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Abstract 

Provision of nutritional support through enteral nutrition (EN) with good-quality foods is 

important to reduce the risk of hospitalized malnutrition. Hand-made enterals, which are 

often made by blending whole foods until they become liquid so they can be administered 

through a feeding tube, are increasingly popular today due to patients’ greater tolerance 

for real food mixtures. The present study aimed to formulate and examine 

physicochemical characteristics of enteral substitutes with tongkol, a local tuna 

(Euthynnus affinis), to ensure the quality of the formula. A local hand-made enteral 

standard formula called modisco was re-formulated by adding tongkol, hence meeting the 

standard for enteral diet. The formula (ensikol) was analysed for physicochemical 

including viscosity, flow rate, pH, and peroxide number, e.g., protein, fat, carbohydrate, 

ash, and water compounds, by micro Kjeldahl, Mojonnier, by difference, and gravimetric, 

respectively. The addition of steamed tongkol fish, 22% the total weight of modisco 

ingredients, provided adequate psychochemical aspects for enteral nutrition with superior 

protein content (5.12 g%) compared to the modisco (3.98%) (p<0.05). The ensikol could 

be an alternative to a hand-made polymeric enteral formula for individuals who need 

nutrition support. 

1. Introduction 

Hospital malnutrition due to inadequate oral intake is 

a common problem of hospitalized patients (Correia et 

al., 2021). It is reported in more than 40% of 92 studies 

conducted in northeast and southeast Asia (Inciong et al., 

2020), including in Indonesia (Syam et al., 2018; 

Witjaksono et al., 2021). A study at the national referral 

hospital in Indonesia, Cipto Mangunkusumo Hospital 

Jakarta, showed a high prevalence of hospital 

malnutrition upon admission and exit at 65% and 70%, 

respectively, whereas 65% of patients did not show an 

improvement in their nutritional status (Syam et al., 

2018); the ratio was about 45% in ambulatory patients 

(Witjaksono et al., 2021). Hospital malnutrition can lead 

to a longer length of stay (LOS) (Suriadji et al. 2017; 

Ruiz et al., 2019; Kang et al., 2022; Guenter et al., 2022) 

due to a higher risk of suffering from infection or non-

infection complications (David et al., 2021; Kang et al., 

2022). In addition, it increases the risk of hospital 

readmission (Lo et al., 2021; Cruz et al., 2022; Guenter 

et al., 2022), mortality (Correia et al., 2021; Kang et al., 

2022; Guenter et al., 2022), cost (Suriadji et al., 2017; 

Kang et al., 2022; Guenter et al., 2022), and economic 

burden (Inciong et al., 2022). 

Provision of nutritional support, such as enteral 

nutrition (EN), a liquid formula or blended food 

delivered to the gastrointestinal is important for patients 

who are suffering from, or have a risk of malnutrition to 

fulfill their nutritional needs and prevent the worsening 

of clinical outcomes. It is recommended that EN within 

the first 24-48 h after admission should be administered 

for critically ill patients when oral feeding is not possible 

and not contraindicated or is not tolerated by the EN 

(Prieto 2011), such as in the case of gastrointestinal 

problems. In other words, the patients have a functional 

gastrointestinal (GI) tract that is capable of digesting and 

absorbing EN formula administered into the lumen of the 

GI tract. The formula can be served in the form of 
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commercial or handmade EN. Commercial formulas are 

more practical with specific nutrients according to 

individual needs. However, they are economically more 

expensive than hand-made EN. 

Early EN intervention showed a positive impact and 

reduced LOS in malnourished hospital patients 

(Somanchi, 2011). In contrast, patients who did not 

receive preoperative EN experienced postoperative 

complications about 50% higher than those who received 

preoperative EN of 21% (Gregory et al., 2018). Hence, it 

is important to provide an EN formula with good quality 

foods that could support the patients’ recovery needs and 

also prevent complications. Physicochemical quality of 

EN is important to ensure the formula meets the 

established standards. Patients under critical conditions 

require adequate protein intake (Silvah et al., 2021) and 

omega-3 long-chain polyunsaturated fatty acids (n-3 

LCPUFA) intake to modulate the inflammatory response 

(Molfino et al., 2017). These nutrients are mostly found 

in animal protein, e.g., oily fish. Limited data are 

available in Indonesia regarding the handmade EN 

manufacturing process by adding oily fish. Among the 

various types of local oily fish often consumed by 

Indonesians, e.g., kembung, kakap, selar, tembang, 

kakap merah, and bawal, tongkol (local Indonesian tuna-

Euthynnus affinis) has a relatively affordable price with 

the highest content of EPA and DHA of 6.035% and 

23.47%, respectively (Sukarsa, 2004). The present study 

aimed to formulate and analyse physicochemical 

characteristics of tongkol-substituted EN (ensikol) 

compared to the modisco to ensure the quality of the 

ensikol. 

 

2. Materials and methods 

2.1 Raw materials and utensils 

The ingredients used in making the ensikol included 

steamed tongkol fish, skim milk, granulated sugar, 

coconut oil, egg, corn starch, and water. The utensils to 

make the enteral included a 2 L capacity blender, 

steamer, cooking pot, food thermometer, stirrer, and 

stove. 

2.2 Ensikol formula preparation and cooking process 

The first step in preparing the ensikol formula was 

weighing the ingredients, including steamed tongkol fish, 

skim milk, granulated sugar, coconut oil, chicken egg, 

corn starch, and water at 22%, 32%, 27%, 6%, 58%, 5%, 

and 317% of the total ingredient weight, respectively. 

The formula has been registered and obtained with a 

copyright certificate from the Ministry of Law and 

Human Rights, the Republic of Indonesia, with copyright 

number 000278302. Manufacturing the ensikol formula 

was performed by blending the steamed tongkol fish 

with enough water until smoothening, then mixing the 

remaining ingredients (except cornstarch) with it, and, 

lastly, blending all the ingredients until they are mixed 

well. The mixed ingredients were then cooked at a low 

temperature of 80°C for 5 min. The final step was slowly 

adding cornstarch, which had been dissolved in a little 

water, into the ensikol and then stirred and cooked for 15 

min (Figure 1). 

2.2 Physicochemical analysis 

Stability of the ensikol was measured for visual 

inspection of the separation process phase after it was 

homogenized and packed tightly, and then rested for 3 h 

(Machado de Sousa et al., 2014). Viscosity of the ensikol 

was measured using Brookfield Digital Viscometer DV 

II+ Pro. It was considered adequate if the formula did not 

cause obstruction when administered through a 12-

French catheter (1 French = 0.33 mm) by the 

gravitational method. Fluidity/flow rate evaluation was 

carried out using a drip test, gravitational method, using 

200 mL of the diet in a plastic bag connected to the 

equipment to check the number of drops per minute 

(modified from Athar, 1995). The ensikol was analysed 

for peroxide (Shahidi, 2001; AOAC Official Method 

965.33) and acidity (pH) levels (AOAC Official Method 

973.41). Proximate numbers, including protein, fat, 

carbohydrate, water, and ash content, were also analysed 

according to the method of Kjeldahl (AOAC Official 

991.20), Mojonnier ether-extraction (AOAC Official 

Method 989.05), by difference as 100-(% moisture+%

protein+%fat+%ash) (SNI 01-2892-1992) (BSN, 1992), 

oven-drying (AOAC Official Method 925.10), and 

gravimetric incineration (AOAC Official Method 

923.03), respectively. 

The Kjeldahl procedure basically consists of 3 

stages: (1) digestion, (2) distillation, and (3) titration. 

During the digestion process, organic nitrogen was 

transformed into ammonium (NH4
+) at a temperature of 

Figure 1. Manufacturing of ensikol (enteral substituted with 

tongkol). 
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370°C. Using a selenium mixture catalyst, the sample 

was digested in H2SO4, converting N into (NH4)2SO4, 

and then distilled with NaOH and titrated with a standard 

HCl solution. The crude protein content in the sample 

was calculated by multiplying the amount of nitrogen 

titrated by the conversion factor, 6.25. The Mojonnier 

procedure was carried out by placing the sample in a 

Mojonnier tube, dissolving it with ethanol and 

hydrolyzing it with NH4OH to form free fatty acids, 

which were then extracted using diethyl ether and 

petroleum ether. The solvent was evaporated from the 

extraction results and dried in an oven at a temperature 

of 100°C until the weight was constant. The percentage 

of fat content in the sample was determined by dividing 

the weight of the extracted fat by the weight of the 

sample and multiplying by 100%. The carbohydrate 

count by difference was carried out by determining the 

moisture, protein, fat, ash, and alcohol content of the 

sample, and then subtracting from the total weight of the 

sample, and the remainder (or difference) was the total 

carbohydrate. Net carbohydrate was determined by 

subtracting dietary fiber from the total carbohydrate 

value. The gravimetric method for water content 

measurement was carried out by drying the sample in an 

oven at a temperature of 105℃ for 5 h or until a constant 

weight was obtained. The water content was determined 

by calculating the difference between the initial weight 

and the final weight, which indicated the weight of water 

lost during the drying process. The percentage water 

content in the sample was calculated by dividing the 

weight of the water lost by the total weight of the 

sample, then multiplying it by 100%. Determination of 

ash content with the gravimetric method was carried out 

by placing the sample in a crucible and weighing it, and 

then heating the crucible containing the sample for 5 h at 

525°C until white ash was formed; it was then cooled in 

a desiccator for 30 min, and the crucible containing the 

ash was weighed. The ash content 'was calculated as the 

weight of the ash residue divided by the initial sample 

weight and multiplied by 100%. 

2.3 Statistical analysis 

Statistical analysis was carried out using Statistical 

Package for the Social Sciences (SPSS) software 

(version 20.0, USA). The comparisons of 

physicochemical aspects and nutrient contents of the 3 

enteral foods were measured using non-parametric tests 

by the Mann-Whitney test. A probability of p<0.05 was 

taken as statistically significant. 

 

3. Results and discussion 

The ensikol showed acceptable stability without 

phase separation by visual inspection after it was left for 

3 h. Compared with the standard EN modisco, the 

viscosity and flow rate of the ensikol were double, at 

34.31 cP and 0.91 second/mL, respectively, as measured 

by a 12 Fr tube, respectively. In addition, the protein 

content of the ensikol was significantly higher (1.2 g%) 

but lower in the peroxide number as well as the linolenic 

acid than the standard EN modisco (Table 1). 

The ensikol produced in this study was classified as 

a handmade polymeric enteral with a high protein 

content, i.e., 19.27% of total calories which is suitable 

for hospital/home-made enteral feeding, which can be 

processed and served by cooking staff at hospitals or 

individuals at home. The polymeric enteral with high 

protein content is appropriate for individuals with normal 

digestion, with the risk of malnutrition, catabolism, and 

wound healing (Hassan-Ghomi et al., 2017). One of the 

benefits of hand-made enteral is that it is easy to make at 

home/hospital and economical by using materials and 

tools available on a household/hospital scale. The mixing 

time and speed used in making hand-made or 

blenderized enteral-based row food will determine the 

physical quality of the enteral in terms of its softness. 

Apart from that, the addition of thickening agents, in this 

case cornstarch and eggs, also helps to increase the 

homogeneity and softness of the resulting enteral. 

However, the length of time in making homemade 

enteral feeds may decrease nutrients that are easily 

damaged by heat. A previous study showed that the 

Physicochemical Modisco Ensikol 

Viscosity (cP) 16.75 34.31 
Fluidity/flow rate (by 12 Fr tube) 

(second/mL) 
0.44 0.91 

pH 6.93 6.57 

Peroxide number (mL ekv/kg) 0.435 0.225 

Ash (g%) 0.89 0.90 

Protein N total (g%) 3.98 5.12** 

Fat (g%) 1.98 1.96 

Carbohydrate by difference (g%) 12.84 14.13 

Energy (kcal) in 100 mL 101.24 106.29 

Fatty acid compounds*     

Linoleic acid (C18:2n-6c) (mg) 0.6705 0.5155 

Arachidonic acid (C20:4n-6) (mg) 0.0385 0.0875 

Linolenic acid (C18:3n-3) (mg) 0.11 0.005 
Eicosapentaenoic acid (EPA, 

C20:5n-3) (mg) 
0 0.07 

Docosahexaenoic acid (DHA, 

C22:6n-3) (mg) 
0.11 0.113 

Total n-3 LCPUFA (EPA+DHA) 0.11 0.183 

Table 1. Physicochemical analysis estimation of modisco and 

ensikol. 

*Values obtained by calculation based on fatty acid 

compounds of Indonesian foods (Sulaeman et al., 2015) 

**Significant difference 
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 length of blending time decreases beta carotene level on 

ensikol substituted with yellow pumpkin rich in beta 

carotene (Azhari and Rahmawaty, 2023). The ingredients 

of the ensikol are relatively stable to heat except for 

protein; however, the content is higher compared to the 

Modisco standard enteral. 

 

4. Conclusion 

Hand-made ensikol formula contains high protein, 

which could be an alternative to polymeric enteral 

formula. It is relatively safe for the majority of 

consumers, except for those who have an intolerance or 

are allergic to the ingredients used; it is not 

recommended for this category. 
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