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Development of Biosensor for Lactic Acid Bacteria

and Lactic acid on Fermentation Food
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SUMMARY

While economy construction changed by history, human dietary life have
changed from quantity to quality and further as functional diet. Yogurt could be
the best case of food product which has healthy function and being widely

consuming. Yogurt has called longevity food because of lactic acid bacteria.
Lactic acid bacteria help bowel to digest ingesta easily, and forms an
environment which harmful microorganism can not survive easily. It prevent

getting disease such as diarrhea, constipation and so on.

There are microbiological ways to measure lactic acid bacteria such as total
bacteria counting method, methylene blue reduction test and so on. But those
need pre-treatmerit and take long time to get the results. Other ways using
chromatography to measure organic acids produced by lactic acid bacteria,
impedance measuring method, optical method are expensive ways and also need

pre-treatment.

This study was to solve those problem with using biosensor technique by
immobilizing enzyme on electrode. During lactic acid bacteria fermentation,
sample was taken to find tendency of colony number change by total bacterial
counting method. And also concentration change of organic acids while
fermentation was measured with ion chromatography. Analysis of enzyme
reaction on L-lactate was performed with L-LDH(L-lactate dehydrogenase),
NAD (nicotinamide adenine dinucleotide). To complement enzyme reverse
reaction of LLDH, GPT (glutamic-pyruvic transaminase) and L-glutamic acid
were supplied. Those enzymes were immobilized on poly-acrylamide gel on tip
of voltage electrode.

The relation between colony number of lactic acid bacteria and L-lactate
concentration had correlation as R*=0.984, and y = 108.82x —87.437. By this
equation, lactic acid bacteria number could be examined by L-lactate
concentration.

By using only LDH and NAD was unable to measure L-lactate concentration.

Otherwise, reaction with GPT and L-glutamate, every concentration of I-lactate

was able to measure 1n Iminute.



Electrode was made by immobilizing enzyme in poly-acrylamide gel on
electrode tip.- mV was measuring unit on L-lactate concentration. The relate
equation between L-lactate and signal was ¥y = 0.07192 —16.576  had correlation
of R*=0.9959 on calibration and R*=0.9919 on validation.

Blosensor for measuring lactic acid bacteria was designed and developed. But
basic detecting substrate i1s L-lactate, so this sensor could be work as
'L-lactate biosensor’ also. More application with this sensor is using as medical

field as detecting acidosis, heart disease, acute circulatory shock or use on

carciovascular surgery. Even more sports medical field as stress on muscles.
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Table 2 Production, domestic demand, export and increase rate of yogurt

by vear. (Unit : ki, %)
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
= 3 2 534759 | 544067 | 572.385 | 564,207 | 577,456 | 573,978 | 591,510
W 4 = 532,024 | 540,941 | 567,766 | 559,673 | 572,937 | 569,019 | 586,541
=~z 2| 2735 | 3126 | 4619 | 4535 | 4519 | 4959 | 4969
A4 g | -1210 174 52| -143| 234 | -060| 305
(A5 =H @ S4H)
252 ok (k) T
700,000 B T e Z R E EotE
- %%HE# LH—"“,:EG?-1
600,000 -
500.000 }
|
400’000 | | | P ] | | | i

1985

1997

1999

2001

Ax

2003

2005

vogurt by year.

Fig. 1 Transition of production, consign and domestic demand of
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o]
A, HEo] WwEo FE %%—% w o8} 1R} Lactobacillus  acidophilus <}
mesophilic 2319 A4S impedance? ¥ E 53 SASH T
Sivakesava 5 (2001)2 Z4HE (lactic acid fermentation) Aol A YElY= X

T, ZA AE WTo] U3t A& Fourier transform mid infrared(FT-MIR),
near infrared red (NIR), Fourier transform (FT)-Raman 3% 7]&& o] &3ty =
Astath. FT-MIR=FE 548 333 3% dolgolA PLSY 1A v & gk
)e] Fho] Z4zy E:w 098, 098, 24t 0.96, 0.98, A
Ed= 093 08= =2 A#ABAE EAUTh SECH SEPE ZHZ4 XIx9 25
2.92g/1, A4 074, 053g/], ALHLE 023, 0.37=2 YEI o NIRelY FT-Raman

23 7)ee A8 Ay gug L 23E A,

BN
O

calibration (R?)3} validation(R

Zhang %(2001)<2 Lactobacillus® 2&3A-E ion chromatography® ¥ 2399 <}
A AR (series piezoelectric quartz crystal; SPQCYHS Zd3dtd ZUHE 39}
LE A4 Fo ko] AAFHE & g &AHE 5199 29, chromatography &

3 2 aHA F acetic acid, lactic acid, citric acid®] ®H3}=ES dojd F Yo}

FAHT S HFH A= vlo] o AAE oA 7R AdE v glom 833 (1995)
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&4 (L-lactate dehydrogenase)2}
NAD & B Ao ¥R 8o F2 A7) (thick-film technology)g ©]&8ka} nHlo) &
A S AEd d57F el ZhE vk ok 10mM7ZEA] JE b Kol
54 A= 0106mMeol o, 1529 s AlZHg 2t



TERA HAES SAsE A=Z2 LOD(-lactate oxidase)E nylonXd] 1A 3}8}11

3 wegel AR Y= Amel A 49 TR dit e g =3
g5 Qi vy A9 Adel o 24 AMsayn. 24 wEo 2 Agy A
g

st 0.15~1.2¢/100mL7k A A 8AE RoFow FudAE 09982

elapoll A dlH B FAHE vpol A o] #Be AFE A Mizutani(1995)

i poly—lon complex layerd] L-lactate 0X1dase(LOD)-§- A A A} &

frol4l L-lactateE® A&Este AZFEL /AMastath poly-L-lysined} LOD7F 4191 &

Ne T8 dLAT A A I poly(4d~styrenesulfonate) & L o) H7bsta A

EAMAM BaE AHSFAMNFHT o HAAME bxFTe] HIEELTE BHIom,
&

= 01uM¥E 03mM7HA 9] whgo] MPoz vehgrt

3t

[.-Iactate

Mizutani(1996)5 & AF3H A= L-lactate oxidasest HFol2g U3 ALER

=}
m!g
2
Dl
)
=
QO
=
5
D
o
t
O
=
o)
=
=B
et
<
LY
Fy
|
>
=2,
2
ofo
o
-—-r-.-'
&
-
o
O
Q
[
-
D
i
BV
o,
Ol
-—T.-!
rir
Do
>

Casimiri(1996) S A& #A=F9  L-lactate oxidase(LOD)¢t  L-lactate
dehydrogenase(L-LDH)E ‘UltraBind’ filmo] ZA 3 g A4 ARE dlo]Q AAE



ok

040

—r

110

<

TN

T

M 3 &

b A=A ghdh AEd

70

i

27 o

2 o

|

Tz
01

1. o

A B A 77 78

<]

%8 Ho] AggoRA AA

?‘-,.r{‘i_ei{,}:i-nxs_ ety
doviog

o W W R e e

sy

“
]
e

L

T raary

o ihmw . .
v

%o
: . J..f._. M..wm_ E
" N
L oeeem el
£ T, W &
e, S
» ot e
= oo
& 5
b
i
3

Frain

Flamde vusdd

Fig. 2 Schematic of a biosensor and nose as

a sensor (Eggins, 2002).



rlol| Al = AA A & & (bio-receptor)® 41 & W 3t7|(signal transducer)®

¥ L T
A WMStE B wSd #AQE EA FEE 9T 4 gloeH, EA Wk wl
ol g 54 AR v= ABBAE S AHFAH EAo] shesig. AA

= A71ssr g3 @A SPR(surface plasmon resonance), FET(field-effect
transistor), € AlA T OYg 83e2 dHES ARSI o vlo]le M
AL 2 39 YER QLT

Biosensors
Samp |l e _ _ Electrical Data processing
Bioreceptors “ Transducer |

Carbohvdrates Enzymes Electrodes

Pest icide Ant ibodies Transistors

Pathogens Nucieic acids Thermistors g ; .
- —> amplif ier —3 Microelectronics

Ant igens Microorganism Optical
Heavy metals Tissue piezoelectric
Contaminants Call

Biomimetic

receptors

Fig. 3 Principle of biosensor.

dpol @ MM E AABAL Solq WMeAE &

2

NzA EREAT wge

= EolA(specificity), iLX=2] 7ZHA (high sensitivity)E zZow AAZ ALgo] 7}
5k AMEAMQ MRS Yl FulAd (portability), 7FH A (simplicity), 2 A1ZF d%
Rale] sbsajolsty, A& AWst wzm, MM sFe] AFTFE F& W%

AE7d0) AT



O

AT AelsHH B4

At (Lactic acid bacteria)2 29, 793 22 @43 E5(YHF)eS 235k

nw @ FRAEokERARY AR EAEY JF 4 72 A A% &

bl Aoe FARH (Lacidophilus,  L.casei,  L.gasseri, L.helveticus,

= e el ¢ el &5 (Eubacteriales)oll 2£3H€th. o] FHEuA Y
olof) - (Lactobacilleae)™ AE )& 3714 o}ol) Z(Streptococcaceae) 8.2 TEHETH),
AA e g EA F A< (Lactobacillus)ol, A= & E ZF 24 (Lactococcus), 2=

E Y & F5 2% (Streptococcus), MY IF 2 &(Pediococcus), AHBIAFAE

(Enterococcus), F FZx=22E2(Leuconostoc)¢] F Q3 Folt}, ¥ 3& SAFH9 1
A=d ZFo ozt Aol ¥ 4= Fabwe F/S bifidobacteria,

lactobacillus L¥] L streptococcus® A}zlo]t},



Table 3 Microbiological classification of Lactic acid bactena.

Family Genus Cell form fermentation

Streptococcaceae [Lactococcus globular, chain Homo
Streptococcus globular, chain Homo

Enterococcus globular, chain Homo

Leuconostoc globular, chain Hetero

Pédiococcuss globular, tetrad Homo

Lactobacillaceae Lactobacillus rod, chain Homo
rod, chan Hetero

Fig. 4 Image of Bifidobacteria, Lactobacillus and Streptococcus.

Agadtrgog = 93 gr|Ho 2 Bt 2 A4S MM =5 HET
(Homo fermentative lactic acid bacteria)®}, 34l 2ld] BEAELS AASE 3 H

=
4§ 7 (Hetero fermentative lactic acid bacteria) .2 ¥ Fdth Z} &L ZH7] v}

o AT e 19 5ol YER QL
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w3, 509 ol At V=L, ol MBa F& ANEBE YYstE sH2
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cose

S ADP

Glucose—6-PU,

t::: NAD
NADH + H*

b-phosphogluconate

ki:: NAD
MADH « HY

J-keto-6B-phosphogluconate

phosphoketolase
}\“+ CDz

Ribulose-b-P0,

.

Ay lulose—-5-POy

acetic acid

C

Ethanol]

—— heety)-PO,

2NA&DH

ZHAD

Glvceratdehyde
~-3-P0,

-*zii Pyruvate — |Lactate

2hTP

Fig. 6 Metabolism of hetero lactic acid bacterium.
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| Sf Reaction w/o enzyine
JW% o
f E 5
Activation energy., # .
w/o enzyme. %é 3

Free energy (delta G) =i

| Activation energy fﬂ FARRE |
-with:eﬂz-fhﬁe.E g

nitial [E+8]

% Enerav dlffefence
between }
y reac tam: and m'oducl:

Reaction coordinate g

Fig. 7 Role of enzyvme on reaction curve.

g4 VA3 2Fsd 24-7IA(ES)Y FEHE 5 71EE AHERZ HFA
2a-AA4=EP)Y FHE EAsivrt A2 dES 1 AF &L
(free enzyme)®] HHE FATT. & thA] 712 S A §j9F Z2 549 F
Qg 3t7] A3 A 71RAF AFEsA "ok ol 1¥ 8% ol BE T £ 9]
o},

—

E(enzyme) + S(substrate)

||

ES (enzvme—substrate complex)
1

EP {enzyme—product complex)

3

E{enzyme) + P{product)

S

Fig. 8 Mechanism of enzyme reaction.
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7+ IUB(international union of biochemistry)oll 23t Zwj w80 uw}

¢ e S O RS S 2 4o o) gis) A9
4hekek el & 2 (oxidoreductase) 7149 4H3) 28 S YtE S dovle g4
i1, Aol E(transferase)= ¥ 7144 e 714z 7] B 4B o] FA7]
= gaolth /b4 A (hydrolase)s EEE FAAA 7129 AL I
FEH st EAR FESHH, 71AA Exdyase)s 7] Ae o|FAFL A AY
ol Al oE FHAEIVIE Htste WEES Fvste EAE ddid €4 54
(ligase)= ATPE ol&stq F EAE APAIIE EaolH, o|A3s =Ea

(isomerase)= FA7F A|E S o AA olAAAE FASE Aol

271 vpel oA R RE dA7tA] YAZHEEARA F2 AHEE BELS

[

40, &4+ AEv|(biocatalyst)=A 38t Zufo] B|sf 37

P

3}dola 7]

Foldol Hojurte ZFHE AU Ak a2HdAE B3t pH, %9 22

N

A 86 s REEA S0 W, Aol oesnl, HEoW AYE D
2ev} olgrhe @AE AT gt ol EAE SAsy] A £4E nAHE
o] giek,

GEAE A AdE Ao FHe olAAo] =3 o] EA wal A 3sh
A2 PFe de 5 Avh £, 2435 ol wet AAgo] THset, 44
o) dhgol sk PA sbsdh o)sh wHe] mAssE HHAN Hae S
dojd o o G A} Wyl mep G FAe] v o dn. =A
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Lactobacillus acidophilus kctc 04042 #5£ & Al83lo A3, o] A5+
dhE o] dubd o g AR HE otk AL2dstn sgAEAReg g Fst - Al

# n g AFARYH 2FaA0

v A FZE £33 BD(Becton, Dickinson)iit ] Lactobacilli MRS broth 22.5g3
ZF4 500mE W72 A3, 2179 screw cap tubedl ZHzZb 10me® F ot
i ¢Feo] X1 screw cap tubeE 121°ColA 20&3F BAHA|A Fikdt o] 9] .%}ﬁ
& HFAZ 27 F, tubed] wjFAL o 37CE YZ4AZl $ Homod <l
Lactobacillus acidophilus 1004 & Hyr® vkl FHFA7]aL 37C 2709 v 7]
Al WAA AT 23 9% broth ZH|RE LEAFAAY FAL A ZEE
o)t '

I A WEATIA] Aol 27 FATF BE SHRE 08 Ao 8A7,
O o]lFoE IAIE FoE HEFRAqA ARE AU 4 GAE AXH LA )
o] #& FIYrth. ZF AlEY 30~30071% colonyZ 34 EHEE BD(Becton,
Dickinson)iit¢] Bacto peptone®ll 2}2jslof AF&3tr}. 30~3007H4 colony® 3] Al
T plated] &5 7} colonyE A3 w Astrl &olstA 7] Aol

O
o
At & SAsH 3 F o5 SAYS AFEsEiTh 9abite] Agar powder

& 1A AR A AN FHE g 29 103 2

__16_



Mixture of MRS broth(22_5g) with deioniied water (500ml )
Distribute 10mL of MRS broth mixture into 21 screw cab tube
|
Autoclave on every tube (121°C, 20min)
|
. Cool d(_:’-wn tube (37°C)

l

|

Incubation (37°C)

Fipg. 9 Flow diagram of fermentation process of Lactobacillus acidophilus

~ Making peptone solution
Autoclave

_______ g

. . D'Iut'ﬂn Of férme‘ntaﬁﬂn'sam;iles -

Planting bacteria sample on agar

Fig. 10 Flow diagram of preprocess of

dilution fermented bacteria counting.
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@D Agar AlZ - 319 F7FF9 165g9 broth$} 52.5g2] agars &A1t}
@ Ml Az - 1202 FFTN 1.2g9 peptoneS &3AlA, 0.1% XL Az

3t & screw cap tubeo] ¥ =r)

@ B - autoclavedl| Al agar A%, A A petri dishE 121TCAA 2087 4
Figklg=

@D ANE 24 - 1mle] AB8E T2 o2 Onl peptone 34 dol] Bo] EFA|7
tl. &A v &2 wj¥F F petri dishel 30~300709] colony7l Y&
T IAESF Mg

® Planting - 3|4 1mE 33 petri dishol v]#] 44~46C water batho] g o]
T agarg 10~12m¢ A= Fo 493 & HolA g F HAAAA
agars 2¥0h. o] AES AT 2744 Az

® "Y¥ 2 Count - €A3] £ plateE HFAA FF27](37T)A 1243+

MFE F ocolonyE A F 34 M&e Fae FFE Ad@
ge AE

o] Alg 2718 Hasle] HF colony 5 24 S

Bl 0,1% Peptone 9né AlS
m ﬁ“s.%“‘m :

] il g
Agar/broth mlxture A2 2 A2 2742 planting

Fig. 11 Image of dilution of fermented bacteria and planting.
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MRS brothel]l #3#& HEFARA & L7 279 ARG HF ol F 114
Zr B 37CY xAA HEE AES AL 3 124 YEARY. TEZF A
YIS =2 tube vhEol 3¢k FHEO ARoH ol Aol HgE ] FAEUY
W FEoltt, £F 2E7 APFHUA HEE MRS broth &4 FHE oIS

Fig. 12 Image of before and 12 hours after fermentation of Lactobacillus

acidophilus.

2g olFo ME F4kFS agarol plating 3te] agarZt 23 o]ofA] 12411t
Wl FAZIA 298 137 Zo] #o] TR (colony)S FASHA €t 18 4= #FE
12X o FA 713 1078 8438t agar platedl A FHE A7 BpolTh oW
zZt 23 AFste] R AL wE FATY T=UsE =AMERYE 23 159
2ok AT WF=AdA S ARk AA F7F FAHE BEArk 27] 44]
F FAE AA7(ag phase)ZA TF7F wlA] = HSaE 7IReE B F 3
3, B E AAEE 1A 7S A=A A 7] (exponential phase) 24 #F71 79 &
S35t wWEA FHeE 7|zkolt. WA 11417 o] F o= & A7) (deceleration
phase)24 TF7F AAs7]d & 7| Ev To|4e a7t 1ZHS Frh209)

Zashe 71zbolt,
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Fig. 14 Image of 12 hours fermented, 10’ times diluted and
colony formed sample.
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Fig. 15 Colony number of lactic acid bacteria duning fermentation.
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Conductivity

Degasser Pun Injector anaivtical Column detector
e é}, } —
s 14 : ]
Line filter Guard cofumn Suppressor Evacuation

------------

------------

------------

Elution

Fig. 16 Basic flow diagram of ion chromatographyv.

Table 4 Specification of ion chromatography.

Item | Specification
Company Dionex, USA
Model DX-500
Range | ppm ~ ppb
Extraction solution | 30% ethanol
Sample injection | o0 b
Pump flow rate | 1 m¢/min
Suppressor Anion-ICE micromembrane suppressor
ICE-AS6 (9 x 250mm)
Column _
Guard column, Analytical column
ED40
Detector

Electro conductivity detector(ECD)
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a9 19% 12A3Fs HEAA AT a7 SO S "o o)Ak 4 H=o

ot B4E #7149 $F = citric acid, L-lactic acid, acetic acid®] M Z 335

28 2719 L-lactic acid®] &%+ %Il citric acid® acetic

T
AU
av)
=
0%
=
a2
lo

=
acid®] T=% AT AR 12417 BE " A 59 3 AE L-lactic aciddl F=7}
FHIA =5e & T Ao Ao wE 7Y FEE YEuds W 29 20
3 #o] L-lactic acid®] &&=+ F7Fst= ¥E¥f citric acid®} acetic acid®l s=+

I WEs 3x Qo WY AR SAEL & S gk
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100 Citric acid #22 A ECD 1
7 | T
11 - acetic acid - 9.847
80—
2-5004
3 - citric acid - .504
60—
40— {(4.797
- 9 . !ar.l:ic acid-7.924
20~ I
] %gm;*ﬂﬁ}ﬁ?z} 11.1643 - 13.987 114 -18.614
"'10 ¥ | 7 T l T | T i l T 1 T | i T | l I 1 T [T. In
0.0 5.0 10.0 150 20.0 250 30.0

Fig. 18 Ion chromatography results on 30 minﬁtes fermented sample.

160 Citric acid #28 S ECD 1
It
. 8 - lactic acid -8.140
125; *
100~
- 10 - acetic acid -9.840
- 2 35 0B0ic geid -p.524
75— J:
- . ﬂ4.797
50
_ }
25— !
- J |
' [ e
_ W a | : 1? -13.917
7 min
-20 ) || ] | I | ¥ I ) I 1 || ] ¥ I_ ) T | I I )
0.0 50 10.0 15.0 20.0 250 30.0

Fig. 19 Jon chromatography results on 12 hours fermented sample.
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Time(hr)

Fig. 20 Acid concentration variation during fermentation.
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HE A WE L-lactated] F% W3
2 18 219 EAeAth L-lactated] =
Holw, o]5e #AZ dolry] 993 SPSS EBA ZRIAL o] g FH
soitt '

30 e s—— 3000
- |L-|actate conc'
| —e— colony number /
25 | //r““’** 2500
20 | '/ 2000
4/ 2
E e 1500 S
2 / 5
A
/ﬁ"
1000
10 7
5 - 500
0 O ey L { ! j 1 ( ! L ] | [ | | 0
0 1 2 3 4 5 6 4 8 10 12
Time(hr)

Fig. 21 Relation between lactic acid bacteria colony number and

I-lactate concentration.
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AR Ay, wabd HaAHdAN AAHHE wAtd 9k L-lactate?] =

ApolelE= 28 229} zbo] R°=0984¢ H Aol IS & 5 Utk HAHE F9
L-lactate ¥ =92l #HA A& 53] L-lactated] SAHSE f2abd & 45T 4 ¢
£ Ao AGHT #AAANS TFEeAE 1142 YESTH
z
3
=
X
o
0
=
o
3
Fig. 22 Correlation between L-lactate and lactic acid bacteria
colony number.
y=108.82x —87437 - - « « « « « « .« o . (A1)

o 7IM, * = L-lactate® = (mg/mL)

y = FAF 4 (colony forming unit; x10° cfu/ml)
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A s fAbre diab ZEE B AAEE L-lactateZ
L-LDH(L-lactate dehydrogenase)®} NAD(nicotinamide adenine dinucleotide)= A}
43t L-lactates! A% 7HsAde A@sAh old AMEE Aok thg3} 2

[ -lactate dehydrogenase (L-LDH, EC 1.1.1.27, Fluka, from rabbit muscle, 215
Units/mg), L-lactate (2-Hydroxypropionic Acid, Sigma), Nicotinamide adenine
dinucleotide (NAD+, EC 2.7.1.23, Sigma type IV, from chicken liver, 10 Units/mg)
g A4 glol AHgddnh A¥d AHEE A4 9% RE §d4e FHRSE

st

OH 0
! L— LOH I
HgL - CH-COOH , pjap* —= HoC-C-COOH + NADH + H
L-Lactate | Pyruvate

Fig. 23 Reaction of L-lactate with L-LDH.
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NAD'E gdutr oz m@o] ALl ZFA2ZAM EAHMLAA FAE oFAlIE=
2F-$-(hydrogen—transfer reaction)dll #o 3l 449 A3l NADH HE| = &4

stA Eot. FA7F wdlE® L-lactaterw pyruvateZ} =il Holl+ 3 F3}19

o] Zo t3t FAHZ F3 L-lactated ¥ & SA3 A} st AT el 9
FTE9 Ao|E Hol+= [-lactate®} L-lactate dehydrogenase?] wWH-2o 2]3] ABA T
= Taolee FEE =437 $3 pH metergs AFEsE o AFEE pH meter

oet At

2

1—
) -

Table 5 Specification of pH meter.

Item Specification
Company _ Orion
Model 420A°
Range -2.00 ~ 19.99
Resolution 0.001 / 0.01 / 0.1 pH
Accuracy + 0.005
Temperature -50 ~ 105.0 C

L-LDH, NAD, %<9 <& 5Y3tA st L-lactated] =2 W3AZALS o,
pHS W3E AFsAT. 5/ A8 #Ad L-lactateE 22 0.1mg, 0.2mg, 0.3mg,
0.4mg, 0.5mg® ¥ il NAD, #FT5 47} bmg, 1Imd¥ &3l wo Fv|3c}. pH
L-LDH 50 E Alddel] F43AE& of ¥s}
24°] YERHRA T

meterE 3] %7| pHE =A3H

& A7t A¥EyY. O d¥s O

nﬂ —{01'
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DH 2 6 etete s vesttes s oot eee e e ettt e et s e eee e ettt e e et e e et et e 006 e e et
T3
2 4 b e
2.2
2 A
| —
F
1.6 -
——0.1mg |
14 -~ 0.2mg | |
----- 4 0.3mg
1.2 F —+—0.4mg |
- ~£3-0.5mg | ;
) 1 I ! | | :
Initial Addition of 1 5 1 ofime (min)
.-LDH

Fig. 24 Reaction of L-LDH_ on different concentration of L -lactate.

T 2490 A Initial> L-LDHE #|¢3F NAD, %% L-lactate’t 4] & w9
pHE YEld™ L-LDHE FUF o|Fo 543 Holfd pHE 1w oJUlZ& x7
pHell A9 AR gt& vetliith. 2 o]+ L-LDH7} pyruvate?] A/ g
9§ B} pyruvateol A L-lactates AAsh= tgol o L&A 2E3t7] #
o)l & pyruvateo) A L-lactateZ9] ¥HS H S (K )7F 25x10° EA E
APelA e Bee] guwbso] o A dejurte Relth meA L-LDHS
NAD®S o] 83t L-lactate?] A2 B/l ¢ & A3k &AM pyruvate
24L& L-lactate®] 780 AsfAz 24&dES & 5 AN, pyruvate?] AAE 4

e esimiingl

gl dloto] Ha Pt} EF| pyruvateE TFE EFZZ A o|AlFA pyruvate’t L-lactate
2 5 BEE Tal B3 FA Fho)d AVEA EEEFE e WHe A%

Al AT
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2. L-LDH &2 W3- AsiAl A7

ot 4 L-LDH®} NAD®| L-lactate] ©jdt W& pyruvates]A L-lactate= 2

o

hgol 9 vehbs]l Wi HF pyruvate®] sEHT L-lactated] 5=

=/ Bk oled AMse 9 g8 AdA N5 HE pyruvaed e £

2 AolAlz "oyt 9ok 28A HW L-LDHEZRH pyruvateZ7l BAE = SA
2 232 RAo)Ho] L-LDHERE AAH F2ol&g AuHsHA oA =7 dE

olt}, webx AHolFAQ GPT(glutamic-pyruvic transaminase)E  Ah-8d}od

pyruvate’} L-glutamate®} &7 9= w ZZ} L-alanine?} 2-oxoglutarate® 7 9]
A 71E HEL-& o] gslel i it} olu GPTY whe-4& Iy 259 YeRUSit

0 HHo o HHE U
1 i
HyC - C-COOH + HOOC-CHo-CHo-CH-COOH &= Hal - EH COOH + HOOC-CHo-CHo- E COOH
Pyruvate L-glutamate L-alanine 2-oxoglutarate

Fig. 25 Reaction of pyruvate with GPT and L-glutamate.

AdAH o g pyruvate?] L-lactate29 9Gur3& pyruvate® AATLZA
[-lactate®] ¥ ko] W& Fhol2o FEE & 5 UEEFE AT L-lactate?]

24 7454 AR AAA Fenge 19 269 2k

OR NHo Lo NHo 0
i -— | (]
HaC - CH-COOH . HOOC-CHy-CH,-CH-COOH » MAD® ==  HgC - CH -COOH + HOOC-CHy-CHy—C -CODH + NADH + H”
L-Lactate L-glutanate GPT L-alanine 2~o%xo0glutarate

Fig. 26 Total reaction of L-—lactate with L-LDH and GPT.
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[-lactateE® S743%t7] ¥ GPTS L-glutamateE ©]&3 S uf, w929 <FAS
ot gkl 7] Al #E L-LDH, L-glutamate, NAD, GPTE 22 10mg,
20mg, 2mg, 104 23l 3.996ml, 3.98ml 3.96mé, 3.88ml, 3.8mLe] =F59 37 &4
=t} ol 7] pHE FA3F3 0.004me, 0.02me, 0.04ml, 0.12m¢, 0.2mé <] L-lactate
E test tubed] Wolmdzl FAld pHe WaE vy ofd 7 ARE 0.1%,
0.5%, 1%, 3%, 5%% L-lactate =& ztA HrU}h . -

1Y 275-H 312 ZA47te] FEolA &t 4ty 9hE3e do pH WEE
Biudth, 28 Z9elM L-lactate?] £9% FE5v F49 27t 5552 @& pH
& B Y3 L-lactate®t 49 dk-go 23t

= &2 pH W) A8 FANSS Fi $49 20 TS & 4 vt
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e
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e
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gl
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off
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Y

GPTet L-glutamate’} AH&¥ whg-ol A 24248 L-lactate ¥%o) o8& #-3 2
ThE waekr] f1s 1" 324 AEEith. Eu Aol x7] pHAlA 12 oy
2 HZF pHel H& 9B%lAM 9%l =2¢& & 4 drh ol& Fa L-LDIHY
NADE ol&stx &3 Jutg2S JAAII= GPT L-glutamated ©] &3t
L-lactateE® F73o| 7tsd& & T Atk o|ZA L-LDHE o]&3td L-lactate®E
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pH il . oot e N

—a— 0, 1% L-{actate enzyme reaction
3.8 g (1, 1% pure L-lactate

AN
3.8
3.4 \

3.2

2.3

2,6

2,2

Min
Fig. 27 Reaction of 0.1% L-lactate with L-LDH, NAD
L-glutamate, GPT.

. 0.b% L-1actate enzyme reaction

3.8 )\ ----- #-- 0 5% pure L-lactate
36

o

I

//
S R—

Min
Fig. 28 Reaction of 05% L-lactate with L-LDH, NAD
L-glutamate, GPT.
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pH i A——— e - —

YT ELPEE R e i

—— 1% L~lactate enzyme reaction gE
4 ~2— 1% pure L-lactate

pMin

Fig. 29 Reaction of 1% L-lactate with L-LDH, NAD
L-glutamate, GPT.

[ —i— 3% L_-lactate enzyme reaction
3.7 |
\ - 3% pure L~tactate

3.b
;s [
AN

o 7 N ~

25 |
23
2.1
1.9
17 L l , * —

Min

Fig. 30 Reaction of 3% L-lactate with L-LDH, NAD,
L-glutamate, GPT.
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—— b% L-{actate enzyme reaction
~~~~~~ # B% pure L-lactate

hAiN
Fig. 31 Reaction of 5% L-lactate with L-LDH, NAD,
L-glutamate, GPT.

pH 4 1_,,,%% ..... S b—0.1% i~ 0.5% b 1%
—2>— 3% —%- 0%

3.75

N,
3.5 Ny

3.25 \ Q ,_ 0 A ¢

2.75
\ L N e e — a-

2.25 W e = e % X

0 1 2 3 | 4
Time{min)

Fig. 32 Reaction curve on various concentration of L-lactate
with L-LDH, NAD, L-glutamate, GPT.
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tubeo] L-glutamate, NAD, GPTE 27 20mg, 1mg, 10u0% FHlslil, ado] o

gt Wolg 7] 913} L-LDHE Z7ZF 0.1mg, 0.5mg, lmg, 3mg, Smg® P 990 =
Feroh &7 A3 pHE A8k 1049l L-lactate® HoJ=g# Ao pH W
st& ARt el 1%9 L-lactate® 71%02 L-LDHE 2437 98 713

>H = Q. A~
443 g 4442 & Ak

M= Ty T

-I 1 : 1 I i t I I car
U 20 40 60 &0 100 120 140 160 180

Fig. 33 pH changes trend with different enzyme. concentrations

on constant [L-lactate concentration.

w29 TR/ BSF2 WE $$S Bolu, 529 %] 0.1mgst 05mgd o
g nadd 0.1mge A7 1%9 L-lactates} whg-3to] <k 3t Ao 95%0] ]
of 498 A7|7A 3Bx7F 2253, 05mge Aol 102 A= 2290 90%

olUjel 435 A7I7tAE 4% 0.lmge 25%, 05mg Sxv| e g A et}
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a4 Ag AHeF A3

Eae AESH Ev9ds siAv e Hojels €] BlaA gho] WM

Wt I AMREES AAAES AFE 3o v L-lactate dehydrogenase9
A ALgZF AAS ¢ tmie] 2% L-lactate 92 wE7] Y3l 49 FFH T
L-LDHE Z+Z} 0.05mg, 0.1mg, 0.2mg, O0bmg, 1.0mge HoATH. o|9e] 34 NAD,
GPT 18]3 L-glutamates Z+Z 0.1mg, 0.7mg, 11.8mgE ¥olst. pH A=E& &3
g Wy AsE 7] AFEHA L-lactateE 0.1md 2o} ¥H8-2 AlHT.
232 1Y 349 JeERIATh 0.055%E 02mge] W2 kvt HoldaE g &
T wlg o 05mgo)rt 10mg2 Hbg %2 AolE T & gt wEtA
I.-lactate dehydrogenase® A}&T2 05mgl.2 ZA AR}

time(sec)

L — —~——— [ — - i p———— = an

Fig. 34 L-1.DH variable reaction on 2% L-lactate.
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W& L-LDHS M A% A3 4}

strt. 5mee] 2% L-lactate 24S &7 93 49m 579 NADE Z42ZF 0.01mg,
o)s]e] &2 L-LDH, GPT =¥
FolEoh pH A& &5 & 72

FE4 NADS AHg &= ZAs7] 9%

0.05mg, 0.1mg, 05mg, 1.0mgS olFrt}
L—glutamate-—E- 2+ 74 1mg, 0.7mg, 11.8mg< %

ANEE w7] AlESEHA L-lactateE 0.1md Eo] ¥
of LERigler 0.01F8 0.1mgd] wHE2

t 0.15-H 1.0mge Whe &Eef zpolrp FHlsx

J ! L {

3 ]
0 10 20 30 40 50 60 70
time(s) _

Fig. 30 NAD vanable reaction on 29 L-lactate.
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7 FAFskT), 5mee] 29 L-lactate 848 &7 &) 490 FFTN GPTE 2ZHZ)
0.1mg, 03mg, 0.7mg, lbmge EATH. °]¢e &4 L-LDH, NAD I
L-glutamates= 22 1mg, 1mg, 11.8mgE Yot pH AFE o &Hof @1
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Fig. 36 GPT variable reaction on 2% L-lactate.
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Fig. 37 Methods of immobilizing enzyme.
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Table 6 Characteristic of immobilizing enzyme.

Specification Cov’alﬁent Physic'al Ioz? Flro:ss Entrapment Micro |
bonding adsorption bonding linking encapsulation

- Process Difficult Easy Easy  Difficult Difficult Difficult
Enzyvme activity High Low High Moderate High High

Specificity Change Preserve Preserve Change  Preserve Preserve
Coherence Strong Weak  Moderate Strong Strong Strong

Re-use Unable Able Able Unable  Unable Unable
Immobilization price|Moderate  Low Low  Moderate Low Low

2. Polyacrylamide gel 4 34
Folyacrylamide: acrylamide®} N N'-methylene-bis-acrylamide(MBA)Z T4 %
TgA o, B 5 4 dFAE FEAA gel HEHY FRE B
1

ILEEA}
+ Utk 5aE wAsE W Fo T st @ 4 Yok xeye] Au
=

o] 7I53 %%’5]7?}51 g 4 9t} Acrylamide®t MBAS] vl &0 wet gel 32 Y]
B oZs% Aol JbEe B deld Aok W §a% wAsE 23

B3t7lel F&d Edolmt & 4 vk wWEbA Bl A E JidsteEd oA
% o)8 A9 FE8AS F deEA vt gAY ExFe] wE 4 A& T
W AMRH 7= st nEA =dolv. 3F 382 7 229 8% F£E UEH.

.1_‘
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O
CHo=CH~— C
- _ ' E\NHz
40 '
Cho=CH—C{ CHz
=V Ny _ j,NH
CHo==CH — C

Acrylamide

N

N.N'-methylene-bis-acrylamide

Fig. 38 Chemical structure of acrylamide and

N,N'-methvlene-bis—acrvlamide.
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Fig. 39 Polvmerization reactiori of polvacrvlamide gel.
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1 3900 A WESo] o]8¥ ammonium persulfate?}t NN N’ N’-tetramethyl

ethylenediamine (TEMED)+ acrylamide2t MBA7Z} #A 2 o]|F&= &
71 #1g S92 9EE AAATIE 9 E(initiator) S 3 Ed ot o]g o
polvacrylamide gel A3 4714 58Eo] AL =1 Hlo AeH= ZAS

o Hgo] wet 2o 2] Wi oS W&o HE FF AU 4

oot
Ofr
=
4~/
o,

Acrylamide®} MBAS] BH]& & FZA& 3 ammonium persulfatest TEMED £ oA
& 44 aAEHA TEAY dEde £A485A AT Acrylamided] F

- 5%, 10%, 15%, 20%, 25% 2] MBAS| 3% 04%, 08%, 1.2%, 1.6%,
200%% T8t 47t 300;&9} 600ulE "hs RO HolFErh. 183l ammonium
persulfate®t TEMED 2% 8942 247 50uA 40 #F 1o T3S A ARG X 7
& Mg g Me 1 ARE AR A= Ala HEE YElY, As H3
= 5% A 948 E 48 Wson

L
O

L

r‘!r‘

Table 7 Reaction ratio of Acrylamide and N,N’'-methylene-bis—acrylamide
and test file number.

S 10% 15% 209% 259

MBA
04% | 1.1 2 1 3 1 41 5 1
Co08% | 1o 29 39 49 5.
O 19% 13 2.3 3 3 43 5.3
Co16% | 1.4 2.4 3.4 44 5 4
C 20% 15 2.5 35 45 5.5
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Fig.

40 Polymerized images polyacrylamide gel with (a) 5%, (b)
10%, (¢) 15%, (d) 202, (e) 25% of acrylamide and 0.4%,
0.8%, 1.2%, 169%, 2.0% of N,N’'-methylene-bis—acrylamide,

each.
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Fig. 41 Polymerized images of sample number 1 1 to 1_b.

- 47 -



ig. 42 Polymerized images polyacrylamide gel with (a) 0.4%, (b)
0.8%, (c) 1.2%, (d) 1.6%, (e) 2.0% of N,N'-methylene-bis
—acrylamide and 5%, 109, 1596, 2096, 2526 of acrylamide,

each.
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Zuojeo] &3 FF wgo F7| VIFA 9L st ammonium persulfate$}
TEMEDS] X% HWHold mE Fgnits9o dx& dolr 7] Y3l 10%9 acrylamide
30002F 1.29 2 N N’'-methylene-bis-acrylamide 60009 ¥ 8% & X3tox =

o Ads FASAT

Table 8 Reaction ratio of Acrylamide and N ,N’'-methylene-bis—-acrylamide

and test file number.

0.5% 1.0% 15% 2.0% 5.0%
0.926 1-1 1-9 123 1-4 .
1.0% . 2-1 2-92 2-3 54 '2__5
1.5% 3-1 99 o 34 e
2.0%%6 4-1 4-9 4-3 A4 e

2% 438 99 FE FZASE polyacrylamide geld £ A171 Apdolt) (a) A}
A2 ammonium persulfated] HEE O.5%,I(b)-—t* 1.0%, (c)= 1.59, (d)E= 2.0%=
147150 TEMED® wX¢ WEE Fo FFANZ Aol H4F Z
acrylamide®} MBA®] H%=7F 543t 279 ammonium persulfate®t TEMEDY]
T2 Wote] mEtME FEEC] EebE ¢ F UM AFEH gel HF UE
el Eols) 1 |5+ 50%7FE AAo =2 TFoldelsi TEMEDS

R 3= -11_].
TR BolASFE AEsE A4 Fo] FolEE AL FAEAnt

_
>
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Fig. 43 Polymerized images polyacrylamide gel with (a) 05%, (b) 1.0%, (c)
1.5%, (d) 2.0% of ammonium persulfate and 0.5%, 1.0%, 1.5%, 2.0%,
5.0% of N.N,N’,N'-tetra methylethylenediamine, each.

Ammonium persulfate$t TEMED? &% 2 sHEY U3 Z23E 1Y 4
42| 8 sith. ammonium persulfate®] =7t ZoldE, 1glal TEMEDS &

}
=7b 544 % 1me) FAAE ¢S P W, dah B9 FPAE 4L £
Z 5

A} T} SHAIRE, F EA-Y T 2% ol HY AFde 7Y AR IFE v
A = AoRE HATEHo AA Hel A polyacrylamide gelS Addte §4AE 1
A v ammonium persulfate®t TEMEDY ®:%& AAT 4= 9}
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Fig. 44 Polymerized ratio depending on ammonium persulfate and
N,N.N'.N'-tetra methylethylenediamine.
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& 793 52d BAE FA7 A5 AAAY 2YL FE Ao Fad) A
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284 EXO 2 acrylamide®t MBA2 &4 14 7FsAld da] 2dg 33
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L-lactate dehydrogenased] @A %x WM E ZA3o] polyacrylamide gelod] = Q3
H 2 o) acrylamide® MBA% ¥ &L ZAS7IZE 89

VMBA(N N'-methylene-bis—acrylamide)® =& 08%, 600ul= AA A7 3L, 300
@ acrylamide?] BEE 5% 10%, 15%, 20%. 25%% W3A]7)HAA L-lactate

dehydrogenase, NAD(Nicotinamide adenine dinucleotide), L-glutamate, glutamate-

pyruvate transaminaseE ‘“EojFil 2% ammonium pefsulfate S0t 2%

N,N,N’ N’-tetra methylethylenediamine 50u{& Y AFIL gelS A HA At ESH

MBA #% WHold mE 1A Fhe FAEL 5487 Y8 20%9 acrylamide 300

W= LAAT| 3L 600 MBAS 5%E 04%, 08%, 1.2%, 1.6%, 2.0% = WH3}A| 7]

HA FA9 ammonium persulfate®t TEMEDE A ¥=2 2o & 1019 &
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Z=072 By AAYE= ANgE HASti, =ol2E AAS 7] Y3 g5 I =2=E
TASAY @33R AR A48 £ Yt B dudze Jgo] oyl
A

2 BF= 9ge @ o F AaAE 99 Yud

Table 9 Specification of signal amplification chip.

Specification
Product number CA3160
Company intersil
Input Impedance 1.5 TE
Input current O pA

AE FEF7]18 ¥ 489 Y. ARzl stekRo] 2 16719 AAME JHE
T A& BNC @A7F A 242442 99 %I 2E A AHA analog/digital A1 =®
712 AAAN HFTHoZ ZHFEC USB FH=E HojHE HUFEH. tAd A/DH
= 2= National Instrument Co.9] &% AT-MIO-16E-10 B=& o] && gt} =
492 NSt Al2Fe]l A Egs YEITL

ri&l ru°*'

Fl
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Fig. 49 Image of total system.
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Fig. 50 Image of programmed data acquisition software.
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A gS AAsE7] Ysholvt. ¥ 52, 53, 4= ZkZF 1070, 20071, 100071 <] ©fo]l &
Hd e A5t HolHE 5% Aol

_58_



|i

Ll .

_02 : o | H - —31k . ——

O : !‘5 B A 1 P e e e B i P P T Ty 7y By e TPy P e e e e e LT PP LTy L T o ey e £ e e e e P PP PP P P e e A

0 10 30 40

Potential signal (V)
=
-
O

tim eggsec)

Fig. 52 Data sampling with averaging 10 samples under 1000Hz.

O | r.u.u L TEPFPETFry [ S AR AR b Pt A BT EE AP AAR bk st m e A A RE R Fararinak -
n

0.05 —

Potential signal (V)

R TN YT W W T~

=0.1

"
£
F

£

H
r

i
H
H
-
-

A e A L L Pt AL T bt P M B bt b, o B P A LWL AR

_.O 15 B e ——— cvoessserssestoamasin I —— . vsesssssmssont sssssooessonss

-
averede
O
N
-
W
-
N
O

time (sec)

Fig. 53 Data sampling with averaging 100 samples under 1000Hz.
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Fig. 54 Data sampling with averaging 1000 samples under 1000Hz.
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1000Hz2] 107 1 dHolgdlAdE B o)z} E3H g AL B 4+ 9
ov A&FE 1000709 dolEE HAI ZoldE olEZ7 iR E AA"HL 9
sk = gk d<sE 1074, 10070, 100071¢] dloly HTE-& AAbstar, 442 S/N

M2 AASAT E 108 o2 Aeshe] HeZT)

i

Table 10 Signal to noise ratio and standard deviation of Signal' acquired

from system developed on 1,000Hz sampling time.
Average of 100 | Average of 1000
samples | samples
-0.08126 -0.08121

0.01964 0.008599
12.33487 19.00364

Average of 10

samples
-0.08127

0.09737
-1.61439

Input signal(V)
Noise (V)
S/N ratio (dB)

Standard deviation
(mV)

51.26 6.9 3.3

HlolE e 7t S7kskel met S/N H7F Skt A= = + A2m 1071, 100
A, 100070 2] "lolE H¥golA &A= 2z 51.26mV, 6.9mV, 3.3mVE e
ook Wt 2 AYA AS AP AE A&5E 1000749 wolele HFHES A
Fol7l = s

2 AuE wWol2 shelay] 8 delz Mue 6o Add A3 AA A
gold Ede Soo 97 187 A9 =4S dQr 4 A
o W3 EEEAE E 117 o] 15mVole] AAE ud o= NEE FE
s SAGA AVE A2 AA AA 94T FEH B AFRA 15mVol
o M 38T & lojo Fut

ofl
&
&
lo
)
i

- 60 -



Table 11 Standard deviation of output signal on random selected 6 channel.

- Channel number 1 2 3 4 5 6

Standard

> 1376 | 12718 | 0897 | 1154 | 1308 | 1473
deviation (mV) o

3. BAE uAsS A s
Polyacrylamide gel2 A 38 uw acrylamide®} MBA2 ¥EE o] A8 oA

AR

by

o
N

|}t weky §A4AE AAANZE A= Fol 20%9 acrylamide 300ud, 1.2%
N,N’-methylene- bis—acrylamide (MBA) 600ule] &4 E poly-acrylamide gell
TASR[Y. @47 FUHIZ W o]Fo ammonium persulfate, NN N’ N’'-tetra
methylethylenediamine (TEMED)E ZtZ} 2% F U3ttt o]ld AFH S4 &

247 ANE ASAT 1 R Fre 19 59 2ok ALE AT A

ro

® 129 2o AM JfEdd AHSE A2 7€ AT 2F A=) A 3

o, AF Yo Ag/AgClel FHE90] B0 A9 &3
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Eet

Fig. 55 Structure of enzyme immobilized

electrode.

Table 12 Specification of electrode.

Item Specification
Company Orion

Model 9157BN

Range -1600.0~+1600.0mV
Resolution 0.1 mV
Accuracy 0.2 mV or £0.05%
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4, AAL Ad5H7}
Are =% AA(calibration)< L-lactated %H 7]F £AL o]&3lo] A3
o), g A7 B¢t L-lactated) &% ®H3l= WES FE=2 0%AA 2.09%71A

Matgoh wely AdBRgold s 98l AHEE L-lactate £99) FT& 0.005%,

ZA500] L-lactated] v ES FFOoRHE 28 g ZHsq BANL A3 o
o Yg 4%F Age Ptk 18 %L AN 22 gehdd, iagoz A

e molm L-lactate® $E7 F1E5F 23 AGL iAW BANE A 2

L-lactate?] L& &A3a ¢ o}zl 18 228 #idte] [FAHF 5 o=

F 9l7] wEely.

y = 00719x — 16576
R® = 09959

1.5

L—-lactate conceniration(%)

0.5

225 230 235 240 245 250 255 260 265

-—

Fig. o6 Calibration curve on L-lactate concentration with output

voltage(mV) from sensor.
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y = L-lactate®] 5% (%)

w9l AES 98 L-lactates] D=7 125g/meo]7] WRo] A 32 m#ste] AlA
2RE ZA3k0] 280mV o1&t Aol fake] FEs} Oolzta 63 A
ket el colony 7H=7t 0ol AW, WEa7F A|ZE7] o)de] ety & 4 U =
Bekel 2584mV oY A TERIF FES dod dEoln, {fiAd b

28<10°cfu A= AT & 4 vk Aol EFEL e 072401,

L — lactate(%) x 1250mg/mi + 100 = L — lactate(mg/mi - - + - (& 3)

dzlB o)l S T8 ¥4 A2 AFS Y3 0.007%, 0.025%, 0.075%, 0.25%,
0.75%, 15%, 1.75%2] L-lactate =& AAZ Z2RSIL o =8 FES oA
B astdY. A3 439 AxeE 19 573 23, R=09919¢9] A#AAE el

o olmA MM HBe A=HAY.
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Fig. 57 Validation curve on L-lactate concentration with output

voltage(mV) from sensor.

e AAZL ol xdA Bio] HEvle] we ARHTh
2xolA ool @AY pHl R ZAN %717 Hats
CE20h AAe] zA0) RnBH ool FHL BYH

o}
ik & 5 o

_65_



F QE AAME MLzt G eh Poly-acrylamide gelol L-lactates} HE-8-3} o
H+2 AAsE BH23Ae Bojsts &A(L-LDH, NAD, GPT)$t L-glutamateS
of AEAZozA AT AL

1. Fa Ao A L-lactated] =9 #AldY v A EFe ¥IE
231 L-lactated] BE9 §47F9 =9 AuAAE R=0984 ot} At
9o B2 Z=A3 7] Y& y=108.822 —87.4374] L-lactated] FEZ w3}
H OSARTe] 2 4 5 Yul L-lactate ©]9 9] acetate, citrate &3

A fAk o FRAgol gloh o]lZA L-lactate® FAF =AM kit
o
T

2. L-lactate dehydrogenase(LL-LDH)$} NAD<¢ &4 w3 &3 L-lactate
of T =2AAL FAZ goew, olF HAsr| ¢l glutamic-pyruvic
transaminase (GPT)¢} L-glutamateE 74 o] &3 ®¥gS &3
[-1.DHY 2o AAMEE pyruvate® L-alaninel 2 ABAAA Fho]2 9]
HAE 98 ¢ Yo ol2A AAHE L-lactated] F=o Bl ste 409]

oo ¥2g Z4FoeA e FE 40 Mede ¢ & Ak

- b6 -



3. Poly-acrylamide gel9) L-LDH, NAD, GPT$¢ L-glutamateE 314 A]7]
i, ol F M= Fo HEgAHemA AA 711%5] o] Foig o, o] FEo
L-lactateE A st @2 &9 A4 #&H L-lactate®] F=9 ZHd oM
A3, BAAL y=0.0719z —16.576 o] Ao A= R=0.99590]t} AZAE

N
4 AE7h West old me &k B4 Wsie 84 dstd gy o
o2 AME e AEd FEe] AdANE 4F Ul EAsE 8T 4%

Y} L-lactated] Ao Wit &4 +H-E 53 calibratione E3] A -&o] 71535k}
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