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Abstract: Background: Indonesia has been increasing in health issues such as obesity, diabetes 

mellitus (DM), cardiovascular diseases (CVD), stroke and others. Healthy lifestyle of improving 

dietary habit with food consumption is considered effective to prevent these health issues. 

Soybean-based food is considered as food-alternative for plant-based protein and its ability to push 

down global warming rate. Objective: This study aims to test the effect of Textured Soybean Protein 

(TSP) on level of Glycated Albumin (GA) and lipid profiles in prediabetes overweight postmenopausal 

women. Methods: A parallel study design consisted of two groups: intervention group provided 

with TSP contains 30 grams protein and control group, with study duration of 21 days. Each group 

consists of 26 postmenopausal women with criteria of overweight with fasting blood sugar level 

of 120–200 mg/dL (prediabetes). The data was analyzed by unpaired and paired t-test. Results: TSP 

has significant influence on the change of GA level (3.4% reduction, p < 0.05) and LDL Cholesterol 

(LDL-C) (6.0% reduction, p < 0.05). TSP also improve the protein consumption of 18.1%. Conclusions: 

The provision of TSP for 21 days could improve GA and LDL-C significantly. In longer term, TSP is 

expected to improve of lipid profiles, insulin resistance and controlling weight and BMI. 

Keywords: soybean proteins; prediabetes; postmenopausal; overweight; protein intake; macronutrient 

intakes; glycated albumin; lipid profile; LDL Cholesterol; sustainability 
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1. Introduction 

The increase in overweight and obesity prevalence across the world is generally accompanied by 

diseases such as diabetes mellitus (DM), cardiovascular diseases (CVD), stroke, hypertension, and 

other metabolic syndromes. In Indonesia, based on the national basic health research (Riskesdas), the 

prevalence of overweight (BMI 25–27 kg/m2) was increased from 8.6% to 13.6%, while obesity 

(BMI > 27 kg/m2) increased from 10.5% to 21.8% [1]. Then, more than half of the total deaths in 

Indonesia are due to non-communicable diseases, where the top three are stroke, CVD, and DM [2]. 

The International Diabetes Federation (IDF) data mentioned in 2017 that the number of DM 

patients reached 425 million patients in the world, there are 10 million people as DM patients in 

Indonesia, making in the 6th largest number of patients in the world [3]. DM patients in Indonesia 

increase from 6.9% to 8.5% between 2013 and 2018 [1]. DM cases generally begin with an increase 

in weight, and obesity often occurs in parallel with worsening lipid profiles. The impact of such 

diseases resulted in increase in health costs and reduction in quality of life of patients. Improving the 

nutrition-related health conditions are considered to be the most effective through lifestyle changes 

and a way to improve food consumption. 

Soybean is an intensely studied plant-based protein source for its role in improving health status. 

Meta-analysis results show that soy protein consumption affects positively the lipid profile, 

particularly in the case of adults without diabetes [4,5]. Isoflavone and other soybean-related proteins 

has a role in reducing plasma glucose [6,7] and improving insulin resistance levels [7,8]. There are 

several tests to diagnose diabetes mellitus. Fasting blood glucose test is used to show glucose level 

condition in short period and HbA1c analysis to show glucose level condition for the last 2–3 months 

period. Glycated Albumin (GA), the process of non-enzymatic albumin glycation in two weeks 

turn-over rate which depends on glycemia and protein in bloodstream, also be used as biomarker for 

glycemic status and have shorter turn-over period compared with HbA1c [9]. The similar high 

accuracy of HbA1c and GA makes GA is efficiently more applicable for intervention [9]. Taken into 

consideration that currently there is no research conducted on TSP consumption towards GA, this 

research might be the first to examine the TSP effect in improving prediabetes subjects with GA and 

lipid profiles as biomarkers. 

2. Materials and methods 

2.1. Study design overview and ethical approval 

The study design was a quasi-experimental research design, with control group pretest-posttest. 

There were 2 groups: additional TSP in usual daily meal as intervention group (TSP Group) and the 

usual daily meal as control group (N-TSP Group). The study protocol was approved by the Ethics 

Committee of the Faculty of Medicine Universitas Indonesia (Protocol number 17-09-0895) and has 

been performed properly in accordance with the Declaration of Helsinki World Medical Association. 

Informed consent was obtained from all participants started from the beginning of early screening 

process.  
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2.2. Participant recruitment and eligibility 

Sample number was calculated using Comparing Two Population Means formula (n = 24), 

formula for a continuous output and equal sample sizes in both groups to comparing two means [49]. 

There are nine Integrated Health Center located in Depok, a peri-urban area located in southern Jakarta, 

Indonesia. The early screening process was performed by conducting screening based on the inclusion 

criteria. The inclusion criteria were age range 45–60 years, housewife with normal activity, prediabetes 

measurement with peripheral fasting blood glucose test (120–200 mg/dL), menopause for at least 1 

year, and BMI 25–30 kg/m2. The exclusion criteria were having chronic diseases such as diabetes 

mellitus, hypertension, cardiovascular diseases, stroke, hyperthyroidism, and others.  

On the first screening process, the potential subjects were explained about the study and asked 

their participation in peripheral blood glucose screening. If the peripheral blood glucose level of the 

potential subjects was within the range for prediabetes, they would be offered for further participation 

in this study. Thus, these subjects were measured for their anthropometry data and interviewed basic 

information. Since the intervention material was food, area randomization for grouping was conducted. 

TSP Group resided in the area/place quite distant from the N-TSP group to avoid the acknowledgment 

of each treatment. The biomarker data collected at baseline and endline were blood withdrawn for GA 

and lipid profiles: Total Cholesterol (TC), LDL Cholesterol (LDL-C), HDL Cholesterol (HDL-C), and 

Triglyceride (TG). Analysis was performed in an international standardized laboratory. The basic 

analysis for GA is using enzymatic methods. First, the amino acid of glycated endogen and peroxide 

is eliminated with ketoamine oxide and peroxide. GA is hydrolyzed into amino acid or peptide by 

specified albumin proteinase. Then, glycated amino acid or peptide is deoxidated by ketoamine oxide. 

This will form hydrogen peroxide which can be measured quantitatively. Albumin level is measured 

with bromcresol purple method and GA level is calculated as GA percentage on total albumin. 

2.3. Dietary intervention 

Various shapes of TSP (Fuji Oil Co. Ltd) are shown in Figure 1. One portion of 50 grams dry 

matter TSP contains 30 grams protein, was processed to various menu served in daily meal box. The 

processed menu was varied every single day to avoid boredom. Cooking process involved soaking dry 

matter TSP in boiled water for 3–5 minutes, strained and drained the water out, then sautéed with 

spices [10]. After sauteed, TSP was cooled off at room temperature before being placed in the meal 

box then home delivered every single day of treatment to each subject in TSP Group. In the following 

day, the subjects were asked about TSP consumption on the previous day, if any remains, the TSP left 

over would be weighed. Both groups were asked to maintain their daily activities. Nutrition surveys 

with 3 days 24-hour recall methods were conducted on Baseline and Endline. 

 

Figure 1. Various shapes of TSP. 
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2.4. Statistical analysis 

Descriptive analysis was performed for every variable in both groups of treatment, including 

mean ± SD, n and percentage (%), % delta (Baseline-Endline)/Baseline). Mean and standard deviation 

were analyzed for protein consumption as well as blood biomarker i.e., GA, TC, LDL-C, HDL-C and 

TG. Statistical tests were performed to determine the intervention effect, which compares baseline and 

endline within the group using a paired t-test and the unpaired t-test was conducted to compare between 

treatment groups. 

3. Results 

3.1. Characteristic of the subjects 

During the pre-screening process, 107 potential subjects met the inclusion criteria. Three women 

refused for further participation in the research, hence 104 subjects continued the screening process. 

Next, there were 46 women excluded from the research, whose fasting blood glucose level of 36 

women had < 120 mg/dL (normal) and 10 women had > 200 mg/dL (DM, referred to health facility). 

Fifty-eight women became the subjects, 32 subjects in TSP Group and 26 subjects in N-TSP Group. 

Twenty-six subjects remained in TSP Group (incomplete data: 1 subject left out the town, 4 subjects 

didn’t consume TSP throughout research period, and 1 subject refused blood withdrawn), while in 

N-TSP Group remained the same number until the end of research period. 

Table 1 shows the subjects’ characteristics. Most of the subjects were older than 50 years in both 

the N-TSP group (88.5%) and TSP (80.5%), housewives (92.3% and 88.5%, respectively), while BMI 

status of overweight (61.5% and 50%, respectively) and obese (38.5% and 50%, respectively) showed 

even distribution. The occupation characteristics of the participants in this study are similar to those 

of the peri-urban population in Indonesia. 

Table 1. Subject’s characteristic of N-TSP and TSP group. 

Variables N-TSP TSP 

Occupation 

House wife 

Working at home 

 

24 

2 

 

92.3 

7.7 

 

23 

3 

 

88.5 

11.5 

     

Age (45–60 years old)     

Mean ± SD 55.6 ± 3 55.4 ± 5 

 n % n % 

< 50 years old 3 11.5 5 19.2 

≥ 50 years old 23 88.5 21 80.8 

     

BMI Status (kg/m2)     

mean ± SD 57 ± 6.5 62 ± 12.0 

 n % n % 

Overweight (25–27) 

Obese (>27) 

16 

10 

61.5 

38.5 

13 

13 

50 

50 
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3.2. Consumption of TSP dishes 

There were 10 TSP dishes provided to the TSP Group and changed daily to avoid boredom [10]. 

The subjects of the TSP group were provided with 50 grams/day (g/day) dry matter of TSP, equivalent 

to 30 grams protein. On average, they consumed 45.8 g/day (92%) of the food materials. Dry matter 

of 4.2 g/day (8%) remained due to the feeling full (62%), dislike the flavor (25%), and lost appetite 

due to feeling sick (13%) (Figure 2). 

 

Figure 2. Average TSP consumption and remains. 

Table 2 shows energy and macronutrient intakes of both groups. The protein consumption before 

the intervention was not different between the TSP and N-TSP groups. The baseline protein 

consumption of the N-TSP group was 54.0 ± 18.3 (94.7% Recommended Dietary Intake or RDA) and 

the TSP group was 49.4 ± 13.0 (87.0% RDA), meaning that the baseline consumption in both groups 

was similar. After 21 days of intervention, we could observe a significant increase in protein 

consumption of 18.1% (p < 0.05) in the TSP group, while the protein consumption did not significantly 

change the N-TSP group. TSP groups had significant decrease of lipid intakes. The quality of soy 

protein is found higher than other plant protein and similar to animal protein [11]. It is measured by 

Protein Digestibility Corrected Amino Acid Score (PDCAAS) and Digestible Indispensable Amino 

Acid Score (DIAAS) [11,12]. The soy protein DIAAS score is about 0.9, above the minimum score 

for high-quality protein category (FAO, score 0.75). Its components are able to improve the cells’ 

signal line for energy homeostatis and to arrange inflammation parameters related to diabetes 

pathophysiology [13]. Arginine has strong antioxidant and hypocholesterolemia effects [14]. In this 

study, the protein intake in TSP group has increased 18.1%, similar results with the findings at previous 

study soy-protein could increase 50% of RDA [15]. 

Soybean is low in carbohydrate, which is beneficial for people risk in diabetes [16]. In this study, 

carbohydrate intake has decreased 7.5% in TSP group, while N-TSP groups has increased 6.3%. The 

main lipid composition in soybeans is polyunsaturated fatty acids (PUFA) which have lipid 

improvement profile, about 46%–62% consisted of linoleic acid and linolenic acid [17]. Isoflavone in 

soybeans helps to control cholesterol, LDL-C, triacylglycerol, and improve HDL-C, depends on its 

provision amount and intervention duration [5]. In this study, TSP groups has decreased lipid intake 

of 39.3%. TSP might be able to replace unhealthy snacks during our study, such as less intake of high 
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lipid foods that commonly found in fried foods. The intake of lipid and carbohydrate in TSP groups 

has direct effect on their energy intake decrease compared to N-TSP group (16.7% vs 2.4%). In 

overweight individuals, the decrease of energy intake is expected to improve BMI level which 

eventually lower the risk of diabetes mellitus and other degenerative diseases. 

Table 2. Energy and macronutrients intakes in both N-TSP and TSP group. 

Energy and Nutrient Intake N-TSP (n = 26) TSP (n = 26) p value** 

Energy (g/day)    

Baseline 1931 ± 162 1984 ± 189 NS 

Final 1884 ± 162 1653 ± 197 S 

% delta 2.4 16.7 S 

p value* NS S  

Protein (g/day)    

Baseline 54.0 ± 18.3 49.4 ± 13.0 NS 

Final 49.6 ± 14.0 58.6 ± 11.3 S 

% delta 8.1 18.1 S 

p value* S S  

Lipid (g/day)    

Baseline 88.8 ± 18.6 89.8 ± 17.4 NS 

Final 80.6 ± 13 54.5 ± 14.7 S 

% delta 9.2 39.3 S 

p value* S S  

Carbohydrate (g/day)    

Baseline 240 ± 48 262 ± 35.4 NS 

Final 255 ± 33.3 242 ± 43.4 NS 

% delta 6.3 7.5 NS 

p value* NS NS  

Note: Significant differences (p value < 0.05); * = within group; ** = between groups; % delta = (Baseline-

Endline)/Baseline; S denotes significant (p value < 0.05); NS denotes not significant (p value > 0.05). 

3.3. Profiles of blood biomarkers 

Table 3 shows the change in blood biomarkers within groups (baseline and endline) and between 

groups (N-TSP and TSP). After 21 days of treatment, the GA level in the TSP and N-TSP group was 

reduced, but the statistically significant reduction only occurred in the TSP group, 3.4% (p < 0.05), 

while in the N-TSP group, it was reduced by 1.5% (p > 0.05). In the TSP group, there was a significant 

reduction in LDL-C, 8.6 mg/dL or 6% (p < 0.05). For TC and TG indicators, even though there was 

reduction of 7.2 mg/dL (3.1%) and 18.0 mg/dL (11.8%) but there was no significance found in this 

reduction. HDL-C shows no improvement, instead, reduced slightly of 2 mg/dL (3.8%). Concerning 

the N-TSP group, the changes in the TC, LDL-C, HDL-C, and TG was found not significant. In 

summary, we could conclude from these results that the improvement in all blood biomarker indicators 

were relatively better in the TSP group compared with the N-TSP group, in which particularly 

significant on GA and LDL-C level (Figure 3). 
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Table 3. Biomarker profiles changes at Baseline and Endline. 

 N-TSP (n = 26) TSP (n = 26) p value** 

Biomarker Profiles Mean ± SD Mean ± SD 

Glycated albumin (%)    

Baseline 13.7 ± 2.0 14.7 ± 2.8 NS 

Endline 13.5 ± 2.1 14.2 ± 2.4 NS 

% delta 1.5 3.4 S 

p value* NS S  

 

TC (mg/dL) 

   

Baseline 235.5 ± 40.3 235.1 ± 43.9 NS 

Endline 226.5 ± 49.8 227.9 ± 39.1 NS 

% delta 3.8 3.1 NS 

p value* NS NS  

 

LDL-C (mg/dL) 

   

Baseline 135.2 ± 37.9 144.0 ± 36.4 NS 

Endline 135.3 ± 38.2 135.4 ± 32.9 NS 

% delta 0.1 6.0 S 

p value* NS S  

 

HDL-C (mg/dL) 

   

Baseline 50.7 ± 7.8 52.2 ± 11.8 NS 

Endline 49.5 ± 6.9 50.2 ± 8.9 NS 

% delta 2.4 3.8 NS 

p value* NS NS  

 

Triglycerida 

   

Baseline 161.3 ± 89.6 152.6 ± 88.3 NS 

Endline 143.6 ± 77.6 134.6 ± 82.6 S 

% delta 10.9 11.8 NS 

p value* NS NS  

Note: Significant differences (p value < 0.05); * = within group; ** = between groups; % delta = (Baseline-

Endline)/Baseline; S denotes significant (p value < 0.05); NS denotes not significant (p value > 0.05). 
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Figure 3. Representation of Glycated Albumin (a) and LDL Cholesterol (b) profiles at 

Baseline and Endline of 21 days 50 grams dry matter/days of TSP consumption. 

4. Discussion 

Textured soybean protein that was provided to TSP group is a low-fat protein source which 

contains amino acid [18]. A relatively low content but non-restrictive amino acid is methionine which 

also available in both soybean and rice, which act as staple food for Indonesian. Hence, the mixed rice 

and soybean can provide full amino acids which are equivalent with animal source foods. TSP is proper 

food, especially for menopausal women, who are at risk of DM and hypercholesterolemia. The content 

of 30 grams protein in 50 grams TSP is equivalent to 47% RDA. In the TSP group, the protein intake 

of subjects increased by 18.1% at the endline, compared with the baseline. Hence, the subject could 

reach 100% RDA. In Indonesia, the plant-based protein consumption mainly come from Tempe. 

Tempe doesn’t have meaty texture attributes like TSP, makes TSP has a potential as food alternative 

as meat substitution rather than Tempe. 

Overall, energy and macronutrients intakes were significantly changed in TSP group compared 

to N-TSP group. The intake of lipid and carbohydrate in TSP groups has contributed to energy intake 

decrease much higher than N-TSP group, while protein intake of TSP group has increased much higher 
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compared to N-TSP. TSP has favorable effects to dietary changes and resulted in biomarker profiles 

improvement. Unhealthy diet of high lipid and carbohydrate intakes (fried foods) could be controlled 

with TSP with intervention duration of 21 days. It is expected that in longer duration of study, similar 

dietary changes can form favorable habits to maintain healthy life especially in people with high risk 

of degenerative diseases.  

HbA1c is a widely used as DM biomarker. However, this biomarker could only indicate the 

conditions of the past 2–3 months, unsuitable for shorter period to see the effects of an intervention. 

GA is the product of the non-enzymatic albumin glycation process. The GA rate depends on glycemia 

and blood protein levels and thus could be used as a glycemic status biomarker. Since albumin has a 

short half-life (3 weeks), GA could be used as an early response to an intervention [9]. GA is the higher 

glycated part of fructosamine measured by a standardized enzymatic methodology, easy and fast to 

perform. Similar to HbA1c, the GA level is relatively unaffected by other metabolic systems. In several 

cases, GA is better in monitoring several diabetes mellitus patient cases [19] and could control the 

dosage and medication change if required could provide faster response compared with HbA1c [20]. 

GA has accurate diagnostic and ideal to assess diabetic microvascular complications [21]. Furthermore, 

this is confirmed by two studies that showed that GA was able to predict microvascular complications 

and cardiovascular events in both DM patients and the general population [22,23]. Taken into 

consideration that we found no previous study on the effect of TSP for GA, this research might be the 

prior one in the literature which examine the effect of TSP in improving the condition of DM-risk 

patients within a short period using GA and lipid profile biomarkers. 

In this study, the GA level reduced significantly after the provision of TSP for 21 days. The GA 

reduction is expected to reduce the formation of advanced glycation end-products (AGEs). This is 

consistent with the results of a study of DM patients treated for 4 weeks in hospital, showing that the 

formation of AGEs reduced drastically along with the GA level reduction [24]. The reduction of GA 

and AGE levels in DM patients improved pancreatic damage and insulin production. The GA 

improvement also implicates importantly in the prevention of CVD [25]. Moreover, a study reported 

that the reduction of pancreatic beta cell function is related to the duration of subjects having DM that 

is linked with the increase of GA and the ratio of GA/HbA1c, although it is unknown if only HbA1c 

ex-amination is needed [26]. This is supported by another study that GA is more effective than Hb1Ac 

to assess the glycemic variability level and postprandial glucose levels [23,27] also in a short time GA 

could be used to determine whether a treatment will be continued or need to be replaced [28]. 

A previous meta-analysis suggested that the provision of soybean products does not 

significantly affect the fasting blood glucose level, insulin, and HbA1c [29]. However, in this study 

it was found that soy protein provision or TSP had effects on the GA levels. Few studies on Asian 

populations in a small number of samples have clinically evaluated the use of GA to monitor the 

treatment of hypoglycemia [19]. One study showed that DM patients without insulin treatment showed 

a glycemic improvement [30]. They suggested that GA is more sensitive bio-maker for detecting short-

time glycemic change comparing HbA1c. After 14 days of treatment, GA was also a very strong 

predictor of the HbA1c level on the day 90. This means that after 2 weeks of treatment, GA could 

confirm the result of HbA1c that could be obtained after long treatment [30]. 

In this study, 30 grams of protein was administered, which is slightly higher compared with the 

FDA USA recommendation that recommends 25 grams soy protein per day to reduce cholesterol [31] 

but lower compared with China, which recommends a soy protein consumption of 50 grams daily [32]. 

The TSP provision itself lasted for 21 days. Therefore, not all lipid profiles reduced significantly. 
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Significant reduction only occurred in LDL-C, which was reduced by 6%, while a reduction in 

TC (3.1%) and TG (11.8%) were not statistically significant. A previous study showed that the 

adaptation on protein diet has duration of 2–5 weeks [33] while another study showed that the protein 

improvement could happen after 3–6 weeks [34]. A study with the same duration (3 weeks) yielded 

soy food containing 25 grams soy protein also showed similar results, where reduction of TC amounted 

to 3.4%, LDL-C reduced 8.0%, and TG reduced 8.0%, but HDL-C did not show any changes [35]. 

Another study that provided short-time (4 weeks) intervention for postmenopausal women with 

abdominal obesity showed that dietary soy protein could reduce the TC level by 4% and indicated that 

the LDL-C level was 9% lower compared with those observed following the mixed-protein diet [36]. 

Although there was no significant different at the percentage change, TG profile is significantly 

different at the endline between N-TSP group dan TSP group. This might be caused by a slightly higher 

baseline value in N-TSP group compared with TSP group. There might be plausible effects in their 

dietary habits which affect their TG level and have a quite similar decrease as TSP group, though delta% 

in two groups showed no significancy. 

While other study that gave 120 grams bread fortified with soybean flour for 6 weeks to women 

with type 2 diabetes mellitus (T2DM) showed a non-statistically different reduction of TG serum 

of 3.7 mg/dL and LDL-C of 11.2 mg/dL and increased of TC level [37]. A study of 25 grams soy 

protein provision in 8 weeks showed TG reduction by 22.9% [38]. While another study that gave whole 

soy to postmenopausal women for 6 months showed a reduction of TG 7.4%, reduction of TC 1.3%, 

reduction of LDL-C 4.1%, and no change of HDL-C [39]. The meta-analysis conducted by Anderson 

et al. on 38 clinical studies showed a relationship between soy protein consumption and lipid profile 

improvement, especially LDL-C, although there was almost no change in HDL-C [4]. 

Previous studies have shown that soy protein could reduce TC, TG, and LDL-C even with no 

statistical differences, but could not improve HDL-C even with a long duration of intervention. 

Epidemiological studies have shown that soybean products could reduce TC, LDL-C, and TG in 

durations of less than 12 weeks. Hence, soy products could be used for nutritional therapy for 

dyslipidemia in T2DM patients [29]. A study in animal showed that soy protein can reduce 

insulin/glucagon ratio as well as reduced LDL-C in serum and liver by arranging the excretion of the 

hepatic transcription factor sterol regulatory element binding protein [40]. A meta-analysis reported 

that the improving effect of HDL-C was observed when the consumption period of soybean protein 

was 12 weeks or longer [4].  

In Asia, historically there are many kinds of soybean processed traditional foods. In addition, 

these traditional foods contain high protein and act as isoflavone source. Each gram of soy food is 

estimated equal with 3.5 grams isoflavones [41]. Isoflavones in soybean can arrange the lipid 

metabolism by activating peroxisome proliferator-activated receptors [42] and reduce the lipoprotein 

lipase activity [43]. The meta-analysis done by Yeung and Yu [44] in 21 clinical studies suggested that 

isoflavone could significantly reduce TC, LDL-C and TG. Other meta-analysis reviewed 23 clinically 

studies reported that isoflavone significantly reduced TC 3.8%, LDL-C 5.3% and TG 7.3% also 

increase HDL-C 3.0% [5]. 

Soybean has amino acid content which has effect of hypocholesterolemia. Arginine and glycine 

are amino acid which stored quiet big amount in soybean, are known on having effect in 

hypercholesterolemia. Other amino acids which have effect on hypercholesterolemia are lysine and 

methionine, stored less amount in soybean [45]. The ratio of arginine/lysine are higher in soybean 

compared to animal source food. In fact, it can inhibit the lipogenesis process [46]. Soybeans contain 
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two types of protein i.e., globulin 11S (Glycinin) and 7S (β-conglycinin) that can stimulate LDL-C 

receptor and reduce blood cholesterol [47]. The protein 7S is reported to reduce the accumulation of 

cholesterol in aorta hence can prevent of cardiovascular diseases and help in suppressing hunger center, 

while the protein 11 S has role as antioxidant, which animal source protein doesn’t have [48]. 

The Sustainable Development Goals (SDGs) are a collection of 17 global goals designed to be a 

“blueprint to achieve a better and more sustainable future for all”. The SDGs, set in 2015 by the 

United Nations General Assembly and intended to be achieved by the year 2030, are part of UN 

Resolution 70/1, the 2030 Agenda. The effort to achieve the goals by food products is the more 

effective use of plant-based food ingredients. As a protein source, plant protein has higher production 

efficiency than animal protein. For this reason, the use of plant protein in particular soybean is expected 

to contribute not only to human health, but also for global sustainability. 

5. Conclusions 

In conclusion, the provision 50 grams dry matter TSP containing of 30 grams protein, for 21 days 

could improve the protein intake of the subjects, reduced energy, lipid and carbohydrate intakes, 

reduced GA and LDL-C levels significantly, and reduce TC and TG levels non-significantly. TSP is 

predicted to have high potential improving GA and the lipid profiles both in prediabetes and DM 

patients during a long-term consumption as an alternative food. Moreover, it represents a food source 

with a high nutrient intake that could contribute to reducing animal food burden globally. 
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