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Abstract

Malaria is an infectious disease caused by the Plasmodium sp. parasite. In 2017, malaria
has reached 219 million cases. The decline of parasitemia index indicates a lower degree
of infection in malaria patients. Goat milk and goat milk yogurt as immunomodulators
have the potential to reduce parasitemia index. This study was aimed to determine the
effect of goat milk and goat milk yogurt on the index of parasitemia in malaria-infected
mice. This research was a true experimental study with a post-test only group design. A
total of thirty-five female Balb/c mice was divided into the following groups: a (negative
control group), b (malaria), ¢ (malaria, Dihydroartemisinin/piperaquine (DHP) drug), d
(malaria, goat milk), e (malaria, goat milk, DHP), f (malaria, goat milk yogurt), and g
(malaria, goat milk yogurt, DHP). Inoculation dose of Plasmodium was 107/0.2 mL. The
intervention was studied for 24 days. Parasitemia index data was collected on the seventh
day post-inoculation. The dose of goat milk and goat milk yogurt given was 0.5 mL/20 g
BW. Data were analyzed using Kruskal-Wallis with Mann-Whitney post-hoc test. The
results showed a significant decrease in the parasitemia index (p<0.05). The mean
parasitemia index in each group were: 0% (a); 13.9% (b); 0.60% (c); 4.68% (d); 3.74%
(e); 3.66% (f); 0.82% (g). The group that exhibited effective reduction of parasitemia
index were group ¢ and g. Goat milk yogurt (f) was more effective in decreasing the
parasitemia index than goat milk (d). Giving goat milk yogurt can be considered an
additional therapy for the treatment of malaria.

1. Introduction

Goat milk is known for its positive effects on the
biological functions of the human body due to its

Malaria is a disease caused by a protozoan parasite
from the genus Plasmodium (Percario et al., 2012;
Khalid ef al., 2013; Isah and Ibrahim 2014; Okpe et al.,
2016). Malaria is transmitted by the bite of a female
Anopheles mosquito that carries the Plasmodium (Mota
et al., 2019; Mala et al., 2016). The type of Plasmodium
that is responsible for most cases of malaria in tropical
and subtropical regions is Plasmodium falciparum
(Emmanuel et al., 2016). Plasmodium infection from
malaria will cause oxidative changes and an imbalance
of antioxidant mechanisms. (Khalid et al., 2013; Fabbri
et al., 2013; Gomes et al., 2015). Malaria infection
increases parasitemia index, an indicator of the severity
of infection in malaria patients (Tyagi et al., 2017). The
use of antioxidants is expected to help reduce oxidative
damage and prevent further development of malaria
(Gomes et al., 2015).
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nutritional content. Goat milk also has low allergen
levels and is easily digested by the body (Yangilar, 2013;
Aristya et al., 2013; Banjare et al., 2017). Furthermore, it
contains natural antioxidant-forming agents which can
prevent the lysis of erythrocyte cells (Alyaqoubi et al.,
2015). Protein in goat milk is the main source of active
biopeptides that can act as antioxidants (Park, 2010:
Alyaqoubi et al., 2014; Alyaqoubi et al., 2014). In
addition, it demonstrates anti-inflammatory properties
and serves as an important source of angiotensin-
converting enzyme (ACE) which functions as an
antihypertensive peptide and helps alleviate infections
caused by pathogenic microbes (Lad ef al., 2017).

Goat milk can be processed and fermented into
yogurt. Yogurt contains bioactive peptides and has
antioxidant activity (Gahruie et al., 2015; Nguyen and
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Hwang, 2016). The antioxidant activity of goat milk
yogurt is known to be higher than cow milk yogurt
(Holvik, 2013; Muniandy et al., 2016). Increased
antioxidant properties in goat milk yogurt results from
the activity of lactic acid bacteria (LAB). Several studies
have reported the effects of LAB in response to oxidative
stress (Fardet and Rock, 2017; Shu et al., 2018; Moreno-
Fernandez et al., 2019). The potential health benefits of
LAB includes stimulating the immune system,
maintaining the balance of the intestinal flora, reducing
cholesterol levels, and promoting anti-aging and
antioxidant activity (Nakagawa and Miyazaki, 2016).
LAB produces exopolysaccharides (EPS) which
specifically has immunostimulant activity and increases
the digestive tract colonization (Polak-Berecka et al.,
2013). LAB hydrolyzes casein into a bioactive peptide
with various biological functions. Based on previous
researches, casein in goat milk yogurt is capable of
preventing the increase of Malondialdehyde (MDA)
levels (Mahdi et al., 2018). This study is aimed to
determine the effects of consuming goat milk and goat
milk yogurt on the parasitemia index of mice infected
with malaria. This research is expected to be useful in
the development of food and health science in relation to
the role of antioxidants in the treatment of malaria.

2. Materials and methods
2.1 Inoculation Plasmodium berghei ANKA (PbA)

This research used female Balb/c mice that have
been inoculated with Plasmodium berghei ANKA (PbA).
Three donor mice were obtained from the parasitology
laboratory of the Faculty of Medicine, Nursing and
Public Health, Gadjah Mada University (FKKMK
UGM). Each mouse was inoculated with 10" mL of PbA
parasite that was given at 0.2 mL intraperitoneally (Tafor
etal.,2013)

2.2 Animal and treatments

The research design used in this research is true
experimental with random post-test controlled group.
Infected mice were divided into 7 groups: 3 control
groups and 4 treatment groups. Group A (negative
control group fed with normal food); group B (positive
control group fed with normal food, inoculated with PbA
and not receiving treatment); group C (positive control
group with normal food, inoculated with PbA and given
the anti-malaria therapy (DHP)); group D (treatment
group 1, inoculated with PbA and given goat milk);
group E (treatment group 2, inoculated with PbA, given
the anti-malaria therapy (DHP) and goat milk); group F
(treatment group 3, inoculated with PbA and given goat
milk yogurt); group G (treatment group 4, inoculated
with PbA, given the anti-malaria therapy (DHP) and goat

eISSN: 2550-2166

Sada et al. / Food Research 4 (Suppl. 3) (2020) 127 - 133

milk yogurt).

Parasitemia index data was collected at the 7" day
post-inoculation. The goat milk and goat milk yogurt
dose are 0.5 mL/20 g BW. The DHP dose used the
combination of 3 mg/kg BW/days of Dihydroartemisinin
and 24 mg/kg BW/day of Piperaquinine (Ariani et al.,
2018).

Yogurt production as well as analysis of protein
content and antioxidant activity of goat milk and goat
milk product was done at the Integrated Laboratory of
Diponegoro University, Semarang. Animal experiments
including malaria inoculation and parasitemia index
measurement were performed in Integrated Biomedic
Laboratory (IBL) Medical Faculty of Sultan Agung
Moeslem University Semarang (FK-UNISSULA). Goat
milk was obtained from Kuncen Farmer Group at
Bubakan Village, Mijen Semarang.

2.3 Goat Milk Yogurt Preparation

Before the yogurt making process, subculture starter
was made to activate the Lactic Acid Bacteria (LAB) in

commercial starter (manufactured yogurt). The
manufactured  yogurt  contained  Streptococcus
thermophiles  culture,  Lactobacillus  bulgaricus,

Lactobacillus acidophilus, and Bifidobacterium.

About 16 g of skim milk was dissolved in 100 mL
goat milk and pasteurized at 75°C for 15 s. Next, the
milk was mixed with commercial starter (manufactured
yogurt) at the ratio of 1:1 and incubated at 40°C for 24
hours.

Goat milk yogurt production used 500 mL fresh goat
milk. Goat milk was pasteurized at 75°C for 15 s and
later cooled down until 43°C. Afterwards, the mixture
was incubated with bacteria starter made from 5% fresh
goat milk and incubated at 42°C for 6 hrs before it was
cooled in room temperature. Prepared yogurt was packed
and kept in the refrigerator.

2.4 Goat milk and goat milk yogurt intervention

Goat milk and goat milk yogurt was given orally
using feeding tube (sonde). The dose was determined
based on the maximum capacity of the mice stomach
which was 1 mL/20 g BW (Ngatidjan, 2006). Ideal
amount is 0.25-0.5 mL and the given amount in this
research was 0.5 mL/20 g BW/day. The goat milk and
goat milk yogurt were given for 24 days, consisting of 21
days pre-inoculation and 3 days post-inoculation.

2.5 Parasitemia index examination

Object glass was thoroughly cleaned and coded in
the top right corner. Blood sample was dropped on the
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object glass to make a smear that was repetitively
washed and dried before applied with Giemsa stain.
Samples were examined under the microscope with a
10x10 visual field enlargement, then 10x100
enlargement with immerse oil. Parasite erythrocytes
were calculated and stated in percentage and compared
with the studied blood (Torres et al., 2018).

2.6 Statistical analysis

The results were described as median+=SD (for
normally distributed data) or median (min-max) if
otherwise. The statistical difference was analyzed using
Kruskall Wallis and Mann Whitney Post-hoc test.

2.7 Ethical clearance

This research was approved by the Health Research
Ethics Commission of the Sultan Agung University
School of Medicine with No. 196/111/2019/Bio-
commission.

3. Results

A total of 28 mice were obtained from the Biology
Laboratory of Semarang State University with 25 for
treatment and 3 as donor mice. The results of normality
test of parasitemia index using the Saphiro-Wilk test
obtained p-value < 0.005 (p = 0.00), indicating that the
parasitemia index data was not normally distributed thus
the Kruskal-Wallis test was performed. Based on Table
1, there is a statistically significant difference in the
parasitemia index (p < 0.05). Next, Post Hoc tests were
carried out with Mann-Whitney and the results are as
seen in Table 1. Treatment by giving goat milk and goat
milk yogurt or a combination of both with DHP drugs
has been proven to positively affect the parasitemia
index.

Based on Table 1, the groups with no significant

Table 1. Statistical analysis of the parasitemia index
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difference on the parasitemia index were the ¢ and g
groups with a value of p = 0.289. In the d and e groups,
there was also no significant difference in the
parasitemia index with a value of p = 0.059. Similarly,
group d and group f also showed no significant
difference with a value of p = 0.602. These results
indicate that the two groups did not have different
effectiveness in suppressing the parasitemia index. The
ability of each group to suppress the parasitemia index
can be seen based on the average parasitemia index in
Figure 1.

16
14
12
10

13.9

Parasitemia Index

O N B O ®

Group

Figure 1. Average parasitemia index results. a = Negative
Control Group, Healthy; b = Positive Control Group, Malaria-
infected; ¢ = Control Group, Malaria-infected and DHP Drug
Administration; d = Treatment Group, Goat milk - Malaria-
infected - Goat milk; e = Treatment Group, Goat milk -
Malaria-infected - Goat milk and DHP; f = Treatment Group,
Goat milk Yogurt - Malaria-infected - Goat milk Yogurt; g =
Treatment Group, Goat milk Yogurt - Malaria-infected - Goat
milk Yogurt and DHP.

4. Discussion

Malaria is one of the endemic diseases in Indonesia
which is still a major health concern. Malaria is usually
treated with antimalarial drugs. Standard treatment for
malaria uses Artemisinin-based combination therapies
(ACTs). These therapies can combine artemisinin or one
of its derivatives with another antimalarial drug. One of

Treatment Parasitemia pl P’

Group index (%) a b c d e f g
a 0.00+0.00 - 0.005*  0.005* 0.005* 0.005* 0.005* 0.005%*
b 13.9+0.58 - - 0.009*  0.009*  0.009* 0.009*  0.009*
c 0.60+0.27 - - - 0.009*  0.009*  0.009*  0.289
d 4.68+0.53 0.00* - - - - 0.059 0.602  0.008*
e 3.74+0.74 - - - - - 0.834  0.005*
f 3.60+1.80 - - - - - - 0.008*
g 070(0.70-1.20) - - - - - - -

!' = Kruskall Wallis, > = Post Hoc Mann-Whitney,* = p value <0.005 (significantly)

a = Negative Control Group, Healthy; b = Positive Control Group, Malaria-infected; ¢ = Control Group, Malaria-infected and
DHP Drug Administration; d = Treatment Group, Goat milk - Malaria-infected - Goat milk; e = Treatment Group, Goat milk -
Malaria-infected - Goat milk and DHP; f = Treatment Group, Goat milk Yogurt - Malaria-infected - Goat milk Yogurt; g =
Treatment Group, Goat milk Yogurt - Malaria-infected - Goat milk Yogurt and DHP.
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the combinations is Dihidroartemisinin Piperaquin
(DHP). Papua and West Papua are regions in Indonesia
that are still endemic for malaria (Subdit Malaria
Direktorat KR, 2018). When malaria cases occur, not all
patients have immediate access to health facilities and
DHP medication as early as possible. Utilization of
functional food is considered to be an additional therapy
for malaria patients. One of the functional foods that can
be developed is goat milk and goat milk yogurt
(Yangilar, 2013).

This research aimed to determine the effect of goat
milk and goat milk yogurt in decreasing parasitemia
index. The results of this research can be seen in Figure
1. Figure 1 shows that the group with the lowest
parasitemia index is group a (negative control group,
healthy) with 0% because they were not inoculated with
malaria. Group b (positive control group, malaria-
infected) had the highest parasitemia index among all
groups (13.9%) as they were inoculated with malaria and
not given any treatment thus the Plasmodium continued
to multiply and the parasitemia index increased. Group ¢
(malaria-infected, DHP drug administration) (0.6%) was
found to have the lowest mean of parasitemia index
compared with other groups, further proving the
effectiveness of the use of DHP drugs. DHP drugs
include an artemisinin group that is known to be
effective in killing Plasmodium quickly in all life stages
including gametocytes (Douglas et al., 2010).

The mean parasitemia index values in groups d
(malaria-infected, given goat milk) and f (malaria-
infected, given goat milk yogurt) were lower compared
with group b, suggesting that goat milk yogurt may play
a role in lowering parasitemia index. Goat milk and goat
milk yogurt both contain casein and whey which has
been shown to possess antioxidant activity (Sabeena et
al., 2010). Casein can work as radical scavengers and
cation chelators which can inhibit lipid oxidation. In goat
milk yogurt, the components of whey protein consisting
of lactoferrin, beta-lactoglobulin, alpha-lactalbumin,
glyomropropeptides, and immunoglobulins can boost the
immune system. Lactoferrin binds the iron in the
intestinal mucosa and acts as a bacteriostatic agent by
suppressing populations of harmful bacteria and
modulating the body's immunity. Lactoferrin also repairs
cell damage by inhibiting the production of ROS and
works with vitamin E in limiting membrane lipid
oxidation by ROS. B-Lactoglobulin plays a role in the
transfer of pro-vitamin A, while o-Lactalbumin is
involved in lactose synthesis. Immunoglobulin is
important for an antigen-antibody reaction. This protein
component can enhance the immune system. The major
protein boosts the immune system by converting the
cysteine intracellular amino acids into glutathione that
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acts as an intracellular antioxidant. Lactoferrin provided
in goat milk and goat milk yogurt can stimulate the
immune system through the activation of T and B
lymphocyte cells (Queiroz et al., 2013; Zapata et al.,
2017; Mahdi et al., 2018).

Group f (malaria-infected, given goat milk yogurt)
was more effective in reducing the parasitemia index
than group d (malaria-infected, given goat milk). Yogurt
generally contains lactic acid bacteria that have Bile Salt
Hydrolase (BSH) enzyme. BSH is known to be able to
de-conjugate bile salts into free bile salts that are less
absorbable by the small intestine, leading to reduced
amount of bile salts returning to the liver. Consequently,
cholesterol would be used as a precursor to balance the
amount of bile salt so overall cholesterol levels would
decrease. Lower cholesterol levels meant less amount of
lipid exposed to free radicals, resulting in decreased lipid
peroxidation and eventually a decline in MDA levels and
parasitemia index (El-Dein et al., 2017).

The mean parasitemia index of group e (malaria-
infected, given the anti-malaria therapy and goat milk)
and g (malaria-infected, given the anti-malaria therapy
and goat milk yogurt) were higher than group b. This
finding supports the contribution of food sources of
protein (goat milk or goat milk yogurt) as an effective
adjuvant treatment in the treatment of malaria. Giving
goat milk or goat milk yogurt alongside DHP drugs was
found to be more effective in reducing the parasitemia
index. Interestingly, the mice receiving DHP and goat
milk yogurt experienced a more significant reduction of
parasitemia index than the group receiving DHP and goat
milk. The administration of DHP drugs is recommended
to be consumed together with milk or fatty foods (WHO,
2015) but previous studies have shown that the
administration of DHP drugs together with 200mL of
milk (containing 6.4 grams of fat) did not improve
pharmacokinetic parameters (including absorption of
DHP drugs) when compared with the control group
(Annerberg et al., 2011). Giving goat milk with DHP
drugs might inhibit the bioavailability of the drug
because goat milk contains higher calcium and
magnesium than cow milk (Park, 2010). Calcium and
magnesium have divalent ionic bonds which may inhibit
drug absorption (Bushra et al., 2011). On the other hand,
administration of DHP with goat milk yogurt can
decrease the parasitemia index better than goat milk,
making it a more favorable option for malaria adjuvant
therapy. The decrease in parasitemia index is due to the
content of lactic acid bacteria in goat milk yogurt which
may affect intestinal microbiota profile. In accordance
with previous studies, intestinal microbiota influenced
the pathogenesis of malaria and altering the intestinal
bacterial community affected the parasitic load and death
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risk after Plasmodium infection. Providing yogurt helped
modulate the intestinal microbiota so that it can reduce
the burden of parasites (Villarino et al., 2016).

Yogurt is made by fermentation that causes the
release of bioactive peptides from the major protein of
milk. The fermentation process produced antioxidant
peptides consisting of 5-11 hydrophobic amino acids
which include proline, histidine, tyrosine or tryptophan.
These amino acids prevent the formation of free radicals
and inhibit the process of lipid peroxidation. Lactic acid
bacteria exhibit antioxidant activity through suppressing
the accumulation of ROS during the food digestion
process and destroying superoxide anions and hydrogen
peroxide (Gjorgievski, 2015).

Giving goat milk yogurt was proven to help reduce
the parasitemia index in our study. One potential
mechanism to explain this finding is that intestinal
microbiota influenced the severity of malaria by giving a
direct effect on the parasite itself, where the products of
intestinal microbiota inhibit the growth of parasites.
Another potential mechanism is that intestinal microbiota
may have modulated the host immune response to
Plasmodium. Previous researches showed that intestinal
microbiota may send signals for monocytes/macrophages
to respond to and control the infection (Denny, 2018).

An important mechanism of yogurt during
Plasmodium infection is through the ability of intestinal
microbiota to express the glycemic molecule in the form
of a-gal (Gall «al-3Galp1-4GlnAc-R). The a-gal
antibody binds to the surface of the sporozoite, induces
lysis order and prevents the spread of Plasmodium to
liver cells. The administration of yogurt can trigger an a-
gal response to inhibit the transmission of Plasmodium
sporozoite (Burgess et al., 2017). The decreased
parasitemia index after malaria inoculation implied that
diet (intake) played an important role in shaping the
composition and activity of intestinal microbiota. Based
on previous studies, Lactobacillus and Bifidobacterium
have a protective role by modulating the burden of
parasites and reducing the severity of malaria. Therefore,
the administration of yogurt containing Lactobacillus
bacteria can cause a decrease in parasitemia. Changes in
intestinal microbiota can prevent malaria severity and
accelerate the healing process of malaria. These results
also support the possibility that altering the intestinal
microbiota profile by giving goat milk yogurt cannot
prevent malaria but has the potential to control the
severity of malaria in humans (Shasteen ef al., 2015).

5. Conclusion

The addition of yogurt and DHP resulted in higher
parasitemia index in malaria-infected mice in
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comparison with DHP-only treatment, but the
mechanism is unknown. The addition of goat milk
yogurt is more effective in lowering the parasitemia
index than goat milk only. The administration of goat
milk yogurt at a dose of 0.5 mL/20g BW can be
considered an additional therapy in the treatment of
malaria.
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