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ABSTRAK

Nefropati diabetik disebabkan karena kompilkasi diabetes melitus.Soy-yamghurt dibuat dari kombinasi sari ubi banggai dan sari kedelai yang difermentasikan sehingga dapat digunakan sebagai pangan fungsional bagi para penderita nefropati diabetik. Penelitian ini bertujuan untuk menguji metabolit sekunder yang terkandung dalam soy-yamghurt dan mengetahui efektifitas soy-yamghurt terhadap penurunan kadar ureum dan kreatinin. Penelitian ini menggunakan metode eksperimental dengan total hewan uji 25 ekor tikus terbagi menjadi 5 kelompok yaitu kontrol normal, kontrol negatif, kelompok perlakuan soy-yamghurt perbandingan sari ubi banggai dan sari kedelai yaitu F1(1:1), F2(1:2), dan F3(2:1). Parameter yang diamati adalah kadar ureum dan kretinin hari ke-0, 7, 14, 21, dan 28. Hasil yang didapat kadar total metabolit sekunder senyawa Alkaloid F1 0,10% v/v, F2 0,01% v/v, dan F3 0,01% v/v, senyawa Flavonoid F1 014% v/v, F2 0,12% v/v, F3 0,13% v/v, senyawa Tanin F1 0,27% v/v, F2 0,26% v/v, F3 0,14% v/v dan senyawa saponin F1 1,15% v/v, F2 1,22% v/v, F3 1,25% v/v. Pemberian soy-yamghurt F2 efektif dalam menurunkan kadar ureum dan kreatinin. dengan nilai rata-rata ureum 14,66 mg/dL dan kreatinin 0,40 mg/dL. 

Kata Kunci : Soy-yamghurt, metabolit sekunder, ureum, kreatinin
ABSTRACT

Diabetic nephropathy is caused by complications of diabetes mellitus. Soy-yamghurt is made from a combination of Banggai sweet potato juice and fermented soybean juice so that it can be used as a functional food for diabetic nephropathy sufferers. This study aims to examine the secondary metabolites contained in soy-yamghurt and to determine the effectiveness of soy-yamghurt to reduce urea and creatinine levels. This study used an experimental method with a total of 25 rats divided into 5 groups, namely normal control, negative control, soy-yamghurt treatment group with a comparison of yam and soybean extract, namely F1(1:1), F2(1:2), and F3(2:1). The parameters observed were urea and creatinine levels on days 0, 7, 14, 21, and 28. The results obtained were the total levels of secondary metabolites of Alkaloid compounds F1 0.10% v/v, F2 0.01% v/v, and F3 0.01% v/v, Flavonoid compounds F1 014% v/v, F2 0.12 % v/v, F3 0.13% v/v, Tanin compounds F1 0.27% v/v, F2 0.26% v/v, F3 0.14% v/v and saponins F1 1.15% v/v, F2 1.22% v/v, F3 1.25% v/v. Administration of soy-yamghurt F2 is effective in lowering urea and creatinine levels. with an average value of 14.66 mg/dL urea and 0.40 mg/dL creatinine.
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1. INTRODUCTION

Kidneys are organs that have an excretory function including excreting metabolic waste products. Some of the end products of metabolism that can be excreted by the kidneys are urea and creatinine. When the levels of urea and creatinine in the body increase, this indicates damage to the kidneys, causing kidney failure(Hermawan, 2016). Diabetic nephropathy is a disease of kidney failure that occurs due to microvascular complications in people with diabetes mellitus (diabetes mellitus).Preguiça et al., 2020).
One way that can be used to control blood glucose and suppress the occurrence of diabetes complications is by utilizing natural antioxidant compounds that can be obtained from plants such as yams and soybeans. 
Banggai sweet potato (Dioscorea alata L.) contains bioactive compounds such as dioscorin, dioscin, diosgenin, inulin, and PLA which function as antioxidants and sources of prebiotics.(Yuniastuti et al., 2017; Estiasih et al., 2017). Soybean plant (Glycine max (L.) Merr.) contains isoflavone flavonoid compounds that have antioxidant activity. Isoflavones in soybeans are generally in the form of glycosides but will be converted into aglycone compounds through a fermentation process by certain bacteria (Labiba et al., 2020). One of the processed fermented soybeans is soyghurt. Along with the development of methods in the food sector, soyghurt has begun to be widely formulated into functional food that is beneficial for health with the addition of prebiotics (Rahmawati et al., 2017).
Soy-yamghurt is a synbiotic drink that contains probiotics and prebiotic components that have antioxidant activity. Previous research has shown that soy-yamghurt made from yam juice and soybean extract contains isoflavones, PLA, inulin, and other nutritional compounds. The administration of soy-yamghurt with a dosage of 3.5 ml/200gBW has antidiabetic properties. This is because the oligosaccharides contained in soy-yamghurt are able to form a gel and can be degraded into short chain fatty acids by microbes with the help of enzymes. Short chain fatty acids will inhibit the absorption of blood glucose (Kwanariesta et al., 2018). 
Based on this background, it is necessary to research soy-yamghurt fermented from Banggai sweet potato extract and soybean juice on urea and creatinine levels.

2. RESEARCH METHODS

Yogurt Starter Making
16 grams of skim milk was dissolved in 100 ml of hot water while stirring well and then the temperature was lowered to 45°C. Added commercial yogurt starter culture (biokul plain) as much as 5% of the volume of the mixture and stirred. Then covered with polyethylene plastic. The resulting mixture was incubated at 37°C for 12 hours. Then store the yogurt starter that has been produced in the refrigerator at 4°C.

Banggai Yam Extract Making
The Banggai yam that was obtained was cleaned by peeling the Banggai yam tuber. Furthermore, washing is carried out to remove the remaining dirt on the tuber flesh. After washing, the tubers were refined using a blender by adding boiled water in a ratio of 1:3 w/v .(Herlina et al., 2018). Then filtered using a filter cloth that has been blanching and then the juice is taken (Kwanariesta et al., 2018).

Soybean Juice Making
Soybeans were sorted and washed thoroughly and then boiled 2 times for 30 minutes, namely before and after soaking the 0.2% NaHCO3 (Sodium Bicarbonate) solution for 30 minutes. Then the soybean skin is separated by kneading and washing it many times until it is clean. Add hot water (100°C) to skinless soybeans in a ratio of 1:6 then grind or blend. The resulting soybean porridge is filtered using a filter cloth that has been blanched to obtain soybean juice and then left on low heat at 80°C for 20 minutes.(Kwanariesta et al., 2018).

Soy-Yamghurt Making
Soy-yamghurt is made from Banngai yam extract and 79.4% soybean extract, with a ratio of 1:1, 1:2, and 2:1. Then added 15% skim milk, 2% honey, 3% starter, and mixed with 0.6% Na CMC. Then do the incubation process at a temperature of 43°C for 6 hours. Soy yogurt that has been formed is then stored in the refrigerator at 4°C, under anaerobic conditions (Kwanariesta et al., 2018). The Soy-Yamghurt formula can be seen in Table 1. below.



Table 1. Soy-Yamghurt formulation in 100 ml
	Composition 
	Function
	Amount (%)

	
	
	F1
(1:1)
	F2 (1:2)
	F3
(2:1)

	Sweet Potato Juice
	Source of prebiotics
	39.7
	26.46
	52.92

	Soy Sauce
	Basic material
	39.7
	52.92
	26.46

	Skim Milk
	Source of lactose
	15
	15
	15

	Honey
	Sweetener
	2
	2
	2

	Biokul Plain Yogurt Starter 
(S. Thermophilus, 
L. Bulgaricus, 
L. Acidophilus, Bifidobacterium) 
	Starter
	3
	3
	3

	Na CMC
	Stabilizer
	0.6
	0.6
	0.6




Determination of Total Flavonoid Level
By taking a sample of 0.5 ml which has been diluted (1:10 g/ml 96%), added 1.5 ml of ethanol (96%), 0.1 ml of 10% Al3, 0.1 ml of 1 M Na acetate, and 2,8 ml of distilled water. It was left for 30 minutes, then measured at a wavelength of 417 nm.

Determination of Total Alkaloids
By taking a sample of 0.5 ml which has been diluted (1:10 g/ml 96%). then put into a 100 ml volumetric flask, diluted with 96% ethanol to the mark, and homogenized. Then read the absorption at a wavelength of 275 nm.

Determination of Total Saponin Levels
By taking a sample of 0.5 ml which has been diluted (1:10 g/ml 96%), add 2 ml of 25% H2SO4, autoclave 120 minutes at a temperature of 110°C, then extracted with ether, then dried the filtrate, add aquades as much as 1 ml, vortex extraction for 5 minutes, add 50 l of anisaldehyde, shake and let stand for 10 minutes. Add 2 ml of 50% sulfuric acid, then heat on a water bath at 60°C for 10 minutes. Then add up to 10 ml of distilled water, dilute 10 times. Read the absorption at a wavelength of 435 nm.





Determination of Total Tannin
By taking a sample of 0.5 ml that has been diluted (1:10 g/ml ethanol 96%), extracted with 10 ml of Diethyl ether for 20 hours, then filtered. Evaporate the remaining Diethyl ether, add distilled water to the sample to a volume of 10 ml. Take 1 ml of sample solution add 0.1 ml of Folin Ciocalteu reagent and vortex, wait 5 minutes. Then fill with distilled water to a volume of 10 ml, diluted 5 times. Read the absorbance at 760 nm after being incubated for 30 minutes at room temperature.

Blood Sampling
Blood sampling is done in the laboratory STIFA Pelita Mas Palu. Blood collection was carried out on days 0, 7, 14, 21, and 28 through rats using a tube that had been given 2 ml of EDTA to be centrifuged into a serum.

Data Analysis
The measurement data of urea and creatinine levels obtained in the study were calculated and statistically analyzed using one way ANOVA and Kruskal-Wallis tests. If the data is normal and homogeneous, it is analyzed using the one-way ANOVA test. If there are differences, then it is continued with Duncan's further test. If there is data that is not normal or not homogeneous, then the data is analyzed using the Kruskal-Wallis test.







3. RESULTS AND DISCUSSION
Table 2. Quantitative Results of Soy-Yamghurt Formula
	
No.
	
Test Parameters
	Formula concentration
	Results
(%w/w)

	1
	Total Alkaloids Equivalent Caffeine
	Formula 1:1
	0.10

	
	
	Formula 1:2 
	0.01

	
	
	Formula 2:1
	0.01

	2
	Total Flavonoid Equivalent Quercetin
	Formula 1:1
	0.14

	
	
	Formula 1:2
	0.12

	
	
	Formula 2:1
	0.13

	3
	Total Tannic Equivalent Tannic Acid
	Formula 1:1
	0.27

	
	
	Formula 1:2
	0.26

	
	
	Formula 2:1
	0.14

	4
	Saponin From Quailaja Bark
	Formula 1:1
	1.15

	
	
	Formula 1:2
	1.22

	
	
	Formula 2:1
	1.25




Determination of secondary metabolite levels in the Soy-yamghurt formula was carried out by quantitative analysis using UV-Vis spectrophotometry aimed at determining the total levels of secondary metabolites contained in the soy-yamghurt formula. This test includes the test of total levels of flavonoids, alkaloids, saponins, and tannins.
Determination of total alkaloid content obtained by regression equation Y=0,2793-0,0132 and correlation coefficient (r2)= 0,9892 (Figure 1.). Based on the regression equation, the total alkaloid content was calculated and the results for formula 1 were 0.10%, formula 2 was 0.01% and formula 3 was 0.01% (w/w).
In determining the total flavonoid content, the regression equation Y=0.0125+0.047 and the correlation coefficient (r2)= 0.9996 (Fig. 2). Based on the regression equation, after calculating the total flavonoid content, the results for formula 1 are 0.14%, formula 2 is 0.12% and formula 3 is 0.13% (w/w).
Determination of total tannin content obtained by regression equation Y = 0.0037-0.000285 and correlation coefficient (r2) = 0.9972 (Figure 3.). Based on the regression equation, the total tannin content was calculated for formula 1 of 0.27%, formula 2 of 0.26% and formula 3 of 0.14% (w/w).
Determination of total saponin levels obtained by regression equation Y=0.0037-1.90476E-5 and correlation coefficient (r2)=0.9972 (Figure 4.). Based on the regression equation, the total saponin content was calculated, the results were obtained for formula 1 of 1.15%, formula 2 of 1.22%, and formula 3 of 1.25% (w/w).

Figure 1. Graph of Regression Equation for Secondary Metabolite Analysis of Alkaloids

Figure 2. Graph of Regression Equation for Secondary Metabolite Analysis of Flavonoid Compounds



Figure 4. Graph of Regression Equation for Secondary Metabolite Analysis of Tannin Compounds
Figure 3. Graph of Regression Equation for Secondary Metabolite Analysis of Saponin Compounds





Table 3. Average levels of urea in male white rats (Rattus norvegicus) Day 0, 7, 14, 21, and 28.
	Group
	Day 

	
	0 (y)
	7(y)
	14(x)
	21(y)
	28 (y)

	Normal Control
	18.21±2.30 a
	16.43±0.49 a
	15.99±1.68 a
	19.77±4.74 a
	15.55±0.00 a

	Negative Control
	18.66±1.45 a
	45.10±5.86 b
	50.66±7.05 c
	37.55±6.72 b
	28.66±1.99 b

	Soy-yamgurt F1
	18.21±1.68 a
	40.21±6.05 b
	30.84±2.04 b
	32.88±3.97 b
	21.55±1.27 c

	Soy-yamgurt F2
	19.33±1.68 a
	41.55±5.42 b
	30.43±3.10 b
	30.21±1.99 bc
	14.66±1.99 a

	Soy-yamgurt F3
	18.43±0.99 a
	43.77±6.78 b
	29.33±4.05 b
	24.66±3.63 ac
	22.89±2.56 c


Note: (x) = One way ANOVA test. (y) = Kruskal-Wallis test. Different lowercase letters in each group indicate significant differences between treatments.


Figure 5.Urea Level Profile of Male White Rats in Each Group On Day 0, Day 7 (After Induction), Day 14, 21, and 28 (After Soy-Yamghurt).


Table 4. Average creatinine levels of male white rats (Rattus norvegicus) Day 0, 7, 14, 21, and 28.
	Group
	Day 

	
	0
	7
	14
	21
	28

	Normal Control
	0.36±0.16 a
	0.46±0.24 a
	0.36±0.07 a
	0.44±0.10 a
	0.58±0.17 ab

	Negative Control
	0.40±0.05 a
	1.44±0.09 b
	1.42±0.08 b
	1.47±0.04 b
	2.18±0.37 c

	Soy-yamgurt F1
	0.56±0.36 a
	1.60±0.15 b
	1.24±0.04 c
	1.04±0.08 c
	0.62±0.13 b

	Soy-yamgurt F2
	0.44±0.07 a
	1.39±0.19 b
	1.21±0.13 c
	1.04±0.08 c
	0.40±0.13 a

	Soy-yamgurt F3
	0.49±0.14 a
	1.53±0.03 b
	1.42±0.13 c
	1.04±0.05 c
	0.64±0.10 b


Note: Different lowercase letters in each group indicate significant differences between treatments.















Figure 6. Creatinine Level Profile of Male White Rats in Each Group On Day 0, Day 7 (After Induction), Day 14, 21, and 28 (After Soy-yamghurt Administration)


The decrease in urea and creatinine levels in the soy-yamghurt treatment group was thought to be due to the content of LAB and bioactive compounds of dietary fiber, saponins, alkaloids, and flavonoids in soy-yamghurt which act as antioxidants. This is in line with research conducted by Kwanariesta et al., (2018)which states that soy-yamghurt has the performance of polysaccharides and antioxidants that can ward off free radicals and reduce oxidative stress. Based on the results obtained, giving soy-yamghurt at a dose of 3.4 ml/200gBW for 21 days in the treatment group was able to reduce urea and creatinine levels to reach normal levels with the average value of urea levels being 14.66 mg/dL and creatinine 0.40 mg/dL where the normal value of rat urea levels is 13.9 – 28.3 mg/dL and normal creatinine levels are 0.30 – 1.00 mg/dL (Anshar et al., 2018). This is by previous research conducted by Pei et al., (2018) that the administration of probiotics, prebiotics, and synbiotics can reduce inflammation that occurs in kidney disorders and improve kidney function to reduce urea levels in rat test animals.
Based on previous research (Ban et al., 2019), synbiotic yogurt can reduce glucose levels in type 2 diabetic rats, can regenerate the islets of Langerhans, and can repair liver and kidney damage in rats. According to Guntiyastutik and Nuhrawangsa (2020), dietary fiber can make a significant contribution to reducing urea and creatinine levels.
The content of dietary fiber inulin and PLA as a source of prebiotics will be fermented by LAB. According to Ngatini (2018), the addition of prebiotics can increase the viability of LAB so that the total LAB increases and the antioxidant activity increases. This is supported by research conducted by Diastini et al., (2020) which states that total LAB affects the increase in antioxidant activity, total phenolics, total anthocyanins, and total flavonoids in a black soyghurt food (Diastini et al., 2020). LAB will produce protease enzymes that will break down milk proteins and then produce bioactive peptides as antioxidants so that they can repair damage to kidney tissue cells (Chalid et al., 2021).
Alkaloids work by stimulating the hypothalamus to increase the secretion of Growth Hormone Releasing Hormone (GHRH) so that high secretion of Growth Hormone (GH) will stimulate the secretion of Insulin-Like Growth Factor-1 (IGF-1). IGF-1 can induce hypoglycemia and reduce gluconeogenesis so that glucose levels in the body and insulin requirements decrease (Tandi et al., 2019).
Flavonoids are one of the phenol groups that work to inhibit hydrolytic and oxidative enzymes and complement the lack of electrons in free radicals so that they can prevent damage to glomerular cells (Anjani et al., 2021). In the mechanism of healing diabetes mellitus, flavonoids are assumed to have a significant role in increasing antioxidant enzyme activity and being able to regenerate damaged pancreatic beta cells so that insulin deficiency can be overcome. There is a repair of kidney tissue cells which causes a decrease in urea and creatinine levels (Tandi et al., 2020).
Tannin compounds have antioxidant activity and inhibit tumor growth. Tannins also have hypoglycemic activity by increasing glycogenesis. In addition, tannins also function as astringents or chelators that can shrink the epithelial membrane of the small intestine thereby reducing the absorption of food juices and as a result inhibiting sugar intake and the rate of increase in blood sugar is not too high. (Tandi et al., 2019). Saponins work to inhibit the increase in vascular permeability to prevent inflammation in kidney cells and saponins inhibit super peroxides through the formation of hydroperoxide intermediates, thereby preventing damage to biomolecules by free radicals. (Tandi et al., 2020)
Soy-yamghurt F2 is a formula with variations of sweet potato extract and soybean juice (2:1), this indicates that the amount of soybean juice is higher than that of Banggai sweet potato extract. Soybeans contain isoflavone flavonoid compounds which are the main antioxidants in soybeans. This is supported by research by Labiba et al., (2020) that isoflavones will weaken the reactivity of free radicals and increase the activity and expression of antioxidant enzymes. Isoflavones in soybeans are in the form of glycosides and will be converted into aglycone compounds through a fermentation process by lactic acid bacteria (Izaguirre et al., 2021). Aglycone compounds have a higher bioavailability than glycosides, so it can be said that the fermentation process will increase the bioavailability of isoflavones in soy-yamghurt.
Isoflavones in the form of aglycones are more easily absorbed by the small intestine and have higher antioxidant activity, especially genistein. Genistein is useful in repairing cells, metabolizing glucose in fat, and protecting pancreatic cells (Yulivianti et al., 2018). This is supported by research by Dafriani (2016) which states that aglycone isoflavones, especially genistein, can inhibit NFB which is a transcription factor for inflammatory cytokines so that it can reduce the inflammatory process and prevent fibrosis in the kidneys, so diabetic nephropathy can be controlled. Repair of damaged kidney tissue cells causes a decrease in urea and creatinine levels.

4. CONCLUSION

The total level of secondary metabolites in the soy-yamghurt formula which consists of several concentration series, namely the alkaloid compound for formula 1 is 0.10%, formula 2 is 0.01%, and formula 3 is 0.04%. The flavonoid compound for formula 1 is 0.14%, formula 2 is 0.12%, and formula 3 is 0.13%. The tannin compound for formula 1 is 0.27%, formula 2 is 0.26% and formula 3 is 0.14%. The saponin compound for formula 1 is 1.15%, formula 2 is 1.22%, and formula 3 is 1.17%. The provision of soy-yamghurt fermented from Banggai sweet potato extract and soybean extract with a variety of formulas affected reducing the urea and creatinine levels of male white rats in the F2 formula with a ratio of Banggai sweet potato juice and soybean extract, namely 1:2 (26.46: 52.92% ).
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b
b
b
c
5.6568542494923865E-2	9.7979589711327114E-2	8.7635609200826567E-2	4.3817804600413332E-2	0.37266607036326965	5.6568542494923865E-2	9.7979589711327114E-2	8.7635609200826567E-2	4.3817804600413332E-2	0.37266607036326965	0.4	1.4400000000000002	1.4240000000000002	1.472	2.1759999999999997	Soy-yamghurt F1	a
b
c
c
b
0.3622154055254968	0.14966629547095781	4.3817804600413332E-2	8.0000000000000113E-2	0.13145341380123982	0.3622154055254968	0.14966629547095781	4.3817804600413332E-2	8.0000000000000113E-2	0.13145341380123982	0.55999999999999994	1.6	1.248	1.04	0.62400000000000033	Soy-yamghurt F2	a
b
c
c
a
7.1554175279992555E-2	0.19266551326067502	0.13145341380123995	8.0000000000000113E-2	0.1264911064067353	7.1554175279992555E-2	0.19266551326067502	0.13145341380123995	8.0000000000000113E-2	0.1264911064067353	0.44800000000000006	1.3920000000000001	1.216	1.04	0.4	Soy-yamghurt F3	a
b
bc
c
b
0.14310835055998661	3.577708763999668E-2	0.13145341380123998	5.6568542494923831E-2	9.7979589711327336E-2	0.14310835055998661	3.577708763999668E-2	0.13145341380123998	5.6568542494923831E-2	9.7979589711327336E-2	0.49600000000000016	1.536	1.4239999999999986	1.04	0.64000000000000024	
Kadar Kreatinin (mg/dL)


ABSORBANSI	
4	6	8	10	12	1.036	1.6980000000000057	2.3539999999999988	2.677	3.3389999999999977	Concentration

Absorbance

ABSORBANSI	
10	15	20	25	30	35	3.7999999999999999E-2	5.5000000000000014E-2	7.5000000000000011E-2	8.9000000000000065E-2	0.111	0.13100000000000001	Concentration

Absorbance

ABSORBANSI	
10	15	20	25	30	35	3.7999999999999999E-2	5.5000000000000014E-2	7.5000000000000011E-2	8.9000000000000065E-2	0.111	0.13100000000000001	Concentration

Absorbance

ABSORBANSI	
10	15	20	25	30	35	3.7999999999999999E-2	5.5000000000000014E-2	7.5000000000000011E-2	8.9000000000000065E-2	0.111	0.13100000000000001	Concentration

Absorbance

