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Abstract 

Background: Aged garlic extract (AGE) is a dietary 
supplement and is reported have numerous health 
benefits including protection against fatigue. Recently, 
aged garlic extract (AGE) has been promoted as a 
nutritional supplementation against fatigue. However, 
the effects of AGE on muscle strength contraction 
properties have not been clearly defined in humans. 
The aim of this study was to investigate the anti-
fatigue role of AGE in isokinetic muscle contraction 
in sedentary men.

Methods and findings: Six male subjects 
participated in this study and were tested during the 
isokinetic concentric/concentric protocol involving 6 
maximal repetitions at the 60 and 180 degrees/sec 
on dominant knee for extensor and flexor muscles. 
Subsequently, the concentric muscle fatigue test with 
30 maximal repetitions at 180°/sec was performed. 
After baseline test, the subjects were supplemented 
daily with AGE (5 ml) for 10 days. The performance 
tests were evaluated at baseline, after 10 days of 
post-supplementation and 10 days after the end of 
the study. AGE increased the extensor and flexor 
muscle function of the peak work, peak work/
body weight, average and total work in the post-
supplementation period. Flexor peak torque, peak 
power, average power values were increased in 
the post-supplementation whereas no effect was 
observed on the extensor functions regarding these 
parameters. 

Conclusion: AGE supplementation enhanced 
isokinetic knee muscle work parameters in the post-
supplementation period in untrained men.

Keywords: AGE supplementation, Isokinetic muscle 
strength, Muscle work.

1. Introduction

The role of nutritional supplements in enhancing 
performance and recovery from injury has been 
investigated in a wide variety of sports. Most of 

the studies have investigated the effects of natural 
products and phytochemicals and their potential to 
enhance recovery of muscles from exercise induced 
damageand have reported positive results with cherry 
[1], blueberry [2] or pomegranate- based drinks [3-
5]. The consumption of pomegranate juice improved 
the recovery of elbow flexor [4,5], knee extensor [5] 
and muscle strength properties in sedentary men. 
However, intake of polyphenols or grape juice did not 
affect the recovery of elbow flexor muscles strength 
[6]. On the other hand, long term supplementation 
with vitamin D3 and quercetin alone or their 
combination did not produce regulation of muscle 
strength in physically active male [7]. Thus, the 
effectiveness of supplementation in muscle strength 
or recovery of the normal muscle function, appears 
to be been influenced by different factors, including 
muscle contraction type (concentric or eccentric), 
muscle group, exercise protocol, daily amount of 
supplementation, and training status of participants.

Garlic (Allium sativum) is a herb and a nutraceutical 
and displays several biological benefits against 
oxidative stress, inflammatory, and dyslipidemia [8]. 
It is also available commercially in different formats 
and once popular preparation is the aged garlic 
extract. This differs from other garlic varieties in 
that it has less stimulative and pungent properties 
than cooked and raw garlic, and it contains 
more gamma-glutamyl cysteine, S-allyl cysteine, 
S-allylmercaptocysteine, and S-methyl cysteine 
than those found in cooked or raw garlic also [9]. 
AGE has been investigated widely both in vitro 
and in vivo and is reported to improve plasma lipid 
concentrations and oxidative stress, inflammatory 
cytokines [10,11] and reduced the fat tissue in obese 
rat [12]. Moreover, limited studies provide that AGE 
and exercise interventions have protective effects 
against high fat diet induced insulin resistance in 
obese rats [13]. In general, studies have focused on 
the effect of AGE garlic on physical fatigue in mice 
and human subjects and but did not report on the 
effect of AGE on muscular performance parameters. 
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Ushijima et al. [14] have examined the effect of raw 
garlic juice, heated garlic juice, dehydrated garlic 
powder and AGE on physical strength and recovery 
from fatigue [14]. They found that raw garlic and AGE 
prolonged the treadmill running time of mice and 
enhanced the speed of recovery time [14]. Recently, 
limited clinical studies have investigated the effect of 
AGE garlic supplementation. In Regard, Verma et al. 
[15] investigated six weeks of garlic oil administration 
on cardiac performance and exercise tolerance 
in 30 patients with coronary artery disease. They 
showed that garlic significantly improved exercise 
tolerance and reduced the work load on heart [15]. 
Moreover, the AGE ameliorated the subjective 
symptoms caused by fatigue and enhanced reflex 
function and leg muscle strength [16]. Moreover, 
many clinical studies of garlic product containing 
AGE have reported that they exert significant effects 
against systemic fatigue accompanying the common 
cold or unidentified complaints [17,18]. Another study 
showed that AGE elevated succinate dehydrogenase 
(SDH) levels in rat skeletal muscle, indicating that 
AGE improves the metabolic pathway of the aerobic 
glucose efficiency in skeletal muscle during exercise 
[19]. However, the authors did not provide any 
evidence on the effect of the AGE on aerobic running 
performance. Recently, one study has reported that 
the garlic supplementation slightly increased maximal 
oxygen consumption (VO2 max) in trained young men 
[20]. On the other hand, garlic consumption had no 
effect on peripheral blood pressure,VO2 max , blood 
oxygen saturation, heart rate response, or exercise 
performance in hypoxia in human, only ergogenic 
effects on pulmonary hypertension were observed 
[21]. However, information regarding the effects of 
AGE supplementation on exercise performance is 
not clear, also isokinetic muscle strength properties 
have not yet been elucidated. Therefore, in this 
study, we hypothesized that AGE supplementation 
may affect the isokinetic muscle strength properties 
in healthy untrained man.

2. Method

2.1 Participants and procedure

Six sedentary healthy male volunteers (Mean age 
30.2 ± 2.9 year, height 175.6 ± 2.8 cm) participated 
in this study. The study complied with the principles 
of the Declaration of Helsinki and was approved 
by the School of Medicine Balikesir University 
Ethics committee and informed written consent 
was obtained from each participant (Ethic prot. 
number 2014/61). The participants who informed 
that they were taking any medicine, had any medical 
history of disease, taking any antioxidant or other 
dietary supplementation, had a history of allergy to 
supplementation, or any injuries were excluded from 

the study. Subjects were instructed to avoid food 
containing very high sugar and fatty foods any other 
supplements. The isokinetic muscle performance test 
protocol was applied at the beginning of the study 
(baseline), post-10 days supplementation (post-
supplementation), then 10 days after the end of the 
study (washout period). During the performance test 
sessions, the participants underwent an isokinetic 
knee concentric/concentric maximal muscle strength 
and muscle fatigue test. Isokinetic muscle strength 
parameters were assessed and compared to baseline 
values. All tests were conducted at the same time of 
the day to minimize any effect of circadian variance.

2.2 Body composition measurement

Body composition parameters namely BMI, 
percentage of fat percent, fat mass and fat free 
mass measured by using the Tanita BC 418 MA 
(Tanita Corporation, Japan). Tanita BC 418 MA is 
a monofrequency bioelectric impedance analyzer 
measurement system, which covers the frequency of 
50 kHz with eight electrodes integrated in the handles 
and the stepping platform for transmission of electric 
current into the body. 

2.3 AGE supplementation

The supplementation with AGE was carried out 
essentially as described previously by Dillon et al. 
[22]. The AGE is prepared by soaking sliced raw 
garlic (A. Sativum) in 15-20% aqueous ethanol for 
up to 20 min at room temperature. The extract is then 
filtered and concentrated under reduced pressure 
at low temperature. The content of water-soluble 
compounds is relatively high, whereas that of oil-
soluble compounds is low. The AGE used in this trial 
contained 305 g/L extracted solids; S-allyl cysteine, 
which is a water-soluble organo-sulfur compound 
present in AGE, at a concentration of 1.47 g/L. After 
the baseline test, subjects consumed 5 mL of AGE 
(taken in a small volume of fruit juice) daily for 10 
d between 0700 and 0900 h; otherwise, subjects 
followed their usual diet and lifestyle, excluding 
alcohol intake. This dose of AGE is that recommended 
as a dietary supplement by the manufacturers and 
was used in previous study, which showed inhibition 
of ADP-induced platelet aggregation [23].

2.4 Isokinetic muscle performance test

Isokinetic knee extensor and flexor muscles 
performance assessments were assessed using 
by isokinetic dynamometer (Isomed 2000 Basic). 
A week before the tests, the subjects attended the 
laboratory and were instructed about the exercise 
tests and performed one familiarization exercise 
session. The subjects were instructed to consume 
a light meal about 2 hours before the tests to avoid 
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determined by the following formula to yield a percent 
decrease for each isokinetic variable:

Formula I: Percent decrease = 100-[(last 5 repetitions 
/first 5 repetitions) X100].

In order to account for variable repetitions in which 
different subjects attained their single highest 
repetition value for each isokinetic variable, a second 
FI was calculated:

Formula II. Percent decrease = 100-[(last 5 
repetitions/highest consecutive 5 repetitions) X100]

2.6. Statistical methods

All calculations were performed using SPSS software 
(SPSSInc, Chicago, Illinois, USA). The repeated 
measured analysis of variance (ANOVA) was used 
with pairwise comparisons. Significant differences 
between pre- and post-supplementation within the 
group was analyzed by using paired-samples t test. 
Data are expressed as means ± SD and the level of 
significance was set at p˂ 0.05.

3. Results

Ten day garlic administration significantly elevated 
the weight (p=0.011), BMI (p=0.012), fat percent 
(p=0.013), fat mass (p=0.003) in the washout with 
compared the post supplementation period, however 
AGE supplementation had no effect on fat free 
mass (Table 1). Isokinetic knee extensor and flexor 
muscle function of the peak work, peak work/body 
weight, average work and total work increased 
in the post-supplementation period  at 600/ sec 
velocity (p˂0.001) (Table 2). Flexor peak torque, 
peak power, average power values were increased 
in the post-supplementation period whereas garlic 
supplementation had no effect on these parameters 

dramatic alterations in blood glucose. The subjects 
were seated on a computer controlled isokinetic 
dynamometer and with the backrest at 90° C and 
were instructed to grip the sides of the seat during 
the test and the thigh, pelvis and trunk of the subjects 
were stabilized with straps. An adjustable arm was 
attached to the leg by padded cuff just proximal to 
the lateral malleolus of the ankle and the axis rotation 
of the dynamometer arm was positioned just lateral 
to the lateral femoral epicondyle. The torque values 
were calculated and corrected for gravity by the use 
of dedicated software.  Before the isokinetic maximal 
muscle strength test, subjects performed a moderate 
warm-up of 5-8 muscle actions at 60°/sec. Following 
by the warm-up the subjects rested for 3 minutes and 
then followed a knee extensor and flexor concentric/
concentric protocol of 6 maximal repetitions at the 
angular velocity of 60 degrees and 180º/sec with 
dominant leg. Subsequently, after ten minute rest, 
subjects performed muscle fatigue test with 30 
maximal-effort concentric/concentric repetitions 
at 180°/sec angular velocity. The range of motion 
was standardized from 10 degrees to 90° C during 
the test. Two other tests were performed post-AGE 
supplementation and washout period. 

2.5 Muscle fatigue

For each subject, the highest consecutive five 
repetitions were determined by the values attained 
from the two repetitions immediately prior to, and 
following, the single highest repetition value. For 
subjects who attained their single highest repetition 
value within the first three repetitions, the first formula 
was used to calculate their F.I. Although the reliability 
of the F.I. has been questioned in previous studies 
[24,25], it was calculated to examine decreases in the 
isokinetic variables, independent of the magnitude 
of the absolute values. The fatigue index (FI) was 

Values are expressed as mean (SD), (n=6). A significant difference was found by repeated measures by ANOVA. Significant 
differences were observed between post-supplementation and washout period in experimental sessions.*P˂0.05, 
**P˂0.001. Pre-Supp:Pre-supplementation, Post-Supp: Post supplementation.

Pre-Supp
Test 1

Post-Supp
Test 2

Washout
Test 3 F P Significant 

difference 

Weight (kg) 73.86
(5.52)

73.76 
(5.68)

75.10 
( 5.85) 8.48 0.011 Test 2-3

Body Mass Index (kg/m2) 24 
(1.92)

23.98 
(1.94)

24.52 
 (1.95) 8.08 0.012 Test 2-3

Fat Percent (%) 11.18 (3.95) 12.10 
(3.70)

14.02
 (3.17) 7.80 0.013 Test1-3

Fat Mass (kg) 9.02 
(3.71)

9.70 
(3.58)

11.22
 (3.41) 13.80 0.003 Test 1-3

Fat Free Mass 64.8
(5.51)

64.1
(5.69)

63.8
(6.12) 1.44 0.290

Table 1. Effect of garlic supplementation on physical characteristics of the subjects.
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of the extensor muscle function. Moreover, peak 
torque flexion/extension ratio and peak work 
flexion/ extension ratio was altered in the post-
supplementation period (p˂0.001, Table 2). 

The angular velocity of the 180°/sec extensor and flexor 
peak work, peak work/ body weight and total work were 
significantly elevated in the post-supplementation 
period. Flexor group of muscles function parameters 
of the peak torque, peak torque/body weight, average 
peak torque, peak power and average power were 
increased by using AGE supplementation ( p˂0.001) 
whereas, the AGE supplementation had no effect on 
these parameters of the extensor muscles function 
(Table 3). Furthermore, the peak torque and work 
ratio of the flexion/extension had affected by using 
supplementation in this velocity (180º/sec, Table 3). 
Interestingly, muscles of the extensor and flexor 
fatigue properties were not significantly affected by 
AGE supplementation in this study (Table 4).

4. Discussion

The preliminary results indicate that ten days of AGE 
supplementation (5 ml/day) significantly affected 

isokinetic knee concentric-concentric extensor and 
flexor muscles contractile properties at the different 
velocity (60 and 180°/sec) in the sedentary human 
subject. This is the first study investigating the 
effects of AGE supplementation on isokinetic muscle 
contractile properties in healthy human subjects. 
Therefore, these results are novel and to the best of 
our knowledge, no data exists concerning the acute 
effect of AGE administration on isokinetic muscle 
contraction properties. In literature, the most of the 
studies reported that amino acid, protein and creatine 
supplementation modestly increase muscle strength, 
recovery and muscle fiber repair [26-28]. In addition 
different kind of herbal/botanical supplementation 
have been found to have a beneficial effect on 
muscle strength, balance and muscle function [29-
31] or had no significant effects on muscle function 
[32]. Thus, limited studies have been reported on 
anti-fatigue effect using garlic supplementation in 
animal or patients. Regarding the previous study 
Ushijima et al. [14] investigated three kinds of 
garlic preparations namely: the effect of raw garlic 
juice, heated garlic juice, dehydrated garlic powder 

Extensor muscle function
Pre-Sup
Test 1

Post-Sup
Test 2

Washout
Test 3 F P Significant 

difference
Peak torque (Nm) 212.4 (11) 201.6 (7.5) 198.8 (10.8) 3.23 0.093

Peak torque/weight (Nm/kg) 2.46 (0.83) 2.36 (0.82) 2.33 ( 0.84) 2.58 0.136
Peak torque at knee angle (0) 66.4 (1.32) 64.2 (2.22) 69.8 (0.73) 2.44 0.149

Peak torque flex/ext ratio 0.54 (0.05) 0.78 (0.04) 0.74 (0.06) 105.28 0.000 1-2,   1-3
Average peak torque (Nm) 197.8 (11.05) 181.6 (9.09) 186.2 (10.5) 2.24 0.171

Peak work (J)  182.2 (8.06)  160.6 (4.68) 157.2 ( 6.31) 18.92 0.001 1-2, 1-3
Peak work/weight (J/kg) 2.50(0.38) 2.21( 0.36) 2.13 ( 0.40) 26.42 0.000 1-2,1-3, 2-3

Average work (J) 170.5 (7.4) 149.5 ( 3.4) 146.7 (5.9) 13.36 0.003 1-2, 1-3
Total work (J) 1022 (45) 897 (20) 880 (34) 13.16 0.003 1-2

Peak work flex/ext ratio 0.69 (0.07) 0.97(0.05) 0.97 ( 0.08) 33.87 0.000 1-2, 1-3
Peak power (W) 131( 8.47) 122 (3.45) 121 ( 6.14) 2.11 0.183

Average power (W) 119.6 ( 7.7) 113.6 (15.45) 112.6 ( 6.02) 1.07 0.387
Range of motion 79.8 (0.66) 75.6 (3.20) 77.6 ( 0.77) 5.426 0.032 1-2

Flexor muscle function
Peak torque (Nm) 116.2(16.5) 158.2 (13.34) 148 (7.76) 55.93 0.002 1-2, 1-3

Peak torque/weight (Nm/kg) 2.93 ( 0.60) 2.79 (0.49) 2.70 (0.54) 3.55 0.079
Peak torque at knee angle (0) 46.6  (3.28) 35.8 (3.27) 41.4 (3.23 4.02 0.062

Average peak torque (Nm) 107 (12.9) 145(7.77) 138.6 (6.82) 3.55 0.079
Peak work (J) 125.8 (7.2) 157.8 (8.5)  153.6 (10.4) 50.5 0.000 1-2, 1-3

Peak work/weight (J/kg) 1.74  (0.40) 2.17 (0.42) 2.08  (0.44) 22.97 0.009 1-2,1-3
Average work (J) 116.4 (6.4)  147.9 (15.8) 142.7 ( 9.7) 23.13 0.009 1-2, 2-3,3-1

Total work (J) 698 (38.2) 886  (42.5) 856  (58.5) 23.94 0.008 1-2, 1-3
2-1, 3-1

Peak power (W) (81.6 ± 6.2) 114.2 (6.17) 111.8 (6.5) 33.64 0.004 1-2, 1-3
Average power (W) (74.4 ± 5.8)  104.4 (4.8) 100.6 ( 6.6) 25.45 0.007 1-2, 1-3

Values are expressed as mean (SD), (n=6). A significant increase in the post-supplementation period according to Pre-
Supp  P˂0.05, P˂0.001, analyzed by repeated measures by ANOVA. Pre-Supp: Pre-supplementation, Post-Supp: Post 
supplementation.

Table 2. Effect of garlic supplementation on knee extensor and flexor muscle function of the subjects at 60°/sec velocity.
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and AGE only significantly improved swimming 
performance by 82.3% and 90% at a dosage of 2 and 

4 ml/kg in mice [14]. Moreover, the running time of the 
mice given heated garlic juice and garlic powder did 

Extensor muscle function
Pre-Supp

Test 1
Post-Supp

Test 2
Washout

Test 3 F P Significant 
difference

Peak torque (Nm) 147.8 (12.6) 140.6 (9.38) 138.2 (6.82) 0.62 0.56
Peak torque/weight (Nm/kg) 2.02 (0.45) 1.94 (0.29) 1.88 (0.38) 0.80 0.48
Peak torque at knee angle (0) 61.8 (0.86) 67.2 (2.03) 64.6 (1.96) 2.86 0.11

Peak torque flex/ext ratio 0.60 (0.10) 0.96 8 (0.18) 0.90 (0.17) 16.19 0.002 1-2,1-3
Average peak torque (Nm) 139.4 (10.8) 129.6 (9.11) 125.4 (7.19) 2.48 0.14

Peak work (J) 132.8 (8.32) 110.4 (6.02) 108 (5.82) 7.74 0.01 1-2, 1-3
Peak work/weight (J/kg) 1.81 (0.30) 1.52 (0.27) 1.47 (0.31) 9.91 0.007 1-2,1-3

Average work (J) 124.4 (7.90) 100 (6.67) 97.5 (6.57) 10.55 0.006 1-2
Total work (J) 746.8(47.55) 599.2(40.18) 584.8 (39.5) 10.50 0.006 1-2

Peak work flex/ext ratio 0.64 (0.13) 1.10 (0.25) 1.12 (0.22) 28.01 0.000 1-2,-3
Peak power (W) 227.2 (0.38) 205 (19.4) 200 (19) 2.56 0.138

Average power (W) 211.4(16.07) 182.4 (10.4) 174.6 (9.7) 5.43 0.032
Range of motion 80.6 (0.24) 78.4 (0.50) 80 (1.00) 3.59 0.077

Flexor muscle function
Peak torque (Nm) 90 (4.42) 133.8 (17.5) 124.4 (7.94) 40.72 0.000 1-2,1-3, 2-3

Peak torque/weight (Nm/kg) 1.29 (0.21) 1.83 (0.33) 1.67 (0.27) 34.67 0.000 1-2, 1-3, 2-3
Peak torque at knee angle (0) 32 (5.52) 27.6 (2.87) 36.8 (9.33) 1.44 0.291

Average peak torque (Nm) 80 (5.20) 117.60 (5.14) 111 (6.27) 32.40 0.002 1-2,1-3, 3-1
Peak work (J) 90 (5.85) 119.6 (17.25) 119.6 (6.32) 63.94 0.000 1-2, 1-3

Peak work/weight (J/kg) 1.30 (0.25) 1.66 (0.40) 1.62 (0.35) 11.75 0.004 2-3
Average work (J) 124.4 (7.90) 100 (6.67) 97.58 (6.57) 29.92 0.002 1-2, 1-3

Total work (J) 463.8 (33.23) 639 .8 (39.4) 646 (29.68) 28.74 0.000 1-2, 1-3
Peak power (W) 139.6 (8.47) 217 (15.6) 211 (13.63) 44.33 0.000 1-2, 1-3

Average power (W) 118.6 (8.76) 188.2 (11.89) 180 (13.48) 37.60 0.000 1-2, 1-3

Values are expressed as mean (SD) (n=6). A significant increase in the post-supplementation period according to Pre-
Supp P˂0.05, P˂0.001, analyzed by repeated measures by ANOVA. Pre-Supp:Pre-supplementation, Post-Supp: Post 
supplementation.

Table 3. Effect of garlic supplementation on knee extensor and flexor muscle function of the subjects at 180º/sec velocity.

180°/san
Extensor muscle function

Pre-Supp Post-Supp Washout

Eq.1
Peak torque (Nm) 36.98 (14.56) 30.32 (21.52) 40.86 (10.39)
Peak power (W) 50.06 (12.94) 48.51 (13.44) 52.11 (6.95)

Eq.2
Peak torque (Nm) 38.54 (14.22) 39.17 (12.69) 42.29 (9.76)
Peak power (W) 50.29 (12.71) 48.51 (13.44) 52.37 (6.66)

Flexor muscle function
Eq.1

Peak torque (Nm) 25.02 (4.92) 22.84 (5.95) 23.20 (3.40)
Peak power (W) 35.40 (4.63) 33.67 (5.90) 31.92 (3.32)

Eq.2
Peak torque (Nm) 24.83 (4.17) 22.54 (5.96) 22.99 (2.79)
Peak power (W) 35.41 (2.93) 34.16 (5.60) 32.72 (3.13)

Values are expressed as mean (SD) (n=6). No significant differences were observed between pre-supplementation and  
post-supplementation or washout period in experimental sessions. P˃ 0.05 Pre-Supp:Pre-supplementation, Post-Supp: 
Post supplementation.

Table 4. Effect of garlic supplementation on knee extension and flexion fatigue index values [percent decline, mean (SD) 
for peak torque, work, and power for subjects across 30 maximal effort isokinetic contractions, using Eq.1: (%=100-[last 5 
repetitions/first five repetitions x100%, and Eq. 2 (%=100 – [last 5 repetitions/highestconsecutive five repetitions)·100%]).
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not significantly improve, however AGE significantly 
improved the running time from 929 s to 1611 s [14].

Verma et. al have reported the effects of garlic 
oil supplementation for six weeks on cardiac 
performance and exercise tolerance in 30 patients 
with coronary artery disease [15]. After the baseline 
treadmill stress test, the subjects consumed AGE for 
6 weeks, after which the treadmill stress tests were 
repeated. AGE significantly reduced the heart rate 
at peak exercise, and the work load of the heart, 
was improved after exercise when compared to the 
baseline test values. Exercise tolerance was also 
improved by approximately 1.24 min after 6 week 
garlic oil supplementation. 

Ushijima’s study suggested that AGE prevents acute 
physical fatigue and various types of damage during 
moderate exercise, thus improving lifestyle-related 
problems and enhancing physical strength. Evidently, 
our present study showed that AGE administration 
enhanced the isokinetic muscle strength; it specifically 
affected concentric extensor and flexor work 
properties. However, we did not found any favourable 
or unfavourable effect on muscle fatigue index. This 
was an unexpected result, because most of the 
studies have indicated that AGE increases exercise 
tolerance with physiological and psychological anti-
fatigue effects. In particular, Morihara et al. [19] study 
reported that the AGE administered to rats 30 min 
before exercise, Succinate dehydrogenase (SDH) 
activity and superoxide dismutase (SOD) activity, 
nitric oxide (NO) metabolites in the gastrocnemius 
and soleus muscles, and lactic acid concentration in 
plasma were up regulated as biomarkers of physical 
fatigue [19]. SDH activity was enhanced 2-4-fold by 
repeated endurance exercise in comparison with 
untrained rats, and AGE further up-regulated SDH 
activity by 40%. Moreover, the SOD activity was 
increased 5-fold. Levels of NO levels were slightly 
decreased, whereas AGE enhanced NO levels about 
2-fold [19] moreover, lactic acid concentration was 
similar in both groups. These results indicate that 
AGE may facilitate the modulation of aerobic glucose 
metabolism, reduce oxidative stress, and support 
oxygen supply based on vasodilatation, suggesting 
that AGE improves the various damages associated 
with physical fatigue. To clarify the mechanism 
underlying the anti-fatigue effect and active 
component of AGE, further studies are warranted in 
human subjects. 

Speculatively, during acute exercise, energy 
is produced either aerobically or anaerobically 
depending on the intensity of the exercise, its 
load or muscle contractile type (concentric, 
eccentric and concentric/eccentric). With regard 
to supplementation, nutrients such as glucose and 
protein that cause an insulin response [33] these can 
directly activate mTOR through PI3K-Akt signalling 
[34]. Furthermore, AGE improves skeletal muscle 
oxidative enzyme activity and promotes oxygen 
supply via NO production [19], indicating that AGE 
contributes to the enhancement of physical strength. 
This may suggest that AGE stimulates energy 
metabolism, although the mechanism is not yet 
understood. An unexpected finding of the present 

study was that fat mass significantly increased during 
the experimental period and the reasons for this need 
to be investigated. We correlated muscle strength 
and body weight, and these did not influence the 
muscles parameters measured.

5. Conclusion

The present findings indicate that AGE 
supplementation increases the knee isokinetic 
muscle flexor and extensor contractile properties in 
different velocity. In addition, AGE enhanced muscle 
work properties in both flexor and extensor muscle 
group than the torque values, and it had more 
favourable effect on flexor muscles group than the 
extensor group in both velocity in untrained healthy 
human knee.  Limitations to the present study 
include: 1) daily nutrition level and metabolism was 
not followed and may have had a significant effect on 
the muscle strength values.
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