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ABSTRACT

The main cause of the high prevalence of iron deficiency anemia of
children in Indonesia is the low intake of iron. Green spinach flour as
a source of iron can be used as a substitution material in the
manufacture of biscuits. The purpose of the study was to evaluate the
effect of green spinach flour substitution on iron, hardness and
acceptance levels of biscuits from composite cassava flour and wheat
flour. The research was conducted by substituting the green spinach
flour with various levels of 0%, 2.5%, 5% and 7.5%. The biscuits
were then tested for the iron using Atomic Absorption
Spectrophotometer (AAS), hardness using texture analyzer and
acceptability. The results indicated that there was a substitution effect
of green spinach flour to iron and acceptability of biscuits, whereas,
there was no effect on the hardness. The higher the substitution of
green spinach flour, the higher the iron level of the biscuit. The
highest iron level was displayed by biscuit with the substitution of
7.5%, which was 89.82mg/kg. The hardness of biscuits was not
affected by the substitution of green spinach flour. The range of biscuit
hardness levels was between 2592.16g - 3985.83g. Biscuit with 5%
substitution of green spinach flour gave the highest acceptability. The
iron requirement of Indonesian school-age children (7-9 years) can be
fulfilled by consuming biscuits (5% green spinach flour) as much as
14 grams or equivalent to 3 pieces of biscuit for a day.
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2013,
Indonesia was 21.7%,

the prevalence of anemia
with anemia

Micronutrient deficiency is one of
the most common health problems in
many developing countries including
Indonesia. Arisman (2010) reported that
one of the problems of micronutrients in
Indonesia is the incidence of iron
deficiency anemia. An estimated 36% of
3800 million people in developing
countries have suffered from anemia.
According to Basic Health Research in

patients aged 5-14 years as many as
26.4% and 18.4% in patients aged 15-24
years (Balitbang Kemenkes RI, 2013).
Anemia is a decrease in the number
of red blood cells in the bloodstream or
hemoglobin levels are below normal
limits (Corwin and Elizabeth, 2009).
Almatsier (2010) stated that low levels of
hemoglobin can have an impact on the
decline of the immune system, decreased


mailto:rusdin.rauf@ums.ac.id
mailto:Nurdiana.9886@gmail.com

Jurnal Kesehatan. ISSN 1979-7621 (Print). ISSN 2620-7761 (Online). Vol. 11. No. 1. Juni 2018

the ability of physical work and decreased
physical fitness. School-age children are
among the high-risk age groups for
anemia.  According to  Indonesian
Recommended Dietary Allowances (2013)
iron requirement for children with 7-9
years age range in both boys and girls is
10 mg per day, while iron requirement at
age 10-12 years is 13 mg for boys and 20
mg for girls. The iron requirement in
school-age children who are not balanced
with adequate daily iron intake will have
an impact on iron deficiency anemia. This
condition can have a negative impact on
school-aged children, namely inhibition of
concentration and learning ability. The
high risk of anemia has required a variety
of handling efforts.

The effort to deal with iron anemia
problem is by giving iron supplementation
and consumption of food source of iron.
Based on the source, there are two types
of iron which are iron-heme and iron-
nonheme. Iron-heme is a type of iron in
the hemoglobin and myoglobin of animal
foods such as meat, chicken, eggs, and
fish. While iron-nonheme is a type of iron
in plant foods such as crushed cereals,
green beans, and vegetables such as
spinach (Samman, 2007).

Spinach is a source of vitamins and
minerals that are cheap and easy to obtain.
Iron content in spinach is quite high,
which is about 2.71 mg / 100 g (USDA,
2016). Spinach is also rich in B-carotene
and vitamin C, respectively 11956.80 pg /
100 g (Ogbadoyi et al., 2011) and 28.1 mg
/ 100 g (USDA, 2016). The B-carotene can
increase iron absorption 3 times higher, so
it is well consumed by anemic patients
(Pereira et al., 2004). Spinach has a high
bioavailability = compared to  other
vegetable iron sources. Zhang et al. (1985)
supported that spinach administration may
increase hemoglobin in anemic mice.
Maramag et al. (2010) also reported that
the consumption of vegetables rich in B-
carotene may increase hemoglobin levels

and reduce the prevalence of anemia in
school-age children in the Philippines.

Although spinach is good for
anemic people, consumption of vegetables
in Indonesia, in general, is still low
(Ministry of Agriculture, 2015). Spinach
is usually processed by boiling and taken
the juice for a drink or processed into a
product. A variety of food products from
spinach is still limited, so the need to
develop the diversification of spinach-
based products. One of the potential
developed is the biscuit because it is liked
by many people.

Nowadays, there has been much
research related to the formulation of
biscuits by using cassava flour. Cassava is
an appropriate alternative to replace the
role of wheat flour due to low production
costs and high yield if processed into
flour. Oluwamukomi et al. (2011)
supported that biscuits with  40%
substitution of cassava flour can produce a
good level of crispy and can be accepted
by the panelist. Nurdiana et al. (2015)
reported that the formulation of 60%
cassava flour and 40% wheat flour is the
most preferred formula by panelists and
resulted in the highest crack rate.

The provision of cassava biscuits
substituted with spinach flour as a source
of iron is one way to increase iron intake.
The addition of spinach flour can affect
the physical and organoleptic properties of
biscuits such as color, flavor, taste, and
texture. Therefore, further study on the
formulation of the use of spinach flour in
the manufacture of cassava biscuits.
Cassava biscuits with the addition of
spinach flour are expected to be a new
innovation in the development of food to
solve the problem of iron anemia as well
as efforts to reduce the consumption of
wheat flour.

The purpose of the research was to
find out the effect of green spinach flour
substitution to iron content, hardness, and
acceptance of biscuits made from cassava
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and wheat flours composite.

RESEARCH METHOD
Materials

The ingredients of biscuit making
used in this study were wheat flour,
cassava, green spinach, water, margarine,
eggs, sugar, baking powder, and vanilla.
Cassava and green spinach were obtained
from traditional markets in Surakarta,
while wheat, margarine, egg, sugar,
baking powder and vanilla were derived
from supermarkets in Surakarta. The
HNO;, HCIO, dan distilled water were
used for the iron analysis.

Manufacture of Cassava Flour

Manufacture of cassava flour to
follow the procedure reported by Rauf and
Sarbini (2015). Cassava was peeled and
washed using flowing water. Furthermore,
cassava was sliced thinly, followed by
drying using a cabinet dryer at a
temperature of 60°C for 20 hours. The
dried strips were milled and sieved to 80
meshes.

Manufacture of Green Spinach Flour

Procedure of green spinach flour
manufacture was modified from Rao et al.
(2015). Green spinach was washed using
flowing water. Furthermore, spinach
leaves were dried using an oven dryer at
45°C for 20 hours. The dried leaves were
milled and sieved to 80 meshes.

Biscuit Making

Procedure of biscuit production was
reported by Nurdiana et al. (2015). An
85.70 g of sugar and 64 mL of water was
heated until the sugar dissolves. After
cooling, the sugar solution was mixed
with 71.40 g margarine, 35 g eggs, 2.30 ¢
baking powder and 3 g of vanilla. Then, it
was mixed with 200 g of cassava-wheat
flour composite and spinach flour until
becoming dough. The dough was baked
using the oven at 170°C for 20 minutes.

Iron Measurement

Iron was analyzed following the
procedure of Salawu et al. (2015). Five
grams of samples was added 15 mL of
concentrated HNO3 and 5 mL of HCIO,. It
was then boiled until the solution became
clear and white fumes of HCIO, appeared.
It was added de-ionized distilled water to
a total of 50 mL solution. The solution
then was filtered. The iron content in the
filtrate was determined using Atomic
Absorption Spectrophotometer (AAS) at
248 nm.

Hardness Measurement

Hardness measurement of biscuits
as followed the procedure of Choy et al.
(2010) wusing Brookfield CT3 texture
analyzer. Some settings were test type
compression, trigger point 20 g, target
value 3 mm, no.cycles 1, test speed 0.50
mm/s, probe type TA 18, hold time Os and
recovery time 0s. Hardness level is
expressed as the amount of maximum
compression force given on the biscuits to
be deformed.

Acceptability Measurement

The acceptability test of biscuits was
conducted by 30 panelists of Nutrition
Science Department students, Universitas
Muhammadiyah Surakarta. Samples were
measured for color, aroma, texture, taste
and overall. The test was based on 5-point
hedonic scale, namely 1 = dislike very
much, 2 = dislike moderately, 3 = like
slightly, 4 = like moderately, and 5 = like
very much. The panelists have been given
an explanation of the samples to be tested
and how to perform detailed testing.
Panelists conducted the testing from the
left sample to the right in sequence. Each
treatment of the samples was given 3-digit
random number code. The panelists wrote
the results on the form.
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Design and Statistical Analysis

The research was conducted using
completely randomized design, with 4
treatments of the substitution of spinach
flour in biscuit making. Data were
analyzed using Kruskall-Wallis, followed
by Duncan’s at a level 5%.

RESULT AND DISCUSSION
Iron Content

Statistical test using Kruskall-Wallis
Test shows that there is no effect of
substitution of green spinach flour on iron
content of biscuits from cassava and flour
composite flour. This is indicated by the
significance value p = 0.112 (p> 0.05).
The iron content of biscuits is displayed in
Figure 1.
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Figure 1. Iron levels of biscuits from
composite cassava and wheat flours
substituted with green spinach flour

The substitution of green spinach
0% and 2.5%, in Figure 1, gives the iron
content that is not significantly different.
The highest iron content is given by
biscuits with a substitution of 7.5% green
spinach flour. The higher the substitution
of green spinach flour, the higher the iron
of the biscuits. This is in accordance with
Borneo et al. (2008) that spinach flour can
be used to increase the iron levels in food
products.

The biscuits

iron content of

substituted with green spinach flour for
every 100 grams of biscuits is in the range
between 4.65-8.98 mg of iron. Biscuits
can be consumed as snack foods which
are usually given at 10% of the total daily
requirement. If biscuits are consumed by
school-age children (7-9 years), then the
need for the iron from biscuits is 1 mg per
day from a total requirement daily
according to Indonesian Recommended
Dietary  Allowances. This can be
accomplished by consuming = 14 grams
of biscuit substituted 5% spinach flour or
equivalent to 3 pieces.

Hardness

Statistically, there is no effect of green
spinach flour substitution on the hardness
of biscuits from composite cassava and
wheat flours, with the significant value is
p = 0.516 (p>0.05). The hardness of
biscuits is shown in Figure 2. The
hardness of biscuits in a range between
2592.16 g to 3985.83 g. The hardness of
biscuits is affected by its protein content.
High levels of protein can cause biscuits
to become harder and less crunchy so that
in the manufacture of biscuits required
low protein wheat flour (Sindhuja et al.,
2005).
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Figure 2. Hardness levels of biscuits from
composite cassava and wheat flours
substituted with green spinach flour
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In this research, the composite
cassava flour and wheat flour used is in
60: 40, so that the protein content of the
composite becomes lower than wheat
flour protein level. Gardjito et al. (2013)
stated that the protein level of wheat soft
flour is 9 - 10%. Through the calculation,
the protein content of cassava flour and
wheat flour mixture is 4.42% - 4.82%.

Spinach flour has the high protein
level, so the substitution can increase the
protein content of composite flour. Rao et
al. (2015) reported that spinach protein
content of 28.23%. Mathematically, after
the substitution of 0%, 2.5%, 5% and
7,5% spinach flour, the protein contents of
the composite flours are 4.42%, 5.02%,
5.72%, and 6.43%, respectively.

The small contribution of protein is
given by the spinach flour and the
different types of protein between spinach
flour and wheat flour resulted in no effect
on the level of hardness of the biscuits.
The difference in the type of protein
between wheat flour and spinach flour is
thought to be the cause of no effect on the
hardness. Rauf (2015) stated that wheat
flour has an advantage over the type of its
constituent protein, gluten, which can
strengthen the interaction between the
dough components in the manufacture of
the product. The interaction between these
components affects the texture of the
product.

Acceptability

Statistical test revealed that there is
an effect of spinach flour substitution on
color, aroma, taste, texture, and overall
acceptability of biscuits. The acceptability
of biscuits is displayed in Table 1.

Table 1. Acceptability of biscuits
substituted with green spinach flour

Acceptability Score

Indicators % 2 5% 50 75% p
Color 390 357® 4.07° 3.27% 0.001
Aroma 3.77° 387" 3.87° 2.80* 0.001
Taste 3,73 347> 3.80° 2.70° 0.001
Texture 393 3.90° 4.00° 3.50° 0.012
Overall 3.90° 3.77° 4.07° 297*° 0.001

The difference in the degree of
substitution of green spinach flour, in
Table 1, gives the difference in the
acceptability of the color of the biscuits.
Biscuit with the substitution of 5% green
spinach  flour shows the highest
acceptability, while the 7.5% substitution
provides the lowest acceptance. Nwakalor
et al. (2014) reported that vegetable flour
substitution has a positive effect on the
acceptance of biscuit color. However, the
substitution of vegetable flour at a high
level can decrease the acceptability of
biscuits color.

The aroma of biscuit with the
substitution 0%, 2.5%, and 5% shows the
acceptability that is not significantly
different. The difference appears in the
highest substitution of 7.5%. Fitriyani
(2013) explained that spinach has a
distinctive aroma, so easily detected when
mixed with processed foods such as
biscuits. Panelists give a "likes" rating on
biscuits substituted 2.5% and 5%.
However, the panelists display a "dislike"
to biscuit substituted 7.5%. This is in
accordance with Nwakalor (2014) that the
higher the substitution of vegetable flour,
the lower the acceptance of panelists on
the aroma of biscuits.

The substitution of green spinach
flour on each level gives a different liking
score to taste attributes. The substitution
of 5% green spinach flour showed the
highest  acceptability. This is in
accordance with Khan et al. (2015) that
substitution of 5% spinach flour in
chapati, Indian food product, provides the
highest taste acceptability.
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Substitutions of 0%, 2.5%, and 5%
indicated the acceptance of biscuit texture
that is not significantly different. The
difference is seen in the 7.5% substitution,
with a lower acceptance score. Khan et al.
(2015) stated that the highest acceptability
of chapati texture is given by the
substitution of 5%, while the acceptability
was low for higher substitution.

Overall acceptability of biscuits
displays that there is no significant
difference for 0%, 2.5%, and 5%
substitution. The 7.5%  substitution
revealed the lowest overall acceptability

overall acceptance score, 5% substitution
of biscuit indicates the highest
acceptability.

CONCLUSION

The larger the substitution of green
spinach flour, the higher the iron content
of biscuits. The highest iron is obtained
from biscuit substituted spinach flour
7.5%, which is 89.82 mg/kg of iron. There
is no difference in the degree of hardness
of biscuits substituted with green spinach
flour at wvarious levels. There is a
substitution effect of green spinach flour

that tends to be disliked. Based on the on biscuit acceptability.
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