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Death due to coronary heart disease is caused by coronary artery plugging known as
atherosclerosis. High blood cholesterol concentration is the risk factor of atherosclerosis. Soy
protein in animal and human studies has been shown to have effect in lowering blood cholesterol
concentration. Soymilk made from soy is presumed to possessed hypocholesterolemic effect
due to the soy protein biogenic peptide activity. Asp-Glu peptide is a sterilized soymilk
fermentated peptide which is known to bind cholesterol in vitro, making it a potential candidate
for lowering cholesterol in vivo. In this study, the effects of peptide (Asp-Glu) on rat lipid profile
were determined using 24 three months old Sprague dawley male rats. In the study, standard
diet adaptation was given in the first week; for the second week high cholesterol diet was
given; and in the last three week rats were divided into four groups consisting of four different
diets: K(-) (diet with no intervention); K(+)(diet with ezetimibe); SKFS (diet with sterilized
fermented soymilk 1 ml) and P1 (diet with Asp-Glu peptide). The results obtained showed
that after 3 weeks of treatment with total cholesterol, triglycerides and LDL concentration
decreased significantly (p < 0,05), whereas HDL concentration increased significantly (p <
0,05) and high concentration of cholesterol was present in the rats feces. These observations
suggested that peptide Asp-Glu has the ability to reduce blood cholesterol concentration in
hypercholesterolemia rats.
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Introduction
Cardiovascular disease is one of the major causes
of death in late 20th century, accounting for about
30% of total world mortality. In Indonesia, death
caused by cardiovascular diseases was 26.3% in 2001
and death due to heart disease at hospitals in 2005
was 16.7% (Arie, 2007). Coronary heart disease is
caused by coronary arteries obstruction due to fatty
buildup (atherosclerosis) since young age. Hence,
high blood cholesterol levels is reported as the risk
factor for atherosclerosis (Berenson and Srinivasan,
2003; Mahan and Stump, 2004).
Soy proteins in various animal and humans
studies have been proven to reduce blood cholesterol
levels and daily intake of soy protein and soy-based
food products have been associated with lower
incidence of coronary heart disease (Bakhit et al.,
1994; Greaves et al., 2000). Soy milk processed from
soy is expected to have hypocholesterolemic effect
(Nisa’ et al., 2006) and the fermented soy milk and
soy milk sterilization fermentation have been proven
capable of binding to cholesterol in vitro and capable
of lowering cholesterol in vivo in experimental
animals.
*Corresponding author.
Email: bety.hapsari@gmail.com
Tel: +6281328425825

Cholesterol reduction mechanism by soy proteins
is uncertain, but it is believed that decreasing
cholesterol absorption due to cholesterol inhibition
and bile acids by components found in soy milk such as
saponins, isoflavones, phytic acid and peptide fraction
or acidic amino (Potter, 1995). Peptide as one of soya
milk components associated with decreasing the
incidence of heart disease through an antihypertensive
effect by inhibiting ACE and therefore reduces the
blood pressure (Masuda et al., 1996; Maeno et al.,
1996; Erdmann et al., 2008). Studies of peptides that
have hypocholesterolemic effect has not been done,
as previous studies are more focus on research to
prove the hypocholesterolemic effects of undigested
soy protein in the gastrointestinal tract.
Identification of the types of peptides that have
hypocholesterolemic effect from sterile fermented
soy milk has been reported (Nisa’, 2008). There are
three fractions of peptides from sterilized fermented
soy milk, fractions I: aspartic acid and glutamic acid;
fraction II: aspargin, serine, glutamate, threonine
and glycine, alanain, arginine and tyrosine; fraction
III: tryptophan, phenylalanine, isoleucine, leucine,
and lysine. Of the three fractions peptides, fraction
I peptide (Asp-Glu) have the highest in vitro
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hypocholesterolemic effect with observations using
cholesterol binding assay. However, specific studies
on hypocholesterolemic effect of fermented soy milk
sterile fraction I peptide in vivo has not been done.
Thus, this study was carried out to determine the role
of the peptide (Asp-Glu) in vivo.
Materials and Methods
The twenty four of Sprague dawley male
rats used in this study for 5 weeks were treated as
follows: in the first week, the rats were treated with
standard diet adaptation; for the second week the rats
were fed with high cholesterol diet. In the last third
week the rats were divided into four groups and were
given different diet as follows: K(-) (diet with no
intervention); K(+)(diet with ezetimibe); SKFS (diet
with sterilized fermented soymilk 1 ml) and P1 (diet
with Asp-Glu peptide). Lipid profiles were analyzed
in the 1st, 2nd and 5th weeks, whereas the lipid and
digest profile were analyzed in the 3rd week.
During the study, the rats were given feed and water
in ad libitum, while dietary intervention was done
with force feeding of up to 25 g/day and the remaining
feed were weighed on the following days, while the
rats were weighed at the beginning study and once
a week during the study. Hypercholesterolemia and
standards feed are based on the standard formulation
of AIN-9312. To make hypercholesterolemia feed,
180 g beef tallow / kg diet containing cholesterol
144.65 mg/100 g and 98.04% fat was added, to
produce 260 mg cholesterol in 1000 grams of feed
(Nurhayati et al., 2003). Peptide used in the study
(aspartic acid and glutamic acid) is a synthetic peptide
of amino acid isolation SIGMA 22k9804 (LAA-21)
was obtained from LPPT Universitas Gadjah Mada.
Soy milk was made following the modified method
of Pusbangtepa IPB to produced fermented soy milk
using Lactobacillus bulgaricus and Streptococcus
thermophillus (Koswara, 2003). Sterilization was
done by autoclaving at 121°C for 15 minutes.
Total cholesterol levels in Sprague Dawley rat
serum specimens were determined by the ChodPAP15 method. The specimen was mixed with the
reagent and distilled water into a test tube, then
incubated for 20 minutes at 20-25°C or 10 minutes at
37°C. The blank which contains reagent absorbance
was read at λ 500 nm or 546 nm filters with a
spectrophotometer Hg Microlab 300 from Merck.
Triglyceride levels were determined by the GPOPAP16 method using Triglycerides FS as the reagent
for analysis. HDL level was determined by the ChodPAP17 method, in which the specimens were reacted
with Phosphotungstic acid (PTA) and magnesium

chloride to precipitate LDL and VLDL. The resulting
supernatant was mixed with Cholesterol FS reagent
and its absorbance read at λ 500 nm or 546 nm filter
Hg with a spectrophotometer Microlab 300 from
Merck to determine levels of HDL. Measurements
of LDL were carried out using the formula = total
cholesterol levels - HDL levels - Triglycerides levels
/ 5. Weight digest was measured by using analytic
scales, pH digest was measured by pH meter,
gravimetric method was used to measure water digest
levels and cholesterol digest levels was measured by
Liebermann-Burchard method (Plummer,1977). The
specimens was reacted with Liebermann-Burchard
reagent, then it absorbance with a spectrophotometer
and compared with a standard curve.
One way ANOVA tests was used to determine
differences between the treatment groups, followed
by the continued Post Hock Tuckey statistical tests.
T-test was used to determine the significance alteration
of the lipid profile for each group at different times.
Results and Discussion
All the different groups of rats has mean intake
of feed of 24.58 ± 0.042 g with mean compliance of
97.23% for feed intake. Rats body weight have no
real difference (p > 0.05) in each week during the
study and the percentage of rat’s weight increased for
about 11.92% from the beginning to the end study.
Total cholesterol (KT)
Total cholesterol levels of rats after 3 weeks
treatment showed a significant different between
groups (p < 0.05). Decreasing total cholesterol levels
in descending order are as follows: K (+) 89.26%,
P1 (56.70%), SKFS (52.54%) and K (-) (-2.07%),
in which negative values indicate an increase in
total cholesterol level. There was no real difference
between Group P1 and group SKFS, which showed
the same levels of reduction of cholesterol.
Nisa et al. (2006) showed that sterile fermented
soy milk has a cholesterol lowering effect, the
decreased cholesterol levels was presumed to be
derived from fermented metabolites in the form of
peptide fragments. This is in agreement with the
results of this study that decrease cholesterol levels
has no real difference between sterilized fermented
soy milk with Asp-Glu peptide group, although it
is possible that the sterile fermented soy milk may
contain many other components that also have
hypocholesterolemic effects. However, from the
results of this study we can conclude that the peptide
Asp-Glu is capable of lowering cholesterol levels in
vitro are also capable of lowering cholesterol levels
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in vivo in experimental animals.
Isolated peptide from soy protein has direct
relationship to hypocholesterolemic effect. The amino
acids mixture diet in animals study is evidently able
to reduce cholesterol levels (Erdmann et al., 2008).
In in vitro assays, SAPH peptides from soy protein
incubated with pepsin were able to lower cellular
cholesterol solubility to 4%. From In vivo study using
mice, the results shows that peptide from SAPH
were able to lower LDL and VLDL 45% higher than
placebo with high cholesterol feed, indicating that
the peptide from SAPH have capability to reduce
cholesterol level (Zhong et al., 2007a).
Decreased cholesterol levels by peptide was
believed to be related with solubility of the peptide
in water (hydrophobic peptides) that are capable
to binding bile in digestive tract and increases the
cholesterol release from the body (Erdmann et
al., 2008; Zhong et al., 2007a). Based on vitro
studies, alkalase hydrolysates, isolated peptide
from soy protein shown result that increasing
cellular cholesterol absorption was equally the
same with increasing hydrophobic peptide value,
indicating that hydrophobic peptides have more
effectiveness in cholesterol absorption. However, the
hypocholesterolemic effect of peptide does not only
depend on solubility in water but also the constituent
of the amino acids composition.
Triglycerides (TG)
Triglyceride levels after 3 weeks of treatment
also showed a significant decrease (p < 0.05) and
significantly different between the treatment groups
(p < 0.05). Sequential decrease in triglyceride levels
from the highest were K (+) (46.83%); P1 (27.01%),
SKFS (13.31%) and K (-) (-0.94%, negative values
indicating no lowering effect). In addition, there
were obvious difference in the decreasing levels of
triglyceride between peptide and sterilized fermented
soybean milk.
Blood triglyceride level changes along with diet
changes, it indicates dynamic balance of the body’s
metabolism and directly showing changes in reserve
energy (Chen et al., 2003). Though the mechanism
of reduction in the triglyceride level is not known,
it was assumed that decreasing in serum cholesterol
levels will be followed by a decrease in triglyceride
levels. Decrease triglyceride levels is caused by the
imbalance of certain amino acids such as lysine,
which can lower plasma triglyceride levels, followed
by decreased LDL hearts synthesis and thus reducing
the lipoprotein synthesis in the liver.
Our data are in agreement with previous study,
in which low ratio of lysine and arginine in soy

Figure
Lipid profile
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protein will decrease insulin secretion and increase
glucagon secretion (Potter, 1995). High ratio of
insulin-glucagon is associated with increased risk
of coronary heart disease, which are related to their
lipogenesis stimulation. Glucagon is a hormone
that works against insulin, its mechanism causing
glycogenolysis thereby inhibiting lipogenesis, leading
to possible reduction in the levels of trigliserida23.
Increased triglycerides level is usually related with
increased of VLDL, LDL and decreased of HDL
(Murray et al., 2003). The absorption of VLDL, LDL
and HDL are in unity micelles form and chilomikron
(Astawan et al., 2005).
HDL
HDL levels increased significantly and were
different in each group (p < 0.05) with sequentially
increase of HDL as follows: K (-) (-3.58%), SKFS
(5.12%), P1 (7.68%) and K (+) (34.57%). The
increased in the HDL percentage levels are shown in
Figure 1. The largest content of HDL was protein,
therefore HDL are able to collect excess cholesterol
from tissues to liver. The soy milk contained 15.27%
protein, whereas fermented soy milk has higher
protein content than soy milk (18.26 to 22.78%)
(Yusmarini and Efendi, 2003). The results obtained
in this study conforms to those reported in previous
study (Liu et al., 2006), fermented soy milk with
kefir tested in animals study (hamsters) showed
decreasing levels of serum cholesterol and increasing
HDL levels which were associated with high steroids
content in animal feces.
In another study, Apo Al-mimetic peptides
synthesized from D-amino acids can reduce the
causes of atherosclerotic lesions by 79% through the
protection mechanisms of LDL oxidation by HDL
(Navab et al., 2002). Hence the increased in HDL
levels after the treatments has potential benefits in
reducing atherosclerosis risk and coronary heart
disease. According to Kahl’s (1999), increase of 1
HDL unit can reduce coronary heart disease risk to
2-3%.
LDL
The result of the LDL calculation showed a distinct
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Figure 2.
digest
value value
Figure
2.Cholesterol
Cholesterol
digest

decrease (p < 0.05) and real differences of each group
(p < 0.05). The LDL sequentially decreased were in
the order of: K ( +) (447.06%), P1 (132.37%), SKFS
(130.74%) and least was for K (-) of (-3.11%).
LDL is the largest lipoprotein content of fat
(Heslet, 1997). From the results obtained in this study,
we can conclude that decreasing total cholesterol
and triglycerides levels will be followed by LDL
decreased level. Total cholesterol, triglycerides, and
LDL have unidirectional disposition of the rise and
fall, because 65% cholesterol is in LDL form. These
results were supported by previous studies, which
show that fermented soy milk diet supplement on
animals study group can significantly reduce levels
of total cholesterol, VLDL and LDL compared to
group without supplementation. This were further
corroborated by the observation on availability of
bile levels in the feces. Bile acids are end products
of cholesterol metabolism. High bile acids excretion
will trigger more cholesterol conversion to bile acids
for dissolve fat, resulting in total cholesterol serum
and LDL decreased. Another study showed soy
protein extract by ethanol in single dose was able to
lowering blood cholesterol and LDL concentrations
(Lovati, 1992).
HDL and LDL has opposite function, LDL
is atherogenic because it carries high amount
cholesterol in causing of calcification in coronary
arteries. Otherwise HDL contain lots of protein, that
have functions in the transport of cholesterol from
tissues to liver preventing calcification (Heslet, 1997;
Anwar, 2003; Murray et al., 2003).
Digest profile
The results from the measurements of weight
digest, water content and pH digest showed no real
difference (p > 0.05) between all treatment groups,
but on cholesterol digest measurement, there are
significant difference between treatment groups (p
< 0.05) with cholesterol levels sequentially from the
highest were: K (+) (115.84 mg / dL), P1 (94.83 mg /
dL); SKFS (94.78 mg / dL), and the last K (-) (62.65
mg / dL). Cholesterol digest analysis was used to
determine how much cholesterol can be bound and
secreted through the feces by the active component in
each treatment group. Results analysis for the digest

cholesterol is shown in Figure 2.
In cecum weight measurements, it was found that
sequentially mass cecum from the highest were: K
(+), P1, SKFS and K (-) (Figure 2). A previous review
suggested that the mechanisms of cholesterol binding
by peptide in the gut are possibly the same as fiber, as
in the binding mechanism by undigested soy protein
peptides in gastrointestinal tract. The increased in the
cecum weight were due to water binding and other
organic compounds, such as fat, cholesterol, bile
acids, vitamins, and mineral (Wolever et al., 1997).
The measurements result of digest water content
by gravimetric method showed no significant
difference among the group of rats tested. Digest
water content consecutively from the highest were K
(+), P1, SKFS and K (-). The digest water content is a
reflection of the water-binding capacity of the dietary
components, especially polysaccharides, as highfiber diet can raise digest water levels. Digest water
content between all treatment groups did not have
real difference, high water content in digest plays
an important role in increasing water feces volume
(Wahjuningsih et al., 1999) since increasing levels
of digest water content have direct relationship with
increasing weight of digest.
In pH digest measurement, no real difference
between all treatment groups and the pH digest
consecutively from the highest were P1, K (-) and
SKFS K (+). From this study, the highest pH was
in Asp-Glu peptide, in agreement with the previous
study that the increasing fecal nitrogen component
in mice groups given non digestive protein isolate,
leading to increase in pH digest.
The measurement of cholesterol digest showed
real difference between treatment groups. This
result is in agreement with Yang et al. (2007) who
showed high levels of steroids in animal feces after
given treatment of non-dialyzed soybean protein
hydrolysate (NSPH) compared with control group
(placebo). In another study, the group which were
given additional casein feed have binding steroid
feces lower than group with un-digestive soy protein
isolate (USDP) (Chen et al., 2003). Soy protein
which was separated using protease is divided into
two fractions: high molecule insoluble fraction and
low molecule soluble fractions. In insoluble fraction,
when it given to rats can reduce total cholesterol
levels with increasing steroids fecal excretion.
The possible mechanisms is when un-digestive
soy protein isolate (USDP) to the gastrointestinal
tract, USDP will be digested by digestive enzymes
to further absorbed in the body. The un-digestive
fraction will be able to bind several steroid and will
be released through the feces (Chen et al., 2003).
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Conclusions

Figure 3. Atherogenic index
Figure
3. Atherogenic index

The binding mechanism is similar with binding
mechanism for fiber. Peptides in soy milk have
ability to bind cholesterol and bile acid uptake,
thereby giving lowering cholesterol effect (Torres et
al., 2006).
Cholesterol secreted out by the body as bile, will
send signal to the liver to provide cholesterol by
increasing cholesterol synthesis. Increased excretion
of cholesterol and bile acids in feces may decrease
re-absorption of bile acids through enterohepatic
circulation, thereby decreased bile acids deposits
concentration (bile acid pool) and increased 7αhydroxylase enzyme (bile acids marker in liver)
activity. Increased bile acids synthesis will stimulate
cholesterol metabolism in the body, then increased
cholesterol use in liver and decreases serum
cholesterol concentrations. Moreover, decreased
liver cholesterol concentrations may increase
3-hydroxy-3 methylglytaryl coenzymeA reductase
activity and increase hepatic cholesterol synthesis to
keep homeostasis situation (Erdman Jr, 2000; Chen
et al., 2003).
Atherogenic index
Atherogenic index (IA) measurement revealed IA
value sequentially from the lowest were K (+) (1:57
± 0.02), P1 (2:29 ± 0.04), SKFS (2:36 ± 0.05) and K
(-) (4.61 ± 0.12). Result of the one way ANOVA test
analysis revealed real differences between treatment
(p < 0.05), with P1 and SKFS were not significantly
different.
IA calculation results in this study have a direct
relationship to total cholesterol and HDL level, IA
ratio is very dependent on HDL level. IA ideal value
for men is below 4.5, while for women is below 4.0.
More high HDL value, more low IA value, and then
it will reduce atherosclerosis risk (Baraas, 1994).
From Ng et al. (1997) study, which evaluated HDL
as an index of coronary heart disease risk factors
in Malaysia showed that the levels of HDL are
undoubtedly used as an assessment of coronary heart
disease risk factors. Insoluble soy protein hydrolysate
can reduce the ratio of atherogenic index significantly
compared to placebo in rats with high cholesterol
feed (Yang et al., 2007).

From this study we can conclude that peptide
Asp-Glu has potential in lowering total cholesterol,
triglycerides, LDL, raise levels of HDL, and that
cholesterol were found in Sprague Dawley rats digest
after extending intervention of Asp-Glu peptide.
The results further suggested that the mechanism
of binding of cholesterol by Asp-Glu peptide in
gastrointestinal tract. This study used synthetic
Asp-Glu peptide due to limited synthetic methods
and tools to isolate peptide Asp-Glu directly from
sterilized fermented soymilk. Further study on AspGlu peptide hypocholesterolemic effects to humans
is needed to understand the effect of Asp-Glu peptide
in human metabolism.
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