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HPLC method usually has been used for the determination of ATP and its related compounds in fish muscle and fish sauce. But,
total amount of ATP related compounds in fish sauce is determined less than that of fish muscle, In order to establish the extract
analysis method for ATP related compounds in fish sauce, a new enzymatic method was developed and compared with existing HPLC
method. Fish sauce was extracted with chilled perchloric acid -and neutralized to pH 7.0 with potassium hydroxide solution, the extract
was used as sample analyzed by HPLC as usual. On the other hand, for sample analyzed by enzymatic method, 1 m{ extract solution
was pipetted into test tube. To the tube, 0.5 0l of mixed suspension adenosinedeaminase (4U), nucleosideph?nzphorylase (0.02U) and
xanthineoxidase (0.03U) suspended in 2.0¢ of 1/15 M sodium phosphate buffer solution pH 7.6 and 1.5n¢ deionized water were
added for the decomposition of IMP, HxR and Hx to uric acid at 37C for 40 minutes. Total uric acid was determined by measuring
optical density at 290 nm. In HPLC method, salt decreased the total amount of ATP related compounds by 13.6~16.2% at 2.5%
concentration, but no effect in enzymatic method. IMP, HxR and Hx were detected at 254 nm, while uric acid at only 290 nm. The
ratio of the total amount of ATP related compounds by HPLC method was about 45% of that by enzymatic method in fish sauce.
From these results, enzymatic method is more accurate and simple than HPLC method for analysis of ATP related compounds in
fish sauce,

Key words: HPLC method, enzymatic method, adenosinedeaminase, nucleosidephosphorylase, xanthineoxidase, ATP related
compounds, uric acid
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AHg-Hel gron YR F4o2 e gXIANH FRAY Y, Z5F9) Eo9e= ATP ¥ 1 #HEAEL AU gle
g ARl fREe ARGt AFA AR AzPie  4F 5ad gt ATPS ADPE, AMPE, MPLs HR
oA el Ad (25% o)& ¥nA F ERF Fo 15~ O, Hx (4714, ATPE adenosinetriphosphate, ADP< adenosi-

20T Bz F&AgA 1d~1d o) B7ITte) BHA &4 - o nediphosphate, AMPE adenosinemonophosphate, IMP<  inosi-
A7, 24 diAAA FHse obrl g Bo] i3 nemonophosphate, HxR2 inosine, Hx¥ hypoxanthine®] 2, Z
A7) o) AP, AL, T YL F I & DA FEd}e EAE @ ATPase, ® myokinase, © deami-
2 ojgd3 Qi nase, @ phosphatase, ® nucleosidephosphorylase) 2 #3159,
ARAZA £A7170 54 oAl Ao Y duA olE HEEY EHALE YehUE Kgeolge VAT ANEZ
ol aid g3t B - J3so] He|= Y ojujite] AP AMEHI Jon ofF AEEL 254mmolA HAEREE Ug
mat ojyg), F24 2 ohnxigds Jga HEA 9134 A} 22, 93l Zo] 377 45 91E xanthineoxidaseol
Fo) Z78h, 48 ARY dAFde ThL d2498F9 98l A hypoxanthine©} 290 mmol A AW FZEE Yehdlle 84t
el ATPHRUEAL #§Ho| glom, o5 HEEY A 22 Eided (Uda et al, 1983), AFAA 97EL dRF
%2 y-Bondapack Cjs (39%X300 mm)¢] F5E4 columns AH& Aol AE AEFHA e 2HES AAMFL 429 (Oh, 1995,
3o} HPLCHO.Z 254 nmol A A 84T (Park et al, 1995, 19 1996 ; Park, 1995 ; Koo, 1990), AR5l 84t #¢ BEie
96a, 1996b, 1997 ; Baek et al., 1996 ; Oh, 1995, 1996 ; Lee et al, AR,
1989, 1996 : Kim et al, 1995 ; Koo et al,, 1990 ; Han et al,, 1990). 2 dAFdHe AFHE WHor £A4A7 dA4A 4 7

B =R #Q45ARdA ARE 19983 ~20008 FAERATAY (AN R, 1970513) A Lol 9% AFEFe] 47
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(AOAC, 1990B), & 7 F 4283 semi-micro kjeldahly
(AOAC, 1990A), o}vj =2t A 4532 §REIY: (Spies and Cha-
mber, 1951, 3'¥4 A7 22 EFL conway unitd o] &3h= 1|
FENYE (ARELEE, 197902 47 S3sQon, dEgde
Mohry (B A%EMBI5EAT, 1985), pHE pH meter (Orion model
410A, USA)E AMg-3to] Z438tgdh
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3. ATPHABE =&

Iwamoto et al. (1987) 2] WL 4 FAHso] ATPRHEEAL
F&34c &, 9A sniol] 10% WAL £ 20mE Ho}
ko] AR T2, FASLGF FH0E pHE 70 FToE X
A3 F ARy q3ste FEdg HGd ¢ JAAE
2 F3 YRd4s 498 Artsle F Aol oA ARYH F
A F3te FFAg Atk 454 BT ¥ F3 d4
24 Aoz FLEF Fo —25Cd FAEBIHA BAL A
22 AM83t44.

4. HPLCO| 2J3t HXZo| ATPHHUEE 24

AR ATPHHER F29E Dol2F2 104 A3k 045
um membrane filter2 3 F g7]3d HPLCY 20 ulS F
43tk HPLCE vl 5 WaterAHe] 600 controller, TM-600 intel-
ligent pump, 2487 dual A absorbance detector, 410 column oven
9 differential refractometer, column< p-Bondapack Cis (3.9X
300 mm)e 93EH columng AHEEAT o5 £4L 2%
triethylamine-phosphoric acid buffer (pH 7.00& AM43t42, #
£ 08 0f/min, column LE& 40C, &332 IMP, HxR,
HxE 254nm, 8445 290 nm, ¥4A)1H& 308 22X peak W
& Auto chromatography data systeme &3 &34 Az}
ot

5. AYsTo ©E HPLC 24
A3 Fd F5o e ATPHEEH9 IMP, HxR, Hx9 %

ZF2 SigmattlA THste] HEFTIF 0%, 1%, 25%, 5% 2

A =3% ¥, 2% tricthylamine-phosphoric acid buffer (pH
70)& AH83ted HPLCHRZ 495 =d BE H23% A28
9 Ao)& AEEA

6. BP0 ofst WNFo ATPHHEE B4
a2y g% AAF| ATPEHUER

Ag-3to] IMPLs HxRE» Hx D Uric acid®] # o2 2314
7171 $13t4, PCA (perchloric acid)2 2|3 ATPRHHUEE &
o 1 mio] go]&4 1.5ml, M/15 sodium phosphate buffer (pH 7.
6) 20n¢ 181 2 AR S B8 a9 ADA (@ adenosinedea-
minase) 4unit, NP (® nucleosidephosphorylase) 0.02unit 2
XOD (© xanthineoxidase) 0.03 unitg &3 4L 05ME
dol & A& F,37CoA 40E7 HEAAAN AT ATPEHH
B2E A 240z P ALY 84S ERREAR
290 nmol A FFEE FAFA SigmaAl 24 (U2879)REFL
2 BE AFFHE AHeste 843 (IMP+Hx+HxR+24)
o2 Jepdiglth 281, 24 ATPREED 59 1 nld
go] 24 20m, M/15 sodium phosphate buffer (pH 7.6) 2.0 mé
g Wi whgalZen) Hx%L XOD (© xanthineoxidase) 0.03
unit 449 3232 HxRFS NP (® nucleosidephosphory-
lase) 0.02unit 2 XOD (© xanthineoxidase) 0.03 units E#&
Fr89E 8AF SANS S o ¥ wgAA 449§
g Tt IMPY e Fo4 A HxR+Hx+ A4%&
73t 734

Aot o D@
1 ¥, W28, pH
2 49 A8 B4R FAESE AF) 2 AR
(8248 AF)Y AHAE, A2, pHE Table 1% 2k,
FEgFe e sel 9 ¥, 2% 2 2u9A e
2930 oz Eow, JEUFH pHE Ag FAEA U
ehitdt,

Table 1. Proximate composition, salinity and pH of fish sau-

ces
Sauce Moisture Crude ash  Crude Salinity q
(%) (%) protein (%) (%) P
Anchovy 663103 21.1£02 137201 259%01 58

Northern sand ¢e 4+ 04 205+ 01

lance 1.1£02 254101 56

2. 332 Y ojo|-MNEHAEEZ, VBN

232, of A AL 2 VBN EL Table 29 2t} 2o
AL AR (Cho et al, 1998)A LEF 2470 £4A0 AAE
B FALEFH o A2 dFo] BRI, ARG
E E2 g veliich VBN 238.0 mg/100 m£2 Oh (1995)
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9] 500 mg/100 0¢ FE o] FRTH AP A Yegen e
AL o e 1556 mg/100mLE YRR o183 Aae A
ZAzA ofF, A HE, 42D FY Ao} YROE F7F
A=y

Table 2. Total nitrogen, amino nitrogen and VBN content in
fish sauces

Total nitrogen Amino nitrogen VBN
Sauce

(mg/100md)  (mg/100m¢)  (mg/100 me)
Anchovy 21950 £ 178 11913 £85 2380
Northern sand
lance 17791 £ 322 9960 + 107 155.6

3. HPLCO| 2/3t ATPRZEZo| £4

ZE5FY ATP ¥ 1 #d EAEL ARZEA A de 4%
Bl Edd odtd ElHR, 2H s HPLCEA £431 o
59 AAE AEQ Koz e s o

g4z 2 7iveE{Fe ATP ¥ I BEEAL 248 dige
Table 33 2ot B3] ¥ 7hvel& 55 ATPE ZEHA &gt
™, ADP 2 AMP< 47H¥ A&HU3, IMP7L 7HF 2-& 4213
pmol/g R 4239 ymol/g& UEFHIT 281, HxR ¥ HxE 4
2% A2yo] K& 47 514% 2L 54192 AE7} o] A3}
HUEE JeEdT 59 ATPREEA 232 H7} 9332
umol/g, 7FE] 7t 9.468 umol/g .2 A4 H&F & UL
o, FAHE S ATPAUER §FL oF o wt 4t Zole 9l
A A 5~10 ymol/g A= Ro2 FHA Ut (Iwamoto et
al,, 1988, 1990 ; Watabe et al., 1991 ; Hwang et al, 1991)

Table 3. Content of ATP related compounds in anchovy and
northern sand lance muscle determined by the HPLC
method (umol/g)

Fish ATP ADP AMP IMP HxR Hx Total
Anchovy — 0125 0197 4213 2541 225 9332

Northern
sand lance 0097 0.186 4239 2162 2964 9468

AR F) ATPHHEEAS HPLCZ ¥4E ZAE Table 49
2u, 43y Z79 FAS ] ATP, ADP, AMPE A9 HEHA
Qgod, IMPE 0¥ 233 HxRE 4z A&HUL, o 85
% AZ7} Hxolo}. o) ¢} Zo] dAFo) HxEo) Bo] A&H
© 2% & BIAEH 9X8 (Oh, 1995, 199 ; Park,
1995 ; Koo et al,, 1990). 28 I, ATPRHEEA 232 G 4R o]
3.989 ymol/mé, 7}1}2] A Ao} 4,145 ymol/meo] =, ©) FE& A%
XI5 ATPEHAEZ S £4¢ 24 Oh (1995)9) 7.89~
15.68 yumol/méo] ¥ v F3}Qow, Park (1995)9) 157~
Table 4. Content of ATP related compounds in fish sauces

determined by the HPLC method
(umol/g)

Fish ATP ADP AMP IMP HxR Hx Total

0.010 0528 3451 3989
0042 0617 3486 4145

Anchovy - trace trace

Northern

- t
sand lance race  trace

6.55 pmol/mé<} M f o= EFFE At

A3 FE5FY ATPHHEE F¥ (Table DL X Fo|
9332 umol/g, 7FFEl&ol 9468 umol/gldl ¥H3le, HAF
ATPHAEZ F 2k (Table 42 X YR o] 3989 pmol/nt, 7H}e]
HA o] 4145 ymol/mb 2, HAF 2 ATPHHEE FHo] 4589
27% L 438%%0) AEHA Fe AL B BAT e
Aoz AzZrE,

Aoz Ao HNAdEnE o 25%00, AL PCAR A
g3 BAL AngY JAFrE 25% AE7 Hug A dd 9
3 Gl 9 Aoz Aadd, 4dEze 3 udd IMP,
HxR 2 Hx8 EEEFS AHE3t 0~5%7tA 9 e Hd5=
2 zdsho BAF Zde Table 59 Zth IMP, HxR 283
Hx3¥ 25 A5 xrt 718 weA A& ¥sta, 44
FE7F 25%9 Beo HELL 838~864%F Uehm 9lth
g A, ARAF ATPRHEERD EXAde Add o3 4¢2
WA 7] Y3t 2AHYE Hoty Aoz Addd

Table 5. Effect of salt concentration on detection ratio of sta-
ndard ATP related compounds determined by the

HPLC method

Salt concentration (%) IMP (umol) HxR (gmol) Hx(gmol)
0 500 (100)  5.00(100)  5.00 (100)
1.0 439 (87.8) 441(882) 428(856)
25 423 (864) 426(852) 4.19(838)
50 409 (81.8) 408 (81.6) 4.04 (80.8)

Parenthesis represents the detection ratio

4. ATPEEZEHC| Aty

o] 82 MEA 39 tEo] ATPHHEH HxR 2 Hxd 23
Fo] ZolAH, o]5 ¥ FHATEAN oF9 HHEE Y
W gt ARG Zo] 25% 9] LEE AEZANNE ATPHY
B2 Baase 4o dAHER E3rt NA3 JYH A,
1d~134 o] BI|3tY A4 Fode A tFEo] HxZ #3)
4 Bastyn it} (Park et al, 1995, 1996a, 1996b, 1997 ; Bacek
et al, 1996 ; Oh, 1995, 1996 ; Lee et al., 1989, 1996 ; Kim et al,,
1995 : Koo et al, 1990 ; Han et al, 1990). A48 Hxe A9
XOD (xanthineoxidase) ol 93te] g4toz ZaHo] dxFde
3o gate] JAHe 9L Aoz FAHADL 4AFY g
4 BN iy d7es AR

Table 62 ATPRAEZEY A&9AH4L Uehd Aoz IMP,
HxR 2 HxE 254nmolA ZEH3 290nmolMe AEHA ¢
stk 223, 84 254 nmolAE AESA 43 290 nmo A
AZEe A2 JEY

olAe AAZRE dAZ ATPHHUEZ %% (Table 4)°]
HE 59 ATPEHUEE FF (Table 3o vl& 427% (FAAA)

Table 6. Detection wavelength of ATP related compounds

Wavelength (nm)  IMP HxR Hx  Uric acid
254 O O 0] X
290 X X X O

Q : detected, X : not-detected
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Table 7. Detection ratio of standard ATP related compounds
determined by the enzymatic method

Additional . .
Standard . Uric Detection
materials con(c;rr;lté?)non acid (umol) ratio (%)

Enzyme

IMP 1.0 0.999 999 ADA, NP, XOD
HxR 1.0 0.998 99.8 NP, XOD
Hx 1.0 0.996 99.6 XO0D

ADA : adenosinedeaminase (4 unit), NP : nucleosidephosphory-
lase {0.02 unit), XOD : xanthineoxidase (0.03 unit)

AAFo ATPREEAE S 729 £ EAE Yrlste FF
AR a4to2 AYE EHA Fo AE Table 83 2t
%, ADA (adenosinedeaminase) 4 unit, NP (nucleosidephosphor-
ylase) 0.02 unit, XOD (xanthineoxidase) 0.03 unit® E§3% a4
492 Hrlsle A3F) ATPREEAS AR 2402 B4
#AA 290 nmlA FREE EA3o F 241% (IMP+HxR+Hx
+eihes e adtege A8 018 m HxHe
XOD 0.03 unit, HXRZFL NP 0.02 unit 2 XOD 0.03 unitE 37}
3o WA 3o EHEY 449 HJEFoZ JeERA 1
23, IMP#L % 843N HxR+Hx+24#E 73l e
Wi

BAAA 2 A dAF HeFe 42 3959 umol/mé Z 4,
007 ymol/méZ % 24+z (IMP+HxR+Hx+24h)9 435% % 42,
5%8 AARen, dXAR 2 AP dAFTY L3FL 47
4357 ymol/mf 'L 4.632 pmol/mé 2 F 2 A% (IMP+HxR+Hx+ &
D9 487% 2 492% 5 AA s AT ATPEHEEDTF 90%
o] o] Hxst &4kl Aoz ey, ¥, IMPHL JvF 7
259, 2ga, F84ae FXA3] 8942 ymol/mt, 7hrte] oA
o] 9424 ymol/mE Y& BXF9 9332 umol/g B ¥E 7t
59 9468 umol/gR.th A F e e YeHied, o)L §o
$413 AR gu YN Gopgly] ELE FoHE

Park (1995)9) R iolA Alg BAAAFe ATPAAER

Table 8. Content of ATP related compounds in fish sauces
determined by the enzymatic method (umol/mé)

Sauce IMP HxR Hx  Uric acid Total

Anchovy 0012 0614 3959 4357 8942

Northern
sand lance 0.050 0.735 4.007 4.632 9.424

FN

Z%o0] 157~6.55 umol/nd W2 EHE AL dAFY 1FE
Ade 9oz HA A&HAL Butolel, HPLCH (254 nm)
ofA g4te] AEHA 9] HEY Aoz FHE & Qi 2
23, 43F9 ATPREERE EA4E g8 d7ASE 84+
24 s 23ue ¢le (Oh, 1995, 1996 ; Park, 1995 ; Koo
et al, 1990).
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Fig. 1. Assay of ATP related compounds in anchovy sauce de-
termined by the HPLC and the enzymatic method.
HPLC method ; IMP, HxP, and Hx content were
detected at 254 nm.
Enzymatic method ; IMP~Hx content were uric
acid content decomposed by various enzymes.
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Fig. 2 Assay of ATP related compounds in northern sand la-
nce determined by the HPLC and the enzymatic me-
thod.

HPLC method ; IMP, HxR and Hx content were de-
tected at 254 nm.

Enzymatic method ; IMP~Hx content were uric acid
content decomposed by various enzymes.
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AAF ] ATPAEEZRFFL 242} 3.989 pmol/g B 4.145 umol/g

FEFY 427% £ 4387 11, Hx# L ATPREE
A%%9 85% FEE AAFAT. HPLCHOZ ATPHAEAS
HAl Ade] dFe, AdFErt25% 9 9, IMP, HxR 2 Hx

FTEHY A2&L 838~864% %Y. 28X, IMP, HxR ¥
HxE 254nmotA, 22T uric acide 290nme FFdA AW A&
A

2. E2oz ATPHUEAE EAAdE IMP, HxR 2 Hx ¥
ZEA9 A& Lo A9 100% Fon, Hge dae Ut ¥
2 e ARF ATPRAEAFFLS 47 8942 umol/g 2 9.
424 pmol/g2 2, 98 AKX 2 7K R % FUG £
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