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Effects of cooling-down exercise with consideration of the intensity
of main exercise training on blood lactate concentration and muscle

hardness for long distance runners
Natsue KOIKAWA

Summary
1) The purpose of this study was to evaluate the optimal intensity of cooling-down
exercise for long distance runner with considering main exercise by the measurements

of blood lactate concentration and muscle hardness.

2) The subjects were six female long distance runners, Track and Field Club, School
of Health and Sports Sciences, Juntendo University.The main exercise was 1,000 meter
interval training, which is the most general training for long distance runner,
nearmaximal intensity. The intensity of cooling-down exercise in this study were (i)
80 %, (ii) 60 %, and (iii) 30 % speed level of main exercise for 15 minutes in each

subject.

3) The measurement of heart rates was during main exercise and cool ing-down exercise
by heart rate monitor. The measurements of blood lactate concentration, and muscle
hardness at after main exercise and cooling-down exercise by lactate analyzer, and

Muscle Meter PEK-1, respectively.

4) The mean of heart rates in main exercise was 167.7%1.97 beats/min, and that of
blood lactate was 16.1+1.26 mmol/1. Therefore, main exercise in this study was high

intensity exercise training to evaluate the optimal intensity of cooling-down.

5) The lactate concentration after 60 % speed level exercise was significantly
decreased (74.7%+4.7 %) rater than another 80 and 30 % speed exercise.

6) The measurement of muscle hardness after 60 % speed level exercise was
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significantly decreased in musculus quadriceps femoris (4.2%2.1%). Although in not
significantly, the same exercise lead to decrease this muscle hardness in musculus

gastrocnemius (3.4+1.6 %).

7) From these results in this study, the optimal intensity of cooling-down exercise
for long distance runner after 1000 meter interval training nearmaximal intensity
seems at 60 % speed level of main exercise. Therefore, some consideration of the

intensity of main exercise training may be helpful for the field of coaching.
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Table1 Physical characteristics of the subjects
Subjects Age Height Weight BMI Vo2max
(year) (cm) (kg) (ml/kg/min)

A 21 166.6 59.7 21.7 56.6
B 21 154.0 50.4 21.3 60.3
C 20 160.4 53.6 20.9 59.0
D 20 157.6 49.7 20.2 63.8
E 19 158.0 51.5 20.6 64.7
F 18 159.5 45.8 18.1 60.6

‘Mean 19.8 159.4 51.8 20.5 60.8
SD 4.2 4.6 1.3 3.0




Table2—a. Changes of the blood lactate concentration

< S80% >
Subjects After main exercise = After cooling—down exercise Decrease rate
(mmol/I) (mmol/1) | (%)
A 15.8 11.3 28.9
B 17.8 8.7 51.1
C 14.3 1.5 47.6
D 13.2 6.7 49.2
E 17.9 8.6 | 52.0
F 16.2 9.9 38.9
Mean 15.9 8.8 44.5

- SD 1.9 | 1.6 9.2




Table2-b. Changes of the blood lactate concentration

< S60%>
Subjects After main exercise  After cooling—down exercise Decrease rate

(mmol/1) (mmol/1) (%)

A 18.1 5.6 69.1

B 21.9 | 5.3 | 75.8

C 14.3 34 76.2

D 13.3 2.5 81.2

E 13.4 4.1 69.4

F 181 , 4.2 76.8

Mean 16.5 4.2 74

SD 3.4 1.2 4.7




Table2—c. Changes of the blood lactate concentration

< S30%>
Subjects After main exercise  After cooling—down exercise Decrease rate

(mmol/I) (mmol/I) (%)

A 114 4.8 57.9

B 19.4 5.2 713.2

C 21.0 | 6.7 68.1

D 10.2 4.3 57.8

E 15.7 8.0 49.0

F 18.0 4.1 | 717.2

Mean 16.0 9.5 63.9

SD 4.4 1.5 10.7




Table3. Heart rate average during each exercises

(beats/min)
Subjects During main exercise During cooling—down
S80 167.8% 10.36 176.0= 12.6
S60 166.5+ 8.02 157.5+ 8.2

S30 168.7+ 11.93 1485+ 15.9




Table4—a. Chauges of the muscle hardness during exercises

Musculus quadriceps femoris

< S80% >
Subjects ~ after main exercise after cooling—down exercise decrease rate

| (%)

A 50.0 50.7 -14

B 54.0 55.0 -1.9

C 56.7 96.3 | 0.7

D 53.0 - 53.0 | 0.0

E 45.3 43.3 44

F 52.0 51.7 0.6

Mean 51.8 - 51.7 0.4

SD 3.9 | 4.6 | 2.2




Table4d-b. Chauges of the muscle hardness during exercises

[ Musculus quadriceps femoris |

< S60%>
Subjects after main exercise  after cooling—down exercise decrease rate

(%)

A 49.0 47.3 3.9

B 54.0 51.7 4.3

C 52.3 52.0 0.6

D 56.7 52.7 7.1

E 48.7 46.3 4.9

F 49.7 - 47.3 4.8

Mean 51.7 49.6 4.2

SD 3.2 2.9 2.1



Table4—c. Chauges of the muscle hardness during exercises

Musculus quadriceps femoris

i S30% > _
- Subjects after main exercise after cooling—down exercise decrease rate

(%)
A 99.7 56.3 2.7
B 57.0 57.0 0.0
C 56.3 97.0 -1.2
D 93.7 90.7 5.6
E 52.3 52.0 0.6
F 50.0 49.0 2.0

Mean | 54.8 53.7 2.1

SD_ _§_§ 3.5 __ 29




Tableb—a. Chauges of the muscle hardness during exercises

| Musculus gastrocnemius |

<ssw>
Subjects after main exercise after cooling—down exercise  decrease rate
(%)
A 60.7 61.7 | -1.6
B 59.7 56.7 5.0
C 59.0 59.0 0.0
D 61.7 | 61.0 | 1.1
E 96.7 63.7 -12.3
F 61.3 63.7 -3.9
Mean 59.9 61.0 -2.0

SD 1.8 2.7 9.9



Table5—b. Chauges of the muscle hardness durihg exercises

Musculus gastrocnemius

< S60%>
Subjects after main exercise after cooling—down exercise  decrease rate

| (%)

A 63.7 62.0 2.7

B 61.3 51.7 | | 5.9

C 60.7 60.0 1.2

D 66.7 64.7 3.0

E 66.0 63.0 4.5

F 59.3 57.3 ' 3.4

Mean 63.0 - 60.8 3.4

SD 3.0 3.0 1.6




Tableb5—c. Chauges of the muscle hardness during exercises

| Musculus gastrocnemius I

< S30% >
Subjects after main exercise after cooling—down exercise  decrease rate

| (%)

A 62.7 61.7 | 1.6

B 62.3 61.0 2.1

C 58.0 57.3 1.2

D 59.7 60.0 -0.5

E 61.0 98.7 3.8

F 55.3 956.0 -1.3
Mean 29.8 | 99.1 1.1
SD 2.8 2.2 1.8
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