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History Background: Bifidobacterium is a key gut microbe that contributes to host

Received: 16 Apr 2025 metabolism, immunity, and intestinal integrity through SCFA production. Dietary fats

Accepted: 14 Aug 2025 are known to modulate gut microbiota, but evidence on the effects of specific fat

Available: 31 Aug 2025 types—SFA, MUFA, PUFA—on Bifidobacterium in obese adults without metabolic
syndrome remains limited.
Objectives: To examine the association between intake of dietary fat types and the
abundance of Bifidobacterium among obese adults without metabolic syndrome.
Methods: A cross-sectional study was conducted in Semarang, Indonesia, involving
60 obese adults (BMI > 25 kg/m?) without metabolic syndrome. Dietary intake was
assessed using a validated SQ-FFQ, and Bifidobacterium abundance was quantified
using gPCR from fecal samples. Correlation and multivariate linear regression -
adjusted for age, sex, and energy intake - were used to assess associations between
variables.
Results: Saturated fat intake was moderately and negatively correlated with
Bifidobacterium levels (r = —0.464; p < 0.001), while total fat intake also showed a
statistically significant, but weaker, negative correlation (r = —0.346; p = 0.007). PUFA
intake showed a weak but statistically significant positive correlation (r = 0.269; p =
0.037), whereas MUFA intake was not significantly associated. Multivariate analysis
identified SFA as an independent negative predictor of Bifidobacterium abundance.
Conclusion: High intake of saturated fat is associated with decreased Bifidobacterium
levels even in obese adults without metabolic syndrome, whereas PUFA may exert
modest protective effects. These findings suggest that the type of dietary fat, rather
than its quantity, plays a key role in modulating gut microbiota composition.
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INTRODUCTION

The human gastrointestinal system has a complex
and diverse microbial population referred to as the gut
microbiota, which is crucial for sustaining host health.!
These microbes participate in the metabolism of
nutrients, regulation of the immunity, and maintenance
of the intestinal barrier2* Among the beneficial
bacterial genera is Bifidobacterium which has
antimicrobial effects, short-chain fatty acids (SCFA)
production, and pathogen inhibition.> The evidence
shows that the reduction of Bifidobacterium abundance
is linked to obesity and metabolic dysfunction.®

Obesity is a global health challenge linked to chronic
low-grade inflammation, insulin resistance, and
increased risk of non-communicable diseases.® However,
a subset of people with obesity who are metabolically
healthy—that is, they have normal blood pressure,
glucose, and lipid levels—these individuals are often
referred to in the literature as metabolically healthy
obese, although the definition variesare.’
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The gut microbiota composition in obese adults
without metabolic syndrome may differ from that of
metabolically unhealthy obese counterparts, but this
remains an understudied area.”® Studying obese adults
without metabolic syndrome reveals patterns associated
with adiposity that appear early in the progression of the
condition without the accompanying metabolic
complications.”®

Diet is one of the most powerful modulators of the
gut microbiota.1®* While the effects of dietary fiber and
prebiotics on microbial diversity and function have been
extensively studied, the role of dietary fat subtypes—
saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA), and polyunsaturated fatty acids (PUFA)—is
less clearly defined.’>!3 SFAs, commonly found in
animal fats and processed foods, have been associated
with a reduction in beneficial gut bacteria and promotion
of endotoxemia in animal studies.®** In contrast,
unsaturated fats, including MUFAs and omega-3
PUFAs, are associated with anti-inflammatory effects
and improved gut microbiota composition.516

Recent studies suggest that the quantity and type of
dietary fat intake can differentially influence the
composition of the gut microbiota.''® For example,
omega-3 PUFA supplementation has been shown to
increase  Bifidobacterium levels and ameliorate
inflammation in a mouse model of metabolic
syndrome.’® Similarly, in humans a diet rich in MUFASs
was associated with increased gut microbial diversity
and a higher abundance of SCFA-producing bacteria.?
Despite this growing body of evidence, studies
specifically examining Bifidobacterium in relation to
distinct  dietary fat  subtypes—particularly in
metabolically healthy obese  populations—remain
scarce.’3

Furthermore, most existing research on diet—
microbiota interactions relies on 16S rRNA sequencing
to infer relative abundance.?* This technique offers
valuable ecological insights but fails to provide exact
measurement of particular taxa.?? Few studies have
employed quantitative PCR (gPCR) methods with
standard curves to measure Bifidobacterium in absolute
terms, despite the fact that such measures can provide
more accurate  microbial  assessments.”®  This
methodological constraint leads to discrepancies in the
reported relationships between dietary fat and microbial
abundance.?

The lack of studies investigating the link between the
composition of dietary fat and the abundance of
Bifidobacterium in  metabolically healthy obese
individuals is a crucial gap in the literature. Considering
the importance of Bifidobacterium in the maintenance of
gut balance and the prevention of inflammation,
knowing the impact of various fat types on its abundance
among metabolically healthy obese individuals may help
in the formulation of strategies designed to mitigate
metabolic decline with age. This is why the focus of this
study is to assess how the intake of SFA, MUFA, and
PUFA relates to the abundance of Bifidobacterium in the
microbiome of obese adults who do not have metabolic
syndrome.

MATERIALS AND METHODS
Study Design and Participants

A total of 60 participants (40 females and 20 males)
aged 19-44 years with a body mass index (BMI) >
25 kg/m?, based on WHO's Asia-Pacific BMI cutoff for
Asian populations, were included in this cross-sectional
study, which was conducted in Semarang city, Indonesia
from October 2024 to December 2024. Participants were
screened through an initial interview and health history
questionnaire conducted by trained enumerators to verify
inclusion and exclusion criteria. Participants were
eligible if they were not pregnant or breastfeeding, had
not consumed dietary supplements, prebiotics, or
probiotics in the past month, had no diagnosed metabolic
syndrome or chronic diseases such as coronary heart
disease, and were not undergoing a weight loss diet.
Participants were excluded if they experienced acute
diarrhea one day before sample collection or consumed
supplements, prebiotics, or probiotics one to three days
prior to the study. Written informed consent was obtained
from all participants.

Anthropometric and Dietary Assessment
Anthropometric measurements were conducted using
a GEA Medical stadiometer and a bioelectrical
impedance analyzer (BIA, TANITA DC-360, Tokyo,
Japan). Body mass index (BMI) values were directly
obtained from the BIA analysis. Dietary intake was
assessed through face-to-face interviews using a semi-
quantitative food frequency questionnaire (SQ-FFQ),
which evaluated habitual intake during the past month,
including sources of SFA, MUFA, and PUFA. Nutrient
intake data from the SQ-FFQ were analyzed using
Nutrisurvey software with the Indonesian food
composition database. The SQ-FFQ used in this study
was adapted from a previously validated instrument
developed for use in the Indonesian adult population.?*

Fecal Sample Collection and DNA Extraction

Participants collected fecal samples in the morning
and submitted them to the laboratory within three hours.
Each sample (100 mg) was mixed with 1 mL of
DNA/RNA stabilization solution and stored at —20°C
until processing. DNA was extracted using the
Favorgen® DNA Stool Isolation Kit according to the
manufacturer's protocol. DNA concentration and purity
were measured using a NanoDrop spectrophotometer,
and only samples with A260/A280 purity ratios between
1.8 and 2.0 were included for further analysis.

Quantification of Bifidobacterium by g°PCR
Quantitative real-time PCR (gPCR) was conducted to
determine the abundance of Bifidobacterium in stool
samples. The amplification used SMOBIO® Fast gPCR
Master Mix and genus-specific® forward primer 5'-
GGGTGGTAATGCCGGATG-3" and reverse primer 5'-
TAAGCGATGGACTTTCACACC-3'. Each reaction
was run in duplicate. A standard curve was generated
using seven 10-fold serial dilutions of DNA extracted
from pure Bifidobacterium culture. Ct values obtained
from participant samples were converted to log CFU/g of
feces using the linear regression equation: y = —0.2801x
+12.332, with a coefficient of determination R2=0.9938.
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Table 1. Participant Characteristic and Bifidobacterium Abundance

Characteristics N Mean SD Min Max
Age (yr) 60 25,72 +5,89 19 45
Body Weight (kg) 60 77,6 +17,39 56 163,2
Height (cm) 60 160,75 +8,87 1443 178
BMI (kg/m? 60 29,93 +5,58 25,1 60,7
Waist Circumference (cm) 60 94,1 +13.1 79 161
Bifidobacterium (log CFU/g) 60 9,08 +0.99 6,09 10,71
Table 2. Dietary Intake
Intake Mean SD Min Max
Energy (kcal) 1674,77 +366,80 969,3 2607,3
Carbohydrate (g) 168,59 +38,26 88 281,8
Protein (g) 74,55 +24,46 24,8 152,54
Total Fats (g) 73,45 +21,66 29,9 141,93
a. Saturated Fats (g) 39,50 +13,62 14 71,1
b. MUFA(g) 17,15 +7,28 4 39,55
c. PUFA(g) 17,11 +5,87 33 28,50
Total Fiber(g) 9,29 +3,67 35 19,7
a. Soluble Fiber(g) 4,42 +1,90 1,1 9,7
b. Insoluble Fiber(g) 4.8 +2,02 1,3 10,0

Statistical Analysis

All statistical analyses were performed using SPSS
version 25. Descriptive statistics were used to
summarize participant characteristics and dietary intake.
Data distribution was tested using the Kolmogorov-
Smirnov test. Pearson or Spearman correlation and linear
regression analyses were used to assess the association
between dietary fat intake (SFA, MUFA, PUFA) and
Bifidobacterium abundance. A p-value less than 0.05
was considered statistically significant.

Ethical clearance

The study protocol (Ethical Clearance number
457/EC/KEPK/FK-UNDIP/VI111/2024) was approved by
the Ethics Committee of the Faculty of Medicine,
Universitas Diponegoro.

RESULTS

Based on the analysis of participant characteristics in
Table 1, the study participants were predominantly
young adults (mean age 25.72 + 5.89 years), with all
individuals classified as obese. The mean BMI of 29.93
+ 5.58 kg/m? places most subjects in the Class | obesity
category. As shown in Table 1 the mean absolute
abundance of Bifidobacterium was 9.08 + 0.99 log
CFU/g, which aligns with levels considered adequate for
gut homeostasis in healthy individuals. According to
previous clinical microbiota benchmarks,
Bifidobacterium populations >8 log CFU/g are generally
indicative of a eubiotic (balanced) intestinal profile.?

The mean daily energy intake of participants in Table
2 was 1674.77 + 366.80 kcal, carbohydrate (mean 197.6
g/day) and protein intake (mean 55.5 g/day) which is
below Indonesian Recommended Dietary Allowance
(AKG 2019) according to sex and age ?’. The results
showed that mean energy intake represented
approximately 76% of the recommended level, while
protein and carbohydrate intakes corresponded to 85%
and 54%, respectively, of the AKG

Despite the low energy intake, total fat consumption
averaged 73.45 * 21.66 g/day, exceeding the AKG, and
contributing 39-45% of total energy—surpassing
WHO’s recommended 20-35%. Saturated fat intake was
particularly high, averaging 39.5 g/day, which
corresponds to approximately 179% of the AKG limit for
males (22.2 g/day) and 198% of the AKG limit for
females (20 g/day). In contrast, MUFA (17.15 £+ 7.28
g/day) and PUFA (17.11 £ 5.87 g/day) were within
generally acceptable ranges. WHO recommends 15-20%
of energy from MUFA and 6-11% from PUFA, which
corresponds to approximately 33-44 g MUFA and 13-24
g PUFA/day on a 2000 kcal diet.?

Regarding fiber, the total fiber intake was only 9.29 +
3.67 g/day, far below the AKG recommendations of 37
g/day for males and 32 g/day for females. Soluble fiber
was 4.42 +1.90 g/day and insoluble fiber was 4.80 + 2.00
g/day, both well below the ideal ranges of ~8-10 g/day
(soluble) and 24-27 g/day (insoluble). This suggests poor
fiber intake both in type and quantity, which may
negatively affect gut microbiota diversity, particularly in
the context of this study focusing on Bifidobacterium.?
These findings indicate a pattern of overall low energy,
carbohydrate, protein, and fiber intake, paired with
disproportionately high total and saturated fat
consumption, suggesting an imbalanced dietary pattern
among participants.'’

Table 3 demonstrates a moderate-to-strong inverse
relationship  between saturated fat intake and
Bifidobacterium (r = —0.464, p < 0.001), as well as total
fat intake (r = —-0.346, p = 0.007). These findings are
consistent with previous literature indicating that high
SFA disrupts microbial equilibrium and lowers
colonization of beneficial bacteria®®. As observed in
Table 3, PUFA intake showed a weak but significant
positive correlation (r = 0.269, p = 0.037), aligning with
omega-3/6 literature indicating anti-inflammatory and
microbiota-supportive  properties.’*'®  Additionally,
soluble fiber intake (mean 4.42 + 1.90 g/day) was still
below the RDI, which recommends 5-10 g/day of soluble
fiber. Despite the shortfall, soluble fiber still exhibited a
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positive correlation with Bifidobacterium (r = 0.509, p <
0.001), confirming its key role as a fermentable substrate
for gut bacteria.?®3!

Multivariate linear regression in Table 4 confirmed
that saturated fat intake are significant negative
predictors of Bifidobacterium abundance. Saturated fat
(B = -0.024, p = 0.030) remained a consistent dietary
predictor of reduced Bifidobacterium, even when
controlling for other macronutrients. This finding
supports the hypothesis that high saturated fat intake,
even in energy-deficient or metabolically healthy
individuals, contributes to early gut microbial shifts,
potentially preceding metabolic complications.3>%

DISCUSSION

This study investigated the association between
dietary intake of SFA, MUFA, and PUFA with the
abundance of Bifidobacterium in the gut microbiota of
metabolically healthy obese adults. Even though the
participants did not present with clinical signs of
metabolic syndrome, their diet showed signs of potential
microbial dysregulation concerning Bifidobacterium
abundance. This highlights that microbiota alterations
may occur prior to the clinical onset of metabolic
disorders.

Saturated fat consumption was linked detrimentally
and significantly with Bifidobacterium abundance.'®3*
These results support prior studies that propose high
SFA-containing diets can promote detrimental changes
in gut microbiota that decreases Bifidobacterium and
increases inflammatory taxa such as Bilophila

wadsworthia.®>3¢ Mechanistically, saturated fat may
cause these changes due to increased bile acid release,
oxidative damage, and epithelial tissue injury, all of
which create a habitat that is less favorable for
colonization by commensal microbes.” Additionally, the
average intake of saturated fat in our population exceeded
AKG recommendations, indicating that even in
individuals with preserved metabolic parameters, a high
SFA intake could contribute to early dysbiosis.?%"
Saturated fat also stood out as an independent negative
predictor in the regression model, reinforcing its critical
impact on gut microbial homeostasis.*®

Additional studies provide further support for the
observed association between high saturated fat intake
and microbial imbalance®“°. In animal models, diets
rich in saturated fats have been shown to reduce the
abundance of Bifidobacterium while increasing the
presence of lipopolysaccharide (LPS)-producing gram-
negative bacteria. This shift leads to endotoxemia and
low-grade systemic inflammation.®>*® Inflammation, in
turn, can impair the gut mucosal environment, further
inhibiting colonization of commensal genera such as
Bifidobacterium.** These findings suggest that dietary
saturated fats may not only reduce microbial diversity but
may also directly impair protective microbial
populations.

The source of saturated fats may also influence
microbial outcomes.*?#3 Diets dominated by animal-
based saturated fats appear more detrimental to the
microbiota than those with plant-based sources.** In the
present study, no differentiation was made between fat

Table 3. Correlation Between Fat Intake and Bifidobacterium Abundance

Genera Dietary Intake p Value r

Bifidobacterium Energy 0,144 -0,191*
Carbohydrate 0,792 -0,035%*
Protein 0,986 0,002*
Total Fats 0,007 -0,346*
Saturated fats <0,001 -0,464**
MUFA 0,085 -0,224*
PUFA 0,037 0,269
Total fibers <0,001 0,470%*
Solube fiber <0,001 0,509*
Unsolube Fiber 0,006 0,353*

*p<0,05: Pearson Test, **p<0,05: Rank-Spearman Test

Table 4. Regression and Risk Markers

Genera Variable Coefisien B *p Value
(unstandardized)
Bifidobacterium Age -0,016 0,144
BMI -0,041 0,583
Waist Circumference -0,001 0,892
Energy 0,001 0,079
Carbohydrate 0,003 0,196
Protein 0,001 0,840
Total Fats 0,013 0,170
Saturated fats -0,024 0,030
MUFA -0,018 0,349
PUFA 0,031 0,176
Total fibers 0,280 0,373
Solube fibes -0,225 0,484
Unsolube Fibers -0,237 0,440

*Significant p value<0,05
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sources. Therefore, future analyses should evaluate
whether specific food categories—such as processed
meats, dairy fats, or tropical oils—exert distinct effects
on Bifidobacterium.

In comparison, PUFA consumption showed a weak
but significant positive correlation with Bifidobacterium
abundance. Even though the regression model did not
classify PUFA as a significant independent predictor, its
association appears to strengthen the argument that
PUFAs, and especially omega-3 fatty acids, reinforce the
diversity of gut microbes and the proliferations of
beneficial genera'®. Omega-3 fatty acids, a major
subgroup of PUFAs, have demonstrated potential in
maintaining epithelial tight junction integrity and
reducing oxidative stress.®4 It has been demonstrated
that PUFAs promote anti-inflammatory responses and
enhance the activity of SCFA-producing bacteria, which
may include Bifidobacterium*>46, Nonetheless, the
impact of PUFAs is likely modified by other factors such
as the quantity and quality of the fats—omega-3 vs
omega-6—as well as interactions with other dietary
components like fiber.#” In clinical settings, omega-3
supplementation has been associated with increased
fecal Bifidobacterium abundance and elevated short-
chain fatty acid concentrations.*® These changes are
linked to improved markers of gut barrier function and
systemic metabolic health- The potential mechanisms
include anti-inflammatory effects and modulation of gut
barrier function, which may create a more favorable
environment for beneficial microbes. Although the
positive relationship between PUFA and
Bifidobacterium was modest in this study, it may be
amplified under conditions of increased PUFA intake or
when combined with adequate fiber. PUFAs and dietary
fiber may act synergistically by supplying substrates and
modulating luminal conditions that favor beneficial
microbes*®°, This hypothesis remains to be tested in
future trials.

Monounsaturated fat intake, although within the
recommended range, did not show a significant
correlation with Bifidobacterium levels. which was also
observed in other studies. The findings most recent are
consistent with other publications that reported either no
or inconsistent effect of MUFAs on gut microbiota
composition.'® The discrepancy in the impact of MUFASs
could be attributed to the fat’s origin: plant-based
sources, like olive oil, are rich in bioactive compounds
while animal fats can also contain SFA.** Without
specific dietary pattern data, the effects of MUFA could
not be separated based on food sources, the lack of
association may represent an erosion of potentially
positive impacts from MUFA-rich foods.

The absence of a significant association between
MUFA and Bifidobacterium may reflect the complexity
of MUFA interactions with the gut ecosystem. MUFAS,
particularly oleic acid, have been associated with anti-
inflammatory properties and improved metabolic
markers.>t However, their effects on microbial
composition are often subtle and context-dependent. In
some interventions, olive oil-based MUFA diets have
increased Bifidobacterium and Lactobacillus levels.? In
other cases, MUFA effects were negligible. These
discrepancies may be due to variations in phenolic

compounds, fermentation status, or interactions with
other macronutrients. 2

The primary microbial outcome of this study was the
absolute abundance of Bifidobacterium. This genus is
recognized for its beneficial effects on intestinal health.
Bifidobacterium plays a role in producing acetate,
inhibiting pathogens, supporting mucosal immunity, and
maintaining the integrity of the gut barrier.>?® High levels
of Bifidobacterium have been associated with metabolic
health, while low levels have been linked to dysbiosis.
The mean Bifidobacterium abundance observed in this
study was 9.08 + 0.99 log CFU/g, which falls within the
range considered adequate for eubiosis. However,
approximately 20% of participants had levels below 8 log
CFU/g. This threshold has been used in clinical studies
as an indicator of early dysbhiosis, particularly in
populations with chronic inflammatory conditions.?6:%

The use of quantitative PCR with a standard curve
allowed for precise estimation of bacterial counts. This
method provides higher accuracy than relative abundance
estimates derived from 16S rRNA sequencing.?34
Expressing results in log CFU/g offers clinically relevant
insights and facilitates comparison across studies.?® The
use of genus-specific primers targeting Bifidobacterium
ensured specificity, which strengthens the validity of the
findings.

Taken together, the results suggest that saturated fat
intake is negatively associated with Bifidobacterium
abundance, while those with greater PUFA consumption
generally showed a pattern of higher Bifidobacterium
abundance. MUFA intake does not appear to have a
strong or consistent relationship with Bifidobacterium in
this context. These observations reinforce the idea that
different types of dietary fat may influence gut
microbiota composition in distinct ways.'’** Even in
individuals who are metabolically healthy, dietary fat
composition can influence key microbial populations.

The findings of this study highlight an important
principle in nutritional microbiology. Not all dietary fats
exert equal effects on the gut microbiota'. The molecular
structure, food matrix, and co-consumed nutrients all
influence how fats interact with microbial populations.
Saturated fats, especially from animal sources, tend to
decrease Bifidobacterium levels.t’#** PUFAs, particularly
omega-3 fatty acids, may promote their growth.®
MUFAs show inconsistent effects, possibly due to source
variation and dietary context.®

Importantly, this study focused exclusively on
individuals without metabolic syndrome. This design
allows for clearer interpretation of diet-microbiota
relationships without interference from hyperglycemia,
insulin resistance, or dyslipidemia. The results suggest
that even in a metabolically “healthy” state, the quality of
dietary fat intake can influence gut microbial ecology.
Early reductions in Bifidobacterium may precede clinical
signs of metabolic dysfunction.® Therefore, maintaining
appropriate fat balance may serve as a strategy to
preserve microbiota health and delay metabolic
complications.

In public health nutrition, these findings support
existing recommendations to limit saturated fat intake
and increase consumption of healthy unsaturated fats.
However, the cross-sectional nature of this study limits
the ability to establish causality in the observed
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associations. Moreover, individual variability in baseline
gut microbiota composition may have influenced the
microbial response to dietary fat intake. Despite these
limitations, interventions targeting fat types may
improve microbial profiles before metabolic disease
develops. Future studies should investigate whether
lowering saturated fat intake can positively modulate
Bifidobacterium levels and improve host metabolic
outcomes. Such trials would clarify the therapeutic
potential of dietary fat modulation in microbiota-focused
prevention strategies.

CONCLUSION

A high intake of saturated fat leads to a reduction in
Bifidobacterium abundance, even among metabolically
healthy obese individuals. PUFAs appear to offer a mild
protective effect, while MUFAs show little to no
influence. These findings underscore the importance of
dietary fat quality as a key factor shaping the gut
microbiota ecosystem. Public nutrition guidelines
should prioritize lowering saturated fat intake and
encouraging greater consumption of PUFAs to help
prevent gut dyshiosis and long-term metabolic
disturbances.

ACKNOWLEDGMENTS

The authors would like to express their sincere
gratitude to the Lembaga Penelitian dan Pengabdian
kepada Masyarakat (LPPM) of Universitas Diponegoro
for funding support through the 2024 WCRU Grant
Program. We also extend our appreciation to all study
participants for their involvement.

REFERENCES

1. Van Hul M, Cani PD, Petitfils C, De Vos WM, Tilg
H, El-Omar EM. What defines a healthy gut
microbiome? Gut. 2024;73(11):1893-1908.
doi:10.1136/gutjnl-2024-333378

2. Chelakkot C, Ghim J, Ryu SH. Mechanisms
regulating intestinal barrier integrity and its
pathological  implications. Exp Mol Med.
2018;50(8):1-9. doi:10.1038/s12276-018-0126-x

3. Martel J, Chang SH, Ko YF, Hwang TL, Young JD,
Ojcius DM. Gut barrier disruption and chronic
disease. Trends in Endocrinology & Metabolism.
2022;33(4):247-265. doi:10.1016/j.tem.2022.01.002

4. Danneskiold-Samsge NB, Dias de Freitas Queiroz
Barros H, Santos R, et al. Interplay between food and
gut microbiota in health and disease. Food Research
International. 2019;115:23-31.
doi:10.1016/j.foodres.2018.07.043

5. Alessandri G, van Sinderen D, Ventura M. The genus
Bifidobacterium: from genomics to functionality of
an important component of the mammalian gut
microbiota.  Comput  Struct  Biotechnol J.
2021;19:1472-1487. doi:10.1016/j.cshj.2021.03.006

6. Cuevas-Sierra A, Ramos-Lopez O, Riezu-Boj JI,
Milagro FI, Martinez JA. Diet, Gut Microbiota, and
Obesity: Links with Host Genetics and Epigenetics
and Potential Applications. In: Advances in
Nutrition. Vol 10. Oxford University Press;
2019:517-S30. doi:10.1093/advances/nmy078

7. Lee HK, Kim NE, Shin CM, et al. Gut microbiome
signature of metabolically healthy obese individuals
according to anthropometric, metabolic and
inflammatory parameters. Sci Rep. 2024;14(1).
doi:10.1038/s41598-024-53837-z

8. Gaundal L, Myhrstad MCW, Rud I, et al. Gut
microbiota is associated with dietary intake and
metabolic markers in healthy individuals. Food Nutr
Res. 2022;66. doi:10.29219/fnr.v66.8580

9. Phillips CM. Metabolically healthy obesity across the
life course: epidemiology, determinants, and
implications. Ann N Y Acad Sci. 2017;1391(1):85-
100. doi:10.1111/nyas.13230

10. Moszak M, Szulinska M, Bogdanski P. You Are
What You Eat—The Relationship between Diet,
Microbiota, and Metabolic Disorders—A Review.
Nutrients. 2020;12(4):1096.
d0i:10.3390/nu12041096

11. Kim B, Choi HN, Yim JE. Effect of diet on the gut
microbiota associated with obesity. J Obes Metab
Syndr. 2019;28(4):216-224.
doi:10.7570/JOMES.2019.28.4.216

12.Alcock J, Lin HC. Fatty acids from diet and
microbiota regulate energy metabolism. F1000Res.
2015;4:738. doi:10.12688/f1000research.6078.1

13. Wolters M, Ahrens J, Romani-Pérez M, et al. Dietary
fat, the gut microbiota, and metabolic health — A
systematic review conducted within the MyNewGut
project. Clinical Nutrition. 2019;38(6):2504-2520.
d0i:10.1016/j.cInu.2018.12.024

14.Haneishi Y, Furuya Y, Hasegawa M, et al.
Polyunsaturated fatty acids-rich dietary lipid prevents
high fat diet-induced obesity in mice. Sci Rep.
2023;13(1). doi:10.1038/s41598-023-32851-7

15. Tutunchi H, Ostadrahimi A, Saghafi-Asl M. The
Effects of Diets Enriched in Monounsaturated Oleic
Acid on the Management and Prevention of Obesity:
a Systematic Review of Human Intervention Studies.
Advances in  Nutrition.  2020;11(4):864-877.
doi:10.1093/advances/nmaa013

16.Liu W, Zhu M, Gong M, et al. Comparison of the
Effects of Monounsaturated Fatty Acids and
Polyunsaturated Fatty Acids on Liver Lipid Disorders
in Obese Mice. Nutrients. 2023;15(14):3200.
doi:10.3390/nu15143200

17.Basak S, Banerjee A, Pathak S, Duttaroy AK. Dietary
Fats and the Gut Microbiota: Their impacts on lipid-
induced metabolic syndrome. J Funct Foods.
2022;91:105026. doi:10.1016/j.jff.2022.105026

18. Machate DJ, Figueiredo PS, Marcelino G, et al. Fatty
Acid Diets: Regulation of Gut Microbiota
Composition and Obesity and Its Related Metabolic
Dysbiosis. Int J Mol Sci. 2020;21(11):4093.
doi:10.3390/ijms21114093

19.Jayapala HPS, Lim SY. N-3 Polyunsaturated Fatty
Acids and Gut Microbiota. Comb Chem High
Throughput Screen. 2023;26(5):892-905.
d0i:10.2174/1386207325666220701121025




Journal of Biomedicine and Translational Research, 11 (2) 2025, 39-46 45

20. Meslier 'V, Laiola M, Roager HM, et al.
Mediterranean diet intervention in overweight and
obese subjects lowers plasma cholesterol and causes
changes in the gut microbiome and metabolome
independently of  energy intake. Gut.
2020;69(7):1258-1268.  doi:10.1136/gutjnl-2019-
320438

21.Durazzi F, Sala C, Castellani G, Manfreda G,
Remondini D, De Cesare A. Comparison between
16S rRNA and shotgun sequencing data for the
taxonomic characterization of the gut microbiota. Sci
Rep. 2021;11(1):3030. doi:10.1038/s41598-021-
82726-y

22.Barlow JT, Bogatyrev SR, Ismagilov RF. A
quantitative sequencing framework for absolute
abundance measurements of mucosal and lumenal
microbial communities. Nat Commun.
2020;11(1):2590.
d0i:10.1038/s41467-020-16224-6

23.Al-Rawe AM, Suleiman AA. Exploitation of
Absolute gPCR to Estimate Lactobacillus and
Bifidobacterium Count in Human Gut as Indicator of
Diabetic Mellitus Complication. Iragi Journal of
Science. Published online February 27, 2020:277-
284. d0i:10.24996/ijs.2020.61.2.4

24.Syauqy A, Afifah DN, Purwanti R, Nissa C, Fitranti
DY, Chao JCJ. Reproducibility and validity of a food
frequency questionnaire (Ffq) developed for middle-
aged and older adults in semarang, Indonesia.
Nutrients. 2021;13(11). doi:10.3390/nu13114163

25.Langendijk PS, Schut F, Jansen GJ, et al.
Quantitative fluorescence in situ hybridization of
Bifidobacterium spp. with genus-specific 16S rRNA-
targeted probes and its application in fecal samples.
Appl Environ Microbiol. 1995;61(8):3069-3075.
doi:10.1128/aem.61.8.3069-3075.1995

26. Duytschaever G, Huys G, Bekaert M, Boulanger L,
De Boeck K, Vandamme P. Dysbiosis of
bifidobacteria and Clostridium cluster XIVa in the
cystic fibrosis fecal microbiota. Journal of Cystic
Fibrosis. 2013;12(3):206-215.
d0i:10.1016/j.jcf.2012.10.003

27.Kementrian  Kesehatan  Republik  Indonesia.
Peraturan Menteri Kesehatan Republik Indonesia
No.28 Tahun 2019 Tentang Angka Kecukupan Gizi
Yang Dianjurkan Untuk Masyarakat Indonesia.;
2019.

28. Schwingshackl L, Zahringer J, Beyerbach J, et al. A
Scoping Review of Current Guidelines on Dietary
Fat and Fat Quality. Ann Nutr Metab. 2021;77(2):65-
82. d0i:10.1159/000515671

29.Wang H, Huang X, Tan H, Chen X, Chen C, Nie S.
Interaction between dietary fiber and bifidobacteria
in promoting intestinal health. Food Chem.
2022;393:133407.
d0i:10.1016/j.foodchem.2022.133407

30.Jian C, Luukkonen P, Sadevirta S, Yki-Jarvinen H,
Salonen A. Impact of short-term overfeeding of
saturated or unsaturated fat or sugars on the gut
microbiota in relation to liver fat in obese and
overweight adults. Clinical Nutrition.
2021;40(1):207-216.
d0i:10.1016/j.cInu.2020.05.008

31.Fu J, Zheng Y, Gao Y, Xu W. Dietary Fiber Intake
and Gut Microbiota in Human Health.
Microorganisms. 2022;10(12).
doi:10.3390/microorganisms10122507

32. Malesza 1J, Malesza M, Walkowiak J, et al. High-Fat,
Western-Style Diet, Systemic Inflammation, and Gut
Microbiota: A Narrative  Review.  Cells.
2021;10(11):3164. doi:10.3390/cells10113164

33. Shi J, Zhao D, Song S, et al. High-Meat-Protein High-
Fat Diet Induced Dysbiosis of Gut Microbiota and
Tryptophan Metabolism in Wistar Rats. J Agric Food
Chem. 2020;68(23):6333-6346.
doi:10.1021/acs.jafc.0c00245

34. Lotankar M, Houttu N, Mokkala K, Laitinen K. Diet—
Gut Microbiota Relations: Critical Appraisal of
Evidence From Studies Using Metagenomics. Nutr
Rev. Published online December 24, 2024.
doi:10.1093/nutrit/nuae192

35. Di Rosa C, Di Francesco L, Spiezia C, Khazrai YM.
Effects of Animal and Vegetable Proteins on Gut
Microbiota in Subjects with Overweight or Obesity.
Nutrients. 2023;15(12). doi:10.3390/nu15122675

36. Devkota S, Chang EB. Interactions between Diet,
Bile Acid Metabolism, Gut Microbiota, and
Inflammatory Bowel Diseases. Digestive Diseases.
2015;33(3):351-356. doi:10.1159/000371687

37.Zhou H, Urso CJ, Jadeja V. <p>Saturated Fatty Acids
in Obesity-Associated Inflammation</p>. J Inflamm
Res. 2020;Volume 13:1-14.
doi:10.2147/JIR.S229691

38.Chen J, Xiao Y, Li D, et al. New insights into the
mechanisms of high-fat diet mediated gut microbiota
in chronic diseases. iMeta. 2023;2(1).
doi:10.1002/imt2.69

39.de Queiroz Cavalcanti SA, de Almeida LA,
Gasparotto J. Effects of a high saturated fatty acid diet
on the intestinal microbiota modification and
associated impacts on Parkinson’s disease
development. J Neuroimmunol. 2023;382:578171.
doi:10.1016/j.jneuroim.2023.578171

40. Darsini D, Hamidah H, Notobroto HB, Cahyono EA.
Health Risks Associated with High Waist
Circumference: A Systematic Review. J Public
Health Res. 2020;9(2). doi:10.4081/jphr.2020.1811

41.Jo JK, Seo SH, Park SE, et al. Gut Microbiome and
Metabolome Profiles Associated with High-Fat Diet
in Mice. Metabolites. 2021;11(8):482.
doi:10.3390/metab011080482

42. Coelho OGL, Candido FG, Alfenas R de CG. Dietary
fat and gut microbiota: mechanisms involved in
obesity control. Crit Rev Food Sci Nutr.
2019;59(19):3045-3053.
doi:10.1080/10408398.2018.1481821

43. Schoeler M, Caesar R. Dietary lipids, gut microbiota
and lipid metabolism. Rev Endocr Metab Disord.
2019;20(4):461-472.
doi:10.1007/s11154-019-09512-0

44. Muralidharan J, Galié S, Hernandez-Alonso P, Bull6
M, Salas-Salvado J. Plant-Based Fat, Dietary Patterns
Rich in Vegetable Fat and Gut Microbiota
Modulation. Front Nutr. 2019;6.
doi:10.3389/fnut.2019.00157




Journal of Biomedicine and Translational Research, 11 (2) 2025, 39-46 46

45. Shen W, Gaskins HR, Mcintosh MK. Influence of
dietary fat on intestinal microbes, inflammation,
barrier function and metabolic outcomes. J Nutr
Biochem. 2014;25(3):270-280.
doi:10.1016/j.jnutbio.2013.09.009

46. Candido FG, Valente FX, Grzeskowiak LM, Moreira
APB, Rocha DMUP, Alfenas R de CG. Impact of
dietary fat on gut microbiota and low-grade systemic
inflammation: mechanisms and clinical implications
on obesity. Int J Food Sci Nutr. 2018;69(2):125-143.
doi:10.1080/09637486.2017.1343286

47. Mariamenatu AH, Abdu EM. Overconsumption of
Omega-6 Polyunsaturated Fatty Acids (PUFAS)
versus Deficiency of Omega-3 PUFAs in Modern-
Day Diets: The Disturbing Factor for Their
“Balanced Antagonistic Metabolic Functions” in the
Human Body. J Lipids. 2021;2021:1-15.
doi:10.1155/2021/8848161

48.Vijay A, Astbury S, Le Roy C, Spector TD, Valdes
AM. The prebiotic effects of omega-3 fatty acid
supplementation: A six-week  randomised
intervention trial. Gut Microbes. 2021;13(1).
doi:10.1080/19490976.2020.1863133

49. Myhrstad MCW, Tunsjg H, Charnock C, Telle-
Hansen VH. Dietary Fiber, Gut Microbiota, and
Metabolic Regulation—Current Status in Human
Randomized Trials. Nutrients. 2020;12(3):859.
doi:10.3390/nu12030859

50. Cantu-Jungles TM, Agamennone V, Van den Broek
TJ, Schuren FHJ, Hamaker B. Systematically-
designed mixtures outperform single fibers for gut
microbiota support. Gut Microbes. 2025;17(1).
doi:10.1080/19490976.2024.2442521

51.Pastor R, Bouzas C, Tur JA. Beneficial effects of
dietary supplementation with olive oil, oleic acid, or
hydroxytyrosol in metabolic syndrome: Systematic
review and meta-analysis. Free Radic Biol Med.
2021;172:372-385.
doi:10.1016/j.freeradbiomed.2021.06.017

52. Michielsen CCJR, Hangelbroek RWJ, Feskens EJM,
Afman LA. Disentangling the Effects of
Monounsaturated  Fatty  Acids from  Other
Components of a Mediterranean Diet on Serum
Metabolite Profiles: A Randomized Fully Controlled
Dietary Intervention in Healthy Subjects at Risk of
the Metabolic Syndrome. Mol Nutr Food Res.
2019;63(9). doi:10.1002/mnfr.201801095

53. Malaisé Y, Menard S, Cartier C, et al. Gut dysbiosis
and impairment of immune system homeostasis in
perinatally-exposed mice to Bisphenol A precede
obese  phenotype  development. Sci  Rep.
2017;7(1):14472. doi:10.1038/s41598-017-15196-w




