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Abstract 
Diabetes mellitus is a group of metabolic diseases with hyperglycemia characteristic that occurs 
because of abnormalities of insulin secretion. And it becomes one of the major degenerative dis- 
eases in the world. The number of studies is conducted to produce hypoglycemic compound and 
hipolipidemia as an alternative to chemical drugs. One of natural product is salacca vinegar. The 
purpose of this research is to determine the effect of Salacca vinegar var. Suwaru impact on the 
diabetic lipid profile of male rats that induced by STZ (Streptozotocin). This reseacrh is conducted 
by Experimental Post Test Randomized Control Design. Under this research, involves 4 groups, 
spesifically normal group, diabetic group, diabetic + salacca vinegar 0.4 cc, diabetic + salacca 
vinegar 0.7 cc. The data were analyzed by ANOVA (Analysis of Variance). The means were assessed 
for differences through Least Significant Difference (LSD) 0.05. The results showed that Salacca 
vinegar var. Suwaru with a dose of 0.4 cc/rat/day and 0.7 cc/rat/day influence on lipid profile 
levels of diabetic rats which affect on decreasing LDL, Trygliceride, total cholesterol and in- 
creasing HDL serum plasma diabetic rats. 
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1. Introduction 
Diabetes mellitus is one of the major chronic diseases in all populations. In addition to hyperglycemia, the most 
common feature in diabetes is dyslipidemia, which is contributed to the development of atherosclerosis [1]. Di- 
abetes mellitus is a disease that occurs when the body does not have the hormone insulin or cannot use insulin 
properly. Dyslipidemia is a metabolic abnormality of body fat. Glucose cannot be used as a source of energy so 
that the energy obtained from the breakdown of fat (lipolysis). Activity lipolysis (breakdown of fat) causes un-
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controlled high levels of free fatty acids, triglycerides (hipertrigliseridaemia) and cholesterol (hypercholestero-
lemia) can trigger the risk of cardiovascular complications such as atherosclerosis [2]. Diabetes mellitus to be a health 
concern is due to the prevalence of patients increased dramatically over the last two decades. The number of studies is 
conducted to produce hypoglycemic compound and hipolipidemia as an alternative to chemical drugs. 

Vinegar is a product resulting from the fermentation of fruits that contain high levels of sugar such as apples, 
grapes etc. The main component in salacca vinegar is acetic acid with a concentration of 3% - 5%. Vinegars 
contain other components such as vitamins, mineral salts, amino acids, polyphenolic compounds and organic 
acids [3]. Supplement apple vinegar on diabetic rats showed positive results that can lower glucose levels and li- 
pid content in the blood, polyphenols in apple have been shown to lower LDL levels in healthy individuals [1]. 
Acetic acid can lower triglycerides in rat fed a high-cholesterol diet [4], and the provision of vinegar can lower 
the glycemic index so as to increase HDL and decrease LDL [5] [6]. 

Salacca fruits have a higher content of antioxidants than apples [7]. In addition, salacca fruit is also high in 
polyphenols thus might have a positive effect to control of plasma lipids in rat fed a high-cholesterol diet [8]. 
Salacca vinegar is vinegar made form salacca fruits, which in some cases have a higher functional ability than 
apple vinegar [7]. Salacca vinegar may have the ability to control lipids in diabetic subjects. However, in-depth 
research on the subject has not been done. Therefore it is necessary to study the effect of salacca vinegar on lipid 
profile in male Wistar rats were conditioned with Streptozotocin-induced diabetic (STZ). 

2. Materials and Methods 
2.1. Materials 
White rats Rattus novergicus Wistar strain, 3 - 4 months old, 130 - 180 g body weight. Normal diet: comfeed 
PAR-S 67%, Wheat flour 33%. Salacca vinegar var. Swaru from laboratory of microbiology, dept of Food 
Science and Technogy, Brawijaya University, Standard feed rats, Streptozotocin (Sigma Chemical). 

2.2. Experimental Design 
The animals were randomly divided into four groups and each group consists of 5 rats, classified as: normal, di- 
abetic control, diabetic rats treated with salacca vinegar 0.4 cc doses, diabetic rats treated with salacca vinegar 
0.7 cc doses. Each group is separated in different cages. Before treatment rats adapted to the laboratory condi- 
tions for 1 week in order to adapt to the environment and given a normal diet (standard). 

2.3. Determination of Dose Treatment 
Dose of salacca vinegar salacca commonly used by humans is 3 × 2 tablespoons salacca vinegar 2 tablespoons 
salacca vinegar = 10 cc. Dosage administered to rat can be calculated by multiplying the dosage in humans with 
human-to-rat conversion factor is 0.0027, so the dosage obtained for rats weighing 150 g as follows: 0.0027 cc/g 
BB rat × 150 g = 0.4 cc/rat/days.  

2.4. Induction of Diabetes 
Treatment of diabetes is done by injecting streptozotocin (STZ) at a dose of 60 mg/kg intraperitoneally [1]. 
Blood glucose levels measured 3 days after STZ induction. State of diabetic rat is characterized by blood glu- 
cose levels ≥ 200 mg/dl [1]. 

2.5. Measurement of Lipid Profile Levels 
Blood samples were collected from the tail after 12 h fasting (before treatment), after the treatment period (end 
of the 28 days), blood sampling performed on 28 days, collected from the heart. Levels of total cholesterol, HDL 
(high density lipoprotein) and LDL (Low Density Lipoprotein) analyzed by CHOD-PAP method whereas trig- 
lyceride levels were analyzed by GPO-PAP method [2]. 

2.6. Data Analysis 
The data were analyzed by ANOVA (Analysis of Variance). The means were assessed for differences through 
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Least Significant Difference (LSD). 

3. Results 
3.1. Effect of Salacca Vinegar on Blood Glucose Rat 
Rat induced by Streptozotocin (STZ). STZ injections influence increase in blood glucose levels above the nor- 
mal range (>200 mg/dl). Glucose levels after injection of streptozotocin rats can be seen in Table 1. 

Injection of STZ in animals causing diabetes mellitus. Changes in blood glucose abnormalities are due to 
pancreatic β-cell function. STZ pancreatic β cells enter through the glucose transporter (GLUT-2) and will cause 
alkylation of DNA so that the DNA is fragmented. Pancreatic β cell damage influence decrease in insulin levels 
will affect abnormality in the body’s fat metabolism. Deficiency or lack of insulin resulting in increased blood 
glucose levels. 

3.2. Lipid Profiles 
Glucose obtained from food cannot be utilized as an energy source by the body so that the body uses energy 
from other sources, one of them from fat. Insulin deficiency causes inhibition of lipogenesis and increased lipo- 
lysis resulting in the mobilization of fatty acids from adipose tissue. Increased mobilization of fatty acids raises 
barriers in the glycolytic pathway, fatty acid synthesis, and encourage beta oxidation in liver to acetyl co-A is 
abundant. High levels of acetyl co-A in the liver would increase pathways that use acetyl co-A, the ketogenesis 
pathway and fatty acid synthesis. The total serum cholesterol, LDL, triglyceride and HDL did not significant 
different (5%), in diabetic rat before treatment, but after 28 days there was change depend on of the treatment. 

3.2.1. LDL Level (Low Density Lipoprotein) 
LDL is a lipoprotein that has a low specific gravity so if contained in high amounts will cause thickening of 
blood vessel walls. Thickening of the walls of blood vessels forces the heart to work harder blood flow through- 
out the body and in the long term can lead to heart failure (cardiovascular diseases). Effect of salacca vinegar on 
blood serum LDL content of rats in various treatments can be seen in Table 2.  
 

Table 1. Concentration of fasting blood glucose before and after 28 days treatment 
with salacca vinegar in normal and diabetic rats. 

Treatment group 
Blood glucose level (mg/dl) 

Before treatment After treatment 

Normal 106 a 100 a 

Diabetic 350 b 466 c 

Diabetic + salacca vinegar 0.4 cc 404 b 262 b 

Diabetic + salacca vinegar 0.7 cc 414 b 280 b 

The values followed by different letters indicate significantly different test results on LSD 5%. 
 

Table 2. Concentration of serum low density lipoprotein cholesterol (LDL) before 
and after 28 days treatment with salacca vinegar in normal and diabetic rats. 

Treatment group 
Serum LDL content (mg/dl) 

Before treatment After treatment 

Normal 8.03 9.73 a 

Diabetic 9.46 25.53 b 

Diabetic + salacca vinegar 0.4 cc 17.13 14.73 a 

Diabetic + salacca vinegar 0.7 cc 14.73 12.06 a 

The values followed by different letters indicate significantly different test results on LSD 5%. 
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3.2.2. Triglyceride  
Effect of salacca vinegar on blood serum triglyceride of rats in various treatments can be seen in Table 3.  

3.2.3. HDL Level (High Density Lipoprotein) 
HDL (High Density Lipoprotein) has the opposite function of LDL as well as some type of low density lipo-
proteins in the serum. Functioning HDL transports cholesterol from tissues to the heart. The serum levels of 
HDL in rat are shown in Table 4. 

3.2.4. Total Cholesterol 
The serum levels of total cholesterol rat for all treatment can be seen in Table 5. 

4. Discussion 
The group of diabetic rats increased LDL, triglyceride, cholesterol levels compared to normal rat (Tables 2, 3  
 

Table 3. Concentration of serum triglyceride before and after 28 days treatment with 
salacca vinegar in normal and diabetic rats. 

Treatment group 
Serum triglyceride content (mg/dl) 

Before treatment After treatment 

Normal 54.66 56 a 

Diabetic 59 90.66 b 

Diabetic + salacca vinegar 0.4 cc 56 69.66 a 

Diabetic + salacca vinegar 0.7 cc 55.33 64.33 a 

The values followed by different letters indicate significantly different test results on LSD 5%. 
 

Table 4. Concentration of serum high density lipoprotein cholesterol (HDL) before 
and after 28 days treatment with salacca vinegar in normal and diabetic rats. 

Treatment group 
Serum HDL content (mg/dl) 

Before treatment After treatment 

Normal 48.33 49 b 

Diabetic 46.03 32 a 

Diabetic + salacca vinegar 0.4 cc 47.1 46.33 b 

Diabetic + salacca vinegar 0.7 cc 43.5 36.3 ab 

The values followed by different letters indicate significantly different test results on LSD 5%. 
 

Table 5. Concentration of serum total cholesterol before and after 28 days treatment 
with salacca vinegar in normal and diabetic rats. 

Treatment group 
Serum cholesterol content (mg/dl) 

Before treatment After treatment 

Normal (P0) 57.66 56.66 a 

Diabetic (P1) 71.66 78.66 b 

Diabetic + salacca vinegar 0.4 cc (P2) 75.33 65 a 

Diabetic + salacca vinegar 0.7 cc (P3) 67.66 61 a 

The values followed by different letters indicate significantly different test results on LSD 5%. 
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and 5). The diabetics have abnormal lipid metabolism due to insulin deficiency in the body as a result of STZ 
induced damage to pancreatic β cells. Insulin can activate lipoprotein lipase, the enzyme lipoprotein solver. On 
the diabetic condition of the enzyme lipoprotein lipase activity decreased so that the levels of lipoproteins in the 
blood increases [3]. In the body of triglyceride-rich lipoproteins are catabolized to inhibit the production of 
VLDL by the liver. LDL is the end product of VLDL, VLDL production so if possible cannot be controlled will 
be an increase in LDL levels in the body. 

The group of diabetes by administering 0.4 cc salacca vinegar and 0.7 cc seen a decrease in LDL, cholesterol, 
triglyceride, levels compared to diabetic rat. Acetic acid or SCFA (short chain fatty acids) are known to lower 
the glycemic index (GI) [9]. Consumption of acetic acid contained in salacca vinegar is not only to improve but 
also prolong satiety. The existence of this satiety response slows the body’s metabolism so that it will increase 
the response or insulin sensitivity in turning glucose into muscle sugar. Presence of acetic acid consumption or 
diet lowers concentrations of HMG-CoA is a substrate of the liver in the synthesis of cholesterol. Vinegar can 
also increase fat oxidation and stimulation of fecal excretion of bile acids [4]. 

In addition to acetic acid, compounds that have an important role to decrease LDL levels are polyphenolic 
compounds that contained in the salacca vinegar (tannins). Polyphenols in apple have been shown to inhibit the 
increase in serum cholesterol levels in the blood, increase the activity of fat-burning enzymes in the liver, the 
enzyme acyl CoA oxidation, decrease the activity of fatty acid synthase [10]. Synthase polyphenols can inhibit 
the secretion of cholesterol and lipoproteins [11]. Antinutrisi substances such as tannins can reduce cholesterol 
levels in the body by binding to bile acids in the intestine and excreted through feces. Additionally tannins can 
inhibit the action of HMG-CoA reductase. 

Triglycerides are a form of fat that is absorbed by the gut after a hydrolysis, that goes into the plasma in two 
forms, namely as chylomicrons (derived from intestinal absorption of fat after a meal) and as VLDL (very low 
density lipoprotein) which is formed by the liver with help of insulin [12]. High levels of triglycerides related 
with insulin resistance or deficiency results in abnormal lipid metabolism. In these conditions, the activity of fat 
mobilization and lipolysis in the body increases. Glycerol levels increased lipolysis results will stimulate trigly- 
ceride synthesis. Reserves of fat in adipose tissue must be removed and distributed to all tissues via the circula- 
tory system so that, levels of total cholesterol and triglycerides in the body increases. 

Acetic acid in the salacca vinegar is absorbed and taken then metabolized via acetyl co-A in the tricarboxylic 
acid cycle in the liver and peripheral tissues. On the other hand, when acetic acid is metabolized by acetyl co-A 
synthase, AMP produced simultaneously. Hepatocytes acetate activated AMP which activates protein kinase 
(AMPK), inhibitors of fatty acid and sterol synthesis, and also reported that acetic acid can lower serum trigly- 
cerides (TG) in rat fed a cholesterol diet steeper [4]. Another addition to acetic acid compounds which allegedly 
provided securities decreased levels of triglycerides are tannins [13].  

Table 4 shows that the levels of HDL in diabetic rats are lower than the normal group, but higher than diabetic 
rat. Decreased of HDL is due to the relations with insulin deficiency. Insulin deficiency causes inhibition of li- 
poprotein lipase enzyme activity that serves to break lipoprotein [14]. Levels of HDL also negatively correlated 
with triglyceride levels. Decrease triglyceride levels by treatment group followed by an increase in HDL levels. 
Triglyceride transfer to the liver will be able to increase the amount of HDL, because the rest of the release of 
protein will increase the formation of HDL triglyceride [15]. There is an inverse correlation between LDL to 
HDL.  

Increased levels of HDL also influenced by the effects of polyphenols contained in salacca vinegar. Polyphe- 
nols compound in apple can increase serum HDL in rat. Mechanism of action of tannins in lowering cholesterol 
is known through several ways such as by inhibiting the absorption of cholesterol or by increasing the excretion 
of cholesterol through feces [10]. 

Table 5 shows an increase in total cholesterol in the group of diabetic rats compared with normal rats. Its due 
to lipid metabolism as result of a deficiency or insulin resistance. Increased levels of total cholesterol influence 
by the treatment group diabetes + salacca vinegar 0.4 cc and 0.7 cc. This was due to an increase in total choles- 
terol is the sum of all existing lipoproteins. 

Total cholesterol is a combination of lipoproteins, which consists of 60% - 70% LDL, HDL 20% - 30%, and 
10% - 15% of VLDL [16]. Total cholesterol is a combination levels of triglycerides, HDL and LDL levels. So if 
there is an increase HDL levels can affect the total cholesterol in the body [17]. In the diabetic group found 
highest levels of total cholesterol compared to the normal group. This is presumably due to increased levels of 
triglycerides and LDL cholesterol in the body.  
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5. Conclusion 
Salacca vinegar var. Suwaru with a dose of 0.4 cc/rat/day and 0.7 cc/rat/day influence on lipid profile levels of 
diabetic rats which affect on decreasing LDL, Trygliceride, total cholesterol and increasing HDL serum plasma 
diabetic rats. 
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