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Abstract 

The diabetes-specific enteral formula is necessary to assist glycemic control for critically 

ill diabetic patients. The GLITEROS enteral formula is an innovative diabetes-specific 

hospital enteral formula made from local food, jicama flour and tempeh flour. However, 

the fat content in the GLITEROS enteral formula does not meet the fat requirements for a 

diabetes-specific enteral formula. Sunflower seeds are a good food source of 

monounsaturated fatty acids, specifically oleic acid which has antidiabetic effects. The 

addition of sunflower seeds to the GLITEROS enteral formula as a modification can 

optimize the lack of fat content. This study aimed to analyze the macronutrient content, 

dietary fiber, protein digestibility, and physical properties, including viscosity and 

osmolality of the modified GLITEROS enteral formula. This research was an 

experimental study with four formula groups, Formula A, B, C, and D, with different 

ratios of tempeh flour, jicama flour, and sunflower seed flour; (1:1:1), (1:1:2), (1:2:1), and 

(2:1:1). The variables of this study were energy density, calories, carbohydrates, fat, 

protein, dietary fiber, protein digestibility, viscosity, and osmolality were tested with three 

repetitions in duplicate. Data analysis used One-way ANOVA and the Kruskal-Wallis test. 

Formula B had the highest density of energy, energy, fat, and dietary fiber compared to 

the four formulas. Meanwhile, Formula C had the highest protein content and digestibility 

value compared to other formulas. The highest viscosity and osmolality values were in 

formula A. Formula C was the most qualified formula in terms of macronutrient content, 

dietary fiber, protein digestibility, and physical properties of diabetes-specific enteral 

formulas according to the requirements of the American Diabetes Association (ADA), 

Canadian Diabetes Association (CDA), American Society of Parenteral and Enteral 

Nutrition (ASPEN). 

1. Introduction 

Diabetes Mellitus (DM) is one of the fastest-growing 

chronic diseases with a prevalence increasing in an 

epidemic worldwide (Huhmann et al., 2018; Sørensen, 

2022). Intensive care (ICU) sometimes will be required 

for patients with diabetes mellitus who are in critical 

condition or DM that progresses to severe acute disease 

(Kar, 2015). It is known that diabetic patients admitted to 

the ICU are more susceptible to decreased glycemic 

control and complications due to pathophysiological 

responses to acute disease and impaired immune cell 

function. Appropriate nutritional support is needed to 

keep the patient's blood glucose levels in control, in 

addition to the significant increase in energy and protein 

requirements as well as their state of high inflammation, 

increased stress, and catabolism (Ojo et al., 2019; Ojo et 

al, 2022).  

Especially in diabetic patients with swallowing 

disorders or unconsciousness, both enteral and parenteral 

nutritional support are needed because of the patient's 

inability to receive food orally (Lewis et al., 2016). In 

addition, to meet dietary needs, providing nutritional 

support for diabetic patients must also keep the patient's 

blood glucose levels under control. Enteral nutrition 
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support is recommended for patients with good 

gastrointestinal function than parenteral nutrition 

because it can help maintain intestinal barrier function 

and integrity and reduce infectious morbidity and length 

of hospital stay (Sadique et al., 2015; Lewis et al., 2016; 

Schörghuber and Fruhwald, 2018; Ma et al., 2021). 

However, standard enteral formulas tend to increase 

blood glucose levels due to their low-fat, low-fiber, and 

high-simple carbohydrate composition, which is quickly 

absorbed so it can worsen hyperglycemia in diabetic 

patients. Also, using the same standard enteral formula 

for days will raise the patient's blood glucose because it 

is low in fiber and high in sugar content. Therefore 

diabetes-specific enteral formulas are recommended 

(Elia, 2005; Mabrey et al., 2015; Huhmann et al., 2018; 

Wijayanti et al., 2020). 

Unfortunately, the price of commercial diabetes-

specific tends to be higher. This condition has driven the 

innovation of developing diabetes-specific hospital 

enteral formulas (HEF) in powder form using local food 

ingredients because the prices are more affordable than 

commercial formulas. One of the HEF that has been 

developed is the enteral formula “GLITEROS,” which is 

made with tempeh flour and jicama flour (Sutikno et al., 

2020; Wijayanti et al., 2020). Based on previous 

research, the GLITEROS enteral formula has met the 

requirements for enteral formulas for diabetic patients 

both in terms of physical properties and nutritional 

content and has a low glycemic index, which is 41.06. 

Therefore, it is suitable for glycemic control in critical 

patients with diabetes (Wijayanti et al., 2020). However, 

the GLITEROS enteral formula does not meet the 

requirements for a diabetes-specific enteral formula 

according to ASPEN in terms of fat content, which 

should be 20-35% (Sutikno et al., 2020). 

Sunflower seeds are one of the foodstuffs that have 

an anti-diabetic effect through the mechanism of 

increasing insulin secretion by pancreatic beta cells, 

decreasing hepatic glucose production, and improving 

insulin resistance (Farid et al., 2015; Cheenam and 

Leena, 2016). Sunflower seeds are a food source of fat-

rich monounsaturated fatty acids (MUFA) in the form of 

linoleic acid (61.68%) and oleic acid (27%), which are 

recommended for diabetic patients because they can 

reduce the incidence of increased oxidative stress (Farid 

et al., 2015). Sunflower seeds are also rich in chlorogenic 

acid, which can control blood glucose levels by limiting 

the breakdown of glycogen in the liver (Anjum et al., 

2012). Compared to sunflower seed oil, flour contains 

more fiber, which can also maintain blood glucose levels 

in diabetic patients (Rehman et al., 2021). This study 

aimed to analyze the macronutrient content, dietary fiber, 

protein digestibility, and viscosity of the modified 

GLITEROS enteral formula and determine the best 

formula suited to the enteral formula requirements based 

on ADA, CDA, and ASPEN. 

 

2. Materials and methods 

2.1 Study design 

 This research was an experimental study with four 

formula groups, Formula A, B, C, and D, with different 

ratios of tempeh flour (TF), jicama flour (JF), and 

sunflower seed flour (SSF). Formula A with the ratio of 

flour (1:1:1), formula B with the ratio (1:1:2), formula C 

with the ratio (1:2:1), and formula D with the ratio 

(2:1:1).  

2.2 Composition of modified GLITEROS enteral formula 

The ingredients used in this study were tempeh flour 

and jicama flour from “Hasil Bumiku”, undried peeled 

sunflower seeds from “Granology”, skimmed milk from 

“Indoprima”, maltodextrin, sugar from “Gulaku”, and 

soybean oil from “Happy”. The composition of the 

formula can be seen in Table 1. 

2.3 Enteral formula formulation 

The formulation of the ingredients is carried out to 

compile the composition of each ingredient used to 

comply with the requirements of a diabetes-specific 

enteral formula. The main ingredients, such as sunflower 

seed flour, tempeh flour, and jicama flour, were first 

analyzed to determine the macronutrient content for 

combining ingredients. Meanwhile, the macro nutritional 

value of skim milk, refined sugar, maltodextrin, and 

soybean oil can be seen on the nutritional value label on 

each package. 

The preparation of enteral formula ingredients and 

the calculation of nutritional values are carried out by 

inputting the nutritional value data of each ingredient 

into the Microsoft Office Excel program and then adding 

and subtracting ingredients predictively. The 

Ingredients 
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Tempeh flour (g) 30 23 46 23 

Jicama flour (g) 30 23 23 46 

Sunflower seed flour (g) 30 46 23 23 

Skim milk (g) 60 60 60 60 

Soya oil (g) 7 7 7 7 

Sugar (g) 12 12 12 12 

Maltodextrin (g) 50 50 50 50 

Total (g) 219 221 221 221 

Table 1. Variations in the composition of the modified 

GLITEROS formula 
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combination of formula ingredients (addition and 

subtraction) is carried out until the main ingredient 

combination meets the nutritional value requirements of 

a specific diabetes enteral formula. Energy density is 

obtained by calculating the total energy content divided 

by the volume per serving (Damayanthi et al., 2021). 

Energy and nutrient requirements are calculated based on 

the need for enteral formulas for diabetics, energy 15-25 

kcal/kg body weight, carbohydrates 45%-60% of total 

energy, fat 20-35%, protein 1.3-1.7 g/kg BW, fiber 14 

grams/L and sugar 5% of total energy. One formula 

recipe is required to dissolve up to 1000 ml of solute 

adjusted to the desired energy density of 1-1.2 kcal 

(Sutikno et al., 2020). 

2.4 Preparation of formula 

The oven-drying method changed “Granology” 

undried sunflower seeds to sunflower seed flour. The 

undried peeled sunflower seeds are oven-dried at 100oC 

for 30 mins (Tenyang et al., 2021), then mashed in a 

food processor and sieved using a 100-mesh sieve. 

Tempeh flour and jicama flour from “Hasil Bumiku” 

were also sieved using a 100-mesh sieve. Powdered 

sugar was made by mashing it in a food processor and 

sieved using a 100-mesh sieve. The enteral formula was 

prepared by weighing the ingredients according to each 

ratio (Table 1). Dry ingredients such as tempeh flour, 

jicama flour, sunflower seed flour, skim milk, 

maltodextrin, and powdered sugar, were mixed manually 

for three mins. Next, soybean oil was added to the dry 

ingredients mixture and stirred for 2 mins. All stirred 

ingredients are then remixed using a mixer for 8 mins to 

be homogeneous. After the formula has been 

homogeneous, the powder formula is brewed using water 

with a temperature of 70°C to 200 mL for one formula 

recipe (Sutikno et al., 2020). Also, formula preparation is 

done by paying attention to hygiene and sanitation by 

using gloves and face masks in every preparation stage 

to keep food safe, which includes microbiology quality.  

2.5 Analysis of macronutrient content, dietary fiber, 

protein digestibility, and physical properties 

2.5.1 Macronutrients, dietary fiber, and protein 

digestibility analysis 

Analysis of the nutritional content of the enteral 

formula includes the levels of fat, protein, and 

carbohydrates. Protein content was analyzed by the 

Kjeldahl method, fat content by the Soxhlet method, and 

carbohydrate content by the carbohydrate by a different 

calculation method. Energy content is obtained by 

calculating 4 kcal/g protein + 9 kcal/g fat + 4 kcal/g 

carbohydrates. Energy density was obtained from the 

calculation of the total energy content divided by the 

volume per serving size (Damayanthi et al., 2021). The 

gravimetric method was used to analyze the fiber content 

of enteral formulas, while the digestibility analysis of 

enteral formula protein by everted gut sac method.  

2.5.2 Viscosity and osmolarity analysis 

The viscosity test was carried out using a Viscometer 

and the calculation of the osmolarity was carried out 

using the Commercial Enteral Formula viscosity 

approach. The commercial enteral formula viscosity 

approach was carried out by comparing the osmolality of 

the modified enteral GLITEROS enteral formula with 

the viscosity of the commercial enteral formula and 

multiplying by the osmolarity of the commercial enteral 

formula, as shown in the equation below. In this case, we 

use the “Ensure” commercial formula, which has a 

known osmolality of 375 mOsm/L (Nissa and 

Rahadiyanti, 2020). 

 

3. Results and discussion 

3.1 Macronutrients content 

The results of the analysis of macronutrients and 

dietary fiber content can be seen in Table 2. The 

modified GLITEROS enteral formula has an energy 

density of 1.05 – 1.12 kcal/mL, whereas formulas D and 

B have the lowest and highest density averages 

compared to other formulas. The total energy content in 

1000 mL of modified GLITEROS enteral formula ranges 

from 1056 – 1127 kcal. The average energy density in 

the modified GLITEROS enteral formula has met the 

requirements for the enteral formula, with a density of 1-

1.2 kcal/mL (Sutikno et al., 2020). Excess energy during 

formula administration should be avoided because it can 

increase insulin requirements, leading to poor glycemic 

control in diabetic patients (Coulston, 2000; Sanz-

Paris et al., 2017). The statistical test showed a 

significant difference between the four formula samples 

(p = 0.000), where formulas A and B had significant 

differences with group D (p = 0.000). The main 

components contributing to energy density are fats and 

carbohydrates (Damayanthi et al., 2021). Formula B had 

the highest density, and this is because formula B had the 

highest fat percentage among other formulas. 

The carbohydrate content of the modified 

GLITEROS enteral formula was between 42.43 to 

50.71%. The percentage of carbohydrates in formulas A, 

C, and D has met the recommendations of the Canadian 

Diabetes Association Clinical Practice Guidelines Expert 

Committee, which is in the range of 45-60%. Formula B 

has not met the recommendations because it only 

contains 42.43% carbohydrates (Sanz-Paris et al., 2017). 

Administration of low-carbohydrate enteral formulas still 
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in the standard range has improved glucose control by 

reducing mean glucose and significantly lowering insulin 

requirements compared with standard feeding in patients 

with diabetes (Huhmann et al., 2018). This improvement 

is associated with reduced insulin requirements due to 

the small number of carbohydrates given to the patient 

(Mesejo et al., 2015). The type of carbohydrates given 

should also be considered, where the types of 

carbohydrates recommended for diabetic patients are 

complex carbohydrates such as polysaccharides, 

oligosaccharides, corn syrup, maltodextrin, and starch 

(Coulston, 2000).  

The carbohydrate sources of the modified 

GLITEROS enteral formula are jicama flour, 

maltodextrin, and refined sugar. Jicama is a source of 

carbohydrates with a low glycemic index (GI), whereas 

food ingredients with a low glycemic index can help 

diabetic patients control blood glucose (Wijayanti et al., 

2020). This effect is because foods with a low GI will 

increase blood glucose levels more slowly than foods 

with higher GI (Rimbawan and Siagian, 2004; Lisa, 

2013). Carbohydrates in jicama are inulin (13.4%) which 

is a fructooligosaccharide (soluble fiber) that is often 

also called natural insulin (Park and Han, 2015; 

González‐Vázquez et al., 2022). Inulin can maintain 

blood glucose homeostasis by inhibiting gastric 

emptying, lowering blood glucose levels by stimulating 

glycogen synthesis and inhibiting gluconeogenesis, 

slowing glucose absorption in the blood, and increasing 

plasma insulin levels and insulin sensitivity (Park et al., 

2016). Based on statistical tests showed that there was a 

significant difference between the four sample formulas 

(p = 0.000). Formulas B and D were groups that had a 

significant difference. Formula D has the highest 

carbohydrate content (50.71%), and Formula B has the 

lowest carbohydrate content (42.43%). It is affected by 

the high content of jicama flour which contains 85% of 

carbohydrates in 100 grams in formula D, and the lower 

content of jicama flour in formula B (Buckman et al., 

2018). Maltodextrin and sugar did not affect the 

difference in carbohydrate content of formulas B and D 

because all formulas have equal amounts. 

The protein content in the modified GLITEROS 

enteral formula is between 15.19 to 18.75%. The 

percentage of protein in the modified GLITEROS enteral 

formula has met the protein requirements of the diabetes-

specific enteral formula (15 – 27% of the total calories) 

(Sanz-Paris et al., 2017). As a major source of nitrogen 

and amino acids, proteins act in keeping the body 

functioning properly as building blocks for body tissues 

and are in charge of making physiological enzymes 

important in regulating chemical and biological reactions 

(Qin et al., 2022). High protein enteral formulas are 

recommended for critical patients because they can 

prevent catabolism by providing protein synthetic 

materials (anabolism) and are also used for plasma 

reserves, resulting in better glycemic control and reduced 

insulin requirements compared to standard formulas 

(Patkova et al., 2017; Sanz-Paris et al., 2017). The 

protein sources in the modified GLITEROS enteral 

formula came from tempeh flour, sunflower flour, and 

skim milk. Tempeh is rich in soy protein (36.86%), 

which has a beneficial effect on diabetic patients. For 

instance, amino acids arginine and glycine have a 

beneficial effect on blood glucose control by increasing 

insulin and glucagon secretion from the pancreas (Haron 

and Raob, 2014; Huang et al., 2018; Sutikno et al., 

2020). The indirect mechanism is that soy protein affects 

insulin receptor gene expression and increases insulin 

receptor mRNA concentrations in liver and adipose 

tissue, which will increase insulin binding to receptors 

and allow insulin-mediated anabolic reactions, including 

glucose uptake into tissues, resulting in a decrease in 

extracellular blood glucose levels (Iritani et al., 1997). In 

addition, tempeh flour also contains the amino acid 

leucine, which plays a role in increasing insulin secretion 

Nutrition content/1000 mL Formula A Formula B Formula C Formula D p value 

Energy density (kcal/mL) 1.08±0.34a 1.12±0.03b 1.09±0.01ab 1.05±0.02a 0.000* 

Energy (kcal) 1088.80±34.1a 1127.30±31.63b 1090±15.82ab 1056.05±26.87a 0.000* 

Carbohydrate (%) 45.97±1.83a 42.43±2.18a 45.97±1.1a 50.71±2.6b 0.000* 

Protein (%) 17.50±018a 17.04±0.13b 18.45±0.33c 15.19±0.85d 0.000** 

Fat (%) 26.64±1.55a 30.23±2.84b 26.20±1.22a 23.80±2.51a 0.000* 

Dietary fiber (%) 29.81(11-8)a 30.20(30-29)a 25.26(26-23)b 24.47(24-23)b 0.003* 

Protein digestibility (%) 42.85(41.75-42.96)a 41.38(41.09-41.79)b 46.92(46.83-48.07)c 42.89(41.87-44.32)a 0.000** 

Water (%) 6.78±0.36 6.98±0.43 6.55±0.44 7.15±0.56 0.164 

Ash (%) 3.09(3.03-3.17)a 3.26(3.13-3.51)b 2.78(2.34-3.41)a 3.17(2.95-3.26)ab 0.046** 

Table 2. Content of macronutrients, dietary fiber and protein digestibility modified GLITEROS enteral formula in 1000 mL. 

Values are presented as mean±SD. Values with different superscripts within the same row are statistically significantly different 

(p<0.05).  

*Test with One Way Anova and significant with Tukey. 

**Test with Kruskal Wallis and significant with Mann Whitney. 
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from pancreatic cells by several mechanisms, such as 

providing metabolic materials, as an activator of the 

glutamate dehydrogenase (GDH) enzyme, inhibiting 

KATP cells, and stimulating gene transcription and 

synthesis protein in pancreatic cells (Yang et al., 2011). 

Sunflower seeds are also a source of protein with a 

protein content of 20-40%, which is healthy for 

consumption by diabetic patients because of the sulfur 

and nitrogen content that helps provide a source of 

muscle cell formation and insulin production (González-

Pérez, 2015; Rehman et al., 2021). Based on statistical 

tests showed that there was a significant difference 

between the four sample formulas (p = 0.000). Formula 

C had the highest protein content (18.45%). This is 

affected by the high content of tempeh flour and 

sunflower seed flour in Formula C as the source of 

protein in the modified GLITEROS enteral formula. 

Meanwhile, formula D is the lowest protein content 

formula (15.19%) due to the low composition of tempeh 

flour and sunflower seed flour in formula D. The higher 

tempeh flour and sunflower seed flour are added, the 

greater the percentage of protein in the modified 

GLITEROS formula. 

Based on the fat analysis, the modified GLITEROS 

enteral formula contain fat between 23.80 to 30.23%, 

whereas formulas D and B have the lowest and highest 

fat percentages compared to other formulas. The 

percentage of fat in the modified GLITEROS enteral 

formula has qualified the fat requirements of diabetes-

specific enteral formulas. The percentage of fat 

requirements is in the range of 20 – 35% of total calories, 

with <10% coming from saturated fatty acid and 

increasing the amount of monounsaturated fatty acid 

(MUFA) (Sanz-Paris et al., 2017). The high percentage 

of fat (especially MUFA) aims to reduce the percentage 

of carbohydrates. Studies have shown that acute 

consumption of a high-fat formula (38-50% of total 

caloric intake) compared to a high-carbohydrate formula 

results in a lower postprandial glycemic response. The 

high MUFA content also reduces blood glucose levels 

and variability and insulin requirements without 

worsening lipid control in the medium term; it even 

tends to improve (Sanz-Paris et al., 2017). Sources of fat 

in the modified GLITEROS enteral formula came from 

tempeh flour, sunflower seed flour, and soybean oil. 

The statistical analysis showed a significant 

difference between the four sample formulas (p = 0.000), 

where formulas B and D were groups that had a 

significant difference (p = 0.000). The highest fat content 

is in Formula B (50.23%), while Formula D is the lowest 

fat content formula. Formula B contains sunflower seed 

flour twice as much as the other formulas, while in 

Formula D, the content of sunflower seed flour and 

tempeh flour is the lowest. This result shows that the fat 

content in the modified GLITEROS enteral formula is 

affected by the content of sunflower seed flour and 

tempeh flour. Soybean oil did not affect differences in fat 

content because the amount in all groups was the same. 

Sunflower seeds contain 41.46 g/mL MUFA, with the 

main components being 59-65% linoleic acid and 30-

70% oleic acid (Imamura et al., 2016; Petraru et al., 

2021). This ingredient is recommended by the American 

Diabetes Association in enteral formulas because it is 

involved in normalizing impaired glucose tolerance in 

humans and is good in increasing insulin sensitivity 

(Finucane et al., 2015; Sanz-Paris et al., 2017; 

Rehman et al., 2021). Meanwhile, tempeh flour contains 

17.12% fat, with MUFA content in oleic acid and 

linoleic acid of 28.1% and 49.4% (Murata et al., 1967; 

Omosebi and Otunola, 2013). 

3.2 Dietary fiber content 

The modified GLITEROS enteral formula contained 

dietary fiber between 24.47 to 30.20%, and statistical 

tests showed a difference between the four formulas (p = 

0.000). The fiber content in the four modified 

GLITEROS enteral formula has exceeded the fiber 

content requirement in the diabetes-specific enteral 

formula, which is 14 g/L. Dietary fiber is defined as 

stored polysaccharides found in plants that are not 

digested by the human gastrointestinal tract (Malone, 

2005). Dietary fiber can weaken the interaction and mix 

of macronutrients with digestive enzymes, reducing 

intestinal permeability and endotoxemia, thereby 

delaying and reducing glucose absorption, making 

postprandial blood sugar levels stable, and reducing 

insulin requirements (Mao et al., 2021). However, the 

fiber content in enteral formulas that are too high can 

inhibit the absorption of other nutrients such as vitamins 

and minerals because fiber can absorb high enough water 

so that vitamins and minerals bind to fiber and are 

excreted through feces (Sutikno et al., 2020). The 

sources of fiber in this formula are yam flour and 

sunflower seed flour. Jicama contains 17.12% fiber. The 

fiber in yam is in inulin, which is higher in content than 

wheat and bananas. At the same time, sunflower seed 

flour contains 8.6 grams of fiber in 100 grams (Anjum et 

al., 2012; Sutikno et al., 2020). 

3.3 Protein digestibility 

Protein digestibility refers to the ability of a protein 

to be digested or hydrolyzed by protease enzymes as 

digestive enzymes into amino acids that are ready to be 

absorbed and used by the body (Sutikno et al., 2020). 

The higher the rate of protein digestibility, the easier it is 

for digestive enzymes to hydrolyze protein to be further 
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absorbed by the body and used, and vice versa. The 

lower the protein digestibility rate, the less amino acids 

are absorbed by the body because it is difficult to 

hydrolyze by digestive enzymes (Manullang et al., 

2020). The protein digestibility of the GLITEROS 

enteral formula is based on the results of the everted gut 

sac test was in the range of 41.38 to 46.92%. Internal 

factors influence the level of protein digestibility, such as 

amino acid profile, the strength of amino acid and 

peptide bonds, the strength of protein folding or protein 

aggregation, and protein solubility. Meanwhile, external 

factors that affect protein digestibility include anti-

nutritional factors such as tannins, phytic acid, and 

protease inhibitors (Joye, 2019). Tannins in soya will 

bind to protein and make protein difficult to digest by 

digestive enzymes (Gilani et al., 2012; Çabuk et al., 

2018). Meanwhile, phytic acid can react with proteins to 

form complex compounds through ionic interactions. 

The speed of protein hydrolysis by proteolytic enzymes 

in the digestive system is hampered due to changes in 

protein configuration and decreases protein solubility 

(Setiawan et al., 2016). 

The statistical analysis showed a significant 

difference between the four modified GLITEROS enteral 

formulas (p = 0.000). Formula C has the highest 

digestibility of 46.92%, while Formula B has the lowest 

protein digestibility of 41.38%. Formula C has a high 

content of tempeh flour as a protein source. The 

fermentation process in tempeh helps increase the 

digestibility of soy protein by converting insoluble 

protein in soybeans into soluble protein, increasing levels 

of lysine, vitamins B and C, and reducing levels of anti-

nutritional substances (Çabuk et al., 2018; Syida et al., 

2018). Although soybeans contain phytic acid, the 

fermentation process in tempeh also reduces phytic acid 

levels in soybeans (Syida et al., 2018). Also, the tannin 

content in soybeans has been reduced through efforts to 

make soybeans into tempeh. According to previous 

research, during the soaking and boiling process, the 

tannin content is reduced by 87-92%. This reduction is 

due to the diffusion process from inside the soybeans to 

the boiling and soaking water (Cabuk et al., 2018). In 

addition to internal and external factors, carbohydrate 

and fiber content also affect protein digestibility. The 

fiber content in formula B is the highest, while formula 

C has the lowest fiber content. Carbohydrates and fibers 

that bind to protein molecules will inhibit the hydrolysis 

of proteins into amino acids and inhibit protease 

enzymes from penetrating and breaking peptide bonds, 

causing inefficient absorption of amino acids (Sutikno et 

al., 2020). According to WHO, the standard protein 

digestibility for powdered milk is about 94%, but the 

protein digestibility standard for hospital enteral 

formulas has yet to find a suitable reference (Boyce et 

al., 2012). 

3.4 Physical properties 

3.4.1 Viscosity 

The results of the analysis of the viscosity of the 

modified GLITEROS enteral formula can be seen in 

Table 3. One of the things that must be considered in the 

manufacture of enteral formulas is viscosity. Viscosity 

shows the amount of flow given by the liquid to measure 

the speed of liquid passing through a glass tube. Based 

on the recommendations of ADA, CDA, and ASPEN, 

the enteral formula should have a viscosity of 1-50 cP, 

which can pass through a food pipe measuring 8-14 

French (Sutikno et al., 2020; Elvizahro et al., 2021). 

Meanwhile, according to research conducted at Cipto 

Mangunkusumo Hospital, the viscosity of commercial 

diabetes-specific liquid foods is 7-13.5 cP (Elvizahro et 

al., 2021). 

The modified GLITEROS enteral formula has a 

viscosity between 13.09 to 13.94 cP, which has qualified 

the enteral formula viscosity requirements according to 

ADA, CDA, and ASPEN. The statistical tests showed no 

difference in viscosity between the four formulas 

(p>0.005). The viscosity of the enteral formula was 

affected by the energy density, the stirring time, and the 

time elapsed since preparation. The viscosity of the 

enteral formula is inversely proportional to the energy 

density. The higher the energy density of the enteral 

formula, the lower the viscosity. This is because 

formulas with lower density usually have a significant 

water content which will affect the viscosity of the 

formula. Furthermore, the duration of stirring the 

formula and the distance from brewing to serving also 

affect the viscosity. The more extended the stirring and 

the time elapsed since preparation, the higher the 

viscosity of the enteral formula. This is because the 

longer the time, the more water is absorbed by the 

enteral formula (Wakita et al., 2012). 

3.4.2 Osmolality 

Table 3 shows the results of the osmolality test on 

the four modified GLITEROS enteral formulas. The 

Physical properties Formula A Formula B Formula C Formula D p value 

Viscosity (Cp) 13.94±0.64 13.70±1.08 13.03±0.46 13.09±0.99 0.173
* 

Osmolality (mOsm/kg water) 430.45±19.89 422.90±33.41 402.43±14.30 402.43±30.80 0.173
* 

Table 3. Physical properties test results of modified GLITEROS enteral formula  

*Test with One Way Anova and significant with Tukey. 
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modified GLITEROS enteral formula has an osmolarity 

of 402 - 430 mOsm/kg, which belongs to the iso-molar 

category. The osmolality value belongs to iso-molar if it 

is 300 – 500 mOsm/kg (Damayanthi et al., 2021). 

Osmolality is essential to assess the diet's physiological 

acceptability and avoid complications (Damayanthi et 

al., 2021). There was no difference between the four 

enteral formulas based on statistical analysis. Osmolality 

is the osmotic power of a solution measured in milli-

osmoles per kilogram of solvent (mOsm/kg) or the 

number of solute particles per kilogram of solvent. 

Osmolality is affected by the amount of hydrolyzed 

nutrients in food, such as mono and disaccharides, 

minerals and electrolytes, hydrolyzed protein, amino 

acids, and medium-chain triglycerides (Elvizahro et al., 

2021). The solids (g) of the four formulas were not much 

different, wherein 1 L of water, formula A contained 221 

g of solids, and formulas B, C, and D contained 219 g of 

solids. The higher the calorie, sodium, and potassium 

content, the higher the osmolality of the enteral formula 

(Damayanthi et al., 2021). 

 

4. Conclusion  

The composition comparison of tempeh flour, jicama 

flour, and sunflower seed flour showed significant 

differences in macronutrient content and protein 

digestibility. Modifying the GLITEROS enteral formula 

with sunflower seeds can increase the fat content to meet 

the fat requirements for diabetes-specific enteral 

formulas. Formula C was the best formula compared to 

other formulas because of its macronutrient content, 

dietary fiber, protein digestibility, and physical 

properties that qualified the requirements for diabetes-

specific enteral formulas according to ADA, CDA, and 

ASPEN. 
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