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Abstract
In general, it is accepted that diet has one of the greatest impacts on the Gut Microbiota (GM). Diets cooked with various flavor might cause GM shifts. In 
addition, the effect of diet and flavor might diverge depending on the genotype, sex and age of the host. Clarifying these interactions can reveal the potential 
health implications associated with diet changes. We explored the effects of diet and flavor on the GM. A family of three members (father, mother, and daughter) 
was recruited and was reared on a designed experimental diet for 8 weeks. The diet was cooked with salty, sour, sweet and hot flavor ingredients in weeks 2, 4, 6 
and 8, respectively, and each flavor ingredient treatment was separated by 1-week washout. Fecal samples were collected before and during experimental-diet and 
flavor ingredient treatments.

Health indicators (body weight, blood pressure, heart rate) were monitored daily. Blood levels of glucose, lipids and an inflammatory factor (C-reaction protein) 
were measured at the end of each treatment. Analyses of 16S rRNA gene sequencing revealed that the experimental diet caused a significant change, salty and hot 
flavor ingredients caused obvious shifts, while sour and sweet flavor caused minor alterations in the GM. Importantly, the diet and flavor caused GM changes that 
were highly divergent among the family members. Flavor ingredient treatments also caused fluctuations in most health indicators but the fluctuations were only 
weakly correlated with GM changes. We concluded that dietary factors interacted with individual factors in driving GM variability.
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Introduction
There are thousands of different microbes inhabiting the gut of 

humans [1]. An individual may have up to several hundred species 
of microbes, and there is high degree of variation in the composition 
of the Gut Microbiota (GM) between individuals [2,3]. Gut microbes 
ferment undigested food components and produce many bioactive 
compounds that can improve or damage health [4]. There is growing 
evidence that the GM is associated with diseases not confined 
to the Gastrointestinal Tract (GIT) but the whole body and even 
psychiatric problems [5]. Nevertheless, there are many gaps in our 
understanding of the interactions between environmental factors, 
host genetics, gut microbes, and health [6]. The origins of individual 
variations, and the extent to which environmental/dietary factors or 

host genetics contribute to such variations, are crucial factors [7,8]. 
Understanding these questions can enable microbial profiles to be 
modulated. The human diet is often supplemented with specific taste-
promoting ingredients, among which salt, vinegar, sugar/sweeteners, 
and chili peppers are used to generate salty, sour, sweet and hot 
tastes, respectively. These food seasonings with specific properties 
or phytochemicals also confer beneficial or harmful effects to health 
[9-12]. Some people may have one or a combination of two or more 
flavors supplemented in their daily diet. Other people accustomed 
to a bland diet may occasionally indulge themselves meals with 
specific tastes and the long-term and short-term taste preference may 
result in different health outcomes. However, there are gaps in our 
understanding of the interactions between taste preference/flavor 
ingredients, the GM, and health.

There are a few reports on GM changes in rats following a high-
sodium diet except for one mini-review [13]. Animal tests and clinical 
trials on changes in the GM by sweeteners have been reviewed [12]. 
However, very few common (or even controversial) alterations to 
GM composition have been noted for rodents reared on a specific 
diet compared with those given to control-group rodents. Coconut 
water vinegar has been shown to alter the GM in mice due to an 
increase in abundance of Bacteroides and Akkermansia genera, which 
helped to overcome the obesity and inflammation caused by a high-
fat diet [14,15]. A pepper-containing diet was reported to increase 
Lactobacillaceae and Acetobacteraceae abundance in Drosophila 
melanogaster of different genetic backgrounds [16]. Overall, more 
(especially human) data on GM changes due to taste ingredients 
is needed for full understanding of the interactions between taste 
preference/flavor ingredients, the GM, and health.

We explored changes in the GM in humans by diets cooked with 
salty, sour, sweet and hot flavor ingredients. The GM has been reported 
to be affected by host genetics, dietary factors, environmental factors, 
and even minor changes in lifestyle (e.g, sleeping, and exercise) [17-
20]. A family of three members was recruited and an experimental 
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diet was designed to reduce the variation caused by factors other than 
host genetics. We also explored diet-genetics interactions in the GM, 
as well as the correlation between GM profiles and health indicators.

Materials and Methods
Participants

A family of three members was recruited. All family members 
had a body mass index of 22 kg/m2. The father and mother were 
aged 58 years, and the daughter was aged 35 years. The father and 
daughter were healthy. The mother had hypertension but her 
blood pressure was controlled to a normal range (systolic blood 
pressure <90 mmHg, diastolic blood pressure <120 mmHg) by oral 
administration of nifedipine. All participants were free of metabolic 
disease or gastrointestinal disease, and not taking antibiotics for ≥ 6 
months before or during the study. The characteristics of participants 
at baseline were shown in (Table S1).

Study design
Participants were asked to complete a questionnaire on diet and 

living habits. This questionnaire included detailed descriptions of 
the types and amounts of foods and beverages consumed, smoking, 
sleeping and exercising. At baseline, fecal samples of all participants 
were collected three times within 1 week. Then, an experimental diet 
was created according to the following principles: (i) energy and 
nutrients were sufficient according to dietary guidelines for Chinese 
residents; (ii) food diversity was sufficiently rich for all participants 
to maintain rigorous dietary control for 8 weeks; (iii) the recipe was 
partially different from previous choices of food but acceptable to 
each participant (Table S2).

The study had a longitudinal design and lasted 8 weeks. During 
the study period, all participants were strictly consistent with living 
habits: they consumed the same experimental diet, beverages, as 
well as sleeping and exercising habits. The study started with the 
experimental diet for 1 week. Treatment with salty, sour, sweet and 
hot flavor ingredients started from weeks 2, 4, 6 and 8, respectively. 
Each treatment lasted for 1 week and was separated by a 1-week 
washout period. Fecal samples were collected at days 5, 6 and 7 of 
each treatment. Blood samples were collected the next morning at the 
end of each treatment. Body weight, blood pressure, and heart rate 
were recorded every morning throughout the study (Figure 1A).

Blood analyses
Whole blood (5 mL) was withdrawn from the peripheral 

circulation. It was centrifuged at 500 × g for 5 min at room temperature, 
and the supernatant (serum) was collected. The following serum 
indicators were determined by enzyme-linked immunosorbent 
assay kits according to manufacturer (Roche Diagnostics, Basel, 
Switzerland) instructions: glucose (catalog number: 04404483190), 
total cholesterol (05168538190), triglycerides (05171407190), 
high-density lipoprotein-cholesterol (05168805190), low-density 
lipoprotein-cholesterol (07005768190), alanine aminotransferase 
(05850797190), aspartate aminotransferase (05850819190), urea 
(05171873190), uric acid (05171857190), creatinine (06407137190) 
and C-reactive protein (04628918190).

Isolation of fecal microbiota DNA and 16S rRNA sequencing
Fecal samples were snap-frozen in liquid nitrogen before storage at 

-80°C. The DNA of fecal microbiota was extracted using a Stool DNA 
Kit (Guangzhou IGE Biotechnology, Guangzhou, China) and the 
quality was assessed via gel electrophoresis. For each fecal sample, the 

V4 region of the 16S rRNA gene was amplified using a pair of composite 
primers: forward primer (5′-GTGYCAGCMGCCGCGGTAA 
XXXXXXgTg(C/T)CAgC(A/C)gCCgCggTAA-3′) and reverse 
primer (5′-GACTGCAGGACTACNVGGGTWTCTAAT 
XXXXXXggACTAC(A/g/C/T)(A/C/g)gggT(A/T)TCTAAT-3′). 
This was a composite of an Illumina linker sequence (underlined), a 
unique six-base barcode (XXXXXX) and a universal bacterial primer 
V4F, V4R (italics). For each sample, a Polymerase Chain Reaction 
(PCR) mix (30 μL) was prepared (with all ingredients from Toyobo, 
Tokyo, Japan) containing 100 ng of a DNA template, 15 μL of KOD 
Neo Buffer (2x), 6.4 μL of dNTPs (2 mM), 0.6 μL of KOD Neo DNA 
Polymerase and 1 μL each of the composite primer pairs (10 μM). 
PCR conditions were 98°C for 3 min, followed by 20 cycles of 98°C for 
45 s, 52°C for 30 s and 68°C for 30 s, and a final extension of 68°C for 5 
min. PCR products were subjected to agarose-gel electrophoresis, and 
amplicons were purified using the Omega Gel Extraction Kit (Omega, 
Biel, Switzerland). Then, the purified amplicons were quantified and 
an equal amount DNA was sequenced on an Illumina Miseq platform 
to generate paired-end reads.

Statistical analyses 
The raw pair-end reads were overlapped and merged to get raw 

tags by FLASH software (v1.2.7). Then, raw tags were filtered to get 
high-quality clean tags by Trimmomatic software (v0.33). Then, 

Figure 1: Study design and alterations in the GM profile after consumption 
of an experimental diet. (A) The study cohort comprised three members 
of a single family (father, mother, and daughter) conditioned with a new 
experimental diet for 8 weeks and four flavors with a 1-week interval. Fecal 
samples were collected at days 5, 6 and 7 of each treatment. Blood samples 
were collected at the end of each treatment. The Principal Co-ordinates 
Analysis (PCoA) score was based on Weighted UniFrac distance (B), the 
total abundance (C), α-diversity/Shannon Index (D), and genus composition 
(E-G) of all samples. Data were the mean ± SEM. Statistical analyses 
were according to two-way ANOVA and Bonferroni post hoc tests. n.s. not 
significant; *P<0.05; **P<0.01.
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clean tags were imported into the software package Quantitative 
Insights into Microbial Ecology 2. Within QIIME, sequences were 
quality-filtered and denoised using the Divisive Amplicon Denoising 
Algorithm 2 (DADA2) pipeline. Taxonomy was assigned using a 
classifier (Greengenes) based on 99% sequence similarity to the V4 
region of the 16S rRNA gene. The composition and abundance of each 
sample at different taxa levels were summarized statistically. Metadata 
from QIIME was then exported for further analysis in R (V3.3.1). 
Alpha and beta diversity were computed using a rarefaction depth of 
sequences. Alpha diversity (Shannon’s index and observed features) 
was evaluated based on the rarefied data and tested by the Wilcox 
rank-sum method. Beta diversity was calculated using weighted 
UniFrac distance by the R package VEGAN (V2.5-3), which were 
visualized further by principal co-ordinates analysis.

Statistical analyses were undertaken using Prism v7.0 (GraphPad, 
San Diego, CA, USA). Unless indicated otherwise, data were analyzed 
by two-way repeated-measures ANOVA, followed by Bonferroni 
post hoc tests. Data were the mean ± SD. P<0.05 were considered 
significant. GM similarity between samples and correlation between 
GM and health indicators were assessed using spearman correlation 
analysis.

Results
The GM profile was changed significantly by an 
experimental diet and the effect diverged among family 
members

In the week before and every week during the experiment, stool 
samples were taken from each family member three times. Then, 16S 
rRNA gene sequencing was undertaken to analyze the abundance, 
diversity, and composition of the GM. The experimental diet was 
partially different and the food richness was increased compared with 
the diet consumed previously by all family members. The body weight 
and blood pressure remained stable (Table S1), suggesting that the 
experimental diet provided balanced nutrition and sufficient energy. 
The GM profile of the three participants was significantly different 
before the beginning of the experiment and was changed significantly 
by consumption of the experimental diet (Figure 1A). The richness and 
diversity of the GM were decreased by the experimental diet (Figure 
1B and C). Reared on the experimental diet, 6 phyla, 11 classes, 13 
orders, 24 families, 37 genera, and 34 species were detected by 16S 
rRNA gene sequencing from the fecal microbiota of all participants 
(Figure S1). The intestinal type of the father and mother belonged to 
Bacteroides and the daughter to Prevotella [21]. When looking at GM 
composition at the genus level (the level to which can be annotated 
accurately by 16S rRNA gene-sequencing data), the experimental diet 
caused changes that were obviously dependent upon the individual. 
For the GM of the father, the relative abundance of Bacteroides, 
Oscillospira, Alistipes, Phascolarctobacterium and Parabacteroides 
was increased significantly.

However, the relative abundance of Butyricimonas, 
Faecalibacterium, Roseburia, Coprococcus, Blautia, Adlercreutzia, 
Ruminococcus, Collinsella, Streptococcus, Clostridium and 
Butyricicoccus was decreased significantly (Figure 1E). For the 
GM of the mother, the relative abundance of Alistipes, Sutterella, 
Dialister, Butyricimonas, and Sphingomonas was increased 
significantly. However, the relative abundance of Coprococcus, 
Blautia, Adlercreutzia, Ruminococcus, Collinsella, and Gemmiger was 
decreased significantly (Figure 1F). For the GM of the daughter, the 
relative abundance of Bacteroides, Prevotella, Roseburia, Sutterella, 

Lachnospira, Parabacteroides, and Megasphaera was increased 
significantly. However, the relative abundance of Faecalibacterium, 
Coprococcus, Blautia, Clostridium, Bifidobacterium, Streptococcus, 
Enterobacter, Shigella, and Escherichia was decreased significantly 
(Figure 1G).

Overall, these results suggested that the GM profile changed with 
consumption of a new diet but that the individual variation was not 
narrowed down by the same diet. However, if reared on the same diet 
every day, the daily variation within an individual family member 
was reduced (Figure S2). This phenomenon reduced the number of 
interfering factors for subsequent tests on the effect of taste treatments.

The GM profile was altered by a salty flavor ingredient and 
the effect diverged among family members

To detect the effect of flavor on the GM, the three study 
participants continued to consume the experimental diet to make 
flavor ingredient the single dietary factor to be tested. For salty-
flavor ingredient treatment, the daily intake of sodium in salt was 
increased from 2.3 g per person to 5.5 g per person from amount 
of internationally accepted as being beneficial the highest regional 
daily intake according to a global survey [22,23]. Blood pressure was 
increased: it was increased most in the mother, followed by the father 
(Table S1). These data are consistent with reports stating that older 
people and people suffering from hypertension are more sensitive to a 
high-salt diet [24]. These findings demonstrated that our salty-flavor 
ingredient treatment was effective.

The GM profile of the three study participants was changed by 
a salty flavor ingredient (Figure 2A). The GM richness of the three 
family members was changed divergently, among which that of the 
father was increased significantly (Figure 2B). The GM diversity of the 
three family members was changed divergently and non-significantly 
(Figure 2C). At the genus level, for the GM of the father, the relative 
abundance of Butyricicoccus, Roseburia, Anaerostipes, Coprococcus, 
Clostridium and SMB53 was increased significantly, whereas the relative 
abundance of Alistipes and Butyricimonas was decreased significantly. 
For the GM of the mother, the relative abundance of Oscillospira, 
Clostridium and SMB53 increased significantly, whereas the relative 
abundance of Prevotella, Coprococcus, Phascolarctobacterium and 
Dialister decreased significantly. For the GM of the daughter, the 
relative abundance of Faecalibacterium, Coprococcus, Dialister and 
Megasphaera increased significantly (Figure 2D). These results 
suggested that the GM profile was changed by a salty flavor ingredient 
but that the effect diverged among individuals.

The GM profile was altered by sour flavor ingredients and 
the effect diverged among family members

One week of consumption of an experimental diet was conducted 
to wash out the effects of a salty flavor ingredient before sour-flavor 
ingredient treatment. The blood pressure of all study participants 
returned to initial levels, suggesting that the washout was effective. 
The GM profile of the three family members was changed slightly by 
a sour flavor (Figure 3A). The richness and diversity of the GM of 
the study participants were changed divergently and non-significantly 
(Figure 3B and C).

At the genus level, for the GM of the father, the relative abundance 
of Oscillospira, SMB53 and Akkermansia was increased significantly, 
whereas the relative abundance of Alistipes, Butyricimonas and 
Faecalibacterium was decreased significantly. For the GM of the 
mother, the relative abundance of Oscillospira and Sutterella was 
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increased significantly, whereas the relative abundance of Prevotella 
and Phascolarctobacterium was decreased significantly. For the 
GM of the daughter, the relative abundance of Faecalibacterium, 
Anaerostipes, Coprococcus and Dialister increased significantly, 
whereas the relative abundance of Megasphaera and Bifidobacterium 
decreased significantly (Figure 3D). These results suggested that the 
GM profile was changed by sour flavor ingredients but that the effect 
diverged among individuals.

The GM profile was altered by a sweet flavor ingredient 
and the effect diverged among family members

One week of consumption of the experimental diet was 
conducted to wash out the effects of sour flavor ingredients before 
sweet-flavor ingredient treatment. The GM profile of the father was 
changed obviously by the sweet flavor whereas that of the mother and 
daughter was changed slightly (Figure 4A). The richness and diversity 
of the GM of the father were decreased significantly, whereas those 
of the mother and daughter were changed non-significantly (Figure 
4B and C). At the genus level, for the GM of the father, the relative 
abundance of Oscillospira, Akkermansia, Phascolarctobacterium and 
SMB53 was increased significantly, whereas the relative abundance of 
Alistipes, Butyricimonas, Parabacteroides and Blautia was decreased 
significantly. For the GM of the mother, the relative abundance 
of Oscillospira and Sutterella was increased significantly, whereas 
the relative abundance of Prevotella was decreased significantly. 
For the GM of the daughter, the relative abundance of Prevotella, 
Faecalibacterium, Anaerostipes, Coprococcus and Dialister was 
increased significantly, whereas the relative abundance of Lachnospira 
and Megasphaera was decreased significantly (Figure 4D). These 
results suggested that the GM profile was changed by a sweet flavor 
ingredient but the effect diverged among individuals.

The GM profile was altered by hot flavor ingredients and 

the effect diverged among family members
One week of consumption of the experimental diet was conducted 

to wash out the effects of a sweet flavor ingredient before hot-flavor 
treatment. The GM profile of the family members was changed by 
a hot flavor ingredient (Figure 5A). The GM richness of all study 
participants was increased (Figure 5B). The GM diversity of the 
father and mother was decreased, among which that of the father 
was decreased significantly, but the GM diversity of the daughter was 
changed non-significantly (Figure 5C).

At the genus level, for the GM of the father, the relative 
abundance of Subdoligranulum, SMB53, and Akkermansia was 
increased significantly, whereas the relative abundance of Alistipes, 

Figure 2: The GM profile was altered by a salty flavor ingredient. The 
Principal Co-ordinates Analysis (PCoA) score was based on Weighted 
UniFrac distance (A), the total abundance (B) and microbial α-diversity/
Shannon Index (C) of a control diet versus salty-flavor diet. (D) The GM 
was altered by a salty flavor ingredient at the genus level. Data were the 
mean ± SEM. Statistical analyses were according to two-way ANOVAs and 
Bonferroni post hoc tests. n.s. not significant; *P<0.05.

Figure 3: The GM profile was altered by sour flavor ingredients. The Principal 
Co-ordinates Analysis (PCoA) score was based on Weighted UniFrac 
distance (A), the total abundance (B) and microbial α-diversity/Shannon 
Index (C) of the control diet versus a sour-flavor diet. (D) The GM was altered 
by sour flavor ingredients at the genus level. Data were the mean ± SEM. 
Statistical analyses were according to two-way ANOVAs and Bonferroni post 
hoc tests. n.s. not significant; *P<0.05.

Figure 4: The GM profile was altered by a sweet flavor ingredient. The 
Principal Co-ordinates Analysis (PCoA) score was based on Weighted 
UniFrac distance (A), the total abundance (B) and microbial α-diversity/
Shannon Index (C) of a control diet versus a sweet-flavor diet. (D) The GM 
was altered by a sweet flavor ingredient at the genus level. Data were the 
mean ± SEM. Statistical analyses were according to two-way ANOVAs and 
Bonferroni post hoc tests. n.s. not significant; *P<0.05; **P<0.01.
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Butyricimonas and Parabacteroides was decreased significantly. 
For the GM of the mother, the relative abundance of Bacteroides, 
Oscillospira and Sutterella increased significantly, whereas the 
relative abundance of Prevotella, Butyricimonas, Parabacteroides and 
Odoribacter decreased significantly. For the GM of the daughter, the 
relative abundance of Faecalibacterium, Anaerostipes, Coprococcus, 
Dorea, Dialister and Clostridium increased significantly, whereas the 
relative abundance of Lachnospira, Megasphaera and Bifidobacterium 
decreased significantly (Figure 5D). These results suggested that 
the GM profile was changed by hot flavor ingredients but the effect 
diverged among individuals.

Flavor-induced GM alterations had no significant 
correlation with common health indicators

Weight, blood pressure, and heart rate were monitored daily 
during consumption of the experimental diet and flavor treatments. 
Blood samples were taken once at the end of each treatment. Then, 
levels of glucose, lipids (total cholesterol, triglycerides, low-density 
lipoprotein-cholesterol, high-density lipoprotein-cholesterol), an 
inflammatory factor (C-reactive protein), liver-function indicators 
(alanine aminotransferase, alanine aminotransferase) and renal-
function indicators (serum creatinine, uric acid, urea) were measured. 
Different taste ingredients had an impact on these health indicators. 
Salty taste ingredient, in addition to increasing blood pressure 
significantly, increased blood levels of glucose and low-density 
lipoprotein-cholesterol, decreased triglyceride levels, and caused 
divergent changes in other health indicators (Table S1). Sour, sweet, 
and hot taste ingredients had no significant effect on blood pressure 
or heart rate, but caused divergent fluctuations in blood levels 
of glucose, lipids, liver-function indicators, and kidney-function 
indicators (Table S1). Spearman correlation analyses revealed a very 
weak correlation between how taste affected the GM and health 
indicators (Figure 6). However, that the abundance of Oscillospira 
had a significant positive correlation with expression of C-reactive 
protein (Figure S3). These results suggested individual variations in 
the changes of health indicators caused by short-term taste ingredient 

treatment. However, there was no significant causal relationship 
between the changes in health indicators and changes in GM caused 
by taste ingredient testing.

Discussion
Whether host genetics or environmental factors are more 

important in shaping of the GM, and the stability of the latter, are 
controversial concepts [25]; on the GM. (COVID-19) outbreak in 
China (when home isolation was required) the GM [26]. We showed 
that salty taste and hot taste ingredients had a greater impact on the 
GM than sour taste or sweet taste ingredients. This observation was 
probably because the on the GM regard to the GM [27]. Ingredients 
No common specific microbial taxon was enriched or depleted by 
the new diet or any of the flavor ingredients. In addition to biological 
factors, technology modulates the GM of individuals [28-32].

 Parkinson’s disease is not decreased compared with that of 
healthy controls (Dan et al. [31] common. These observations 
challenge the efforts to link the GM profile and health indicators. 
In the present study [33-38], the richness and diversity of the GM 
of the daughter were lower than those of the father and mother, but 
no indicators suggested that the daughter was less healthy [39-43]. 
We did not find significant correlations between the abundance, 
diversity or taxa of 37 genera of GM and general health indicators 
(blood pressure, blood glucose, blood lipids) except that the relative 
abundance of Oscillospira and expression of C-reactive protein were 
significantly positively correlated [44-46]. We need more data from 
more stringently controlled experiments to define a healthy GM 
profile because this research field is new [47-49].

Conclusion
The experimental diet caused a significant change, salty and 

hot flavor ingredients caused obvious alterations, while sour and 
sweet flavor ingredients caused minor shifts in the GM of the three 
family members. We speculate that dietary factors which have food 
ingredients with greater access to the colorectum, such as salt and 
chili peppers versus sucrose and vinegar, may have a greater impact 

Figure 5: The GM profile was altered by hot flavor ingredients. The Principal 
Co-ordinates Analysis (PCoA) score was based on Weighted UniFrac 
distance (A), the total abundance (B) and microbial α-diversity/Shannon 
Index (C) of a control diet versus a hot-flavor diet. (D) The GM was altered 
by a hot flavor at the genus level. Data were the mean ± SEM. Statistical 
analyses were according to two-way ANOVAs and Bonferroni post hoc tests. 
n.s. not significant; *P<0.05; **P<0.01.

Figure 6: Spearman correlation between flavor ingredients-induced alteration 
in the GM and common health indicators. Red indicates a positive correlation 
and blue indicates a negative correlation. OTU, Optical Transform Units.
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on the GM. Flavor treatments also caused fluctuations in most of 
the health indicators we tested. However, the diet and flavor caused 
changes in the GM and health indicators were highly divergent among 
the family members, and the fluctuations in health indicators were 
only weakly correlated with GM changes. We concluded that dietary 
factors interact with individual factors in driving GM variability.
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Supplymentary Files

Figure S1: GM profile of family members shaped by the experimental diet 
at all taxa levels.

Figure S2: GM similarity affected by the same diet. (A-F) GM similarity of all 
samples along with the experimental diet by spearman correlation analysis. 
Shading indicates similarity.

Figure S3: Relative abundance of Oscillospira and blood content of 
C-reactive protein were significantly positive correlated.
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Supplementary Table 1: Subject characteristics.
1st week on the experiment diet 2nd week after salty flavor 4th week after sour flavor 6th week after sweet flavor 8th week after hot flavor

  F M D F M D F M D F M D F M D
Age, years 58 58 35 58 58 35 58 58 35 58 58 35 58 58 35

Sex Male Female Female Male Female Female Male Female Female Male Female Female Male Female Female
BMI, kg/M2 21.2 21.9 22.1 21.4 22.1 22.2 21.5 22 22.1 21.3 22.1 22.2 21.3 22.1 22.3

Body weight, kg, 
mean ± SE 61.2 ± 0.1 52.6 ± 0.2 58.0 ± 0.2 61.9 ± 0.4 53.1 ± 

0.3
58.3 ± 

0.2
62.0 ± 

0.2
52.8 ± 

0.2
58.1 ± 

0.3
61.7 ± 

0.1
53.0 ± 

0.2
58.3 ± 

0.3
61.7 ± 

0.2
53.1 ± 

0.1
58.4 ± 

0.2
SBP, mmHg, mean 

± SE 104.0 ± 2.9 103.4 ± 4.5 97.3 ± 8.0 110.3 ± 
1.7

116.4 ± 
5.5

97.6 ± 
5.0

105.9 ± 
3.0

99.4 ± 
4.6

93.4 ± 
3.4

103.6 ± 
3.2

101.7 ± 
2.2

98.1 ± 
2.7

101.0 ± 
4.3

103.4 ± 
2.9

99.4 ± 
1.9

DBP, mmHg, 
mean ± SE 68.4 ± 2.6 72.3 ± 1.7 67.9 ± 3.8 72.4 ± 1.3 74.9 ± 

3.8
69.7 ± 

3.5
69.1 ± 

2.4
69.7 ± 

3.4
69.6 ± 

2.4
68.4 ± 

3.3
71.1 ± 

1.1
72.1 ± 

2.2
69.1 ± 

2.8
69.7 ± 

3.1
73.3 ± 

3.1
Heart rate, BPM, 

mean ± SE 57.1 ± 5.2 68.1 ± 1.5 83.5 ± 8.6 57.4 ± 4.1 71.7 ± 
4.0

82.6 ± 
6.1

63.6 ± 
3.4

69.4 ± 
2.3

80.4 ± 
3.6

61.4 ± 
3.3

72.4 ± 
3.5

82.4 ± 
5.2

60.6 ± 
2.1

72.0 ± 
4.0

86.4 ± 
5.8

Glucose, mmol/L 5.3 5 4.7 5.3 5.1 4.9 4.4 4.9 5.3 5.1 4.9 5.3 5.1 4.8 4.9
Cholesterol, 

mmol/L 4.2 3.3 3.7 4.7 3.4 3.1 3.7 4 3.3 3.5 3.8 4.5 3.3 3.7 4.4

Triglyceride, 
mmol/L 1.9 1.4 1 1.3 0.9 1 1.3 1.2 1.1 1.3 1.6 1.3 1 0.9 1.1

HDL, mmol/L 1.2 1.3 1.5 1.3 1.4 1.2 1.4 1.1 1.2 1.4 1.4 1.2 1.3 1.5 1.3
LDL, mmol/L 2.5 1.7 1.2 3 1.8 1.7 1.1 2.5 1.7 1 1.2 2.9 1.8 1.2 2.7

ALT, U/L 13.8 26 13.6 12.1 67.8 20.2 12.3 9 18.5 12.9 15.7 12.7 24.7 12.4 12.9
AST, U/L 15.6 22.8 19.5 13 43.5 16.1 17.7 11.8 16.8 18.3 19.2 15.5 24.7 19.6 13.9

Creatinine, 
umol/L 46 46 71 50 55 47 69 47 50 75 77 49 54 77 41

UA, umol/L 273 196 304 285 204 175 293 265 199 273 296 268 208 277 242
Urea, mmol/L 3.7 3.1 3.9 3.5 3.2 2.6 3.8 3.5 2.8 4 4.3 3.6 2.9 3.8 3

C-reactive 
protein, mg/L 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.2 0.2 0.1

Supplementary Table 2: Food list of the experiment diet.
Daily intake (/people)

Breakfast

Recipe Amount (Fresh /dry* weight) Energy (KJ) Protein (g) Fat (g) CHO (g) Fiber (g) Vitamin (mg)
Millet congee 40 g* 604.4 3.6 1.24 30.04 0.64 2.22

Boiled egg 60 g 348.6 7.86 5.16 1.44 0 1.26
Pistachios 25 g* 636 6 12.73 5.1 2.6 2.11

cashew 25 g* 652.5 5.15 13.25 5.48 2.05 5.25
Apple 100 g 227 0.4 0.2 13.7 1.7 3.66

Black tea 500 ml - - - - - -

Food

Rice 50 g* 726.5 3.95 0.45 38.6 0.3 1.46
Tomato 120 g 74.4 1.08 0.24 3.96 0 18.42
/egg soup /40 g 232.4 5.24 3.44 0.96 0 0.84

Fried Broccoli 150 g 166.5 5.25 0.9 5.55 0 86.69

 Lunch
Fried cucumber 50 g 32.5 0.4 0.1 1.45 0.25 4.87

/mushroom /30 g 32.1 0.66 0.09 1.56 0.99 0.92
/pork /50 g 300 10.15 3.1 0.75 0 3.16

Dinner

Sunflower seeds 25 g* 611.25 7.13 12.25 3.78 2.05 3.73
Pear 100 g 211 0.3 0.1 13.1 2.6 6.4

Black tea 500 ml - - - - - -
Noodles 100 g* 1483 11.4 0.9 75.1 0.9 3.41

Dumplings (wheat 70 g 317.1 2.73 0.28 15.96 0 0.41
/carrot 20 g 26.6 0.2 0.04 1.62 0 2.76
/celery 15 g 13.95 0.18 0.03 0.68 0.18 1.53
/pork) 35 g 277.2 6.27 4.48 0.28 0 2.08

Boiled Spinach 100 g 116 2.6 0.3 4.5 1.7 37.65
Sunflower seeds 25 g* 611.25 7.13 12.25 3.78 2.05 3.73

Milk 4 g* 80.8 0.8 0.89 2.02 0 1.09
Pitaya 150 g 351 1.65 0.3 19.95 2.4 5.12

Black tea 500 ml - - - - - -
oil 32 g 1203.52 0.00 31.97 0.00 0.00 29.79
salt 2.3 g Na 0.00 0.00 0.00 0.00 0.00 0.00

Sum of food nutrients 9335.57 90.11 104.69 249.34 20.41 228.54
salty +salt 3.2 g Na 0.00 0.00 0.00 0.00 0.00 0.00

Flavors sour + lemon, 200 g 312 2.2 2.4 12.4 2.6 47.62
vinegar 40 ml 264 0 0 15.28 0 -

sweet +Crystal sugar 60 g 1003.8 0.00 0.00 60 0.00 0.00
hot + Chili pepper 6 g* 73.62 0.92 0.72 3.44 0.00 2.5
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