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Abstract 

This study aimed to develop and assess the acceptability, nutrient content, and microbial load levels of tocinoflavored fish 

enhanced with different fruit extracts. Four experimental tocino-flavored fish were formulated to contain O. niloticus + 

0%fruit extract (C0), M. albus + 2.34% Philippine lime (T1), M. albus + 2.34% Lemon (T2), and M. albus + 2.34% Orange 

(T3). Sensory attributes such as appearance, texture, color, aroma, taste, and acceptability of the formulated product were 

evaluated using the acceptability composite index (ACI) and a 9-point hedonic scale. Proximate composition, nutrient content, 

and microbial load were also analyzed. For sensory attributes, results show that all treatments were perceived as “liked very 

much”. Nutrient analysis revealed that T3 contained the highest amount of protein (30%) and energy (160kcal), followed by T2 

(29% protein, 130kcal), T1 (28% protein, 106kcal), and C0 (26% protein, 152kcal), respectively. All treatment groups showed 

acceptable limits of microbial levels (<106 cfu/g) until 32 days of storage. Generally, this study underscores the potential of 

tocinoflavored M. albus enhanced with different fruit extracts as an adequate and nutritious source of protein-rich food. 
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Introduction 

Rice eel (M. albus), or the rice field eel or swamp eel, are 

small freshwater fish found in ponds, lakes, rice fields, 

ditches, and other shallow bodies of water [42]. M. albus is a 

commercially significant air-breathing fish from the 

Synbranchidae family. Its natural habitat encompasses 

tropical, subtropical, and temperate climates, but it is 

frequently found in East and Southeast Asia, where people 

widely trade it [28, 12]. There is a large market for M. albus in 

some countries, such as China, Hong Kong, Japan, and the 

United States, where it is utilized as food and for medicinal 

purposes [21]. 

M. albus was brought to the Philippines in 1905 for 

aquaculture. However, the negative impact of this invasive 

species on the agriculture and aquaculture sector has not 

been considered [24]. This species destroys fish and rice 

farms by boring holes into the rice paddies and pond dikes, 

causing significant water loss and damage [20]. Some 

interventions have been made to control the proliferation of 

M. albus in ponds and rice paddies. During the peak 

infestation of the M. albus, the fisherfolk caught this species 

and turned them into an export-quality commodity. The 

Department of Agriculture-Bureau of Fisheries and Aquatic 

Resources (DA-BFAR) has aimed at increasing the 

utilization of M. albus as an alternative nutritious food by 

turning the fish flesh into a favorable value-added products 
[26] such as sausages, burger patties, crispy chicharron spring 

rolls, nuggets, and smoked eels [30, 36]. Several post-harvest 

studies are continuously being conducted to develop 

valueadded products from M. albus and therefore increase 

its utilization. 

Fruits and their juices are among the most essential foods 

for humans since they promote excellent health and 

replenish nutrient losses in the body. Several food industries 

use fruits to enhance food products' nutritional quality and 

acceptability [8]. Philippine lime (Citrofortunella 

macrocarpa), orange (Citrus sinensis), and lemon (Citrus 

Limon) are some of the popularly known nutrient-dense 

foods because these are rich in vitamins, minerals, and 

phytochemicals that are helpful to health [39]. Due to their 

scent, sugar, acidity, antioxidant, and antimicrobial 

properties, these fruits are utilized in dishes as natural 

flavoring agents or as a food additive in various food 

formulations and confectionaries [27], as a seasoning in food 
[31], or as a condiment in food to accentuate flavors on fish 

dishes [37]. 

Hence, this study aimed at developing a nutrientdense 

fishery product using M. albus enhanced with different fruit 

extracts. M. albus has long been considered a pest and is 

caught abundantly by the local farmers. Transforming Rice 

eel into a valueadded product is a natural way of controlling 

the fish population. This approach might provide an 

additional and readily available protein source and improve 

the local farmers' productivity. 

 

Materials and methods 

A total of 21 kilograms live M. albus was bought directly 

from the traders of Nueva Vizcaya, Philippines. The 

additives included were 35g whole garlic, 15g powdered 

black pepper, 30 ml Philippine lime juice, 30 ml lemon 

juice, 30 ml orange juice, 115g brown sugar, 120 ml soy 

sauce, and cooking oil for frying. These were all purchased 

from the local market. 

 

Fruit extraction 

The researcher extracted fruit juices following the procedure 

of Zalameda et al., (2013) [43]. Briefly, the fruits were rinsed 

in clean water to remove dirt and prevent the growth of 

harmful microbial organisms. The fruits were then cut into 

halves and extracted using a household juice extractor. A 

strainer was used to remove pulp and impurities. 
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Experimental treatments 
Four groups of Tocino-flavored fish, in triplicates, were 
formulated to contain O. niloticus + 0%fruit extract (C0), M. 
albus + 2.34% Philippine lime (T1), M. albus + 2.34% 
Lemon (T2), and M. albus + 2.34% Orange (T3). 
 

Table 1: Formulation of Tocino-flavored Rice eel with various 
fruit extracts 

 

Ingredients C0 T1 T2 T3 

O. niloticus (g) 1000 0 0 0 

M. albus (g) Marinating Solution 0 1000 1000 1000 

Brown Sugar (g) 115 115 115 115 

Black Pepper Powder (g) 15 15 15 15 

Garlic (g) 35 35 35 35 

Soy Sauce (ml) 120 120 120 120 

Philippine lime Juice (ml) 0 30 0 0 

Lemon Juice (ml) 0 0 30 0 

Orange Juice (ml) 0 0 0 30 

Water (ml) 0 15 15 15 
 

Initially, the head and viscera of the fish were removed. Salt 
was applied to scrub the whole surface of the fish, thereby 
removing the slime. The fish were filleted using a sharp 
knife and cut into small pieces. To thoroughly remove the 
remaining blood, the fillets were washed and drained to 
remove excess water. The tocino-flavored Rice eel was 
formulated following the methods of the Bureau of Fisheries 
and Aquatic Resources 02 with slight modifications. All 
ingredients such as Garlic, brown sugar, soy sauce, and 
black pepper were measured and combined in a bowl. The 
fish fillets were then marinated for six hours. After which, 
the fillets were drained, packed in a polyethylene bag, 
sealed, and kept at a freezing temperature of -18ºC for 24 
hours. After the curing period, the tocino-flavored fish was 
fried in mediumheated cooking oil. 
 

Sensory evaluation 
The sensory evaluation examines a product using the senses 
of sight, touch, smell, and taste to assess quality 
characteristics like appearance, flavor, aroma, and texture 
[38]. Part of food product development is determining 
whether the products are liked by consumers [41]. The 9-
point hedonic scale is the commonly used scale for 
consumers [2], and it is numbered from 1 to 9, with 1 being 
the least liked and 9 being the most liked [22]. This study 
used the hedonic test to assess the quality and acceptability 
of the formulated tocino-flavored fish in terms of its 
appearance, aroma, color, taste, and texture. A total of 50 
respondents, composed of 25 males and 25 females aged 15-
50 years old, were randomly selected to evaluate the 
product. 

Acceptability Composite Index (ACI) 
The Acceptability Composite Index (ACI) was applied to 
assess the overall acceptability of the formulated tocino-
flavored fish. The ACI was used in accordance with Reyes 
(2019) [35], with slight modifications. Briefly, the 
participants' recommended acceptable percentage for each 
sensory criterion per treatment was recorded. The product's 
acceptability was then determined and ranked using the 
hedonic ACI scale values. 
 

Proximate Analysis 
All treatments were analyzed for nutrient content [19, 25]. A 
total of 250g per treatment was sent to the Department of 
Agriculture Region 2- Regional Feed Chemical Analysis 
Laboratory (DA R02- RFCAL) for proximate composition 
(moisture, ash, protein, and fat) and nutrition facts (kcal, 
total fat, total carbohydrates, crude fiber, and total protein) 
analysis of tocino-flavored fish. The analysis was performed 
using the methods of the Association of Official Analytical 
Chemists (AOAC). Gravimetric analysis was employed for 
moisture and ash content analysis. The ANKOM filter bag 
technique was used for crude fiber and fat analysis. While 
Kjeldahl method was used to analyze the crude protein of 
the samples. 
 

Microbial Analysis 
A total of 10 grams per treatment was used for the microbial 
analysis. Samples were packed into a sterile polyethylene 
bag and were stored in a 4ºC refrigerator for 8, 16, 24, and 
32 days, respectively. The samples were then sent to DA-
BFAR R02 for microbial analysis. The laboratory follows 
the guidelines of [4] standards for the Total Plate Count 
(TPC) analysis. The total plate count was used for the 
estimation of the total count of microorganisms, which 
includes mold, yeast, and bacteria [5, 32]. 
 

Statistical Analyses 

Analysis of Variance (ANOVA) using SPSS software. A 
Tukey’s Post Hoc test was used to determine any significant 
differences. Acceptability Composite Index and Hedonic 
scale were also used for the descriptive analysis of 
treatments. 
 

Results 
Acceptability Composite Index (ACI) 
Based on the ACI, T1 ranked as the most preferred 
formulated tocino-flavored rice eel product with a mean 
score of 7.73, followed by C0 (7.66), T2 (7.51), and T3 (7), 
respectively. The ACI reveals the grand mean rating of five 
criteria and determines the most preferred treatment. 

 

Table 2: Acceptability Composite Index (ACI) of Tocino-flav 
 

Treatment 
Appearance Aroma Colour Taste Texture 

Total ACI Rank 
15.1% 17.65% 18.32% 30.54% 18% 

C0 1.06 1.33 1.39 2.54 1.43 7.66 (LVM) 2 

T1 1.13 1.37 1.40 2.43 1.41 7.73 (LVM) 1 

T2 1.09 1.32 1.39 2.32 1.40 7.51 (LVM) 3 

T3 1.04 1.31 1.36 2.31 1.37 7.38 (LVM) 4 

**LVM – Liked It Very Much 
 

Table 3: Sensorial attributes of Tocino-Flavored Rice eel (mean ± SD) enhanced with different fruit extracts 
 

Sensorial attribute C0 T1 T2 T3 

Appearance 7.04 ± 1.13a 7.46 ± 1.09a 7.22 ± 1.23a 6.9 ± 1.14a 

Aroma 7.56 ± .89a 7.76 ± 1.14a 7.46 ± 1.33a 7.40 ± 1.26a 

Color 7.54 ± 1.42a 7.58 ± .99a 7.54 ± 1.17a 7.36 ± 1.30a 

Taste 8.02 ± .89a 7.96 ± 1.14a 7.60 ± 1.33a 7.56 ± 1.26a 

Texture 7.82 ± 1.09a 7.72 ± 1.10a 7.66 ± 1.23a 7.52 ± 1.34a 
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For the hedonic sensory attributes (table 3), no significant 

differences have been observed among treatment groups – 

indicating that M. albus could be a potential substitute for 

O. niloticus and possibly for other meat-based products. 

 

Proximate Analysis 

For proximate protein content, T3 contained the highest 

crude protein (21.37%), followed by T2 (20.48%), T1 

(19.94%), and C0 (18.69%). The crude fiber content was 

higher in the control group (0.22%) followed by T2 

(0.18%), T3 (0.18%), and T1 (0.07%). Crude fat was higher 

in T3 (2.38%) followed by the C0 group (2.17%), T2 

(0.73%), and T1 (0.36%). The moisture content of the 

products ranges from 60.40% to 72.50%. For the ash 

content, T3 has the highest ash content with 2.62%, 

followed by C0 (1.90%), T1 (1, 56%), and T2 (1.40%). 

 
Table 4: Proximate analysis of Flavored-Tocino Rice eel enhanced with fruit extracts 

 

Treatment CP CF Cfat M A 

C0 18.69 0.22 2.17 62.80 1.90 

T1 19.94 0.07 0.36 72.50 1.56 

T2 20.48 0.18 0.73 66.90 1.40 

T3 21.37 0.18 2.38 60.40 2.62 

**CP – Crude protein, CF – Crude fiber, Cfat – Crude fat, M – Moisture content, A – Ash content 

 

Nutrient Analysis 

The nutritional content of Tocino-flavored Rice eel 

enhanced with different fruit extracts includes information 

on energy, energy from fat, total fat, total carbs, and total 

protein per serving. Percent RENI values reflect how much 

each serving contributes to the recommended energy and 

nutrient intake for a reference male adult aged 19 to 29 

years old. Most packaged foods under the regulation of the 

United States Food and Drug Administration (US FDA) 

contain Nutrition Facts labels, which give information on 

serving size and amounts of nutrients such as calcium, 

cholesterol, fiber, and total fat [33]. The nutritional facts of 

the formulated Tocinoflavored rice eel enhanced with fruit 

extracts as shown in table 5. 

 
Table 5: Nutrition facts of formulated tocino-flavored Rice eel with different fruit extracts 

 

  C0  T1  T2  T3 

No of servings per container 2.5  2.5  2.5  2.5  

Serving size (g) 100  100  100  100  

Amount per serving  %RENI  %RENI  %RENI  %RENI 

Energy (kcal) 152 6% 106 4% 130 5% 160 6% 

Energy from fat (kcal) 20  3  7  21  

Total fat (g) 2  0  1  2  

Total carbohydrates (g) 14  6  10  13  

Crude fiber** 0  0  0  0  

Total protein 19 26% 20 28% 20 29% 21 30% 

*Percent RENI values are based on the 2018 RENI PDRI reference male adult requirement of 19-29 years old. 
 

Microbial Analysis 

 
Table 6: Microbial analysis of rice eel tocino flavored with 

different fruit extracts 
 

Treat ment Day 8 Day 16 Day 24 Day 32 

C0 4.2x10⁵ 5.25x10⁵ 5.6x10⁵ 5.15x10⁵ 

T1 6.3x10⁵ 7.8x10⁵ 7.8x10⁵ 8.35x10⁵ 

T2 6.45x10⁵ 7.05x10⁵ 6.8x10⁵ 9.05x10⁵ 

T3 7.75x10⁵ 8.0x10⁵ 8.55x10⁵ 6.2x10⁵ 

 

The Total Plate Count (TPC) was recorded to be <106 cfu/g 

in all treatments, which falls under the acceptable limit of 

the microbial level of processed fish food products based on 

the International Commission on Microbiological 

Specifications for Foods (ICMSF) [9]. The analysis results 

for Tocinoflavored Rice eel enhanced with different fruit 

extracts were recorded on days 8, 16, 24, and 32. 

 

Discussion 

In this study, T1 gained the highest acceptability among all 

treatment groups. According to Muniz (2023) [29], a 

product's color plays an important factor on the impression 

of its taste since people prefer to associate colors with 

certain products and tastes. T1 also has the highest 

preference for aroma. Food additives like garlic, black 

pepper, and soy sauce enhance food's aroma [14]. The C0 

group showed the highest acceptability for texture and taste 

among all treatment groups. Food texture is an essential 

aspect in food products because it increases consumer food 

preferences [3]. The ingredients used in marinade are crucial 

for achieving the intended sensory qualities of the finished 

product [1]. In the Philippines, the as a flavoring likely 

contributed to the product's high rating. Its appealing flavor 

aligns well with the participants’ preferences and may have 

enhanced the overall sensory experience of the dish, leading 

to a favorable response from the participants. 

The proximate analysis revealed that the crude protein of the 

product ranges from 18.69% to 21.37%, which is within the 

range of high-quality protein content of fish (16-22%) [17]. 

Protein is a crucial component of fish that significantly 

influences its nutritional value [6]. T3 has the highest protein 

content among treatments due to its lower moisture content. 

According to Islam (2020) [23], fish is regarded as a high 

protein source when their protein level is more than 15%, 

hence, rice eel is classified as a highprotein fish. 

Furthermore, several studies have shown that the total 

protein content of various fish also correlates with different 

factors such as seasons, processing methods, sex 

differences, size, and age variations [7]. The highest value of 

crude fat was observed in T3 with 2.23%. The increase in fat 

content in fried fillets is primarily attributed to the 

absorption of oil and the leaching out of water during the 
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deep-frying process [16]. When fish fillets are submerged in 

hot oil for frying, they absorb some of the oil, contributing 

to the increase in fat content. The moisture content of the 

formulated fish products ranges from 60.40%-72.50%. The 

moisture content of fish fillets fell steadily as the frying time 

increased, and the higher the frying temperature, the faster 

the moisture content was reduced [10]. The ash content of the 

four treatments ranges from 1.40% to 2.62 %, which falls 

within the range of ash content for fish. The high ash level 

in the fried samples could be due to reduced moisture 

content, which raised all other nutrients and ash content [40]. 

Ash is a constituent in the food product, equating to its 

mineral content [18]. Microorganisms within food can be 

classified into several types, including bacteria, fungi, and 

viruses, each of which affects the quality and safety of the 

foods. Microbial decomposition degrades food and poses a 

health risk [13]. The TPC analysis of C0, T1, T2, and T3 

showed an increasing microbial load from day 8 to day 32. 

This could be due to the high moisture content in the 

formulated product that could support the growth of bacteria 
[18]. However, the formulated product has a microbiological 

level that is acceptable within the limit, <106 cfu/g, outlined 

by the International Commission on Microbiological 

Specifications for Foods (ICMSF) [9] even after storage for 

32 days. Furthermore, marinades improve color, flavor, and 

tenderness while extending shelf life by inhibiting the 

growth of harmful microbes and lipid oxidation [15]. 

Therefore, this marinated tocinoflavored fish could be 

stored in the freezer for prolonged shelf life and usability. 

 

Conclusion 

The sensory attributes of the formulated tocinoflavored fish 

product have been perceived as "liked very much," 

suggesting that the tocino-flavored Rice eel can be an 

alternative to other meat-based tocino products while 

benefitting local farmers, who regard rice eel as a pest. 

The present study provides practical and helpful information 

on the nutritional composition of food processed M. albus. 

In addition, dishes are constantly evolving and often 

experiment with new ingredients and flavors. The tocino-

flavored Rice eel could gain popularity, especially if there is 

interest in incorporating an alternative protein source into 

food. Promoting value addition can enhance the utilization 

and acceptability of rice eel as food, which could benefit the 

farmers and their local economy. 
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