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Abstract

Critically ill patients are susceptible to hyperglycemia during the treatment in the hospital.
This condition could reduce immunity and increase the risk of mortality. The use of
commercial diabetes-specific enteral reduces blood glucose level but increase the

2020 hospitalization cost due to the long-term period. Therefore, the homemade enteral formula
Keywords: developed using tempeh flour and jicama flour. GLITEROS comes from glycemia,
Hyperglycemia, tempeh and Pachyrhizus erosus. Arginine, glycine, and isoflavone contained in tempeh
Enteral formula, flour could improve insulin secretion. Moreover, inulin in jicama flour could control the
:Il;z;'g:hﬂfolirr' increasing of blood glucose levels. The purpose of this study was to analyze the viscosity,

macro-nutrient content, food fiber and protein digestibility of GLITEROS enteral formula.
Dor: GLITEROS made from tempeh flour, jicama flour, soybean oil, skim milk, maltodextrin,

hittps:/idol.org/ 10. 26656/ 2017 4(53).517

and sugar. This study was an experimental design with three groups formula, Al (1:1), A2
(5:3), A3 (2:3). Variables include viscosity, energy density, energy content, carbohydrates,
protein, fat, dietary fiber and protein digestibility each with 3x repetitions in duplicate.
The data were analyzed using Kruskal Wallis and One-way ANOVA. Al formula had the
highest carbohydrate (62%), dietary fiber (25.59%), and fat (10.49%) lower than A2 and
A3 formula. A2 formula had 0.98 kcal/mL density energy and 984 kcal energy, 11,73 cP
lower than A3 and Al formula. A3 formula had the highest density energy (1.13 kcal/
mL), energy (1132.45 kcal), 36.10 cP viscosity, and protein (14.89%) lower than Al and
A2 formula. Al formula is the most eligible in viscosity, energy density, energy content
and protein of enteral formula for hyperglycemia patient according to American Diabetes
Association (ADA), Canadian Diabetes Association (CDA), American Society of
Parenteral and Enteral Nutrition (ASPEN) requirements.

done through the enteral route as long as the digestive
system is still functioning (Pandaleke et al., 2014).

1. Introduction

Hyperglycemia is a common complication in
critically ill patients with a mortality rate 31% higher
than patients with diabetes and normoglycaemia

The hyperglycemia enteral formula in Indonesia is
generally available in the form of commercial formulas,

(Godinjak et al., 2015). The increase in blood glucose
levels in critical patients due to the release of counter
regulatory hormones causes a decrease in insulin
production, disrupts the glucose utilization by peripheral
tissues and enhance the process of gluconeogenesis in
the liver (Gosmanov and Umpierrez, 2013; Godinjak et
al., 2015). Glycemic control and good nutritional support
can help medical therapy and prevent patients from
experiencing malnutrition during the treatment period
(Ariana et al., 2011). However, in certain conditions
such as swallowing disorders, unconsciousness, and loss
of appetite, the patient may experience difficulty in
fulfilling their nutritional needs orally so the intake is
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where the price is relatively more expensive resulting in
an increase in hospitalization cost for patients. Over
time, many hospitals developed enteral formulas (FERS)
but have a relatively shorter shelf life because it is in
liquid form. Innovations in the development of hospital
enteral formula (FERS) using affordable local food
ingredients in powder form becomes indispensable.

Enteral formulas requirements for hyperglycemia
patients must have hypoglycemic targets according to
ADA, CDA and ASPEN (National Dysphagia Diet Task
Force % American Dietetic Association, 2002; Cheng
and Lau, 2013; Mc Mahon et al., 2013; Gosmanov and
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Umpierrez, 2013; American Diabetes Association, 2014;
Sanz-Paris et al., 2017). Referring to the requirements,
jicama is chosen as one of the ingredients because of its
affordable price and its benefit in reducing blood glucose
levels in hyperglycemia.

Jicama (Pachyrhizus erosus) contains 14% inulin
which higher than wheat and bananas. Inulin is a soluble
fiber that slows gastric emptying so the absorption of the
nutrients will slow down and prevent an increase in
blood glucose levels. In experimental studies on animals,
the use of jicama at a dose of 4 mL/day can reduce blood
glucose levels by 60 mg/dl. However, jicama has 85 g of
water content, causing a relatively short 6 days shelf life
if not handled properly. Therefore in this study, jicama is
processed into jicama flour to extend shelf life and
maintain its nutritional quality (Pangesti et al., 2014).

High protein requirements in hyperglycemia enteral
formulas used to prevent protein catabolism. Tempeh, a
product derived from soy fermentation (Glycine max)
has high arginine amino acids and glycine that can
increase secretion and glucagon from the
pancreas, as well as isoflavone in the form of the
genistein and daidzein genes that inhibit e-glucosidase
activities which slow the absorption of carbohydrates
into glucose (Suarsana, 2010).

insulin

For hyperglycemia patients, the type of fat becomes
important compared to the amount. Soybean oil contains
50-60% polyunsaturated fatty acid (PUFA) in the form
of linoleic acid which can increase insulin sensitivity and
24% monounsaturated fatty acid (MUFA) that plays a
role in reducing oxidative stress that increases in
hyperglycemia patients (Departemen Kesehatan RI,
1995). In addition, soybean oil contains 1328 mg/kg
tocopherol (vitamin E), moreover has the highest vy-
tocopherol (599.5 mg/kg) among sunflower oil, corn oil,
and rapeseed oil (Ergonul and Koseoglu, 2014). -
tocopherol has the highest ability in removing free
radical NO(X) among the isomers of vitamin E (Grilo et
al., 2014).

Other ingredients such as skim milk, maltodextrin
and sugar are used to complete the formula requirements.
Skim milk play roles in making the formula more
homogeneous and increase its viscosity (Bienvenue et
al., 2004). The use of maltodextrin serves as a source of
complex carbohydrates, source of energy, easy to digest,
and has a slow absorption so it does not increase blood
glucose levels significantly. Granulated sugar used to
increase energy, carbohydrates, taste, and improves the
flavor of the formulas.

Based on the benefits of tempeh and jicama flour in
reducing blood glucose levels and the limited research on
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enteral formulas with local and affordable food
ingredients, researchers are interested in analyzing
physical characteristic and nutrition content of
homemade powder enteral formula from tempeh and
jicama flour with the name of "GLITEROS". This study
aimed to measure viscosity, macro-nutrient content, food
fiber, and protein digestibility of GLITEROS.
GLITEROS enteral formula will be divided into 3
variations that have been adjusted according to the
requirements of the enteral diet for hyperglycemia
patients according to the American Diabetes Association
(ADA), Canadian Diabetes Association (CDA), and the
American Society of Parenteral and Enteral Nutrition

(ASPEN).

2. Materials and methods
2.1 Study design

This study included in the field of nutrition and food
and was an experimental study using 3 levels of
treatments namely variations in the ratio of tempeh flour
and jicama flour (Al, A2 and A3) which obtained based
on the preliminary studies had been
previously done. The study was conducted in March -
May 2019 at CV Chem-Mix Pratama Laboratory
Analysis Yogyakarta to test the content of macro-
nutrients, food fiber, protein digestibility, and viscosity.

results that

2.2 Ingredients of the formula

The ingredients used in this research were tempeh
flour and jicama flour which dried by the oven,
"Indoprima" skim milk, "Happy" soybean oil,
maltodextrin, and "Gulaku" refined sugar. This research
was divided into preliminary research and primary
research. Preliminary
determine the nutrient contents in tempeh flour and
jicama after being dried using the oven.

rescarch was conducted to

2.3 Determination of the formula

Determining the level of treatment was done by
using an estimated calculation of the material used based
on its requirement. The requirements for enteral formulas
for hyperglycemia patients must have hypoglycemic
targets, osmolarity ranging from 300-450 mOsm/kg, and
viscosity of 1-50 cP with energy densities of 1-1.2 kcal/
mL, energy content ranging from 15-25 keal/kg/day,
carbohydrates for 45-60% of total energy, 20-35% fat
with 7-10% source of monounsaturated fatty acids
(MUFA), 15-20% protein, 14 g/L soluble fiber and
maximum use of 5% sugar (National Dysphagia Diet
Task Force % American Dietetic Association, 2002;
Cheng and Lau, 2013; Mc Mahon et al., 2013;
Gosmanov and Umpierrez, 2013; American Diabetes
Association, 2014; Sanz-Paris et al., 2017).
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This study also conducts flow testing with the
Viswaldeter Ostwald to determine the variation of the
ratio used. Material formulations can be seen in Table 1.
The three GLITEROS enteral formulas had the same 1
keal/mL energy density. The differences in formulas Al,
A2 and A3 lied in the comparison of the composition of
tempeh flour and jicama flour; the formula Al (1:1), A2
(5:3) and A3 (2:3).

Table 1. Composition of enteral formula based on tempeh
flour and bengkuang flour

Composition Formula A1 Formula A2 Formula A3
Tempeh flour (g) 60 70 60
Jicama flour (g) 60 42 90
Skim Milk (g) 50 50 50
Soybean Oil (g) 15 15 15
Maltodextrin (g) 50 50 50
Granulated sugar (g) 13 13 13
Total (g) 248 240 278

2.4 Formula preparation

Before making enteral formula, the tempeh flour and
jicama flour were made using the oven drying method.
Thinly sliced tempeh was blanched for 10 mins using hot
water to reduce the unpleasant taste and baked at 60°C
temperature for 6 hours (Mursyid et al., 2014). Dried
tempeh then blended and sieved using an 80-mesh sieve.
For the jicama flour, it was done by thinly slicing the
jicama and blanching it for 1 min using hot water to
inhibit the browning reaction. Then, the jicama that has
been blanched was roasted with 65°C temperature for 7
hours. The dried jicama was then blended and sieved
using an 80-mesh sieve to obtain smaller jicama flour
particles.

The process of making enteral formulas started by
weighing the ingredients according to each comparison.
Dry ingredients such as tempeh flour, jicama flour, skim
milk, maltodextrin, and refined sugar were mixed
manually for 3 mins. Then soybean oil was added to the
dry ingredients mixture and stirred for two minutes. All
materials that had been stirred manually were stirred
again using a mixer for eight minutes so that it became
homogeneous.

2.5 Viscosity test, macro-nutrient content, food fiber, and
protein digestibility

Each comparison of enteral formulas was analyzed
by viscosity test, macro-nutrient content, food fiber, and
protein digestibility with 3x repetitions. Viscosity test
was done using Brookfield Viscometer. Nutrient content
includes protein tested by using the Kjeldahl method, fat
content by the Soxhlet method, and carbohydrate content
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by difference method (Cunniff, 1995). The energy
content was obtained by calculating 4 kcal/g protein + 9
keal/g fat + 4 kecal/g carbohydrate. After the energy
content discovered, the energy density obtained by
dividing energy content by the volume. Dietary fiber
used the multienzyme method (Cunnift, 1995). Protein
digestibility used the enzymatic in vitro method with the
pepsin enzyme.

2.6 Statistical analysis

Carbohydrate content and protein digestibility data
were normally distributed analyzed by One-way
ANOVA ftest and followed by Tukey post hoc test.
Viscosity data were analyzed by One-way ANOVA test
and followed by the Duncan test. The data of energy
density, energy and protein content, fat, and food fiber
that were not normally distributed were further analyzed
by the Kruskal-Wallis test and Mann-Whitney test to find
out the real differences between treatments.

3. Results
3.1 Viscosity

Viscosity is a method used to show the flow of
liquid. The viscosity requirements based on ADA, CDA
and ASPEN are 1-50 ¢P, but if it based on the Thickened
Enteral Formula (TEF), it is 16-20 cP. Viscosity in
enteral formulas must have met the established standards
in order to pass through a catheter or sonde. The results
of the viscosity analysis of "GLITEROS" enteral formula
can be seen in Table 2.

Table 2. Viscosity (cP) of enteral formula "GLITEROS"

Enteral Formula ~ Mean+SD p
Al 1640£2.27°  0.000
A2 11.73£1.02°
A3 36.10+£11.33°

Values with different superscript letters show significant

difference with the Duncan test.
* Testing with One-way ANOVA

The viscosity of “GLITEROS" enteral formula
ranged from 11.73 to 36.10 cp. Increasing the proportion
of jicama flour tends to increase the viscosity of the
enteral formulas. One-way ANOVA statistical analysis
results showed that the proportion of tempeh flour and
jicama flour gave a significant difference (p = 0.000) to
the viscosity value of "GLITEROS" enteral formula.
Further analysis with Duncan showed that there were
significant differences in A3 formula with Al and A2
formulas while Al formula did not differ significantly
from A2 formula.

© 2020 The Authors. Published by Rynnye Lyan Resources
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3.2 Macro-nutrient, dietary fiber and protein digestibility

The results of nutrient content and digestibility
analysis of "GLITEROS" enteral formula can be seen in
Table 3.

The energy density of "GLITEROS" enteral formula
ranges from 0.98-1.13 keal/mL. A2 formula has the
lowest average energy density compared to other
formulas. Statistical analysis showed that the proportion
of tempeh flour and jicama flour gave a significant
difference (p = 0.001) to the "GLITEROS" enteral
formula energy density. A2 formula has the lowest
average energy content compared to Al and A3
formulas. Statistical analysis showed that there were
significant differences (p = 0.001) in the three formula
samples.

Carbohydrate levels of "GLITEROS" enteral
formula ranged from 61.17 to 62.03%. Based on the
results of statistical analysis, there were no significant
differences in the three enteral formulas (p = 0.258). This
means that the enteral formula carbohydrate content at
each treatment level is relatively the same.

The results of statistical analysis of GLITEROS
enteral formula protein levels showed that there were
significant differences in A3 formula with Al and A2
Al had no significant
differences with A2 formula.

formulas while formula

The fat content in "GLITEROS" enteral formula
ranged from 10.46-11.40%. The results of the Kruskal-
Wallis statistical analysis showed that there were no
significant differences in the three formulas. This means
that the fat content in the three formulas is relatively the
same.

Statistical analysis of food fiber content showed that
the proportion of tempeh flour and jicama flour gave a
significant difference (p = 0.009). Further analysis

showed that there were significant differences in Al and
A2 formulas while Al formula did not differ
significantly from A2 and A3 formulas.

The protein digestibility of "GLITEROS" enteral
formula ranges from 52-59%. Statistical analysis showed
that there were significant differences in A3 formula
with Al and A2 formulas, while Al formula did not
differ significantly from A2 formula.

4, Discussion

Viscosity is an important characteristic of enteral
food to pass through a catheter or sonde. Viscosity in
liquid food can experience changes due to temperature,
fat and protein content, solution concentration, and solid-
to-liquid fat ratio (Bienvenue et al., 2004)

The "GLITEROS" enteral formula has a viscosity
value ranging from 11.30-36.10 c¢P. The standard
viscosity of enteral formulas based on the American
Dietetic Association is 1-50 ¢P, where all three enteral
formulas are eligible (National Dysphagia Diet Task
Force and American Dietetic Association, 2002).
However, if compared to the viscosity of the Thickened
Enteral Formula (TEF), thickened enteral formula reduce
complications such as diarrhea and hyperglycemia by 16
-20 cP, A3 formula does not meet the requirements
(Wakita et al., 2015).

Jicama flour proportion addition tends to increase the
viscosity of the GLITEROS enteral formula. A3 formula
has the highest viscosity value compared to Al and A2
formulas with the of 90 g/1000 mL jicama flour
proportion. Jicama flour has a high starch content which
is 73.47%; the higher the starch content, the higher the
ability to absorb water. During the process of brewing
the formula with hot water, starch granules begin to
swell and the process of water absorption occurs. The
absorbed water is locked in starch granules and cannot

Table 3. Macro nutrient, dietary fiber and protein digestibility of enteral formula "GLITEROS"

Enteral Formula

Nutriet content/1000 mL

Al A2 A3 p
Energy Density (kcal/mL) 1.01+0.15 0.98+0.16 1.13+0.01 0.001"
Energy (kcal) 1010.20+£14.57 983.98+15.98 1132.45+8.98 0.001"
Carbohydrate (%) 62.03x1.12 61.20£1.18 61.17+0.44 0.258"
Protein (%) 16.28+0.36 16.35+0.23 14.89+0.31 0.003"
Fat (%) 10.46+1.27 11.08+1.14 11.40+0.60 0.299"
Dietary fiber (%) 25.59:+1.49 18.64+4.26 20.26+3.68 0.009"
Protein digestibility (%) 52.00+2.21° 52.74+2 81" 59.00+4.62° 0.005"
Water (%) 9.00+0.27" 8.99+0,44" 10.18+0.39* 0.000°
Ash (%) 2.23+£0.13 2.3640.30 2.3140.31 0.683"

Values with different superscript letters show significant difference with the Duncan test.
* Testing with One-way ANOVA, ** Testing with Kruskal-Wallis.
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come out bonding to form a gel, thus increasing the
viscosity.

In addition, another factor affects the increase in
viscosity of GLITEROS enteral formula is the solution
concentration. High concentrated solution will also have
a high viscosity. The concentration of the solution stated
the number of particles that dissolved per unit volume.
The more particles dissolved, the higher the friction
between the particles so that the viscosity increases
(Sinila, 2016). A3 Formula has 278 g/1000 mL solids so
it has the highest viscosity while A2 has only 240 g/1000
mL solids, so it has the lowest viscosity compared to
other formulas.

The energy content of the three "GLITEROS"
enteral formulas ranges between 983.98-1132.45 kcal/
mL, so the resulting energy density ranges from 0.98-
1.13 kecal/mL. The energy density of Al and A3
formulas are in accordance with the requirements of the
enteral formula which is 1-1.2 kecal/mL. Meanwhile, A2
formula has not met the requirements. This is due to the
number of solids in the A2 formula being less than the
Al and A3 formulas which were 240 g/1000 mL. The
amount of solid increases the viscosity of the formula,
while the formula viscosity is directly proportional to the
energy content and energy density. The higher the
viscosity of formula, the higher the energy content and
energy density.

Carbohydrates are the main source of energy for
human metabolism. The amount of energy that can be
produced by 1 gram of carbohydrate is 4 kcal (Gropper
et al., 2009). The percentage of carbohydrates of the
three GLITEROS enteral formulas ranges from 61.17 to
62.03%, in which the carbohydrate content of the three
formulas has exceeded the requirements of 45-60%. In
100 g of maltodextrin contains 95.21 g of carbohydrate
(Fatsecret, 2020). Furthermore, based on the nutrition
fact written in the package, sugar contains 94 g of
carbohydrate over 100 g of product. A preliminary study
revealed that in 100 g of raw materials, jicama flour has
59.3 g of carbohydrate while tempeh flour has 23 g.
Among these ingredients, sugar is the one which
contains simple carbohydrate.

Simple carbohydrate intake such as monosaccharides
and disaccharides can increase blood glucose levels and
hyperglycemia experienced by
patients. But, in this study, the high levels carbohydrates
used for the enteral formula are the type of complex
carbohydrates (polysaccharides), so they do not
potentially increase blood glucose levels significantly
(Gropper et al., 2009).

worsen conditions

A3 formula has the lowest carbohydrate content
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compared to Al and A2 formulas. This is due to the
GLITEROS enteral formula carbohydrate content being
calculated using the by difference method where the
results of the calculation are influenced by water, ash,
protein and fat content (Bender, 2020). A3 formula has a
high proportion of jicama flour which is 90 g/1000 mL,
but the water content in A3 formula is also high, 10.18%,
thus reducing the carbohydrate content.

The higher the proportion of tempeh flour, the higher
the protein level contained in GLITEROS enteral
formula. This is because the tempeh flour protein content
is higher compared to jicama flour which is 46%. The
percentage of protein in the formula ranged from 14.89
to 16.35% of'total calories. Al and A2 formulas meet the
requirements of the enteral formula for hyperglycemia
which is 15-20%, while the A3 formula did not meet the
requirements. The high of protein in
hyperglycemic conditions used for the formation of
damaged tissue and help cell growth (Istigomah and
Rustanti, 2015). Tempeh contains a lot of arginine amino
acids and glycine which can increase insulin secretion
and glucagon from pancreas. Tempeh also contains
flavonoids in the form of genistein and daidzein which
inhibit the o-glucosidase activity so it slows the
absorption of carbohydrates into glucose and suppresses
the rise of blood glucose level (Bintari et al., 2015)

levels

The GLITEROS enteral formula fat source comes
from soybean oil and tempeh flour. Soybean oil is a
vegetable oil containing polyunsaturated fatty acids
(PUFA) in the form of linoleic acid as much as 50-60%.
Linoleic acid helps increase insulin sensitivity and
reduces the inflammatory response in hyperglycemic
conditions. In addition to PUFA content, soybean oil also
has 24% monounsaturated fatty acid (MUFA) which is
useful in repairing serum glucose, blood pressure and
reducing oxidative stress (List, 2015). Tempeh flour also
contains 7.23 g of linoleic acid. The percentage of fat in
"GLITEROS" enteral formula ranges between 10.46-
11.40% where the three formulas do not meet the
requirements of the enteral hyperglycemia formula
according to ASPEN which is 20-35% of the total
energy. This is because, during the formulation process
of enteral ingredients, soybean oil is much sticking to the
container used for weighing and mixing the ingredients,
causing the composition of soybean oil to not match the
quantities made. Therefore, it is recommended to
minimize the use of containers by using only one to
reduce the risk of the lack of oil weight.

Food fiber is a part of food that cannot be
hydrolyzed by digestive enzymes. Based on the
solubility, food fiber is divided into two namely soluble
and insoluble. The percentage of dietary fiber content in

© 2020 The Authors. Published by Rynnye Lyan Resources
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GLITEROS enteral formula ranged from 18.64-25.59%
where the three formulas had exceeded the requirements
which was 14 g/L.. The high fiber content of the
GLITEROS enteral formula is due to the high level of
jicama flour which is 17.72% (Paramita and Putri, 2015).
The presence or absence of fiber content in enteral
formulas is still contraindicated. Fiber can help control
blood glucose levels. Fiber is able to absorb water and
bind glucose, thereby reducing glucose availability. In
the small intestines, fiber increases the viscosity of
intestinal contents which results in a decrease of the o-
amylase enzyme and slows glucose absorption, thus
reducing the rise in blood glucose (Wulandari and
Wirawanni, 2014). However, the excess fiber content in
enteral formulas can inhibit the absorption of other
nutrients such as vitamins and minerals. The fiber ability
to absorb water that is high enough caused the other
nutrients to be bound together with it and subsequently
excreted through feces (Reis et al., 2018).

Protein digestibility is the proteins ability to be
hydrolyzed into amino acids by digestive enzymes. The
higher the digestibility of the protein, the higher the
protein can be hydrolyzed into amino acids that are
absorbed and used by the body (Saputra, 2014). Protein
digestibility can be influenced by several factors namely
the presence of anti-nutrient compounds (phytic acid,
protease inhibitors, and hemagglutinin), the processing
(Maillard reaction and denaturation of proteins), and the
reaction of protein with other compounds (polyphenols,
fats, carbohydrates and fiber).

The protein digestibility of GLITEROS enteral
formula ranges from 52-59%. The decreased of protein
digestibility along with carbohydrates increased levels
because carbohydrates bind to protein molecules and
inhibit the process of protein hydrolysis into amino
acids. In addition, decreased protein digestibility is also
caused by the presence of food fiber. When food fibers
bind to proteins, protease enzymes will find it difficult to
penetrate and break their peptide bonds, preventing
proteins from being digested properly and causing the
absorption of amino acids to be inefficient (Kim et al.,
2013).

GLITEROS enteral formula that has approached
according to the
Diabetes Association (ADA),
Association (CDA), and the American Society of
Parenteral and Enteral Nutrition (ASPEN) is Al formula
with a ratio 1:1 of tempeh flour and jicama flour. Al
formula was chosen because it has viscosity, energy
density, energy and protein content that are in
accordance with formula requirements. However, the
levels of carbohydrates, fats, and dietary fiber do not
meet the requirements.

nutrient requirements American

Canadian Diabetes

el SSN: 2550-2166

5. Conclusion

The comparison of tempeh flour and jicama flour
gives significant differences to the value of viscosity,
energy density, energy and protein content, food fiber
and protein digestibility. Al formula is the best
compared to other formulas because of the value of
viscosity, energy density, energy and protein content that
meets the requirements of hyperglycemia enteral formula
according to ADA, CDA and ASPEN.
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