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Abstract  Protein is crucial for muscle strength but typically requires weeks to show effects. This study evaluated 
botanical extracts for enhancing and accelerating muscle development. Twenty-six participants were randomized 
into five arms: EB-MS-01 (300 mg Microcrystalline cellulose (MCC) without exercise), EB-MS-02 (300 mg MCC 
with exercise), EB-MS-03 (500 mg Phyllanthus amarus with exercise), EB-MS-04 (250 mg Cinnamomum verum 
with exercise), and EB-MS-05 (350 mg Ocimum sanctum + Rosmarinus officinalis with exercise). Participants 
consumed two Investigational Products (IP) capsules before breakfast, and 24 gm whey protein (WP) with breakfast 
and dinner. IP intake ceased for responders with a ≥10% increase in muscle strength, as assessed by 1-repetition 
maximum (1-RM) at day 28, while the remaining participants continued the study until day 56. Outcomes included 
changes in muscle strength, body composition via DEXA, thigh muscle girth, fatigue using VAS-Fatigue scale, and 
sleep quality by modified Insomnia Severity Index. Safety was monitored for digestive system adverse effects. At 
end of the study, EB-MS-03 group showed a 13.05% increase in 1-RM, whereas those in the EB-MS-02, EB-MS-04 
and EB-MS-05 groups experienced an increase of 9.65%, 12.78%, and 9.39%, respectively. EB-MS-03 group 
showed a meaningful decrease in body fat, visceral fat, android fat and an increase in lean body mass. No serious 
adverse events were reported, though some participants experienced mild digestive discomfort unrelated to IP. The 
proof-of-concept study concluded that EB-MS-03 with WP, increased muscle strength compared to WP alone. 
Future studies will involve a larger sample size and longer duration for more comprehensive results. 
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1. Introduction 

Proteins are macronutrients that play a major role in 
muscle growth in terms of strength and mass; however, it 
typically takes several weeks to months to see significant 
changes. [1] Nutritional supplements containing essential 
and non-essential amino acids are frequently used by 
athletes and recreationally active individuals alongside 
Resistance Exercise Training (RET) to gain muscle mass 
and strength. [2,3] Whey protein, when used for longer 
periods of duration, is known to enhance muscle protein 
synthesis, leading to muscle hypertrophy. [4] However, 
the key factor for such an effect remains a “substantially 
longer duration”, as studies have failed to show a similar 
effect when the protein is administered for a shorter 
duration. [5] 

The 1-RM (1-Repetition Maximum) testing is 
considered the gold standard for assessing muscle strength 
as well as the training program's effectiveness. [6] At the 

same time, body composition remains a determining factor 
for muscle strength. Morton et al. found that dietary 
protein supplementation increased 1-RM strength and 
FFM (fat-free mass) under prolonged RET. [7] A recent 
study by Park et al. demonstrated that 4 weeks’ 
administration of 40 g of protein supplement [premix 
containing 26.4 g of whey protein hydrolysate (WPH) + 
whey protein concentrate (WPC) along with 5.8 g of 
branched-chain amino acids and creatine monohydrate] 
increased 1-RM by 7.70 kg, however, the statistically 
significant increase was observed only at 12th week of 
supplementation. [8] Therefore, there is a pressing need 
for a product that can enhance muscle strength rapidly by 
potentiating protein supplements. Herbal supplements are 
gaining popularity among both athletes and non-athletes 
for enhancing endurance and strength performance. [9] 
For instance, acute supplementation with Phyllanthus 
amarus provides antioxidants that can reduce muscle 
soreness following high-intensity exercise. [10] 
Additionally, a systematic review highlights that 
cinnamon supplementation can promote muscle growth. 
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[11] Furthermore, the antioxidant properties of 
Rosmarinus officinalis leaf extracts support muscle cell 
hypertrophy. [12] Similarly, Ocimum sanctum possesses 
antioxidant qualities that help prevent muscle damage 
after intense training, making it particularly advantageous 
for athletes during their recovery phase. [13] Overall, 
these herbs contribute to improved muscle health. 

Based on the available evidence, Enovate Biolife 
screened several biomasses that, when added to the daily 
protein supplementation, can boost muscle strength as 
well as mass. The screening study assessed the protein-
amplifying effect of the proprietary extracts of 
Phyllanthus amarus (PA), Cinnamomum verum (CV), and 
Ocimum Sanctum + Rosmarinus officinalis (OS+RO) by 
assessing the change in the muscle mass and strength.  

2. Methods 

2.1. Study Design and Participants 
The study was a randomized, placebo-controlled study 

approved by an Independent Ethics Committee (ACEAS, 
India). This study was funded by Enovate Biolife. It was 
registered on NIH Clinicaltrials.gov (NCT No: 
NCT04949789 dated July 02, 2021). An informed consent 
form was signed by each participant. In this pilot study, 
healthy male participants were randomized into five 
different groups between June 2021 and November 2021. 
The participants aged 20-35 years with moderate physical 
activity levels as per the International Physical Activity 
Questionnaire (IPAQ) were included in the study. 
Participants had a Body Mass Index (BMI) between 22 
and 29.9 kg/m2. Primary inclusion-exclusion criteria are 
presented in Table 1. 

Table 1. Inclusion-exclusion criteria 

Inclusion criteria Exclusion criteria 
• Males aged 20 - 35 years with 
an active lifestyle and moderate 
physical activity level as per the 
International Physical Activity 
Questionnaire. 
• Recreationally active but not 
participating in type resistance-
type training on a regular basis. 
• BMI - 22 - 29.9 kg/ m2 
• Participants with an Insomnia 
Severity Index score of ≥7 and 
≤14 
• Ready to refrain from 
caffeinated products and intense 
strength/ endurance exercise for 
24 hrs. prior to the exercise lab 
visit. 
• Fasting Glucose ≤ 110 mg/ dl 
• Systolic Blood Pressure ≤ 129 
mm Hg and Diastolic Blood 
Pressure ≤ 89 mm Hg 
• TSH (thyroid stimulating 
hormone) ≥0.4 and ≤ 4.9 mIU/L 

• Engaged in structured weight 
training during the previous 12 
months prior to screening. 
• Presence of chronic disease. 
• Changes in body weight of more 
than 4.5 kg in the past three months. 
• Participants were diagnosed with 
hypertension and Type II Diabetes 
Mellitus. 
• History or presence of clinically 
significant renal, hepatic, endocrine, 
biliary, gastrointestinal, pancreatic, 
or neurologic disorders. 
• Allergy to whey or herbal 
ingredients. 
• Participants who have been part of 
a clinical trial within 90 days prior 
to the screening. 
• Participants who have used whey 
or other supplemental proteins 
anytime in the last 3 months 

2.2. Study Products 
A summary of the study arms, treatments, and regimen 

is provided in Table 2. Along with the Investigational 
Products (IP), each participant was also provided 48 gms 

of Whey Protein Isolate (WPI) which they consumed daily 
in two divided doses of 24 gms dissolved in 200 ml of 
water with their breakfast and dinner. 

Table 2. Investigational product details 

Study 
Arms 

Arm 1 
(Open-
label) 

Arm 2 
(Blinde

d) 

Arm 3 
(Blinded) 

Arm 4 
(Blinded) 

Arm 5 
(Blinded) 

Product 
Code 

EB-
MS-01 

EB-MS-
02 

EB-MS-
03 

EB-MS-
04 

EB-MS-
05 

Ingredien
ts MCC MCC 

Proprietar
y extract 

of PA 

Proprietar
y extract 
of CV 

Proprietar
y extract 
of OS + 

RO 
Dose/day - - 500 mg 250 mg 700 mg 

Regimen 
2 

Capsul
es 

2 
Capsule

s 

1 Cap of 
IP + 1 
Cap of 
Placebo 

1 Cap of 
IP + 1 
Cap of 
Placebo 

2 
Capsules 

of IP 

Abbreviations: CV; Cinnamomum verum, IP; Investigational product, 
MCC; Microcrystalline cellulose, OS; Ocimum sanctum PA; Phyllanthus 
amarus, RO; Rosmarinus officinalis 
Note: The capsules (cap) were taken 30 minutes before whey protein. On 
testing days, WPI was taken 30 minutes prior to the exercise without 
breakfast consumption.   

2.3. Study Endpoints 
The one-repetition maximum (1-RM) is considered the 

gold standard for the assessment of muscle strength. The 
1-RM for leg press assesses the maximum strength of the 
lower body musculature. An increase in lean body mass is 
a strong predictor of physical fitness. For the current study, 
all participants were evaluated for change in 1-RM, body 
composition (which included lean body mass, fat%, fat-
free mass, and android mass) using DEXA, thigh muscle 
girth, and fatigue level using 11-point VAS scale for 
Fatigue (VAS-F). Quality of sleep was assessed using a 
validated modified Insomnia Severity Index (ISI) 
questionnaire. [14] The study also intended to assess the 
safety of the IP by assessing the adverse effects on the 
digestive system using a digestive diary.  

2.4. Study Procedures 
All the participants, except the EB-MS-01 arm, were 

asked to undergo free-weight strength training throughout 
the study period under a trainer as per American College 
of Sports Medicine (ACSM) guidelines. The gym 
equipment used for the workout activities was from the 
Being Strong brand, and the DEXA scanner used for body 
composition was the Lunar Prodigy Advance model 
(Model number: YZB/USA 1104-2007, USA). 

On the day of assessment, the participants were asked 
to visit the site after overnight fasting. They started the 
exercise with a warm-up session consisting of 8 inward 
hip rotations, 8 outward hip rotations (each side), 10 deep 
reverse lunges to knee raises, and 10 squats. Further, to 
determine the 1-RM, the participants started the leg press 
with an initial weight of 50 kg for 3 repetitions. 
Subsequently, weight was increased by 5 kg to 60 kg, and 
from there onwards the weight was increased by 2.5 kg for 
each 3 completed repetitions till the participant failed to 
complete. A rest period of 2 ±1 mins was provided 
between sets. The participants were advised to perform the 
leg press at the same speed of movement and with the 

 

https://clinicaltrials.gov/ct2/show/NCT04949789


18 American Journal of Sports Science and Medicine  

same range of motion throughout the study. Participants 
were provided water ad-lib during exercise and were 
asked to breathe deeply. The leg press weight that 
participants lifted successfully for at least 1 repetition but 
could not complete 3 repetitions was recorded as 1-RM. 
The study was terminated for the participants in the EB-
MS-01 arm on Day 28, irrespective of improvement in 
weight in the 1-RM leg press. In rest of the study groups, 
the study was terminated for participants who achieved  
≥10% increase in 1-RM at Day 28; for rest of the 
participants, the end of study visit was conducted on Day 56. 

3. Results 

A total of 26 participants were randomized in the five 
study arms: 4 in EB-MS-01, 6 each in EB-MS-02 and EB-
MS-03, and 5 participants in EB-MS-04 and EB-MS-05. 
Table 3 shows the randomization of the participants in 
each study arm.  

Table 3. Participant randomization details 

Allocation 
number 

EB-
MS-01 

EB-MS-
02 

EB-MS-
03 

EB-MS-
04 

EB-MS-
05 

1 MSP05 MSP03 MSP02 MSP06 MSP07 
2 MSP08 MSP09 MSP10 MSP20 MSP13 
3 MSP15 MSP14 MSP11 MSP04 MSP24 
4 MSP23 MSP16 MSP17 MSP12 MSP29 
5 - MSP21 MSP26 MSP22 MSP30 
6 - MSP18 MSP32 - - 

3.1. Demographics & Baseline Details 
The mean age (SD) of the population was 24.54 (4.41) 

years, and the mean BMI of the participants was 25.26 
(2.30) kg/m2. The mean 1-RM was 111.25 (29.76), 115.00 
(43.90), 98.75 (18.22), 118.00 (49.60), and 116.50 (33.05) 
kg in the EB-MS-01, EB-MS-02, EB-MS-03, EB-MS-04, 
and EB-MS-05, respectively. A detailed demographic and 
baseline details are presented in Table 4.  

Table 4. Demographics & Baseline Details (Per Protocol Population) 

Parameters 
EB-MS-

01 
(n=4) 

EB-
MS-02 
(n=6) 

EB-
MS-03 
(n=6) 

EB-
MS-04 
(n=5) 

EB-
MS-05 
(n=5) 

Age, years 26.50 
(6.14) 

24.17 
(4.71) 

26.83 
(3.97) 

23.80 
(4.32) 

21.40 
(1.52) 

Height, m 1.67 
(0.06) 

1.71 
(0.05) 

1.68 
(0.06) 

1.74 
(0.08) 

1.75 
(0.03) 

Weight, kg 68.03 
(12.02) 

71.20 
(8.89) 

70.73 
(7.25) 

77.22 
(10.66) 

83.04 
(7.73) 

BMI, kg/m2 24.24 
(2.47) 

24.41 
(2.53) 

25.23 
(2.41) 

25.36 
(2.09) 

27.01 
(1.70) 

Pulse, 
beats/min 

75.50 
(11.33) 

81.67 
(9.48) 

75.17 
(9.85) 

78.40 
(8.08) 

82.00 
(9.75) 

BP systolic, 
mmHg 

113.50 
(12.58) 

123.17 
(6.71) 

119.67 
(9.22) 

122.60 
(7.80) 

123.20 
(6.38) 

BP diastolic, 
mmHg 

77.00 
(8.25) 

78.33 
(8.38) 

82.67 
(7.28) 

80.20 
(6.50) 

80.20 
(5.36) 

Max Weight 
for 1 RM, 

kg 

111.25 
(29.76) 

115.00 
(43.90) 

98.75 
(18.22) 

118.00 
(49.60) 

116.50 
(33.05) 

Note: The data are presented in mean (SD). 

 

3.2. Effect of IP on Muscle Strength (1-RM) 
At the end of study, groups EB-MS-02, EB-MS-03, 

EB-MS-04, and EB-MS-05 all showed improvements in 
1-RM, with percentage increases of 9.65%, 13.05%, 
12.78%, and 9.39%, respectively. In contrast, group EB-
MS-01 experienced a decrease in 1-RM, with a 0.42% 
change. Notably, EB-MS-03 demonstrated the most 
substantial improvement, with a 13.05% increase in 1-RM, 
marking the highest change amongst all groups and 
significantly outperforming all other groups. (Table 5 and 
Figure 1) 

Table 5. 1- RM 

Groups 1-RM at 
Day 0 

1-RM at End 
of the study 

Mean 
Change % Change 

EB-MS-01 111.25 110.63 -0.63 -0.42 
EB-MS-02 115.00 123.33 8.33 9.65 
EB-MS-03 98.75 111.67 12.92 13.05 
EB-MS-04 118.00 131.50 13.50 12.78 
EB-MS-05 116.50 126.50 10.00 9.39 

 
Figure 1. Percent change in 1-RM at the end of the study from baseline 

3.3. Muscle Mass 
In the EB-MS-01 arm, the lean muscle mass showed 

varied results, as two out of the four participants showed 
an increase and two participants reported a decrease in the 
lean muscle mass at the end of study. Three participants in 
this group reported a decrease in body fat percentage and 
one reported an increase in body fat %. In the EB-MS-02 
arm, all the participants reported an increase in lean body 
mass ranging from 236-1832 gm. An increase in fat-free 
mass ranging from 249-1838 gm was also observed in all 
the participants. Two participants reported an increase in 
mid-thigh girth at the end of the study compared to 
baseline. At the end of the study in the EB-MS-03 arm, an 
increase in lean body mass was observed in four out of six 
participants. At the same time, four participants reported 
from 649 to 2386 gm increase in fat-free mass. Five 
participants demonstrated a decrease in android fat. Mid-
thigh girth increased in the range of 44-53.5 cm at 
baseline to 47-55 cm at the end of the study in three 
participants. In the EB-MS-04 arm, DEXA showed that 
there was an increase of 1087 gm in lean body mass and a  
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concurrent increase of 1071 gm of fat-free mass in one 
participant at the end of study. Other DEXA parameters 
like body fat%, visceral, and android fat did not show any 
linear change in the participants. In the EB-MS-05 arm, 
two participants reported an increase in lean body mass at 

the end of study from baseline. Four participants reported 
an increase in mid-thigh girth ranging from 1-2.5 cm 
compared to baseline. (Refer to Figure 2, Figure 3, Figure 
4, Figure 5, Figure 6, and Figure 7).  

 
Figure 2. Change in lean body mass at the end of the study visit from baseline 

 
Figure 3. Change in body fat at the end of the study visit from baseline 

 
Figure 4. Change in FFM at the end of the study visit from baseline 
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Figure 5. Change in Visceral fat at the end of the study visit from baseline 

 
Figure 6. Change in Android fat at the end of the study visit from baseline 

 
Figure 7. Change in the mid-thigh muscle girth at the end of the study visit from baseline 

3.4. Effect of IP on Sleep Quality and Fatigue  
At the end of study, all groups showed improvements in 

Insomnia Severity Index (ISI) scores, indicating a 
reduction in insomnia severity. EB-MS-05 demonstrated 
the most significant improvement, with a decrease of 0.8 
in ISI scores, from 3.00 to 2.20. EB-MS-01 was followed 
by a reduction of 0.75, bringing scores down from 3.50 to 
2.75. EB-MS-02 and EB-MS-03 also showed reductions 
of 0.67 and 0.50, respectively, with ISI scores decreasing 
to 3.17 and 2.83, respectively. EB-MS-04 had the smallest 
change, with a modest reduction of 0.20, resulting in 

scores of 3.40 at Day 0 and 3.20 at the end of study. 
(Table 6) 

Table 6. Insomnia Severity Index (ISI) 

Groups ISI at Day 0 ISI at EOS Mean Change 
EB-MS-01 3.50 2.75 -0.75 
EB-MS-02 3.83 3.17 -0.67 
EB-MS-03 3.33 2.83 -0.50 
EB-MS-04 3.40 3.20 -0.20 
EB-MS-05 3.00 2.20 -0.80 

 
At the end of study, the changes in Visual Analog Scale 
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(VAS) fatigue scores varied across groups. EB-MS-05 
exhibited the most significant improvement, with a 
decrease of 1.40 in VAS fatigue scores. EB-MS-03 also 
showed a notable reduction, with scores dropping by 1.17, 
from 5.67 to 4.50. EB-MS-04 experienced a decrease of 
1.20, with scores improving from 5.00 to 3.80. EB-MS-01 
had a modest improvement, with a reduction of 0.75, 
lowering scores from 4.00 to 3.25. In contrast, EB-MS-02 
showed an increase in fatigue, with scores rising by 0.67, 
from 3.83 to 4.50. (Table 7) 

Table 7. VAS Fatigue  

Groups VAS Fatigue at 
Day 0 

VAS Fatigue at 
EOS Change 

EB-MS-01 4.00 3.25 -0.75 
EB-MS-02 3.83 4.50 0.67 
EB-MS-03 5.67 4.50 -1.17 
EB-MS-04 5.00 3.80 -1.20 
EB-MS-05 5.20 3.80 -1.40 

3.4. Adverse and Serious Adverse Events 
No serious adverse event was reported during the study. 

The digestive diary revealed adverse events related to the 
gastrointestinal system. In the EB-MS-01 arm, no AEs 
reported, whereas in the EB-MS-02 arm, one participant 
reported moderate diarrhea, which lasted for one day and 
resolved on the following day without any complications. 
The AE was presumed not to be related to IP by the 
investigator. In the EB-MS-03 arm, mild nausea, moderate 
heartburn, and moderate flatulence were reported by 3 
participants. One participant reported 2 episodes of 
moderate diarrhea and vomiting. The reported effects were 
not related to the study product, according to the 
investigator. The events were resolved within two days 
without any pharmaceutical intervention. In the EB-MS-
04 arm, nausea was reported by three participants during 
the study period. The symptoms were mild to moderate 
and did not require any pharmaceutical intervention. As 
per the digestive diary of the EB-MS-05 participants, two 
had mild to moderate nausea, and one had mild 
constipation. The symptoms resolved within 48 hours 
without any intervention. 

4. Discussion 

The present randomized, placebo-controlled, pilot study 
was performed on the hypothesis that the qualifying 
extract, when added to a whey protein supplement, will 
have an amplifying anabolic effect in healthy individuals 
undergoing resistance training. Herbal extracts have been 
proven to increase muscle mass and strength in previous 
studies. [15] The addition of a dietary supplement to whey 
protein improves the muscle anabolic response to acute 
resistance exercise [16]; however, the data on the increase 
in strength is sparse. 

The participants in the EB-MS-03 group who consumed 
proprietary extract of the herb Phyllanthus amarus 
showed promising results, demonstrating the greatest 
improvement with a remarkable 13.05 % increase in 1-
RM, surpassing all other groups. In contrast, participants 
in the EB-MS-02, EB-MS-04 and EB-MS-05 groups 
showed increases of 9.65%, 12.78%, and 9.39%, 

respectively. There are contradictory reports related to the 
effect of whey protein on muscle strength. A pilot study 
reported that whey protein and resistance exercise can 
only increase muscle mass and not muscle strength. [17] 
Another study involving healthy males concluded that, 
when only whey proteins were taken two to three times a 
week, they had no significant effect on muscle growth or 
strength when compared to carbohydrates or a mix of 
proteins and carbs. [18] A randomized controlled trial by 
Y Park et al. reported that muscle circumference, strength, 
and exercise volume of the participants peaked at 12 
weeks for participants on whey protein, where 1-RM 
reported at week 4 was 7.39 kg, which increased to 23.14 
kg at week 12. [8] In the current study, five participants 
out of six in the EB-MS-03 group (PA extract + WPI) 
showed a >10% increase in 1-RM weight after only 4 
weeks of consumption. A similar result was also observed 
in another clinical study, wherein 8 weeks of amylopectin-
chromium complex plus 15 g of whey protein led to  
33.33% improvements in relative 1-RM (Squat: 1.32 
kg/kg) compared to 15 g (26.31%) or 30 g (22.44%) of 
whey protein alone. [19] This signifies that the use of a 
proprietary botanical extract along with a whey protein 
supplement may amplify the effect of supplemental 
protein on muscle strength.  

As reported in a meta-analysis, protein supplementation 
is more effective at improving fat-free mass in young or 
resistance-trained individuals. [7] However, we found 
diverse results regarding fat-free mass in the present study. 
The body fat percentage of the participants showed 
variable results across different groups. A study reported 
that 12-week resistance training with whey protein may 
increase abdominal fat loss. [18] A similar finding was 
observed in the EB-MS-03 group, where four participants 
showed a decrease in body fat%, and five participants 
showed a decrease in visceral and android fat at the end of 
study. A study done to assess the effect of cysteine-rich 
whey protein on elderly participants reported no 
significant change in lean body mass after resistance 
training. [20] This finding is in line with results of the 
current study about lean body mass, wherein no major 
change was observed. In the present study, all participants 
in the placebo + exercise group showed a marginal 
increase in lean body mass at the end of study visit, which 
can be attributed to exercise. Four participants in the 
Phyllanthus group had also reported an increase in lean 
body mass at the end of study, whereas results in other 
groups were heterogeneous. The Phyllanthus group 
showed more prominent results in terms of an increase in 
muscle strength and a decrease in android and visceral fat. 

The participants in all the groups were evaluated for the 
insomnia severity index and VAS fatigue score. 
Reductions in insomnia severity were observed in all 
groups at the end of study compared to baseline. 
Numerous studies have emphasized the positive impact of 
sleep extension on pain sensitivity, which could be crucial 
for muscle recovery. [21] For VAS fatigue, all groups 
showed a decrease in fatigue scores, except for EB-MS-02, 
which experienced an increase in fatigue. 

Participants were asked to fill out a digestive diary in 
case of any discomfort during the study period. Few 
participants reported diarrhea, flatulence, nausea, and 
abdominal pain. All the reported effects lasted only for a 
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day or two in most cases and were mild to moderate in 
severity. The temporary effects were resolved without any 
intervention or complications. There can be several factors 
that may have caused these effects on the digestive system, 
one of which can be the diet of the individual participant. 
The study products were well tolerated by the participants, 
as the effects lasted only for a day or two.  

The proof-of-concept study had limitations that should 
be noted. The sample size was small, which limited 
statistical power, potentially reducing the ability to detect 
statistically significant differences. To address these issues, 
further research with a longer duration and larger sample 
size is needed to confirm these results and provide a more 
comprehensive assessment of the intervention’s effects.  

5. Conclusion 

Based on the above observations, it is suggested that 
EB-MS-03 was able to increase muscle strength when 
combined with whey protein in half the time required by 
whey protein alone. Also, 80% of participants responded 
with more than a 10% increase in 1-RM. At the same 
time, the proprietary extract was also able to increase the 
lean muscle mass and decrease the android fat at the end 
of study. 
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