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Abstract

ACKGROUND: To reduce the risk of dyslipidemia, increasing the consumption of fiber-rich foods, such tempeh,
is necessary. Tempeh contains abundant isoflavones that support lipid metabolism and vascular function, prompting
researchers to develop methods for producing tempeh with more practical consumption compared to conventional
tempeh. In current study, tempeh smoothie was produced and its effects on body composition and lipid profiles in menopausal
women was evaluated.
METHODS: A quasi-experimental study was conducted including 16 menopause women as subjects. The tempeh smoothie
was prepared using tempeh blended with water until smooth and creamy. The tempeh smoothie was consumed by the subjects
five times a week for six weeks, and then the subjects’ body composition and lipid profiles were measured before and after
the intervention.
RESULTS: There were some improvements in subjects’ body composition, specifically in muscle mass, and a few subjects
shifted their body mass index (BMI) status from obesity to overweight. However, these changes were not statistically
significant. Even though the consumption of tempeh smoothie did not improve total cholesterol level, which increased by
12.31 mg/dL); low-density lipoprotein (LDL) cholesterol, which increased by 32.81 mg/dL; and high-density lipoprotein
HDL cholesterol, which decreased by 5.12 mg/dL; however, it is significantly reduced triglyceride levels by 75.00 mg/dL
from baseline to post-intervention.
CONCLUSION: Consuming tempeh smoothie regularly shows a trend towards BMI reduction and a slight improvement in
muscle mass among menopausal women. This consumption also significantly lowers the triglyceride levels, indicating that it
might be potential in preventing dyslipidemia in menopausal women.
KEYWORDS: tempeh smoothie, menopausal women, body composition, lipid profile
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cholesterol, low-density lipoprotein (LDL) cholesterol, and/

Introduction or triglycerides, along with decreased levels of high-density

lipoprotein (HDL) levels.(1) Dyslipidemia is a metabolic

Dyslipidemia is a condition marked by abnormalities in syndrome that serves as a risk factor for cardiovascular
lipid metabolism, characterized by increased levels of total discase, diabetes mellitus, obesity, and hypertension,
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which are the largest group of non-communicable diseases
according to the World Health Organization (WHO).(2)
Cardiovascular disease, diabetes mellitus, and obesity
were responsible for the deaths of 4.4 million people and
the disabilities experienced by 98.62 million individuals.
Notably, these conditions can frequently be linked to
dyslipidemia.(3) The prevalence of dyslipidemia is higher
in men than in women. However, after women reach
menopause, their risk of developing dyslipidemia increases
due to the decline in estrogen hormone production (4,5). A
decrease of 91/5,000 in estrogen levels can increase the risk
of sarcopenia in women.(6) The process of losing muscle
mass and gaining body fat percentage typically begins
during the perimenopause phase.(7) To reduce the risk of
dyslipidemia, preventive measures can be taken based on
the risk factors. WHO recommends emphasizing that a
balanced diet is crucial, which includes limiting the intake
of trans fats (8,9) and high-sugar foods, particularly those
prevalent in ultra-processed foods (UPFs). Instead, one
should aim to increase the consumption of fiber-rich foods,
such as fruits, vegetables, nuts, and tempeh, to support
optimal health.(10,11)

Tempeh contains isoflavones, which are a type of
antioxidant that can help prevent high levels of oxidative
stress, also known as reactive oxygen species (ROS). This
is important in the development of neurodegenerative
diseases, as well as cardiovascular diseases, cancer, and
the aging process in humans, including dyslipidemia.(12)
Isoflavone content in tempeh can help alleviate hot flashes
and improve endothelial and vascular function.(13) Other
than isoflavone, tempeh are also known to contain other
significant components such as amino acids like methionine,
threonine, valine, leucine, phenylalanine, and isoleucine,
which contribute to muscle mass growth.(14)

Consuming tempeh regularly can lead to better body
composition by increasing muscle mass and reducing body
fat percentage.(15—17) These changes in body composition
also positively affect lipid profiles, especially triglycerides
and HDL (18), bringing them to optimal levels (19,20).
The protein and fiber in tempeh help inhibit cholesterol
absorption and enhance bile acid production in the intestine.
(21) Consuming tempeh helps optimize blood glucose levels
in the body due to its inulin content (22) that can stimulate
the growth and metabolic activity of beneficial bacteria in
the human colon thus stabilize blood glucose levels (23).

In a previous study involving 13 elderly women, it
was observed that 61.5% experienced a reduction in body
fat percentage, 38.5% successfully decreased their total
cholesterol levels, and 61.5% achieved a reduction in
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fasting blood sugar levels following tempeh consumption.
Therefore, in this study, tempeh was processed into a ready-
to-drink tempeh smoothie for more practical consumption,
and then the effect of regular tempeh smoothie consumption
was measured on body composition, lipid profile parameters,
and fasting blood sugar levels in menopausal women, as a
potential strategy for preventing dyslipidemia.

Methods

Research Design and Subjects Recruitment

A quasi-experimental and, prospective pre—post design,
study was conducted involving 16 menopause women.
The subjects were initially recruited from a community-
based elderly health service in Bambu Hitam, Cipayung,
Jakarta. Subjects were excluded from the study if they
had history or current diagnosis of liver, kidney, thyroid,
cardiovascular disease, cancer, diabetes mellitus, or stroke;
had vegetarianism; and regularly usinge of estrogen therapy,
supplements, or phytopharmaceutical drugs. Subjects who
failed to consume the intervention for three consecutive
days, developed any exclusion condition during the study,
or did not complete blood collection were considered
drop-outs. The protocol of this study was approved by the
Health Research Ethics Commission at Universitas Respati
Indonesia (No. 579/SK.KEPK/UNR/VIII/2024, dated
August 14, 2024) prior to the initiation of the study.

Preparation of Tempeh Smoothie

Each serving of tempeh smoothie was prepared using 100 g
of tempeh blended with 600 mL of water. The preparation
involved cutting 100 g of tempeh into small cubes, boiling
for approximately 5 minutes to reduce odor, then blending
with water until smooth and creamy. The tempeh used in
this study was produced under hygienic, standardized
conditions following Good Manufacturing Practices
(GMP) and certified under the Hazard Analysis and Critical
Control Point (HACCP) food safety framework. Based
high-performance liquid chromatography chromatograms
(HPLC) analysis, the produced tempeh smoothie had an
isoflavone content equivalent toof 49.737 mg for every 100
grams of fresh tempeh mixed with 600 mL of water. This
level of isoflavones is sufficient to meet the daily needs of
menopausal women, which range from 30 to 80 mg.(13)

Tempeh Smoothie Intervention

The intervention consisted of a 1-week run-in period and a
6-week treatment period. During the run-in period, subjects
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were asked to refrain from consuming soy or soy-based
products while maintaining their regular diet and recording
daily food intake. Baseline saliva and blood samples were
collected at the end of this period. During the 6-week
treatment period, subjects consumed tempeh smoothie
daily, five days per week, for six consecutive weeks. The
post-intervention samples were taken after this 6-week
period ended.

Body Composition Measurement

Subjects’ body composition was measured using a digital
bioelectrical impedance analysis (BIA) scale (Omron HBF-
702T; Omron, Kyoto, Japan), which provided data on
body weight, body mass index (BMI), body fat percentage,
muscle mass, and protein percentage. Subjects entered their
height and age before the measurement, and results were
automatically transmitted to a mobile application within
approximately five to ten seconds.

Blood Collection and Lipid Profile Examination

As much as 20 mL venous blood samples were collected
from each subjects before and after the six-week
intervention following a fasting period of 10-12 hours.
Blood was drawn by trained laboratory technicians and then
centrifuged to obtain the serum, which was later stored at
—20°C until the analysis. Lipid profile analysis included
total cholesterol, triglycerides, HDL, and LDL level. All
analyses were conducted at Prodia Clinical Laboratory,
Jakarta,
methods: specifically using enzymatic cholesterol oxidase-

using standardized enzymatic colorimetric
peroxidase aminoantipyrine (CHOD-PAP) method for total
cholesterol measurement, glycerol phosphate oxidase-p-
aminophenazone (GPO-PAP) methods for triglycerides
measurement, and: homogeneous enzymatic assays methods
for HDL and LDL cholesterol measurement using a Roche
Cobas c¢501 analyzer (Roche Diagnostics, Mannheim,.
Germany). Quality control procedures waswere performed
following standard laboratory protocols with two levels of

control sera analyzed daily to ensure analytical accuracy.

Statistical Analysis

Data analysis employed in this study wass descriptive
statistics to provide insights into the key metrics such as
mean, median, standard deviation, and range of values. To
evaluate differences between the run-in and post-intervention
phases, the distribution of data for each variable was
initially assessed. A p-value<0.05 was considered indicative
of significant differences among the variables analyzed.
In a quasi-experimental design without a control group,
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effect size quantifies the magnitude of change independent
of sample size and statistical significance. Effect size was
calculated using Hedges’ g to account for small sample bias
(n=16). The small-sample correction factor 1-3/(4n-9) was
applied. Effect sizes were interpreted using conventional
thresholds (0.2: small, 0.5: moderate, 0.8: large).

Results

Subjects Characteristics

The average age of the female subjects who participated
in this study was 54 years, with an age range of 50 to 59
years. The normality test analysis showed that parameters
including BMI, the percentage of water, and basal metabolic
rate (BMR) were not normally distributed (p<0.05),
meanwhile, the percentage of body fat, protein levels,
visceral fat, muscle mass, bone, body age, and all lipid
profile parameters were normally distributed (p>0.05).

Reduction in BMI Trend and Increased of Muscle Mass
Trend after Consumption of Tempeh Smoothie
Subjects’ body distribution at baseline and post-intervention
was provided in Table 1, while the mean comparison analysis
and the effect size estimation was provided in Table 2. The
BMI showed a slight decrease, from an average of 26.44
kg/m? prior to the intervention to 26.42 kg/m? following the
intervention. Furthermore, the number of subjects classified
as obese decreased from 7 to 5, which corresponds to a
31.30% reduction post-intervention. There was a slight
increase in mean muscle mass, rising from 35.65 to 35.67
kg. The average percentage of body fat increased from 36.00
to 36.28%, while the rate of body water increased from
43.89 to 45.24%. It was noteworthy that body protein levels
decreased marginally from an average of 15.07 to 14.85%.
There was a positive change in the mean BMR, which
increased from 1083 kcal to 1086.31 kcal. Additionally, the
average levels of visceral fat increased from 7.56 to 7.75
post-intervention. No significant changes were observed in
bone mass or body age among the subjects from baseline
to post-intervention. From the overall assessment of body
types, it was concluded that 1 out of 16 subjects achieved
a successful transition from the obese category, which was
characterized by normal muscle mass combined with a high
percentage of body fat, to the thick-set category, which was
defined by good muscle mass with a high percentage of
body fat.

Figure 1 illustrated the distribution of subjects’ body
composition categories at baseline and post-intervention,
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Table 1. Body composition distribution in the baseline and
post-intervention.

Body Composition n (%)
(Ll e Baseline Post-Intervention

BMI (kg/m’)

Underweight (<18.5) 0(0) 0(0)

Normal (18.5-25) 7 (43.75) 7 (43.75)

Overweight (>25-27) 2 (12.50) 4 (25.00)

Obesity (>27) 7 (43.75) 5(31.25)
Fat Percentage (%)

Low 2 (12.50) 1(6.25)

Normal 5(31.25) 7 (43.75)

high 9 (56.25) 8 (50.00)
Water Percentage (%)

Insufficient 7 (43.75) 6(37.50)

normal 9 (56.25) 10 (62.50)
Protein Body Level (%)

Insufficient 11 (68.75) 12 (75.00)

Normal 5(31.25) 4(25.00)

Good 0(0) 0(0)
BMR (Kcal)

Reach the goal 6 (37.50) 6(37.50)

Didn’t reach the goal 10 (62.50) 10 (62.50)
Visceral Fat

Normal (<10) 13 (81.25) 13 (81.25)

High (10-15) 3(18.75) 3 (18.75)

Very high (>15) 0(0) 0(0)
Muscle Mass (kg)

Insufficient 1(6.25) 1(6.25)

Normal 12 (75.00) 13 (81.25)

Good 3 (18.75) 2 (12.50)
Bone Mass (kg)

Insufficient 0(0) 0.00

Normal 16 (100.00) 100.00

Good 0(0) 0.00
Body Type

Skinny 0(0) 0(0)

Balanced Skinny 0(0) 0(0)

Skinny Muscular 0(0) 0(0)

Lacks Exercise 0(0) 0(0)

Balanced 6 (37.50) 6(37.50)

Balanced Muscular 1(6.25) 1(6.25)

Obese 1(6.25) 1(6.25)

Overweight 6(37.50) 5(31.25)

Thick-set 2 (12.50) 3 (18.75)

mapped onto a standardized body type matrix integrating
body fat ratio (vertical axis) and muscle ratio (horizontal
axis). The vertical scale ranges from low to high body fat,
while the horizontal scale progresses from insufficient to
good muscle ratio. At baseline, 37.5% of subjects (n=06)
were classified as overweight, positioned in the quadrant
characterized by elevated body fat with normal muscle
mass. In addition, 31.3% (n=5) were categorized as thick-
set, representing individuals with both high body fat and
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relatively higher muscle mass. Following the intervention,
the proportion of subjects classified as overweight decreased
to 12.5% (n=2), and those categorized as thick-set declined
to 18.8% (n=3). These shifts reflect a movement downward
and rightward on the matrix, indicating reductions in
body fat ratio accompanied by improvements in muscle
ratio. The figure demonstrates a favourable transition in
body composition, with subjects moving from higher-fat
categories (overweight and thick-set) toward more balanced
or muscular body types after the intervention.

Based on the Hedges’ analysis, across all parameters,
no statistically significant differences were observed
between baseline and post-intervention measurements
(»>0.05). However, several variables demonstrated small
effect sizes, indicating minor but directionally consistent
changes. BMI showed a negligible mean reduction (-0.16
kg/m?) with a small effect size (r=-0.14). Body fat percentage
also decreased slightly (-0.28%) with a small effect size
(g=0.28). Water percentage increased marginally (0.36%),
although the effect was classified as trivial (r=-0.03). Protein
body level exhibited a minor increase (0.22%) and a small
effect size (g=0.35), suggesting a modest improvement in
protein-related body composition. Basal metabolic rate
showed a slight increase (3.12 kcal) with a small effect
(r=-0.11). Visceral fat increased minimally (0.19 units)
with a small effect size (g=-0.33). Muscle mass increased
negligibly (0.02 kg), with a trivial effect size (g=-0.03),
while bone mass rose by 0.01 kg (trivial effect, g=0.09).
Body age decreased by 0.81 years with a small effect size
(g=-0.27), suggesting a modest favorable shift.

Although no statistically significant changes were
observed, it was important to note that achieving substantial
shifts in body composition within a 6-week treatment period
tempeh-based dietary intervention is inherently challenging.
Nevertheless, the small but consistent improvements across
multiple parameters, including slight reductions in body
fat and body age, along with modest increases in protein
level, metabolic rate, and muscle mass, which indicate the
early positive physiological adaptations. These subtle yet
favorable trends suggested that the tempeh smoothie diet
may contribute meaningfully to overall body composition
when sustained over a longer period.

Consumption of Tempeh Smoothie Significantly
Reduced Triglyceride Levels

The cholesterol profile results, detailed in Table 3,
encompass the measurements of total cholesterol, HDL,
LDL, and triglyceride levels. The average total cholesterol
among subjects was recorded at 161.88 mg/dL prior to the

535



The Indonesian Biomedical Journal, Vol.17, No.6, December 2025, p.511-606

Print ISSN: 2085-3297, Online ISSN: 2355-9179

Table 2. Analysis of body composition at baseline and post-intervention, and the effect size estimates.

Body Composition . Mean "Test Interpretation
5 -val .
Characteristic Mean=SD Min-Max Difference* N Statistic et "Effect Size (Effect Size)
Body Mass Index (kg/m’)
Baseli 26.44+4.69 20.90-38.70
asene 16 Z—-0.54 0.589 r=-0.14 small
Post-Intervention 26.42+4.30 21.40-38.00
Body Fat (%)
Baseli 36.00+6.09 25.90-50.60
asene -0.28 16 t=-1.17 0.259 g—-0.28 small
Post-Intervention 36.28+5.78 26.20-47.10
Water Percentage (%)
Baseli 43.89+6.09 25.90-50.60
aseune 16 Z=-0.114 0.909 r=-0.03 trivial
Post-Intervention 45.24+3.74 37.80-50.20
Protein Body Level (%)
Baseli 15.07+2.01 12.0-19.10
asene 022 16 t=147 0.160 g=035 small
Post-Intervention 14.85£1.73 12.00-18.80
Basal Metabolism Rate (Kcal)
Baseli 1083.94+124.37 938-1432
aseline 16 Z=-0.426 0.670 r=-0.11 small
Post-Intervention 1086.31+£119.95 934-1414
Visceral Fat
Baseli 7.56£2.50 4-13
aseline 0.19 16 {=-1.38 0.188 g=-033 small
Post-Intervention 7.75+2.32 4-13
Muscle Mass (kg)
Baseli 35.65+3.91 29.96-45.54
aselne 0.02 16 t=-0.11 0.911 2=-0.03 rivial
Post-Intervention 35.67+3.70 29.86-44.95
Bones Mass (kg)
Baseli 2.05+0.37 1.43-2.83
aselme -0.01 16 t=-036 0.722 2=-0.09 trivial
Post-Intervention 2.06+0.31 1.62-2.79
Body Age (years)
Baseli 54.13+13.15 35-80
aseme -0.81 16 =115 0.269 g=-027 small
Post-Intervention 54.94 £13.01 35-80

intervention, rising to 174.19 mg/dL post-intervention.
Despite this increase, all subjects maintained total
cholesterol levels within the normal range, indicating no

_ Overweight n (%) | Thick-set n (%)

Baseline: 6(37.5%) 2 (12.5%)
Post-Intervention: 5 (31.3%) 3(18.8%)

$ $

o [ ] [ ]
' Obese ' Over ' Thick-set
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Figure 1. The distribution of subjects’ body composition
categories at baseline and post-intervention. The vertical scale
ranges from low to high body fat, while the horizontal scale
progresses from insufficient to good muscle ratio. The subjects
changed their body type from overweight to thick-set.
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significant clinical concern. In addition, the mean LDL value
increased from 50.19 mg/dL to 83.00 mg/dL following the
intervention, with two subjects ultimately classified within
the high LDL category. Conversely, there was a decrease
in the mean HDL value, which fell from 57.25 mg/dL to
52.13 mg/dL after the intervention. The triglyceride levels
showed a marked improvement, decreasing from 270.44
mg/dL, which placed them in the high category, to 195.44
mg/dL, now within the normal range. This change was
particularly significant as 8 subjects (50%) successfully
transitioned from the high triglyceride category to normal
(Figure 2). Although other subjects did not achieve a
normal status, nearly all experienced reductions in their
triglyceride levels. Table 4 showed that all lipid profiles
demonstrated statistically significant differences (p<0.05)
in total cholesterol, HDL cholesterol, LDL cholesterol, and
triglycerides. Notably, only the triglyceride levels showed
improvement, with a significant decrease of 75.00 mg/dL
from baseline to post-intervention.

Figure 2 illustrated the individual triglyceride
trajectories from baseline to post-intervention across 16
subjects. Overall, all subjects demonstrated a reduction in
triglyceride levels following the intervention, indicating a



Tempe Improves Lipid Profile and Reduces BMI in Menopausal Woman (Adawiyah AR, et al.)

DOI: 10.18585/inabj.v17i6.3876

Table 3. Lipid profile distribution at baseline and post-
intervention.

n (%)

Lipid Profiles Characteristic

Baseline Post-Intervention

Total Cholesterol

Normal (<200 mg/dL) 16 (100.00) 16 (100.00)

High (>200 mg/dL) 0(0) 0(0)
HDL Cholesterol

Low (<30 mg/dL) 0(0) 0(0)

Normal (30-65 mg/dL) 16 (100.00) 16 (100.00)

High (>66 mg/dL 0(0) 0(0)
LDL Cholesterol (<100 mg/dL)

Normal (<100 mg/dL) 16 (100.00) 14 (87.50)

High (>100 mg/dL) 0(0) 2 (12.50)
Triglycerides

Normal (<200 mg/dL) 1(6.25) 8 (50.00)

High (>200 mg/dL) 15 (93.75) 8 (50.00)

consistent downward trend across the subjects. Notably, 8
subjects showed post-intervention values that approached
or crossed the designated normal threshold (200 mg/dL),
suggesting a clinically meaningful improvement for these
individuals. Although several subjects did not reach the
normal range, each subjects experienced a measurable
decline from baseline, reflecting a uniform beneficial effect
of the intervention. This pattern strengthens the internal
consistency of the findings, as no subjects exhibited a neutral
or adverse response. The distribution of reductions also
suggests that the intervention produced both statistically
and clinically relevant improvements in triglyceride profiles
at the individual level.

Both total and HDL
experienced statistically significant, yet adverse, changes.
total
significant increase (Mean Difference: -12.31 mg/dL; t=-

cholesterol cholesterol

Post-intervention cholesterol levels showed a

2.24; p=0.041), characterized by a moderate effect size

400
350
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200 . . . | . . .
150
100
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0
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Triglyceride Levels (gr/dL)
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1 11
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(Hedges' g=0.53). Similarly, HDL levels significantly
decreased (Mean Difference: 5.13 mg/dL; t=2.30; p=0.036),
also yielding a moderate effect size (g=0.54). These
moderate effect sizes suggest that the intervention exerted
a discernible, non-trivial negative influence on these two
parameters. The most pronounced changes, quantified by
large effect sizes, were observed in LDL and triglycerides.
LDL levels demonstrated a highly significant and substantial
increase post-intervention (Mean Difference: -32.81 mg/dL,;
=-5.67; p<0.001).

This adverse change was supported by a large effect
size (g=-1.34), indicating that the intervention caused a
profound and clinically relevant elevation in circulating
LDL cholesterol. In contrast, triglycerides showed a highly
significant and favorable reduction post-intervention (Mean
Difference: 75.00 mg/dL; t=7.58; p<0.001). The magnitude
of this improvement was exceptionally strong, evidenced
by a very large effect size (g=1.79) (Table 4). This result
the
reducing triglycerides levels compared to its effect on other

confirms intervention's superior effectiveness in

lipid components.

Discussion

In Indonesia, soybeans are processed into tempeh, tofu,
soy sauce, tauco, and soy milk. Among these soy products,
tempeh contains the highest amount of isoflavone aglycones,
providing better bioavailability than the other soy products.
(24) Raw tempeh contains ~20 mg of isoflavones per 100
grams (body weight), whereas tofu and soy milk have lower
isoflavone contents, with 28 mg per 100 grams, respectively.
(25) The tempeh smoothies used in this study contained
49.7 mg/100 gr which include 92.31 ng/2gr daidzein; 20.53
pg/2gr glycitein; 142.87 ug/2gr genestein. Table 5 compares

Normal
Threshold

1314 15 Figure 2. A comparison of triglyceride

levels at the baseline and after the
intervention.
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Table 4. Analysis of variations in lipid profiles at baseline and post-intervention.

Body Composition 3 Mean "Test Interpretation
. -val :
Characteristic BRI Min-Max Difference* N Statistic L "Effect Size (effect size)
Total Cholesterol (<200 mg/dL)
Baseline 161.88+14.05 126-185
. -12.31 16 t=-2.24 0.041 g=-0.53 Moderate
Post-Intervention 174.19+£20.03 136-200
HDL Cholesterol (30—65 mg/dL)
Baseli 57.25+7.69 45-67
aseme 5.13 16 t=2.30 0.036 2=0.54 Moderate
Post-Intervention 52.13+8.55 35-65
LDL Cholesterol (<100 mg/dL)
Baseli 50.19+14.10 31-70
aseme 3281 16 t=-5.67 <0.001 g=-134 Large
Post-Intervention 83.00+22.05 34-113
Triglycerides (<200 mg/dL
Baseli 270.44+50.41 198-360
aseme 75.00 16 =758 <0.001 g=1.79 Very Large
Post-Intervention 195.44+31.64 150-271

the component of raw/conventional tempeh with the tempeh
smoothie used in current study.

The analysis of body composition reveals that the
metabolic activity was effective at the individual level,
even though the group means for body fat and muscle
mass remained statistically unchanged. The qualitative
classification (Figure 1) provides strong evidence of
favorable body recomposition. The significant movement
of subjects out of the high-fat categories (overweight
decreased from 37.5% to 31.3%; thick-set increased from
12.5% to 18.8%) confirms a shift toward healthier body
compositions.(26)

Crucially, the observed transition of individuals from
overweight (high fat, normal muscle) to thick-set (high
fat, good muscle) demonstrates a preferential anabolic
stimulus being provided by the intervention.(27,28) The
most critical finding of this study is the highly selective,
yet potent, effect of the 6-week tempeh intervention on
the subjects' lipid profiles. While all lipid markers showed
statistically significant changes (p<0.05), only the massive
reduction in triglycerides (Mean reduction of 75.00 mg/
dL; Hedges's g=1.79, p<0.001) represented a clinically
favorable outcome. This finding confirms the established
efficacy of soy-based products, particularly fermented
ones like tempeh, in addressing hypertriglyceridemia.(29)
However, the intervention failed to yield net improvement
across the entire lipid panel, as evidenced by the significant
and undesirable increase in LDL cholesterol and total
cholesterol, alongside a significant decrease in HDL
cholesterol.(30) This issue presents a major challenge
to the overall cardiovascular benefit of the intervention
(31), requiring a deeper exploration of the underlying
biomechanisms involving tempeh and the perimenopausal
state. This paradox emphasizes a key challenge in utilizing
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isoflavones: their selective biological action. The level
of hormonal modulation achieved by tempeh was potent
enough to regulate enzymes linked to triglycerides clearance
but was evidently insufficient to fully compensate for the
age-related decline in hepatic LDL receptor expression.(29)
The substantial reduction in triglycerides can be attributed
primarily to the high content of isoflavones (genistein and
daidzein) and dietary fiber in tempeh (32,33), amplified by
the fermentation process (34). Isoflavones act as ligands for
peroxisome proliferator-activated receptor alpha (PPARw).
PPARGa is a nuclear receptor central to fatty acid catabolism.
Its activation by isoflavones enhances the transcription of
genes involved in mitochondrial and peroxisomal oxidation
(fatty acid breakdown) in the liver.(35) This accelerated
catabolism directly reduces the pool of fatty acids available
for hepatic very low-density lipoprotein (VLDL) synthesis,
which is the precursor of circulating triglycerides.(36)
Isoflavones may also inhibit key lipogenic enzymes, such
as fatty acid synthase (FAS), thereby suppressing de novo
lipogenesis in the liver.(37) The net effect is a significant
reduction in the synthesis and secretion of VLDL particles,
leading to the observed very large decrease in serum
triglycerides.(38)

In this study, there is no control group, and the
intervention was only administered to one group, which
means there is no comparison available. Additionally, the
subjects did not live together, such as in a nursing home
or dormitory, resulting in varied food consumption among
them. However, this potential bias was minimized by
providing all subjects with a food diary during the tempeh
smoothie consumption process. For further studies, the
elucidation of the molecular mechanisms underlying the
discrepancy between triglycerides and other lipid profile
parameters as well as the development of fortified tempeh
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Table 5. Comparison between conventional tempeh and tempeh smoothie used in this study.

Conventional Tempeh

Component / Property (Typical Values)*

Tempeh smoothie Remarks / Bioactive Benefits

(Used in This Study)

Solid cake; fermented for 3648 h at
30-37°C (39)

Form & Processing

Blended into liquid form (100 g tempeh Increases digestibility and
+ 600 mL water), filtered, and

bioavailability of bioactives

homogenized

Isoflavones (total) ~20 mg/100 gr (mainly daidzein,

genistein, glycitein) (39,40)

Equivalent to 49.7 mg/100 gr (92.31
ng/2gr daidzein; 20.53 pg/2gr glycitein; (30-80 mg/day)

more effective for menopausal health

142.87 pg/2gr other isoflavones)

Isoflavone form Mixed glycoside and aglycone (25)

Higher proportion of aglycones due to

Improved intestinal absorption and

fermentation and mechanical breakdown bioavailability

Protein and peptides 19-21% protein; moderate levels of
short peptides (25,40)
L-Arginine ~3-5 g/100 g (25)
liquid matrix
Inulin & Dietary Fiber ~ Present in small amounts (25)
prebiotic
Antioxidant Activity Moderate (25)

Ease of Consumption ~ Requires chewing, less suitable for

older adults (25)

Shelf-life & Safety Depends on hygienic handling (39)

Retained in soluble fraction; acts as

Produced under GMP & HACCP-
certified process

Enhanced release of bioactive peptides Contributes to muscle synthesis, lipid
during blending and cell wall disruption regulation, antioxidant activity

Present, potentially more bioavailable in Acts as vasodilator via nitric oxide

(NO) pathway; improves lipid oxidation

Improves gut microbiota and glucose
metabolism

Enhanced due to the release of phenolic  Supports anti-inflammatory and anti-
compounds and isoflavone aglycones

dyslipidemic effects

Smooth liquid, easy to digest and absorb Suitable for menopausal women or those

with reduced chewing ability

Ensures microbial safety and
standardized quality

formulations or combinations with other cholesterol-
lowering agents to achieve an optimal and cardiovascularly
protective lipid profile should be focused on.

Conclusion

The results of the current study shows tempeh smoothie's
positive effect on triglyceride-rich lipoprotein clearance,
evidenced by a highly substantial and statistically
significant reduction in triglycerides, with an effect size
indicating the superiority of the intervention. Regarding the
body composition, although it is not statistically significant,
however it shows promising trends in BMI reduction
and a minor increase in muscle mass. Therefore, the
produced tempeh smoothie might have some potential
as a nutraceutical agent for the management of isolated
hypertriglyceridemia  within

the menopausal women

population.
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