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ABSTRACT

The purpose of this study was to investigate the effect of physical conditioning on the rate of blood lactate disappear-
ance during recovery from supramaximal exercise. The rate of blood lactate disappearance was determined in 11 female
and 4 male subjects before and after a 6-week conditioning programme. Blood samples were taken during the 30
minutes following supramaximal exercise during both passive (resting) and active recoveries. Pre-test active recovery was
performed at 25% V02 max; post-test active recovery was performed at both the same absolute and relative intensities
(% V02 max) as during the pre-test. Eight of the subjects trained 4 days/week for 6 weeks with high-intensity interval
bicycle ergometer exercise, and 7 subjects served as controls. The conditioning programme significantly (p < .05)
increased V02 max by 6.7 ml/kg.min (15%) and work capacity on the cycle ergometer by 2.8 minutes (27%). Physical
conditioning did not affect significantly (p > .05) the rate of blood lactate disappearance measured during passive
recovery or during active recovery at the same absolute intensity, but increased significantly (p < .05) the rate of blood
lactate disappearance during active recovery performed at the same relative exercise intensity. The increased disappear-
ance rate following conditioning was attributed to the higher absolute intensity of recovery work performed.
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INTRODUCTION
During resting recovery from strenuous exercise, the
disappearance of blood lactate is known to be a logarith-
mic function of time with a half-time of approximately
15 minutes (Margaria et al, 1933; Newman et al, 1937).
The rate of blood lactate disappearance is increased if
light aerobic exercise is performed during the recovery
period (Belcastro and Bonen, 1975; Bonen and
Belcastro, 1976; Davies et al, 1970; Gisolfi et al, 1966;
Hermansen and Stensvold, 1972; Newman et al, 1937;
Rammal and Strom, 1949; Stamford et al, 1978;
Stamford et al, 1981; Weltman et al, 1977; Weltman et
al, 1979). The rate of blood lactate disappearance is
related to the intensity of the recovery exercise with
optimal removal occurring between approximately
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25% and 65% of V02 max for bicycle ergometer and
treadmill exercise (Belcastro and Bonen, 1975; Davies
et al, 1970; Hermansen and Stensvold, 1972).

A number of investigators have suggested that differ-
ences among individuals in the rate of blood lactate
disappearance during active recovery may be related to
their level of physical condition. Strom (1949) noticed
that blood lactate disappearance following strenuous
exercise increased as recovery exercise intensity was
increased up to a certain intensity, which was higher in
well-trained subjects than in untrained subjects. Gisolfi,
et al (1966) found a higher rate of blood lactate
disappearance following a bout of exhaustive treadmill
running in a distance runner than by a sprinter, and
hypothesised that the greater lactate disappearance by
the distance runner may have been due to his higher
level of physical condition and to his ability to carry out
a higher rate of recovery work. Davies et al (1970)
reported a considerably greater rate of blood lactate
disappearance following a heavy bout of cycle ergometer
exercise in one subject with a high V02 max compared
with three other subjects who had much lower V02
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max values. These researchers hypothesised that the
difference was due to the fitness level of the subjects.
In comparing two of their studies, Bonen and Belcastro
(1976) noted that rates of blood lactate disappearance
during active recovery from strenuous exercise, per-
formed at similar intensities, were significantly higher
in a study having trained subjects compared with the
other study in which subjects were less well-trained.

Although the studies cited above have suggested that
the level of physical condition may influence the rate of
blood lactate disappearance, no previous investigation
has directly studied this problem. Therefore, the purpose
of this study was to investigate the effect of physical
conditioning on the rate of blood lactate disappearance
during active and passive recovery from strenuous
exercise.

METHODS
Subjects The subjects were 11 women and 4 men
enrolled at the University of Georgia. Most were
graduate students in physical education who were in
moderately good physical condition. The mean (± SD)
physical characteristics for the men and women,
respectively, were: age, d 27.3 ± 3.2 and 9 27.4 ± 3.4
years; height, d 182.9 ± 5.4 and 166.7 ± 4.9 cm;
and weight, d 74.8 ± 3.4 and 9 58.6 ± 8.6 kg. All
subjects were given a detailed description of the experi-
ment and procedures to be used and gave written
informed consent.

Research design. Subjects were assigned randomly
to either a control or exercise group. The control group
consisted of six women and one man and the exercise
group consisted of five women and three men. Subjects
in the exercise group trained four days/week for six
weeks on a Monark cycle ergometer. Workouts included
six exercise bouts of four minutes duration, using a work
rate estimated to elicit 85% V02 max. Each week V02

max was reassessed and utilised to adjust the exercise
intensity to account for increases in aerobic capacity.
The control group did not engage in any systematic
endurance training during this time. Maximal oxygen
uptake, physical work capacity, and the rate of blood
lactate disappearance during passive and active recovery
from strenuous exercise were assessed in all subjects
prior to and immediately following the conditioning
programme.

Work capacity test. A continuous, load-incremented
cycle ergometer test was utilised to assess maximal
oxygen uptake and physical work capacity. The test
began with a work rate of 60 watts for women and 120
watts for men. After each 2-minute interval, the work
rate was increased by 30 watts. Pedal rate was main-
tained at 60 rev/min throughout the test. The subject
continued until exhausted as determined by the inability
to maintain the pedal rate. The criteria for attaining

V02 max was an increase in V02 of less than 150
ml/min between workloads, or a blood lactate concen-
tration greater than 10 mmol/l and an R > 1.1. The dur-
ation of the test was used as a measure of physical work
capacity.

Metabolic measurements were made every 30 seconds
during the test using the semi-automated system
described by Wilmore and Costill (1974). The volume of
expired air was measured using a Parkinson-Cowan CD-4
dry gas meter. Percentages of oxygen and carbon dioxide
in the expired gas were determined using Beckman
OM-1 1 and LB-2 electronic gas analysers, calibrated
prior to each test with gases previously analysed using
the Lloyd-Gallenkamp apparatus. Heart rate was deter-
mined from electrocardiogram recordings obtained
during the last 10 seconds of each minute of the test.
A blood sample was taken 3 minutes after the test for
blood lactate determination.

Blood lactate disappearance. To determine the rate
of blood lactate disappearance, subjects performed a
supramaximal bout of cycle ergometer exercise. Subjects
pedalled until exhaustion at 70 rev/min at a load esti-
mated to elicit 110% of V02 max. For 30 minutes
following the exercise at the pre-test, subjects either sat
in a chair (passive recovery) or continued to work at
25% of V02 max (active recovery). At the post-test,
subjects performed passive recovery and two active
recovery conditions consisting of work at 25% of
pre-test V02 max (same absolute work rate) and 25%
post-test V02 max (same relative work rate). The 25%
V02 max intensity was utilised for active recovery
because it is at the low end of the range of intensities
identified previously as optimal for promoting lactate
disappearance during bicycle exercise (Belcastro and
Bonen, 1975; Davies et al, 1970) and unlikely to result
in an elevation in baseline blood lactate levels that would
affect the rate of blood lactate disappearance (Stamford
etal, 1981).

Blood samples were taken from a prewarmed finger-
tip at 3, 8, 15, 20 and 30 minutes after the supra-
maximal exercise. Concentrations of lactate were
measured in triplicate using the Strom (1949) modifica-
tion of the Barker and Summerson (1941) procedure.
Logarithmic transformations (base 10) of values at
8, 15, 20 and 30 minutes were used to determine rate
of blood lactate disappearance.

Statistical analysis. A two-way (group x recovery
condition) ANOVA with repeated measurements on one
factor (recovery condition) was used to test the signif-
icance of differences between the control and exercise
group changes over the treatment period for the physio-
logical variables. A significant group x test interaction
indicated changes in the control and conditioning groups
from pre-test to post-test were significantly different.
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Fig. 1: Relationship of mean blood lactate to time during recovery.
Passive Recovery Symbol Key: 0 control group pre-test; * ----- control group post-test; 0 - exercise
group pre-test; * ----- exercise group post-test.
Active Recovery Symbol Key: 0 control group pre-test; * ----- control group post-test with recovery at the
same absolute work rate; . control group post-test with recovery at the same relative work intensity; 0 -
exercise group pre-test; * ----- exercise group post-test with recovery at same absolute work rate; *.exercise
group post-test with recovery at the same relative intensity.
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Fig. 2: Relationship of the mean decrement in log10 blood lactate (mmol/l) to time during recovery. The
slope of the lines is equal to the rate of blood lactate disappearance. The lines are brought to a common origin
to facilitate comparison of slopes. Symbols are the same as in Figure 1.
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A 't' test for dependent groups was then used to test
for simple main effects. An alpha of .05 was used for
all significance tests.

RESULTS
The conditioning programme produced a substantial
training effect evidenced by changes in V02 max and
work capacity. Mean increases in V02 max in I/min
(13.6Yo), V02 max in ml/kg.min (15.1%) and ride time
(25.9%) were substantial in the exercise group, whereas
only minor changes occurred in the control group.
Changes in V02 max (ml/kg.min) and ride time in the
exercise group were significantly (p < .05) greater than
those in the control group.

The mean blood lactate concentrations and dis-
appearance rates during the 30-minute recovery period
following the supramaximal exercise are presented in
Figures 1 and 2, respectively. Pre- to post-test changes
in the rate of blood lactate disappearance during passive
recovery were not significantly (p > .05) different in
the exercise and control groups. Although the dis-
appearance rate was somewhat faster in the exercise
group following conditioning, a similar small change
was obtained for the control group (Fig. 2). Blood lac-
tate at the onset of recovery was substantially higher in
the exercise group following conditioning than in the
control group, and it remained higher throughout
recovery (Fig. 1).

Pre- to post-test changes in the rate of blood lactate
disappearance were also not significantly (p > .05)
different in the exercise and control groups during
recovery performed at the same absolute work rate.
Both groups had faster disappearance rates at the post-
test (Fig. 2) that were associated with higher blood
lactate concentrations at the onset of recovery (Fig. 1).

In contrast, the rate of blood lactate disappearance
measured during active recovery at the same relative
intensity (% V02 max) was significantly (p < .05)
greater following conditioning than before conditioning
in the exercise group, but not significantly (p > .05)
changed for the control group (Fig. 2). The faster dis-
appearance rate following conditioning in the exercise
group may have been due, at least in part, to the higher
blood lactate concentration at the onset of recovery,
since blood lactate concentrations after 30 minutes of
recovery were similar (Fig. 1).

DISCUSSION
As in previous research (Belcastro and Bonen, 1975;
Bonen and Belcastro, 1976; Davies et al, 1970; Gisolfi
et al, 1966; Hermansen and Stensvold, 1972; Newman et
al, 1937; Rammal and Strom 1949; Stamford et al,
1978; Stamford et al, 1981; Weltman et al, 1977;
Weltman et al, 1979), blood lactate disappeared from
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the blood more rapidly during active than resting
recovery. The increased rate of blood lactate disappear-
ance during active recovery is thought to be due to the
increased use of lactate for fuel through oxidative
metabolism by the active skeletal muscles and to in-
creased blood flow and transport of lactate from the
active muscles to other organs removing it from the
blood, such as the inactive skeletal muscles, heart and
liver (Bonen and Belcastro, 1976; Gisolfi et al, 1966;
Hermansen and Stensvold, 1972; Stamford et al, 1981).

Physical conditioning did not significantly affect the
rate of disappearance of lactate from the blood during
passive recovery or during active recovery performed
before and after conditioning at the same absolute work
rate. The finding for passive recovery is consistent with
previous studies that have reported no difference
between individuals with high and low work capacity
in the rate of disappearance of lactate from the blood
during passive recovery (Gisolfi et al, 1966; Johnson and
Brouha, 1942). No comparable empirical data is avail-
able relating fitness level to the rate of blood lactate
disappearance during active recovery performed at a
standard work rate.

Theoretically, one might expect the rate of blood
lactate disappearance under both of these recovery con-
ditions to be higher in the trained compared with the
untrained state for several reasons. First, as observed in
this study, the blood lactate concentration following
maximal-effort supramaximal exercise is often higher
following conditioning (Robinson and Harmon, 1942).
This adaptation in itself may increase the rate of blood
lactate disappearance since the recovery curve for lactate
is exponential with the absolute amount of lactate
removed being a function of the amount present at any
given time. Hermansen and Stensvold (1972), however,
have suggested that blood lactate disappearance may not
be a function of blood lactate concentration when con-
centrations exceed 40 to 50 mg %.

Second, strenuous physical conditioning increases
the oxidative capacity of the trained skeletal muscles
which, theoretically, could increase the use of lactate
for fuel in a manner analogous to that observed for fatty
acids (Holloszy et al, 1977), thereby increasing the
extraction of lactate from the blood. A positive corre-
lation has been reported between the rate of blood
lactate disappearance and percentage of slow twitch
skeletal muscle fibres (Bonen et al, 1978), lending
support to this reasoning.

Third, the distribution of blood flow during sub-
maximal exercise is altered. Following conditioning,
blood flow to the splanchnic region is increased during
submaximal exercise, whereas blood flow through active
skeletal muscles remains the same or is decreased slightly
(Clausen and Trap-Jensen, 1970; Varnauskas et al,
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1970). These alterations in blood flow distribution
might be expected to increase the rate of blood lactate
disappearance during active recovery.

Finally, physical conditioning decreases the concen-
tration of blood lactate observed at any given
submaximal work intensity and % V02 max (Gollnick
and Hermansen, 1973; Robinson and Harmon, 1941)
and increases the anaerobic threshold (Davis et al, 1979;
Williams et al, 1967). These adaptations should decrease
the baseline blood lactate level during recovery. In the
present study, the intensities of the active recoveries
were low, however, and baseline blood lactate eleva-
tion should have been insignificant.

The rate of blood lactate disappearance was increased
following conditioning when measured at the same
relative intensity (% V02 max). This finding, coupled
with the absence of a changed lactate disappearance rate
during resting recovery and active recovery at a standard
work rate, strongly suggests the increased disappear-
ance rate was a function of recovery work and V02.
The average increase in the absolute rate of recovery
work performed following conditioning was relatively
small, however, 8.5 watts, and would be expected to
increase the recovery V02 by only an average of about
0.10 I/min.

Unfortunately, we cannot conclude that the increased
lactate disappearance rate observed during recovery at
25% V02 max following conditioning was due only to
conditioning. Because the rate of recovery work was
increased in the exercise group (because V02 max
increased) but not in the control group, the increased
lactate disappearance rate observed may have only been
due to the increased recovery intensity. Previous studies
have shown that the rate of blood lactate disappear-
ance increases with increased intensity of active recovery
up to approximately 40% V02 max (Belcastro and
Bonen, 1975; Davies et al, 1970; Hermansen and

Stensvold, 1972). The results for passive recovery and
for active recovery at a constant work rate are more
clearly interpretable.

Other studies have also observed higher rates of blood
lactate disappearance during active recovery from exer-
cise by well-conditioned individuals compared with
individuals less well-conditioned, when the more highly-
conditioned person was performing recovery work at a
higher absolute intensity (Bonen and Belcastro, 1976;
Davies et al, 1970; Gisolfi et al, 1966; Strom, 1949).
It is not clear, however, whether the higher observed
disappearance rates in those studies occurred because the
recovery intensity was higher or because the individuals
were more highly conditioned. In theory, the peak rate
of blood lactate disappearance should occur just below
the anaerobic threshold (Stamford et al, 1981). Because
the anaerobic threshold occurs at a higher % V02 max
in trained individuals (Davies et al, 1979; Williams et al,
1967), the peak rate of blood lactate disappearance
should occur at both a higher relative and absolute
V02 in trained compared to untrained individuals. A
study of the effect of conditioning on the peak rate of
blood lactate removal is clearly needed.

In conclusion, the findings of this study indicate that
physical conditioning does not affect the rate of dis-
appearance of lactate from the blood during passive
recovery or during active recovery at a given absolute
intensity that is considerably below the anaerobic
threshold. Additional research is needed to investigate
the effect of conditioning on the rate of blood lactate
disappearance at various percentages of V02 max, above
and below the anaerobic threshold, including the peak
disappearance rate.
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