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Introduction: The purpose of this investigation was to determine the effects of a

novel dietary supplement (Maltor™) on indices of muscle recovery after a delayed-
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onset muscle soreness (DOMS) protocol.

Methods: In a double-blind, placebo-controlled, crossover trial, subjects consumed
the treatment (e, 5 g. Maltor™ — a complex of taurine and L-malic acid in an
approximately 2:1 ratio) and placebo (i.e.,1 g of sodium citrate and 4 g of maltodextrin)
daily over 14 days. Subjects were instructed to consume the treatment or placebo for
14 days. After 14 days of consumption, subjects performed a DOMS protocol based
on their 1-RM. Inflammatory markers, arm circumference, strength, subjective and
objective measures of pain were assessed 24hr, 48hr and 72hrs after DOMS protocol.
Results: A statistically significant difference was found for the assessment of pain
threshold via the pressure algometer (p=0.5). Subjects in the treatment group
exhibited a higher pain threshold two days post-DOMS (i.c., delta score data). We
found no significant differences between groups for arm circumference, 1-RM
(p=0.66), pain assessed by VAS (0.94), or arm circumference (p=0.91) between the
groups. Furthermore, there were no significant differences between groups for
Interleukin-6 (p=0.85) and C-reactive protein (p=0.48), key markers of inflammation.
Conclusions: Based on this preliminary investigation, two weeks of consuming
taurine-L-malic acid complex may diminish delayed-onset muscle soreness in exercise-
trained males as assessed by an algometer (i.e., assessment of pain threshold).
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Introduction

Delayed onset muscle soreness (DOMS) is characterized by exercise-induced muscle pain or soreness that manifests
24-48 hours after physical activity. DOMS primarily arises from microscopic tears in muscle fibers, particularly as a
result of eccentric exercises'. These eccentric movements induce mechanical stress and fatigue within the muscle
fibers!3. The strain on the sarcomere during eccentric exercises triggers an inflaimmatory response, leading to the
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accumulation of cytokines that amplify the perception of pain*. The most prominent symptom of DOMS is muscle
soreness/ tenderness, which may interfere with range of motion or activities of daily living!4. Other symptoms include
elevated creatine kinase levels, heightened cytokine response, joint stiffness, and reduced muscular strength*. The onset
of DOMS typically occurs within 6-12 hours following eccentric exercise and progressively intensifies, reaching peak
pain levels between the 48 to 72-hour mark!.

Reducing Delayed Onset Muscle Soreness (DOMS) can be challenging due to the exact etiology being unknown.
Studies have investigated the effects of various modalities and nutritional supplements on mitigating symptoms of
DOMS>t. Due to the oxidative stress associated with muscle damage, antioxidants may prove to be a beneficial
supplement for enhancing recovery from exercise-induced muscle damage. One such ingredient is a sulfur-containing
amino acid called L-Taurine. Tautine is found naturally in various tissues of the human body and in some foods’.
Taurine is present in high concentrations in skeletal muscles, which may contribute to its role in muscle recovery and
performance”®. It is theorized that taurine aids in recovery from exercise-induced muscle damage because it inhibits
the production of pro-inflammatory cytokines and reduces oxidative stress®!°.

L-malic acid is an organic compound found in various fruits. I.-malic acid plays an important role in energy production
since it is a key intermediate in the Krebs cycle. The conversion of malate into oxaloacetate generates NADH'!. NADH
plays a critical role in the energy production of cells by facilitating the transfer of electrons during cellular respiration,
leading to the generation of ATP!!. Thus, L-malic acid may indirectly improve sports performance through energy
production. Malic acid is used in a variety of industries, including food and pharmaceuticals. It is regulatly added to
foods and beverages to enhance flavor and is used in the medical industry to increase the absorption of drugs'.

The negative effects of DOMS, mainly muscle soreness and stiffness, can be detrimental to training and athletic
performance. Supplementation may attenuate DOMS and enhance recovery. The purpose of this investigation was to
determine the effects of a dietary supplement (Maltor™) on indices of muscle recovery after a delayed-onset muscle
soreness (DOMS) protocol. The authors hypothesize the dietary supplement will lessen the inflammatory response,
leading to improved recovery.

Scientific Methods

Experimental Protocol

In a double-blind, placebo-controlled, crossover trial, subjects consumed the treatment (i.e., 5 g. Maltor™ — a patent
pending complex of taurine and L- malic acid in an approximately 2:1 ratio) and placebo (i.e.,1 g of sodium citrate and
4 ¢ of maltodextrin) daily over a 14-day period. Subjects were instructed to consume the treatment or placebo for 14
days. After 14 days of consumption, subjects were assessed for 1-RM (repetition maximum) strength of the elbow
flexors. Based on their 1-RM strength, subjects completed the DOMS protocol. After the DOMS protocol, subjects
performed an additional 1-RM with the elbow flexors. Muscle circumference, self-reported ratings of soreness
questionnaire, and assessment of soreness via Algometer were assessed. All participants underwent an informed
consent process in accordance with the Declaration of Helsinki and an approved IRB protocol submitted to the
institutional review board of Keiser University.

Subjects

Seventeen trained males volunteered for this investigation. All participants were healthy, exercise-trained (minimum of
one year of regular physical activity), and between the ages of 18-65 years of age. Body composition was assessed using
a multi-frequency bioelectrical impedance device (InBody® 270). Study participants stood on the platform of the
device barefoot with the soles of their feet on the electrodes and then grasped the handles of the unit with their thumb
and fingers to maintain direct contact with the electrodes. They stood still for ~1 minute while keeping their elbows
fully extended and their shoulder joint abducted to about a 30-degtee angle.

Delayed Onset Muscle Soreness Protocol

Subjects performed DOMS protocol with the non-dominant arm. Subjects were instructed to place their elbow on the
pad of the exercise bench with their shoulders flexed at 45 degrees. Subjects held a dumbbell weighing 60% of their
1RM for one second at a 90-degree angle before lowering it slowly for three seconds. Once the elbow was completely
extended, the investigator manually returned the subject’s arm to a 90-degree flexion position. Subjects completed 75
repetitions with their non-dominant arm using this method. Protocol was ended if subjects were unable to complete
repetitions with proper form.
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Assessment of self-reported ratings of soreness

To assess subjective ratings of soreness and to determine level of soreness, subjects were instructed to complete,
subjects rated their soreness using a number scale. The numeric rating ranged from 0 to 10. Zero (0) indicated none
or no soreness, 5 indicated moderate soreness, and 10 indicated severe soreness. Subjects completed this assessment
on each visit to the laboratory.

Assessment of Soreness with an Algometer

An algometer is a device that measures the pressure-pain threshold®. Subjects were instructed to place their arm fully
extended, with palm-facing up on a table. Next, the investigator pressed the blunt end of the instrument slowly and
systematically into the distal portion of the elbow flexor muscles (i.e., biceps brachii). Once the subject expressed
feeling intolerable pain, the pressure on the instrument was recorded.

Muscle Circumference
Mid-arm circumference was measured midway between the acromion and elbow crease while subjects were standing
with the arm relaxed.

Inflammatory Markers (IL-6 and CRP)

Saliva samples were obtained from each participant via passive drool. The samples were collected in 1.5 mL
polypropylene microcentrifuge tubes and kept on ice until the session was complete. Following the session, the samples
were stored in a freezer at -20°C until assayed. Saliva samples were run in duplicates. Both CRP and IL-6 were
quantified via a human enzyme immunoassay kit according to the manufacturet’s instructions (Salimetrics, Carlsbad,
CA, USA). The functional sensitivity of the Salivary CRP ELISA Assay kit (Generation II) is 19.44 pg/mL when the
sample is diluted two-fold. The functional sensitivity of the salivary IL-6 ELISA is 2.08 pg/mL.

Statistical Analysis

All data are expressed as the mean * standard deviation. An independent samples t-test was used to determine
differences between groups with regard to the delta score. When comparing the pre vs posttest values, a paired samples
t-test was utilized. A p-value of P < 0.05 was used to determine significance. GraphPad Prism 10 (Boston, MA) was
used for the statistical analysis.

Results

Subjects

Subject characteristics are shown in Table 1. All subjects were young, healthy males who trained on a regular basis.
Two subjects dropped out of the study, whereas 15 subjects completed the study.

Table 1. Subject characteristics

Characteristic Subject
Average
Height cm 178%7
Weight kg 87.0£18.7
Lean mass kg 71.6£13.6
Fat mass kg 15.4%6.2
% Body fat 17.2%4.5
Total body water liters 52.4%9.9
Total number of years of training 13.1+£9.4
Average hours of weight training per week 6.1£4.1
Average hours of aerobic exercise per week 3.1£2.0
Other exercises per week 1.3%2.1

Data are expressed as the mean + standard deviation. N=15

Indices of Recovery

A statistically significant difference was found for the assessment of pain threshold via the pressure algometer
(p=0.053). Subjects in the treatment group exhibited a higher pain threshold two days post-DOMS (Figure 1). We did
not find any significant differences between groups for 1-RM (p=0.669), pain assessed by VAS (p=0.936), or arm
circumference (p=0.913) between the groups. Furthermore, there were no significant differences between groups for
Interleukin-6 (p=0.855)and C-reactive protein (p=0.478), key markers of inflammation (Figures 2-6).
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Figure 1. Change in pain threshold pre-DOMS and two days post-DOMS. The data is expressed as the mean and
standard deviation.
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Figure 2. Change in 1-RM pre-DOMS and two days post-DOMS. The data is expressed as the mean and standard

deviation.

VAS
0.9367
8=
1
6=
g
2 4
(7]
2=
0~

Placebo Treatment

Figure 3. Change in pain perception pre-DOMS and two days post-DOMS. The data is expressed as the mean and
standard deviation.
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Figure 4. Change in arm circumference pre-DOMS and two days post-DOMS. The data is expressed as the mean and
standard deviation.
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Figure 5. Change in C-reactive protein. The data is expressed as the mean and standard deviation
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Figure 6. Change in IL-6. The data is expressed as the mean and standard deviation.
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Discussion

This study investigated the effects of 14 days of supplementation with a taurine-L-malic acid complex on indices of
recovery following exercise-induced muscle damage. The major findings of the current investigation are that this
supplement may have a favorable effect on the perception of pain. A statistically significant difference was found for
the assessment of pain threshold via the pressute algometer two days after completing the DOMS protocol. No
improvements were found between the groups in 1-RM, pain assessed by VAS, inflammatory markers, or arm
circumference.

The present study is the first study with a taurine-malic acid complex; however previous studies have been conducted
with taurine alone or in combination with other ingredients. Previous studies suggest using taurine-containing
supplements attenuates the damage induced by eccentric exercise®!?. Ra et. al.'> compared the use of BCAAs, Taurine,
or BCAAs with taurine in DOMS-related symptoms!3. Similar to this study’s findings, self-reported pain using a VAS
did not improve in the group receiving taurine. A significant difference in pain was reported in the group receiving
BCAAs combined with taurine on the 204 day!3. Interestingly, Ra et al. reported an increase in plasma taurine levels
following supplementation. The current study did not evaluate plasma levels of taurine. Another study evaluated the
effects of taurine supplementation on muscle damage and exercise performance in male subjects. Creatine kinase, a
marker of muscle damage, was unaffected by taurine supplementation; however, peak force was greater in the taurine
group compared to placebo 48h post-DOMS protocol®. This study suggests taurine does not affect muscle damage
but can improve recovery performance. The authors theorize taurine’s anti-inflammatory effects may be responsible
for the improvement in force productiond. These findings differ from the current study, which did not see
improvements in performance; however, comparison to the present study is difficult due to the different performance
metrics being assessed. De Silva et al.'* evaluated the effectiveness of taurine supplementation on muscle performance
for 21 days. The authors reported less self-reported muscle soreness in subjects consuming a taurine-containing
supplement compared to placebo. Immediately following the DOMS-inducing protocol, muscle strength was assessed.
Similar to the findings of this study, no differences in strength between groups were reported.

Intense or prolonged exercise causes microscopic damage to muscle fibers, resulting in the release of pro-inflammatory
cytokines, such as intetleukin-6 (IL-6), as well as anti-inflammatory cytokines, such as interleukin-1p to repair damaged
tissue'+19. This process can contribute to soreness and inflaimmation. Previous studies have evaluated the effect of
taurine on inflammatory markers®!617. Wang et al.!” reported a decrease in IL-6 post-exercise following the acute
ingestion of a taurine-containing energy drink. It is important to note that the duration of supplementation and exercise
type differed from the cutrent study. Da Silva et al.!¢ reported an increase in inflammatory cytokines IL-1f, TNF, and
IL-10 following eccentric exercise in both the placebo and taurine supplementation group!¢. Despite the nonreduction
of inflammatory markers, improvements in oxidative stress were reported. The authors suggest taurine is involved in
other roles related to muscle damage, irrespective of its effects on inflammation’¢. These results are in line with the
current study, which did not report decreases in IL-1P, although the current study did not measure oxidative stress.
Despite the lack of change in inflammatory markers, subjects reported decreased pain via the algometer, suggesting
that a taurine-I.-malic acid complex may be effective at reducing discomfort associated with DOMS.

L-malic acid is the natural isomeric (L) form of malic acid. It is a Krebs cycle intermediate!8, and citrulline malate,
which is a 2:1 ratio of citrulline to malic acid, is used to boost sports performance!?. L-malic acid can promote energy
production (from the burning of pyruvic acid) which may help fight off muscle fatigue (counteracting the buildup of
lactic acid)!®?. L-malate is an intermediate in the process of metabolism; it plays an important role in generating
mitochondria ATP both under aerobic and hypoxic conditions. It can be absorbed and enter the mitochondria through
cell membrane and promote to produce energy in mitochondria. Moreover, L-malate is a component of the malate
aspartate shuttle and is of importance in transporting NADH from cytosol to mitochondria for energy production. L-
malic acid is an intermediate metabolite of Krebs cycle, it is directly involved in mitochondrial energy metabolism; and
it is also part of the malate-aspartate shuttle?!. For these reasons the combination of taurine and L-malic acid in a
patent pending complex could potentially provide a synergistic effect for reducing discomfort associated with DOMS.

Conclusions

Two weeks of consuming a taurine-L-malic acid complex may diminish delayed-onset muscle soreness in exercise-
trained males as assessed by an algometer (i.e., assessment of pain threshold). However, there were no differences in
the recovery of maximal strength, pain as assessed by VAS, as well as measures of inflammation (i.e., CRP and 11.-6).
It should be noted that these data are preliminary and reflect a very limited sample size.
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