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ABSTRACT

The prevalence of iron deficiency anemia in Indonesia is high. Most of the anemia is caused by
iron deficiency syndrome due to inadequate iron intake and low bioavailability of iron sources.
Some studies indicated that bioactive peptides from certain protein hydrolysates could support
iron absorption. Our previous study showed that soy protein hydrolysates containing bioactive
peptides indicated an iron-binding activity and could increase its solubility in water. Aim of this
study was to investigate the effect of soy protein hydrolysates administration on iron serum levels
in anemic Sprague Dawley rats. Anemia induction was performed by applying NaNO2 (0.5 mg/ml
per 200 g body weight (BW) of rats per day for 14 days) orally. The experiment was carried out
in a completely randomized design, consisting of six groups. The first group was the control
normal group (N), without induction and the others were treatment groups that were induced
with NaNO:z and supplemented with iron (0.3 mg/200 g BW), consisted of control group (CMC),
control iron (Fe) group, iron and soy protein hydrolysate-1 (270 mg/200 g BW) (FeSH-1) group,
iron and soy protein hydrolysate-2 (270 mg/200 g BW) (Fe-SH2) group and positive control iron
vitamin C (0.24 mg/200 g BW) (Fe Vit. C) group. The result showed that Fe-SH2 treatment group
had a better iron-binding capacity rather than other groups. This result suggests that soy protein
hydrolysates could enhance iron absorption, which might be applied in human as a functional
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1. Introduction

Iron is one of the micro minerals that are very crucial for the
body because it is a significant component in haemoglobin (Hb)
(Abbaspour et al., 2014; Lopez and Martos, 2004). The main
function of iron is to transport oxygen from the lungs to the tissues
and deliver electrons in the energy forming process in cells. Iron
also helps in various activities such as cellular transport of oxygen
in hemoglobin and myoglobin, transporting electrons in various
cytochrome and ferredoxin in the respiratory system (Gupta, 2004;
Li et al., 2017; Umbreit, 2005). Iron deficiency can lead to anemia
by causing the body to become fatigued and lethargic, more
susceptible to disease, as well as decreased physical activity and
performance (Camaschella, 2015). In children and adolescents, it
also affects the concentration and learning ability (cognitive)
(Camaschella, 2015; Ferrara et al., 2006; Lépez and Martos, 2004).
While for pregnant women, anemia due to iron deficiency could
increase the risk of maternal and child mortality, miscarriage,
stillbirth, premature or low birth weight (Allen, 2000; Scholl and
Reily, 2000).

Anemia prevalence in 2013 due to iron deficiency in Indonesia
was high, which were about 37.1% in pregnant women, while in
adolescent girls (> 15 years) were approximately 22.7%
(BALITBANGKES, 2013). Recently, anemia prevalence in pregnant
women increased to 48.9 % (BALITBANGKES, 2018). Thus, anemia
prevention becomes Indonesian government attention. Iron
deficiency anemia mostly is caused by inadequate of iron from food
intake (Camaschella, 2015), and lower bioavailability of iron
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sources (Collings et al., 2013; Hurrell and Egli, 2010; Prihatini et
al., 2009; Tatala et al., 1998). To fight the iron-deficiency anemia,
a multifactor approach is required, including iron fortification in
food and addition of active substances that can support iron
absorption. Iron fortification in food has been applied as a solution
to meet iron needs, such as in milk (Hertrampf et al., 2001) wheat
flour (Hertrampf, 2002), fish sauce (Garby et al., 1974; Thuy et al.,
2003) and soy sauce (Huo et al., 2002). Iron fortification in milk
contributed to reducing the incidence of anemia from 27.3% to
8.8% (refs). In addition to food products, iron was also fortified in
salt (1 mg Fe/g) with a success rate for decreasing anemia incidence
by 27% (Zimmermann et al., 2003).

Another approach to increase iron absorption is by adding
bioactive compounds that can bind iron, such as protein
hydrolysates. The positive effects of protein hydrolysates on the
absorption of minerals such as iron and other minerals had also
been reported both in vitro and in vivo studies (Kibangou et al.,
2005; Li et al., 2017). In vitro studies on Caco-2 cell lines showed
an increase of four-fold higher absorption of iron when was given
in the form of Fe2*-SVNPLY peptide bond complex than in the form
of iron sulfate salts (Eckert et al., 2016). Other bioactive peptides,
calcium-binding phosphopeptides (CPP) which are derived from
milk, showed activity to bind iron (Ait-Oukhatar et al., 1997; Ani-
Kibangou et al., 2005; Bouhallab et al., 1999). Study in iron-
deficient mice, supplementation of a diet of iron chelate with
multiple amino acids (Iron multi-amino acid chelate/IMAAC) could
significantly increase Haemoglobin (Hb) concentration (Kajarabille
et al., 2017). Therefore, it can be implied that protein hydrolysates
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for chelating iron are a good promoter to increase iron
bioavailability to be absorbed in the lumen. In our previous study,
soy protein hydrolysate that successfully developed can act to
support the absorption of iron by chelating iron 7in vitro studies
(unpublished data). To date, not yet confirmed how the effect of
administration of soy protein hydrolysates containing bioactive
peptides on iron absorption in vivo. Thus, the purpose of this study
was to observe the effect of administration of soy protein
hydrolysate containing bioactive peptides on serum iron levels and
Haemoglobin (Hb) in experimental rats.

2. Materials and methods
2.1. Chemicals and reagents

The chemicals used for serum iron analysis were ammonium
iron (II) sulphate (Merck), potassium permanganate (Merck),
potassium thiocyanate (Merck), potassium sulfate (Merck), sodium
tungstate (Merck). Ferrous sulphate (Merck) were used for iron
supplementation in treatment groups, and ascorbic acid (Merck)
was used for vitamin C supplementation in the positive control
group. Also, sodium nitrite (Merck) was used for Hb depletion. A
standard diet of the American Institute of Nutrition (AIN-76A) was
provided as feed.

2.2. Soy protein hydrolysates

Both of soy protein hydrolysates containing bioactive peptides
were prepared and supplied by the Functional Food Laboratory,
Center for Technology of Agroindustry, BPPT. Soy protein
hydrolysate was made from the local variety and non-genetically
modified organism (GMO) soybean, Anjasmoro, by applying a
thermal process under high pressure which was continued with
hydrolysis using bromelain enzyme. Soy protein hydrolysate-1 was
made by applying spray-drying to the supernatant from enzymatic
hydrolysis of soybeans, whereas soy protein hydrolysate-2 was a
whole soy enzymatic hydrolysis product without supernatant
separation. The nutrition information of soy protein hydrolysates
can be seen in Table 1.

Table 1. Nutrition content of soy hydrolysate (in 100 g)

Item Unit SH-1 SH-2

Water content % 2.68 85.88

Ash % 2.32 0.67

Protein % 18.27 6.60

Fat % 1.06 3.12
Carbohydrate % 75.67 3.73

Dietary fiber % 15.20  not provided
Iron ppm 27.7 9.09

*SH: soy protein hydrolysate

2.3. Animal studies

In this study, the experimental protocol had been approved by
the ethics committee, faculty of medicine, University of Indonesia.
Five-weeks-old male rats (Rattus novergicus) strain Sprague
Dawley were purchased from Badan Pengawas Obat dan Makanan
(BPOM) Jakarta. All rats were housed in a light-dark cycle and a
temperature-controlled room with ad libitum access to diet and
water.

After a week of acclimation, the treated rats were induced for
anemia, while the other rats were not induced as a normal control
group (N). Ambarwati’s method to induce anemia condition in rats
was applied with some modifications, giving sodium nitrite solution
(1.5 mg in 3 ml of aquades/200 g Body Weight (BW) of rat/day)
for two weeks (Ambarwati, 2012).

The anemia-induced groups were, then, randomly divided into
five groups (6 rats each) and supplemented with iron (0.3 mg/200
g BW which equal to 10 mg/kg BW in humans, except for CMC
group that functioned as control treated group (CMC 0.5%). The
treatment groups were as followed, group Fe acted as a negative
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control (iron only), FeSH-1 (iron and 270 mg/200 g BW soy protein
hydrolysate-1), FeSH-2 (iron and 270 mg/200 g BW soy protein
hydrolysate-2) and FeVit.C (iron and vitamin C 0.24 mg/200 g BW)
which functioned as positive control. Vitamin C used is equivalent
to 70 mg in human as daily nutritional adequacy. All samples were
dissolved in 0.5% CMC. Samples were given orally every day for
four weeks.

Body weight was measured every week using an analytical
balance. Blood was collected every week for serum iron analysis. In
the first and last week, an additional analysis was performed to
measure Hb using the Haematoanalyzer at Laboratorium Kesehatan
Daerah (Labkesda), Tangerang Selatan.

2.4. Analysis of serum iron

Analysis of serum iron was carried out by using
spectrophotometer according to a previous publication (Rini,
2003). Serum iron measurement was carried out in triplicate.

Iron stock-standard solution: in a 500-ml volumetric flask,
0.3512 g iron ammonium sulfate were dissolved in 50 ml of distilled
water then added with 2.5 ml of concentrated sulfuric acid solution.
Into the solution, potassium permanganate was added slowly until
the color stabilized. The mixture was then diluted to a volume of
500 ml with distilled water.

Sample preparation: in a 50-ml volumetric flask, 0.5 ml of
blood, two ml of concentrated sulphuric acid, and 2 ml of potassium
persulphate were diluted with 25 ml of distilled water. Two ml of
10 % sodium tungstate was added into the solution, mixed well, and
let cold at room temperature. The mixture was then diluted to a
volume of 50 ml with distilled water. The solution was filtered and
collected in a dry tube.

Serum iron determination: into 10 ml of blood
filtrate/standard/blank, amount of 0.5 ml concentrated potassium
persulphate and 2 ml of 3 N potassium thiocyanate were added,
mixed well and read at 470 nm with a spectrophotometer.
Measurement was analyzed by comparing with the equation from
the standard calibration curve.

2.5. Data analysis

Obtained data, serum iron and Hb were subjected to statistical
analysis using ANOVA using SPSS 13. Least Significant Difference
(LSD) test was performed to investigate in which group the result
differs. P-values of <0.05 were considered significant. All results

are presented as meantstandard deviation (SD).
3. Results and discussion
3.1. Effect of soy protein hydrolysate on rat body weight

The body weight of all experimental rats increased throughout
the study, even in the treatment group of FeSH-1 and FeSH-2 as
indicated in Fig. 1. This result suggests that administration of soy
hydrolysate did not have any adverse effect for rats specifically in
feed consumption and body weight gain.

3.2. Effect of soy protein hydrolysate administration on
serum ion

The impact of administration soy protein hydrolysate was
monitored by observing the weekly delta changes in serum iron
levels. Based on the obtained result in Fig. 2, it appears that
administration of soy protein hydrolysate in the FeSH-1and FeSH-2
groups significantly increased the mean serum iron level (p < 0.05)
when compared to the control group N, CMC and Fe from the first
week (W1) to the third week (W3).

Serum iron is depicted the iron concentration in the blood due
to iron metabolisms such as iron absorption from the foods, iron
transportation into the cell, and other excretion from the blood
vessel (Camaschella, 2015). In this study, there was an increase of
serum iron levels, after administration of soy protein hydrolysate
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for four weeks. FeSH-2 group showed a significant difference in
week 1 with N. In week 2 and 3 after the treatment, delta iron of
FeSH-1, FeSH-2 and Fe Vit. C was always significantly higher
compared to N, CMC and Fe. However, in week four, we could not
find any difference between all of the treatments.
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Fig. 1. Effect of soy hydrolysate on experimental rat body weight
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Fig. 2. Effect of administration of soy hydrolysate on serum iron level

In this study, soy protein was hydrolysed by bromelain enzyme
to produce peptides that are responsible for iron chelation process.
The result indicates that soy protein hydrolysate can increase iron
absorption. Li et al. (2017) stated that chelation ability of protein
hydrolysates is a critical factor in the promotion of iron absorption.
Through metal chelation, peptides or amino acids increase the
solubility and bioavailability of metals. Therefore, iron-chelatable
protein hydrolysates are potential promoters of iron absorption. The
iron-chelating activity of soy hydrolysate was also reported by other
studies (Lv et al., 2013; Zhang et al., 2014). Zhang et al. (2014),
reported that the iron-binding capacity of dephytinized soy isolate
was influenced by the degree of hydrolysis (DH) and enzyme type.
The hydrolysate with moderate DH (6.69%) achieved 3.87+0.14 mg
EDTA/g-protein of iron-binding capacity, which was higher than
the hydrolysate with high (9.89, 10.87 and 11.17%) or low (0 and
4.99%) DH. Another bioactive peptide from milk-casein that can
help bind iron and enhance iron absorption is Calcium-binding
phosphopeptides (CPP). In vivo studies revealed and confirmed its
iron-binding activity (Ait-Oukhatar et al., 1997; Ani-Kibangou et
al., 2005; Bouhallab et al., 1999). One study in human also found
the same function as iron absorption enhancer (Ait-Oukhatar et al.,
2002). The mechanism of iron-binding process can involve various
levels of protein hydrolysis product, namely amino acids (glycine,
methionine, glutamine, and aspartate), di-, tri-, and tetra-peptide
which contain oxygen groups in phosphate (serine), and carboxyl
(glutamine and aspartate), as well as oligopeptide and protein (Li
et al., 2017). Review paper explained that there might be three
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mechanisms on how protein hydrolysates can increase iron
absorption, 1) through increased mineral solubilization, 2)
reduction of ferric iron to Ferro, and 3) the binding between iron
and amino acids or peptides to enhance absorption through the
absorption pathway of peptides (Li et al., 2017).

Also, in this study, vitamin C was used as a positive control
because of its nature as an activator for iron absorption. Vitamin C
is an activator that can increase iron absorption by reducing ferric
ion to ferro and prevents the formation of ferrous hydroxide
complex, which is insoluble (Benito and Miller, 1998).

3.3. Effect of soy protein hydrolysate on haemoglobin (Hb)

Delta Hb after four weeks of treatment of soy hydrolysate or
other treatments for each group was depicted in Fig. 3. The result
indicated that Hb level was increased significantly higher than
untreated control iron (N) after administration of iron (Fe), iron
and soy protein hydrolysate-1 (FeSH-1) as well as iron and soy
protein hydrolysate-2 (FeSH-2). FeSH-2 had the highest rise of Hb
concentration compared to other treatment groups (1,533 mg/dl).
This finding was in line with the serum iron level at FeSH-2 group
which also had the highest increase of serum iron concentration.
Iron has an important role in the synthesis of haemoglobin due to
the major component of Hb (Abbaspour et al., 2014; Lopez and
Martos, 2004). Haemoglobin is the oxygen transport protein which
consists of 4 polypeptide chain, each of which contains one iron ion
which has a role as oxygen binding site (Gupta, 2014).
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Fig. 3. Effect of administration of soy hydrolysate on Hb level

On the other hand, the Hb level in group FeSH-2 was
significantly higher than the group of positive control Fe Vit. C
(p<0.01), this result could be understood since the serum iron level
was lower than group FeSH-2. Vitamin C is one of the best iron
absorption enhancers. However, it is unstable during storage or
another process. Thus, why soy protein hydrolysate containing
bioactive peptide resulted in a better enhancement of iron
absorption rather than vitamin C could be explained in accordance
to Eckert study (Eckert et al, 2016), showing peptide chelators
derived from barley proteins may provide an alternative option to
enhance Fe?*+ absorption since they were more stable during storage
rather than vitamin C.

4. Conclusion

In this study, soy protein hydrolysate containing bioactive
peptides was examined for its activity on the absorption of iron in
vivo. The result showed that soy protein hydrolysate could
stimulate iron absorption, as shown by the increase in serum
ironBesides, this study also found that group that receiving soy
protein hydrolysate-2 (FeSH-2) resulted in a higher increase of Hb
level. Soy protein hydrolysate-2, thus, can act as an iron chelator
which can further be applied as functional foods for preventing iron
deficiency anemia.
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