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Abstract 

Background and Aims: Atherosclerosis has become a prominent health problem in 

Indonesia. Based on food as medicine concept, tempe gembus (a fermented food from 

Indonesia) is well known having the content of nutrient that influences atherosclerosis 

parameter. Research aimed to prove the influence of different variation of tempe gembus 

that was given without additional treatment (X1), with the steam blanching heating (X2), 

and was added the bromelain enzyme (X3) to the level of serum Homocysteine (Hcy) and 

Malondialdehyde (MDA)of rat’s blood that was given the atherogenic diet. Material and 

Methods: The research of posttest randomized controlled group design on 35 Sprague 

dawley rats were divided into two main groups as follow; they were 2 control groups 

(called K– and K+) and 3 treatment groups. All of the treatment groups were given tempe 

gembus of 25 gram/ kg rat body weight. Results: The results showed that group variation 

of tempe gembus had a lower mean of Hcy and MDA levels than disease group (K+). 

However, a significant effect of tempe gembus was only decrease in MDA level (ANOVA 

test p = 0.001). Treatment X1 and X3 had meaningful differences to decrease MDA levels. 

Conclusion: Tempe gembus variation can decrease the MDA level significantly and 

decrease the Hcy level however, without statistical significance. 

key words: Tempe gembus, fermented food, atherogenic diet, homocysteine (Hcy), 

malondiadehyde (MDA). 

Background and aims 

Atherosclerosis is a disease caused by 

inflammation response on blood vessels and it 

causes the ossification of the arterial wall in 

which lead to rigidity and fragility. 

Atherosclerosis is the beginning process of 

coronary heart disease and stroke [1]. The deaths 

caused by cardiovascular diseases, especially the 

coronary heart disease and stroke, are estimated 

to increase up to 23.3 million deaths in 2030 

with the current prevalence (2013) of coronary 

heart disease in Indonesia was 0.5% or about 

883.447 people [2]. Stroke is a clinical 

disturbance that is caused by the loss of brain 
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function due to the obstruction of blood supply 

to the brain [1]. According to the data of 2010 in 

the United States, stroke was the top third of the 

cause of fatality that reached 700 million people 

per year [3]. Meanwhile, stroke prevalence in 

Indonesia reached 12.1 per 1000 people [2]. 

The obstruction on the blood vessels 

happens because of the existence of blood 

solidification or called as a thrombus. The 

thrombus can be destroyed with thrombolysis 

mechanism (fibrinolysis) by activating the 

plasminogen to be proteolytic plasmin enzyme. 

This plasmin will change the shape of thrombus 

and limit the thrombosis development by 

digesting the proteolytic fibrin [4]. 

A research in 2014 was succeeded to isolate 

the microbe as producing protease fibrinolytic 

from tempe gembus, which was Bacillus pumilus 

2.g (AB968524). Pure fibrinolytic enzyme from 

B. Pumilus 2.g was included in a group of 

protease serine a group of substilin that could 

degrade chain α and β from fibrinogen faster. 

Fibrinolytic enzyme was stable between pH 5 to 

pH 9 and the temperature was less than 60°C [5].  

Hyperfibrinogenemia has important role of 

thrombosis creation and increase the 

aterogenesis because of fibrinogen will bind the 

receptor on thrombosis membrane and start the 

aggregation creation from thrombosis [6]. 

Besides hyperfibrinogenemia, the adhesive force 

and thrombosis aggregation also increase on 

high homocysteine level [7]. 

Homocysteine is an intermediate compound 

that has been produced on methionine 

metabolism. Homocysteine is considered as 

factor of independent risk for the cardiovascular 

disease and not constituent of normal diet. The 

only one homocysteine source is methionine, 

which is the essential amino acid that contains of 

sulfur. Homocysteine increases the production of 

oxidative stress that will increase the Reactive 

Oxygen Species (ROS) and another radical 

superoxide that damages the cardiovascular 

system [7,8].  

The oxidative stress raising will spur on the 

peroxidase lipid. One of the indicators used for 

understanding the peroxidase lipid inside body is 

level of malondialdehyde (MDA). MDA is an 

aldehyde compound that is created by peroxidase 

lipid on cell membrane because of reaction to the 

free radical. The inflammation and thrombosis 

rising can explain the height of disease and 

fatality level because of cardiovascular disease 

[8]. 

According to food as medicine concept, 

optimizing the functional food to help fighting 

down the diseases is important. One of the local 

functional foods is tempe gembus that known as 

food-stuff resulted from fermented waste-tofu by 

Rhizopus oligosporus. Although the basic 

material is the waste-tofu, but tempe gembus 

contains of essential fatty acids, such as linoleic 

acid (21.51%), linolenic acid (1.82%) and oleic 

unsaturated fatty acid (16.72%). The analysis of 

nutritional value of tempe gembus (dry weight 

per 100 g of edible portion) was consisted of 

energy 77.7 kcal, protein 4.07 g, lipid 0.23 g, 

total carbohydrate 14.25 g, fiber 4.69 g, ash 0.84 

g, calcium 159.98 mg, phosphorous 59.69 g, iron 

0.48 mg, and water 6 %.  The isoflavone 

concentration in tempe gembus were daidzein 

33.1 µg/g and genistein 57.1 µg/g. The level of 

fiber on tempe gembus is three times higher than 

soya bean tempe. Besides fat acid, tempe gembus 

also contains of isoflavonees that is bioactive 

that has activities as antioxidant, anti-hemolytic, 

anti-cholesterol and anti-cancer. Nutrient 

composition of tempe gembus is similar to soya 

bean tempe, especially those that influence the 

blood lipid profile, protein, polyunsaturated fatty 

acid (PUFA), fiber and calcium [9]. 

According to those backgrounds, this 

research was conducted to compare the different 

variation of more effective tempe gembus to 
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influence homocysteine and malondialdehyde 

(MDA) level on Sprague Dawley rat as trial 

animal that was given the atherogenic diet. 

Tempe gembus giving on this research was done 

through three treatments, such as giving tempe 

gembus without additional treatment, tempe 

gembus with reheating, and tempe gembus that 

was added simple protease enzyme (bromelain). 

Variety of tempe gembus with reheating process 

is caused by pure fibrinolytic enzyme from B. 

Pumilus 2.g that is not stand for high 

temperature treatment, whereas public’s habit 

consuming gembus after being cooked [5]. 

Adding the simple protease enzyme which is 

bromelain hopefully can hydrolyze the 

polypeptide so it will result the decomposition 

product (hydrolysate) as simple compound, such 

as peptide and amino acid that are easier to 

absorb and activities of fibrinolytic bromelain 

from pineapple is able to increase the 

plasminogen conversion becomes plasmin so it 

can increase the fibrin degradation. The given 

dose on each treatment arm was 25 gram tempe 

gembus per kg of rat’s weight for 28 days. 

Material and methods 

Research design 

Tempe gembus was obtaines from the of 

local soybean seller that has been directly 

proceeded by the workers. This process is under 

researchers’ control. The trial animals were 

strain Sprague dawley white rats (Rattus 

Norwegicus) in the age of 8-12 weeks, male, 

weight 150-200 grams. The materials of rat diet 

were shown in Table 1. 

The research design was True Experimental: 

posttest randomized controlled group design. 

The number of samples were decided based on 

Federrer formula. There were 35 rats randomly 

divided in 5 groups. All care, treatment, and 

blood sampling was done in experimental animal 

laboratory of Medical Faculty, Diponegoro 

University. Homocysteine (Hcy) was checked 

with Hcy Elisa kit, a brand of Bioassay 

Technology Laboratory. Meanwhile, to check its 

absorbance, ELISA reader brand BIO-RAD 680 

XR with the wave length 450 nm was used. It 

was conducted in Integrated Research and 

Testing Laboratory (Laboratorium Penelitian 

dan Pengujian Terpadu - LPPT), Gadjah Mada 

University, Yogyakarta. The malondialdehyde 

(MDA) was checked with TBARS 

(thiobarbituric acid reactive substance) method. 

To check its absorbance, it was measured by 

spectrophotometer with the wave length 532 nm 

that was conducted in Laboratory of 

Biochemical, Medical Faculty, Diponegoro 

University, Semarang. 

Table 1. Rat Diet. 

Standard Diet Atherogenic Diet 

Hi Provite 594 100% Hi Provite 594 55% 

 Flour 28% 

Water at sufficiency Yolk 6% 

 Cholic acid 0.2% 

 Pig Oil 10% 

 Coconut Oil 1% 

 Water at sufficiency 

Source: Nur Kholis, Veni. 2011 [4]
 

Preparation period 

The preparation period was carried out 3 

days to acclimatize the rats to the experimental 

condition, by ad libitum consumption of 

standard food (merk Hi Provite-594), followed 

by pre-experimental period of 28 days. The rats 

were randomly divided into five groups. Those 

which was given purified diet based on Hi 

Provite-594, was laterrated as negative control 

(K -) and four groups were given atherogenic 

diet (K +, X1, X2, X3). Atherogenic diet 

composition was following the previous studies 

(Table 1). 

Experimental period 

After the pre-experimental period, the 

experimental period was conducted in 4 weeks. 
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Then, the atherogenic diet was stopped. Two 

control groups (K - & K +) were continued with 

a standard diet for 28 days.  Three treatment 

groups (X1, X2, X3) were given tempe gembus 

of 25 gram/ kg rat body weight. Tempe gembus 

was obtained from local waste-soybean that was 

processed by the worker and controlled by 

researchers. The three treatment groups were 

divided into three types of giving treatment: (1) 

the rat group that was given the standard diet + 

tempe gembus without any additional treatment, 

it was called as X1; (2) the rat group that was 

given the standard diet + tempe gembus with 

reheating method of steam blanching for 5 

minutes, it was called as X2; and (3) the rat 

group that was given the standard diet + tempe 

gembus that was added by the bromelain enzyme 

25 ppm, it was called as X3. The diet was made 

with the same calories and protein in each group. 

Data analysis 

The data resulted from this research was 

tested for normality using Shapiro-Wilk test. 

Since data was distributed normally to test the 

statistical differences between groups, one-way 

Anova test was udes followed by Post Hoc 

analysis if the result showed some influences to 

the confidence interval 95% (p < 0.05). Pearson 

correlation coefficient was used to assess the 

correlation’ strengths. The data analysis was 

performed using SPSS program 16.00 for 

Windows. 

Ethical clearance 

Request ethical clearance has been reviewed 

and approved by the ethical clearance with the 

certificate number 1034 / EC / FK-RSDK / X11 / 

2016. 

Results   

Body Weight 

It was known that the mean of rat’s body 

weight that was given the atherogenic diet was 

bigger than other rat’s groups. The mean of body 

weight of treatment group was smaller than 

control group, it showed that group that was 

given tempe gembus had better ability on 

pushing out the body weight gain. The 

differences of body weight’s mean of before and 

after treatment showed significant differences. 

(Table 2). 

Table 2. Body weight before and after treatment. 

Group Body weight (gram) p  

Before (Mean + 

SD) 

After (Mean + SD) Δ 

K(-) 208.57 + 20.58 236.43 + 21.86 27.86 0.001 

K(+) 218.00 + 26.54 250.71 + 39.96 32.71 0.006 

X1 244.71 + 22.61 247.89 + 23.19 3.18 0.473 

X2 227.50 + 26.19 241.89 + 27.18 14.39 0.045 

X3 234.85 + 37.77 244.80 + 36.60 9.95 0.041 

Results are presented as means and standard deviations. P value was calculated using t-student test.  

Table legend: 

K(-) = Negative control group, without atherogenic diet (standard diet). 

K(+) = Positive control group, the rats were given the atherogenic diet for 4 weeks without tempe gembus treatment. 

X1 = Group with atherogenic diet first treatment that was given tempe gembus 25 gram/ kg body weight without 

additional treatment. 

X2 = Group with atherogenic diet second treatment that was given tempe gembus 25 gram/ kg body weight with 

reheating using steam blanching method for 5 minutes. 

X3 = Group with atherogenic diet third treatment that was given tempe gembus 25 gram/kg body weight + bromelain 

enzyme 25 ppm. 
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Homocysteine (Hcy) 

It was resulted that group X3 given tempe 

gembus with additional bromelain enzyme had 

the lowest mean value of homocysteine level. 

Group that was given only atherogenic diet 

without treatment (K+) had the highest mean 

value of homocysteine. There were no 

significant differences of homocysteine levels 

between the research groups. (Table 3). 

Table 3. Mean Levels of Serum Homocysteine 

after Treatment 

Group Mean ± SD Level 

Hcy (µmol/mL) 

p 

K (-) 3.98 + 0.58 

0.751 

K (+) 4.30 + 0.37 

X1 4.19 + 1.15 

X2 4.28 + 1.04 

X3 3.73 + 1.15 

 

Differences were analyzed using One-way 

ANOVA test. 

Malondialdehyde (MDA) 

It was known that the mean of positive 

group had the highest level of MDA. The one-

way Anova test showed that at least there were 

not two groups that had different meaningful 

mean of MDA level. (Table 4). 

Table 4. Mean Levels of Serum MDA after Treatment. 

Group Mean ± SD Levels 

MDA (nmol/mL) 

p 

K (-) 16.37 + 0.69 

0.001 

K (+) 21.91 + 2.71 

X1 15.49 + 1.53 

X2 20.50 + 3.09 

X3 17.18 + 1.16 

 

Differences were analyzed using One way 

ANOVA. 

So, we followed by Games-Howell’s 

multiple comparison test (see Table 5) 

Furthermore, it was done the post hoc test to find 

out between the groups that had meaningful 

differences. 

Table 5. Multiple Comparison Test Levels of Serum MDA. 

 K(-) K(+) X1 X2 X3 

K (-) - 0.008* 0.658 0.063 0.542 

K (+) 0.008* - 0.002* 0.889 0.017* 

X1 0.658 0.002 - 0.026* 0.211 

X2 0.063 0.889 0.026* - 0.152 

X3 0.542 0.017* 0.211 0.152 - 

Games-Howell’s multiple comparison test p < 0.05* 

 

There were no statistical significant 

differences of MDA levels between treatment 

group and negative control group (K-). On the 

first and third treatment (X1 and X3) had 

meaningful differences to decrease the MDA 

levels. 

Correlation of Homocysteine 

and Malondialdehyde 

According to Table 6, there was a 

correlation between homocysteine and MDA 

levels (r= 0.086) although statistically it was 

meaningless (p= 0.622). 

Table 6. Correlation of Homocysteine and 

Malondialdehyde. 

 MDA 

Hcy r = 0.086 

 p = 0.622 

 n = 35 

Analyzed by Pearson Correlation Test 

Discussions 

According to Table 2, it was resulted that the 

differences of body weight mean of before and 

after treatment showed significant differences 

(p=0.001). The body weight’s mean of treatment 

group was lower than control group, it showed 

that group with tempe gembus treatment had 
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better ability on decreasing the body weight 

gain. It was related to tempe gembus with the 

fiber level three times bigger than soy tempe. 

Food fiber has ability to restrain water and can 

form strong liquid in digestive track. By this 

ability, the dissolved fiber is able to postpone the 

discharge capacity from the flank, obstruct the 

mixture of digestive track’s substances with the 

digestive enzymes, with the result that 

decreasing the absorption of nutritious in 

proximal. This mechanism causes the decreasing 

absorption of fat acid by soluble fiber. Besides, 

food contains relatively high fiber will give 

fullness so it decreases consumption [11].
 

Besides, fiber of tempe gembus has isoflavones 

as the research of Zhang et al., stated that 

isoflavones from soybean caused the body 

weight decreasing through increasing the level of 

cholecystokinin digestive hormone (CCK) as 

stimulator on decreasing the appetite [12]. 

Based on Table 3, the group that was given 

tempe gembus by adding the bromelain enzyme 

(X3) had lower mean value of homocysteine due 

to higher antioxidant that was produced by 

hydrolysate protein that was able to protect the 

endothelium from oxidative stress, so 

endothelium would produce Nitric oxide (NO) 

optimally. NO would detox homocysteine, 

which was bind to homocysteine and form 

S-NO-Hcy that was harmless compound and had 

a role as inhibitor thrombosis [13].
 
Fibrinolytic 

bromelain activities from pineapple are also able 

to increase the conversion of plasminogen 

becomes plasmin so it can increase the fibrin 

degradation [10]. 

Groups that were given only atherogenic diet 

without treatment (K+) had the highest mean 

level of homocysteine. The atherogenic diet 

increased the hyperlipidemia creation. It was 

primarily related to the form of oxidized Hcy, 

which was thiolactone that could be complex 

bind with LDL. LDL-Hcythiolactone was saved 

in a form of thioco and became thioretinamide 

that created proliferation and fibrosis from 

smooth muscle cells. As long as conversion from 

thioco became thioretinamide it was resulted 

plentiful ROS that caused endotel dysfunction. 

Hcy-tiolactone is a reactive thioester, reacted to 

LDL and forms the foam cells that have role in 

atherosclerosis [14].
 

Thiolactone can be 

degraded by thiolactonase (paraoxonase) 

enzyme which its level is correlated by HDL 

level. The related risk to the increasing of 

plasma homocysteine can decrease by the 

increasing of HDL cholesterol or Apo A1 so 

Hcythiolactone can decrease [15].
 
 

It also could explain one of the reasons of 

one way ANOVA statistic result p = 0.751, 

which meant there were no statistically 

significant differences between the 

homocysteine level of research groups. ELISA 

kit, which was used in this research, could not 

possibly measure oxidated Hcy, i.e. thiolactone 

that had been bind to LDL became LDL-

Hcythiolactonnne. This kit could count the total 

of homocysteine. Total of homocysteine 

contained thiol-homocysteine, disulfide 

homocysteine, and cysteine homocystein [16]. 

The meaningless result is more feasible 

because of the homocysteine decreasing is more 

related to vitamin B6, B12, and folic acid than 

isoflavone [17-19]. Hcy was degraded by two 

ways, namely remethylation that created 

methionine and transsulfuration that produced 

cysteine. Hcy was conversed to cystathionine 

through transsulfuration pathway that was 

depended on vitamin B6 with Cystathionine β 

Synthase (CBS). Then, cystathionine was 

conversed to the cysteine and later it was 

excreted through urine. Remethylation happens 

on a part of cells with the rock 5-methylene-

tetrahydrofolate reductase (MTHFR) with folic 

acid as co-substrate and methionine synthase and 

cobalamin (B12) as cofactor [20]. Based on 
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Selhub research as quoted by Welch, that found 

2/3 of the researched hyperhomocysteinemia 

cases had one or more level of vitamin B that 

were inadequate [21].
 
Kang also found that there 

was reverse relationship between deficiency of 

vitamin B12 and accumulation of homocysteine 

and hyperhomocysteinemia on the sufferers of 

folic acid deficiency [22]. 

Based on Table 4, mean of control groups 

that were given atherogenic diet without tempe 

gembus (K+) had the highest MDA level 

(21.91±2.71 nmol/mL). Giving the high fat 

atherogenic diet could induce obesity, 

hyperglycemia, increasing the level of blood 

lipid and chronic inflammation that caused 

increasing the MDA level [23]. Based on Table 

5, it is understood that MDA of first treatment 

group (X1) and third treatment group (X3) have 

difference meaning compared to group that is 

supposed to be sick (K+). Whereas second 

treatment group does not have statistical 

significant differences (p > 0.05) when 

compared to positive control group, supported 

by value of mean level of MDA X2 (20.50±3.09 

nmol/mL) that almost closes to the mean of 

positive control group. It is possibly because of 

isoflavone inside tempe gembus, especially kind 

of daidzein and genistein are susceptible to the 

heat although the reheating that is done in this 

research is a kind of minimum reheating [24]. 

On the third treatment (X3), it had 

significant difference to decrease the MDA level 

due to the fragmentation tempe gembus protein 

by bromelain enzyme, so it formed digestible 

protein hydrolysate. Protein hydrolysate 

generally is used for flavor-lasing, but now its 

usage starts shifting becomes functional food 

product. Some researchers have reported that 

protein hydrolysate is more soluble protein 

source in human’s body because of its simpler 

chemical structure (namely dimer or oligomer 

amino acid). Other researches show that the 

composition of amino acid in protein hydrolysate 

also has strong enough antioxidant activities 

[25]. 

According to the research of Borra et al, 

giving antioxidant, especially isoflavone is able 

to prevent oxidase lipid by free radical so it 

decreases the MDA formation of rat’s liver. It is 

also related to the activities of SOD enzyme in 

the liver. Isoflavone is also able to defend the 

SOD enzyme activities probably because of 

isoflavone genistein’s role to induce genetics 

that take charge of SOD enzyme synthesis [26]. 

Besides, isoflavone helps the task of superoxide 

dismutase in separating the free radical. 

Isoflavone works by rendering its one electron to 

the radical compound so its radical compound 

changes becoming non-radical compound or un-

dangerous compound to the cells. Thus, 

isoflavone helps the task of superoxide 

dismutase so the enzyme level of superoxide 

dismutase in the cells can be defensible. As 

antioxidant, isoflavone compound can eliminate 

free radical and prevent further chain reaction to 

the cell membrane components so it reduces 

MDA formation as final product [27]. 

According to Pearson test (Table 6), there 

are positive correlations between the level of 

homocysteine and MDA (r = 0.086) although not 

statistically significant (p = 0.622). Hyperhomo-

cysteinemia increases the oxidative stress with 

auto oxidation homocysteine that results 

disulfide oxidase, decreases the intracellular 

antioxidant (GPx) and cytotoxic directly to the 

endothelium cell that stimulates ROS formation 

[28,29]. 

The MDA increasing is possibly caused by 

the existence of other peroxidation lipid due 

hyperhomocysteinemia. According to a research 

by Rahayu, there was not only homocysteine that 

could cause peroxidation lipid because of the 

existence of other condition that could cause 

oxidative stress, such as hyperglycemia that 
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caused autooxidising glucose that faster the free 

radical forming [30]. Besides hyperglycemia, 

obesity also can trigger the oxidative stress. 

Adipose tissue in addition to being a reserved 

lipid but also has a role to produce bioactive 

substances called adipokine. Adipokine can 

induce increased production of Reactive Oxygen 

Species (ROS). The increasing ROS can connect 

to the cells damage, include membrane cell 

oxidation and protein that is conjugated to the 

disturbance of cellular redox homeostasis. This 

reaction can cause lipid peroxidation [31].
 
It was 

supported with a research by Yesibursa on an 

obese person, it could happen the increasing of 

endogen lipid peroxidation by found higher level 

of MDA blood compared to someone who had 

normal body mass index [32]. 

Conclusions 

Variation of giving tempe gembus can 

decrease the MDA level significantly and 

decrease the homocysteine level although 

without statistical significance in atherosclerosis 

rats. Groups that are given tempe gembus 

without additional treatment (X1) and that are 

given bromelain (X3) meaningfully have lower 

MDA level compared to the groups that are 

given tempe gembus by reheating process. There 

are positive correlations between homocysteine 

and malodialdehyde although statistically it is 

meaningless. 

Disclosure. The author declares no conflict 

of interest. 
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