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Introduction 

Functional foods containing biological and physiological active 
compounds are emerged as dietary supplements for preventing 
various diseases such as hypertension, diabetes, cardiovascular 
disease, obesity, etc (Bigliardi & Galati, 2013; Mondal et al., 

2021). In response to the rising awareness of health benefits, de-
mand for functional foods have increased significantly (Bigliardi 
& Galati, 2013; Block et al., 2011). In addition, previous study 
has reported that the functional labeling foods market expects 
to revitalize the food industry and promote the development of 
functional materials or ingredients (Choi, 2022).
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Abstract
Surimi is used to the processed seafoods as well-known common products such as eomook, kamaboko, sausages, and imitation 
crab meat. Recently, surimi products have been studying to improve their healthy functionalities with addition of bioactive in-
gredients. In the study, surimi products were prepared with Aloe vera gel powder and Red ginseng extract to enhance immunity, 
and the evaluated in in vitro and in vivo after digestion of the surimi products. Functional surimi products (FSPs) containing with 
the ratios of A. vera gel powder to Red ginseng extract from 0.4:0.0 to 0.0:0.4 (referred as A1 to A5) were prepared and compared 
with a general surimi products for the gel strength and immune-enhancing effects. FSPs showed the protective effects against 
hydrogen peroxide (H2O2)-induced oxidative stressed Vero cells and promoted nitric oxide (NO) production in RAW264.7 cells 
and zebrafish larvae. Our results suggested that FSPs with combination of A. vera gel powder and Red ginseng extract can in-
duce the synergistic effect in immunity enhancement. In conclusion, FSPs could be applied to health functional seafood indus-
tries, in particular eomook markets with immune-enhancement.
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The interest of functional ingredients for immune health 
increased during the emergence of COVID-19. Previous studies 
have shown that several functional ingredients can help support 
the immune system (Hamulka et al., 2020; Mullin et al., 2021). 
The immune system plays an important role to maintain the sta-
bility of internal environment and prevent diseases against infec-
tious agents (Nourbakhsh et al., 2022). Particularly, the dietary 
antioxidants prevent the cell damage and improve both the in-
nate and adaptive of the immune system (Pangrazzi, 2019). Over 
the past few years, Aloe vera has been utilized as a healthcare 
product in the world. According to the previous studies, polysac-
charides isolated from A. vera contribute to bioactive properties 
including anti-oxidant, immunostimulation, anti-inflammation, 
and anti-viral (Kang et al., 2014; Liu et al., 2007; Ni et al., 2004). 
In addition, red ginseng extracts, as health functional ingredi-
ents, possess many biological activities such as anti-oxidant, im-
provement of immunity and blood circulation.

Surimi, also known as a seafood, is a unique functional 
food ingredient made from refined fish myofibrillar proteins 
(Xiong et al., 2009). Also, surimi products have reflected by 
steady increase in global consumption due to their unique 
texture and nutritional values including the low levels of choles-
terol, high-value proteins, and wide range of nutrients (Endoo 
& Yongsawatdigul, 2014; Tabilo-Munizaga & Barbosa-Cánovas, 
2004). Surimi-based products have become common items of 
processed foods such as eomook, fish balls, fish tofu, fish sau-
sage, kamaboko, bamboo wheel, and imitation crab meat (Park, 
2000; Vidal-Giraud & Chateau, 2007). In addition, previous 
studies have been conducted the effects of gel properties and 
flavor characteristics from surimi which contain bioactive in-
gredients (Sharma et al., 2023; Walayat et al., 2022; Zheng et al., 
2021).

In the present study, surimi products in including an A. 
vera gel powder and a Red ginseng extract were prepared to 
improve immunity. The surimi products were compared with/
without the ingredients in in vitro and in vivo models after an 
artificial digestion.

Materials and Methods

Materials
Frozen Alaska Pollock (Theragra chalogramma) surimi (KB 
grade) was purchased from Jeju Tamna Seafood (Jeju, Korea). 
A. vera gel powder and Red ginseng extract were provided by 
Shinwoo (Yeoju, Korea) Dulbecco’s modified Eagle’s medium 

(DMEM), trypsin, phosphate-buffered saline (PBS), Fetal Bo-
vine Serum (FBS) were purchased from Gibco BRL (Grand 
Island, NY, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphen-
ylte-trazolium bromide (MTT), sulfanilamide, N-(1-Naphthyl)
ethylenediamine dihydrochloride, phosphoric acid, 2’7’-dichlo-
rogluorescein diacetate (DCF-DA), acridine orange, and diami-
nofluorescein-FM diacetate (DAF-FM-DA) were purchased 
from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of functional surimi product (FSP)
The functional surimi product (FSP) was prepared based on 
the methods reported by Oh et al. (2019). We made two types 
depend on with/without functional ingredients, referred to as 
general surimi product (GSP) and FSP. To prepare FSP, the fro-
zen surimi was thawed and ground at 4℃ using a refrigerated 
food cutter for 20 min. And then, 2% salt, 2% starch, A. vera gel 
powder and red ginseng extract were added and ground for an 
additional 20 min. The FSP contains the A. vera/red ginseng ex-
tract ratio of 0.4:0.0 to 0.0:0.4 (Table 1). The mixed surimi was 
stuffed into a polyvinylidene casing with a diameter of 2 cm, 
and were sealed both ends of the casing. And then, GSP and 
FSP were prepared by heating in water bath at 95℃ for 30 min. 
The heated FSPs were cooled immediately in ice water for 30 
min and stored at 4℃.

Determination of gel strength
Gel strength was evaluated using a Sun Rheo Meter CR-100 
(Compac-100, Sun Scientific, Tokyo, Japan) with a diameter of 
5 mm cylindrical plunger and compression speed of 20 mm/
min. Gel properties was investigated by measuring gel strength 
(g × cm).

Preparation of artificial digestion
Each artificial digestion solution was prepared based on the 
pre-described method by Oh et al. (2022). The compositions of 
the two artificial digestive solutions showed in Table 2. Briefly, 
300 g of GSP and FSP were digested by gastric solution (pH 2, 

Table 1. The list functional ingredients in surimi
Quantity (%) GSP FSP

A1 A2 A3 A4 A5

Aloe vera NA 0.4 0.3 0.2 0.1 -

Red ginseng extract NA - 0.1 0.2 0.3 0.4

GSP, general surimi products; FSP, functional surimi product; NA, not applicable.
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1 L) and incubated at 37℃ for 4 h. After adjusted to pH 8, 1 L 
of duodenal solution were added and incubated at 37℃ for an 
additional 4 h. And then, the samples were inactivated diges-
tive enzymes by heating in water bath at 95℃ for 10 min. The 
digests of GSP and FSP were prepared by collected the superna-
tant after centrifugation. The digests of GSP and FSP was used 
for further in vitro and in vivo experiments.

Cell experiments
Cell culture and cell viability
Previous studies have reported that Vero cells represent an in 
vitro model to study the effect of antioxidant (Oh et al., 2022; 
Wang et al., 2019). In addition, RAW 264.7 cells as a macro-
phage were used to research the immune response (Jayaward-
hana et al., 2023; Yang et al., 2023). Both of Vero cells and RAW 
264.7 cells were maintained in DMEM included 10% FBS and 
antibiotics, at 37℃ in a humidified incubator with 5% CO2. Cell 
viability were determined by the mitochondrial activity to con-
vert MTT solution (2 mg/mL) to an insoluble formazan prod-
uct. Briefly, Vero cells were treated with 500 µg/mL of GSP and 
FSP, incubated for 1 h, and subsequently added with 0.3 mM 
H2O2 for an additional 24 h at 37℃. RAW 264.7 cells were treat-
ed with 500 µg/mL of GSP and FSP, incubated for 24 h at 37℃. 
Each cell was pretreated with MTT solution for 3 h. Each cell 
density was assessed by measuring optical density (OD) at 540 
nm using a microplate reader (BioTek, Winooski, VT, USA).

Measurement of intracellular reactive oxygen species (ROS) 
production in H2O2-stimulated Vero cells
The intracellular reactive oxygen species (ROS) production 
were evaluated by DCF-DA assay in accordance with previous 

methods (Kang et al., 2019). Vero cells were treated with 500 µg/
mL of GSP and FSP, incubated for 1 h, and subsequently added 
with 0.3 mM H2O2 for an additional 24 h at 37℃. After 24 h of 
incubation, 10 µM DCF-DA solution was added and incubated 
for 10 min at 37℃ in the dark. The fluorescence intensity was 
detected by microplate reader (BioTek) at an excitation and 
emission wavelength for 485 nm/535 nm.

Measurement of nitric oxide (NO) production in RAW 264.7 
cells
Measurement of nitric oxide (NO) production was analyzed 
the immune response using Griess reagent containing 1% sul-
phanilamide, 0.1% napthylethylenediamine dihydrochloride, 
and 2.5% phosphoric acid (Yang et al., 2023). RAW 264.7 cells 
were treated with 500 µg/mL of GSP and FSP, incubated for 24 
h at 37℃. The supernatants were treated with Griess reagent 
and incubated for 10 min at 37℃. The OD was read at 450 nm 
using a microplate reader (BioTek).

Animal experiments
Ethics statement
All experiments were conducted following the experimental 
animal guidelines of Jeju National University animal center. 
Ethical approval was obtained from the Animal Care and Use 
Committee of the Jeju National University, Korea (Approval No. 
2022-0005).

Exposure of functional surimi product (FSP) to zebrafish larvae 
Maintenance of zebrafish (Danio rerio) was performed in accor-
dance with previous methods (Yang et al., 2021, 2023). Embryos 
were collected by spawning which was stimulated by setting of 
light within 30 min. At 7–9 h post fertilization (hpf), 15 em-
bryos were randomly transferred to each wells of 12 well plates 
containing embryo medium with 250 µg/mL GSP and FSP.

Measurement of cell death and nitric oxide (NO) production
Measurement of cell death and NO production in zebrafish lar-
vae was conducted according to the previous method described 
by Yang et al. (2023). Briefly, zebrafish larvae treated with 250 
µg/mL of GSP and FSP at 7–9 hpf, and then determine cell 
death and NO production using 10 µg/mL acridine orange (30 
min) and 10 µM DAF-FM-DA (2 h) at 3 days post fertilization 
(dpf).

Table 2. Composition of artificial digestion solution
Gastric solution Duodenal solution

15.7 mL of NaCl, 175.3 g/L 40 mL of NaCl, 175.3 g/L

3.0 mL NaH2PO4, 88.8 g/L 40 mL of NaHCO3, 84.7 g/L

9.2 mL of KCl, 89.6 g/L 10 mL of KH2PO4, 8 g/L

18 mL of CaCl2 × 2H2O, 22.2 g/L 6.3 mL of KCl, 89.6 g/L

10 mL of NH4Cl. 30.6 g/L 10 mL of MgCl2, 5 g/L

6.5 mL of HCl, 3.7% g/g 180 µL of HCl, 37% g/g

10 mL of glucose, 65 g/L 9 mL of CaCl2 × 2H2O, 22.2 g/L

10 mL of glucuronic acid, 2 g/L H2O2, 22.2 g/L

10 mL of glucosamine hydrochloride, 33 g/L 8 g of trypsin

2.5 g of pepsin 2 g of α-chymotrypsin
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Statistical analysis
All the experiments were statistically analyzed using one-way 
ANOVA and Dunnett’s multiple comparison test in GraphPad 
Prism 8 (GraphPad Software, Sand Diego, CA, USA). Data were 
presented as mean ± SE. P-values of less than 0.05 (p < 0.05), 0.01 
(p < 0.01) and 0.001 (p < 0.001) were considered significant.

Results

Effect of functional surimi product (FSP) on Gel strength
Gel strength, an inherent structural feature, analyses textural 
characteristics of gelatinous food (Park & Lin, 2005; Zhang et 
al., 2014). We investigate the change of texture in surimi with/
without A. vera gel powder and Red ginseng extract using rhe-
ometer. As shown in Fig. 1, the gel strengths of FSP (A2, A3, 
and A4) were significantly higher than that of GSP. However, 
there was no significant difference among the GSP and FSP 
(A1 and A5). According to this result, we suggested that the gel 
strengths of surimi can be promoted by the additives, A. vera 
gel powder and Red ginseng extract.

Effect of functional surimi product (FSP) against H2O2-sitmu-
lated damage in Vero cells
As cell protection against oxidative stress is an important re-
sponse in antioxidant effect (Burdon et al., 1989), we examined 
the effect of FSPs on H2O2-stimulated cell damage in Vero cells. 

Initially, to evaluate the cytotoxicity of GSP and FSP, the cells 
were treated with 125, 250, and 500 µg/mL of GSP and FSP for 
24 h. As shown in Fig. 2A, the cell viability did not show a sig-
nificant difference compared to the control group. Thus, 500 µg/
mL of GSP and FSPs was determined as the optimum concen-
tration for subsequent experiments.

In addition, the treatment of 0.3 mM H2O2 into the cells 
led to decreasing cell viability, but FSPs treatments increased. 
In particular, in added functional ingredients groups (A1–A4), 
those groups led to a significant increase compared to that in 
the A5 group (Fig. 2B). These data suggest that the FSP contain-
ing A. vera gel powder only as well as the combination of them 
can induce the synergistic effect in cell protection against oxida-
tive stress.

Fig. 1. Effect of Aloe vera and Red ginseng extract on gel 
strength of surimi products. Experiments were conducted in 
triplicate and the data are presented as mean ± SD. +p < 0.05 and 
++p < 0.01 as compared to the GSP group. $p < 0.05 as compared 
to the A5 group. GSP, general surimi products; FSP, functional 
surimi product.

Fig. 2. The protective effect of surimi products contained 
Aloe vera and Red ginseng extract against H2O2-induced 
Vero cells. (A) Cytotoxicity of surimi products; (B) protective 
effect of surimi products against H2O2-induced oxidative 
damage. Cell viability was measured by MTT assay. Experiments 
were conducted in triplicate and the data are presented as 
mean ± SD. ###p < 0.001 as compared to the control group, $$$p 
< 0.001 as compared to the A5 group. NS, no significance; MTT, 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylte-trazolium bromide; 
GSP, general surimi products; FSP, functional surimi product.
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Effect of functional surimi product (FSP) on nitric oxide (NO) 
production in RAW 264.7 cells
The immune response is sensitive to oxidative damage that 
can lead to a reduction in the numbers of specific receptors 
on immune cell surfaces (Hughes, 2000). To assess whether 
immune response is influenced by FSPs treatment which have 
cell protection effect against oxidative stress, we examined NO 
production in RAW264.7 cells by Griess assay. Initially, the cells 
were treated with 125, 250, and 500 µg/mL of GSP and FSP for 
24 h, and cell viability was assessed using an MTT assay. There 
was no significantly decreased compared to those in the normal 
group (Fig. 3A). We determined the safe concentration range 
(125, 250, and 500 µg/mL) and selected 500 µg/mL as nontoxic 
concentration for subsequent experiments. As shown in Fig. 3B, 
GSP and FSP significantly increased NO production compared 
to those of the control group. It means that surimi products 
might enhance immunity. In particular, A3 of FSPs the highest 
significantly increased NO production among all the surimi 
products. These findings suggest that a particular combination 
of FSP between A. vera gel and Red ginseng extract could be 
used to produce an immune-enhancing surimi products in 
functional labeling food industry.

Effect of functional surimi product (FSP) on immune-en-
hancement in zebrafish larvae
Zebrafish are considered as in vivo alternative with painless and 
used for bioactivities screening and drug development (Watzke 
et al., 2007; Yang et al., 2023). Given that oxidative damage is as-

sociated immune response (Hughes, 2000), we postulated that 
FSPs might engage immunomodulatory activity by cell death 
and NO production. Firstly, we evaluated the toxicity of various 
concentrations of GSP and FSPs by monitoring the survival rate 
of zebrafish embryos and larvae. After exposed up to 7 dpf, the 
survival rate did not show a significant difference between 125 
and 250 µg/mL GSP and FSP compared to those of the control 
group (Fig. 4A). Whereas the survival gradually decreased 500 
µg/mL GSP and FSPs. Thus, we selected 250 µg/mL as the opti-
mum concentration for the subsequent experiments.

To examine whether FSPs lead to increased cell death, 
zebrafish larvae were stained with acridine orange for 30 min. 
As shown in Fig. 4B, there was no significant differences in flu-
orescence intensity compared to those of the control group. In 
addition, we evaluated the immune response of FSPs through 
stained with DAF-FM-DA for 2 h to stain NO production. In 
Fig. 4C, the fluorescence intensities were significantly increased 
in FSPs (A2, A3, and A4) compared to the control group, but 
there was no significant difference among the GSP and FSP (A1 
and A5). This result implies that the combinations of the two 
functional ingredients led to significant increases, compared to 
those in the non-combined FSPs. These results indicated that 
the synergistic effect of the two functional ingredients in FSPs 
was proven for immune-enhancement in zebrafish larvae.

Discussion

During the emergence of COVID-19, the demand for function-

Fig. 3. Effects of surimi products contained Aloe vera and Red ginseng extract on NO production in RAW 264.7 cells. (A) 
Cytotoxicity and (B) NO production of surimi products. Cell viability and NO production were examined by MTT assay and the Griess 
reagent. Experiments were conducted in triplicate and the data are presented as mean ± SD. #p < 0.05, ##p < 0.01, and ###p < 0.001 
as compared to the control group, +p < 0.05 as compared to the GSP group. NO, nitric oxide; MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenylte-trazolium bromide; GSP, general surimi products; FSP, functional surimi product.
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al ingredients continues to expand in response to an interest for 
life-enhancing benefits from their food. The Ministry of Food 
and Drug Safety (MFDS) allowed functional labeling for gener-
al foods using functional ingredients which have been scientif-
ically proven to have certain functionality and no health issues 

such as taken of large quantities (Hamulka et al., 2020; MAFRA, 
2021). In addition, previous study has reported that develop-
ment of functional ingredients can be promote the functional 
labeling foods market in food industry (Choi, 2022).

Surimi as a seafood is functional food ingredient made 

Fig. 4. Effects of surimi products contained both Aloe vera and red ginseng extract on immune-enhancement in zebrafish 
larvae. (A) Cell death and (B) NO production of surimi products were evaluated by fluorescence intensity. Experiments were 
conducted in triplicate and the data are presented as mean ± SD. #p < 0.05 and ##p < 0.01 as compared to the control group, $$p < 0.01 
and $$$p < 0.001 as compared to the A5 group. GSP, general surimi products; FSP, functional surimi product; NS, no significance; NO, 
nitric oxide. 
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from refined fish myofibrillar proteins and used to the pro-
cessed foods as known common items such as eomook, fish 
balls, kamaboko, and imitation crab meat (Park, 2000; Xiong 
et al., 2009). Previous studies have evaluated the effects of gel 
properties and flavor characteristics from surimi and surimi 
product which contain bioactive ingredients (Sharma et al., 
2023; Walayat et al., 2022). In addition, it was reported that 
surimi products such as eomook improves protective effects 
against oxidative stress. In the study, therefore, it was demon-
strated that the synergistic effect of surimi product on immune 
response using artificial digestion system in in vitro and in vivo 
zebrafish model.

Generally, gel strength is a great impact on texture, tissue 
characteristics, water holding capacity and quality of surimi 
products (Park & Lin, 2005). As shown in Table 1, the two 
types of surimi products depending with/without the ratios of 
A. vera gel powder and Red ginseng extract between 0.4:0.0 to 
0.0:0.4 were prepared, and referred as GSP and FSP. FSPs con-
tained both A. vera and Red ginseng extract increased the gel 
strengths, suggesting the surimi products might be increased in 
gel strength by adding those functional ingredients.

In vitro digestion methods are adopted as tools to evaluate 
cell viability and immunity in vitro and in vivo zebrafish model 
(Oh et al., 2019, 2022). In addition, Tonon & Grassi reported 
that zebrafish could be potentially considered as a first-line test-
ing model whose researcher could reduce the use of more com-
plex and costly animal models (Tonon & Grassi, 2023). From 
the results, it was well proven that FSPs could protect the cell 
damage and increased NO production by combination ratios 
in in vitro and in vivo zebrafish model. We confirmed that FSP 
improved immune-enhancement with the combination mix-
tures of the two functional ingredients in surimi products. This 
results could be applied to a functional labeling food industry.

Conclusion

It was demonstrated that the synergistic effects of A. vera gel 
powder and Red ginseng extract in preparing FSPs and a spe-
cific combination of the two functional ingredients could be 
utilized to prepare functional eomook.
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