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ABSTRACT
Diabetes mellitus is a signifi cant threat to society and even results in death. The content of soybeans that can lower 
blood glucose levels are protein, isofl avones, fi ber, and a low glycemic index. Moringa leaves contain antioxidants such 
as fl avonoids, vitamin A, E, C, and selenium, which help lower blood glucose levels. However, it is unknown whether 
combining soy milk with boiled moringa leaves is also benefi cial in reducing blood sugar levels. This study aimed to 
determine how combining soy milk and boiled moringa leaves aff ects blood sugar levels in type 2 diabetes mellitus 
patients at Posbindu Puskesmas Nusa Indah. Bengkulu city in 2023. The design used in this study is a pre-experimental 
design with a pre-test and post-test design. Fifteen pre-elderly samples aged 45 to 59 years with blood sugar levels 
of 140 to 199 mg/dL were randomly selected as intervention targets in this study. The treatment combined 200 ml of 
soy milk with 150 mL of Moringa leaf decoction, and then 350 mL of soymilk was produced. The intervention was 
given twice daily, as much as 175 mL for seven days. Data analysis using the Paired T-test showed that there was a 
signifi cant relationship between intervention and the sugar level of type 2 diabetes mellitus (p < 0.001). There was a 
substantial decrease in blood glucose levels after administering the soymilk intervention with Moringa leaf decoction 
after seven days of intervention with p < 0.001. This combination product can be used as a functional food ingredient 
as an alternative for lowering blood glucose levels.
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INTRODUCTION

Diabetes mellitus (DM) is a signifi cant threat 
to society because it can cause complications 
from heart disease, obesity and even death. 
Many epidemiological studies show an increase 
in the prevalence of type 2 diabetes mellitus in 
the world (Hermawan et al., 2021). Bad eating 
habits cause sugar and fat levels in the body to 
increase excessively. This forces the pancreatic 
gland to work hard to produce the hormone insulin 
to process the incoming sugar. Lifestyle changes 
appear to be an essential cause of this problem. 
It is estimated that there are still many (around 
50%) undiagnosed diabetes in Indonesia. DM 
complications that often occur, especially in the 
nervous system or neuropathy, will cause an 
increase in morbidity and mortality so that the 
fi nancial impact on DM becomes high and the 
productivity of DM patients decreases (Perkeni, 
2021).

The International Diabetes Federation IDF 
(2021) estimates that at least 537 million people 
aged between 20 and 79 years suff er from diabetes 

worldwide in 2021, representing a prevalence of 1 
in 10 of the total population of the same age. The 
IDF estimates that the global diabetes population 
is expected to increase to 643 million by 2030 and 
783 million by 2045. Undiagnosed diabetes aff ects 
nearly 1 in 2 adults. As many as 541 million people 
are at higher risk of developing type 2 diabetes as 
they get older; the prevalence of diabetes increases 
to 19.9% or 111.2 million at the age of 65-79 
years.

Globally, countries in the Arab region, 
North Africa and the West Pacific are ranked 
fi rst and second with a prevalence of diabetes in 
the population aged 20-79 years of 12.2% and 
11.4%; Southeast Asia is ranked third with 11.3% 
of suff erers. Indonesia is ranked 7th among ten 
countries with a high number of Diabetes Mellitus 
suff erers, so it can be estimated that Indonesia’s 
contribution to the prevalence of Diabetes cases in 
Southeast Asia (Ministry of Health of the Republic 
of Indonesia, 2020). The 2018 Basic Health 
Research (Riset Kesehatan Dasar – Riskesdas) 
results show that the prevalence of diabetes 
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mellitus in Indonesia based on a doctor’s diagnosis 
at age >15 years is 2%. This figure shows an 
increase compared to the prevalence of diabetes 
mellitus in the population aged >15 years in the 
2013 Riskesdas results of 1.5%. However, the 
prevalence of diabetes mellitus, according to blood 
sugar examination results, increased from 6.9% in 
2013 to 8.5% in 2018. 

Based on the profi le of the Bengkulu City 
Health Service, in 2021, 17,419 people were 
suff ering from Diabetes Mellitus and the prevalence 
was obtained based on doctor’s diagnosis in the 
population aged 15 years in Bengkulu Province, 
1.26%, the highest prevalence is in Bengkulu City 
with 1.77%, with female gender being more suff er 
from diabetes with the number of 1.13% compared 
to the number of men of 0.69%. Based on the 
service profi le of the Bengkulu City Community 
Health Center, the highest community health center 
is the Nusa Indah Community Health Center, 
which had an incidence of DM of 140 people in 
2021. One method of treating Diabetes Mellitus is 
non-pharmacological in the form of diet therapy, 
exercise, education, and counselling (Partika et 
al., 2018).

Soymilk is a highly nutritious drink. It 
contains lecithin compounds for metabolic balance 
and the amino acid arginine, which can maintain 
the balance of the insulin hormone (Rahadiyantie et 
al., 2017). Apart from soy milk, several plants can 
also be used as alternative treatments for Diabetes 
Mellitus, such as Moringa leaves. Moringa leaves 
(Moringa oleifera) are one of the readily available 
plants in Indonesia. Moringa leaves contain 
antioxidants such as fl avonoids, vitamin A, E, C, 
and selenium, which help lower blood glucose 
levels. Inhibition of the glucosidase enzyme 
causes a decrease in the rate of carbohydrate 
digestion into monosaccharides, which can be 
absorbed by the small intestine, thereby reducing 
postprandial hyperglycemia (Safi tri, 2018). Based 
on the problems regarding Diabetes Mellitus, non-
pharmacological treatments seem more effi  cient 
to use; besides being easy to fi nd, they are also 
eff ortless to obtain with their benefi ts, such as 
soy milk and Moringa leaf decoction. Therefore, 
researchers researched the eff ect of boiled Moringa 
leaves and soy milk on reducing blood sugar 
levels in people with type 2 diabetes mellitus at 

Posbindu, Nusa Indah Health Center, Bengkulu 
City, in 2023.

METHODS

The design used in this study was a pre-
experimental design with a pre-test and post-test 
design. The treatment was a combination of 200 
mL of soy milk with a decoction of 150 mL of 
moringa leaves, producing as much soy milk as 
350 mL. The intervention was given twice daily, 
as much as 175 mL for seven days. Purposive 
technique sampling was used to conduct this 
study. The sample size was calculated by using 
the Lemeshow formula (Lameshow, 1997) : 

Where: 
n = sample size
z= z score at 95% confi dence = 1.96
P=maximum estimate = 0.5
D = alpha 0.10 or sampling error 10%

Based on the formula above, 15 people were 
obtained as subjects. Then, the subjects were 
selected according to the inclusion criteria in 
this study, including pre-elderly people aged 45 
- 59 who have a current blood sugar level range 
between 140 - 199 mg/dL, do not take diabetes 
mellitus medication, and are willing to become a 
respondent by signing an informed consent paper.

A validated questionnaire and a reliability 
test measured knowledge. Knowledge was good 
if 8 out of 15 questions were correctly answered. 
According to Louis et al. (2007), Sedentary activity 
can be categorized as high if ≥ 5 hours per day 
and as low if ≤ 5 hours per day (ASAQ, 2007). 
Current blood sugar levels were measured by 
Easy Touch Test Strip 25S, with is followed these 
steps: preparing an easy touch device, cleaning 
your fi nger with an alcohol swab and frick it, and 
pushing and taking a sample of blood with a stick 
trip inaccessible touch equipment. See the blood 
glucose level result on the screen of an easy-touch 
display.

Bivariate analysis of the results used the 
Paired T-Test and Independent T-Test to compare 
the control group and treatment group regarding 
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the average value of blood sugar levels before 
and after the intervention. Before data analysis 
is carried out, it is necessary to test the normality 
of the data first. The Ethics Committee of the 
Bengkulu Ministry of Health Poltekkes No. KEPK.
BKL/471/07/2023 approved this research. 

RESULTS AND DISCUSSIONS

Characteristics of Respondents

Respondent characteristics assessed in this 
study include gender, physical activity, education, 
knowledge, and occupation. Table 1 presents the 
results of these characteristics.

Table 1 shows the results of the characteristic 
test for all pre-elderly ages, totalling 15 people 
100%, women 9 people 60%, and men 6 people 
40%. The physical activity of the respondents who 
worked amounted to 9 people 60% and those who 
did not work 6 people 40%.

Bivariate analysis result

The signifi cant value of the intervention group 
<0.05, it can be concluded that the data is not 
normally distributed and the bivariate analysis 
used is the Wilcoxon Signed Rank Test to compare 
the diff erences between the two paired groups > 
0.05, it can be concluded that the data are normally 
distributed, so bivariate analysis uses the Paired 
Sample T Test to test the average difference 

between the two samples (before and after) as in 
Table 2.

In Table 2, it is found that the average value 
before being given treatment is 159.67 with a 
standard deviation of 11.72; after being given soy 
milk with moringa leaves, a decrease in blood 
sugar level changed with the average value of 
126.33 with a standard deviation of 9.904. The 
P-value is <0.001, which is a signifi cant value, so 
the results obtained show the eff ect of giving soy 
milk with boiled leaves moringa.

Based on research that has been conducted 
on 15 respondents with the administration of a 
combination of soymilk with boiled moringa 
leaves for seven days a week, given two times in 
the morning and evening, where there is a decrease 
in blood sugar level, the change in blood sugar 
level after and before with a p-value of <0.005 
where this indicates that there is an infl uence from 
the intervention given done. The intervention 
decreased blood sugar level by 126.33 mg/dL.

Previous research that aligns with this research 
was conducted by Sartika (2019), who found that 
giving as much as 10 gram of soy milk daily can 
reduce sugar level. In the blood, it was found that 
there were diff erences in blood sugar levels before 
and after administration intervention. Blood sugar 
level decreased by 126.33 mg/dL. In line with 
Septian study, Wijaya (2019) shows the results 
of the effect of giving moringa leaf decoction 
lowering blood sugar level in diabetes mellitus; 
this is because soymilk contains isoflavone, 
saponin, lecithin and phytosterol which can lower 
blood sugar level.

The other major soybean bioactive compound 
are isoflavones, associated with protein. Soy 
isofl avones are phytochemical, often referred to 
as phytoestrogen because they are structurally 
sound, resemble ÿ-estradiol, and can bind to 
the estrogen receptor, but have a higher affi  nity, 
have estrogenic and anti-estrogenic properties as 
shown in cell culture and clinical studies. Most 
of the isofl avones naturally occur in soybeans as 

Table 1. Respondents Characteristics

Characteristics Respondents n %
Gender
Woman 9 60.0
Man 6 40.0
Physical Activity
Not Sedentary 9 60.0
Sedentary 6 40.0
Education
Elementary-junior high school 9 60.0
Senior high school-university level 6 40.0
Knowledge 
Good 7 46.7
Not good 8 53.3
Occupation
Working 8 53.3
Not Working 7 46.7

Table 2. The eff ect of soymilk with boiled moringa 
leaves on blood sugar level.

Random 
blood 
sugar level

Before
Mean ± SD

After
Mean ± SD p-Value

159.67±11.721 126.33 ±9.904 <0.001
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glycoside, genistein, diazine, and glycerin; after 
being digested or fermented by ÿ- glucosidase, 
they are converted into bioactive forms, aglycones: 
genistein, daidzein, and glycerin (Rizzo et al., 
2018). the considerable variation in the abundance 
of the respective isofl avones in soy and soy foods 
and their bioavailability resulted in inconsistent 
physiological functions found among different 
studies (Chatterjee et al., 2018). Some evidence 
suggests that Estrogen receptor (ER) binding is 
only part of the eff ects of isofl avones. Genistein 
and daidzein (and their metabolite equals) 
improve glycemic control and signifi cantly alter 
homeostasis glucose through insulin secretion by 
inhibiting tyrosine kinase (TK) (Liu et al., 2013). 
Isofl avones activate adenosine 5-monophosphate 
(AMP)--activated protein kinase (AMPK). This 
results in a decrease in hepatic blood glucose 
while stimulating glucose uptake independent of 
insulin in skeletal muscle and modulating glucose 
transport in peripheral tissues.

In addition, isofl avones can also regulate lipid 
metabolism without the mediation of estrogen 
receptors, increase expression of peroxisome 
proliferator-activated receptor gamma (PPARÿ) 
and activate activated protein kinase (AMPK), 
which results in increased activity of the yang 
gene involved in lipoprotein metabolism 
reduces the production of triglyceride-rich 
particles and increasing its lipolysis promoting 
the metabolism of High-Density Lipoprotein 
promote absorption, utilization and catabolism 
of fatty acids (Kim et al, 2021). Isofl avones can 
also inhibit the expression and activity of sterol-
regulatory elements and protein-binding proteins 
(HDL), which bind to carbohydrate-regulatory 
elements. These proteins increase the expression 
of lipogenic genes and enzymes. Another key 
involved mechanism may be that soy isofl avones 
may modulate lipoprotein metabolism, including 
its eff ect on several enzymes necessary in lipid 
transformation, including lipoprotein lipase (LPL), 
hepatic lipase (HL) also called hepatic triglyceride 
lipase (HTGL), and alpha-hydroxylase (Mendonça 
et al., 2020). It contains soy milk Lactobacillus 
plantarum, which can improve lipid profi les and 
slow the development of nephropathy in diabetic 
patients (Abbasi et al., 2018). In addition, the 
structural similarities between soy isofl avones and 

endogenous 17-ÿ-estradiol suggest that isofl avones, 
by binding to the estrogen receptor, cause gene 
activation and benefi cial eff ects on glucose and 
lipid (Vargas-Sánchez et al., 2019)

Phytochemical analysis of Moringa leaves 
has revealed that Moringa leaves are rich in 
minerals such as potassium, calcium, iron and 
phosphorus and various antioxidants such as 
fl avonoids and vitamin C. Moringa plants have 
been studied comprehensively in the treatment of 
multiple diseases such as typhoid fever, arthritis, 
malaria, swelling, skin diseases, parasitic diseases, 
hypertension, diabetes (Anwar et al., 2021). The 
protein obtained from Moringa leaves, Mo-LPI, 
reduces blood glucose levels and is a promising 
alternative or complementary agent for treating 
diabetes (Paula et al., 2017).

Moringa leaves have been shown to 
inhibit the activity of ÿ-glucosidase, ÿ-amylase 
pancreas, and intestinal sucrose, contributing to 
its antihyperglycemic properties. This inhibitory 
eff ect is possible thanks to phenols, fl avonoids, and 
tannins in Moringa leaves. A delay in the digestion 
of carbohydrates, caused by inhibiting this enzyme, 
causes a decrease in post-prandial hyperglycemia 
and hemoglobin A1C (HbA1C) (Vargas-Sánchez et 
al., 2019). The antidiabetic activity of fl avonoids 
supports the regulation of carbohydrate digestion, 
insulin signaling, insulin secretion, glucose uptake, 
and deposition of adipose (Sangeetha, 2019). 
Flavonoids target many of the molecules involved 
in regulating several pathways, such as increasing 
ÿ cell proliferation, increasing insulin secretion, 
reducing apoptosis, and repairing hyperglycemia 
by regulating glucose metabolism in the liver 
(Pandey et al., 2009).

Flavonoids hydrolyze and conjugate signifi cant 
enzymes in the intestine, colon and liver. In the 
gut, Hydrolyzed and conjugated enzymes convert 
fl avonoid monomer units into glucuronides, esters 
sulphate, and methyl esters (Al-Ishaq et al., 2019). 
Flavonoid conjugation occurs in two phases of 
the small intestine (phase one) and then in the 
liver, at the end of phase one and the beginning of 
phase two. In the liver, metabolites the conjugated 
conjugates undergo further processing to produce 
sulphate and glucuronide derivatives facilitated 
and excreted via bile and urine. Flavonoids that 
are not absorbed move to the colon, where they 
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undergo hydrolysis or fermentation by the colonic 
microbiota. The microbiota hydrolyses fl avonoid 
glucuronides in the liver into aglycones, then 
breaks down into lower molecular compounds that 
are easily absorbed (Thilakarathna et al., 2013). 

The major limitation of this research is that 
it does not consider other factors that might 
confound the eff ects of the intervention on blood 
sugar levels, as it might bias the analysis crucial to 
conclude the results. Nonetheless, this study could 
be used as a pilot study and developed further with 
a better study design. 

CONCLUSION 

There is an eff ect of giving a combination 
of soy milk with boiled moringa leaves on blood 
sugar levels in patients with type 2 diabetes 
mellitus at Posbindu, Nusa Indah Health Center, 
Bengkulu City, in 2023. For further research, apart 
from being given drinks, the raw materials of 
Moringa leaves and soy milk can be processed 
into other food forms, for example, Moringa leaf 
pudding with soymilk, thus reducing the boredom 
of diabetes mellitus suff erers.
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