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Abstract

In this study, we propose a squid jeotgal, Korean fermented seafood, supplement with different soy 

isoflavones supplements, followed by fermentation for different time intervals at 4°C to increase the 

antioxidant activity and improve the food value. In the first month, fermented jeotgals with at low concentration 

(2 mg g−1) of added soy isoflavones showed a significant increase in the activity of up to 55%, whereas, at 

high concentration (10 mg g−1), the activity almost doubled compared to that of the sample without isoflavones. 

Moreover, the squid enriched with isoflavones also exhibited significantly decreased total volatile base 

nitrogen, thiobarbituric acid reactive substances, and biogenic amines, indicative of higher inhibition of the 

formation of these substances. The changes in the microbial profile were also evaluated. This use of soy 

isoflavanones as an additive could aid in improving the nutritional value of fermented seafood to reduce the 

incidence of age-related and chronic disorders.
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1. Introduction

In Korean cuisine, seafood prepared by salting and fermentation is known as eojang or jeotgal, where 

degradation and decomposition of the main ingredients are inhibited during the fermentation process [1]. 

Moreover, decomposition of the protein in the raw materials by beneficial organisms produces a unique flavor 

and breaks down carbohydrates, lipids, and organic acids, thereby enhancing the flavor, making these 

fermented products important seasonings in kimchi and other Korean foods [2]. Squid jeotgal is one well-

known ready-to-eat seafood item that is very popular for its taste and flavor. Squid jeotgal is rich in lactic acid 

bacteria (LAB) and yeast [1]. The consumption of squid jeotgal can inhibit somatic mutation, and this seafood 

exhibits anticancer and antioxidant properties due to the highly bioactive compounds. In recent years, 

fermented seafood enriched with different sub-ingredients, including garlic, hot pepper, and plant extract, has 

been produced to achieve variations in the flavor, aroma, and texture, and to increase the health function and 

nutritional value [3]. Heo et al. [4] reported that the addition of dietary fiber from rice bran can enhance the 

shelf-life of sausage. Low-salt squid combined with edible plant showed no change in the sensory quality but 
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exhibited increased antioxidant and anti-diabetes activity [3]. In our previous study,  the anticancer activity 

of fermented squid jeotgal was improved by enrichment with soymilk [5]. Soybean and its phenolic compounds 

may be used as potential functional sub-ingredients in fermented food. Isoflavones are the main phenolic 

compounds in soybean. Isoflavones are present in soy foods as aglycones as well as in the glycosylated forms 

[6]. The most abundant isoflavones are genistin and daidzin that are poorly absorbed in the human body, 

whereas the aglycone forms (daidzein, glycitein, and genistein) play important roles as antioxidants and inhibit 

cancer development and heart-related disease. Genistein and daidzein can be inter-converted via fermentation. 

Therefore, fermented foods enriched with isoflavones are potentially functional foods that can be used in 

higher functional products. The aim of the present study is to increase the food value of fermented squid by 

the addition of soy isoflavones or bioactive compounds produced during fermentation. The antioxidant 

capacity of enriched fermented squid has yet to be investigated. The effect of adding isoflavone on the 

microbial and sensory properties of fermented squid is also evaluated.

2. EXPERIMENTS

2.1 Preparation of soy isoflavones 

Soybean (Glycine max (L.) Merr.var. Ryuhou) seeds were purchased in a Japanese market and used to 

prepare soy isoflavones. The seeds (450 g) were milled on a Retsch Ultra Centrifugal Mill (ZM1000, Retsch, 

Haan, Germany) with a 0.5-type sieve and were suspended in a 5-fold volume (v/w) of 80% methanol. Crude 

isoflavones were extracted at room temperature (25°C) over the course of 1 h. The solvent was removed from 

the extract under vacuum at 65° C by using a rotary evaporator. The obtained concentrated extract (45 mg) 

was dissolved in 645 mL of 0.2% acetic acid water:2-butanol (1:1) in a separatory funnel. After mixing well, 

the mixture was kept standing overnight at room temperature (25oC). The upper butanol phase was then 

collected and concentrated by rotary evaporation under vacuum at 65°C. The concentrated extract was 

resuspended in 645 mL of 15% methanol containing 0.1% acetic acid and centrifuged at 7,200 ×g for 5 min 

(Denver Instrument Co., Bohemia, NY, USA). The supernatant was injected into a reverse- phase C18 open 

column (2.2 × 30 cm; YMC gel ODS-A, 12 nm, S-75 m, YMC Co., Ltd., Kyoto, Japan) and eluted stepwise 

with 25%, 35%, 45%, and 50% methanol (250 mL each, containing 0.1% acetic acid) to collect the isoflavones. 

Fifty milliliter fractions were collected and concentrated on the rotary evaporator under vacuum at 65°C with 

subsequent lyophilization. The isoflavones were identified and quantified by LC-PDA-MS/MS analysis 

(Prominence UFLC system, Shimdzu, Kyoto, Japan equipped with Thermo LTQ Orbitrap XL, Thermo Fisher 

Scientific, Yokohama, Kanagawa, Japan) [7].

2.2 Preparation of squid jeotgal 

Small fresh squids were bought from Yeosu, South Korea. Seasoning was collected from Greenmin Food 

Co., comprising hot pepper flakes, salt, and different types of grains. The samples were prepared according to 

the company’s recipe by adding seasoning with small squid cuts. Samples were then prepared by adding 

purified 40% soy isoflavones for fermentation. Four sets of squid jeotgal samples with different concentrations 

of isoflavones (0, 2, 5, and 10 mg g−1) were prepared. All samples were packed into airtight glass jars and kept 

for a period of 1, 3, and 5 months respectively. Fermentation was carried out separately for each set of samples 

at 4°C.

2.3 Preparation of the soluble fraction

Five grams of the fermented sample paste was mixed with 50 mL of 50% methanol and stirred for 1 h at 

room temperature (25°C). The mixture was centrifuged at 5,000 ×g for 10 min using an Avanti TMJ-25I 
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refrigerated centrifuge to remove the debris. The supernatant was filtered through a 0.2 μm syringe filter to 

avoid turbidity issues. The filtered extract was kept at 4oC and used for further analysis. 

2.4 Antioxidant assays

2.4.1 DPPH free-radical scavenging activity 

The DPPH radical scavenging activity was determined by DPPH assay as previously described by Gyamfi 

et al. [8] with slight modifications. A 20 μL aliquot of the extract was mixed with 200 μL of DPPH methanolic 

solution (100 μM). After vigorous mixing of the components, the mixture was kept in the dark at room 

temperature for 30 min. The absorbance of the resulting solution was measured at 517 nm against a blank. For 

all antioxidant assays, the control was prepared in the same manner, except that working solvent (70% ethanol: 

5% DMSO: 25% water) was used instead of the sample. Ascorbic acid was used as a positive control. The 

scavenging activity was calculated using Equation (1) [8]:

DPPH scavenging activity (%) = (1 − Asample/Acontrol) × 100%                 (1)

2.4.2 Superoxide scavenging activity 

The superoxide radical scavenging activity of all squid jeotgal samples was measured according to an 

existing method of Liu et al. [9]. Superoxide radicals were generated in 2.8 mL of Tris-HCl buffer (0.05 M, 

pH 8.2) containing 0.1 mL of pyrogallic acid (0.05 M) and 0.1 mL of extract. The reaction was incubated at 

25oC in the dark for 4 min, followed by the addition of 1 mL HCl solution (8 M). The absorbance at 320 nm 

was measured against a blank and the percentage inhibition of the superoxide scavenging activity was 

calculated using Equation (2) [9]:

Superoxide scavenging activity (%) = (1 − Asample/Acontrol) × 100%                 (2)

2.4.3 Hydroxyl radical scavenging activity

The hydroxyl radical scavenging activity of squid jeotgal was determined by using a previously described

by Sánchez-Moreno [10] method with little modification. The reaction mixture containing 1 mL of FeSO4 (9 

mM), 1 mL of H2O2 (8.8 mM), 1 mL of salicylic acid (9 mM), and 1 mL of jeotgal sample was incubated at 

37oC for 1.5 h. The absorbance at 510 nm was measured against a blank and the percentage inhibition of the 

superoxide scavenging activity was calculated by using Equation (3) [10]:

Hydroxyl radical scavenging activity (%) = (1 − Asample/Acontrol) × 100%                 (3)

2.4.4 Metal chelating activity

The metal ion chelating activity of the extract was determined according to the reported method of Carter 

[11]. The reaction mixture consisted of 0.1 mL of FeCl2 (2 mM), 0.4 mL of ferrozine (5 mM), and 1.1 mL of 

extract. The mixture was incubated in the dark for 10 min and the absorbance at 562 nm was recorded. The 

percentage inhibition of the ferrozine-Fe2+ complex was calculated by applying Equation (4) [11]:

Metal chelating activity (%) = (1 − Asample/Acontrol) × 100%                 (4)

2.5 Determination of total volatile base nitrogen and thiobarbituric acid reactive substances 

The total volatile base nitrogen (TVB-N) content was determined by Cobb’s method [12]. The squid sample 

was extracted using steam distillation and the TVB-N concentration is expressed as mg/100 g fermented squid. 

The thiobarbituric acid reactive substances (TBARS) assay was performed according to the method of 

Botsoglou et al. [13] and the TBARS concentration is expressed as mg kg−1.
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2.6 Determination of biogenic amine 

The biogenic amine content of the fermented squid at the end of fermentation was analyzed according to 

the method described by Coloretti et al. [14]. Biogenic amines were extracted with 0.4 M HCl and the extract 

was derivatized with dansyl chloride according to Mah’s method [15]. The biogenic amines were determined 

by HPLC (Shimadzu 10A; Columbia, MD) using a C18 column (Waters, Milford, MA, USA) and a photodiode 

array detector (Shimadzu SPD-M 10A VP; Columbia, MD). The flow rate was set at 1 mL min−1 using a 

gradient elution program with mobile phase A (0.01 M ammonium acetate) and mobile phase B (90% 

acetonitrile). The biogenic amines were detected at 254 nm and are quantified in mg kg−1.

2.7 Microbial analysis

The fermented squid sample was diluted with PBS solution and plated on MRS agar (Difco Laboratories, 

Detroit, MI, US) containing 0.002% bromophenol blue (Sigma, USA) and Blood agar (Difco Laboratories, 

Detroit, MI, US) with 0.5% sheep blood for quantification of the lactic acid bacteria. Each sample was prepared 

in triplicate and incubated at 37oC for 48 h. 

2.8 Sensory evaluation

The sensory properties of the fermented squid were evaluated by a panel of 10 members. The flavor, taste, 

texture, color, and overall acceptance were employed as descriptors on a 5-point scale (from 1 = very poor to 

5 = like very much). Each member was provided with 100 g of each sample. 

2.9 Statistical analysis

Statistical analysis was performed with SPSS software (ver. 22, IBM SPSS, NY, USA). The results are 

expressed as the mean ± standard deviation from at least three replicates. The difference was considered 

statistically significant at p ≤ 0.05.

3. RESULTS AND DISCUSSION

3.1 Isoflavone composition

Fermentation can change the pre-consumption status of dietary items by increasing the levels of 

fermentation-enriched chemicals and newly formed biochemicals [16]. In our study, we extracted and detected 

only 6 kinds of the 12 isoflavone components in soybean seeds. The obtained isoflavone powder contained at 

a total of 40.1% (w/w) isoflavones; daidzin 20.7%, glycitin 8.1%, genistin 6.7%, acetyldaidzin 2.6%, 

acetylglycitin 1.1%, and acetylgenistin 0.8%, which were identified and quantified by LC-PDA-MS/MS 

analysis (Table 1). 

Table 1. Percentage of individual isoflavones detected from soybeans by LC-PDA/MS/MS 

method

Sl. no Isoflavone

components

Molecular 

Weight (MW)

Peak Area nmol/0.5μL ng/0.5μL Relative ratio (%)

1 Daidzin 416.4 13,617,615 2.65 ± 0.124 1,103.9 ± 0.22 20.7

2 Glycitin 446.4 4,973,108 0.97 ± 0.301 432.2 ± 0.23 8.1

3 Genistin 432.4 4,261,157 0.83 ± 0.201 358.7 ± 0.11 6.7

4 Acetyl daidzin 458.4 1,530,732 0.30 ± 0.114 136.6 ± 0.03 2.6

5 Acetyl glycitin 488.4 631,480 0.12 ± 0.251 60.1 ± 0.34 1.1

Sum 4.9631 2,135.7 40.1
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3.2 Antioxidant activity

Figure 1 shows the antioxidant activities of squid jeotgal samples fermented with soy isoflavones for 

different times. Figure 1A suggested that the addition of only a small amount (2 mg g−1) of isoflavones 

increased the DPPH free-radical scavenging activity by almost 56% for the sample fermented for one month, 

where a gradual increase was observed with increased isoflavone concentration. At high concentration (10 mg 

g−1), the activity almost doubled compared to that of the sample without any additive. All samples with or 

without isoflavones showed a significant increase in the activity up to 3 months, whereas reduced activity was 

observed for the samples fermented for 5 months (Fig. 1A). Figure 1B shows the isoflavones increased the 

metal chelating activity significantly in the 1st month of fermentation, irrespective of the concentration (Fig. 

1B). The superoxide inhibitory activity increased by up to 50% and 57% for the samples fermented with 2 mg 

g−1 and 5 mg g−1 isoflavones up to 3-month and 5-month fermentations in Fig. 1C. However, figure 1D shows 

that there was no remarkable change in the hydroxyl radical scavenging activity of the samples with or without 

isoflavones that were fermented for a period of 5 months. The antioxidant activity is determined as the ability 

of the compounds to protect a biological system against the potentially detrimental effects of oxidative 

reactions induced by reactive oxygen and nitrogen species (RONS) [17]. Antioxidant molecules can prevent 

or inhibit the effect of detrimental oxidative reactions due to the presence of hydroxyl groups in their chemical 

structure [18]. In all assays, the antioxidant activity started to decline after 3 months, whereas a continuous 

increase was observed at high concentration (10 mg g−1). The results of all the antioxidant assays indicate that 

fermentation for up to 3 months with added isoflavones at all concentrations resulted in higher antioxidant 

activity than that of the samples without added isoflavones, although after 5 months, the antioxidant activity 

was not significantly different.

Figure 1. Antioxidant assay of squid jeotgal samples fermented with soy isoflavones for different times. A. 

DPPH free-radical scavenging activity. B. Metal chelating activity. C. Superoxide scavenging activity. D. 

Hydroxyl radical scavenging activity. Results represent the mean value from three independent 

experiments (n = 3). Error bars represent standard deviation. *p < 0.05 and **p < 0.01 compared to the 

fermented seafood without isoflavone additives in the same month.
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3.3 Nutritional compounds

The changes in the total volatile base nitrogen, thiobarbituric acid, and biogenic amine (including agmatine 

and putrescine) are shown in Table 2. In general, the content of these compounds increased continuously during 

fermentation. However, TVB-N production was inhibited in the fermented squid enriched with isoflavones 

compared to the control sample. An increase in the TVB-N during fermentation has been reported in most 

studies on seafood fermentation, which may be due to the growth of fungi and spoilage bacteria [3,19]. Hong, 

Kim [3] reported that bay leaf, green tea, and pine needle extract had no inhibitory effect on TVB-N production. 

In our study, the TVB-N content ranged from 24.23 to 25.32 mg N/100 g fermented squid after three-month 

fermentation. This result agrees with the suggestion [20] that the TVB-N content should below 30 mg N/100 

g. The TBARS content increased significantly from the 3rd month for all treatments. The fermented squid with 

5 and 10 mg g−1 isoflavone had a higher inhibitory effect than the control sample. TBARS is suggested as an 

indicator of lipid oxidation and is correlated with the antioxidant activity and sensory quality of the product 

[19]. This could explain the higher antioxidant activity of these samples. The biogenic amine content has been 

used as a food quality indicator signifying spoilage. In fact, agmatine and putrescine were detected in 

fermented squid, where the production was affected by the addition of isoflavone and the fermentation time. 

After 5 months fermentation, the concentration of agmatine and putrescine ranged from 88.16 to 101.20 mg 

kg−1 and from 2.10 to 2.21 mg kg−1, respectively. Squid contains less biogenic amine than other fish and 

shellfish [21]. The highest biogenic amine content of the control sample suggested that isoflavone may inhibit 

arginine decarboxylation.

Genistein and equol increase the growth rate of Lactobacillus rhamnosus and act against pathogens such 

as Staphylococcus aureus [22]. Most LABs are recognized as probiotic strains as bacteriocin production 

inhibits the growth of harmful bacteria. Moreover, the antioxidative property of probiotics has been the subject 

of many studies in recent times [23,24]. These characteristics can explain the antioxidant activity of fermented 

squid with isoflavone.

Table 2. Change in chemical compounds in fermented squid

Compounds
Fermentation 

time (month)

Isoflavones concentration (mg/g)

0 2 5 10

TVB-N 

(mg N/100 g)

1 16.84 ± 0.25a 15.56 ± 0.62a 15.96 ± 0.32a 15.81 ± 0.26a

3 25.32 ± 2.25c 26.32 ± 1.41b 24.23 ± 1.11b 28.32 ± 3.21b

5 124.14 ± 2.18f 100.10 ± 0.64e 86.02 ± 2.68d 84.29 ± 2.14d

TBARS 

(mg/kg)

1 0.92 ± 0.42a 0.86 ± 0.84a 0.93 ± 0.33a 1.02 ± 0.95a

3 4.36 ± 0.36b 4.26 ± 0.34b 3.94 ± 0.23b 3.45 ± 0.23b

5 11.61 ± 0.84d 11.46 ± 0.23d 10.93 ± 0.11c 10.21 ± 0.34c

Agmatine 

(mg/kg)

1 0.16 ± 0.02a 0.21 ± 0.03a 0.22 ± 0.04a 0.22 ± 0.01a

3 39.20 ± 0.68b 34.23 ± 0.36b 32.32 ± 0.32b 34.84 ± 0.63b

5 101.2 ± 1.23d 89.32 ± 0.23c 90.01 ± 0.95c 88.16 ± 1.62c

Putrescine 

(mg/kg)

1 0.75 ± 0.23a 0.91 ± 0.32a 0.89 ± 0.30a 0.77 ± 0.32a

3 1.23 ± 0.46b 1.62 ± 0.92b 1.32 ± 0.23b 1.32 ± 0.93b

5 2.10 ± 0.21c 2.21 ± 0.32c 2.16 ± 0.84c 2.11 ± 0.23c

The values are the mean of three independent samples. Different superscript letters represent 

statistically significant differences (p < 0.05), according to Fisher’s LSD test of the ANOVA for each 

compound.
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3.4 Microbial count

In order to further understand the changes in the microbial profile, the total amount of LAB and pathogens 

in fermented squid after 3-month fermentation is shown in Figure 2. The amount of LAB in the samples with 

5 mg g−1 and 10 mg g−1 isoflavone was significantly higher than that of the control, implying that isoflavones 

may promote the growth of LAB during squid fermentation.

Figure 2. Changes in lactic acid bacteria (LAB) and pathogens of fermented squid enriched with 

isoflavones after 3 months. Each data point is the mean of three replicate samples; * indicates a significant 

difference (p < 0.05) compared to the sample with no isoflavone.

3.5 Sensory analysis

The flavor, taste, texture, color, and overall acceptance of the fermented squid samples with 0, 2, 5, and 10 

mg g−1 isoflavone after 3-month fermentation are shown in Fig. 3. There was no significant difference between 

the samples (p < 0.05). Thus, the overall sensory scores for isoflavone supplemented yogurt were found to be 

comparable to that of the control sample.

Figure 3. Sensory profiles of fermented squid with isoflavones after 3 months.



International Journal of Advanced Smart Convergence Vol.8 No.2 68-76 (2019)                                    75

4. Conclusion

Diet is the primary contributing factor for reducing the risk of age-related and chronic diseases. The addition 

of soy isoflavones in this experiment, which are known to exhibit antioxidant activity, should improve the 

functionality of squid jeotgal. Moreover, fermented squid enriched with isoflavones inhibits biogenic amine 

production and promotes the growth of lactic acid bacteria and reduces pathogens. Overall, based on the 

fermentation periods and sensory quality, the results suggest that isoflavone could be potentially considered as 

a sub-ingredient for squid fermentation over a 3-month period.

.
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