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Abstract: Background/objective: This study aimed to examined the effects of specific training on the blood 

lactic acid of young swimmers. Methods: Fifteen (n=15) male young swimmers (age: 15.21±0.77 years, 

height: 166.06±3.86 cm, weight: 53.62±2.44 kg, 74.60 ± 3.64 sec) was purposively selected for this study. The 

experimental group performed swimming training (5 session per week of 80 min to 130 min for 24 weeks). 

Blood lactic acid were recorded during 8x100 m Crawl Style Test. Blood lactic acid were evaluated before, 

after twelve weeks and after end of twenty-four weeks of specific training. Results: the results showed a 

significant decreased in before onset of exercise (p<0.03), end of 75% workload (p<0.03), end of 85% 

workload (p<0.02) end of 90% workload (p<0.01), end of 95% workload (p<0.03) and end of 100% 

workload (p<0.01). Conclusions: From the findings, of the present study it may be safely concluded that 

considerable time of training period may have a significantly influences on BLA.  
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1. INTRODUCTION 

 
Blood lactate is through the Glycolytic System that the role and generation of blood 

lactate becomes apparent. Retraction the end product of glycolysis is pyruvic acid. When 

this is converted into lactic acid it speedily separates and discharges hydrogen ions. The 

residual compound then assembles with sodium or potassium ions to form a salt called 

lactate. Far from being a waste product, the construction of lactate allows for the 

continued metabolism of glucose through glycolysis. As long as the clearance of lactate is 

matched by its occurrence it becomes a vital source of fuel. 

The term ‘accumulation’ is therefore the key, as an enhanced production of hydrogen ions 

will have no detrimental effect if clearance is just as quick. During less intensity exercise 

blood lactate levels will remain at close to resting levels as clearance matches production. 

As exercise intensity enhances there comes a break point where blood lactate levels will 

start to increase. This is often mentioned to as the lactate threshold. If the exercise 

intensity continues to increment a second and often more obvious increment in lactate 

accumulation is observe. This is mentioned to as the lactate turn point. 

The blood concentration of lactate depends on the rate of diffusion from the muscle fiber 

into the blood stream. This is a relatively slow process. At normal temperature, peak 

blood concentrations are reached 1-2 min. after a brief maximal effort. However, the time 

lag may be prolonged in cold water. The ratio of intramuscular to blood lactate 

concentration is influenced by the following factors: (a) Total muscle volume that is 

anaerobically active. (b) Total circulating blood volumes [1]. (c) Proportion of 

carbohydrate in the diet and thereby the glycogen store. (d) Rate of tissue buffering and 

the rate of diffusion of hydrogen ion (H+) from the muscles into the blood stream [2]. (e) 

Rate of metabolism of lactate [3]. (f) The blood flow carrying lactate away from the 

active muscles especially during recovery. (g) Rate of excretion of lactic acid by the 

kidney and the sweat glands [4].  
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Training causes a decrease in the accumulation of lactic acid during a given submaximal 

exercise. This is an important change, since most work, including that performed during 

training sessions, is to a large extent submaximal. This factor is illustrated in distance 

running. This requires submaximal effort over extended periods of time. Not only must 

these runners have a highly developed maximal aerobic power, but also in order to be 

successful they must be able to employ a large fraction of that power with minimal 

accumulation of lactic acid. This allows the runners to maintain a fast pace throughout the 

race without experiencing early fatigue. 

A decreased lactic acid accumulation during exercise following training also means that 

the anaerobic threshold has increased. The physiological mechanisms responsible for a 

decreased accumulation of lactic acid during submaximal exercise following training are 

not entirely known. However, there are several possibilities as follows: (a) a greater 

utilization of fatty acids as a metabolic fuel to fulfil the energy requirements of the 

exercise would result in less glycogen usage and thus less lactic acid production by the 

muscles. This would be a better possibility during prolonged exercise, such as long-

distance running, in which there is sufficient time for a significantly greater fatty acid 

oxidation, rather than the short-term exercise. (b) a smaller oxygen deficit incurred at the 

beginning of exercise due to a more rapid increase in oxygen consummation could also 

lead to less lactic acid accumulation. (c) A greater use (oxidation) of any lactic acid 

produced as a metabolic fuel during exercise would also result in a lowered overall lactic 

acid accumulation. Again, this would appear to be a more important factor during 

prolonged exercise because of the time factor. (d) Another possible mechanism 

concerning lowered lactic acid levels following training could be a result of some of the 

biochemical changes. For example, that the training increases the number and size of 

muscle mitochondria, the steady state oxygen consumption which balances the breakdown 

of adenosine triphosphate to adenosine diphosphate plus inorganic phosphate during 

exercise will be attained at lower concentrations of adenosine diphosphate plus inorganic 

phosphate. In other words, more mitochondria, the oxygen as well as the adenosine 

diphosphate and inorganic phosphate required per mitochondria will be less after training 

as compared with before training. Since the levels of both adenosine diphosphate and 

inorganic phosphate control the rate of glycolysis, there lower levels after training would 
cause the rate of lactic acid production to be slower during exercise at the same workload.  

2. Materials and Methods 

2.1. Participants  

Fifteen (n=15) young male swimmers were selected purposively as the subject for the 

study. Their chronological age and main characteristics of the participants are presented in 

Table1. All swimmers’ parents were informed about the purpose and design of the study 

and signed informed consent prior to commencement of the study which was conducted in 

accordance with the declaration of Helsinki for research with human subjects and 

approved by the local bioethical committee (Hurip Independent Bioethics 

Committee,2018). 

 

Table 1 Anthropometric characteristics of young swimmers that participated in the present 

study 

Sl. No. Measured variables Mean ± Standard deviation 

1. Chronological age (years) 15.21±0.77 

2. Height (cm) 166.06±3.86 

3. Weight (kg) 53.62±2.44 

4. Tanner stage (years) 3.53±0.51 
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 Within twenty-four weeks training period, swimmers were tested in three different 

moments: at the beginning of the training period (T1), at the end of twelve weeks (T2) 

and at the end of twenty-weeks (T4). The training content of each period is indicated in 

Table 2.  

 

2.2. Training Procedures 
 

Table 2 Allotment of duration and for each part of the training programme 

Phase of training General preparation 

Training zone Aerobic 
(Aerobic-1, Aerobic-2, Aerobic-3) 

Content of training 1st - 4th weeks 5th - 8th weeks 9th - 12th weeks 

Duration/day 80 mins 100 mins 120 mins 

Warm-up 50 mins 50 mins 50 mins 

Technical (skills) 100 mins 150 mins 175 mins 

Aerobic Endurance 100 mins 125 mins 150 mins 

Strength endurance 75 mins 100 mins 125 mis 

Anaerobic power 25 mins 25 mins 50 mins 

Speed 25 mins 25 mins 25 mins 

Tactical - - - 

Recovery 25 mins 25 mins 25 mins 

Duration/week 400 mins 500 mins 600 mins 

volume 40% 

Intensity  60-75% 

Phase of 

training 

Specific preparation Pre-competition 

Training zone Anaerobic 

threshold 

 

High-performance 
endurance (critical 

speed, lactate 

removal, MVO2) 

Anaerobic 
(lactate production, 

lactate tolerance, 

peak lactate) 

Sprint 

Content of 

training 

13th - 16th weeks 17th - 20th 

weeks 

21st - 22nd 

week 

23rd - 24th 

week 

Duration/day 130 mins 120 mins 110 mins 90 mins 

Warm-up 50 mins 50 mins 50 mins 75 mins 

Technical 

(skills) 

175 mins 150 mins 60 mins - 

Aerobic 

Endurance 

150 mins 125 mins 50 mins 25 mins 

Strength 

endurance 

125 mis 100 mins 75 mins - 

Anaerobic 

power 

75 mins 100 mins 150 mins 100 mins 

Speed 50 mins 50 mins 100 mins 150 mins 
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Tactical - - 20 mins 50 mins 

Recovery 25 mins 25 mins 50 mins 50 mins 

Duration/week 650 mins 600 mins 555 mins 450 mins 

Volume 35% 25% 

Intensity 75-85% 85-95% 95-100% 

 

8X100m Free-Style Swim Test 
 

Blood lactate test protocol of 8x100m free-style distance was used in a 50m swimming 

pool. Two day before testing the participants performed a 100m swim at their maximum 

speed using the front crawl stroke. The training loads were determined by the results of 

100m of swimming performance as the participants swim 100m at 75, 85, 90, 95 and 

100% of maximum speed for the distance (as determined previously). Resting blood 

lactate values and heart rate were obtained prior to the warm-up of each testing session. 

For the first test, subjects performed a swimming session of 1000m, three times at 75% 

workload with one-minute rest intervals. Then, they rested for three minutes after the 

third set and blood samples were drawn at the 2
nd

 and 3
rd

 minutes of this resting period. 

At the second test, subjects performed a swimming session of 100m, two times at 85% 

workload with one-minute rest intervals. They rested for four minutes after final set. 

Blood samples were drawn at the 3
rd

 and 4
th
 minutes of this testing period. 

At the third test, subjects performed a swimming session of 100m, one time at 90% 

workload, and rested for six minutes blood samples were drawn between the 4
th
 and 5

th
 

minutes of this resting period. 

At the fourth test, subjects performed a swimming session of 100m, one time at 95% 

workload and rested then rested 25 minutes. Blood samples were drawn between the 5
th
 

and 6
th
 minutes of this period. 

At the fifth test, subjects performed swimming session of 100m, one time at 100% 

workload, then rested for 25 minutes. Blood samples were drawn between the 5
th
 and 6

th
 

minutes of this period. 

The blood samples were obtained from each participant’s fingertip. Blood lactate 

concentration was measured through Lactate Pro Analyzer (Arkray Global Business, 

Inc, Kyoto, Japan). 

2.3. Statistical Analysis 
The data collected from the different tests and measurements were statistically treated for 

analyses adopting procedure. Mean and standard deviations was first computed for each 

variable separately. 

For comparison among the means of a variable within the group Analysis of Variance 

(One-Way ANOVA) was applied. Wherever the F-ratio was found significant, Least 

Significant Difference (L.S.D) Post Hoc test was applied. Significance for all analyses 

was set at p<0.05. 

 

3. Results 

This study enrolled a total of fifteen (n=15) young competitive swimmers. Demographics 

of the group was provided in Table 1. The mean and standard deviation values for all 

outcome measures before onset of exercise, end of 75%, 85%, 90%, 95% and 100% 

workload are summarized in Table 3.  
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Repeated measures ANOVA analysis for before onset of exercise BLA showed 

significantly decreased (p<0.03) at the end of twenty-four weeks of training. Post Hoc test 

comparison within group demonstrated a significant difference between baseline and after 

end of training period. 

 

 

Table 3. Descriptive statistics, Analysis of Variance (One-Way ANOVA) among the 

means of three training states and Least Significant Difference (L.S.D) Post Hoc test 

of before onset of exercise, end of 75%, 85%, 90%, 95% and 100% workload of 

experimental group 

Parameters Testing 

periods 

Mean ± Standard 

Deviation 

‘F’ 

value 

Mean 

Deviation 

p value 

Before onset of 

exercise 

(Mmol/L) 

T1 1.98 ± .45  

3.79* 

 

0.23 

 

0.03 T2 1.75 ± .24 

T3 1.67 ± .21 

End of 75% 

workload 

(Mmol/L) 

T1 3.61 ± .67   

3.56* 

 

0.41 

 

0.03 T2 3.35 ± .37 

T3 3.06 ± .61 

End of 85% 

workload 

(Mmol/L) 

T1 5.32±1.22   

4.16* 

 

0.70 

 

0.02 T2 4.90± .70 

T3 4.31± .88 

End of 90% 

workload 

(Mmol/L) 

T1 7.06 ± .93   

4.61* 

 

0.67 

 

0.01 T2 6.42 ± .83 

T3 6.06 ± .97 

End of 95% 

workload 

(Mmol/L) 

T1 8.51± 1.65   

3.57* 

 

0.92 

 

0.03 T2 7.77 ± 1.14 

T3 7.30± .82 

End of 100% 

workload 

(Mmol/L) 

T1 10.73 ± 2.49   

5.03* 

 

1.35 

 

0.01 T2 9.06 ± 1.28 

T3 8.74 ± 1.54 

* = significant at 0.05 level (df 44,2), tabulated value 3.21 

 

Repeated measures ANOVA analysis for end of 75% workload BLA showed significantly 

decreased (p<0.05) at the end of twenty-four weeks of training. Post Hoc test comparison 

within group demonstrated a significant difference between baseline and after end of 

training period. 

Repeated measures ANOVA analysis for end of 85% workload BLA showed significantly 

decreased (p<0.05) at the end of twenty-four weeks of training. Post Hoc test comparison 

within group demonstrated a no significant difference between baseline and after end of 

training period. 

Repeated measures ANOVA analysis for end of 90% workload BLA showed significantly 

decreased (p<0.05) at the end of twenty-four weeks of training. Post Hoc test comparison 

within group demonstrated a significant difference between baseline and after end of 

training period. 

Repeated measures ANOVA analysis for end of 95% work load BLA showed 

significantly decreased (p<0.05) at the end of twenty-four weeks of training. Post Hoc test 

comparison within group demonstrated a significant difference between baseline and after 

end of training period. 

Repeated measures ANOVA analysis for end of 100% work load BLA showed 

significantly decreased (p<0.05) at the end of twenty-four weeks of training. Post Hoc test 

comparison within group demonstrated a significant difference between baseline and after 

end of training period. 
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Fig. 1 Graphical representation of BLA at different workload three testing phase 

 
 

4. Discussions 
 

The result of the study indicates that before onset of exercise, end of 75%, 85%, 90%, 

95%, and 100% workload BLA significantly decreased through over the specific training 

period. 
The pattern of accumulation of BLA with changing work load is depicted in Fig. no. 1. 

 The results indicated that with the gradual increment of work load, accumulation of BLA 

increased accordingly. The pattern was same before onset of training as well as after 12 

and 24 weeks of training respectively. The classical point was that at both sub-maximal 

and maximal exercise intensity, at a given work load accumulation of BLA was decreased 

considerably. This may be evident from the mean scores of before onset of training, 75%, 

85%, 90%, 95% and 100% of workload.  

Training causes a decrease in the accumulation of lactic acid durining a given submaximal 

exercise [5]. A decreased BLA accumulation during exercise following training also 

means also means that anaerobic threshold has increased [6]; [7]. This is an important 

change, since most work, including that performed during training sessions, is to a large 

extent sub-maximal. The physiological mechanisms responsible for decreased 

accumulation of lactic acid during sub-maximal exercise following training are not 
entirely known, possible reasons are as follows- 

(i) A greater utilization fatty acid as a metabolic fuel to fulfill the energy 

requirements of the exercise would result in less glycogen usage and thus 

small amount lactic acid produced in the muscles. 

(ii) A small oxygen deficit incurred at the beginning of exercise due to rapid increase 

in oxygen consumption could also lead to less lactic acid accumulation  

(iii) A greater use (oxidation of lactic acid produced as a metabolic fuel during 

exercise would also result in lowered lactic acid accumulation. 

(iv) Another possible mechanism following training could be a result of biochemical 

changes, increased the number and size of muscle mitochondria, the steady 

state oxygen consumption which balanced the breakdown of ATP to ADP + 

Pi during exercise would be attained at lower concentration of ADP + Pi. 

After long-term training oxygen as well as ADP + Pi required per 

mitochondria would be less compared to before training. Since the level of 
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ADP + Pi control the rate of glycolysis, their lower levels after training would 

cause the rate of lactic acid production to be lower during exercise at the 

same workload. [8].  

Many studies have found significantly increased blood lactate accumulation in different 

gradual increase of running distance.  [9]; [10] found significant increase in OBLA after 

exercise training at the intensity corresponding 4 mmol/l blood lactate level in well 

trained middle- and long-distance runners were observed. [11]; [12] stated that twelve 

weeks continuous and common swimming training resulted in training related 

significantly decreased in blood lactate concentration. [13] stated in a study on adolescent 

swimmer that there a significant improved in blood lactate concentration before and after 

high intensity interval training. [14] have shown that following training has much lower 

level of BLA of the subjects which point out that the anaerobic threshold in increased 

with following training. [15]; [16] compared the blood lactate samples of and determined 

that there was blood lactate level increased according to gradually increasing different 

loads. [17] expressed in their study found that increment of concentration of blood lactate 

with gradually increment of exercise load. [18] study on weightlifters and found that 

blood lactate response increased for each increase in volume pattern or intensity of 

exercise. [19]; [20] opined that increment of concentration of blood lactate with gradually 

increment of exercise load. [21] expressed in their study on cyclists that, post-training 

blood lactate level after maximal exercise was significantly greater than in pre-training 

conditions. [22] found increment of blood lactate concentration with gradually increasing 
swimming load of adolescent swimmers. 

In a study of BLA profile of the athletes [23] pointed out that acute muscular glycogen 

depletion led to change in the BLA response to exercise. They found a lower 

concentration in lactic acid of blood during sub-maximal exercise. They also mentioned 

that BLA concentration during sub-maximal and maximal exercise are the production of 

the interaction of numerous variables of lactate production.  

5. Conclusion 

From the findings, of the present study and reviewing the research reports relating to BLA 

it may be concluded that exercise training may have a significant influence on BLA. 
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