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Abstract 

Tuna skin is one of the byproducts produced in the tuna canning industry, which has great 

potential to be transformed into a value-added snack food. Vacuum frying is an emerging 

technology that offers numerous advantages over deep-fat frying. However, its process 

involves several process parameters that must be considered to produce a high-quality 

product that is acceptable to consumers. This study aimed to identify the variables that 

have the most significant influence on the sensory acceptability of vacuum-fried tuna skin, 

employing a Plackett–Burman experimental design. The variables examined in this study 

included scrubbing time (30 min; overnight), soaking solution (none; with vinegar and 

calamansi), brining percentage (5%; 10% w/v), pre-cooking type (pressurized; 

conventional pot), overnight storage method (chilled; frozen), frying time (10; 20 min), 

and frying temperature (100°C; 130°C). The response parameter was sensory 

acceptability, assessed using a 9-point hedonic scale for color, odor, crunchiness, taste, 

and overall acceptability. Results revealed that among the seven variables screened, frying 

temperature, pre-cooking type, soaking solution, and frying time consistently provided the 

most significant effect on the majority of the sensory attributes (p≤0.05). A higher frying 

temperature (130°C), using a pressure cooker, pretreating tuna skin with vinegar and 

calamansi, and vacuum frying for 10 min resulted in a higher acceptability than the 

minimum levels based on the positive effect on the parameter estimates. Frying time, 

overnight storage method, and scrubbing time also provided a significant effect on a few 

attributes, while brining did not have any significant effect. It is recommended to further 

conduct optimization studies based on the results of this study.  

1. Introduction  

Fishing is one of the major industries in the 

Philippines' agriculture – fisheries, and forestry sectors. 

The country is also one of the world's top fish-producing 

countries, with over 2.3 million Filipinos engaged in 

various fishing and aquaculture activities. This industry 

serves as a major source of livelihood and sustenance for 

coastal communities. In terms of commercial fisheries 

production, tuna remained the top commodity, which is 

mainly caught in Region XII, which is the tuna capital of 

the Philippines (Bureau of Fisheries and Aquatic 

Resources, 2022). 

Tuna is the most popular export commodity for 

processed and manufactured fresh, chilled, frozen, 

smoked/dried, and canned fish products. This includes 

the canning industries, where tuna is the major bulk 

product being exported. In the canning and processing of 

tuna, only the meat portion (62%) is utilized while the 

skin (10%), visceral organs (8%), head (13%), bones 

(6%), and fins (1%) are typically removed and are 

considered by-products which are used for other 

purposes. The by-products represent 35-40% of the total 

weight of the raw material. In the Philippines, tuna by-

products in the canned industry are fated to be used as a 

fishmeal production, while a considerable percentage is 

used by research institutions for value addition (Gamarro 

et al., 2013). These by-products provide an important 

source of micro and macronutrients (Martínez-Alvarez 

and, 2015). Tuna skins (TS) specifically contain high 

levels of protein (27-32%) and lipid (6-8%) 

(Karunarathna and Attygalle, 2012).  

Tuna skin, which is one of the by-products of tuna 

processing, is typically sold at a lower price. However, 

this can be upgraded to produce a snack food like 

“chicharon” made from pork and chicken skin. Despite 

the local efforts to process the tuna skin and prepare it as 
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"tuna chicharon", the product has an oily and fishy 

aftertaste due to conventional frying at normal 

atmospheric pressure.  

The utilization of fish skin obtained from the 

canning industry is relatively limited, which focuses on 

gelatin (Montero and Acosta, 2020; Nurilmala, 

Adinugraha, Jacoeb et al., 2020; Ningrum et al., 2021) 

and collagen (Nurilmala, Adinugraha, Jacoeb et al., 

2020; Nurilmala, Hizbullah, Karnia et al., 2020; Nguyen, 

Kha, Nguyen et al., 2021; Nguyen, Nguyen, Nguyen et 

al., 2021; and Ningrum et al., 2021). Presently, there are 

few studies conducted on the utilization of tuna skin as a 

food material, but there are other fish skins processed 

into fried products. Fang et al. (2021) utilized tilapia fish 

skin to compare the effects of various frying methods, 

including deep-fat frying, electrostatic frying, air frying, 

and vacuum frying. Sari et al. (2021) also employed 

tilapia skin to produce fried skin chips, while Wang et al. 

(2022) developed a ready-to-eat snack food based on 

tilapia skin using infrared drying and air frying. 

Additionally, Suryaningrum et al. (2022) created catfish 

skin chips. Currently, the most popular snack food in the 

Asian market is fried Pangasius bocourti skin. Despite 

its popularity, fried skin foods are reported to have a 

high oil and fat content ranging from 40% to 50% (Fang 

et al., 2021), which can negatively impact health. 

Vacuum frying technology is an excellent alternative 

to conventional frying, which is currently the most 

popular method for producing ready-to-eat snack foods 

(Patra et al., 2022) due to its low oil content. This 

method offers significant benefits, enhancing the safety 

and quality of fried products while reducing oil oxidation 

through low-temperature processing (Dueik et al., 2010). 

Low oil uptake has been reported for vacuum-fried 

products such as Tilapia skin (Fang et al., 2023), fish 

tofu (Ophithakorn and Yaeed, 2016), gilthead sea bream 

fillets (Andrés-Bello et al., 2010), and Surimi Cubes 

(Chen et al., 2021). Many studies on vacuum frying have 

focused on vegetables and fruits such as carrots (Fan et 

al., 2005), papaya (Pandey et al., 2020), apples, and 

kiwi. Research on fish products, however, is limited. 

Available studies are on fish tofu (Yamsaengsung et al., 

2017), silver herring (Chien et al., 2023), surimi cubes 

(Chen et al., 2021), and tilapia fish skin (Fang et al., 

2023). Currently, there are no articles on the utilization 

of tuna fish skin as a valuable byproduct for vacuum 

frying.  

The success of obtaining a vacuum-fried product 

depends on several factors, including the frying 

conditions, pretreatment methods, and raw material 

selection. To understand the effect of each variable on 

the sensory acceptability of the product and identify the 

most important factors, the Plackett-Burman design was 

utilized. This design has been applied in several product 

development studies to identify factors providing the 

most significant effect on product quality, especially 

when several factors are examined (Plackett and 

Burman, 1946). The main effect of individual factors on 

the response variables is identified, hence aiding in the 

selection of variables to be considered for further 

optimization process. Studies employing this design 

include the development of muffins using adlay flour 

(Valmorida and Castillo-Israel, 2018), frying fish balls 

(Syamdidi and Suryaningrum, 2015), producing crispy 

baby tilapia flour (Syamdidi et al., 2017), extended meat 

cubes (Modi and Prakash, 2008), and fermenting 

fiddlehead fern (Ramirez and Salas, 2018). The design 

has proven its usefulness in identifying significant 

factors in these food product development studies. It is 

thus the aim of the present work to apply the vacuum 

frying process to the tuna skin and determine the effects 

of seven identified variables, both pretreatments and 

vacuum frying conditions, on its sensory quality. 

Knowledge of the effects of this is important for the 

standardization of the production process to ensure 

consumer acceptance. This will also serve as a basis for 

further studies to optimize the processing conditions of 

vacuum-fried tuna skin. The results of this study can also 

significantly impact the utilization of mostly discarded 

tuna fish residues, which will gradually increase the 

products exported from the Philippines and benefit the 

local community by providing additional sources of 

income and healthier food options.  

 

2. Materials and methods 

2.1 Raw materials  

Tuna skin by-products were purchased from Davao 

City, Philippines. It was stored in an ice box container to 

keep it cold and transferred to the processing laboratory. 

Skins obtained were a byproduct of filleting the tuna, 

which contained a thin layer of adhered fish flesh. Other 

ingredients such as rock salt, white vinegar, calamansi, 

garlic, lemongrass, peppercorns, and coconut oil were 

procured in Panabo City, Davao del Norte, Philippines. 

2.2 Variable screening using Plackett-Burman design 

Several input variables that may affect the process 

and formulation of the vacuum-fried tuna skin were 

identified based on a series of preliminary trials and 

literature gathered. Variables identified are shown in 

Table 1, which are the scrubbing time (ST), soaking 

solution (SS), % brine solution (BS), pre-cooking type 

(PT), storage, frying time (min), and frying temperature 

(℃). Two levels were assigned for each variable, which 

are the minimum and maximum (Table 2). These levels 



164 Besas et al. / Food Research 10 (3) (2026) 162 - 174  

 https://doi.org/10.26656/fr.2017.10(3).227 © 2026 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

were also determined based on preliminary experiments. 

There were a total of eight runs following the 7 variable- 

8 run Plackett-Burman (PB) design (Plackett and 

Burman, 1946). Figure 1 presents a summary of the 

overall process flow for the development of vacuum-

fried tuna skin, along with the mentioned variables under 

study. 

2.3 Pretreatment of tuna skin  

Several pretreatments were made to remove the fishy 

odor of the skin. First, it was washed with tap water 

several times to remove any adhering dirt and slime. Dry 

salting was then made by scrubbing the tuna skin with 

rock salt to remove excess dirt and impart a preservative 

effect to the skin. The salt remained on the tuna skin 

surface for a duration of either 30 min or overnight 

(Table 1). The runs with maximum level soaking 

solution were rinsed with white vinegar and then 

marinated in calamansi extract, while the runs with 

minimum level were directly washed with tap water. 

After this, the tuna skin was removed from the calamansi 

extract and rinsed with tap water. Further pre-treatments 

were made by brining the pretreated skin (5% or 10% w/

v). After 30 min, the brine solution was drained, and the 

pretreated tuna skin was pre-cooked in water containing 

spices (garlic, lemongrass, peppercorns) for 10 min using 

either a domestic pressure cooker (121℃, 15 lbs) or a 

normal pot. The precooked tuna skin was then cut into 

squares (approximately 1 in × 1 in) and arranged in 

polyethylene plastic packaging (9 × 12 in, 0.08 mm 

thickness), sealed (PCS400, GTC Propack Corp.), and 

frozen overnight using an upright refrigerator (Panasonic 

NR-BP9417Q) before being vacuum-fried.  

2.4 Vacuum frying process 

The pretreated tuna skin was fried using a fabricated 

vacuum fryer with a 10 kg capacity, consisting of a 

frying vessel, oil pre-heating vessel, vacuum pump, and 

control panel. The pre-heating vessel was filled with 

coconut oil (80 kg) and preheated to 140℃. Once the 

pressure (6 kPa) and experimental temperature were 

reached, the tuna skin was placed in the frying basket, 

and the lid was closed. After which, the frying basket 

was lowered into the frying vessel. The preheated oil was 

transferred to the frying vessel until the tuna skin was 

submerged. Frying time started when the pre-heated oil 

Run ST SS B PT 
Overnight 

storage 
Frying 
time 

Frying 
temperature 

1 + + + - + - - 

2 + + - + - - + 

3 + - + - - + + 

4 - + - - + + + 

5 + - - + + + - 

6 - - + + + - + 

7 - + + + - + - 

8 - - - - - - - 

Table 1. Plackett-Burman design (PBD) for seven (7) 

variables with eight (8) runs used in the study. 

SS: Scrubbing Time, SS: soaking solution, B: Brine %, PT: 

Precooking type 

Variables Minimum (-) Maximum (+) 

Scrubbing time 30 min Overnight 

Soaking solution none 

Washed w/ 

vinegar and 

marinated w/ 

calamansi 
Brine % (w/v) 5% (w/v) 10% (w/v) 

Precooking Type Normal pot Pressure Cooker 

Overnight Storage Chilling Freezing 

Frying Time 10 min 20 min 
Frying 

Temperature 
100°C 130°C 

Table 2. Minimum and maximum values of the pattern for the 

Plackett-Burman design. 

Figure 1. Process flow for the vacuum-fried tuna skin.  
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was transferred to the frying vessel and reached the 

required temperature. After frying, the oil from the 

frying vessel was transferred back to the pre-heating 

vessel. The vacuum-fried tuna skin (VFTS) inside the 

basket was centrifuged for 5 min (clockwise) and 5 min 

(counterclockwise) with an rpm of 1720 per min. The 

VFTS was then removed from the basket, placed on the 

tray with tissue paper at room temperature, and allowed 

to cool for 5 min. Once cooled, it was packed in an 

aluminum foil stand-up pouch ziplock (10 g per pack, 

130 × 210 mm gold color) for sensory evaluation. 

2.5 Sensory evaluation  

The vacuum-fried tuna skin under different 

experimental variables was evaluated for its acceptability 

using the 9-point hedonic scale to determine the effects 

of each variable on color, odor, taste, crunchiness, and 

general acceptability. An Incomplete Block Design type 

I, as laid out by Cochran and Cox (1957), for the seating 

plan was followed, where t=8, k=4, r=7, b=14, ʎ=3, 

E=0.86. The plan was repeated 14 times to obtain 126 

responses per treatment. A total of 150 random 

consumers, mostly college students and adults, who are 

inclined to eat fish products, were considered as 

panelists. Samples were served in a sequential monadic 

way. Each panelist was given a total of four (4) out of 

eight (8) treatments shown in Table 1. Each treatment (1 

bite-sized piece) was wrapped individually in transparent 

polyethylene plastic labeled with 3-digit random 

numbers. All four treatments were placed on secondary 

packaging (aluminum foil stand-up pouch ziplock, 130 × 

210 mm gold color). Together with the samples, a score 

sheet, pencil, and water were provided to each panelist. 

2.6 Statistical analysis 

Sensory acceptability data for each run was analyzed 

in Tibco version 13.5. Parameter estimates and Pareto 

charts were generated to determine the main effect of the 

different variables on the sensory acceptability of the 

vacuum-fried tuna skin. The effects of each variable can 

be positive or negative. The variables were then ranked 

based on the order of their significant effect from the 

Pareto chart. Variables that were identified as the most 

significant are recommended for further optimization 

process.  

 

3. Results and discussion  

3.1 Identification of variables for the Plackett-Burman 

design  

There were seven (7) different variables evaluated in 

this study based on their potential to cause a significant 

effect on the sensory acceptability of the vacuum-fried 

tuna skin. Tuna skin, a by-product of the canning 

process, generally has a fishy odor and flavor which 

intensifies during processing. This is largely attributed to 

the high presence of polyunsaturated fatty acids (PUFAs) 

(Nurjanah et al., 2020), making it susceptible to 

oxidation. This poses a challenge in developing a snack 

food that is acceptable to consumers, as this fishy odor 

and volatile odor compounds can significantly affect the 

purchasing decisions of consumers (Liu et al., 2024), 

sensory quality, and intake of fried food (Fang et al., 

2023). This is evidenced by the low overall acceptability 

of a high-fish protein puff corn-fish snack (Shaviklo et 

al., 2010). Similarly, Karayannakidis et al. (2014) 

reported the same challenge with gelatins extracted from 

fish skin. Hence, some of the variables identified in the 

study were on pretreatment methods to minimize the 

fishy odor and assess their impact on the quality of 

vacuum-fried tuna skin in terms of sensory acceptability. 

Such pretreatments are shown in Table 1. Other variables 

evaluated are the vacuum frying conditions, such as the 

frying time (10 min vs. 20 min), and frying temp (100˚C 

vs. 130˚C) 

The use of salt is one of the oldest and most widely 

accepted preservation methods in fish processing. Salt’s 

multifaceted functions include extending the shelf life 

and preventing microbial contamination by causing 

dehydration in microbial cells, ultimately leading to their 

death. In terms of culinary function, it imparts flavor and 

taste, which influences food palatability (Henney et al., 

2010; Corrias et al., 2022). Moreover, salt has been 

demonstrated to enhance textural properties in fish, such 

as in cod loins (Liorancas, 2019) and restructured fish 

products resembling hams (Ramírez et al., 2002). It is for 

these benefits that salt was used as one of the variables in 

this study. There are different salting methods used in 

traditional fish processing. The most commonly used are 

dry salting, wet salting, and their combination. In this 

study, both the dry (30 min vs. overnight) and wet salting 

(5 vs. 10% w/v) methods were evaluated.  

Another pretreatment investigated in the study was 

the use of vinegar and calamansi extract. Both are staples 

in the kitchen that are used as condiments that enhance 

flavor, tenderize meat, preserve, and remove unwanted 

odors. Lee and Rhee (1982) demonstrated the 

effectiveness of organic acids in reducing fishy odor in 

clam pickle. Hence, to determine whether it would 

influence the acceptability of tuna skin, washing with 

vinegar and the use of calamansi extract were evaluated.  

The storage method before vacuum frying was also 

evaluated to determine if it has an impact on the 

acceptability of the product. Studies have shown the 

benefits of freezing samples before vacuum frying. Fan 

et al. (2005) revealed that freezing before frying resulted 

in a uniform porosity of vacuum-fried carrots, while 

https://iopscience.iop.org/article/10.1088/1755-1315/404/1/012074/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/404/1/012074/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/404/1/012074/pdf
https://elicit.com/notebook/816c8523-f936-4d1e-9a77-74fb4605b355#17db024495fa6a2654540f2a4c1f09f9
https://elicit.com/notebook/816c8523-f936-4d1e-9a77-74fb4605b355#17db024495fa6a2654540f2a4c1f09f9
https://elicit.com/notebook/816c8523-f936-4d1e-9a77-74fb4605b355#17db024495fa6a2654540f2a4c1f09f9
https://www.mdpi.com/1420-3049/28/11/4376
https://www.mdpi.com/1420-3049/28/11/4376
https://www.mdpi.com/1420-3049/28/11/4376
https://www.mdpi.com/1420-3049/28/11/4376
https://www.pismin.com/10.1007/s13197-010-0191-1
https://www.pismin.com/10.1007/s13197-010-0191-1
https://www.pismin.com/10.1007/s13197-010-0191-1
http://www.ifrj.upm.edu.my/19%20%2802%29%202012/%2851%29IFRJ-2012%20Worapong.pdf
http://www.ifrj.upm.edu.my/19%20%2802%29%202012/%2851%29IFRJ-2012%20Worapong.pdf
http://www.ifrj.upm.edu.my/19%20%2802%29%202012/%2851%29IFRJ-2012%20Worapong.pdf
https://www.ncbi.nlm.nih.gov/books/NBK50952/#ch4.r16
https://www.ncbi.nlm.nih.gov/books/NBK50952/#ch4.r16
https://www.ncbi.nlm.nih.gov/books/NBK50952/#ch4.r16
https://www.ncbi.nlm.nih.gov/books/NBK50952/#ch4.r16
https://www.mdpi.com/2304-8158/11/2/164#B5-foods-11-00164
https://www.mdpi.com/2304-8158/11/2/164#B5-foods-11-00164
https://typeset.io/pdf/effect-of-salt-treatment-on-yield-and-quality-of-frozen-cod-3ht8r1t84h.pdf
https://www.pismin.com/10.1111/j.1365-2621.2002.tb08722.x
https://www.pismin.com/10.1111/j.1365-2621.2002.tb08722.x
https://www.pismin.com/10.1111/j.1365-2621.2002.tb08722.x
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Shyu et al. (2005) obtained a reduced moisture content 

with a porous sponge-like texture. Drying on the other 

hand, was considered to initially reduce the water 

content of the TS and help improve the texture of the 

product. However, the fried product did not produce a 

crunchy texture, which may be due to the creation of a 

surface crust and dense microstructure that can impede 

the evaporation of moisture during frying (Krokida et al., 

2001). Additionally, drying as a pretreatment incurs 

longer processing time and more cost. Hence, it was not 

considered as one of the variables of the study. Chilling 

instead was utilized, as this is one of the common storage 

methods for fish products prior to cooking.  

Lastly, the frying time and temperature are the most 

important factors that influence fried products since it is 

responsible for the development of acceptable physical 

attributes as well as nutritional value (Diamante et al., 

2011). The setting of these processing conditions varies 

per product, which is influenced by various factors, 

including different structural compositions that can affect 

the rate of heat transfer, formation of crust, and removal 

of water.  

3.2 Sensory acceptability of vacuum-fried tuna skin 

The development of food products typically aims to 

ensure high acceptability and preference among 

consumers. A study of Miguez (2022) highlighted that 

sensory properties are the primary concern for 

consumers when it comes to seafood byproducts. 

Additionally, the study found that negative emotions 

were more prevalent among Asian consumers regarding 

these products. Given these, the main response variable 

in this study was the acceptability of VFTS based on key 

attributes such as color, odor, crunchiness, taste, and 

general acceptability. It is important to note that 

acceptability is inherently subjective and can vary 

significantly from person to person.  

Table 3 shows the summary of the main effects of 

each variable in response to sensory acceptability (color, 

odor, crunchiness, taste, and general acceptability) of the 

VFTS. The results are presented by sign (+/-) indicating 

the effect of the variables on the acceptability of the 

product. A positive sign indicates that the maximum 

level is preferable over the minimum level as it is closer 

to the optimum level, whereas a negative sign indicates 

that the minimum level provides better acceptability. 

This is only applicable if statistical results are 

significant. Otherwise, the variables do not have any 

influence on the sensory acceptability at the range of 

levels considered (Ramirez and Salas, 2018).  

3.2.1. Color acceptability 

Color is an important visual appearance that affects 

product quality as well as the purchasing decisions of 

consumers. According to Esteve et al. (2005) and Tiwari 

et al. (2008), as mentioned by Moghaddam et al. (2014), 

the color of the product can be correlated to the physical, 

chemical, and sensory indicators in food. The 

development of a golden-brown color during frying, 

which is preferred by consumers, is a result of various 

mechanisms, which include moisture loss, oil intake, 

heat, and morphological shrinkage caused by heat and 

mass transfer (Fang et al., 2023). Based on Figure 2, 

color acceptability is significantly affected by the 

soaking solution, precooking type, frying time, and 

temperature. The use of vinegar and calamansi resulted 

in a greater acceptability. This can be attributed to the 

acids present in both vinegar and calamansi, which are 

known to act as preservatives that improve sensory 

characteristics and possess technological functions such 

as the stabilization of color (Braïek and Smaoui, 2021; 

Lin et al., 2022). A study by Lin et al. (2022) has 

demonstrated the benefits of citric and acetic acid in 

inhibiting lipid oxidation and/or the initial state of the 

Maillard reaction. The use of a pressure cooker, on the 

other hand, is more advantageous for the color 

acceptability of the product than the normal boiling at 

atmospheric pressure. This can be attributed to the 

combination of high temperature (121℃) and pressure 

Independent variables 

Range of values Effect estimates 

 (-)  (+) Color Odor Crunchiness Taste 
General 

acceptability 

Scrubbing time  30 min Overnight -0.200 ns -0.100 ns -0.470* -0.357 ns -0.263 ns 

Soaking solution none 
Washed w/ vinegar and 
marinated w/ calamansi 

+0.820* +0.367 ns +0.883* +0.417* +0.690* 

Brine (%w/v) 5 10 +0.153ns +0.280 ns -0.063 ns +0.030 ns +0.103 ns 

Precooking type Normal pot Pressure cooker +1.527* +0.500* +1.537* +0.877* +1.183* 

Overnight storage Chilled Frozen +0.026 ns +0.280 ns +0.063 ns +0.457* +0.270 ns 

Frying time (min) 10 20 +0.553* -0.240 ns -0.583* -0.723* -0.510* 

Frying temperature (°C) 100 130 +1.147* +0.900* +2.557* +1.557* +1.683* 

Table 3. Summary of the effects of variables on the sensory acceptability of vacuum-fried tuna skin. 

ns no significant difference at p>0.05, * significant at p≤0.05 

https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2011.02842.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2011.02842.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2011.02842.x
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2011.02842.x
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(15 psi), allowing better cooking of the TS compared to 

the conventional boiling, which operates at low 

temperatures and normal atmospheric conditions. With 

pressure cooking, TS is made more tender, which 

facilitates better color development during vacuum 

frying. This is contrary to the result of Narayan et al. 

(2013), wherein pressure cooking at 15 psi did not result 

in a significant improvement in the appearance 

acceptability of goat meat curry. Moreover, the use of 

high temperature (130℃) and longer frying time (20 

min) generated better color acceptability compared to the 

lower levels (100℃ and 10 min). This is due to the 

significant increase in the browning index reported at 

high temperatures (Devseren et al., 2021). The 

development of a brown color is an indication that the 

product is properly cooked, leading to greater preference 

among the panelists. During cooking, heat and mass 

transfer by both convection and conduction are 

responsible for the development of brown color (Zhang 

et al., 2020). Findings of previous research on VF 

shrimps, carrots, and apple slices also revealed the effect 

of high temperature on the color of the product (Shyu 

and Hwang, 2001; Shyu et al., 2005; Pan et al., 2015). 

Specifically, lower L* values were observed, indicating a 

darker color. The higher acceptability for the maximum 

level of frying temperature (130℃) and time (20 min) 

obtained in this study is close to the processing 

conditions used in other fish products such as in VF 

surimi cubes processed at 130℃ for 15 min (Chen et al., 

2021), tilapia fish skin at 120°C for 24 min which also 

produced a better appearance (Fang et al., 2021) and 

105℃ for 25 min for silver herring (Chien et al., 2023). 

In contrast, chub mackerel requires lower conditions at 

95℃ for 7 min (Negara et al., 2021; Tirtawijaya et al., 

2021). The low acceptability associated with low frying 

temperature (100°C) and shorter frying time is due to 

some parts of the tuna skin that were not cooked 

thoroughly. A similar case was observed by Tirtawijaya 

et al. (2021), wherein a low acceptability score was 

obtained using low frying temperature (88-90℃) due to 

flesh that remained uncooked. As can be seen in Figure 

3, one side of the VFTS appears silvery-white due to the 

scales, and the other side is brown from the attached 

meat. Some appear flesh-colored due to insufficient heat 

and improper cooking because of low processing 

conditions, resulting in lower acceptability. 

3.2.2 Odor acceptability  

The odor of the VF tuna skin is one of the limiting 

factors for its acceptance, since fishy odor can reduce 

consumer acceptance. Murray et al. (1980) reported that 

odor can influence the judgment of other sensory 

attributes, such that the detection of a fishy odor tends to 

result in lower acceptability scores being assigned to the 

product across various characteristics. The odor of 

aquatic foods is contributed to by the presence of 

aldehydes, alcohols, and ketones (Liu et al., 2021). 

Shown in Figure 4, frying temperature has the most 

pronounced positive influence on the odor acceptability 

of the VFTS. Specifically, a frying temperature of 130℃ 

was found to provide significantly better odor 

acceptability than 100°C. This is likely due to the 

increase in desirable volatile compounds and the 

generation of new compounds, including furan, which is 

linked to providing pleasant characteristics to food, 

including flavor, that occurs during frying (Li et al., 

Figure 2. Pareto chart of effects for the color acceptability of 

vacuum-fried tuna skin. 

Figure 3. Tuna skin before (left) and after vacuum frying 

(right). 

Figure 4. Pareto chart of effects for the odor acceptability of 

vacuum-fried tuna skin 
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2016). Following the frying temperature is the 

precooking type, wherein the subjecting the skin to 

pressure cooking prior to vacuum frying, led to higher 

odor acceptability. This effect can be due to the release 

of volatile compounds during exhaustion. A study of Yu 

et al. (2021) revealed that the use of a high-pressure 

cooker decreases volatile off-flavor compounds in brown 

rice.  

On the contrary, the other pretreatments evaluated in 

this study, due to reports on their ability to eliminate the 

fishy odor of the VFTS, such as salting, storage 

temperature, and soaking solution, were not shown to 

provide a significant influence on the product odor 

acceptability. This indicates that either low or high levels 

may be used without substantially impacting the final 

odor acceptance of the product.  

3.2.3 Crunchiness acceptability 

Vacuum-fried products are expected to exhibit a 

crunchy texture, which is considered a critical quality 

indicator influencing consumer acceptance 

(Asokapandian et al., 2019). Among the seven variables 

screened in this study, five were found to significantly 

affect the crunchiness acceptability of VFTS, with frying 

temperature having the most substantial positive impact 

(Figure 5). Specifically, employing a high temperature 

(130°C) resulted in a higher acceptability compared to 

100°C based on the parameter estimates shown in Table 

3. A similar result was reported by Chen et al. (2021) in 

vacuum frying surimi cubes wherein 130°C was found to 

be the optimal temperature that obtained greater 

acceptability due to its superior crispness. The better 

acceptability at high temperature can be due to the 

reported significant reduction in moisture content in the 

vacuum frying studies of desalted grass carp, silver 

herring, french fries, and apple slices, respectively (Shyu 

and Hwang, 2001; Shyu and Hwang, 2001; Chen et al., 

2014; Devseren et al., 2021; Chien et al., 2023). Under 

vacuum frying conditions, the oil and water have a low 

boiling point (Song et al., 2007). In the case of this 

study, which utilizes 6 kPa pressure, the boiling point of 

water is at 20°C. At this point, the unbound water that is 

present in the frozen TS can rapidly be removed when 

the oil temperature reaches the boiling point of water 

(Shyu and Hwang, 2001). Excessively high 

temperatures, however, can lead to a denser product, 

resulting in increased shear force, as indicated by 

Murphy and Marks (2000). Hence, there is a need to 

further optimize the frying conditions.  

Following the frying temperature, the precooking 

type significantly influences the texture of VFTS. 

Subjecting the tuna skin to pressure cooking is a more 

effective method for achieving higher acceptability 

compared to conventional atmospheric precooking. This 

improvement can be due to the heat and steam generated 

during pressure cooking, which facilitates better 

tenderization and softness of the skin. Consequently, this 

results in an evenly cooked product with a consistent 

texture, enhancing overall acceptability. Additionally, 

research by Vasanthi et al. (2007) showed high cooking 

loss for pressure-cooked meat samples. Such an 

occurrence could be attributed to the muscle fiber 

shrinkage and protein coagulation (Asghar and Pearson, 

1980). This suggests that more moisture is already 

removed during the precooking process, thereby 

positively affecting the texture quality of the product 

after frying, which was found to be desirable by the 

panelists in this study. 

In addition, the use of vinegar and soaking in 

calamansi resulted in higher acceptability compared to 

no treatment. This finding is consistent with the results 

of Shimomura and Matsumoto (1985), who reported that 

acid-salt-cured fish exhibited a more palatable texture 

than untreated fish. Soaking in vinegar increases the 

firmness of the fish due to the acidic pH it creates, which 

activates proteases that promote protein decomposition, 

leading to changes in texture (Shimomura and 

Matsumoto, 1985; Toyohara et al., 1999). In contrast, 

Suryaningrum et al. (2022) reported that catfish skin 

soaked in acetic acid exhibited similar quality to 

untreated skin, suggesting variability in the effects of 

acid treatments across different types of fish. 

Moreover, a negative effect was observed with 

longer frying times (20 min) and extended scrubbing 

times (overnight). At longer frying time, a case of 

hardening of the surface of the fish skin was reported in 

the study of Fang et al. (2021) on vacuum frying tilapia 

fish skin. This occurred at 12 min frying time in 

combination with a low frying temperature, resulting in a 

break force that was too hard for a snack food. Similar 

Pareto Chart of Standardized Effects; Variable: CRUNCHINESS
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Figure 5. Pareto chart of effects for the crunchiness 

acceptability of vacuum-fried tuna skin. 
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occurrences may be experienced by the panelist in this 

study, as reflected in the negative effect of using the 

maximum value of 20 min (Table 3). In contrast, Chen et 

al. (2014) found that longer frying times improved the 

texture quality of vacuum-fried desalted grass carp, 

enhancing hardness and crispiness. This is attributed to a 

great reduction in the moisture content, which is 

correlated to a crispy surface (Fang et al., 2023). The 

observed variability may be in the nature of the product 

and other VF conditions. In terms of salting, the negative 

impact of overnight salting on the acceptability of 

crunchiness may be due to increased firmness and 

cohesiveness of the product, which was observed in the 

study of Toyohara et al. (1999) on curing meat with salt 

for 8 to 24 hours and Marchetti et al. (2021) on dry 

salted hake filets for 8 hours. During the salting process, 

salt is rapidly absorbed while water is removed from the 

product. This can lead to protein denaturation and 

aggregation, ultimately resulting in a loss of water-

holding capacity. Consequently, this may have an impact 

on the texture when the product is vacuum-fried. This 

explains why panelists found overnight dry salting to be 

less acceptable in terms of crunchiness compared to 

shorter salting durations, such as 30 min. 

3.2.4 Taste acceptability  

Taste is a crucial sensory attribute that dictates 

whether a food sample is accepted or rejected by 

consumers. Although no formal sensory descriptions 

were evaluated for the VFTS samples, it is reasonable to 

expect a hint of saltiness given that the tuna skin 

underwent both dry and wet salting processes, as well as 

cooking with various spices. Additionally, the taste of 

the oil used in frying likely contributed to the overall 

flavor profile of the VFTS. Based on the results 

presented in Figure 6, frying temperature has the greatest 

influence on taste acceptability. A higher frying 

temperature of 130°C resulted in greater taste 

acceptability compared to a lower temperature (100°C). 

This improvement can be due to the increased likelihood 

of thorough cooking and flavor development at elevated 

temperatures, primarily due to the Maillard reaction. 

This reaction produces a distinctive taste that is often 

associated with high-quality frying, leading to higher 

overall acceptability (Chang et al., 2019). The use of 

pressure cookers also contributed to a greater 

acceptability as it allowed the aromatics and flavors of 

spices incorporated during cooking to be absorbed by the 

tuna skin, rather than using the normal cooking pot at 

atmospheric pressure. In terms of frying time, 10 min 

provided high acceptability compared to a longer 

cooking time of 20 min. This finding is consistent with 

the report of Devseren et al. (2021) on vacuum frying 

French fries beyond 10 min, which resulted in a decrease 

in acceptability due to the burnt taste. In terms of 

overnight storage, freezing was found to be beneficial to 

the taste acceptability of the product rather than the use 

of chilling. During freezing, structural changes in the 

cells and cellular components occur, causing damage. 

This can result in fat being absorbed easily and retained 

during the vacuum frying process, as observed in the 

vacuum-fried shiitake mushroom (Ren et al., 2018). Fats 

play a significant role in flavor perception, often referred 

to as the "sixth taste," which contributes to a unique 

sensory experience (Keast and Costanzo, 2015). The 

effectiveness of freezing as a pretreatment type has also 

been documented in various studies, demonstrating 

improved quality in products such as papaya slices and 

strawberry chips (Chauhan et al., 2019; Pandey et al., 

2020).  

Lastly, treating tuna skin with vinegar and calamansi 

is significantly beneficial for the taste acceptability of the 

product, as shown from the positive effect in Table 3. A 

similar benefit was reported by Šimat et al. (2019), who 

found that the addition of lemon juice and acetic acid 

positively influenced the taste of anchovies. 

3.2.5 General acceptability  

Figure 7 shows that frying temperature, precooking 

type, soaking solution, and frying time were the variables 

that significantly influenced the general acceptability of 

the VFTS product. Parameter estimates in Table 3 

revealed a consistent trend wherein higher frying 

temperature (130°C), use of a pressure cooker for pre-

cooking, pretreating in vinegar and calamansi solution, 

and shorter cooking time (10 min) provided significantly 

higher acceptability compared to their respective 

counterparts. This suggests that these specific levels for 

each processing variable are close to the optimum values 

required to maximize consumer acceptability of the 

VFTS product.  

Figure 6. Pareto chart of effects for the taste acceptability of 

vacuum-fried tuna skin. 
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3.3 Variables with the most significant effect 

As illustrated in Table 4, the seven variables 

evaluated in this study were ranked according to their 

overall impact on the product attributes. Frying 

temperature is the most significant factor, ranking first 

for four out of the five attributes evaluated. Next was pre

-cooking time, which also affected all attributes of the 

VFTS product. The soaking solution, which involved 

pretreating the tuna skin with vinegar and calamansi, 

ranked next, followed by frying time, storage type, and 

scrubbing time. Notably, the brining solution did not 

significantly influence any of the product attributes, 

indicating that either a 5% or 10% concentration could 

be used without compromising the sensory acceptability. 

To optimize the pretreatment methods and vacuum 

frying process for tuna skin, it is recommended to focus 

on determining the optimal frying temperature (ranked 

1st) and soaking solution (ranked 3rd). These two 

variables had the most significant effects on the product's 

sensory acceptability. Although the pre-cooking type 

ranked 2nd in terms of significance, parameter estimates 

indicate that pressure cooking yields significantly better 

product attributes. Hence, it is recommended as the 

preferred precooking type for VFTS. For the remaining 

variables, Table 5 provides suggested levels based on the 

consolidated effects observed in the parameter estimates 

(Table 3). These levels can serve as baseline information 

to further enhance and optimize the vacuum frying 

process, ultimately achieving the desired quality 

characteristics in the final vacuum-fried tuna skin 

product. 
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Table 4. Ranking of the effect of the different variables subjected to Plackett-Burman screening. 

ns no significant effect 

Variables Levels 

Scrubbing time 30 min – overnight 

Soaking solution for optimization 

Brine % (w/v) 5-10% 

Precooking type pressure cooking 

Overnight storage freezing 

Frying time (min) less than 20 min 

Frying temperature (°C) for optimization 

Table 5. Suggested variable levels to be used based on the 

parameter estimates result. 
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