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UV method

for the determination of L lactic acid i foodstults and other
materials

Determination of D-lactic acid, see under Pt. 11.

Cat. No. 139084

Test-Combination for approx. 25 determinations

Enzymatic BioAnalysis
Food Analysis

Mot for use in diagnostic procedures for clinical purposes
FOR IN VITRO USE ONLY

Far recoramendations for methods and standardized procedures
see references (2)

Principle (Ref. 1)

L-Lactic acid (L-laclate) is oxidizer by nicotinamide-adenine
dinucleotide (NAD} in e presence of (-factate dehydrogenase
(L-LDH) to pyruvate (1).

() L-Lactate + NAD' é\LQt_F_V pyruvate © MADH o 1

The equilibrium of this reaction lies almost completely on the sicde of
L-lactate. However, by tapping pyruvate in a subsequent reaction
catalyzed by the enzyme glutamate-pyruvate transaminase (GPT)inthe
presence of L-glutamate, the equilibrium can be displaced in favour of
pyruvate and NADH (2),

(2) Pyruvate + L-glutamate »GPZ

L-alanine + 2-oxoglutarate

The amount of NADH farmed in the abeve reaction is stoichiometric
to the amount of L-lactic acid. The increase in NADH is determined
by means of its light absorbance at 334, 340 or 365 nm.

The Test-Combination contains:

1. Bottle 1with approx. 30 ml salution, consisting of:
glyeylglycine buffer, pH approx. 10.0; L-glutamic acid, 440 mq; sta-
bilizers

2. Bottle 2 with approx. 210 mg NAD, lyophilisata

3. Botlle 3 with approx. 0.7 ml glutamate-pyruvale transaminase
suspension, approx. 1100 U

4. Botlle 4 with 0.7 ml |-lactate dehydrogenase solution, approx.
3800 U

5. L-Lactate standard solution for assay control purposes (measure-

ment of the standard solution is not necessary for calculating the
results.) Use the standard solution nndiluted.
(Expiry date: see pack label)

Preparation of solutions
1. Use contents of bottles 1, 3 and 4 undiluted.
2. Dissolve contents of bottle 2 with 6 mi redist. water,

Stability of reagents

Thecontentsof bottles 1, 2, 3and 4 are stable at +4°C (see pack label).
Bring solution 1 to 20-25°C before use.

Sclution 2 is stable for 3 weeks at +4°C, and for 2 months at —20°C'.

Procedure

Wavelength”. 340 nm, Hg 365 nm or Hg 334 nm
Glass cuvette®  1.00 cm light path

Temperature: 20-25°G

Final volume: 2240 mi

Read against air (without a cuvette in the light path), against water or
against blank’ )

Sample solution: 0.3-35 jigof L-lactic acid/cuvelts® (in 0, 100-1.000 ml
sarmple volume)

Pipette into cuvettes [ Blank r Sample
solution 1 | 1.000ml 1.000 m
solution 2 0.200 m| 0.200 mi
suspension 3 0.020 m| 0.020 ml
sample solution* - 0.10G mi
redist. water 1.000 mi 0.800 mi

Mix**, read absorbances of the solutions (A) aflerrapprox. 5 min,

Start reaction by addition of:
0.020 mil 0.020 mi

solution 4

Mix**, after completion of the reaction (approx. 20 min) read
absorbances of blank and sample (A.) immedialely one after
another (see pt, 2.4).

* Rinse the enzyme pipslte or the gigette Hip of the pistan pipette with sample soly
tian before dispansing tha sampla saltition

© For example, with a plastic apatili or by gentle swirling after closing the coyelte
with Paralilm*® {registernd trademark of the American Can Company. Graanwich
o, Usa)

Determine the absorbance differences (A,-A,) for both. blank and
sample. Subtract the absorbance difference cf the blank from the ab-
sorbance difference of the sample.

OA = (A=A pie — (Aa=A Dbrack

The measured absorbance differences should, as a rule, be at least
0.100 absaorbance units to achieve sufficiently accurate results (see
“Instructions for performance of assay"),

Calculation
According to the general equation for calculating the conzentration:

Vx MW
exdxvx 1000

final volume [ml]
sample volume [ml]
molecular weight of the substance to be assayed [g/mol]
light path [cm]
extinction coefficient of NADH at

340 nm=6.3 [Ixmmol~' xcm™']
Hg 365.nm =34 [lxmmol~' x cm™']
Hg 334 nm =6.18 [I x mmol=" x cm™]

c X AA [a/1]

vV
v
Mw
d
£

It follows for L-lactic acid:

2.240x90.1

< AA < 2018
£ x 1.00 x 0.100 x 1000

OA =

x DA
[gL-lacticacid/Isamplesolution)

If the sample has been diluted during preparation, the result must
be multiplied by the dilution factor F.

When analyzing solid and semi-solid samples which are weighed out
for sample preparation, the result is to be calculated from the amount
weighed:

Cl.inctic sra [0/] S@Mple solution
CONEN e gy = —asticserd lg P |

weight,, .. in g/l sample solution

x 100 [g/100 g]

1. Instructions for performance of assay

The amount of L-lactic acid present in the cuvette has to be between
0.5 pg and 35ug (measurement at 365 nm) or 0.3 ug and 20 pg (measu-
remext at 340, 334 nm), respectively. In order to get a sufficient ab-
sorbance difference, the sample solution is diluted to yield a L-lactic
acid concentration between 0.06 and 0.35 g/l or 0.03 and 0.2 g/,
respeclively.

Dilution table

Estimated amount of Dilution with Dilution
L-lactic acid per liter water factor F
measurements at
340 or 334 nm 365 nm
<0.2g <035g - - 1
02-20gq 0.35-35g 1+ 9 10
2.0-209g 3.5 -35¢ 1+ 99 100
> 20g >35¢ 1+999 1000

Il desired, uss MAD from Boehninger Mannheim GmbH, Biochemicals, Cat. No. 127981:
35 g NAD/M, in redlist. waler

The absorption maximum of NADH is at 340 nrm On speclrophotometers, measure-
ments are laken at the ’ ;i sp lline photometers
fquipped wilhh 3 mercury vapar famp are used, measurements are taken at a wave-
length of 365 nm or 334 nm.

If desired, disposable cuvellps may be used instead of glass cuveltes

For example, when 4sing a double-beam photometer

Sen instructions for pedormance of the assav

Available fram Beshninger Mannheim GmbH. Biochemicals

o
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The determination of the stereo-isomeric forms should be performed
parallel in separate assays when the ratio L-lactate to D-lactale, vice
versa, is greater thane.g. 5to 1. In this case, the sample solutionhas to
be prepared so that the absorbance difference is great enough (e.g. >
0.100) to get sufficiently accurate results.

Alternatively, the sample solution may bhe dilited or the sample volume
increased.

Speciticity
This method is specific for D-lactic acid.

Inthe analysis of commmercial lithium-D-lactate (molecular weight 96.0),
results of approx. 99% have to be expected.

12. Determination of lactic acid esters
(e.g. glyceride factic acid esters, emuilsifiers)

In monoglyceride or diglyceride lactic acid esters bound lactic acid
can also be determined simuitaneously with free lactic acid (lactate),
by extracting the sample with chioroform and saponifying of the
esters subsequently with potassium hydroxide solution. Proceed as
follows:

Boil the puiverized and homogenized sample which contains up
to 200 mg monoglyceride lactic acid ester (e.g. monooleyl-L-lactyl-
glyceride ester, MW approx. 445) or up to 250 mg diglyceride lactic
acid ester (e.g. dioleyl-L-lactyi-glyceride ester, MW approx. 535) with
approx. 50 mi chioroform for approx. 2 h in a 250 ml round-bottomed
flask under a reflux condenser.

Filter and wash the precipitate with chioroform. Evaporate the
chloroform in a rotation evaporator. Boil the residue, evaporated to
neatly dryness, with 25 mi methanolic KOH (1 mol/l) for 10 min under a
reflux condenser. Allow solution to cool to room temperature, and neu-
tralize or acidify slightly, respectively, with approx. 5 mi HCI (5 moi/l).
Transfer quantitatively into a 100 mi volumetric flask, fill up to the

mark with water, mix and filter. Use the relatively clear solution for the
assay.

Determine L- or D-lactic acid, respectively. For determination of the
content the molecular weight of the glyceride has to be taken into ac-
count.

13. Further applications
The method may also be used in the examination of cosmetics (Ref.

5.1), paper. pharmaceuticals and in research when analyzing biologi- *

cal samples. For details of sampling, treatment and stabiity of the
sample see Ref. 1.3, 1.4.

13.1 Determination of L-lactic acid in blood (Ref. 1.4)

Mix 2.000 mi of blood with 4.000 mi of ice-cold perchloric acid (0.6 mol/
) in a centrifuge tube. Place the mixture in an ice-bath for 10 min and
centnfuge. Add 0.010 mi methyl orange solution (0.05%; w/v) to
4.000 ml of the supernatant and neutralize by addition of 0,170 ml
potassium hydroxide (3 mol/l) (mixture becomes salmon- pink). Place the
mixture again {n an ice-bath for 15 min and filter. Use the filtrate for
the assay.

The dilution factor F (depending on sample preparation) is obtained
from the sample volume (2.000 mi), the volumes of perchloric acid
(4.000 mi), the volume of supernatant {(4.000 m), of the methyl orange
solution (0.010 ml), and of potassium hydroxide (0.170 mi), the specific
gravity of the sample material (1.06 g/mi blood) and the fluid content
(0.80 in the case of blood):

(2.000x 1.06 x0.80 + 4.000) x (4.000 + 0.010 + 0.170)

= = .98
Fotood 2.000 X 4.000 2
Calculation:
c= g_Qm_x;Sf\_)_(_f [g L-lactic acid/l sample]
c= 2—%0—%{& fmmoi L-lactic acid/l sample}

Wavelength Hg 365 nm 340 nm Hg 334 nm
clgn 1.769 x AA 0.9546 x AA | 0.9731x AA
¢ [mmol/l] 19.63 x AA 10.60 x AA 10.80 x AA

13.2 Determination of L-lactic acid in serum (Ref. 1.4)

Mix 3.000 mi of serumwith 3.000 mi of ice-cold perchloric acid (0.6 mol/
1} in a centrifuge tube. Place the mixture in an ice-bath for 10 min and
centrifuge. Add 0.010 mi methyl orange solution {0.05%; w/V) to
4.000 ml of the supernatant and neutralize by addition of 0.170 mi
potassium hydroxide {3 mol/l) (mixture becomes salmon-pink). Place the
mixture again in an ice-bath for 15 min and filter. Use the filtrate for
the assay.

The dilution factor F (depending on sample preparation) is obtained
from the sample volume (3.000 mi}, the volumes of perchloric acid
(3.000 mi), of supernatant (4.000 ml), of the methyl orange solution
(0.010ml), and of potassium hydroxide {0.170 mi), the specific gravity of
the sample material {1.03 g/ml serum) and the fluid content (0.92 in the
case of serum):

{3.000%1.03 x 0.92 +3.000) x (4.000 +0.010 +0.170)

Foerum = 3.000 x 4.000 =2.035
Calculation:

c :,2-_0&;_%1‘5 [g L-lactic acid/t sample}

c :g;gm__géf_\ﬁ [mmol L-lactic acid/l sample]

Wavelength Hg 365 nm 340 nm Hg 334 nm
c g/ 1.208 x AA 0.6519 x AA | 0.6645 x AA
¢ [mmol/l) 13.41 x AA 7.236 x DA 7.376 x AA

13.3 Determination of L-lactic acid in urine and in cerebro-
spinal fluid

Use the sample for the assay, diluted according to the dilution table,
if necessary (ditution factor = F).

Calculation:
c =—2ﬂ(‘3x——e—é—&§—E {g L-lactic acid/i sarple]

2.4
c= —Z—EX;—A—&E [mmol L-lactic acid/l sample]
Wavelength Hg 365 nm 340 nm ‘ Hg 334 nm
clo/l] 0.5935 x AA x F 10.3203 x AA x F‘ 0.3265 x AAXF
¢ [mmol/] 6.588 x AAx F | 3.556 x AAXF ‘ 3.625 x AAXF

13.4 Determination of L-lactic acid in fermentaton samples
and cell culture media

Place the sample (after centrifugation, if necessary) in a water-bath at
80°C for 15 min to stop enzymatic reactions. Centrifuge and use the
supernatant (diluted according to the ditution table, if necessary) for
the assay. Alternatively, deproteinization can be carried out with
perchioric acid or with Carrez-solutions. See the above-mentioned
examples. Homogenize gelatinous agar media with water and treat
further as described.
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Summary

Physical Education has achieved steady improvements in our age,
depending on the use of right scientific method of research. It has been affected
much by science pushing. Many of the interested in this field affairs tried
constantly and difficulty to make way, to develop and arrange its activities. To
do this, they were helped by the scientific technique in dealing with its subjects
and solving its problems. So as to make its educational goals come true, and to
precipitate in fulfilling the complete balance growth for individual from the
healthy, physical, mental, nervosity and sociological sides. Thia all could be
achieved through practicing different kinds of physical chosen to verify the
goals.

Long distance competitions are controversial, concerning its methods and
techniques of training, and preparing competitors’ programs, especially, these
competition belong to the strength ones. The development of their records lately
gives a clear indication - for what a long distance runner must be characterized.
He must receive good physical preparing, different methods of training and
special tolerance enables him to engage in many of the drops and
championships.

As a result of the close relation between the sport training science and the
other branches of science like; physiology, athletic physiology and energetic
chemistry, nutrition science and movement science; it becomes essential for the
workers in the field-exercise-to know and understand what is happening inside
their bodies of functions and operations, the body systems act. Consequently,
these systems can adapt with the sport work. Then, the runner can continue his
effort without feeling being over wrought and to acquire the tolerance aspect, so
as to get the skilful and technical excel.

These responses and physiological changes, happen inside the body, are
the important base on which the training load is identified- it is considered the
principal way for exercise and the back bone of the different preparing
programs, which, in its turn, qualify the runner to achieve the best record level.

The Research Problem

The produced advance in the record breaking, in all racetrack and field
competitions, mirrors a great amount of knowledge and scientific information.
They, By turn, contribute to bring about this big development in performance to
reach the utmost limit of accomplishment.

What is worth mentioning here, that the long distance runners excersing
depends largely on the muscular work and the body systems degree of
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adaptability with it. The circular and respiratory systems supply muscles with
blood and oxygen. The disposition systems, also, get ride of the resultant
substances come out of the assimilation process and the process of energy
producing to increase the racer’s strength and put off his being exhausted feeling
and hasten the sense of relieve.

Through the practical involving of the researcher in the athletic field, he
noted the standing back of the record level of the long distance runners
compared with the Olympic records.

Thus the plan of this study has been crystallized in the researcher’s mind.
It can be summarized a scientific study deals with a suggested training program
for long distance runners, and knowing the changes results from this program on
some physiological biochemical variables to step up the record level of the long
distance racers. On the other sides, as an indication of the suitability of the
physiological systems on organizing the hydrogen rate.

The research aim:
Designing a suggested long distance competitors training program
(5000m) and through it knowing the effect of the suggested program on:
1- Long distance runners record level.
2- Some physiological variables ( pulsation-blood pressure and the extensive
one- the ultimate energetic capacity- relativism — the maximum limit for
consuming oxygen)

3- Some biochemical variable (measuring the hydrogen rate (pH) in urine-lactic
acid.

The research hypothesis:

a- There are estimated difference in the record level between the before and
after measuring for the after one regarding the experimental group.

b- There are estimated difference in the physiological variables (Pulsation-
extensive and pulse blood pressure- the ultimate energetic capacity-
relativism — the maximum limit for consuming oxygen) between the
before and after measuring for the later one.

c- There are estimated difference in some biochemical variables (The
hydrogen rate (pH) in urine-lactic acid) between the before and after
measuring for the later one.

Research Plan and Procedure

1- Research methods:
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The research worker will follow the experimental methods by the way of
measuring (after & before) for one experimental group, that it suits the
nature of this study.
2- The society and the sample used in research:
Racetrack and field competitors and field competitors in El_Alamonuim in
Qena represent the research society. The researcher will choose the people
on them the study in going to be carried out (long distance runners)
3- Data collecting tools:

A survey from (a questionnaire) to know the experts’ opinions on the
methods of training and the suggested training program.

(A) The tests and criteria:

Physiological measurements:

(1) Biochemical measurements:
- Measuring the hydrogen rate pH in Urine
- Lactic acid.

(2) Record Level measurements.

Conclusions and Recommendations

The researcher concluded the following results:

- There is an enhancement in measuring the After Measurement due to the use
of the training program in the following variables :

1- Enhancement in the digital level for the 5000m

2- Reduction of the pulse rate in rest after the effort.

3- Reduction in the blood systolic and diastolic pressures

4- Reduction of the relative and absolute Oxygen-consumption-limit.

5- Enhancement of the special physical fitness.

6- Reduction in the pH.

7- Reduction of the Lactic acid concentration.

Recommendation

1- Application of the proposed training program because of its positive effect on
the physical, physiological and biochemical variables and its reflection on the
achievement of best digital levels.

2- Taking care of the training loads on correct scientific basis.

3- Taking care of the measuring of the lactic acid concentration and the pH rate
beside the special physical measurements to know the racers efficiency.

4- Implement this program at the training centers of the Egyptian Track Field
and Athletic Union.





