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INTRODUCTION 

Fresh fish quickly becomes brittle unless a method is 

employed to preserve it. Drying is a technique for food 

preservation that operates by removing moisture from 

the food, thus inhibiting the proliferation of bacteria 

(Siddhnath et al., 2022). Throughout history, outdoor 

drying using sunlight and wind has been utilized to pre-

serve dried fish (Onyango, 2021). According to Rifna et 

al. (2022), water is typically eliminated through evapo-

ration, such as air drying, sun drying, smoking, or wind 

drying, while freeze-drying involves freezing the food 

first and then removing water through sublimation. Bac-

teria, yeasts, and molds require water in the food to 

thrive, and drying effectively prevents their survival in 

the food (Garg et al., 2022). Recent research has 

shown that innovative drying techniques, such as mi-

crowave- or ultrasound-assisted drying, high electric 

field drying, heat pump drying and refracting window 

drying can now be utilized to enhance the efficiency 

and effectiveness of drying, thereby reducing energy 

consumption while preserving the quality of the final 

product (Anukiruthika et al., 2021). 

Drying stands as a pivotal method for preserving fish 

worldwide. Sun drying, a widely adopted low-cost ap-

proach, is significant in providing sustenance and in-

come to impoverished coastal communities 

(PRODUCT, 2023). Fish drying, a longstanding tradi-

tion, has been recognized as an effective means of 

preserving fish that may not be immediately consumed 
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or sold fresh in the market (Svanberg and Locker, 

2020). Dried salted fish represents one of the more 

prevalent and economical sources of high-quality pro-

tein in the Philippines. The consumption of dried fish is 

increasingly recognized for its role in delivering high-

quality proteins; and essential fatty acids including 

eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DHA), and a distinctive array of vital nutrients 

such as iodine, zinc, copper, selenium, and calcium 

(Siddhnath et al., 2022). However, open sun drying is 

susceptible to microbial contamination, posing a signifi-

cant concern for food safety, particularly for human con-

sumption. To ensure the safety of food products, it is 

imperative to implement proper preservation tech-

niques, maintain physico-chemical and microbiological 

stability, and adhere to appropriate cooking methods 

(Gallo et al., 2020). 

Preserving fish involves maintaining their nutritional 

value and prolonging their shelf life through techniques 

such as curing, salting, smoking, and drying (Bindu, 

2023). Various approaches exist to uphold fish quality 

and extend its shelf life. Cryopreservation, for instance, 

shields cells, tissues, organs, or whole bodies from de-

cay by subjecting them to low temperatures. Given the 

high perishability of fish, a range of storage strategies is 

essential to enhance its shelf life, ensuring safety and 

quality from capture to consumption (Duarte et al., 

2020). As a source of nutrition, fish is susceptible to 

numerous biochemical reactions and is highly vulnera-

ble to different types of microorganisms, which can 

cause degradation and spoilage over time (Garg et al., 

2022). With its high nutrient content, neutral pH, and 

elevated water activity, fresh fish deteriorates rapidly 

and immediately after being caught (Pradhan et al., 

2020). In many regions worldwide, particularly in Afri-

can countries lacking access to refrigeration or ice, the 

physical, chemical, and biological processes leading to 

the spoilage of freshly caught fish are of significant con-

cern. 

Cryoprotectants refer to chemical compounds primarily 

aimed at safeguarding cells or tissues from damage 

caused by freezing, particularly during the verification 

and thawing processes employed in cryopreservation 

(Wolkers and Oldenhof (2021)). Biological materials 

such as animal tissues, organs, lymphocytes, cartilage, 

bone marrow, and proteins can be preserved using ap-

propriate cryoprotectants (Cao et al., 2022). However, 

optimizing cryoprotectants is challenging, as excessive 

concentrations may lead to cytotoxicity (Warner et al., 

2021). Cryoprotectants are synthetic compounds de-

signed to shield living organisms from damage caused 

by the freezing of water when exposed to cold tempera-

tures (Fayter, 2020). Cryopreservation involves the 

preservation of biological materials, such as cells and 

tissues, by cooling them to low temperatures, typically 

around -196°C (the temperature of liquid nitrogen), 

while still maintaining viability upon subsequent warm-

ing to temperatures above 0°C (Fahy and Wowk; 

(2021). It is one of the significant ex situ strategies for 

protection of germplasm and has wide-going applica-

tions in aquaculture and fisheries the board (Gazsi et 

al., 2021). To mitigate cryoinjuries during the cooling 

and thawing processes, various cryoprotective agents 

of penetrating and non-penetrating classes are utilized, 

with commonly used cryoprotective agents including 

DMSO and glycerol (Chang and Zhao, 2021). 

In the province of Cebu, Philippines, Siganids are com-

monly preserved through various methods such as sun 

drying, salting whole, or fermenting into bagoong or 

“guinamos”, a delicacy condiment. Dried salted fish 

stands as one of the more prevalent yet affordable 

sources of high-quality protein in the Philippines. Addi-

tionally, the production of salted fish represents a pre-

dominant livelihood activity in coastal towns throughout 

the country. Gabriel and Budiao (2015) conducted a 

study aiming to characterize and compare the quality 

attributes of sun-dried and mechanically dried salted 

herrings to ascertain if such products adhere to estab-

lished national standards and identify key quality pa-

rameters requiring attention and enhancement by pro-

cessors. However, Staphylococcus aureus levels in 

one sun-dried sample exceeded the established limit by 

0.7 log CFU/g, highlighting the need for adherence to 

good hygiene and manufacturing practices. Therefore, 

the preservation of dried siganids necessitates the utili-

zation of cryoprotectants to enhance their quality. 

Carabao milk as one of cryoprotectant ingredients has 

been the subject of numerous studies due to its rich 

content of vitamins, calcium, and high-quality proteins. 

Research has revealed its potential to reduce the risk 

of cardiovascular disease, lower bad cholesterol levels, 

promote strong bones and muscles, and aid in weight 

loss (medicalnewstoday.com, 2014; Zhang, 2020). Un-

like non-dairy products that often contain additives and 

chemicals, carabao milk is entirely free from such addi-

tives. Carabao milk has been utilized to create pastilles 

and quesong puti in Central Luzon State University in 

Nueva Ecija. This milk is renowned for its thicker and 

creamier texture, attributed to its higher fat and protein 

content compared to cow's or goat's milk. Additionally, 

it is known to fortify teeth and bones, prevent osteopo-

rosis, and serve as a complete food source, providing 

carbohydrates, proteins, fats, vitamins, and minerals, 

which aids in preventing colon cancer (Dairy Council of 

California, 2013). 

The use of carrageenan powder as a cryoprotectant 

ingredient has been instrumental in enhancing the de-

velopment of food product quality within the country. As 

noted by Udo et al. (2023), carrageenan, a polysaccha-

ride derived from red algae, has a rich history as a food 

additive, initially serving as a stabilizer in ice creams 

and chocolate milk before expanding into a wide array 
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of products, including pudding, condensed milk, and 

toothpaste during the 1950s (Hotchkiss et al., 2016; 

Udo et al., 2023). Carrageenan has garnered signifi-

cant attention across various applications with its dis-

tinct properties and versatile functionalities. Seaweed-

derived polysaccharides such as alginate, agar, and 

carrageenan, known for their gelling abilities, have 

been extensively utilized for coatings as it shown prom-

ise in extending shelf life and preserving the quality 

parameters of food products throughout their shelf life 

(Jayakody et al., 2022). 

Coconut water is a revitalizing natural beverage, boast-

ing low calorie and fat content while being abundant in 

minerals, vitamins, and beneficial phytohormones. Ten-

der coconut water’s nutritional and therapeutic merits 

have led to a surge in global consumption and demand 

for preservation and food processing (Naik et al., 

2022). However, preserving tender coconut water pos-

es a significant challenge, as certain processing meth-

ods may compromise its nutritional and therapeutic 

properties. Moreover, coconut water serves as a versa-

tile ingredient for the creation of various innovative val-

ue-added products, including tender coconut lassi, hon-

ey and coconut spreads derived from concentrated 

mature water, soufflés, yogurts, sugars, docosahex-

aenoic acid, probiotics, coconut water kefir, bacterial 

cellulose, carbon dots, and more (Rethinam and Krish-

naku (2022). Furthermore, beyond coconut water itself, 

derived products such as coconut palm sugar (a value-

added product), and various nutraceuticals play a cru-

cial role in averting nutrient deficiencies and offering 

comprehensive nutrition to combat malnutrition and 

illness (Mat et al., 2022). 

 

Utilizing carabao milk, carrageenan powder, coconut 

water, and other organic substances such as calamansi 

extract and salt as cryoprotectant additives in fish dry-

ing for preservation purposes promotes product sus-

tainability. In contrast, commercial processors often 

resort to applying various harmful insecticides 

(including nogos, nuvacorn, endrin, malathion, dichloro 

diphenyl trichloroethane, and basudin) to dried fish to 

ward off insect infestations and microbial contamina-

tions during drying and storage, posing significant risks 

to human health (Hoque et al., 2022) which is harmful 

to human health. However, incorporating these cryo-

protectant additives helps maintain the fish’s nutritional 

value, preserve its rich composition, and mitigate the 

costly and debilitating consequences of fish-borne ill-

nesses (Kolanus, 2020). Furthermore, the utilization of 

coconut water in fish preservation aids in preventing 

microorganism invasion when employing mechanical 

drying methods. Consequently, developing organic cry-

oprotectant additives is crucial for boosting dried fish 

production, thereby contributing to poverty alleviation 

and hunger reduction through livelihood interventions. 

In line with this objective, the present study evaluates 

the sensory characteristics of cryoprotectant-based 

dried boneless siganids, offering an innovative guide 

for extension programs targeted at underserved fisher 

folk’s communities. 

MATERIALS AND METHODS 

Research design 

The research utilized descriptive-quantitative methods 

within an experimental framework, employing laborato-

ry techniques and procedures to develop cryoprotect-

ant-based dried boneless siganids using various formu-

lations. Descriptive and inferential statistics were em-

ployed to analyze significant differences in respondent 

acceptance levels across the different cryoprotectant 

formulations. The product’s sensory attributes were 

evaluated using a modified 5-point rating scale adapted 

from  Likert (1932). 

Formulation procedure 

The 50g of chilled carabao milk and 10g of rock salt 

were accurately measured using a digital weighing 

scale. The 5g of calamansi extract was obtained by 

extracting juice from the fruit using a fruit extractor to 

separate the pulp. The 500g of coconut water were 

extracted from matured coconuts, with the flesh used 

for other product developments. The water was 

strained using a stainless steel sifter to remove impuri-

ties, then wrapped in plastic and frozen to make ice. 

The 2.5g of carrageenan powder was purchased from 

Shemberg Corporation- A processing plant in the near-

by city located in Carmen, Cebu, Philippines and accu-

rately weighed using a digital scale. These ingredients 

were thoroughly combined in a mixing bowl using a 

whisk and 500g of potable water. 

One thousand g of fresh siganids were purchased from 

the fishing folks association at the town's fishing port. 

They were deboned by cutting into butterfly shapes 

with a knife to separate the flesh from the bones. The 

boneless siganids were then washed with running wa-

ter, drained, and soaked in a cryoprotectant marinade 

with iced coconut water for 30 minutes before dehydra-

tion. The cryoprotectant-treated siganids were drained 

using a strainer, and arranged on a drying rack. They 

were dried at a temperature of 60˚C using a mechani-

cal fish dryer for 2 hours. After removal from the dryer, 

they were allowed to cool for 30 minutes before  

packing. 

Respondents 

The participants of the study were chosen from the 

Faculty of Hospitality Management (HM) and the Tech-

nology and Livelihood Education (TLE) Departments. 

They were purposively selected from Cebu Technologi-

cal University (CTU) Daanbantayan Campus, Philip-
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pines. There were 50 respondents selected, 15 of 

whom were faculty members from the Hospitality Man-

agement and Technology and Livelihood Education 

programs and identified as experts through purposive 

sampling. Additionally, 35 respondents were selected 

from the staff members representing the consumer 

population, employing a simple random sampling  

method. 

 

Methodology 

The study employed a research-made questionnaire 

adapted from the iRubric method for sensory evaluation 

to identify the acceptability levels of three cryoprotect-

ant formulations. Formulation 1 (F1) comprised 1000g 

of boneless siganids, 5g of calamansi extract, 10g of 

rock salt, 500g of potable water, 500g of iced coconut 

water, 50g of carabao’s milk, and 2.5g of carrageenan 

powder. Formulation 2 (F2) varied slightly in the 

amounts of carabao’s milk and carrageenan powder, 

containing 1000g of boneless siganids, 5g of calamansi 

extract, 10g of rock salt, 500g of potable water, 500g of 

iced coconut water, 75g of carabao’s milk, and 5g of 

carrageenan powder. Similarly, Formulation 3 (F3) dif-

fered in carabao’s milk and carrageenan powder quan-

tities, comprising 1000g of boneless siganids, 5g of 

calamansi extract, 10g of rock salt, 500g of potable 

water, 500g of iced coconut water, 100g of carabao’s 

milk, and 7.5g of carrageenan powder. Various propor-

tions of carabao’s milk and carrageenan powder were 

combined with consistent amounts of calamansi ex-

tract, rock salt, potable water, and iced coconut water 

to form a cryoprotectant marinade. Using a mechanical 

fish dryer, these mixtures were applied to boneless 

siganids before dehydration. Subsequently, sensory 

analysis and acceptability assessments were conduct-

ed, evaluating attributes such as color, flavor, odor, and 

texture. The evaluations were performed using both a 

five-point Likert Scale and the 9-point Hedonic Scale 

(Sharif et al., 2017) to gather significant data regarding 

the preferred formulations of the cryoprotectant-based 

dried boneless siganids product from the two respond-

ent groups. 

 

Ethical approval  

Approval was obtained from the Head of the Research 

and Development office to conduct the study, and ethi-

cal permission was obtained from the Campus Director. 

  

Data procedure 

Three formulations (F1 with 1000g of boneless si-

ganids, 5g of calamansi extract, 10g of rock salt, 500g 

of potable water, 500g of iced coconut water, 50g of 

carabao’s milk, and 2.5g of carrageenan powder, F2 

with 1000g of boneless siganids, 5g of calamansi ex-

tract, 10g of rock salt, 500g of potable water, 500g of 

iced coconut water, 75g of carabao’s milk, and 5g of 

carrageenan powder, and F3 with 1000g of boneless 

siganids, 5g of calamansi extract, 10g of rock salt, 500g 

of potable water, 500g of iced coconut water, 100g of 

carabao’s milk, and 7.5g of carrageenan powder) were 

prepared in the food laboratory of Cebu Technological 

University Daanbantayan Campus, Cebu Philippines. 

The identified respondents were asked to evaluate the 

level of acceptability of the cryoprotectant formulations 

using the research-made questionnaires. The health 

protocols were used during the study to administer the 

evaluation process and retrieve questionnaires. The 

standardized 9-point Hedonic Scale method was used 

to identify the respondents’ acceptability level (Sharif et 

al., 2017). The evaluation results were collated and 

tallied using tables for effective analysis and interpreta-

tion of the data. A one-way analysis of variance was 

used to test significant differences in the respondents’ 

level of acceptability regarding the different cryoprotect-

ant-based dried boneless siganids formulations. 

 

Data analysis 

The collected data underwent systematic treatment and 

analysis employing both descriptive statistics and ANO-

VA analysis. To interpret the results of the descriptive 

tests regarding cryoprotectant-based dried boneless 

siganids, the researcher computed the weighted mean 

of the respondents' scores and categorized them based 

on predefined criteria ranges. Additionally, the sensory 

analysis data for the cryoprotectant-based dried bone-

less siganids, encompassing attributes such as color, 

odor, flavor, and texture, were analyzed using a 5-point 

Likert scale method and weighted mean. Furthermore, 

the sensory acceptability test data, evaluated using the 

9-point Hedonic Scale, were also subjected to weighted 

mean analysis. 

To test the null hypothesis and ascertain any significant 

differences among the three formulations, an Analysis 

of Variance (ANOVA) was conducted using SPSS. This 

method ensured reliable computation and interpretation 

of the results. 

 

RESULTS AND DISCUSSION 

 

Formulations of Cryoprotectant-based dried bone-

less siganids 

An examination of three formulations of cryoprotectant-

treated dried boneless siganids, utilizing varying quanti-

ties of carabao's milk and carrageenan powder, re-

vealed that Formulation 1 (F1) emerged as the pre-

ferred choice among both consumers and food experts, 

which comprised 50g of carabao milk, 2.5g of carragee-

nan powder, 5g of calamansi extract, 10g of salt, 500g 

of potable water, and 500g of coconut water, as de-

tailed in Table 1. Liu et al. (2023) suggest that cryopro-

tectants are effective additives for extending the shelf 

life and ensuring the acceptability of frozen aquatic 
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products. According to the review of Walayat et al. 

(2020) and Liu, Z., et al. (2023), cryoprotectants pre-

vent protein denaturation due to ice crystal formation 

and lipid oxidation, thus maintaining product quality 

during frozen storage. 

Marín-Peñalver et al. (2021) noted that carrageenans 

are widely utilized food ingredients known for their sta-

bilizing, gelling, texturizing, and water-binding proper-

ties. This underscores the potential of incorporating 

carrageenan powder to develop cryoprotectant mari-

nades for dried boneless siganids. 

 

Assessment of Sensory Attributes  

The freshly prepared boneless siganids (Siganus cana-

liculatus), treated with different concentrations of cara-

bao’s milk and carrageenan powder mixed with cala-

mansi extract, salt and coconut water as cryoprotectant 

marinade, underwent sensory evaluation for attributes 

such as color, flavor, aroma, and texture, as detailed in 

Fig, 1. 

 

Color  

The results indicate that among the three formulations, 

Formulation 1 garnered favorable acceptance from 

consumers and food experts, with a weighted mean 

value of 3.94, described as golden brown. This implies 

that variations in the quantities of carabao milk, carra-

geenan powder, and other organic ingredients incorpo-

rated into cryoprotectant marinades do not significantly 

impact the color characteristics of the product. 

 

Flavor 

The descriptive rating evaluation conducted among the 

50 identified respondents for flavor attributes yielded 

varying ratings for the three formulations: 3.90 for F1, 

3.74 for F2, and 3.73 for F3. All formulations received 

verbal descriptions indicating a very pleasant odor. 

However, upon analyzing product attributes, Formula-

tion 1 (F1) emerged as the most preferred option in 

terms of flavor. This finding suggests that the inclusion 

of carabao milk and carrageenan enhances the flavor 

Materials 
Formulations of Cryoprotectant 

F1 F2 F3 

Carabao’s milk 50g 75g 100g 

Calamansi extract 5g 5g 5g 

Salt 10g 10g 10g 

Carrageenan 2.5g 5g 7.5g 

Potable water 500g 500g 500g 

Iced coconut water 500g 500g 500g 

Table 1. Formulation of three recipes using different treatments of carabao’s milk and carrageenan powder 

Fig.1. Sensory characteristics of cryoprotectant-based dried boneless siganids product per attribute 

Legend: 

4.21 – 5.00 -- Liked Very Much (LVM)  

 3.41 – 4.20 -- Liked (L) 

 2.61 – 3.40 -- Neither Liked nor Disliked (NLnD) 

1.81 – 2.60  -- Disliked (D) 

1.00 – 1.80  -- Disliked Very Much (DVM) 
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of the dried boneless siganids. Consequently, carabao 

milk and carrageenan can be integrated into the prepa-

ration of boneless siganids before dehydration. 

 

Odor 

The evaluation revealed positive assessments for all 

formulations by consumers and food experts regarding 

the odor attribute. However, upon scrutinizing the prod-

uct attributes, Formulation 1 (F1) emerged as the most 

favored choice regarding odor, achieving an overall 

weighted mean of 4.18, signifying Liked responses 

from the participants. Retiaty and Nurjanah (2023) sug-

gested that a solution consisting of 5% lime juice and 

Ca(OH)2 can effectively eliminate various fishy odor 

during drying processes. Furthermore, seaweed flour 

has shown promise as an ingredient for developing 

nutrient-rich products, particularly due to its iodine con-

tent. This finding suggests that integrating carabao milk 

and carrageenan into dried boneless siganids tends to 

elevate the level of acceptability, both numerically and 

nutritionally, concerning the odor of the final product. 

 

Texture 

The results signify that among the three formulations 

evaluated by the identified consumers and food ex-

perts, Formulation 1 (F1) emerges as the preferred op-

tion regarding texture, attaining an overall weighted 

mean of 3.98 described as Very Crispy by the partici-

pants. According to Alemu (2023), the textural identity 

of any food is rarely a simple matter of understanding a 

singular attribute such as the hardness or cohesive-

ness of any food is multi-faceted and tied to consumers' 

sensory expectations. Laureati et al. (2020) and Terana 

(2023) also indicated that texture encompassed many 

sensory dimensions, from tactile to visual and auditory 

sensations, thus making it a complex sensory property.  

The finding implies incorporating caramilk and carra-

geenan into the boneless siganids before dehydration 

significantly enhances the product’s texture profile.  

 

Sensory acceptability of cryoprotectant-treated 

dried boneless siganids 

Fig. 2 illustrates the perceptions of 50 respondents re-

garding the suitability of employing a combination of 

carabao milk and carrageenan powder, along with cala-

mansi extract, rock salt, and coconut water, as cryopro-

tectant marinades for dried boneless siganids. The re-

sults, analyzed using ANOVA, revealed diverse prefer-

ences among the respondents. Formulation 1 (F1) 

emerged as the preferred option across all four sensory 

attributes: color, flavor, odor, and texture. Further ex-

amination showed that Formulation 1 received the high-

est level of acceptability, with a general weighted mean 

average of 4.0, categorized as "Acceptable" by both 

consumers and food experts. Additionally, Sobri et al. 

(2023) demonstrated the potential of sodium alginate 

as a promising preservation technique, enhancing the 

physicochemical and sensory properties of vegan suri-

mi. Similarly, Tian et al. (2022) investigated the efficacy 

of trifunctional cryoprotectant compounds in interacting 

with proteins to prevent protein denaturation. Their re-

search also emphasized the role of mechanical fish 

dryers in preventing microbial contamination during the 

drying process, thereby ensuring the safety and hy-

Legend: 

4.21 – 5.00 -- Very Much Acceptable  (VMA)  

 3.41 – 4.20 -- Acceptable  (A) 

 2.61 – 3.40 -- Undecided (Und)  

1.81 – 2.60  -- Unacceptable (Una) 

1.00 – 1.80  -- Very Much Unacceptable (VMU) 

Fig. 2. Sensory Acceptability of cryoprotectant treated dried boneless siganids 
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giene of dried fish products for consumption. 

 

Most preferred product formulation as per  

attributes  

Fig. 3 displays the outcomes of preference tests re-

garding the acceptability of incorporating carabao milk 

and carrageenan powder, alongside calamansi extract, 

rock salt, and coconut water, as cryoprotectant mari-

nades for dried boneless siganids. The evaluation in-

volved 35 consumers and 15 food experts who utilized 

a 9-point hedonic scale to rate the final products’ color, 

flavor, odor, and texture attributes across three formu-

lations. The results indicated diverse preferences 

among respondents, with Formulation 1 (F1) emerging 

as the most favored across sensory attributes. This 

formulation consists of 50g of carabao milk, 2.5g of 

carrageenan powder, 5g of calamansi extract, 10g of 

salt, 500g of potable water, and 500g of coconut water. 

It garnered an overall weighted mean of 8.46 for color, 

8.42 for flavor, 8.20 for odor, and 8.10 for texture, all 

denoted as "Liked Very Much" by participants. This 

underscores the significant impact of carabao milk, car-

rageenan powder, calamansi extract, salt, and coconut 

water composition on the sensory quality of dried bone-

less siganids. As per the findings by Patil et al. (2022), 

sugars like trehalose and sugar alcohols such as glyc-

erol are commonly used cryoprotectants in freeze-

drying to maintain enzyme or protein stability in tuna 

pepsin extract, thereby preserving proteolytic activity. 

Similarly, Yoha et al. (2024) showcased the potential of 

advanced drying techniques in improving product quali-

ty, yield recovery, and nutrient retention in dried food 

items, thus addressing the limitations of conventional 

drying methods and enhancing drying efficiency. 

  

Test of significant mean differences among the  

cryoprotectant formulations 

Table 2 illustrates the notable differences in mean 

scores among the three product attributes perceived by 

the respondents, as determined through Analysis of 

Variance (ANOVA). The results revealed an insignifi-

cant relationship between the computed F values: 

15.34 for color, 9.82 for flavor, 15.74 for odor, and 

19.45 for texture. This indicates rejection of the null 

hypothesis, as the computed F values surpass the tab-

ulated F value of 2.79. Despite these varying prefer-

ences, Formulation 1 (F1), comprising 50g of carabao 

milk, 2.5g of carrageenan powder, 5g of calamansi ex-

Legend: 

8.50-9.0 -Like Extremely (LE) 4.50-5.49 -Neither Like nor Dislike (NLD) 

7.50-8.49 -Like Very Much (LVM) 3.50-4.49 -Dislike Lightly (DL) 

6.50-7.49 -Like Moderately (LM) 2.50-3.49 -Dislike Moderately (DM) 

5.50-6.49 -Like Slightly (LS) 1.50-2.49 -Dislike Very Much (DVM) 

Fig. 3. Most preferred product formulation per attributes 

Attributes Fc Ft (5%) Decision Interpretation 

Color 15.342 2.79 Reject H0 Significant 

Flavor 9.824 2.79 Reject H0 Significant 

Odor 15.741 2.79 Reject H0 Significant 

Texture 19.453 2.79 Reject H0 Significant 

Table 2. Showing significant mean difference among the product attributes as perceived by the respondents 

*If Fc > Ft, reject H0 
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tract, 10g of salt, 500g of potable water, and 500g of 

coconut water, emerged as the most favored option. 

This underscores the acceptance of utilizing the pre-

ferred marinades, in preserving dried fish particularly 

siganid fishes using mechanical fish dryer regardless of 

the significant or insignificant relationships observed 

among the three formulations. Tian et al. (2022) investi-

gated the effectiveness of trifunctional cryoprotectants 

in inhibiting the formation of malondihaldehyde and 

aldehydes resulting from lipid oxidation. These com-

pounds were found to interact with proteins, ultimately 

preventing protein denaturation. Furthermore, Zhang et 

al. (2021) demonstrated the potential of synthetic anti-

oxidants and cryoprotectants, such as butylated hy-

droxytoluene (BHT) and butylated hydroxyanisole 

(BHA), in minimizing the degradation of food quality, 

discoloration, and protein denaturation, particularly un-

der conditions of temperature fluctuation or extended 

frozen storage. Therefore, the development of natural 

additives like carabao milk, carrageenan powder, cala-

mansi extract, rock salt, and coconut water as cryopro-

tectants could effectively prevent protein denaturation 

in dried fish, preserve nutrient content, and inhibit mi-

crobial growth, promoting healthier consumption and 

income generation. 

Conclusion 

The present study concluded that Formulation 1, com-

prising 50g of carabao milk, 2.5g of carrageenan pow-

der, 5g of calamansi extract, 10g of salt, 500g of pota-

ble water, and 500g of coconut water, emerged as the 

most preferred choice for developing cryoprotectant 

marinades for dried boneless siganids. These results 

suggest the potential to utilize carabao milk and carra-

geenan powder, along with calamansi extract, rock salt, 

and coconut water, as cryoprotectant marinades for 

dried boneless siganids, thereby enhancing their sen-

sory attributes and transforming them into a value-

added food product suitable for human consumption, 

as indicated by the respondents involved in the study. 

Furthermore, the research underscores the adaptability 

of these ingredients for creating various dried fish prod-

ucts in the market, potentially providing economic op-

portunities, particularly for communities facing financial 

constraints. The CTU Extension Program is recom-

mended to adopt the Techno-Guide provided in this 

study to support the establishment of sustainable com-

munity livelihood initiatives, dissemination of innovative 

food processing techniques, and promotion of the inte-

gration of natural additives and preservation methods in 

the production of value-added products like dried bone-

less siganids. To further develop the expertise of food 

professionals, hospitality management (HM), and tech-

nology and livelihood education (TLE) teachers, they 

are suggested to embrace the techno-guide for poten-

tial entrepreneurial ventures and educational purposes. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 
 

REFERENCES 

 

1. Alemu, T. (2023). Texture profile and design of food prod-

uct. J. Agric. Horti. Res, 6, 272-281. 

2. Anukiruthika, T., Moses, J. A. & Anandharamakrishnan, C. 

(2021). Electrohydrodynamic drying of foods: Principle, 

applications, and prospects. Journal of Food Engineering, 

295, 110449. https://doi.org/10.1016/j.jfoodeng.2020.110 

449 

3. Bindu, J. (2023). Fish Processing Methods: Orientation. 

ICAR-CIFT. 

4. Cao, C., Xiao, Z., Ge, C. & Wu, Y. (2022). Animal by-

products collagen and derived peptide, as important com-

ponents of innovative sustainable food systems—A com-

prehensive review. Critical Reviews in Food Science and 

Nutrition, 62(31), 8703-8727. https://doi.org/10.1080/104 

08398.2021.1931807 

5. Chang, T. & Zhao, G. (2021). Ice inhibition for cryopreser-

vation: materials, strategies, and challenges. Advanced 

Science, 8(6), 2002425. https://doi.org/10.1002/

advs.202002425 

6. Duarte, A. M., Silva, F., Pinto, F. R., Barroso, S. & Gil, M. 

M. (2020). Quality assessment of chilled and frozen fish—

mini review. Foods, 9(12), 1739. https://doi.org/10.3390/

foods9121739 

7. Fahy, G. M., & Wowk, B. (2021). Principles of ice-free 

cryopreservation by vitrification. Cryopreservation and 

freeze-drying protocols, 27-97. https://doi.org/10.1007/978

-1-0716-0783-1_2 

8. Fayter, A. E. (2020). Understanding natural and synthetic 

ice-active materials to aid in the development of new cryo-

protective formulations (Doctoral dissertation, University of 

Warwick). http://webcat.warwick.ac.uk/record=b351935 

6~S15 

9. Gabriel, A. A. & Alano-Budiao, A. S. (2015). Microbial, 

physicochemical, and sensory quality evaluations of salt-

ed herring (Sardinella fimbriata) subjected to different 

drying processes. Food Science and Technology Re-

search, 21(2), 213-221. https://doi.org/10.3136/fstr.21.213 

10. Gallo, M., Ferrara, L., Calogero, A., Montesano, D. & Nav-

iglio, D. (2020). Relationships between food and diseases: 

What to know to ensure food safety. Food Research Inter-

national, 137, 109414. https://doi.org/10.1016/

j.foodres.2020.109414 

11. Garg, S., Rafiq, S. M., Balaji, G., Mundhada, S., Rafiq, S. 

I. & Sharma, N. (2022). Food Spoilage and Safety. In 

Shelf Life and Food Safety (pp. 1-18). CRC Press. 

12. Gazsi, G., Ivánovics, B., Izabella, R. B., Szabó, T., Daniel, 

Z., Kucska, B., ... & Müller, T. (2021). Artificial sperm in-

semination in externally fertilised fish as a novel tool for ex 

situ and in situ conservation of valuable populations. En-

dangered Species Research, 45, 169-179. DOI: https://

doi.org/10.3354/esr01124 

13. Hoque, M. S., Tamanna, F., Hasan, M. M., Al Banna, M. 



 

936 

Macabudbud, Jr., S. S. et al. / J. Appl. & Nat. Sci. 16(3), 928 - 937 (2024) 

H., Mondal, P., Prodhan, M. D. H. & van Brakel, M. L. 

(2022). Probabilistic public health risks associated with 

pesticides and heavy metal exposure through consump-

tion of common dried fish in coastal regions of Bangla-

desh. Environmental Science and Pollution Research, 1-

16. https://doi.org/10.1007/s11356-021-17127-9 

14. Hotchkiss, S., Brooks, M., Campbell, R., Philp, K. & Trius, 

A. (2016). The use of carrageenan in food. Carrageenans: 

sources and extraction methods, molecular structure, 

bioactive properties and health effects, 229-243. 

15. Jayakody, M. M., Vanniarachchy, M. P. G., & Wijesekara, 

I. (2022). Seaweed derived alginate, agar, and carragee-

nan based edible coatings and films for the food industry: 

A review. Journal of Food Measurement and Characteri-

zation, 16(2), 1195-1227. https://doi.org/10.1007/s11694-

021-01277-y 

16. Kolanus, J. P. M. (2020, February). Functional properties 

and chemical composition of dried surimi mackerel 

(Scomberomorus Sp) with different cryoprotectants and 

drying methods. In Journal of Physics: Conference Series 

(Vol. 1463, No. 1, p. 012022). IOP Publishing. DOI 

10.1088/1742-6596/1463/1/012022 

17. Laureati, M., Sandvik, P., Almli, V. L., Sandell, M., Ze-

instra, G. G., Methven, L. & Proserpio, C. (2020). Individu-

al differences in texture preferences among European 

children: Development and validation of the Child Food 

Texture Preference Questionnaire (CFTPQ). Food Quality 

and Preference, 80, 103828. https://doi.org/10.1016/

j.foodqual.2019.103828 

18. Likert, R. (1932). A technique for the measurement of 

attitudes. Archives of Psychology. New York. P. 5-55. 

psycnet.apa.org 

19.  Liu, Z., Yang, W., Wei, H., Deng, S., Yu, X. & Huang, T. 

(2023). The mechanisms and applications of cryoprotect-

ants in aquatic products: An overview. Food chemistry, 

408, 135202. https://doi.org/10.1016/j.foodchem.2022.13 

5202 

20. Marín-Peñalver, D., Alemán, A., Montero, M. P., & Gómez

-Guillén, M. C. (2021). Entrapment of natural compounds 

in spray-dried and heat-dried iota-carrageenan matrices 

as functional ingredients in surimi gels. Food & Function, 

12(5), 2137-2147. https://doi.org/10.1039/D0FO02922J 

21. Mat, K., Abdul Kari, Z., Rusli, N. D., Che Harun, H., Wei, 

L. S., Rahman, M. M., ... & Goh, K. W. (2022). Coconut 

palm: food, feed, and nutraceutical properties. Animals, 12

(16), 2107. https://doi.org/10.3390/ani12162107 

22. Naik, M., CK, S., Rawson, A. & N, V. (2022). Tender coco-

nut water: A review on recent advances in processing and 

preservation. Food Reviews International, 38(6), 1215-

1236. https://doi.org/10.1080/87559129.2020.1785489 

23. Onyango, R. D. (2021). Gender Influence on Climate 

Change Adaptation by the Fisher Community in Mbita Sub

-county, Homa Bay County, Kenya (Doctoral dissertation, 

University of Nairobi). http://erepository.uonbi.ac.ke/

handle/11295/155775 

24. Patil, U., Nikoo, M., Zhang, B. & Benjakul, S. (2022). 

Freeze-dried tuna pepsin powder stabilized by some cryo-

protectants: In vitro simulated gastric digestion toward 

different proteins and its storage stability. Foods, 11(15), 

2292. https://doi.org/10.3390/foods11152292 

25. Pradhan, N., Shrestha, M. K., Rai, S., Jha, D. K. & SAH, 

S. K. (2020). Evaluation of Different Drying Methods on 

Shelf-life Quality of Mrigal Cirrhinus mrigala (Hamilton, 

1822). Asian Fisheries Science, 33(1). 10.33997/

j.afs.2020.33.1.004 

26. Rethinam, P. & Krishnakumar, V. (2022). Value addition in 

coconut water. In Coconut Water: A Promising Natural 

Health Drink-Distribution, Processing and Nutritional Ben-

efits (pp. 287-384). Cham: Springer International Publish-

ing. DOI: 10.48130/bpr-0024-0009 

27. Retiaty, F. & Nurjanah, N. (2023, December). Iodine con-

tent and acceptability of seaweed flour from various types 

of seaweed, drying methods, and types of fishy odor re-

moval. In IOP Conference Series: Earth and Environmen-

tal Science (Vol. 1273, No. 1, p. 012021). IOP Publishing. 

DOI 10.1088/1755-1315/1273/1/012021 

28. Rifna, E. J., Dwivedi, M., & Chauhan, O. P. (2022). Role 

of water activity in food preservation. In Advances in food 

chemistry: Food components, processing and preserva-

tion (pp. 39-64). Singapore: Springer Nature Singapore. 

ISBN : 978-981-19-4795-7 

29. Sharif, M. K., Butt, M. S., Sharif, H. R., & Nasir, M. (2017). 

Sensory evaluation and consumer acceptability. Hand-

book of food science and technology, 10, 361-386. 

30. Siddhnath, Ranjan, A., Mohanty, B. P., Saklani, P., Dora, 

K. C., & Chowdhury, S. (2022). Dry fish and its contribu-

tion towards food and nutritional security. Food Reviews 

International, 38(4), 508-536 https://

doi.org/10.1080/87559129.2020.1737708  

31. Sobri, A. M., Seow, L. J., Issara, U., Ab Rahman, N. A., 

Huda, N., & Seow, E. K. (2023). Effect of sodium alginate 

on the physicochemical and sensory properties of vegan 

surimi. Canrea Journal: Food Technology, Nutritions, and 

Culinary Journal, 142-153. https://doi.org/10.20956/

canrea.v6i2.1034 

32.  

33. Svanberg, I. & Locker, A. (2020). Ethnoichthyology of 

freshwater fish in Europe: a review of vanishing traditional 

fisheries and their cultural significance in changing land-

scapes from the later medieval period with a focus on 

northern Europe. Journal of Ethnobiology and Ethnomedi-

cine, 16, 1-29. https://doi.org/10.1186/s13002-020-00410-

3 

34. Terana, C. C. (2023). Acceptability of coconut (Cocos 

nucifera) apple tart filling recipe: Techno guide for Exten-

sion program. Journal of Applied and Natural Science, 15

(2), 542-548. https://doi.org/10.31018/jans.v15i2.4451 

35. Tian, J., Walayat, N., Ding, Y., & Liu, J. (2022). The role of 

trifunctional cryoprotectants in the frozen storage of aquat-

ic foods: Recent developments and future recommenda-

tions. Comprehensive Reviews in Food Science and Food 

Safety, 21(1), 321-339. https://doi.org/10.1111/1541-

4337.12865 

36. Udo, T., Mummaleti, G., Mohan, A., Singh, R. K. & Kong, 

F. (2023). Current and emerging applications of carragee-

nan in the food industry. Food Research International, 

113369. https://doi.org/10.1016/j.foodres.2023.113369 

37. Walayat, N., Xiong, Z., Xiong, H., Moreno, H. M., Niaz, N., 

Ahmad, M. N., ... & Wang, P. K. (2020). Cryoprotective 

effect of egg white proteins and xylooligosaccharides mix-

ture on oxidative and structural changes in myofibrillar 

proteins of Culter alburnus during frozen storage. Interna-

tional Journal of Biological Macromolecules, 158, 865-

874. https://doi.org/10.1016/j.ijbiomac.2020.04.093 



 

937 

Macabudbud, Jr., S. S. et al. / J. Appl. & Nat. Sci. 16(3), 928 - 937 (2024) 

38. Warner, R. M., Ampo, E., Nelson, D., Benson, J. D., 

Eroglu, A. & Higgins, A. Z. (2021). Rapid quantification of 

multi-cryoprotectant toxicity using an automated liquid 

handling method. Cryobiology, 98, 219-232. https://

doi.org/10.1016/j.cryobiol.2020.10.017 

39. Wolkers, W. F. & Oldenhof, H. (2021). Principles underly-

ing cryopreservation and freeze-drying of cells and tis-

sues. Cryopreservation and freeze-drying protocols, 3-25. 

40. Yoha, K. S., Moses, J. A. & Anandharamakrishnan, C. 

(2024). Novel Drying Techniques. In Emerging Technolo-

gies for the Food Industry (pp. 223-260). Apple Academic 

Press. 

41. Zhang, Y., Colli, L. & Barker, J. S. F. (2020). Asian water 

buffalo: domestication, history and genetics. Animal ge-

netics, 51(2), 177-191. https://doi.org/10.1111/age.12911 

42. Zhang, Y., Dong, Y., & Dai, Z. (2021). Antioxidant and 

cryoprotective effects of bone hydrolysates from bighead 

carp (Aristichthys nobilis) in freeze-thawed fish fillets. 

Foods, 10(6), 1409. https://doi.org/10.3390/foods10061 

409 

https://doi.org/10.3390/foods10061409
https://doi.org/10.3390/foods10061409

