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ABSTRACT

Weaning food biscuit based on mocaf (modified cassava flour) with substitution of soybean, mung
bean and red kidney bean flour is expected increasing protein of the product. However, in the legumes
flour there are anti-nutritional agent that can affect the absorption of other nutrient such as protein and
iron. The purpose of this study was to evaluate the absorption of protein and iron from mocaf based-
weaning food. Protein and iron absorption were determined from weaning food (biscuit) using Sprague-
Dawley rats, 3 weeks old, weight 70-80 g for 0, 30, 60, 90, and 120 minutes. The treatments of this study
were mocaf biscuits (as a control), biscuits with substitution of soybean flour (MSF), mung bean flour
(MMF), red kidney bean flour (MRF) and commercial biscuits (CB). The highest protein absorption of
control, MSF and MRF were at 120 minutes with absorption percentages 27.76, 38.94, and 9.35%,
respectively. Samples MMF and CB had the highest protein absorption at 60 and 90 minutes, with
absorption percentages 15.58 and 37.57%. Meanwhile, the highest iron absorption of control, MSF and
MMF were at 90 minutes with absorption percentages 53.86, 4.71, and 54.29%. Samples MRF and CB
had highest iron absorption at 60 minutes with absorption percentages 7.97 and 69.76%, respectively. The
MSF sample had highest protein absorption than other samples. Meanwhile, the MMF sample had an iron
absorption value that approached to commercial biscuit.
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ABSTRAK

Makanan Pendamping Air Susu lbu (MP-ASI) berupa biskuit berbasis mocaf dengan substitusi
tepung kedelai, kacang hijau dan kacang merah diharapkan dapat meningkatkan kandungan proteinnya.
Akan tetapi, pada tepung kacang-kacangan tersebut mengandung zat antigizi yang dapat mempengaruhi
penyerapan zat gizi seperti protein dan zat besi. Studi ini bertujuan untuk mengevaluasi penyerapan
protein dan zat besi dari biskuit MP-ASI berbasis mocaf. Analisis penyerapan protein dan zat besi
dilakukan secara in situ dengan menggunakan tikus jenis Sprague-Dawley berumur 3 minggu, berat 70-80
g, selama 0, 30, 60, 90, dan 120 menit. Perlakuan dalam studi ini meliputi biskuit mocaf (kontrol), biskuit
dengan substitusi tepung kedelai (MSF), tepung kacang hijau (MMF), tepung kacang merah (MRF) dan
biskuit komersial (CB). Penyerapan protein tertinggi sampel kontrol, MSF dan MRF terjadi pada menit ke-
120 dengan persentase penyerapan berturut-turut 27,76; 38,94; dan 9,35%. Sampel MMF dan CB
menunjukkan penyerapan protein tertinggi pada menit ke-60 dan 90 dengan persentase penyerapan
protein sebesar 15,58 dan 37,57%. Penyerapan zat besi tertinggi sampel kontrol, MSF dan MMF terjadi
pada menit ke-90 dengan persentase penyerapan 53,86; 4,71; dan 54,29%. Sampel MRF dan CB memiliki
penyerapan zat besi tertinggi pada menit ke-60 dengan persentase penyerapan berturut-turut sebesar
7,97 dan 69,76%. Sampel MSF memiliki nilai penyerapan protein tertinggi diantara sampel lainnya.
Sementara itu, sampel MMF memiliki nilai penyerapan zat besi yang mendekati nilai penyerapan biskuit
komersial.

Kata kunci: mocaf, MP-ASI, penyerapan, protein, zat besi
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INTRODUCTION

The prevalence of undernutrition and micro-
nutrient deficiencies is common in infants and young
children in developing countries with an age range of
6-23 months. It can increase the risk of underweight,
stunting and death (Fekadu et al., 2015). Total diet
study (SDT) in 2014 found that the average level of
macro and micro nutrient adequacy in infants was
still lacking in several regions of Indonesia
(Kemenkes, 2016). Micronutrient deficiencies such
as vitamin A, zinc, iron and iodine are still common,
even though it is very important to prevent stunting
(Ahmed et al., 2012). The government programmed
the provision of weaning food in the form of instant
powder and biscuits. Weaning food is nutritious food
other than breast milk that is given to infants aged 6
months or older or based on medical indications until
the child is 24 months of age to achieve adequate
nutrition.

According to Indonesian National Standard,
main ingredients for making weaning food biscuits
are cereals (rice, sorghum, corn, wheat, barley, oats,
rye, millet, buckwheat), tubers (cassava, sweet
potato, arrowroot, potato, gembili), starch (sago,
sugar palm starch), legumes (mung bean, red bean,
cowpea, beans), grain containing oil (soybean,
peanut, sesame), milk, fish, meat, poultry, fruit or
others appropriate ingredients (BSN, 2005). Biscuits
as weaning food in the common market mostly
made from wheat flour. However, Indonesia rich of
local materials as sources of weaning food
ingredients such as modified of cassava flour (mo-
caf). Mocaf is made from fermented cassava by
lactic acid bacteria. Fermentation changes the cha-
racteristic of cassava flour, it contents higher carbo-
hydrate and improves the physical properties.
According Meitha et al. (2016), fermentation affects
the properties of cassava flour. It reduced the HCN
content, swelling power and solubility. Mocaf was
shown to have brighter color, neutral aroma, softer
and lower cyanogenic content (Kresnowati et al.,
2019). On the other hand, mocaf also has a low
protein i.e. 1.77% (Afifah and Ratnawati, 2017).

Mocaf based-weaning food (biscuit) is a
weaning food made from mocaf with a substitution of
legumes flour (soybean, mung bean and red kidney
bean). Substitution aims to increase protein and iron
content from weaning food. It is known that legumes
seed has a high protein content which is between
20-40% in the dry matter (Esbersdobler et al., 2017).
The minimum protein content of weaning food
biscuit is 6 g/100 g (BSN, 2005). However, the
addition of legume flour is also feared to reduce the
absorption of protein and iron because of the anti-
nutritional compounds. Several antinutritional com-
pounds in legumes seed such as tannins, phytic
acid, trypsin inhibitors, protease inhibitor, lectin,

alkaloid, polyphenol and oligosaccharides cause
flatulence (Muzquiz et al., 2012). Minerals, proteins,
enzymes, and starches was reported can be
complexed by phytic acid (Silva and Bracarense,
2016), alkaloid and polyphenol could decrease the
protein bio-availability (Muzquiz et al., 2012). This
study aims to evaluate the protein and iron absorp-
tion of mocaf-based weaning food with substitution
legumes flour.

MATERIALS AND METHODS

Materials

Modified cassava flour (mocaf) was purchased
from Small Medium Enterprises (Harapan Jaya) at
Subang, Indonesia. Soybean (Glycine max) and
mung bean (Vigna radiata) were purchased from
Subang local market, red kidney bean (Phaseolus
vulgaris) was purchased from local market at
Lembang. Other ingredients were used in this study
include eggs (yolk), sugar (Gulaku), banana (Musa
acuminata), unsalted butter (Anchor), baking powder
(Koepoe Koepoe) and lecithin were prepared.

Preparation of legume flour

The soybean, mung bean and red kidney bean
were sorted to remove extraneous materials and
damaged seeds. The seeds were washed and
soaked using water at 60-70°C for 3 hours. After
that, the seeds were dehulled and dried using
cabinet dryer (Jenn-Chiang Machinery Works Co.,
LTD, Taiwan) at 50°C for 12 hours. The dried seeds
were reduced patrticle size using disk mill and sieved
using a 40 mesh screen to obtain the flour
(Ratnawati et al., 2019).

Preparation of biscuit

Biscuits were prepared according to the method
reported in the previous study (Ratnawati et al.,
2020). The formulation of biscuits could be seen in
Table 1. The biscuits were prepared briefly; egg
yolk, sugar, unsalted butter and lecithin were mixed
using mixer (high-speed) (Philips HR 1538,
Netherland) until the mixture became fluffy. Banana
was mashed until it becomes puree using chopper
(Philips HR 2939, Netherland). Then, banana puree
and baking powder were added and stirred until
homogeneous using mixer (low-speed). After that,
the mocaf and legumes flour were added and mixed
manually by hand until become smooth dough. The
dough was sheeted (thickness 7 mm) using dough
sheeter (Getra) and baked using oven (Mah Yi,
China) at 150°C for 10 minutes. Subsequently, the
biscuits were inverted and baked again at 100°C for
20-30 minutes. Last, the biscuits were cooled to
room temperature and stored in polypropylene (PP)
plastic bags for further analysis.
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Table 1. Formulation of weaning food biscuit

. o Samples
Ingredients (%) —Conwol  MSE___MME__MRF
Mocaf 50 30 30 30
Soybean flour - 20 - -
Mung bean flour - - 20 -
Red kidney - - - 20
bean flour
Egg yolk 10 10 10 10
Sugar 14 14 14 14
Banana puree 14 14 14 14
Unsalted butter 10 10 10 10
Lecithin 1 1 1 1
Baking powder 1 1 1 1

Experimental design

The experimental design in this study using a
completely randomized design with one factor
namely type of legume flour. The codes of biscuit
sample were namely control (mocaf biscuits without
addition legume flour), MSF (mocaf-soybean flour),
MMF (mocaf-mung bean flour), MRF (mocaf-red
kidney bean flour), and CB (commercial biscuit).

Chemical analysis of biscuit

Protein content of biscuit was analyzed by
combustion method using a protein analyzer (Du-
Master D-480, Buchi, Switzerland). Iron content was
measured using Atomic Absorption Spectrometer
(ContrAA 300 Analytic Jena, Germany) as described
earlier by Luo et al. (2013). The procedure for iron
analysis was as follows: 10 g samples were added 5
mL HNO; (Merck, Germany) and 1 mL HCIO,
(Merck, Germany). After that, the solution was
digested in the heating plate until the volume was
reduced. After digestion, the solution was added 10
mL distilled water and filtered in a 25 mL volumetric
flask using filter paper. Then, the distilled water was
added to the mark and read the solution with AAS at
248.3 nm.

Phytic acid was determined by spectrophoto-
metry method (Davies and Reid, 1979). Procedure
for phytic acid analysis was as follows: 10 g samples
were extracted with 50 mL HNO; 0.5 M for 2 hours
with continuous shaking. After filtering, phytic acid
analysis was performed on filtrate. Sodium phytate
was used for preparation of a standard phytic acid
solution. In the test tube, 0.5 mL filtrate or Na
phytate solution (0.2 mM) was added with 0.9 mL
HNO; 0.9 M and 1 mL FeCl; 0.3 mM. After mixing,
the test tubes were stoppered and placed in a
boiling water bath for 20 minutes. When cooled to
room temperature, 5 mL amyl alcohol was added
followed by 1 mL of a solution of ammonium
thiocyanate 0.1 mM. After that, the solution was
centrifuged at 1500 rpm for 10 minutes. After
centrifuging, the intensity of the color in the amyl
layer was determined at 465 nm using spectro-
photometer against an amyl alcohol ‘blank’, exactly

15 min after addition of ammonium thiocyanate.
Since the principle of the method is based on the
observation that ferric ions complexed with phytate
at pH 1.0-2.0 cannot react with thiocyanate ion to
give the characteristic pink complex, the extinction at
465 nm in the amyl layer is inversely related to the
phytate anion concentration. The amount of phytic
acid content was expressed as mg/g dry sample.

Protein digestibility of biscuit was evaluated by
in vitro using Tanaka method (Tanaka et al., 1978).
Briefly, 200 mg sample was dissolved in 9 mL
Walpole buffer (pH 2.0; 0.2 N) and 1 mL pepsin (2%)
(Merck, Germany) with constant stirring for 1.5 hours
at shaker water bath. After that, the separation of
supernatant from mixture was carried out through
centrifugation at 3000 rpm for 20 minutes. The
supernatant (5 mL) was put into a test tube and
Trichloroacetic acid solution (5 mL, 20%) was
added. Then, the mixture was incubated (1.5 hours)
and filtered (Whatman, No. 41). Nitrogen in the
fitrate was analyzed using the micro Kjeldahl
method. Crude protein of sample was also de-
termined using micro Kjeldahl as nitrogen total
sample. Protein digestibility was calculated using
following equation:

A-B
% In Vitro Protein Digestibility R ERREIRRE (1)

A= % protein in sample before digestion, B= %
protein in sample after pepsin digestion.

In situ analysis

Protein and iron absorption were determined by
in situ method using Sprague-Dawley rats, 3 weeks
old, weight 70-80 g, each group consists of 3 rats.
The rats were acclimated for 5 days and fed with
AIN 93G before study. In situ method according to
Schleiffer et al. (1993) with some modification. The
rats were anesthetized using ketamine at a dose of
60 mg/kg body weight intra muscularly and then
surgically performed. The duodenum and proximal
portions of the jejunum as long as 25 cm were
cannulated intraluminal. One tube (Versilic 3/1 mm)
was entered into the duodenum through the pre-
stomach and pylorus, while the other tube (Versilic
5/1 mm) was entered into the end distal at the last
segment. Then rinse using 0.9% NaCl solution at
37°C. Rats were placed in a box and conditioned at
37°C. The next step was infusing intraluminal the
intestinal segment with 0.9% NaCl solution con-
taining a sample solution using an infusion pump.
The sample solution was prepared by dissolving
0.47 g of biscuits using distilled water up to 150 mL.
The biscuit sample weight was calculated by
multiplying the biscuit serving size (26 g) with the
conversion factor of human to rats (0.018). The
sample solution was the liquid that passed through



DOI: 10.6066/jtip.2021.32.1.1

J. Teknol. dan Industri Pangan Vol. 32(1): 1-8 Th. 2021

the rat intestine than it was collected every period of
30 minutes for 2 hours. The sample solutions of
about 30 mL were collected in a vial and stored in
the refrigerator for further analysis. The solutions
were analyzed protein and iron content. In situ
analysis had received an ethical clearance certificate
No. 009/EC-FKH/Eks./2019.

Statistical analysis

An analysis of variance (ANOVA) and Duncan
test (confidence level, a= 0.05) were performed on
the obtained results in order to establish significant
differences. SPSS version 13 was used for data
treatment and statistical analysis. The data are
shown as mean+SEM.

RESULTS AND DISCUSSION

Chemical properties of biscuit

The weaning food biscuit with substitution of
legumes flour (soybean, mung bean and red kidney
bean flour) were evaluated the chemical properties
that were protein, iron, phytic acid and protein
digestibility and compared with control (mocaf
biscuit) and commercial biscuit as shown in Table 2.

Weaning food biscuit with soybean flour
substitution (MSF) had the highest protein content. It
is due to the soybean flour had the highest protein
content i.e. 40.94%, while the mung bean and red
kidney bean flour have the protein content 24.99%
and 22.53%, respectively (Ratnawati et al., 2019).
Meanwhile, weaning food biscuit with mung bean
flour substitution (MMF) had the highest iron
content. The phytic acid content of weaning food
biscuits were not significantly different. The highest
protein digestibility was MRF samples.

Protein absorption of biscuit

The results of the protein content absorption of
weaning food biscuit were presented in Figure 1.
The protein absorption of control, MMF, and CB
were started at 60 minutes, while the protein absorp-
tion of MSF and MRF biscuit were started at 90 and
120 minutes, respectively. The highest protein
absorption of control, MSF, and MRF biscuit were at
120 minutes with absorption percentages 27.76,

Table 2. Chemical properties of weaning food biscuit

38.94, and 9.35%, respectively. The MMF biscuit
and CB had the highest protein absorption at 60 and
90 minutes, with absorption percentages 15.58 and
37.57%. The protein absorption times of MSF and
MRF biscuit were slower than those in control, MMF
and CB. The MSF biscuit had the highest protein
absorption percentages than the other samples. It
might be caused the protein digestibility of soybean
flour was higher (80.54%) than mung bean (33.36%)
and red kidney bean flour (39.59%) (Ratnawati et
al., 2019). Another study reported that the protein
digestibility of soybean, mung bean and red kidney
bean are 85.40, 52.03, and 68.22% (Ogodo et al.,
2018; Viswanathan and Ho, 2014; Oghbael and
Prakash, 2016).

Iron absorption of biscuit

The results of the iron content absorption of
weaning food biscuit were presented in Figure 2.
The results showed that iron absorption of weaning
food biscuits were started at 60 minutes of
experiment. The optimal iron absorption of control,
MSF and MMF biscuits were occurred at 90 minutes
with absorption percentage of 53.86, 4.71, and
54.29%, while MRF and CB were occurred at 60
minutes with absorption percentage of 7.97 and
69.76%, respectively. The MMF biscuit had a
highest iron absorption compared to control, MSF
and MRF biscuits. The iron absorption of MRF
biscuit was higher than MSF biscuit. However, the
iron absorption of legume biscuits was lower than
CB.

The iron content of MSF (3.89+0.00 mg/100 g),
MMF (15.32+0.08 mg/100 g), and MRF (4.15+0.02
mg/100 g) biscuits were higher than control (1.93+
0.09 mg/100 g) and CB (3.33+0.07 mg/100 g). How-
ever, the iron absorption of control and CB were
higher than MSF, MMF, and MRF biscuits. The type
of iron contained in a food affect the iron absorption
rate. The type of iron in a legume such as red kidney
bean, mung bean and soybean is a non-heme iron.
The absorption of non-heme iron was less than 5%,
it was influenced by a balance between inhibiting
(phytic acid, tannin, phosphate) and enhancers
(amino acid, ascorbic acid) factors (Tsalissavrina et
al., 2012).

Parameter Sample
Control MSF MMF MRF CB
Protein (%) 4.08+0.01° 11.82+0.04° 10.05+0.02° 9.64+0.03° 8.56+0.01°
Iron (mg/100 g) 1.98+0.03° 3.89+0.00° 15.32+0.06° 4.16+0.02° 3.33+0.05"
Phytic acid (mg/g) NA 4.28+0.12% 4.35+0.10% 4.29+0.21°% NA
Protein digestibility (%) NA 66.92+0.05% 88.69+0.17" 90.77+0.28° NA

Note: Control= Biscuit made from mocaf; MS= biscuit made from mocaf-soybean flour; MMF= Biscuit made from mocaf-
mung bean flour; MRF= Biscuit made from mocaf-red kidney bean flour; CB= Commercial biscuit; NA= not analysis;
Different superscripts in the same row are significantly different (P<0.05); Values are mean + SEM
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Figure 1. Protein content absorption (%) of samples during 120 minutes
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Figure 2. Iron content absorption (%) of samples during 120 minutes

Legume such as red kidney bean, mung bean of soybean flour (2.92%) was higher than mung
and soybean contain of phytic acid, it is an anti- bean flour (1.79%) and red kidney bean flour
nutrient compound. The phytic acid content of MSF,  (1.58%) (Ratnawati et al., 2019). In another studies,
MMF and MRF biscuit were 4.28+0.16, 4.35+0.13, reported that the phytic acid content of soybean,
and 4.29+0.29 mg/g, respectively, it was not signifi- mung bean and red kidney bean were about 22.50-
cantly different. These results were not in accor- 35.01, 4.84-5.20, and 1.38-5.44 mg/g, respectively
dance with previous studies, the phytic acid content
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(Kumari et al., 2014; Nakitto et al., 2014; Luo et al.,
2013; Mohamed et al., 2011).

The phytic acid content of legume caused the
iron absorption of MSF, MMF and MRF biscuit lower
than control and CB. In control biscuits without the
addition of legume flour, the possibility of containing
phytic acid from the raw material, namely mocaf and
banana that lower than legume flour. The phytic acid
content of fermented cassava flour and ripe banana
were 129.2 and 0.24 mg/100 g (Oboh and Elusiyan,
2007; Garcia et al.,, 2015). The highest iron
absorption was MMF biscuit, while the lowest was
MSF biscuit. The difference of iron absorption was
caused by the phytic acid content of this legumes.
The iron absorption of whole grain cereals and
legume porridge that containing of phytic acid (~1
g/100 g) may be as low 2-3% even in subject who
deficiency iron (Hurrel, 2003). The phytic acid had
associated with reduced mineral absorption by
insoluble phytate-mineral complexes. The phytic
acid structure had a phosphate groups with high
density of negatively charged which could bind a
mineral such as iron and form non-availability
complexes for intestinal absorption (Tadele, 2015).
The phytic acid chelates the micronutrient such as
iron caused it unavailable for digestion because they
lack enzyme phytase in digestive track (Gupta et al.,
2015).

The other iron absorption inhibitor is tannin.
Legumes such as red kidney bean, soybean, and
mung bean also contain tannin which inhibit iron
absorption. The tannin content in the raw of red
kidney bean, soybean, and mung bean were 0.03-
1.26 mg/g (Parmar et al., 2017), 15.9 mg/g (Sharma
et al., 2013), and 4.53 mg/g (Hussain et al., 2011),
respectively. The in vitro study of Glahn et al. (2002)
showed that tannic acid was a potent inhibitor of
nonheme iron uptake.

Reducing phytic acid and tannin had been
shown to improve the nutritional value and mineral
bioavailability of legumes. The research was con-
ducted by Koréissi-Dembélé et al. (2013), shown
that iron absorption of fonio porridge in West African
women increased (from 2.6 to 8.3%) due to
dephytinisation with intrinsic wheat phytase and iron
fortification. The other method that has been de-
veloped to reduce phytic acid in legume s
germination. Tajoddin et al. (2011) reported that
soaking the mung beans for 12 hours than followed
by germination for 48 hours reduced 60-73% of
phytic acid content. Germination of soybeans and
mung beans for 4 days reduced 57.5 and 76.0% of
phytic acid, respectively, and increased the
bioavailability of zinc and iron (Wang et al., 2015).
Other studies have also shown that soaking,
dehulling, cooking, roasting, germination and
fermenting reduce tannin and phytic acid content of

soybean, mung bean and kidney bean (Mohamed et
al., 2011; Agume et al., 2017). The decline in
inhibitor factor content in legumes may increase the
absorption of iron content.

CONCLUSION

The highest protein and iron absorption were
the biscuit with substitution of soybean flour (MSF)
and mung bean flour (MMF) with the absorption
values 38.94 and 54.29%, respectively. The MSF
sample had highest protein absorption than other
samples. Meanwhile, the MMF sample had an iron
absorption value that approached to commercial
biscuit.
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