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Abstract

Objective: The study was conducted to assess the influence of fortified tempe with iron and vitamin A to increase hemoglobin level.
Methodology: An experimental study of randomized pre test, post testand control group design was conducted on 30 Sprague-Dawley
rats with iron deficiency anemia. Samples were divided into 6 groups randomly and then the rats were treated for 6 weeks. The treatments
were as follows: (1) Standard feed (SF), (2) SF+TWF, (3) SF+TFe230, (4) SF+TFe271, (5) SF+TFe271+VA15 and (6) SF+TFe271+VA50, which
TWF was tempe without fortification, TFe230 and TFe271 was tempe fortified with iron 230 and 271 ppm, VA15 was 15 ppm vitamin A
and VA50was 50 ppm vitamin A.Iron used was ferrous sulfate heptahydrate (FeSO,-7H,0) and vitamin A used was retinyl acetate. Results:
Average hemoglobin level at baseline was 12.0£0.3 g dL~". After a period of depletion, it decreased to 5.7£0.2 g dL~". Average
hemoglobin levels after treatment in the control rats (rats fed SF) was 11.6+0.2 g dL™", rats that was given tempe fortified with iron had
not reached the average level of 12.0 g dL=" while rats that were given tempe fortified with iron+vitamin A SF+TFe271+VA15 and
SF+TFe271+VA50 the average of hemoglobin levels were, respectively 12.21+0.1 and 12.4£0.2 g dL~". ANCOVA test results showed that
tempe fortified with iron and vitamin A significantly (p =0.001) improved the level of hemoglobin (Hb). The highest average hemoglobin
level was in the treatment group iron 271 ppm-+vitamin A of 50 ppm. Conclusion: Iron and vitamin A fortification in tempe with ferrous
sulfate heptahydrate (FeSO,-7H,0) 271 ppm and retinyl acetate 50 ppm may increase hemoglobin level in iron deficiency anemia rats.
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INTRODUCTION

Anemia is one of the most common nutritional problems
in the world, including in Indonesia. The findings of several
studies in Indonesia showed that anemia prevalence of
teenagers remained high (26.1-42.6%). WHO' stated that one
region is considered to have moderate level of public health
problem if its anemia prevalence is between 20.0-39.9%.

Iron deficiency oranemia may influence infant’s to adult’s
psychomotor developmentand cognitive performance’.Iron
deficiency or anemia may also influence physical work
performance’. The severity levels of patients with iron
deficiency anemia upon the infectious disease increase due to
the influence of immune system®. Severe menstruation blood
loss is also one of the important factors of iron deficiency
anemia’.

Due to public health programs, iron supplementation is
one of the efforts to control iron deficiency anemia of the
targeted group. The other alternative is fortification in food
consumed by many people in Indonesia. The results of study
upon female teenagers of junior high school in Semarang,
Indonesia showed that 37.8% consumed tempe daily, 46.7%
consumed 2-3 tempe per week and only 1.1% did not
consume tempe®. The result of another study upon teenagers
of senior high school in Tegal, Central Java, Indonesia showed
that 54.4% students always consume tempe (>7 times per
week); 33.3% frequently consume tempe (4-6 times per week)
and 12.2% rarely consumed tempe (1-3 times per week),
respectively. Amount of 64.7% of students consumed high
quantity of tempe (>150 g day™") while 37.3% of students
consumed low quantity of tempe (<150 g day~")°.

In this study, fortification was conducted with the
addition of iron and vitamin A due to various studies that
indicate the presence of roles of vitamin A in hematopoietic.
The relationship between vitamin A deficiency and anemia
have been studied for many years. In Indonesia, the results
showed that baby-mother with retinol serum of <0.7 pmol L™
have 2.4 times risk upon iron deficiency anemia'®. Other study
showed that children who consumed soup fortified with iron
and vitamin C could increase the iron serum and saturated
transferrin level better when the levels of serum retinol
was >40 mg dL~"than <20 mg dL~".Thus, it can be concluded
that the status of vitamin A influence the deposited iron
mobilization'2, According to WHO'!, anemia can be
diagnosed by measuring hemoglobin levels in blood. Thus,
the level of hemoglobin was eventually measured in this
study.
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MATERIALS AND METHODS

Studydesign: This study was conducted with randomized pre
test, post test and control group design. A total of 30 Sprague
Dawley rats underwent depletion period for 2 weeks with
standard fed (AIN-93G) of free-Fe to made them iron
deficiency anemia. Samples were divided into 6 groups
randomly and then the rats were treated for 6 weeks. The
treatments were as follows: (1) Standard Feed (SF), (2)
SF+TWF, (3) SF+ TFe230, (4) SF+TFe271, (5) SF+TFe271+VA15
and (6) SF+TFe271+VA50, which TWF was tempe without
fortification, TFe230 and TFe271 was tempe fortified with
iron 230 and 271 ppm, VA15 was 15 ppm vitamin A and VA50
was 50 ppm vitamin A. The dependent variable was the
level of hemoglobin (Hb). The independent variable was the
intervention of fortified soybean tempe with iron and vitamins
A and the measured confounding variables were the status of
protein (albumin level), Cu (levels of Cu), Zn (levels of Zn) and
status of infection.

Tempe fortification preparation: The soybean used in this
study was the local variety soybean from Grobogan, Central
Java, Indonesia. Iron in form of ferrous sulfate heptahydrate
(FeSO,-7H,0) and vitamin A in the form of retinyl acetate
were purchased from Kimia Farma Indonesia. Iron level,
vitamin A level and production of tempe refers to Tawali'*and
Astuti et a/'*. Briefly, soybean was washed, boiled for 30 min,
soaked for 22 h, peeled and washed. After steamed for 40 min,
tempe then cooled down in room temperature. After tempe
cooled down, yeast, iron and vitamin A were added, stirred
between the process and then wrapped. Tempe was
incubated in room temperature (31°C) for 30-34 h.

Animal: Sprague Dawley (SD) rats aged 4 weeks were
weighed (100-175 g) then adapted for 7 days with standard
feed AIN-93G™. Amount of 36.5% casein protein available in
standard feed was substituted with fortified tempe flour. The
body weight was measured weekly. At 7 am everyday, rats
were fed with 10 g pellet. Residual feed was weighed every
day. After adapted for 7 days, the rats were fed with AIN-93G
free-iron for depletion period of 14 days. After depletion
period, hemoglobin level was measured until hemoglobin
level was <6.0 g dL=" '8, Blood sample was taken through
the orbital sinus. The intervention with standard feed
supplemented with the fortified tempe were lasted for 42 days
according to the treatment for each group. The EDTA blood
were taken for the measurement of hemoglobin and blood
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serum for the measurement of protein status (albumin), Cu
and Zn levels as well as infection status. During the study,
none of the rats were dead. This study was conducted in the
Center of Food and Nutrition Study (PAU) of Gadjah Mada
University, Yogyakarta. This study was approved by Comittee
of Health Research Ethics, Medical Faculty of Diponegoro
University with reference No. 334/EC/FK/RSDK/2012.

The hemoglobin  level was  measured with
cyanmethemoglobin methods'” using a spectrophotometer
HACH DR/2000 made in USA at a wavelength of 546 nm with
C/F program and factor of 36.8. Aloumin serum was measured
using Bromocresol Green method™. The status of infection
was with C Reactive Protein (CRP). Cuprum (Cu) is determined
with Atomic Absorption Spectrophotometer (AAS) brands
Perkin EImer 3110 models made in USA at a wavelength of
324.8 nm. Zinc (Zn) with AAS was determined at a wavelength
of 213.9 nm.

The collected data were analyzed with univariate,
bivariate and multivariate analyses (analyze the difference of
hemoglobin level between groups by controlling the
confounding variable). Univariate analysis was used to
describe each measured variable and were expressed as
Mean=SD. The ANOVA and Kruskal Wallis test were used to
analyze the difference between group for body weight before
and after treatment, weight gain after treatment, the status of
protein (albumin level), Cu, Zn and infection. Before bivariate
analysis, the normality test of data was conducted using
Kolmogorov Smirnov test’®. The analysis of covariance
(ANCOVA) was used to analyze the difference of hemoglobin
level between groups by controlling the confounding variable.
The differences were considered significant at p<0.05.

RESULTS

Weight: At the beginning of the study, the rat weight
ranges from 112-175 g each, with an average of weight
140.5£15.2 g each. After the adaptation and depletion
period, the average body weight of rats with iron deficiency

Table 1: Average and gain weight of rats

anemia was 158.7115.4 g and there was no significant
difference in the average weight before treatment (p = 0.315).
After treatment, there was significant difference in weight gain
due to the treatment (p = 0.000). The rat feed were given in
the form of pellets. About 10 g day~" of pellets were given to
rats. The remaining feed was weighed at each morning to
calculate the eaten feed. The eaten feed for 6 weeks (42 days)
after intervention ranging from 297-337 g. The average feed
eaten for 6 weeks and per day were 320.3+8.3and 7.6£0.2 g,
respectively. The average weights of each treatment were
presented in Table 1.

Levels of hemoglobin: The average level of hemoglobin
at baseline and depletion period was 12.0%+0.3 and
5702 g dL7', respectively. There was no significant
difference in the average levels of hemoglobin before
intervention due to the given treatment. The average level of
hemoglobin after intervention in the controlled rats (SF rats)
were 11.6+0.2 g dL™; rats fed with the fortified soybean
tempe with iron has not reached 12.0 g dL™', while rats fed
with fortified soybean tempe with the combination of
iron and vitamin A (SF+TFe271+VA15 and SF+TFe271+VA50
treatments) has, respectively reached 12.2%+0.1 and
124+0.2 g dL™". ANCOVA test results showed that the
intervention of the fortified soybean tempe with the
combination of iron and vitamin A may significantly increase
the levels of hemoglobin (p = 0.001). The highest average
level of hemoglobin was in the treatment of iron of 271 ppm
plus vitamin A of 50 ppm. The influence of combination
between iron and vitamin A significantly increases the levels
of hemoglobin. Trend of hemoglobin levels was based on
treatment and measuring time presented in Fig. 1. Before
intervention, all rats were in iron-deficiency anemia and after
intervention, rats in treatments with SF and SF+TWF were still
in anemic stage. Whereas, rats in treatment with SF+TFe230
and SF+TFe271,60.0% of which suffer from anemia. Whereas,
rats in treatment with combination of iron and vitamin A
(SF+TFe271+VA15and SF+TFe271+VA50 werefound with no
anemia after the treatment).

Average£SD

Treatments Weight before intervention Weight after intervention Weight gain after intervention
SF 156.6+£11.4 193.418.1 36.81+4.32

SF+TWF 167.619.8 203.4%10.1 35.8+1.32

SF+TFe230 161.8+£15.0 208.4+15.0 46.616.3°

SF+TFe271 1522+21.8 199.8+22.1 47.6+3.8°

SF+TFe271+VA15 165.6116.6 218.0+16.8 5241270

SF+TFe271+VA50 148.6+12.6 203.2%12.1 54.6+1.7°

p-value 0315 0.202 0.000**

**Significant difference in ANOVA test/Kruskal-Wallis test, #*Same letter(s) in column shows that there is no significant difference in posterior test (each treatment

is compared with controlled/standard feed)
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Table 2: Average levels of Hb, albumin, Cu and Zn

Mean+SD

Hb levels Hb levels Levels of Levels of Levels of
Treatments before treatment after treatment albumin (g dL™) Cu (ug mL™) Zn (ug mL™")
SF 57%+0.2 11.6£0.2? 6.5+0.12 1.1£07 1.2£03
SF+TWF 59%0.1 11.4£0.4° 6.2%0.1° 13%1.1 0.9%0.2
SF+TFe230 56+0.3 11.9£0.3° 6.5+0.12 14104 1.3%0.5
SF+TFe271 5.8%0.2 11.7£0.3? 6.310.12 0.7£0.2 1.81£0.9
SF+TFe271+VA15 5702 12.2%+0.1° 6.41+0.12 0.7£0.2 1.3%£0.1
SF+TFe271+VA50 57%0.2 124+0.2¢ 73%£0.1¢ 0.6%0.3 14+0.7
p-value 0.398 0.001** 0.000%* 0.091 0.229

**Significant difference in ANOVA test/Kruskal-Wallis test and Hb level after treatment with ANCOVA test, covariate: Hb pre, albumin level, Cuand Zn level, **Same
letter(s) in column shows that there is no significant difference in the posterior test (each treatment is compared with the controlled/standard feed)
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Fig. 1: Trends of haemoglobin levels based on treatment and
time measurement

Levels of CRP, albumin, Cu and Zn: The rats on the condition
iron deficiency anemia shows that 27 of 30 rats (90.0%) had
positive infection status while after treatment decreased into
12 rats (40.0%) with positive infection status. The status of
protein which was measured using the level of albumin ranges
from 6.0-7.5 g dL~" with the average of 6.5+0.4 g dL~". The
average level of albumin of each treatment was presented in
Table 2.The highest average level of albuminin the treatment
of SF+TFe271+VA50 was 7.31£0.1 g dL™". The level of copper
in serum (Cu level) ranges from 0.4-3.1 mg mL~" with an
average of 1.0+0.6 mg mL=". The results of statistical test
showed that there was no significant difference upon the
level of Cu between the treatment groups. The level of Zinc
in serum (Zn levels) ranged from 0.6-3.2 mg mL~" with an
average of 1.3 mg mL™". The average level of Zn in each
treatment was presented in Table 2. The results of statistical
test showed that there was no significant difference upon the
average level of Zn, between the treatment groups.
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DISCUSSION

The level of hemoglobin (Hb) in the baseline was ranging
from 11.4-12.8 g dL~" while after the depletion period; the rats
were in iron deficiency anemia with hemoglobin levels
ranging from 5.2-6.0 g dL~". The result of this study was similar
with earlier findings of Kamei et a/* who reported that
the rats which were fed an iron-deficient diet, 3 ppm iron,
ad libitum for 16 days resulted in anemic rats, hemoglobin
level was 6.1£0.2 g dL™" and a control diet with standard
feed, 48 ppm iron for 16 days, the hemoglobin level was
14.4%£0.4 g dL7" with the initial hemoglobin level before fed
with standard feed was 11 g dL™". The results of this study
showed that the influence of fortified soybean with iron
significantly increases Hb level. Iron is an essential micro
mineral in the formation of hemoglobin level. Hemoglobin is
composed of four polypeptide chains of globins that each of
which contains heme molecules?'?2. There are various proteins
withimportant roles in cellular physiology that requireiron
to operate their functions. In mitochondria, the electron
transport chains, ferrochelatase enzyme and hemoglobin are
needed for bioenergetics and oxygen transport?>4,

The status of infection was also measured in this study as
variable used to control in multivariate analysis. First, the rats
were situated with iron-deficiency anemia that 80.0% of the
rats have positive infection status. The measurement of this
infection status in this study uses C Reactive Protein (CRP),
that the appearance of CRP measurement principle in
individual serum responding to various conditions of tissue
inflammatory and necrosis was not found that the cause of
condition decreases. The CRP is the acute protein phase with
various functions to protect body, such as stimulating the
immune system, promoting wound healing and changing free
iron in the circulation to prevent bacteria to use it for their
growth??. In the depletion period, the decrease of iron
consumption may result in iron metabolism disturbance and
changes of iron metabolism contributing to anemia
prevalence that C Reactive Protein (CRP) increases.
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In iron deficiency anemia condition, the average level
of hemoglobin was 5.7£0.2 g dL=". This situation can be
explained that the regulation of iron is in normal iron
metabolism condition under the control of Iron Regulatory
Protein (IRP), binding mRNA sequence and protecting it from
damage. In iron deficiency, IRP binds mRNA and increases
transferrin receptor protein expression and pressed ferritin
synthesis that the use and absorption of iron increase®. In the
repletion period, when iron intake is adequate and
intracellular ferritin synthesis increases, the iron is eventually
deposited?® which resulted hemoglobin level increases.

The status of protein in this study was used to measure
the level of albumin. The albumin level of given feed plus
fortified soybean tempe (iron and vitamin A) at higher level
(p =0.000). Then this result associated with the weight of rats
given feed+higher fortified soybean tempe with iron and
vitamin Aand also shown a greater weight gain. This indicates
that the absorption of nutrients such as carbohydrates, fats
and proteins is better when the vitamins and minerals
consumption are adequate.

Rats in the treatment of fortified tempe with iron of 271
ppm and vitamins A of 50 ppm has the highest level of
albumin of 7.3%£0.1 g dL™". It shows that the increase of
vitamin A consumption influences the transport of retinol in
liver. According to Gropper et a/? the retinol transportin liver
requires two particular proteins: Retinol Binding Protein (RBP)
and transthyretin (TTR) as thyroxine-binding globulin. Both
proteins are synthesized by parenchyma cells of liver. Thus,
higher retinol in the liver may increase RBP and TTR synthesis.
The RBP synthesis depends on status of protein, retinol and
zinc. Regardless to retinol which is mobilized from liver as
transport to the other tissues, retinoic acid is produced in
small quantities by individual cells and generally bound with
albumin as transport in blood?. Retinoic acid can also modify
the cell surfaces by increasing glycoprotein synthesis at the
gene level or by increasing glycoprotein on the cell surfaces to
induce adhesion cell?. The changes at glycoprotein glycans
can greatly influence cells or tissues differentiation throughits
influence on cell recognition, adhesion and aggregation?.

The results of this study showed that combination of
iron and vitamin A may increase hemoglobin level. The
relationship between iron status and vitamin A has been
widely studied. The influence is due to the presence of
vitamin A roles in hematopoietic?’?2. There are several
mechanisms that may explain the influence of vitamin
A deficiency upon the status of anemia; the decrease of
iron mobilization from iron deposit to bone marrow'>%,
lower resistance to infection which may increase the status of

anemia duetoinfection'>?, the influence of iron absorption or
metabolism and direct modulation or stimulation of
erythropoiesis?®1222,

In this study, although tempe fortified with the
combination of iron and vitamin A may significantly increase
the hemoglobin levels but its influence was not significant to
the levels of Cuand Zn (respectively, p=0.320and p= 0.217).
Thus, it can be stated that either iron fortification level of 230
ppm or 271 ppm did not significantly reduce the level of Cu.
The fortification levels of 230 ppm and 271 ppm is considered
based on the recommended iron fortification. The WHO!
Guidelines suggest that no more than 3 mg of fortificant iron
be added to a 50 g serving portion of a solid food or 250 mL of
beverage, contributing a maximum of 22% of daily iron needs
from a diet with high biological availability?. Iron used in this
study is the ferrous sulfate heptahydrate of 271 ppm, which
contains iron element 54.4 mg kg~' tempe. That is the tempe
1 piece (50 g) contained 2.7 mg of iron supplements, still
below the limit set by the WHO. Another study on infants with
formula consumption supplemented withiron of 10.2 mg L™,
Cu absorption of 13.4% and with iron of 25 mgL=", Cu
absorption of 27.5% show significant differences. However,
the absorption of Zn is not significantly different®®. All the
nutrients in the body interact with others, including iron, zinc,
Cuand vitamin A. However, this study shows that the fortified
soybean with different levels of iron and vitamin A did not
influence the level of zinc (Zn).

CONCLUSION

In conclusion, iron and vitamin A fortification in tempe
with ferrous sulfate heptahydrate (FeSO,-7H,0) 271 ppm and
retinyl acetate 50 ppm may increase hemoglobin level in iron
deficiency anemia rats. The level of iron and vitamin A did not
influence the level of Cu and zinc.
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