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Abstract !
This study developed an inulin-enriched instant porridge, an innovated
product for complementary foods, prepared from modified cassava flour as

the basic ingredient, and skim milk and tempeh flour as other accompanying Article History

ingredients. This mixture is fortified with micronutrient premix and enriched

with inulin as a prebiotic aimed to increase calcium absorption in infants Received: 29 November
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aged 6-24 months. This study’s research objectives were: (1) to assess the Accepted: 26 March 2020

organoleptic characteristics of inulin-enriched instant porridge in relation

to physical, chemical and micro-biological properties and responses; (2) Key_words _

to analyze the effectiveness of the instant porridge developed and aimed g:r'ﬁ'u“rm Absorption;

at increasing calcium absorption and deposition in the femur of protein- Instant Porridge:

malnourished (PM) and protein-energy malnourished (PEM) infant rats. Inulin;

The research methods included: (1) instant porridge formulation with ratio Modified Cassava Flour.

of cooking water and pregelatinization time treatments; (2) organoleptic
testing, physical, chemical, and microbiological properties; (3) product
effectiveness test on infant rats with the following treatments: normal rats
that were given purified diet (C), PM rats that were given purified diet and
instant porridge fortified with micronutrient premix and enriched with inulin
(PM+l), PM rats that were given purified diet and instant porridge without
micronutrient premix fortification and without inulin enrichment (PM-I),
PEM rats that were given purified diet and instant porridge fortified with
micronutrient premix and enriched with inulin (PEM+l), and PEM rats that
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were given purified diet and instant porridge without micronutrient premix
fortification and without inulin enrichment (PEM-I). The results showed
that the best instant porridge using the index scoring method was the
one with a 1:4 ratio of ingredients and cooking water and 4-minute
pregelatinization time treatments with the following characteristics:
3.94 ml/g rehydration ability, 34.25% solubility, 3.41% moisture content,
1.65% ash content, 76.03% carbohydrates content, 10.59% protein
content, 11.53% fat content, and 450.25 kcal/100 g energy density,
169x10° cfu/g Bifidobacterium longum content, and an organoleptic
response of 4 based on the rating scale with “like slightly” criteria. Based
on the femur matrix conditions and deposition of calcium content in the
femur of C (37.85%), PM+I (28.02%), PM-I (21.60%), PEM+I (23.02%),
and PEM-| (21.29%) rats, there was an increase in the deposition of
calcium content in the femur of PM and PEM rats which consumed
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inulin-enriched instant porridge.

Introduction

Complementary foods are required for infants aged
6-24 months. Complementary feeding will affect
the growth and development of under-five children.
Thus, the products for complementary feeding that
meet the Recommended Dietary Allowances (RDAs)
are needed at that age range. The complementary/
supplementary foods to be given must contain
carbohydrates and protein that meet the RDAs.
The food product developed for complementary/
supplementary feeding was in the form of instant
porridge, with consideration of its relatively long
shelf life, more practical due to reduced volume,
easy to serve, and relatively easy to handle in the
distribution process.

The carbohydrate source for the complementary food
was modified cassava flour (mocaf). The functional
characteristics of cassava flour can be improved
by processing it into mocaf, which can be made
by fermentation using lactic acid bacteria and the
autoclaving-cooling cycles (ACC) method."? Skim
milk and tempeh flour as protein sources were then
fortified with micronutrient premix (Fe, Zn, vitamin
B,, vitamin B,, and folic acid) and also enriched with
inulin. The administration of inulin as a prebiotic
could help increase calcium absorption.® Foods
that have the physiological activity to increase
calcium absorption are needed to improve calcium
absorption.* The previous study has identified the
food components and food composition that can
positively affect calcium absorption.> Based on
the description, inulin-enriched instant porridge

is expected to play a role in increasing calcium
absorption in infants aged 6-24 months.

This study’s research objectives were: (1) to
assess the organoleptic characteristics of inulin-
enriched instant porridge in relation to physical,
chemical and micro-biological properties and
responses; (2) to analyze the effectiveness of the
instant porridge developed and aimed at increasing
calcium absorption and deposition in the femur
of protein-malnourished (PM) and protein-energy
malnourished (PEM) infant rats.

Materials and Methods

The Materials and Tools Used

The raw and supporting ingredients used in the
current study were modified cassava flour, tempeh
flour, skim milk, inulin, icing sugar, palm oil,
micronutrient premix (a mixture of Fe, Zn, vitamin
B,, vitamin B,, and folic acid), vanilla flavor, and
water. The chemicals for analysis, the materials for
microbiological analysis (Plate Count Agar medium,
deMann Rogosa Sharpe Agar medium, and starter
of Bifidobacterium longum atcc.), materials for
effectiveness testing, consisted of Sprague-Dawley
albino rats, ration ingredients (corn starch, casein,
mineral mix, vitamins, and corn oil).

The tools used in the current study were a digital
balance, cabinet dryer, steam jacket kettle, blender,
disc mil, vibrator screen (mesh 40), drum dryer, and
sealer. The tools used for physicochemical analysis,
microbiological analysis, the tools for effectiveness
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testing include: Scanning Electron Microscopy
(SEM) JEOL JSM IT 300 from Japan, and Energy
Dispersive X-ray Analysis (EDXA).
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The formulation of instant porridge for complementary
food can be shown in Table 1.

Table 1: The formulation of instant porridge for complementary food

Materials Formulations

F1 F2 F3
Modified cassava flour (g) 450 450 450
Tempeh flour (9) 143.95 95.975 48
Skim milk (9) 48 95.975 143.95
Inulin (9) 8 8 8
Micronutrient premix (9) 0.15 0.15 0.15
Icing sugar (9) 250 250 250
Palm oil (9) 100 100 100
Vanila flavor (9) 0.05 0.05 0.05
Total (9) 1000 1000 1000

Note : F, = tempeh flour:skim milk (75:25), F, = tempeh flour:skim milk (50:50),
F, = tempeh flour:skim milk (25:75)

Instant Porridge Formulation

The instant porridge was made by mixing all raw
and supporting ingredients. The pregelatinization
was then performed using a steam jacket kettle;
i.e., heating and stirring the mixture and cooking
water with a ratio of (1:2) at 37°C-40°C. The paste of
the baby porridge that had been cooked was dried
using a drum dryer at 120°C-140°C, a pressure of
2.7 kgf/cm?, and a rotational speed of two rpm. The
milling or flour production was then carried out using
a disc mill. The next stage was to homogenize the
size using a 40 mesh screen vibrator. The final stage
was weighing and packaging using modified method
from Tampubolon et al.,6

The treatment given to the selected formula was the
ratio of ingredients to cooking water as follows: A,
(1:2), A, (1:3),and A, (1:4). Besides that, the formula
was also treated with different pregelatinization
time as follows: B, (two minutes), B, (four minutes),
and B, (six minutes). The treatments used a 3x3
factorial design experimental model and completely
randomized design (CRD) with three replications.

Analysis of Physical, Chemical, Microbiological,
and Organoleptic Properties

The development of the product formula was
performed by physical, chemical, and microbiological
analyses and evaluation of organoleptic quality as
a test of the product acceptability. The analysis
of physical properties included rehydration
capability, solubility, and surface morphology form
by Scanning Electron Microscopy.”® The analysis
of chemical properties of the protein content used
the Kjeldahl method (SNI 01-2891-1992),"° and the
microbiological analysis was performed using the
total plate count (cfu/g).

The organoleptic test on color brightness, aroma,
sweetness, viscosity, and smoothness in the mouth
that used a hedonic test based on the method
of Soekarto and Hubeis,!"" was conducted on
30 mothers of infants aged 6-24 months because
the mother was the dominant determinant of the
infant’s diet with hedonic scale 1 to 6." The formulas
selected from the results of the hedonic test that
used the infants’ mothers as the panelists were
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then tested on 30 infants as the next panelists. The
inclusion criteria for the panelists were infants aged
6-24 months, in a healthy condition, had consumed
and accepted the porridge (in terms of preference),
not having gastrointestinal disorders, and their
mothers were willing to have their infants included in
the sensory evaluation. The exclusion criteria were
sick infants, including those with digestive disorders,
mouth sores, and toothaches or those refusing the
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porridge during the test. Before the test, the panelist's
mothers were briefed on how to assess the infant’s
porridge acceptance level. The preference level
was assessed by observing facial expressions
based on Guinard’s method and whether there was
porridge spit out by the infants after eating two or
three mouthfuls of porridge.' The scale of the facial
expression is presented in Figure 1 below.

OOV

Super Real]y Maybe Really Super
Bad Good or Good Good
Maybe
Bad

Fig.1: Hedonic scale based on facial expression'?

The best instant porridge was chosen by the scoring
index method on the results of physical, chemical,
microbiological, and organoleptic analyses. The
results of the analyses were then compared
with the Indonesian National Standards Number
01-7111.1-2005 regarding Complementary Foods
in the Form of Instant Powder.

The data processing and analyses used 2007
Microsoft Excel program and SPSS version 21.
The data were presented as mean. The ANOVA
and post hoc test (Duncan’s multiple range test)
were performed to determine the differences in
treatments, and the p-value less than 0.05 was used
as the cut-off for significance.

Product Effectiveness Test

The product effectiveness test had obtained ethical
approval from the Institutional Animal Care and Use
Committee of IPB University with number 140-2019
IPB. This stage aimed to determine the effect of
the administration of modified cassava flour-based
instant porridge fortified with micronutrient premix
and enriched with inulin on the effectiveness
of calcium absorption. The first stage was the
development of malnourished rat models by giving
low-protein diet and low energy-protein diet for
30 days. The second stage was intervention, namely
feeding the rats with diet made from mocaf-based

instant porridge products fortified with micronutrient
premix and enriched with inulin for 30 days. The
type of albino rats used was from Sprague-Dawley
strain. A total of 15 male rats aged 21-28 days with
a weight of 50-100 g were used in this study. They
were housed individually in stainless steel cages
under 12-h light/dark cycles, at controlled room
temperature (+ 22°C) and humidity (50%-60%).

The treatments in this study used two kinds of daily
diet that were adjusted to the rat groups.The normal
control (C) group used a standard diet in the form
of AOAC (2005) diet."”® The modified AOAC diet
was given to the group receiving a protein-deficient
treatment (PM group) with protein content in the diet
of 5% of the total daily energy." The food restriction
method was used to develop malnourished rats in
the protein-energy malnourished (PEM) rat group.
The diet given to PEM group was limited to the
amount consumed ad libitum by the normal control
group.The malnourished rats were conditioned for
30 days then followed by intervention with mocaf-
based instant porridge for another 30 days. All of
the diet was given in the form of paste.

This study used a CRD with five levels and three
replications. The contrast test was then performed
on the treatments received by the control group. The
treatment groups are presented in Table 2.
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Table 2: The treatment groups for effectiveness test

No Group Treatment Rats

1 C normal rats that were given purified diet 3

2 PM+I PM rats that were given purified diet and instant porridge fortified 3
with micronutrient premix and enriched with inulin

3 PM-I PM rats that were given purified diet and instant porridge without 3
micronutrient premix fortification and without inulin enrichment

4 PEM+I PEM rats that were given purified diet and instant porridge fortified 3
with micronutrient premix and enriched with inulin

5 PEM-I PEM rats that were given purified diet and instant porridge without 3

micronutrient premix fortification and without inulin enrichment

Note: The number of rats already based on Federer’s formulation.

The rats were killed at the end of the study, and
the surgery was performed to remove the femur.
The femur was used as an indicator of bone matrix
and bone composition tests with Scanning Electron
Microscopy (SEM) JEOL JSM IT 300 from Japan,
and Energy Dispersive X-ray Analysis (EDXA).

Results and Discussion

Characteristics of Organoleptic, Physical,
Chemical, and Microbiological Properties
Based on the scores of the organoleptic test for
F, (8.52), F, (3.91), and F, (4.33). The results of
the hedonic test that used the infant’s mothers as

color
brightness

the panelists were F, as formula selected. The F,
instant porridge indicated that the addition of skim
milk and tempeh flour with different concentrations
was proven to change the organoleptic properties
of the F, instant porridge. Figure 2 showed that a
good response from panelists sensory perception
of instant porridge based on F,.

Table 3 presents the analysis results of instant
porridge that has been tested for its organoleptic,
physical, chemical, and microbiological properties.
The scoring index method was used to select the
best product.

\‘ ,l'.

“sweetness

Fig. 2: Panelists sensory perception of instan porridge based on F,
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The results showed that the best instant porridge
using the index scoring method was the one with
a ratio of ingredients to cooking water of 1:4,
4-minutes pregelatinization time, and organoleptic
characteristics on a rating scale of 4 with “like slightly”
criterion.

The ANOVA results of organoleptic test observation
using a preference test (hedonic quality scale) on
color brightness showed that the pregelatinization
time and the interaction between the cooking water
ratio and pregelatinization time had significant
effects on the color of instant porridge, while the
cooking water ratio had no significant effect on
the color of instant porridge. The pregelatinization
time had a significant effect on the aroma of instant
porridge; thereby, the analysis then continued with
Duncan’s test. The cooking water ratio and the
interaction between the cooking water ratio and
pregelatinization time did not show significant effects
on the aroma of instant porridge.

The cooking water ratio, pregelatinization time,
and the interaction between these two factors
had no significant effect on the sweetness of the
instant porridge. The cooking water ratio had no
significant effect on the sweetness because water
had a colorless, tasteless, and odorless nature
under standard conditions.’ The water added
was also in the form of free water (not bound to a
substance or pure water). Free water can be easily
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lost if the evaporation or drying occurs.15 Thus, the
ratio of cooking water -- i.e., A, (1:2), A, (1:3), and
A, (1:4) -- would not have a significant effect on the
sweetness.

The cooking water ratio, pregelatinization time,
and the interaction between these two factors had
significant effects on the viscosity of the instant
porridge. Therefore, Duncan’s test was performed to
determine the effect of the interaction between these
two factors. The cooking water ratio, pregelatinization
time, and the interaction between these two factors
had no significant effect on the smoothness of the
instant porridge in the mouth.

The analysis of the characteristics of physical
properties indicated that the rehydration capability of
the instant porridge was 3.04 ml/g and the solubility
was 34.25%. The high solubility of the instant
porridge was caused by the use of drum dryers in
the drying process. Drying the materials in the form
of porridge using a drum dryer can increase the
product’s solubility and water absorption.'®

The results of the analysis using a scanning electron
microscope (SEM) can be seen on Figure 3 for
surface morphology, capsule size, specimen surface
images, and physical form of the porridge can be
associated with the increased solubility of the instant
porridge prepared by pouring boiling water on it.

Enlargement 2000x

-~ 3

Fig. 3: Analysis results of instant porridge using Scanning Electron Microscopy

The inulin-enriched porridge showed an evenly
distributed, stable, and compact physical form
because inulin had a high melting point; thereby,
the inulin was resistant to the drum-drying process.
The heating temperature in the drying process may
cause the loss of active compounds, which makes
the surface denser.'”

The instant porridge contained 3.41% moisture,
1.65% ash, 76.03% carbohydrates, and 11.53% fat
with an energy density of 450.25 kcal/100 g, a total
plate count of 3.2x10" cfu/g, and Bifidobacterium
longum of 169x10® cfu/g. The instant porridge
met the Indonesian National Standards Number
01-7111.1-2005 for Complementary Foods in the
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Form of Instant Powder.'® The preference level was
assessed by observing facial expression that used
the 30 infants as the next panelists on a rating scale
of 5.33 with “good” criterion.

The high protein content in the instant porridge was
influenced by the addition of skim milk and tempeh
flour as sources of protein. The optimal protein
intake needs to be given to under-five children
because it affects their growth and development.
The Bifidobacterium longum content in the instant
porridge was affected by the addition of inulin. Inulin
and fructooligosaccharides (FOS) can significantly
increase the growth of bifidobacteria, and they
are useful for increasing calcium absorption.® The
addition of eight grams of inulin to the formulation
of instant porridge as the complementary food for
infants aged 6-24 months referred to the Food and
Drug Administration (2003) stating that the use of
inulin at 90% level was 6 g/day for infants under
12 months, 15 g/day for infants aged 13-24 months,
and 20 g/day for infants over the age of 25 months.°
Complementary/supplementary foods that provides
nutrient and prebiotic needs during infant weaning

C PM+H | PMI

28.02% of calcium

37.85% of calcium

21.60% of calcium
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could improved growth outcomes and supported
metabolism by the gut microbiota.?°

The Effectiveness of the Product to Increase
Calcium Absorption and Deposition In Rat’s
Femur

The development of malnourished rat models
referred to the results of a study conducted by
Setyohadi et al., (2016) using Wistar albino rats aged
8-12 weeks with a weight of 100-200 g that received
low-protein diet and normal diet interventions for
21 days.?' Anggraeny et al., (2016) used Wistar
albino rats aged 4-5 weeks with a weight of
100-120 g that received low-protein diet intervention
with various concentrations (0%, 2%, 4%, and 18%
as a sufficient-protein diet) for two and four weeks.??
Lintang et al., (2016) conducted a study on Wistar
rats aged 6-8 weeks with a weight of 150-200 g that
received non-protein diet intervention for 56 days.?
Fifi and Eddy (2011) developed protein-energy
malnourished (PEM) rat models using rats aged
5-6 weeks with a weight of 100-150 g that received
a 56-d low-protein diet intervention for 56 days.?*

23.02% of calcium | 21.29% of calcium

Fig. 4: Condition femur bone matrix using SEM with enlargement 1000x

The results of an analysis using SEM-EDXA showed
an increase in the calcium absorption in the femur
of rats receiving an instant porridge diet fortified
with micronutrient premix and enriched with inulin.
Calcium femur in malnourished rats were low
compared than calcium femur in control group, but
higher in inulin groups than groups without inulin.
Malnutrition condition could cause developmental
delays, stunted bone growth, and decreased bone
mineral density.?® Figure 4 shows the condition of
bone matrix in all five treatments. Figure 5 presents
the composition of macromineral constituents in the
femur. The radiographic examination of the femur
of the rats was performed to analyze the density or
strength of bone mass. The solid bone will show a

more radiopaque image while the less solid bone
will show a more radiolucent result.2

Inulin in the porridge can function as a prebiotic,
which is expected to support the health of
under-five children because it plays a role in
increasing calcium absorption. The hypothetical
mechanisms of increased calcium absorption after
consuming inulin-type fructans were as follows: (1)
an increase in water content in the large intestine
that affected osmotic pressure; (2) a decrease in
intestinal pH to be acidic due to the effect of lactic
acid bacteria fermentation that produced short-chain
fatty acids (SCFAs); (3) an increase in solubility of
calcium in the small intestine due to the presence of
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SCFAs; (4) an increase in absorption surface area
due to mucosal hypertrophy; and (5) an increase in
butyrate production that could stimulate vitamin D
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to increase calbindin that had a positive correlation
with increased calcium absorption.?
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Fig. 5: The mineral composition of the femur bone constituents by SEM EDX analysis

Calcium retention in the femur is affected by
individual diversity, adequacy of vitamin D, and
the role of magnesium in calcium absorption in the
bones. Bones play a role in metabolic function by
providing a source of calcium to maintain the balance
of calcium levels in the blood and transforming
growth factor-beta (TGF-B), which play a role in bone
remodeling.2” Bone formation involves osteoblasts as
the main cells producing bone matrix. Osteoblasts
regulate calcium ion concentrations in the matrix
through the release of intracellular calcium.?®
Bone quality improvement was characterized by
increased bone calcium levels, bone density, and
bone strength.?® According to Wimalawansa (2004),
calcium intake had a positive correlation with bone
density.*® The femur used for the analysis was the
calcium deposit. Eastwood (1997) suggested that
calcium was generally stored in the skeleton.®

Bone mineral is an inorganic form of bone, and its
main compounds are calcium phosphate crystals or

calcium hydroxyapatite crystals [3Ca,(PO,),Ca(OH),].
The main composition of bone mineral consists of
calcium and phosphorus. The bone mineral also
consists of sodium, potassium, magnesium, fluoride,
carbonate, and hydrogen.®? The results of this study
showed that the ratio of calcium to phosphorus in the
rat’'s femur was between 1.88 and 2.23. The ratio of
calcium to phosphorus in the rat’s femur was still in
the normal range.

Calcium that is absorbed will mostly be used to
structure bone. During pregnancy, maternal calcium
homeostasis adapts to meet the calcium demands
of the growing fetus, and it can influenced bone
growth in the next stage of life.® In infancy, physical
growth develops rapidly, accompanied by gradual
bone growth and skeletal maturation.3* When bones
begin to form, calcium salts form crystals, called
hydroxyapatite, in the collagen matrix of proteins.
During mineralization, crystals become denser, this
makes the bones become stiff and strong.%
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Conclusions

The best porridge for complementary feeding
based on the scoring method was the one with A_B,
treatment. The results of the analysis showed that
the characteristics of the porridge met the quality
requirements for complementary foods in the form
of instant powder, according to Indonesian National
Standards Number 01-7111.1-2005. The results
of right femur examination using SEM showed the
deposition of calcium content in the femur of the rats
in the C (37.85%), PM+I (28.02%), PM-1 (21.60%),
PEM+| (28.02%), and PEM-I (21.29%) groups.
These results indicated an increase in calcium
absorption with the high calcium levels in the rat’s
femurs and more solid bone matrix conditions in the
protein-malnourished (PM) and PEM rats receiving
inulin-enriched instant porridge than the femur of
the PM and PEM rats receiving instant porridge diet
without inulin enrichment.

The complementary food products based on local
resources are expected to contribute to national
problem solving, namely reducing the stunting rate
in Indonesia.
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Recommendations
1 This study needs to be continued with clinical
analysis of stunted under-five children.
2 The involvement of entrepreneurs is needed,

as the beneficiaries of the results of technology
that can produce this product continuously by
utilizing the potential of local resources.
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