
132 Rev Bras Med Esporte – Vol. 17, No 2 – Mar/Abr, 2011

Recovery Oxygen Uptake in Response to Two 

Resistance Training Sessions at Different Intensities

Ana Paula Viola de Almeida1 
Marcelo Coertjens2 
Eduardo Lusa Cadore1 
Jean Marcel Geremia1 
Adriano Eduardo Lima da Silva3 
Luiz Fernando Martins Kruel1

1. Laboratory of Exercise Research, 
Physical Education College, Federla 
University of Rio Grande do Sul – 
Porto Alegre, RS.
2. Laboratory of Human and Animal 
Physiology, Reis Velloso Minister 
Campus, Federal Univeristy of Piauí 
– Parnaíba, PI.
3. Laboratory of Physical Fitness, 
Performance and Health, Federal 
University of Alagoas – Maceió, AL.

Mailing Address:
Rua Felizardo, 750 – sala, 208 – 
90690-200 – Jardim Botânico. 
Laboratório de Pesquisa do 
Exercício, EsEF, UFRGS
E-mail: apviola@gmail.com

ABSTRACT
The purpose of the present study was to compare the oxygen uptake ( O2) behavior in response 

to a resistance exercise (RE) session with aim of hypertrophy (HP) with another session with aim of 
local muscular endurance (LME). Nine young men (23.1± 2.1 years) voluntarily participated in the 
present study. Dynamic muscle strength was measured with one repetition maximum test (1RM). O 

O2 was collected at rest and ten minutes after exercise with a gas analyzer (CPX/D). The RE protocols 
were composed of one upper body exercise (bench press) and one lower body exercise (squat) with 
the execution of 3 sets of 6-8 maximum repetitions (RM) with 80% of 1RM in HP session and 3 sets 
of 15-20 RM with 55% of 1 RM in LME session. Exercise post oxygen consumption (EPOC), energy 
cost (EC) and time constant (TC) of O2 were analyzed. The results showed that both RE sessions 
provoked significant elevated O2 after RE in comparison to rest values. There were no differences 
between groups in the EPOC (l) (HP: 2.21 ± 0.54 vs. LME: 2.60 ± 0.44), EC (Kcal) (HP: 10.36 ± 2.53 vs 
LME: 12.18 ± 2.04) and TC of O2 (s) (HP: 56 ± 7 vs. LME: 57 ± 6) (p>0.05). These results demonstrated 
that a RE session with the aim of LME gain is capable of causing similar metabolic impact to the RE 
session with HP aim, even if it is performed at lower intensity concerning maximal load.
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INTRODUCTION
Oxygen consumption ( O2) is a valid and widely used physiological parameter in the investiga-

tion of the post-exercise metabolism, where excessive oxygen consumption after exercise is named 
EPOC (excess post-exercise oxygen consumption). High O2 after physical exercise performance is 
derived from all factors responsible for the alteration of the mitochondrial respiration. The alterations 
in the ADP, ATP, Pi and CP concentrations are the direct factors, while the indirect factors are the 
catecholamines, tiroxine, glucocorticoids, fatty acids, calcium ions and body temperature(1).

Many investigations about the EPOC response to strength exercises have been carried out(2-6), 
and intensity is the most manipulated variable in these studies, in which the high intensity sessions 
demonstrate higher EPOC response(6). Most part of the investigations performed about this topic 
chose to control toning, that is to say, to vary intensity and volume between sessions with no al-
teration in total muscular work (load x nº of repetitions)(4,7,8). In a study by Thornton and Potteiger(4), 
comparing two sessions of same work and different intensities, it was demonstrated that high 
intensity session caused higher EPOC compared to the low  intensity one. In a study conducted by 
Olds and Abernathy(8), differences in the EPOC responses between high and low intensity sessions 
have not been found. However, these authors used too close intensities relative to maximum load 
intensities, which may have influenced in the similarity of EPOC at the different intensities. Further 
studies which compared resistance exercise sessions (RE) and aerobic exercises (AE), found higher 
EPOC values for the RE sessions compared to the AE sessions (9,10). Thus, RE seems to represent higher 
intensity compared to continuous aerobic exercises, causing more severe homeostatic disorders to 
the recovery metabolism. 

Manipulation of acute variables of the resistance training such as volume, intensity and recovery 
interval, causes different neuromuscular responses. Therefore, higher intensities concerned with 
maximum strength and low number of repetitions cause greater adaptations in maximum strength 
and muscular hypertrophy (HP) while low intensity training with high number of repetitions results 
in greater gain of local muscular endurance (LME)(11). It is also widely described that, in resistance 
training, the greater the stimuli (specific for each aim), the higher the adaptations will be. Thus, many 
authors are for the work at maximum repetitions (RM), which comprehend the performance of the 
highest number of repetitions as possible at the proposed intensity. This methodology proposes 
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that physical capacity being it maximum strength, power or LME, 
should be always worked at 100% of the physiological intensity, 
for stimuli optimization (11,12). 

Although some studies have investigated EPOC after resis-
tance exercise (RE) sessions, few of them were performed with 
the aim to compare RE sessions with different aims (e.g. hyper-
trophy, local muscular endurance),performed with maximum 
repetitions for each intensity concerned with maximum load. In 
the studies which compared the effect of different RE sessions 
in EPOC(4,8,9),  the training session intensity and volume used 
by these authors was lower than the values recommended to 
reach aims such as LME increase and HP, which makes the prac-
tical application of these sessions limited. Thus, the aim of the 
present study was to compare the O2 physiological responses 
and energetic cost after performance of two resistance exercise 
sessions with different aims, namely muscular hypertrophy and 
local muscular endurance, using maximum repetitions within 
the intensity interval specific for these adaptations.

MATERIALS AND METHODS

Experimental Outlining 

Each individual visited the Physical Education School (EsEF) 
of the Federal University of Rio Grande do Sul (UFRGS) in three 
different occasions for data collections. During the first visit, 
the anthropometric characteristics were measured and the 
maximum dynamic muscular strength tests performed in two 
exercises (bench press and squat). In the two following visits 
the experimental sessions of resistance exercise were randomly 
performed with different aims: muscular hypertrophy (HP) and 
local muscular endurance (LME). Session order was random and 
all individuals performed the tests between 8 and 11 o’clock in 
the morning. A minimum interval of five days was respected 
between each visit.

Sample 

The study sample was composed of nine healthy men. The 
characterization variables are presented in table 1. The individu-
als participants in the study were familiarized with the resistance 
exercise (RE) used in this study, but had not been engaged in 
any kind of resistance training for at least six months. The exclu-
sion criteria of the sample were: neuromuscular injury history, 
cardiorespiratory diseases, metabolic and/or of the endocrine 
system disorders, chronic medication administration or at seven 
days from the data collection and, finally, any other infectious 
and/or inflammatory episode. All individuals signed the Free and 
Clarified Consent Form and the present study was approved by 
the Committee of Ethics in Research of the Federal University of 
Rio Grande do Sul.

Anthropometric Measurements

Body mass and stature were measured with an analogical 
scale and a stadiometer (resolution of 0.1kg and 1mm, respec-
tively), both by ASIMED. Body density (BD) was estimated us-
ing the skinfold protocols proposed by Jackson and Pollock(13). 
Subsequently, body composition was estimated with Siri apud 
Heyward and Stolarczyk formula(14).

Dynamic Muscular Strength 

Dynamic muscular strength (kg) was determined with the 
one repetition maximum test (1RM) in the bench press and squat 
with free weight exercises. The procedures adopted for the test 
included five-minute general warm-up and specific warm-up. 
After each trial, the load value was redimensioned until the sub-
jects were apt to perform only one repetition whose value was 
determined in the maximum of five trials. Interval between trials 
was of 4min, and performance velocity was of 2s for each phase 
(concentric and eccentric).

Resistance training sessions 

As soon as the subjects arrived for the tests, they were posi-
tioned at dorsal decubitus and remained at rest for 10 minutes. 
They later seated and were equipped with a heart rate monitor 
and mask for gas collection attached to the gas analyzer (Medical 
Graphics, model CPX/D), remaining like this for extra five minutes. 
When the period of variables collection at rest ended, the indi-
viduals performed a set of 15 repetitions of warm-up to bench 
press and squat using a 10-kg barbell, starting immediately after 
the experimental session. During both sessions (LME and HP), all 
individuals performed first the bench press then squat. The exer-
cises intensity was calculated from the 1RM values. The RE session 
was composed of three sets of each pair of exercises (bench 
press and squat), performed in alternation and with no interval 
between exercises and with one-minute interval between sets. 
The HP session comprehended performance of 6-8RM at 80% 
of 1RM intensity while the LME session comprehended perfor-
mance of 15-20RM at 55% of 1RM intensity. During the exercises 
performance verbal encouragement was given to guarantee that 
all subjects performed the maximum repetitions within the set 
intervals. Immediately after the last exercise of the last set had 
been performed, the individual remained seated on a chair at 
rest during 10 minutes, and the data of the recovery period were 
then collected. The oxygen uptake ( O2), carbonic gas produc-
tion (CO2), ventilation (VE) and heart rate (HR) were continuously 
collected during the experimental sessions.

Determination of the time constant 

In order to evaluate the kinetics of the O2  recovery after re-
sistance exercise performance, 1s interpolation was performed in 
the O2.breath-by-breath data. Subsequently, a five-point moving 
mean was performed. The O2 exponentially decreased after the 
end of the exercise. Thus, the O2 time constant was determined 
by the adjustment of a monoexponential curve (15). The general 
shape of this equation can be described as O2 (t) = O2 base + 
Δ O2 (e –t/τ – 1), where O2 (t) is the O2 in a t time, O2 base 
is the rest O2, Δ O2 is the response amplitude during recovery 
and τ is the time constant (TC). The TC was derived by non-linear 
regression using minimum squares through a computer program 
(Origin for Windows, Microcal Software, Inc., 2000). Determination 

Table 1. Anthropometric characteristics of the sample (mean ± SD). 

Characteristics Mean ± SD

Age (years) 23.1 ± 2.1

Stature (cm) 173.4 ± 7.5

Mass (kg) 70.9 ± 5.2

% fat 16.9 ± 3.5

% lean mass 83.1 ± 3.7

*Indicates significant differences between HP and LME.
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Figure 1. Oxygen consumption ( O2 ml/min) during 10min of recovery after trai-
ning session for hypertrophy (HP) and local muscular endurance (LME). Rest values 
(RP) collected before the performance of each experimental session (REP_HP and 
REP_LME), are in evidence.

coefficient (r2) and standard error (se) values were used as param-
eters to evaluate the monoexponential curve adjustment to the 
recovery O2 data. 

EPOC determination
The EPOC was determined through the calculation of the 

adjustment area of the monoexponential curve obtained from 
the recovery O2 data plotted against the time. The rest O2 
values were used as base line of the calculation of the area and 
were calculated by the O2 mean obtained in the last three 
minutes of rest.

Energetic cost determination 

The recovery energetic cost was calculated based on respira-
tory exchange rate (RER) values higher than 1, since these values 
were observed in all individuals during the entire recovery period 
of the two experimental sessions (HP and LME). According to 
Scott(16-18), a RER > 1 during the recovery period indicates high 
rate of blood lactate oxidation, being necessary hence the use 
of 4.686kcal as calculation parameter of the energetic cost for 
each liter of oxygen consumed.

Statistical procedures 

Descriptive statistics was performed for all variables (mean ± 
SD). T test for dependent sample was used for the comparisons 
between the different exercise sessions. Pearson linear correlation 
product moment tests were performed with the aim to verify 
associations between variables. The significance level adopted 
was of p ≤ 0.05. All tests were performed in the SPSS, version 
11.0 statistical program.

RESULTS
In our study, significant difference has not been found in the 

rest O2 values in the pre-exercise situations between the two 
sessions (p = 0.96), indicating hence that the individuals left from 
a similar metabolic condition in both experimental sessions (316 
± 36ml/min for HP and 317 ± 37ml/min for LME). Exercise time 
was significantly higher for the LME session compared to the HP 
session (p < 0.001), the same fact occurring to the toning, where 
the LME values were significantly higher (p < 0.001) (table 2).

Recovery period 

The O2 data processing collected during recovery presented 
mean determination coefficient for an exponential function of 
0.93 ± 0.02 for the HP session and 0.95 ± 0.03 for the LME session. 
The mean standard error of theses curves was of 1.28 ± 0.35 for 
HP and 1.05 ± 0.29 for LME. Significant differences have not been 
found in the EPOC values (figure 1) and EC in the 10 minutes 

of recovery after the different RE sessions. Concerning the O2  
behavior kinetics variables in the recovery period, significant dif-
ferences have not been found either between the TC values for 
the HP and LME sessions. However, differences between the 
O2 means evaluated in the last minute of recovery with the rest 

O2 values, both for the HP session (p = 0.01) and for the LME 
session (p = 0.001)were found . At the end of the recovery period 
it was observed that all individuals, regardless of the experimental 
session, presented respiratory exchange ratio (ERE) higher than 
1.0 at the end of the 10 minutes of recovery (figure 2).

Table 2. Time of exercise (min), tonnage (kg x repetitions) and tonnage by time ratio 
(TON/MIN) of the resistance exercise sessions with emphasis on hypertrophy (HP), 
local muscular endurance (LME) and total (HP + LME). 

Characteristics HP session LME session P

Time of exercise 3:58 ± 0:34 5:50 ± 0:33 <0.001*

Bench press tonnage 1.112 ± 265.3 1.928.3 ± 359.9 <0.001*

Squat tonnage 2.016.6 ± 244.9 3.600 ± 389.7 <0.001*

Total tonnage 3.128.6 ± 434.5 5.555 ± 617.3 <0.001*

TON/MIN 787.3 ± 158.3 947 ± 130.5 <0.008*

HP   
LME   
REP_ HP      
REP_ LME

Time (s)

Figure 2. Resiratory exchange  rate RERR) during 10min of recovery, after hypertrophy 
training session (HP) and local muscular endurance session (LME).

Time (s)

HP     
LME

The total toning, exercise time and TON/MIN variables dem-
onstrated low correlations with the TC, EPOC, EC and O2_10min, 
with significance level of p > 0.05 for all of them, indicating that 
increase in the total work or exercise time did not necessarily 
cause increase in the TC, EPOC, EC and O2_10min of recovery 
values. The highest correlation value found for total tonnage was 
of r = 0.66 (TC of LME), for exercise time was of  r = 0.61 (TC of 
LME) and for TON/MIN was of  r = –0.59 ( O2_10min of HP). 

DISCUSSION
The main results of this study were the high EPOC and EC 

values compared to the rest levels, both in response to the RE 
training of LME and HP session, not demonstrating significant 
differences between these values. Such fact reveals that the RE 
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observed in the EPOC between the high intensity session (12 
repetitions at 75% of 1RM) and low intensity session (15 repeti-
tions at 60% of 1RM). The absence of differences in the EPOC 
values could be attributed to the small difference between the 
intensities and number of repetitions of the sessions. Following 
the same proposal of the authors above, Thornton and Pottei-
ger(4), comparing a high intensity set (2 x 8 at 85% of  8RM) with 
a low intensity set (2 x 15 at 45% of 8RM) with equal total work, 
found out results which point to significantly higher EPOC values 
in response to the high intensity session. Elliot et al.(9) compared 
the EPOC in response to three distinct exercise sessions, one high 
RE session (3 x 8RM at 80% of 1RM), and low intensity session (4 x 
15 repetitions at 50% of 1RM), besides one session of continuous 
exercise in bicycle (27min at 45% of O2max). Despite not control-
ling the total work volume in the continuous aerobic exercise, 
Elliot et al.(9) demonstrated that the session with higher total work 
resulted in higher EPOC, in this case, the high intensity session.

The main similarity of the studies mentioned above (4,8,9) is that 
all of them performed the low intensity session (e.g. LME) in an 
underestimated way, that is to say, the volume and intensity stimuli 
were lower than the ones indicated for gain in LME(13,20). Thornton 
and Potteiger(4) performed the low intensity session (LME) at 45% 
of 8RMs, which equals to approximately 35% of 1RM, a value below 
recommendation (11). Elliot et al.(9), despite working at 50% of  1RM, 
a suitable intensity for LME gain, limited the number of repetitions 
in 15, not following the proposal previously suggested of maxi-
mum repetitions (11,13). Possibly, the underestimated volume may 
have caused the EPOC values always lower for the LME situation.

In the study by Thornton and Potteiger(4), the differences 
verified in the EPOC total value between the two RE intensi-
ties were attributed to the fast phase of the recovery curve. The 
authors verified that, regardless of the performed intensity, the 

O2 values became similar to the pre-exercise values after 5min 
of recovery. Therefore, despite having performed a an evaluation 
fairly long of the recovery period (50min), the contribution of 
the fast phase on the total EPOC behavior was significant, since 
significant differences have been found between the EPOC of the 
two intensities. Thus, the authors believe that, among the main 
physiological aspects involved with the O2 behavior during re-
covery, the factors involved with the alactic metabolism provided 
the differences verified between the resistance training sessions. 
However, the same conclusions cannot be applied to the pres-
ent study. Although the contribution of the fast phase is equally 
important in the determination of the EPOC total value in the 
present study, it is not possible to state that the alactic factors had 
greater contribution in the EPOC response during recovery, since 
the total recovery period evaluated was of 10 minutes. This fact 
may have contributed to the increase of the importance of the 
fast phase in the EPOC calculation. In our study, the O2 values 
during the slow phase of recovery remained significantly high for 
longer than the values of the slow phase of O2 observed in the 
studies by Thornton and Potteiger(4) both concerning the high 
intensity session and ( O2REP: 316.6 ± 36.8l x O2_10min:361.3 
± 36.4ml*min-1, p = 0.01) and the low intensity session ( O2REP: 
317 ± 37.1l x O2_10min:384 ± 35lml*min-1, p = 0.01). It means 
that the importance of the slow phase of the O2 recovery curve 
in our study was higher than those observed by the authors in 
the 10 initial min of recovery.

Table 3. Post-exercise responses of the time constant of O2 (s), EPOC (l), energetic 
cost (kcal) and O2 mean variables in the last minute of recovery ( O2_10min: ml/
min) assessed during 10 minutes of recovery and rest O2  (O2REP: ml/min) values 
for the hypertrophy (HP) and local muscular endurance sessions (LME).

Variable HP session LME session p

TC 56.37 ± 7.56 57.73 ± 6.87 0.64

EPOC 2.21 ± 0.54 2.60 ± 0.44 0.14

EC 10.36 ± 2.53 12.18 ± 2.04 0.14

VO2_10min 361.3 ± 36.4a 384 ± 35a 0.15

VO2REP 316.6 ± 36.8b 317.4 ± 37.1b 0.39
Different letters mean statistically significant differences (p ≤ 0.01).

sessions were able to cause in the same way important metabolic 
disorders, and needed to consume during the recovery period 
energy amount higher than the rest levels to reestablish the 
metabolism homeostasis.

EPOC is influenced by all the factors responsible for the altera-
tion of the mitochondrial respiration, since the mitochondrium 
represents the site of oxygen consumption in the cell (1). However, 
the CP resynthesis kinetics as well as the intramitochondrial levels 
of ADP are the ones which present higher relation with the EPOC 
curve(19). Many processes occur in the recovery period due to the 
wearing caused by exercise, and are responsible for great part of 
the alterations mentioned above, the more relevant being the 
reestablishment of the muscular ATP and CP supplies, the re-
placement of the hemo and myoglobinular oxygen supplies, the 
decrease of the sodium-potassium bomb activity and ion redis-
tribution, blood lactate oxidation and glycogen resynthesis (4,10).

The literature shows that the intensity plays greater influ-
ence on the EPOC among the factors related to exercise. In a 
study by Poehlman(7), it was demonstrated in aerobic exercise 
that the higher the exercise intensity, the higher the EPOC re-
sponse. Treuth et al.(3) demonstrated that 22% more of energy are 
necessary to perform the same amount of work in high intensity 
bicycle than in low intensity, even if the time of performance is 
higher for the low intensity. In another study, Burleson et al.(10) 
demonstrated that increase in the exercise duration result in 
linear increase of recovery EC, while increase in intensity causes 
exponential increase of this variable.

As previously mentioned, it is a consensus in the literature 
to classify the RE session with LME aim of low intensity, since it 
comprehends performance of a large number of repetitions at 
low percentage of maximum load; on the other hand, sessions 
with aim of HP are composed of low number of repetitions and 
high percentage of maximum load, considered hence, of high 
intensity (12,20). Therefore, the LME session of the present study is 
classified as low intensity while the HP session represents high 
intensity. Despite having been of different intensities, the EPOC 
and EC values in the period of 10 minutes of recovery were similar 
for both protocols. Additionally, the TC values in response to the 
high intensity session in comparison to the low intensity session 
were similar, and significant differences were not found in the rate 
of O2 decrease in the EPOC curves. Moreover, the adjustment of 
the curve for recovery O2 data presented mean determination 
coefficient (r2) similar for the two situations, which supports even 
more the Idea that the two sessions cause similar effects in the 
recovery O2  behavior.

In studies by Olds and Abernathy(8) using sets of different 
intensities, but of same tonnage, no significant differences were 
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The existing differences in the slow phase between the two 
types of RE could provide differences in the total EPOC calcula-
tion. A datum which suggests a possible existence of differences 
in the EPOC values, in case the slow phase was evaluated for 
longer time, is the similarity of the recovery O2 kinetics. The 
HP and LME sessions presented the same decline rate of O2 
(56.4 ± 7.6 vs. 57.7 ± 6.9s, respectively) in the first seconds of 
recovery, which is against the results by Thornton and Potteiger(4), 
who suggested that the difference between he EPOC of the RE 
sessions was the O2 behavior in the fast phase, which suggests 
that, a possible difference in the EPOC between the RE sessions 
in a longer collection, such results would be attributed to the 
existing differences of O2 in the slow phase.

Another aspect which makes the importance of the alactic 
components in the O2 response relative during recovery is the 
respiratory exchange rate (RER) response. In the present study, 
these values remained higher than 1.0 during the 10 minutes of 
recovery. This factor indicates greater participation of the lactic 
metabolism during the exercise performance, since the high lev-
els of blood lactate produced increase in the expired carbonic gas 
(CO2) volume during recovery as a way of normalizing the acid-
base balance. Although we have not performed a comparison 
test, the RER behavior seems to present similar behavior during 
recovery of the two RE sessions. This aspect suggests that the 
levels of blood lactate during recovery of the two RE sessions 
could not present important differences, despite the differences 
in intensity between sessions. The lactate oxidation after exercise 
is responsible for remarkable increase of recovery O2, greatly 
influencing on the EPOC magnitude (1). It is widely reported in 
the literature that both LME and HP sessions are responsible for 
the production of great amount of lactate (20,21). Therefore, the 
high values of respiratory exchange rate persistent at the end of 

the 10 recovery minutes of both sessions suggest presence of 
high concentrations of lactate in the end of the exercise. Thus, it 
could have influenced on the similar EPOC of the two protocols 
of this investigation.

The data of the present study present a medium recovery EC, 
for a period of only 10min, of 10.3kcal (±2.5kcal) after the HP ses-
sion and time of exercise of 3:58 ± 0:34min and 12.2kcal (±2.0kcal) 
after the LME session with exercise time of 5:50 ± 0:33min, with 
no significant difference between the EC of the two sessions (p 
= 0.14). Considering that the physiological disorder of an exer-
cise time of approximately 5min (0.35% of 24 hours) was able 
to cause recovery EC of 12kcal in only 10min, these values seem 
“substantial” and of considerable impact in the energetic balance 
of the subjects, considering that in a monthly periodization of 
three sessions this recovery EC would sum 144kcal, value close 
to that of a RE session in circuit recommended to decrease of fat 
mass (losing weight) which is in mean 130.6kcal (±34.5kcal)(22). 

FINAL CONSIDERATIONS
In conclusion, the HP and LME sessions produced similar 

EPOC, recovery EC and TC responses in young adult men un-
trained in RE. These results call attention that a resistance exercise 
session with aim of LME, considered low intensity, when per-
formed at 100% of physical capacity (performance of RM in each 
set) can result in the same magnitude of response of metabolic 
parameters of a session considered high intensity. This fact ques-
tions the validity of prescription of resistance exercise intensity by 
the 1RM percentage concerning the metabolic variables which 
should be observed during recovery. 

All authors have declared there is not any potential conflict 
on interests concerning this article.
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