     kg-

1) showed a significantly higher gel strength (p < 0.05) than either sample SE1 (0.25 g kg-

1) or the sample without SE supplementation. From day 12 until the end of storage, 

samples SE2 and SE3 maintained the highest gel strengths, which were significantly higher 

(p < 0.05) than those of the other two. By the end of the experiment, the gel strength of  

the unsupplemented sample and the one with 0.25 g kg-1 SE (SE1) had decreased by 

46.3% and 39.1%, respectively, compared to day 1; meanwhile, samples SE2 (1.69 g     

kg-1) and SE3 (3.13 g kg-1) decreased by 26.9% and 22.6%, respectively. 

 

Peroxide value (PV). Physicochemical changes caused by lipid oxidation produce off odors 

during storage. The PV measures the formation of peroxide or hydroperoxide groups, key 

products of the initial stages of storage (Ha et al 2025). In this study, the initial PV ranged 

from 4.45 to 4.56 meq peroxide kg-1 and increased to 5.80-8.39 meq peroxide kg-1 by the 

end of the experiment (Figure 4A). The PV of the squid balls tended to rise gradually over 

the first four days, then declined before sharply increasing from day 16 (Figure 4A). On 

day 8, samples SE2 and SE3 had PVs that were significantly lower than those of the other 

samples (p < 0.05). From day 16 to day 20, samples treated with SE had notably lower 

PVs compared to the control sample (p < 0.05).  

 

Thiobarbituric acid reactive substances (TBARS). The changes in TBARS values of the squid 

balls are shown in Figure 4B. Analytical results indicated that TBARS values ranged from 
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1.00 to 3.01 mg MDA kg-1, gradually increasing from Day 1 to Day 4, then decreasing until 

Day 12, and rising again toward the end of the experiment. On the first day of storage, the 

control sample showed a TBARS value of 1.60 mg MDA kg-1, which was significantly higher 

(p < 0.05) than those of samples SE2 and SE3, with TBARS values of 1.46 and 1.45 mg 

MDA kg-1, respectively. After 20 days of storage, samples SE2 and SE3 showed lower 

TBARS values that were statistically significantly different (p < 0.05) from those of the 

other two samples. Following 20 days of cold storage, the TBARS values for all samples 

remained below the acceptable limit for lipid oxidation, established at 5-8 mg MDA kg-1 

(Sallam et al 2007).  

 
 

 
 

Figure 3. Changes in TCA-soluble peptide (A) and gel strength (B) of squid balls with SE1, SE2, 

SE3, and without shallot extract during cold storage. a–dValues with different superscripts within the 
same day are significantly different (p < 0.05).  

 

  

Figure 4. Changes in PV (A) and TBARS (B) of squid balls with SE1, SE2, SE3, and without shallot 
extract during cold storage. a–dValues with different superscripts within the same day are 

significantly different (p < 0.05).   
 

Color. The L* (lightness) value of all sample groups, including the control and those 

supplemented with SE, gradually decreased during the cold storage period from 0 to 20 

days (Figure 5). Initial L* values were highest in the control (76.6), followed by SE1 (75.6), 

SE2 (74.5), and SE3 (73.0). The sample with the highest shallot extract concentration 
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(SE3) showed an L* value that was lower than, and statistically significantly different (p < 

0.05) from, both the control and SE1 samples. Throughout storage, all samples 

experienced a significant decline in their L* values. After 20 days of cold storage, the 

control's L* value dropped to 64.7, while samples SE1, SE2, and SE3 remained higher, at 

65.6, 67.6, and 66.7, respectively. Notably, the squid balls supplemented with SE, 

especially SE2 and SE3, showed higher L* values than the control sample (p < 0.05), 

indicating better retention of lightness during final storage. 

 

Figure 5. Changes in lightness (L*) of squid balls with SE1, SE2, SE3, and without shallot extract 
during cold storage. a–dValues with different superscripts within the same day are significantly 

different (p < 0.05).  

 

Sensory evaluation. During cold storage, the sensory quality of all samples gradually 

declined. Indicators of deterioration were evident in decreased scores for appearance, 

color, odor, taste, and texture (Figure 6).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Changes in sensory scores of squid balls with SE1, SE2, SE3, and without shallot extract 

during cold storage.  

 

During the initial storage period, all samples maintained a uniform shape, a smooth 

surface, and a stable gel structure. However, the sample with the highest SE concentration 
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decline in appearance and color scores. Regarding odor, between days 8 and 12, the control 

developed a distinct fishy smell and off-odors, whereas the SE-supplemented squid balls 
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had only a mild fishy smell that appeared later. In terms of taste, the control sample 

became bland and developed a poor aftertaste from day 12 onward, whereas the SE-

containing samples retained their characteristic flavor longer. In terms of texture, the 

control became soft and mushy, losing elasticity after 8-12 days of storage, while the SE-

supplemented squid balls, especially SE3, maintained a superior gel structure throughout 

the storage period.  

 

Discussion 

 

Antioxidant and antibacterial activities of shallot extract. This study found that the 

antioxidant activity of SE exceeds the levels reported by Efendi et al (2025), in which SE 

neutralized 50% of DPPH free radicals at a concentration of 1712 μg mL-1. This difference 

might be due to the TPC; the current study recorded a higher value (85.9 mg GAE g-1) than 

Efendi et al (2025) (78.7 mg GAE g-1), which contributed to SE's greater ability to neutralize 

DPPH free radicals. The content and profile of bioactive compounds vary depending on 

Allium varieties, growth conditions, and extraction methods, leading to differences in the 

biological activity of the extracts. In a study by Jaikhamwang et al (2023), a 10 mg mL-1 

shallot extract inhibited the growth of Staphylococcus aureus, S. epidermidis, and Bacillus 

cereus. The antimicrobial effects of Allium species are well documented, with compounds 

such as allicin, other thiosulfinates, and their derivatives exhibiting specific antimicrobial 

properties (Moldovan et al 2022). These compounds can inhibit a wide range of 

microorganisms, including bacteria, fungi, viruses, and parasites. Moldovan et al (2022) 

proposed that the antibacterial mechanism of Allium-derived compounds may involve 

reacting with sulfhydryl (-SH) groups on target proteins. 

 

Quality evaluation of squid balls during cold storage 

 

Total volatile basic nitrogen (TVB-N). This increase was probably due to the breakdown of 

muscle tissue by enzymes and microbes, which produced trimethylamine, dimethylamine, 

ammonia, and other volatile nitrogen compounds through the deamination of amino acids 

and nucleotides (Ruiz-Capillas & Moral 2005). The TVB-N levels in squid balls increased 

significantly over storage time across all groups. Notably, SE markedly reduced TVB-N 

formation, particularly in the groups with the highest SE concentrations (SE2 and SE3). 

After 20 days, the TVB-N levels in these groups were comparable to those observed in the 

control group after only 8 days. These findings suggest that SE can effectively slow protein 

degradation in squid balls. Likewise, Pezeshk et al (2011) found that from the 15th day 

onward, the TVB-N levels in vacuum-packaged rainbow trout with SE were significantly 

lower (p < 0.05) than in the control samples (25.2 vs 38 mgN 100g-1). 

 

Total viable count (TVC). Antimicrobial compounds from the genus Allium inhibit 

microorganisms by reacting with the sulfhydryl (–SH) groups of target proteins (Moldovan 

et al 2022). Raeisi et al (2016) assessed the inhibitory potential of shallots against Gram-

negative psychrotrophic bacteria, a key group of microorganisms known to cause aerobic 

spoilage during low-temperature storage. Similarly, this activity in shallot extract is linked 

to its high content of flavones, sulfur-containing compounds, and polyphenol derivatives 

(Wongmekiat et al 2008). Phenolic compounds inhibit microorganisms by disrupting the 

phospholipid bilayer of the cell membrane, thereby increasing membrane permeability, 

leading to leakage of essential intracellular components, or disrupting bacterial enzyme 

activity. Phenolic compounds in herbal extracts primarily account for antimicrobial activity; 

they modify cell membrane structure, increase permeability, cause leakage of intracellular 

contents, and inactivate bacterial enzymes (Ojagh et al 2010).  The findings suggest that 

SE can be used as a safe preservation method to extend the shelf life of squid balls by 

inhibiting microbial growth, slowing chemical deterioration, and preserving or improving 

sensory qualities. In a similar study, Bao et al (2020) found that an aqueous extract of 

shallots could extend the storage life of round scad (Decapterus maruadsi) by up to four 

weeks under ice-storage conditions. 
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TCA-soluble peptide. The soluble peptide content reflects the extent of protein denaturation 

and degradation, with increases primarily attributable to microbial activity (Zhang et al 

2011; Yi & Xie 2022). The findings showed that the soluble peptide content in the control 

and SE1 samples rose significantly only in the later stages, specifically from the 8th day of 

storage onward. Conversely, samples SE2 and SE3 exhibited a steady increase in peptide 

content throughout the entire cold storage period. These results demonstrated the 

inhibitory effect on microbial activity achieved by adding SE to the squid balls at 

concentrations of 1.69 and 3.13 g kg-1. 

 

Gel strength. Lipid oxidation within muscle tissue generates free radicals; these radicals 

can attack amino acids and proteins, leading to protein denaturation and altered muscle 

elasticity, thereby compromising product texture (Undeland et al 1999). Natural 

antioxidants can protect muscle membranes against lipid oxidation, helping to maintain 

and improve texture (Maqsood et al 2012). The addition of SE to the squid balls proved 

effective in reducing structural softening and in maintaining higher gel strength than the 

control sample throughout the 20-day cold storage period. 

 

Peroxide value (PV). The fluctuations in PV values might be due to both the formation and 

breakdown of peroxide compounds. The breakdown of hydroperoxides into secondary 

products or their interaction with muscle proteins (Jeon et al 2002) can occur to some 

extent, thereby reducing peroxide levels. Additionally, shallots are known for their high 

phenolic content, especially the flavanol quercetin conjugated with saccharides. Phenolic 

compounds act as reducing agents, donating hydrogen atoms to scavenge and neutralize 

free radicals, thereby significantly enhancing the antioxidant capacity of foods (Ojagh et al 

2010). 

 

Thiobarbituric acid reactive substances (TBARS). TBARS is a marker of lipid oxidation, 

measured by quantifying malondialdehyde (MDA) levels. The addition of the extract led to 

a significant decrease in MDA content. Even on the first day of storage, control samples 

showed higher TBARS values than samples supplemented with the extract at 

concentrations of 1.69 g kg-1 (SE2) and 3.13 g kg-1 (SE3), suggesting that oxidation was 

prevented from the start in the extract-supplemented samples. In most plant extracts, the 

antioxidant activity of phenolic compounds is attributed to their capacity for free radical 

scavenging, hydrogen atom or electron donation, and metal cation chelation (Ojagh et al 

2010). The fluctuations in TBARS levels during the 20-day cold storage period were mainly 

due to MDA instability; therefore, the decrease in TBARS could result from interactions 

between MDA and nucleic acids, proteins, amino acids, or phospholipid components. These 

interactions reduce the amount of free, reactive MDA available, a phenomenon previously 

documented by Goulas & Kontominas (2007). 

 

Color. The slight initial decrease in lightness observed in SE-supplemented samples might 

be due to SE's natural color. Color changes in squid balls can be linked to the oxidation of 

muscle pigments, including myoglobin, and its conversion into metmyoglobin, which occurs 

alongside lipid oxidation and minor pigment degradation (Thanonkaew et al 2006; Medić 

et al 2018). Additionally, lipid oxidation promotes the formation of polymeric brown 

pigments in fish-based muscle products by generating carbonyl groups (Thanonkaew et al 

2006). Although adding SE slightly reduced the initial lightness of the squid balls, the SE-

supplemented samples exhibited greater color stability during refrigerated storage. This 

effect tended to increase with higher SE concentrations, highlighting the role of antioxidant 

compounds in red onion in preventing lipid and protein oxidation (the main causes of 

product darkening). Several studies have shown that the phenolic compounds and 

flavonoids in red onion can scavenge free radicals, chelate metal ions, and inhibit chain-

reaction oxidation, thereby helping maintain the color and sensory quality of meat and 

seafood during refrigeration. The results of this study are consistent with earlier reports, 

demonstrating that natural antioxidants can effectively slow the loss of lightness in surimi-

based products during storage. 
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Sensory evaluation. Sensory evaluation is widely used to assess product quality because it 

is straightforward, rapid, and offers immediate feedback. Consumers can readily detect 

sensory attributes that influence their acceptance and satisfaction (Sallam et al 2007). The 

decline in sensory quality of squid balls during cold storage primarily stems from aroma 

loss and structural deterioration resulting from lipid oxidation, protein degradation, and 

microbial activity (Lorenzo et al 2013). Simultaneously, protein exudation and softening 

signal the breakdown of the protein gel network caused by enzymes and microorganisms. 

The incorporation of SE significantly delayed sensory deterioration. This effect probably 

results from the antioxidant and antimicrobial qualities of phenolic compounds and 

flavonoids in shallots, which prevent lipid oxidation, delay protein degradation, and inhibit 

spoilage microorganisms. Moreover, volatile aroma compounds in shallots may help 

conceal unpleasant odors that can develop during cold storage of squid balls. In a study by 

Pezeshk et al (2011) on vacuum-packaged rainbow trout, control samples remained 

acceptable in terms of texture, aroma, color, and overall quality after 10 days of cold 

storage, whereas those with SE remained acceptable for approximately 15 days. However, 

adding SE at excessively high concentrations could lead to an unpleasant odor and 

undesirable color in squid patties, affecting the product's sensory acceptance. 

  

Conclusions. The addition of shallot extract (SE) effectively improved the quality and shelf 

life of squid balls during refrigerated storage. SE2 and SE3 showed superior preservation 

effects by inhibiting microbial growth and reducing protein and lipid degradation. These 

treatments also helped maintain texture, color stability, and sensory quality. Overall, SE2 

is considered the optimal concentration, balancing preservation efficiency and product 

acceptability. This study suggests that SE could be a potential plant-based alternative to 

synthetic preservatives.  
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