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Introduction 

Tofu is a traditional oriental food made by grinding soybeans 
with water to precipitate and solidify into a gel form, consisting 
of soluble protein glycinin and minerals such as Ca2+ and Mg2+ 
(Choi et al., 2020; Kim, 2016). Soybeans, as the raw material for 

tofu are inexpensive (Kim & Yoon, 2024), highly digestible and 
absorbed well in the body (Kim et al., 2021). They are rich in es-
sential amino acids, which are often lacking in the grain-based 
diet of Koreans, making them a valuable supplement (Jung & 
Kim, 2016). Moreover, soybeans are notably abundant in lysine, 
comparable to animal protein sources (Sim et al., 2024). Tofu 
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Abstract
This study investigated the antioxidant activity (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) [ABTS], 1,1-diphenyl-2-picryl-
hydrazyl [DPPH]) as well as the general and quality characteristics of tofu (traditional oriental soybean curd) supplemented with low 
molecular fish collagen (LMFC). The yield of tofu supplemented with 0% (Control), 10%, and 20% collagen decreased significantly to 
164.79%, 147.70%, and 140.49%, respectively (p < 0.05). Antioxidant activity was assessed using ABTS and DPPH, showing a significant 
increase (p < 0.05). The pH values were 6.37, 6.32, and 6.33, with a significant decrease at 10% supplementation (p < 0.05), while there 
was no significant difference between 10% and 20% (p > 0.05). Crude protein content was 10.77%, 10.78%, and 11.38%, with no signif-
icant difference between control and 10% (p > 0.05) but a significant increase at 20%. Crude ash content was 1.60%, 1.37%, and 1.44%, 
with no significant difference between 10% and 20% (p > 0.05), but a significant decrease compared to the control. Texture hardness 
and chewiness decreased significantly (p < 0.05), while elasticity showed no significant difference (p > 0.05). In Hunter color analysis, 
the L value (brightness) decreased significantly (p < 0.05). The b value (yellowness) and ΔE (overall color change) increased significantly 
(p < 0.05), but the a value (redness) showed no significant (p > 0.05) difference. This study suggests that tofu supplemented with LMFC 
exhibited significant differences in antioxidant activity and general characteristics, indicating potential for commercial development.
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is known to have various health benefits, including cholesterol 
reduction, cardiovascular health promotion, cancer prevention, 
osteoporosis inhibition, and acquired immunodeficiency syn-
drome (AIDS) infection suppression (Jung & Kim, 2016). To 
enhance the taste and nutritional content of tofu, many studies 
have reported the addition of ingredients such as Gloiopeltis fur-
cata (Kim et al., 2021), Codium fragile (Choi et al., 2020), barley 
sprout powder (Park & Yoo, 2023), redbeat (Beta vulgaris L.) 
(Lee et al., 2019), and green tea powder (Jung & Kim, 2016).

Collagen is a fibrous protein that accounts for about 30% of 
body proteins. About 40% of collagen in the body is contained 
in bones and cartilage in the skin epidermis, and is distributed in 
various places such as blood vessels and tooth tendons (Kim & 
Shin, 2021; Lee & Cho, 2010). Collagen is a major component of 
connective tissue, connecting bones and ligaments (Choi, 2015). 
Collagen peptides derived from protein hydrolysates increase the 
diameter of collagen fibers in the dermis, increasing density and 
enhancing skin moisture and elasticity, making them widely used 
in cosmetics (Kim et al., 2011). Additionally, oral consumption of 
collagen has been shown to prevent aging and hair loss, positively 
impact ligaments, bones, and cartilage, and improve the condition 
of hair, nails, and toenails (Kim et al., 2020; Lee et al., 2013). The 
collagen commonly consumed by humans is extracted from the 
skin and bones of cow or pigs, which are large molecules with a 
molecular weight of about 300 kDa, resulting in low absorption 
rates in the body (Aguirre-Cruz et al., 2020). Therefore, low molec-
ular fish collagen (LMFC) with a molecular weight of 1,000–5,000 
Da has been developed through research (Kim et al., 2020). The 
demand for LMFC, produced from sources such as pollock (Lee 
et al., 2022), shark (Sukumaran et al., 2013), flatfish (Martins et al., 
2022), salmon (Tarigan & Tarigan, 2022), and jellyfish (Kim et al., 
2016), is increasing. Jo & Choi (2023) found that reactive oxygen 
species generated through respiration and UV exposure specifically 
activate the proteolytic enzyme matrix metalloproteinase (MMP)-
1, which accelerates skin aging. Consequently, recent studies have 
reported that LMFC effectively inhibits MMP-1, proving its antiox-
idant activity (Lee, 2018). Furthermore, LMFC exhibits antioxidant 
effects in cartilage and joints by promoting synovial fluid secretion, 
cartilage metabolism, and anti-inflammatory effects, thereby sup-
pressing joint inflammation (Sukumaran et al., 2016).

With the proven antioxidant efficacy of fish collagen, it is 
widely available in powder form; however, research on food 
manufacturing using fish collagen is scarce. Therefore, in this 
study, we added LMFC powder to tofu, a traditional food that 
we commonly consume, in various proportions to easily ob-

tain its antioxidant properties. We also analyzed the general 
components (crude ash, crude protein), antioxidant activity 
(2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) [ABTS], 
1,1-diphenyl-2-picrylhydrazyl [DPPH]), quality characteristics 
(yield, texture, pH, color), aiming to demonstrate the superior-
ity of LMFC and provide basic data for the development of tofu 
products supplemented with LMFC.

Materials and Methods

Manufacturing process of tofu
The manufacturing process of tofu with LMFC is illustrated in 
(Fig. 1). The soybeans used in this study were harvested from 
Gangwon-do Province, and the LMFC used was a product 
containing 98% fish collagen in powder form. Tofu was man-
ufactured with LMFC content of 0%, 10%, and 20%. The total 
weight of soybeans and powder was maintained at 200 g. For 
tofu with 0% collagen, 200 g of soybeans were used; for 10% 
collagen, 180 g of soybeans and 20 g of powder; and for 20% 
collagen, 160 g of soybeans and 40 g of powder were used. The 
soybeans were washed and soaked in room temperature water 
for about 20 hours. After soaking, the soybeans were ground 

Fig. 1. Tofu manufacturing process with low molecular fish 
collagen (LMFC). 
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using a blender with the addition of 150 mL of water. The re-
sulting mixture was then filtered through a cloth to separate 
the soybean pulp (okara) from the soybean milk. The soybean 
milk was heated to 80 ± 3℃, stirring until foamy, and then co-
agulated by adding magnesium chloride (MgCl2·6H2O). After 
allowing it to set, the coagulated mixture was placed in a mold 
and pressed at 75 psi for 30 minutes to shape it. The resulting 
tofu was then cut into uniform dimensions of (12 × 12 × 3 cm).

Tofu yield (%)
The yield of tofu with LMFC was calculated using the method 
described by Park & Yoo (2022). The yield (%) was determined 
by dividing the weight of the manufactured tofu by the weight 
of the raw soybeans and then multiplying by 100 to express it as 
a percentage.

 Weight of the tofu (g) Yield (%) 100
 Weight of the raw soybeans (g)

 
= × 
 

pH measurement
10 g of tofu sample was homogenized with 20 mL of distilled wa-
ter and the filtered liquid was measured using a YSI 63 pH meter 
(Orion Star A211, Thermo Fisher Scientific, Waltham, MA, USA).

Texture measurement
The tofu was cut into uniform pieces (2 × 2 × 2 cm) and the 
hardness, chewiness, cohesiveness, and springiness were mea-
sured in Texture Profile Analysis (TPA) mode using a CT3 
texture analyzer (Brookfield Engineering Laboratories, Middle-
boro, MA, USA). The measurement conditions were as follows: 
probe, stainless steel probe-type TA18 12.7 mm; test speed, 1.0 
mm/s; force threshold, 20 g; distance threshold, 0.50 mm; com-
pression limit, 50% deformation.

Color measurement
The color of tofu with added LMFC was measured using a 
colorimeter (NE-4000, Nippon Denshoku, Tokyo, Japan). The 
standard plate values for CIE L* (lightness), a* (redness), and b* 
(yellowness) were 97.32, –0.37, and 0.33, respectively.

General components (crude protein, crude ash)
The general components of tofu with added LMFC were ana-
lyzed according to the Association of Official Analytical Chemists 
International (AOAC) (1995) method: crude protein content was 
determined using the Micro-Kjeldahl method, and crude ash 

content was calculated using the dry ashing method at 550℃.

ABTS radical scavenging activity
The ABTS radical scavenging activity of tofu with added LMFC 
was measured using the method of Kim et al. (2021). ABTS 
7.4 mM and potassium persulfate 2.6 mM were mixed in equal 
proportions and left in the dark for 12–16 hours to form ABTS 
cations. The solution was then diluted with distilled water until 
its absorbance at 734 nm was 1.5–1.6. Tofu samples and the 
ABTS solution were added in varying concentrations to a total 
volume of 200 μL, and the absorbance at 734 nm was measured 
after 10 minutes. The radical scavenging activity was calculated 
and expressed as a percentage using the following formula.

 Sample addition group  ABTS radical scavenging activity (%) 1 100
 Control group 

  
= − ×  

  

�

 Sample addition group  ABTS radical scavenging activity (%) 1 100
 Control group 

  
= − ×  

  

DPPH radical scavenging activity
The DPPH radical scavenging activity of tofu with added LMFC 
was measured according to the method of Choi et al. (2020). A 
mixture of 0.003 g of DPPH reagent (Sigma-Aldrich, St. Louis, 
MO, USA) and 50 mL of 99.9% ethanol was left in the dark for 
30 minutes. Tofu samples and the DPPH solution were added in 
varying concentrations to a total volume of 200 μL, then left in 
the dark for 30 minutes. The absorbance was measured at a wave-
length of 517 nm. DPPH radical scavenging activity was calculat-
ed using the formula below and expressed as a percentage (%).

 Sample addition group  DPPH radical scavenging activity (%) 1 100
 Control group 

  
= − ×  

  

�

 Sample addition group  DPPH radical scavenging activity (%) 1 100
 Control group 

  
= − ×  

  

Analysis
The yield, antioxidant activities (ABTS radical scavenging activ-
ity, DPPH radical scavenging activity), pH, general components 
(crude ash, crude protein), and texture of tofu with added LMFC 
were analyzed using the mean values and standard deviations ob-
tained from three replicates per sample for all experiments. Statis-
tical analysis was conducted using the SPSS version 12.0 software 
program (SPSS, Chicago, IL, USA), employing one-way analysis 
of variance (one-way ANOVA) and Duncan’s multiple range test 
to verify significant differences at the 5% level (p < 0.05).
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Results and Discussion

Physical and chemical characteristics (yield, pH, texture, col-
or) and general components (crude ash, crude protein)
The measurement values for yield of tofu with added LMFC are 
presented in Table 1. The yield of tofu was highest in the con-
trol group (tofu without added LMFC) at 164.79%, followed by 
147.70% for 10% collagen content, and 140.49% for 20% collagen 
content, indicating that as the amount of LMFC increased, the 
yield decreased (p < 0.05). Generally, the yield of tofu is reported 
to be directly influenced by its moisture content and soluble pro-
tein content (Choi et al., 2020). Lee et al. (2019) reported that the 
presence of natural substances could interfere with soy protein 
binding, resulting in lower yields as the content of natural sub-
stances increases. Consistent with our findings, previous studies 
have reported decreased tofu yields when additives such as Sal-
icornia herbacea L. (Kim et al., 2010), Enteromorpha intenstinalis 
powder (Chung, 2010), and Gloiopeltis furcata (Kim et al., 2021) 
were added. According to Rekha & Vijayalakshmi (2013), factors 
such as insufficient grinding of soybeans during tofu manufac-
turing, thermal denaturation of soybean proteins due to excessive 
grinding, improper coagulation, and excessive agitation during 
coagulation directly affect yield reduction. Additionally, Sim et al. 
(2014) reported that an excess of coagulant could lead to the leak-
age of uncoagulated parts or impair coagulation, thereby affecting 
yield. However, in this study, we maintained a consistent amount 
of coagulant, and therefore, differences in yield due to coagulant 
quantity were not observed. Thus, the decrease in yield is attribut-
ed to the addition of LMFC affecting the yield of tofu.

The pH measurement values of tofu with added LMFC are 
presented in Table 1. The pH of tofu was 6.37 in the control group 
and 6.32–6.33 in the LMFC addition groups, showing a signifi-
cant decrease (p < 0.05). However, there was no significant differ-
ence between 10% and 20% additions (p > 0.05). In a study by Lee 
& Jeong (2009), the pH of collagen peptides extracted from fish 

scales was reported to be 5.7, indicating slight acidity. Similarly, in 
a study by Yoo et al. (2013) on tofu supplemented with puffer fish 
powder, it was reported that the pH decreased due to the acids 
generated when the puffer fish powder was added while the soy 
milk was boiling. According to Musyoka et al. (2018), foods with 
lower pH have higher preservation effects than those with higher 
pH. Therefore, it is inferred that adding LMFC can contribute to 
improved storage stability due to the decrease in pH.

The texture and color analysis values of tofu with added 
LMFC are shown in Table 2. Hardness ranged from 268.33–
172.33 g, decreasing with higher content of LMFC (p < 0.05). 
Chewiness also decreased with higher collagen content, ranging 
from 134.00–51.00 g (p < 0.05). There was no significant dif-
ference in springiness (p > 0.05). These differences in physical 
properties are considered to be due to the natural materials used 
in tofu production, the physical state (liquid, solid, etc.), the 
solid content, the amount of coagulant added, and the protein 
content and composition (Choi et al., 2020).

The appearance and color values of tofu with added LMFC 
are presented in (Fig. 2) and Table 3, respectively. As the amount 
of LMFC increased, the color of the tofu became progressively 
more yellow (Fig. 2). The L value, representing lightness, signifi-
cantly decreased from 87.78%–82.43% (p < 0.05). The a value, 
representing redness, and the b value, representing yellowness, 
showed no significant differences (p > 0.05). However, the ΔE, 
significantly increased from 19.00%–23.26% (p < 0.05). Accord-
ing to Lee & Jeong (2009), LMFC has a pale yellow color, and 
when natural substances are added, they impart their inherent 
color to the product. Therefore, it is considered that the collagen 
powder decreased the lightness and increased the ΔE of the tofu.

The values for crude protein and ash content in tofu with the 
addition of LMFC are shown in Table 1. The crude protein con-
tent was highest at 11.38% in the 20% collagen group (p < 0.05), 
while the control group (10.77%) and the 10% collagen group 
(10.78%) showed no significant difference (p > 0.05), although the 

Table 1. Yield, pH, and proximate composition of tofu with 
added low-moleculer-weight fish collagen powder

Low-moleculer-weight fish collagen contents (%)

0% (w/v) 10% (w/v) 20% (w/v)

Yield (%) 164.79 ± 0.01a 147.70 ± 0.02b 140.49 ± 0.01c

pH 6.37 ± 0.03a 6.32 ± 0.01b 6.33 ± 0.01b

Crude protein (%) 10.77 ± 0.02b 10.78 ± 0.08b 11.38 ± 0.05a

Crude ash (%) 1.60 ± 0.04a 1.37 ± 0.06b 1.44 ± 0.03b

The data represent SD deviations of triplicate determination. 
a–c Mean  significantly different (p < 0.05) by Duncan’s multiple range test.

Table 2. Textural characteristics of tofu with added low-mole
culer-weight fish collagen powder

Low-moleculer-weight fish collagen contents (%)

0% (w/v) 10% (w/v) 20% (w/v)

Texture Hardness (g) 268.33 ± 5.86a 200.67 ± 12.66b 172.33 ± 9.45c

Chewiness (g) 134.00 ± 36.50a 90.33 ± 27.54ab 51.00 ± 6.93b

Springiness (%) 6.50 ± 1.73NS 6.17 ± 2.21 3.51 ± 0.14

The data represent SD deviations of triplicate determination. 
a–c Mean significantly different (p < 0.05) by Duncan’s multiple range test.
NS, no significant differences within the same column.
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10% collagen group had a slightly higher value compared to the 
control group. According to Lapi et al. (2021) fish collagen is rich 
in amino acids and minerals, indicating that fish collagen contains 
protein. The ash content was highest in the control group at 1.60% 
(p < 0.05), with the 10% (1.37%) and 20% (1.44%) collagen groups 
showing no significant difference (p > 0.05). According to Nóbrega 
et al. (2024) the ash content of collagen from peacock bass skin is 
1.5%. The difference may be due to the varying amounts of LMFC 
added; however, since the amount of soybean also changed when 
adjusting the collagen content, it is presumed that the reduction in 
ash content was due to the decreased amount of soybean.

Antioxidant activity of tofu with LMFC
Antioxidant activity refers to the extent to which redox mole-
cules in food and biological systems can neutralize free radicals 
that cause cellular damage (Floegel et al., 2011; Kim et al., 2021). 
According to Zhang et al. (2016), collagen peptides extracted 
from tilapia skin have been shown to increase the scavenging 
rates of ABTS and DPPH free radicals.

The DPPH radical scavenging activity of tofu with LMFC is 
presented in (Fig. 3). The control group had the lowest activity 
at 56.50%, while the 10% collagen group showed 74.49% and 

the 20% collagen group showed 87.00%. It is evident that the 
DPPH radical scavenging activity significantly increases with 
the addition of LMFC (p < 0.05).

The ABTS radical scavenging activity of tofu with LMFC is 
presented in (Fig. 4). The control group had the lowest activity 
at 57.39%, while the 10% collagen group showed 74.15% and 
the 20% collagen group showed 88.96%. It is evident that the 
ABTS radical scavenging activity significantly increases with the 
addition of LMFC (p < 0.05).

Palamutoğlu & Kasnak (2019) reported that the addition of 
LMFC to meatballs does not alter sensory characteristics and exhib-
its superior antioxidant activity, suggesting the promising potential 
of LMFC in the food industry. Similarly, consistent with the results 
of this study, the addition of collagen powder to noodles (Kwon et 
al., 2013), collagen powder to Yanggaeng (Choi, 2015), and LMFC 

Fig. 2. Photography of tofu added with low molecular fish 
collagen (LMFC). 

0% 10% 20%

Table 3. Hunter color value of tofu with added low-moleculer-
weight fish collagen powder

Low-moleculer-weight fish collagen powder (%)

0% (w/v) 10% (w/v) 20% (w/v)

Hunter color L* 87.78 ± 0.42a 84.26 ± 0.71b 82.49 ± 0.28c

a* –1.22 ± 0.52 NS –1.07 ± 0.45 –0.87 ± 0.28

b* 16.68 ± 0.16NS 17.05 ± 0.10 18.16 ± 1.25

ΔE 19.00 ± 0.05c 21.13 ± 1.20b 23.26 ± 0.78a

The data represent SD deviations of triplicate determination. 
a–c Mean significantly different (p < 0.05) by Duncan’s multiple range test.
L*, lightness; a*, redness; b*, yellowness; Δ , overall color difference; NS, no significant dif-
ferences within the same column.

Fig. 4. ABTS free radical scavenging activity in the soybean 
curd supplemented with LMFC. a–b Mean represented by 
different superscripts in the same row are significantly different 
(p < 0.05) by Duncan’s multiple range test. ABTS, 2-2’-Azino-bis 
(3-ethyl-benzothiazoline-6-sulfonic acid) diammouium; LMFC, 
low molecular fish collagen.

Fig. 3. DPPH free radical scavenging activity in the soybean 
curd supplemented with LMFC. a–b Mean represented by 
different superscripts in the same row are significantly different 
(p < 0.05) by Duncan’s multiple range test. DPPH, 1,1-diphenyl-2-
picryl-hydrazyl; LMFC, low molecular fish collagen.
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to yogurt (Ayati et al., 2022) has been reported to enhance antioxi-
dant activity. In the present study, the significant increases in ABTS 
and DPPH values with the addition of low-molecular-weight fish 
collagen (p < 0.05) indicate that supplementation with low-molecu-
lar-weight fish collagen improves antioxidant capacity.

Conclusion

The research results showed that tofu manufactured by adding 
10% and 20% LMFC powder exhibited a significantly increased 
antioxidant effect compared to the control group (tofu without 
added LMFC). Additionally, as the amount of LMFC increased, 
the yield and pH decreased, and the texture and color of the tofu 
changed according to the collagen addition. This is attributed to 
the unique characteristics of collagen. There were also fluctua-
tions in the general components of tofu, such as total protein and 
ash content, which increased as the collagen content increased.

Therefore, in this study, we examined the antioxidant ac-
tivity and physicochemical quality characteristics of tofu made 
from soybeans (without fish collagen) and tofu supplemented 
with 10%–20% LMFC. By doing so, we aimed to demonstrate 
the commercial potential of LMFC—added tofu and the feasi-
bility of developing various collagen—processed food products 
using LMFC. However, further research on sensory evaluation 
and storage stability is necessary to popularize LMFC tofu.

Competing interests 
No potential conflict of interest relevant to this article was re-
ported.

Funding sources
Not applicable.

Acknowledgements
Not applicable.

Availability of data and materials
Upon reasonable request, the datasets used in this study can be 
made available from the corresponding author.

Ethics approval and consent to participate 
Not applicable.

ORCID
Hyuk Soo Hong� https://orcid.org/0009-0005-0098-8332

So Hee Kim� https://orcid.org/0000-0002-4843-2860
Eun Bi Jeon� https://orcid.org/0000-0002-1117-0764
Eun Hee Park� https://orcid.org/0009-0004-9352-3309
Shin Young Park� https://orcid.org/0000-0001-7984-2697

References

Aguirre-Cruz G, León-López A, Cruz-Gómez V, Jiménez-Al-
varado R, Aguirre-Álvarez G. Collagen hydrolysates for skin 
protection: oral administration and topical formulation. An-
tioxidants. 2020;9:181.

AOAC International. Official methods of analysis of AOAC 
International. 16th ed. Washington, DC: Association of Of-
ficial Analytical Chemists; 1995.

Ayati S, Eun JB, Atoub N, Mirzapour-Kouhdasht A. Functional 
yogurt fortified with fish collagen-derived bioactive pep-
tides: antioxidant capacity, ACE and DPP-IV inhibitory. J 
Food Process Preserv. 2022;46:e16208.

Choi JY. Antioxidative capacity and quality characteristics of 
Yanggaeng with added collagen powder. Korean J Food 
Nutr. 2015;28:710-6.

Choi MS, Jeon EB, Kim JY, Park SY. Quality and antioxidant 
activity of soybean curd supplemented with Codium fragile. 
Korean J Fish Aquat Sci. 2020;53:816-22.

Chung DO. Characteristics of tofu (soybean curd) quality 
mixed with Enteromorpha intenstinalis powder. J Korean 
Soc Food Sci Nutr. 2010;39:745-9.

Floegel A, Kim DO, Chung SJ, Koo SI, Chun OK. Comparison 
of ABTS/DPPH assays to measure antioxidant capacity in 
popular antioxidant-rich US foods. J Food Compos Anal. 
2011;24:1043-8.

Jo HM, Choi IH. A study on antioxidant, pro-collagen synthesis 
and MMP-1 inhibitory activities of Salvia microphylla ex-
tract. Asian J Beauty Cosmetol. 2023;21:665-74.

Jung MK, Kim SH. The nutritional aspect of tofu. J Korea Con-
verg Soc. 2016;7:177-84.

Kim DW, Baek TS, Kim YJ, Choi SK, Lee DW. Moisturizing 
effect of jellyfish collagen extract. J Soc Cosmet Sci Korea. 
2016;42:153-62.

Kim H, Jeon B, Lee HJ, Chung DK. Evaluation of the skin mois-
turizing efficacy of a collagen peptide isolated from fish 
scales, using HaCaT keratinocytes. J Korean Soc Food Sci 
Nutr. 2020;49:454-61.

Kim HJ. Quality characteristics and antioxidant activity of tofu 
with gromwell concentrate [M.S. thesis]. Seoul, Korea: Se-



Antioxidant effects of fish collagen-added tofu, a soybean curd

118  |  https://www.e-fas.org https://doi.org/10.47853/FAS.2026.e10

Fisheries and Aquatic Sciences

jong University; 2016.
Kim JK, Lee JH, Bae IH, Seo DB, Lee SJ. Beneficial effect of a 

collagen peptide supplement on the epidermal skin barrier. 
Korean J Food Sci Technol. 2011;43:458-63.

Kim MH, Shin MK, Hong GJ, Kim KS, Lee KA. Quality assess-
ment of soybean curd supplemented with saltwort (Salicor-
nia herbacea L.). Korean J Food Cook Sci. 2010;26:406-12.

Kim S, Yoon HH. Quality characteristics of tofu with shiita-
ke (Lentinus edodes) powder. J East Asian Soc Diet Life. 
2024;34:20-9.

Kim SH, Shin KE. A study on the quality characteristics of 
brown sauce containing various amount of pork skin colla-
gen. Culi Sci Hos Res. 2021;27:71-8.

Kim SH, Kim JY, Jeon EB, Song MG, Park SY. Quality and anti-
oxidant activity of soybean curd supplemented with Gloio-
peltis furcata juice. J Fish Mar Sci Educ. 2021;33:1326-34.

Kwon ER, Kwon NY, Park GS. Quality characteristics of noodles 
prepared by adding collagen powder. J East Asian Soc Diet 
Life. 2013;23:760-7.

Lapi I, Kolliniati O, Aspevik T, Deiktakis EE, Axarlis K, Daska-
laki MG, et al. Collagen-containing fish sidestream-derived 
protein hydrolysates support skin repair via chemokine 
induction. Mar Drugs. 2021;19:396.

Lee HN, Cho HS. The study of development of permanent wave 
for additives of collagen. J Korean Acad Ind Cooper Soc. 
2010;11:3277-83.

Lee JE, Noh SK, Kim MJ. Effects of enzymatic- and ultrasound-as-
sisted extraction on physicochemical and antioxidant prop-
erties of collagen hydrolysate fractions from Alaska pollack 
(Theragra chalcogramma) skin. Antioxidants. 2022;11:2112.

Lee KY, Kim AN, Rahman MS, Choi SG. Effect of red beet (Beta 
vulgaris L.) powder addition on physicochemical and micro-
bial characteristics of tofu. Food Sci Preserv. 2019;26:659-66.

Lee MJ, Jeong NH. Preparation and availability analysis of colla-
gen peptides obtained in fish scale. J Korean Appl Sci Tech-
nol. 2009;26:457-66.

Lee S, Yoon H, Choi S, Moon MJ, Jin SY, Yoon Y. Microbial 
growth characteristics on foods containing collagen. J Food 
Hyg Saf. 2013;28:241-6.

Lee SY. Anti-aging effects of the low molecular weight fish 
collagen in human skin [M.S. thesis]. Suwon, Korea: Ajou 
University; 2018.

Martins E, Fernandes R, Alves AL, Sousa RO, Reis RL, Silva TH. 
Skin byproducts of Reinhardtius hippoglossoides (Greenland 
halibut) as ecosustainable source of marine collagen. Appl 

Sci. 2022;12:11282.
Musyoka JN, Abong’ GO, Mbogo DM, Fuchs R, Low J, Heck S, 

et al. Effects of acidification and preservatives on microbial 
growth during storage of orange fleshed sweet potato pu-
ree. Int J Food Sci. 2018;1:8410747.

Nóbrega TC, Guimarães CC, Barai AA, Mourão LS, Oliveira 
PR, Inhamuns AJ, Oliveira AT. Yield and centesimal char-
acterization of collagen extracted from the skin of peacock 
bass Cichla monoculus. Braz J Biol. 2024;84:e277637. 

Palamutoğlu R, Sariçoban C. Physico-chemical investigation and 
antioxidant activity of encapsulated fish collagen hydrolyza-
tes with maltodextrin. Annals of the University Dunarea de 
Jos of Galati, Fascicle VI: Food Technology. 2019;43:94-105.

Park YS, Yoo SS. Quality characteristics of tofu with Allium 
hookeri. Culi Sci Hos Res. 2022;28:28-35.

Park YS, Yoo SS. Quality characteristics of tofu added by barley 
sprout powder. Culi Sci Hos Res. 2023;29:61-8.

Rekha CR, Vijayalakshmi G. Influence of processing parame-
ters on the quality of soycurd (tofu). J Food Sci Technol. 
2013;50:176-80.

Sim E, Choi HS, Park HY, Kim HS, Chun A. Comparison of 
quality characteristics of tofu made from three soybean cul-
tivars grown in different regions of Korea. Food Sci Preserv. 
2024;31:1020-32.

Sim HJ, Hwang CR, Kang MJ, Kim GM, Shin JH. The quality 
and sensory characteristics of tofu with various levels of 
black garlic extract. Food Sci Preserv. 2014;21:688-93.

Sukumaran HG, Shyni K, Ganesan B, Joshy CG, Manu Prasad 
M, Mathew S. In vivo and in vitro studies on joint regenera-
tive potential of fish skin derived collagen peptides. World J 
Pharm Res. 2016;5:916-30.

Sukumaran HG, Shyni K, Mathew S, Anandan R, Ninan G, Laksh-
manan PT. A simple method for isolation of fish skin collagen: 
biochemical characterization of skin collagen extracted from 
albacore tuna (Thunnus alalunga), dog shark (Scoliodon sorra-
kowah), and rohu (Labeo rohita). Ann Biol Res. 2013;4:271-8.

Tarigan CU, Tarigan WPL. Extraction of functionally active col-
lagen from salmon fish as formulation of clay mask. J Biol 
Educ Sci Technol. 2022;5:120-6.

Yoo JY, Cho HS, Park BH. Quality characteristics of tofu pre-
pared with Lagocephalus lunaris powder. Food Sci Preserv. 
2013;20:495-501.

Zhang R, Chen J, Jiang X, Yin L, Zhang X. Antioxidant and hy-
poglycaemic effects of tilapia skin collagen peptide in mice. 
Int J Food Sci Technol. 2016;51:2157-63.


