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Background: Resistance training (RT) and protein supplementation have beneficial effects on the human body.
However, it is unknown if RT’s health-promoting benefits are enhanced by food-borne protein, such as cheese
supplements. This study investigated at how the body composition, lipid profile, muscle strength and intestinal
microbiota changed following four weeks of RT combined with cheese supplementation.

Methods: Thirty-five male and untrained adults were divided into 4 groups [control group (CON), low-dose group
(LG), medium-dose group (MG), and high-dose group (HG)] and underwent a 4-week RT (3 times/week) in
combination with cheese supplementation. Participants received 108 g (LG), 216 g (MG), or 324 g (HG) of cheese
on the day of RT, and each serving (108 g) of cheese contained 6.7 g of food-borne protein. The RT program was
a whole-body program with movements such as chest presses, leg presses, seated rowing, knee extensions and
triceps pushdown. The exercise consisted of 3 sets of 8-12 repetitions at 70%RM, with a 120-s break in between.
Body parameters (body composition, lipid profile and muscle strength) were assessed at baseline and after the 4
weeks of the intervention. The feces sample was taken every weekend. A two-way (group x time) mixed-design
ANOVA was used to examine the body parameters. Independent one-way ANOVA was used to analyze the dif-
ferences between groups in baseline characteristics and different values of each parameter.

Results: HDL-C level was higher in MG than in LG. In comparison to LG, MG had lower levels of total cholesterol,
low-density lipoprotein cholesterol, body weight, body mass index, body fat mass and body fat percentage.
However, there was no difference in muscle strength between in the four groups. The abundance of Actino-
bacteria was higher in LG and Erysipelotrichaceae was lower in MG and HG.

Conclusion: The findings suggest that cheese could be a readily available food-borne protein supplement to
enhance the beneficial effects of RT on health. It may improve body composition and lipid profile by altering the
proportion of intestinal microbiota. During the 4-week RT intervention, 13.4 g of foodborne protein in the form
of cheese 3 times per week was the ideal dosage.

1. Introduction

Regular resistance training (RT) is considered one of the effective
means to promote health."”> RT can not only enhance muscle mass,>*
strength, and exercise performance™° but also effectively improve body
composition and reduce body weight.”° The volume, intensity, ability,
and number of muscle groups trained per training session are associated
with optimal RT frequency. The American College of Sports Medicine
(ACSM) states that for people with no training experience, the recom-
mended training frequency is 3—4 days weekly, and the load corresponds

to a repetition range of 8-12 maximum repetitiorls.1 9 Numerous studies
have shown that 2-3 alternating days per week can induce greater
strength gains in untrained individuals.'’

In the sports field, whether it is the general public or professional
athletes, they need to take some supplements. In particular, many sport
people eat protein supplements to promote muscle hypertrophy and
strength during RT.!? Protein supplementary is crucial to maintaining
the net protein balance and enhancing muscle protein synthesis. > It is
reported that the ingestion of 20 g high-quality protein can increase
muscle protein synthesis after exercise'® and a high dose of protein
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(>1.6 g/kg/d) seems to boost fat loss.'® Therefore, some nutritional
supplements, such as branched-chain amino acids,'” leucine,'® and
whey protein,'® are used in combination with RT to enhance the bene-
fits. However, under normal dietary conditions, protein is mainly
consumed in whole foods, not in whey protein or isolated milk. Whole
foods have various multiple nutrients that can increase gastrointestinal
digestion and absorption.”’

Cheese is a nutritionally whole food?! that is rich in protein and
amino acids.?>?* In addition, cheese also contains carbohydrates that
allow for complete recovery of carbohydrate reserves after exercise and
ensure an adequate supply before and during exercise.”” It is reported
that cheese (20-30 g protein) supplementation could promote protein
anabolism at rest and after resistance exercise through the mammalian
target of rapamycin (mTOR) signaling pathway.?>?* High-cheese diets
(approximately 96-120 g) could increase the high-density lipoprotein
(HDL-C),”° improve serum lipids”’ > and relieve atherogenic than a
low-fat, high-carbohydrate diet.>**! On the other hand, regarding the
application of cheese intake in the exercise field, a study showed that
cheese intake can improve amino acid concentration and muscle protein
synthesis rate at rest and during recovery from single-leg resistance
exercise.”’There are few studies and information focus on the effects of
food-borne protein supplementation as RT supplements. Thus, more
studies are needed to prove if cheese is a safe and effective food-borne
protein supplement.

Intestinal microbiota, the essential microflora of the human body,
play important role in regulating body function and health and can be
influenced by daily diet®” >* and exercise.>>>® It was reported that
moderate-intensity exercise can increase intestinal microbial diversity>>
and lead to health promotion.*’ Previously, few studies have evaluated
the combined effects of foodborne protein supplements and RT, and the
effects of foodborne protein in the form of cheese on human function
have been unclear. Therefore, we conducted a 4 weeks intervention to
investigate the dose-effect relationship of cheese combined with RT on
body composition, lipid profile, muscle strength and intestinal micro-
biota. To provide the basis for the rational application of cheese as a
food-borne protein and RT supplement.

2. Materials and methods
2.1. Participants and experimental design

The research was a randomized and controlled trial, and it included 1
week of pre-test (body composition, lipid profile and muscle strength), 4
weeks of intervention (RT and cheese supplementation), and 1 week of
post-test (Fig. 1). Because people who have no exercise habits can
quickly gain muscle hypertrophy and muscle strength after resistance
training. And previous studies have also used healthy men first as
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subjects when exploring new nutritional supplements. Therefore,
healthy men with no exercise experience were used as participants in
this study. Finally, thirty-five male and untrained participants were
recruited for the research and randomly assigned to the control group or
three groups of cheese treatment. Exclusion criteria were a diagnosis of
diabetes mellitus, hypertension, cardiovascular disease, surgical history
of bone injury, or regular exercise habits (30 min/times, 3 times/week).
Persons with lactose intolerance, dairy protein allergies, or any diseases
that may impact intestinal microbiota were not enrolled. A typical daily
meal plan included 50-65% carbohydrate, 20-30% fat, and the rest of
the protein. During the intervention, participants were asked to fill in
the food record every day to ensure their daily intake of food, nutrients
and energy (Table 1). They were also reminded not to consume dairy
products and drink alcoholic beverages before the test to preserve the
accuracy of the results. Participants had a suitable understanding of the
intervention trial, agreed to voluntarily participate in the research, and
signed the informed consent. This study was conducted in accordance
with the Declaration of Helsinki and approved by the ethical review
committee of the National Institute of Sports Medicine, General
Administration of Sport of China (202107).

2.2. Supplementation protocol

The commercial and pudding-like cheese was made in Tianjin, China
and per serving (108 g, 255 kcal) of cheese contained 6.7 g of food-borne
protein. Other substances included 15.66 g carbohydrate, 18.58 g fat,
342.36 mg calcium and 465.48 mg sodium. Participants were given one
(LG), two (MG), or three (HG) servings of cheese on the day of RT,

Table 1
Daily energy and macronutrient intake.
Nutrients CON (n = LG(n=9) MG (n = HG(n=9) p-
9) 8) value
Energy (kcal) 1703.9 + 1774.6 + 1774.6 + 1749.6 + 0.914
85.9 64.1 65.0 105.2
Carbohydrate 2124 + 259.4 + 262.5 + 228.6 + 0.371
(€3] 12.4 6.5 33.6 19.8
Carbohydrate 50.1 + 58.6 + 59.0 £ 522+1.4 0.448
(%) 5.4 3.6 5.4
Protein (g) 72.8 + 84.1 + 74.5 £ 88.3 + 3.0 0.601
1.1 12.5 12.4
Protein (%) 17.1 + 189 + 16.9 + 20.2 £ 0.5 0.660
0.6 2.1 3.4
Fat (g) 59.1 + 44.6 + 47.4 £ 53.6 + 0.439
111 4.5 19.4 34.0
Fat (%) 31.0 + 22.5 + 241 + 27.6 + 0.9 0.225
4.3 1.4 2.0

All data are expressed as the means + SEM.
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Fig. 1. Experimental design.
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respectively and CON received RT only. Avoiding eating all the cheese at
once may cause discomfort, the consumption time of cheese was not the
same among groups. MG and HG consumed cheese before and after
exercise but LG only before exercise. LG, MG, and HG consumed firstly
one serving of cheese (108 g) before training under the supervision of
the staff. Then, the remaining doses of cheese in MG (108 g) and HG
(216 g) were taken after training and we used phone calls or messages to
follow up on the execution of supplementation.

2.3. Resistance training

According to the resistance training program of ACSM for people
with no training experience, supervised and instructed RT was sched-
uled at 12:00-13:30. To increase muscle hypertrophy or muscle
strength, training performed 3 times per week and allowed for at least
one day in between training sessions. The RT program was a whole-body
program which conducted with Technogym equipment (Cesena, Italy).
Movements included chest press, leg press, seated row, knee extension
and triceps pushdown. Under the guidance of professional and licensed
instructors, exercise sessions began and ended with each 10 min of
warm-up and stretching. Then, participants performed training of 8-12
repetitions at 70% repetition maximum (RM) and repeated for 3 times
with 120 s rest between sets. In every training session, instructors
adjusted the loads according to participants’ improvements and abili-
ties. Regular exercise was defined as 30 min of exercise 3 times a week.
Therefore, participants were asked not to exceed this level of physical
activity and staff would call and message every three days for tracking
and remaindering.

2.4. Body composition and lipid profile

Parameters of body composition (body weight, skeletal muscle mass,
body fat mass, body lean mass, and body fat percentage) were measured
by bioelectrical impedance analysis using Inbody 270 (Biospace, Cali-
fornia, USA) at the beginning and end of the 4-week intervention trial.
During 4 weeks intervention, all participants were asked to maintain
their normal work and rest, including normal sleeping and balanced
diet. Blood samples were collected at baseline and at the end of the
intervention trial after an overnight fast (0:00-8:00). Participants were
asked no food intake but moderate water intake during the fast. At 8:00
morning, blood samples were taken in a 5 ml vacutainer tube, were
centrifuged at 4 °C over 10 min at 3500 rpm, and were kept at —20 °C
until analysis. Total cholesterol (TC), triglycerides (TG), low-density
lipoprotein cholesterol (LDL-C), and HDL-C were measured using an
UniCel DxC 800 Synchron Clinical System (Beckman Coulter, Fullerton,
USA).

2.5. Muscle strength test

We chose three tests commonly used to assess lower muscle strength,
including one-repetition maximum (1-RM) of squat, isometric maximum
voluntary contraction (MVC), and isokinetic total work. These tests were
measured at the beginning and end of the 4-week intervention trial. To
avoid the fatigue caused by other strength test, three tests were con-
ducted on separate days. When participants first visited the laboratory
and gym, staff explained matters needed attention and had participants
performed light weight load to familiarize the procedure. Participants
were also reminded to avoid doing high-intensity exercise and taking
medicine three days before the tests to ensure the accuracy of exercise
performance. Before tests, participants performed jogging and dynamic
stretching to prevent sports injuries. Staff predicted each participant’s 1-
RM, and then participants performed a load of 70-80% on squat rack
(Smith machine, New York, USA) at the first trial. After a successful
finish, the load was increased in increments of 5-10 kg until only could
complete one repetition. MVC at 60° of both legs was performed by
dynamometer-based device (David Concept System, Helsinki, Finland).
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Participants performed 2 maximal exertions with a 2 min interval break.
Each test included 3 s maximum contraction with a rest interval of 3 min
and recorded the peak torque to determine the MVC. The isokinetic total
work at 30°/s of the dominant leg was tested by using IsoMed 2000
isokinetic dynamometer (D. & R. Ferstl GmbH, Hemnau, Germany).
Participants sat on the chair and the hip joint was 90° flexion, using
straps to prevent torso movements. To precise the axis of rotation of the
knee joint, we used the lateral femur condyle as anatomical orientation.
Each test included 1 maximum flexion and 1 maximum extension (3 s for
each contraction) and took three tests to determine the maximum value
for data analysis.

2.6. Intestinal microbiota

Participants’ feces samples were taken once on the weekend each
week (pre-test, post-test and 4-week intervention trial). Samples were
stored using the 1.5 ml centrifuge tube and kept at —80 °C until analysis.
210 samples were sent to QingLianBio for microbiome detection. DNA
was extracted and quantified with OMEGA Soil DNA Kit (Omega Bio-
Tek, Norcross, GA, USA), library preparation was performed with Tru-
Seq Nano DNA LT Library Prep Kit (Illumina, San Diego, USA), and 16S
sequencing (2 x 250 bp PE V3-V4) was conducted with NovaSeq 6000
SP Reagent Kit (Illumina, San Diego, USA). Using the USEARCH to align
the high-quality sequences to the reference database at 97% similarity
and represent an operational taxonomic unit (OTU) as a genetically
unique group. Based on the SILVA database, these OTUs were curated
taxonomic labels. Then, the OTUs were used to examine the relative
abundance through Metastats and lefse and compared the pathways and
effects with the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database.

2.7. Statistical analysis

Data are expressed as means (SEM) and analyzed with SPSS 25 and
GraphPad Prism 10. Body composition, lipid profile, and muscle
strength were evaluated using a two-way (group x time) mixed-design
analysis of variance (ANOVA). Independent one-way ANOVA was used
to analyze the differences among groups in the baseline characteristics
and different values of each parameter. They were both followed with
multiple comparisons by post hoc Tukey’s test. The statistical level was
set at p < 0.05.

Using G-Power 3.1 software to calculate the sample size. The
following: F tests, ANOVA (repeated measures, between factors) and A
priori are used. We used G*Power software to calculate the appropriate
sample size and power of our research. After calculating, the total
sample size for 4 groups needs at least 28 participants in this research,
the overall effect size of 0.4, and the actual power is 80.7%. In the end,
35 participants finished this experimental trial. Using the sensitivity of
G-power to calculate the effect size and the value was 0.29 (between
mid-to-high standard).

3. Results
3.1. Participants

Our recruitment goal was thirty-six participants but one participant
(from the MG group) withdrew due to time constraints. Therefore,
thirty-five participants (CON = 9; LG = 9; MG = 8; HG = 9) had
completed the study. Mean age of participants was 20.8 + 0.5 years and
body mass index (BMI) was 23.49 + 0.64 kg/mz. Table 2 showed the
baseline characteristics of participants in four groups, with no statistical
differences observed.

3.2. Body composition

Four weeks of RT alone did not improve the body composition
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Table 2
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Baseline characteristics and all parameters of the participants before and after the 4-week intervention.

Parameter CON (n =9) IG(n=9) MG (n = 8) HG (n=9) Time p-value Group p-value Interaction p-value

Age (years) 21.8+1.0 225+1.2 19.5+ 0.2 19.2 £ 0.3

Height (cm) 175.67 +£1.80 173.17 £ 2.14 179.67 +1.40 176.50 + 2.58

Body composition

Body weight (kg)
pre 76.15 +7.11 68.98 + 1.82 74.18 + 3.92 70.80 + 3.90 0.354 0.717 0.000
post 76.33 + 6.98 70.02 + 1.94 73.22 + 4.07 69.97 + 4.04

BMI (kg/m?)
pre 24.75 + 2.15 23.02 + 0.65 22,97 +£1.11 23.23 £ 0.95 0.522 0.731 0.001
post 24.78 + 2.11 23.37 + 0.68 22.65 + 1.16 23.03 + 0.89

Skeletal muscle mass (kg)
pre 33.43 £1.17 33.05 + 0.96 32.67 +£1.28 32.05 £ 1.75 0.115 0.820 0.110
post 33.78 + 1.15 33.50 + 1.21 32.93 +1.26 31.73 + 1.80

Body fat mass (kg)
pre 10.45 + 1.80 10.08 + 1.49 12.65 + 3.06 10.32 + 2.33 0.021 0.908 0.006
post 10.35 +£ 1.81 10.35 £+ 1.42 11.55 + 2.88* 10.02 + 2.06

Body lean mass (kg)
pre 58.35 + 1.95 58.20 + 1.66 58.23 + 2.17 56.82 + 2.89 0.148 0.894 0.108
post 58.88 + 1.95 59.12 + 2.09 58.53 + 2.10 56.28 + 2.94

Body fat percentage (%)
pre 16.90 + 2.06 14.58 + 1.95 16.95 + 2.91 15.07 + 3.20 0.023 0.926 0.032
post 16.52 £+ 2.15 14.77 £ 1.80 15.60 + 2.83* 14.90 + 2.83

Lipid profile

TC (mmol/L)
pre 4.19 + 0.38 4.38 + 0.47 4.11 £ 0.37 4.23 £ 0.46 0.119 0.718 0.006
post 4.38 £ 0.45 4.99 + 0.50 4.10 + 0.29 3.95+0.38

HDL-C (mmol/L)
pre 1.22 £+ 0.07 1.43 +£1.18 1.34 £ 0.11 1.51 + 0.13 0.009 0.361 0.011
post 1.32 + 0.08* 1.65 + 0.11** 1.44 + 0.16 1.42 + 0.11

LDL-C (mmol/L)
pre 2.58 + 0.40 2.60 + 0.48 2.53 +0.29 2.39 + 0.33 0.370 0.713 0.000
post 2.74 + 0.45 3.12 + 0.50 2.28 + 0.25 2.18 + 0.30

TG (mmol/L)
pre 0.84 +0.10 0.74 + 0.09 0.91 + 0.12 0.89 + 0.06 0.801 0.982 0.368
post 0.84 + 0.06 0.88 + 0.16 0.81 + 0.09 0.80 + 0.09

Muscle strength

1-RM (kg)
pre 112.5 +13.1 125.0 + 8.5 105.8 + 7.2 99.2 +15.0 0.000 0.381 0.992
post 127.5 + 10.7** 140.8 £+ 8.0** 121.7 +£ 7.8* 115.8 + 12.0*

MVC (Nm)
pre 499.7 + 25.3 451.5 + 36.2 446.5 + 39.0 448.7 + 41.7 0.001 0.803 0.769
post 529.7 + 34.0* 514.7 + 53.3 484.2 + 39.7* 500.8 + 38.0

Isokinetic total work (J)
pre 384.3 + 35.2 381.2 + 23.6 378.7 + 38.3 418.3 + 45.3 0.000 0.856 0.430
post 441.7 + 25.1** 428.8 + 25.7** 413.0 + 40.2%* 455.5 + 41.3*

All data are expressed as the means + SEM. Significant difference between the pre-test and post-test of each group, *p < 0.05; **p < 0.01. Abbreviations: BMI: body
mass index; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; RM: repetition maximum;

MVC: maximum voluntary contraction.

significantly (Table 2). But combined with cheese supplement, the
variation trend of body composition changed. Compared with LG, the
difference values of body weight (Fig. 2A) and BMI (Fig. 2B) of MG and
HG, and the difference value of body fat mass (Fig. 2C) and body fat
percentage (Fig. 2D) of MG were significantly lower (p < 0.05).

3.3. Lipid profile

Four weeks of RT alone could only improve the HDL-C (Table 2). And
combined with cheese supplement, the variation trend of serum lipids
changed with the dose. Compared with LG, the difference values of TC
(Fig. 2E) and LDL-C (Fig. 2F) of MG and HG, and the difference value of
HDL-C (Fig. 2G) of HG was significantly lower (p < 0.05).

3.4. Muscle strength

After 4 weeks of intervention, thel-RM of the squat and isokinetic
total work of each group increased significantly (p < 0.05), and the MVC
of CON and MG also had a significant increase (Table 2). But the dif-
ference values of 1-RM of squat, MVC, and isokinetic total work did not
differ between the four groups.
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3.5. Intestinal microbiota

After 6 weeks of collection, including pre-test, post-test and 4 weeks
of intervention, all samples were classified and expressed as an average
of 6 weeks. They were aligned the high-quality sequences to the refer-
ence database at 97% similarity and represent an OTU. A total of 221891
sequences were analyzed in the samples. Sequence numbers in CON, LG,
MG, and HG were 55687, 54874, 54739, and 56591, and the number of
OTUs was 952, 1028, 980, and 1405, respectively.

Alpha diversity curves were used to evaluate species richness in four
groups (Fig. 3). The Chaol richness (Fig. 3A), Shannon’s index (Fig. 3B),
and Simpson’s index (Fig. 3C) were calculated. The curves pointed to an
increasing trend in HG and these data showed the observed increase in
microbial diversity in the effect of the high-dose cheese supplementation
combined with RT.

All taxa at the phylum and genus of the mean relative abundance
were presented with broad taxonomic differences in four groups (Fig. 4).
Firmicutes, Actinobacteria, Proteobacteria, and Bacteroidales were the
four most abundant bacterial phyla in the intestinal microbiota
(Fig. 4A), and Subdoligranulum, Blautia, and Bifidobacterium were the
three most abundant genera (Fig. 4B). For the phylum and genus levels,
the average and relative proportion of intervention in each group is
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shown in Table 3. Compared with CON, the relative proportion of Fir-
micutes of LG was significantly lower. The relative proportion of Acti-
nobacteria of LG was significantly higher than other groups, the level of
Proteobacteria of MG was higher than LG and HG, and the level of
Bacteroidales of HG was higher than other groups. Compared with LG,
the relative proportion of the Subdoligranulum of HG was significantly
higher. The proportion of Blautia of CON was significantly higher than
LG and HG. As regards Erysipelotrichaceae, the proportion of CON was
higher than in other groups.

Based on the PCRUSI abundance table and KEGG database, 39
metabolic pathway predictions were obtained by calculating the 16S
rRNA gene abundance values of each sample (Fig. 5). The data showed
that Membrane Transport, Carbohydrate Metabolism, Amino Acid
Metabolism, Replication and Repair, and Energy Metabolism are the five
most dominant pathways. However, there were no significant differ-
ences in metabolic pathway predictions between groups.
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4. Discussion

This is the first study to investigate the effects of RT combined with
different dose cheese supplementation on body composition, lipid pro-
file, muscle strength, and intestinal microbiota. Results showed that 4
weeks of RT combined with medium-dose cheese supplementation had
the best improvements, including the decrease of body weight, BMI, fat
mass, fat percentage, and TC and LDL-C levels. It was possible that these
effects were due to changes in intestinal microbiome caused by
consuming cheese and medium was the more suitable dosage.

Numerous experimental research and system reviews have shown
that RT is one of the effective methods for the improvement of body
composition.*®*? For example, male adults performed short-term RT of
12 repetitions at 70-85%1RM and repeated 3 times were sufficient to
increase the strength of squat.“’44 In the different populations, Kim
etal.*® demonstrated that a 4-week intervention of 3 sets of 8 repetitions
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at 80%1RM and trained 3 times/week could also improve strength in
college-aged women. On the other hand, RT has also been identified as a
novel approach to improving blood lipid patterns.*® *® Son et al.** re-
ported that the level of HDL-C increased 5 mg/dl after conducting a
12-week of RT in women. And this positive influence was also supported
by the study of Bemben et al.,”® which found that conducting RT 3 times
a week for 16 weeks could improve HDL-C levels. As has been previously
proposed, we observed a significantly greater gain in muscle strength
and HDL-C levels after the 4-week intervention (Table 2). Too low ex-
ercise workload cannot induce changes® and the intervention in this
study was shorter than the above research. Therefore, our results sug-
gested that the total volume, tri-weekly moderate-high intensity
training, of our training program was enough to improve body states.

The worldwide trends of increasing nutrient strategies have
increased the focus on understanding how different protein sources
impact body composition and lipid profiles. Some studies have exam-
ined the positive effects of different protein supplements on body
composition. For example, Teixeira et al.”” demonstrated that 8 weeks of
supplementation of plant-based protein and whey protein both reduced
fat mass in college-aged males. In the same population, Joy et al.>® also
demonstrated that consuming rice protein or whey protein during RT
decreased fat mass. The benefits of protein supplementation were also
related to lipid profile. Soy protein was the most effective protein source
to improve blood lipid and several studies have reported that the con-
sumption of soy protein could decrease serum cholesterol and
LDL-C.°*°° As has been previously proposed, we found that the 4-week
intervention not only improved body weight (Fig. 2A) and body fat mass
(Fig. 2B), but also decreased TC (Fig. 2A) and LDL-C (Fig. 2C) levels. Our
results suggested that cheese had similar benefits to other protein
supplements.

It was also worth mentioning that this study was the first time to
investigate the effects of RT combined with cheese supplementation on
blood lipids. And the improvement of lipid parameters observed in MG
or HG groups may be correlated with the deterioration of lipid profile
observed in LG group. We found the abundance of Actinobacteria in
CON, MG and HG groups were decreased compared to LG group
(Table 3). And Actinobacteria have the capacity to accumulating TAG
under nitrogen limiting conditions.>® Furthermore, we also found the
abundance of Erysipelotrichaceae was decreased after RT combined
with cheese supplementation (Table 3) and there were the positive
correlations between Erysipelotrichaceae and lipid metabolic disor-
ders.””°® Ingesting cheese had not only changed the proportion of
Actinobacteria, it had also caused changes in other microbiota species
such as Erysipelotrichaceae. And that may be why the MG and HG
groups tended to improve blood lipids more than the CON group. Some
bioactive metabolites may be produced after consuming cheese,” and it
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changed the lipid metabolism and body parameters through altered
relative proportion of microbiota.

Regarding the dose of protein consumption, the results of the present
study showed that more cheese supplementation could significantly
decrease body weight and fat mass when compared to the low dose. And
consuming low-dose cheese did not induce differences when compared
to the control. These suggested that the low protein ingestion may not
have been a sufficient stimulus to alter the body parameters. However,
there was no difference between medium- and high-dose of cheese
supplementation. The phenomenon in which excess protein intake failed
to gain more benefits was also supported by the study of Moore et al.®”
They found that 20g protein intake after a single exercise resulted in a
greater increase in muscle protein synthesis, while a double dose had no
significant difference.

In addition to being related to body phenotype, the dose of protein
consumption also affected the intestinal microbiota. Different doses of
protein consumption influenced microbiotic diversity. For example,
Mckenna et al.°" conducted a 3-week intervention of RT in 50 adults,
and they had to ingest 15g or 30g of protein twice a day. This study
found that the higher dose of protein could increase microbiotic di-
versity. A 6-week protein and RT intervention trial conducted by Cronin
et al.%? also showed that 30 g/day dietary protein intake combined with
exercise training could enhance the microbiota diversity compared to
only protein or exercise intervention. Similar to previous studies, we
found that RT combined cheese supplementation had an increasing
trend on microbiotic diversity, and it existed a dose-effect association
(Fig. 3). The possible explanation may be that amino acids produced by
cheese decomposition could be used as an energy source to promote
microbiota growth.’

There are some limitations may have influenced the results of this
study. First of all, there was no adjustment according to body weight for
cheese supplementation. This may lead to differences in absorption ef-
ficiency. Second, the study was also limited by cheese containing a few
other substances, such as carbohydrate, fat or calcium. They may induce
some additional changes alone or together to the results. In the present
study, we primarily compared the effects of RT combined with different
grams of food-borne protein in the form of cheese and found positive
results at medium doses. The effects of intake patterns (did not stan-
dardized for body weight or at different time points) on the mTOR
pathway needs to be explored in future studies. Furthermore, we only
verbally asked participants to maintain the same physical activity every
day, which should be monitored in the future using instruments such as
accelerometers.



Composition of phylum

Y.-H. Lin et al. Journal of Exercise Science & Fitness 22 (2024) 168-177
8 -
% -
==
~
8 -
3 -
<
-
=
a
==
=
o Q Q
f= = = -
B Composition of genus

8—---—

L [
. — |
P [E—

g s
= —

100

Firmicutes
Actinobacteria
Proteobacteria
Bacteroidetes
Candidate_division_TM?7
Verrucomicrobia
Bacteria_unclassified
Cyanobacteria
Unclassified

OO EEEnRm

Relative abundance(%)
50
|

CON

Subdoligranulum

Blautia

Bifidobacterium

Incertae_Sedis
Lachnospiraceae_unclassified
Erysipelotrichaceae_unclassified
Faecalibacterium
Escherichia—Shigella
Collinsella

Incertae_Sedis

Streptococcus
Clostridiales_unclassified
Ruminococcaceae_unclassified
Catenibacterium

Roseburia

Incertae_Sedis
Enterobacteriaceae_unclassified
Lactobacillus

Enterococcus
Clostridium_sensu_stricto_1

Relative abundance(%)

o000 O00ONOOROCOEENEDN

o

HG

z
-
~
~

Fig. 4. Mean relative abundance (%) of (A) phylum and (B) genus in four groups.

174



Y.-H. Lin et al.

Journal of Exercise Science & Fitness 22 (2024) 168-177

Table 3
The relative proportion of major microbiota for phylum or genus levels.
Level (%) CON (n=9) IG(n=9) MG (n = 8) HG(n=9) p-value
Phylum Firmicutes 80.49 72.66 78.93 79.08 0.100
Actinobacteria 12.05% 22.48 9.50% 13.19% 0.000
Proteobacteria 6.68%° 2.77% 9.65" 4,222 0.006
Bacteroidales 0.60% 1.56% 1.49% 3.06" 0.012
Genus Subdoligranulum 12.93% 10.85% 15.94%° 17.47° 0.042
Blautia 19.05° 10.95° 13.33% 11.70° 0.001
Bifidobacterium 10.69 9.29 7.49 10.35 0.560
Erysipelotrichaceae 8.66° 2.44° 4.40° 4.20° 0.000
Faecalibacterium 3.42 4.65 4.78 6.04 0.186

All data are expressed as the means. Different letters (* ) in the same column of data are significantly different, p < 0.05. If any letter is the same, it means that the

difference between groups is not significant.
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5. Conclusion

Consuming 3 times weekly of 13.4 g food-borne protein in the form
of cheese combined with RT for 4 weeks improved the body composi-
tion, lipid profile and the diversity of the intestinal microbiota. Our
findings provided the scientific basis that cheese could be an easily
available food-borne protein supplement to boost the positive effects of
RT on health.
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