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DEGRADATION OF ACID SOLUBLE NUCLEOTIDES AND
THEIR RELATED COMPOUNDS IN SEA FOODS DURING
PROCESSING AND STORAGE

1. Changes of Nucleotides during Drying Process
of the Anchovy, Engraulis japonica
by
Eung-Ho LEE gnd Yeung-Ho PARK
(Dept. of Food Science and Technology, Pusan Fisheries College)

The present study was directed to define the degradation pattern of the nucleotides and their
related compounds in the muscle of anchovy during drying.

Three kinds of samples, fresh, sun dried and bhoiled-and-dried anchovy, were prepared and
the contents of nucleotides and related compounds of samples were determined by ion exchange
chromatography.

The results obtained are summarized as follows:

Almost all of ATP disappeared in both muscle of sun dried and boiled-and-dried anchovy,
although the initial content of ATP in fresh muscle was very low (1.8 g moles/g, dry basis).
But the remainning amount of ADP was considerably high while the other nucleotide almost
entirely disappeared. This suggested that the residual ADP is responsible to the “bound
nucleotide” of myofibrils.

In general, AMP content was comparatively lower than that of other nucleotides. Among
three samples, the boiled-and-dried sample showed relatively higher AMP value than others.

The amount of IMP remained in muscle remarkably varied between the boiled-and-dried

anchovy and sun dried anchovy, the former’s value being sixteen times higher than that of
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latter.

In the contents of inosine and hypoxanthine, the sun dried anchovy marked an exceedingly
high value equivalent to 2.7 times of the boiled-and-dried anchovy. In comparison of the ratio
of inosine and hypoxanthine, hypoxanthine was accumulating in boiled-and-dried anchovy
whereas inosine was in the sun-dried anchovy.

Eighty three percent of total nucleotides in the fresh anchovy retained in the boiled-
and-dried anchovy and IMP ratio in total nucleotides was 73%. On the contrary, the sun dried
anchovy showed barely 10% of retention rate and IMP ratio was only 38%.

Considered from the flavor quality of dried anchovy, so far as concerned IMP content, it
may be said that the boiled-and-drying method is more favorable process for dried product of
anchovy than the sun.drying method.
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(1) BEHRmR
EEpol (A3 B R (Engraulis japonica) = 19704 87 28H Bl KM FEEPRSGNA Kl Aoz @
fol 7~12cm¢ A 23vtEl & A ok
(2) R IO
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(1) HERRAEES Hhblx

() SREE  BRAERT BRI 3023 FHFfed ® 10% perchloric acid (PCA) 100miE Inska
k#SE A mortarel 4 254778 EEREE £ 4,000 rpmE 1045 EILSte @RS SIS BEE % 5%
PCA 100m/g fnstel Jk¥sta A mortarel 4 204 JEREE # 4,000 rpm2 1050 EWste] EBES SEE
foh. o] BHMEES R REsh WY LEES =5 &4 % sN-KOH=A Ffnstd AR KCIO4 i
WS 4,000 rpm2 104008 ikstel EEWS SEehdch. RS BkR hilsta gt LRSS Adtd
600mlE SEZFR #h 14fH9) ampouleo] Yol HAWsta, —20°ColA JuifGstel fimicte F3 fll A
fach.

(b) R I FEREOW  ZEBE mortare] 4 EREst BERE & A& K 5gd KRSl MK oo
ol gimsls, g Biuke 2ol skgdvh. % 10% PCAS HinE-L 30ml, # 5% PCAY FHingE-& 20ml, &
RS £ 300MeR st EARS 150mlE kgt

(2) Ton exchange column chromatography

(a) Ton exchange resin column 2 : Tonzx#ififig= Dowex-1, x8(200—400 mesh)-E sl .2, 450ml
o BiEE Ed BEAA B 3055 E A g Bl BT KFek R BiRstgieh. o] KIEERME
L RIEE % #IEE KF columne] %A 50% acetone 1/, acetone 1/, petroleum ether 1/, acetone 1/, 50%
acetone 1/¢9] JHO. B ¥eiEstY BEHpS BEslx E2 4-& 4 2N-HCl, &, 2N-NaOH, &9 o= #ig
10f55EA & 38 TRE BRAA BUHEYES BEadch oh 759 KBS % 2M-formic acid(FA) <}
® M-sodium formate (SF)o] ZAEGWS o 52 formate formE nulFo] 2M-FAel 2M-SF9] EAW S
o Rriiste 3 RS -

column-2- Liebig’s condenserJ4fE¢] jacketed columnz ] Ae] lem, A e}s} 20cmeln] TFHEe glass filter
No. 424 #slge=, Efie 7K 2475 K@ EFE + A e AL FERH.

o] columnd| BIEE H—3lA FHE/T EolAx REE 6em Fol2 AL 4 #1065 A& 2M-FA9} 2M-SF
o] BAWE Tul % o) Wikel B wiatAl Kiksled @sA .

(b) SEIRH : Bergkvist et al™®, rhg&We] HiEg —& BT stepwise elution systemel] 2|d}e] Z3HIFs
Hsted et

B, PCARliie) —EH#E ammoniaZ4l pH 0.42 JHER # A BIES X H=ejAA YEE
columnel] WA/ L, L] B2 Avkshd RAHKE EROOZ BEARH

WHEEe 2 AE o AL HERPNLR Sy o, columndt HHWE-L low temperature thermostat(MRK)E
Mt 2~4°CE HEfFst g o

® H;O

@ 0.005N-formic acid (FA)

® 0.1N-FA

@ 0.1N-FA+0. 08N-sodium formate (SF)

® 0.1N-FA+0.7N-SF

® 0.2N-FA+1N-SF

BHEE = 1m//ming &3 fraction collector (MRK, model 4-66 TVD) &4 10mle] Blfpoz 4815 o

Al AT BEs ek 2k
Hx (Hypoxanthine)
HxR (Inosine)
AMP (Adenosine 5'-monophosphate)
IMP (Inosine 5'-monophosphate)
ADP (Adenosine 5'-diphosphate)
ATP (Adenosine 5 -triphosphate)
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18] 220~230fH] #l5r& FEGEHA L 36~30Wsfle] FTEE Sivth. HHHEES e columnd] HEEY 4%
w718 kel AR fely A9 RIfE nYHoR EiSIR ¢ 9L o AHfEY BRYH Ad & W
TAA FEgsd el

(c) HxR3} Hxo| HRIER : FHE'D, W% HEd —8 drsld HxR+Hxe BEEB2E SRS
ot} B Dowex~1, X8 (200-400 mesh) & ko] whel chloride formo 2 FEMHA(LAIZ AL 6cm Fol 2 column
ol A9 4oL KifEol gloid wlzbA KEgslar, BEKA 100m/E FERAZA ohg HxR+Hxd BEBSE
ammoniaZ A pH 10~112 FF#Esle columns] BEAFR . KEFE =Bl £ oh& BEKS #AA stepwise
elution system e 2 ZHi¥H -4 ot

@ 0. IN-NH,OH+-0. 07N-HCl+ 0. 005N-Na,B,O,

® 0. 001N-HCI1+0. 0002N-Na,B,0,

BHEE S 0.5m//min2 33 fraction collectorz A 10mi4l 3@lstg ox, 1 120EZES BI5E HEE
AL # 408fol FTESI vt HAGRIEE (b)= ol 2ol sgivt.

(@) WERE : T £B0e 44 BT K-S YR o2 519 spectrophotometer (Hitachi Perkin-
Elmer 139 UV-VIS) 24 260mus] A ¢ BHES FEFAL, = 260muol A2 Bilirt 2 845 250mu 2 280
mpel A & BEEE FES ol REES FTREMREC Kele Hiker stglon, 260mpd A8 FTIRY
e BHES 22 HAS9E dd e Hed 10.4x10°8™, 12 71 pH 2¢ie} & ztdl AMP, ADP
ATPE 14.2x10°% HxR, IMP: 7.4x10%& fHEsEY o018,

(3) FHBFL] RS 1920

(a) RHEIES & columno 2 el o] FHMES BEHYHES 245 HEEsgd

(b) BESetbol Hedk : 260mpdl| A of WFEEES) 250my B 280muel] A & BIEEES] H Ez0/Ezeo, Eooo/Ezers SCEkME
09} st oh.

(c) ¥5MaBBanimel ek | £BI5 ¢ IN-HCle 4 pH 22 @il {HHkR-E sk (3g/500ml) 3047f it
it %% 4,000 rpmell A 10577 BEikslel LS wEl 2 HiERS AT b8 EHIR 1% ammoniafg: alcohol
(ammonia : 95% ethanol : H,0=2:48: 50), 150mi24 ¥HAAH FHEK-L rotary vacuum evaporator
(MRK) 24 30°CLITFel 4 E#Este AR ER 2 paper chromatographyfl 3tz gl =b*0%.

o] &} o] BEfEdt BMA& 0.1 N—HClel ¥ Hifk 220mpuell 4 300mpzkx) 8] UV absorption spectrad {FR 3}
o] EEEESNEEO] B ke UMV phigstgle.

(d) Paper chromatography : B#E< #5-& HCOOHK 5o EEHES Ay BEste HEsd st B
Btz o A /A E 23, JA Whatman No.l-g Hlor HilelA LRk s 2080 BB et spo
frife UV light® dlx\o] BFale MEmagl B, ’

@ isopropanol +sat. (NH,),SO,+H,O (2: 79 : 19) !

©@ isopropanol +conc. HC1+H,O (170 : 41 : 39)*»

® ethanol+1M-ammonium acetate buffer, pH 3.8 (75: 30)'% 2®

(e) Periodate oxidation: paper chromatography & wlal o} | & EefsF v} spotiffifirel] sodium metaperiodate
BHS ETete 1090 ZBo HET # SO, gasf@EE sh3L, th-gol Schiff's reagentE 73] 85°~90°C
ol A 1043F8 fnEdlch. o™, FH4RE spotrl Yelbl ribonucleosidey} X3 ribonucleoside 5'~phosphated] &
FEI S} TH20,29,

BR A ER

1. REyE S8 £E
Hy ¥ HRE FEMSETEKA L, AMP: Takara Kohsan Co. 8, IMP= BROBHKAGIHE, ADPE
Sigma Chemical Co. 8, ATP: F—(LBEFHKAGIYS &4 EMsT RBABKE b5l ion exchange
column chromatography & 178 #& Fig.l—abel 22 HpEMFS Ao, EEERS EZE Table 13
Zgeh {8, He 2@ HRS BERE SPIEREE AA gl
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Fig.1 a. Elution diagram of nucleotides and their related compounds from the mixture of
authentic Hx, HxR, IMP, AMP, ADP, and ATP.
Exchanger : Dowex-1,x8, 200-400 mesh, formate form, ¢lem X écm
Fraction size : 10ml. Flow rate : 1ml/min.
Eluting solution: (1)H,0, (2)0.005N-FA, (3) 0.IN-FA, (4) O0.1N-FA--0.08N-SF,
(5) 0.IN-FA-0.7-SF, (6) 0.2N-FA-+1N-SF
b. Rechromatography for separation of Hx and HxR, mixture of Hx and HxR was
fractionated from the mixture of authentic Hx, HxR, AMP, IMP, ADP, and ATP.
Exchanger: Dowex-1, x8, 200-400 mesh, chloride form, ¢Tem X 6cm
Fraction size: 10ml. Flow rate: 0.5m}/min.
Eluting solution: (A) 0.1N-NH,OH-0.07N-HCI-0.005N~Na;8,0;
(8) 0.001N-HC!4-0.0002N-Na;B,O;

Table 1. Recoveries of Acid Soluble Nucleotides and Their Related Compounds from Authentic
Mixture by Column Chromatographic Method

o
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&
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Nucleotides and Charged Detected Recovery
related compounds (¢ moles) (¢ moles) (%)
Hx 3.3 3.2 97.5
HxR 2.2 2.1 96. 3
AMP 3.2 3.3 102. 1
IMP ) 7.7 7.8 101. 2
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£ AP ) %5} ion exchange column chromatography & 4731 #E 4B Fig 2—ab, BEZR
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Fig. 2. a. Elution diagram of acid-soluble nucleotides and their related compounds in extract
of fresh muscle of onchovy (0.5g, dry basis). Experimental conditions were same
as in Fig.1—a. (X): nonidentified fraction,
b. Rechromatography for separation of Hx and HxR, mixture of Hx and HxR was
fractionted from extract of fresh muscle of anchovy (0.5g, dry basis).
Experimental cnditions were same as in Fig. 1—b.
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Fig.3. a. Elution diagram of acid-soluble nucleotides and their related compounds in muscle

extract of boiled-and-dried anchovy (0.5g, dry basis).

Experimental conditions were same as in Fig.1—a. (X): nonidentified fraction.

Rechromatography for separation of Hx and HxR, mixture of Hx and HxR was

fractionated from muscle extract of boiled-and-dried anchovy (0.5g, dry basis).

Experimental conditions were same as in Fig. 1—b.
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Fig.4. a. Elution diagram of acid-soluble nucleotides and their related compounds in muscle
extract of sun-dried anchovy (0.5g, dry basis).
Experimental conditions were same as in Fig. 1—a.
b. Rechromatography for separation of Hx and HxR, mixture of Hx and HxR was
fractionated from muscle extract of sun-dried anchovy (0.5g, dry basis).

Experimental conditions were same as in Fig. 1—b.

HHURDA W AERBE HRE 2 £MF) BHEEE e ERIAT, Exo/Euo ¥ Bun/aeo®) B
b SRS KA —Fstolch ABRMA Y SRS MRS Table 2k 2ok HAEEkERA 3
AT RS st S0—Feha S Bl 9E AE dReh BEEANE U pHol ke Bl
e BWEERHE B —Fadh

Table 2. Comparison of E,;/E,, and E,,/E,,, Absorbing Ratios at pH 2 of Nucleotides and Their
Related Compounds Fractionated from Fresh Muscle of Anchovy

Literature value

i\élllggsgtgiispiggds Faso/ B Faso/ B Ez50/Eze0 Ezs0/Ezeo
Hx 1.62 0. 05 1.40 0. 07
HxR 1. 75 0. 20 1.68 0.24
AMP 0.87 0.18 0. 85 0. 22
IMP 1.75 0. 22 1. 68 0.24
ADP 0. 86 0. 20 0. 85 0. 22
ATP 0. 86 0.19 0.85 0.22

Fig.2-ash Fig.3-as] lojA¢] #5 (0 & 7 wHilzREe SAMBKIMEGESL2 v Fo] 2o} GMP =t = B
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B Ee el 4 A= glovt FEstA X dgleh

3. AIE "X| dx Tl HEMHHE| B
B nucleotides 31 2. BBMHEY &R-& KRstwd Table 334 g

Table 3. Contents of Acid Soluble Nucleotides and Their Related Compounds in Fresh and

Dried Anchovy Muscle (¢ moles/g, dry basis)
Nucleotides and Fresh anchovy* Boiled-and-dried Sun-dried
related compounds anchovy** anchovy*¥

Hx 10. 0}11. 7 13- 4}15. 5 14. 2}41. 2

HxR 1.7 2.1 27.0

IMP 26. 41 19. 71 1. 31

AMP 12|50 o 4205 0-7(5 4

ADP 3.4J 3.2I 1-3[

ATP 1.8 0.1 0. 1

* Fresh anchovy was analyzed immediately after catch by set-net fishing.
¥* Boiled-and-dried and sun-dried anchovy were analyzed after two month storage,

ATPY &&¢ 39 & ¥ REHHA A€ A B, FEERY BRT LEHE dd4=
1.8y moles/gel i wkal o gh-& vERIIL YEdl, o]AL WA EEM SolA MET A EFHE
AA ATPS kel we vl BAY HReb #HEE

2885902 Mol 350K HEHQ EHAClET ¥ + e RS ATPE A9 Akl #Kel= HERS ADP
= Bffsla glon, AMPY &&e| Hsl w2 thstd IMPY SR s gvit FHieloh ik 74
<& 2w, ATP 9 AMPE: A9 B4k=Egov ADPE: HER BFIY d& A& £ 5 Ak AL &
B o] wha| 3 Y= EIEGHCAY ATPY +ES#EE ATP—ADP—AMP—IMP—HxR—Hxglo 2
A€ RHs Q=€ Bol Aok B, & ATPY M glol4 ADPS ERARE #sld Hl®
Mo HWERT A& B o) oIpge AHIK bhomogenated] ADPE FEINSIA &9 ADPE Z3sl JArsls o]d =
2 IMPe] & »x gouz, ATP/ fFstd ADPz =% of ADP: 2 Zffstd ez £ + vk
ael=2, ATP #kikd = B BfFsls ADP: ATPY SBERH= A4 i ADPsl ol Perry*97t
7 Bl Hetd HE T v A3 22 myofibrilsl #E&3, E5Re Bistd KET KBS ADP B “bound
nucleotide” gl B 4 ¢lr}. Tomlinson et al.®¥% ¢] “bound nucleotides”sl] ¥3le] #Esta glon, = AR
#r8] 5'—nucleotides®] gl oA 5'-nucleotidasepholl k¥ FR7 EH F-& & veb= v HHY
I BEREEHES BRT HE Al fAdd Bifste ADPA A& HRSE de @EE duP. oed
gho 2 dol, ADPS EHBYBIA-S “bound nucleotides”s] sl stable ADPd] &2Hsl= R & + 3
2R

AMPS &ikol ¥& A2 /i AMP deaminased] jHfke] BRJystel ATPHMBRER A £ AMP7 2
IMPz #fste] slEle fRela £ 4 o™, Eg e Kald ol vt SlEs Ak =} HEY £
Brt 9ol AMPY EBREAE vt Tk FEHH el AMPEREe) Eakld st e =& AL &
HgE e F3 AMP deaminase®] AREEH:Abel AT KR ohdst A A==t

IMPS] HHBEAL AMP deaminases] {Efijje] /et vl ool phosphatases] fEficl ekl IMPS| IRk
Bfeflol @Ry A Eel deiuvbe MR E 4 Yoo IMPY Efe 4 Kbt RERRE
Hlbsle, HEsEe Al ABRE 49 2/38 kol Bffde vl thstd RN dAdAL A k=
HEREE 1/169 &Fol A A &skeh. ol AL BEEWY HEAAE & 4 e, oA RELEM
L 4efs o IMPr} #ES o] Q& RBANA E#E ne IMPe el B BERRT RS 2800 =9,
IMP: #hol] %isld ¥& REMS /I ER wEshAl #iiE s o st KRS A2 phosphatase =&
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5'-nucleotidase®] iHikel =e} #ikFMEstd 2otz ¥ + Ak

Lee 0= m5ol9} Aol & WIS & IMP7E Ao] Rdrslxl gxut, KAKRE =t BALHE
Ho R Rt & A& BEwd IMPs §4 3 Bdetn, & KF 30~50%44 <o 80~90% IMP7t
HEse AL Aqlsla g

H,Rs} Hyeol S8 SloiA e HEARE Matnd hald €53 ol Amathel 3.5%, Eip 2.74%
o 4etgdm, Ei, H.R3 H,¢ §EEER 2ol 48Rk HEn 249+ HLERNE Vel da=,
RE #FEass HRERHS Jebisgieh. Al 99 Spinellio] fkeld faffdl e} H,Rsk Heo &K
Heage] whel o2 ERAS SEES e 4+ dvkn shi AFRY KR 2ol H—Rbt BEAEA Wt 2
Bl M he AL HEA(LENLE FRIE HITEA 4% ol % BEisddel & Aoz 441
MIER LR & o AMRURE 5o 2 Rk nucleotidest] ByfFAdRg nwl EKEHEle= 83%u HH, I
8 73%7+ IMP9] JBRBE fEfeste o thald RERE delde BffEge AL 10%EEd A@skg, ol
fhe] IMPS] HZ-E 38%0 A kA ggkeh. B RERE] gl A& nucleotides= A {fHkslo] Wiz KE
4re] Hy oF H, RO Bz WSty 9li, RE ZE3bd delds ATPE B3 nucleotides, nucleoside
based] AA R w24 BFEEsStL glon, &8, IMPY BfFd&e] Fohe R flavor qualityd] #EHFme=
Bo} HEF Folelx & + Uk L IMPY &) ot} w=A HTdSE & F gobes #EOOE L
20} IMP 2 i8] Ekike] ¥ale] o]v] FMHs] M o] Y60, =, APl GMPEiE] sl fliEol
=0 ATPV AMPY: SgEE7}r wheld T BAs=22 HE 20 nucleotides® 4= IMPrlo] #go] et
2 5 Jdoh 22 ot E 929 flavor qualityg IMPE Rl & Adcla id HRke Rk it
ke wel ZHRE RuERe et & 4 g+t

i #

ol W x] Sl glel A BATIAHE BEBATIHIY SMbel = Rl W& EMbe ERE 47 S5l ABEHR
B, BERAR 2 RERRE VR o Btk

1. ATP: #Hi ¥ BB gdodds A ALsdn, REREED BRI £BHAED Jdd4= K55
FEs o) SE-e k3] A 9t (1. 8y moles/g, dry basis).

2. ADP& ATPS} AMPrF A9 kA el = ABE R BRI BiFsladLol, o)A -2 myofibrils #4 % bound
nucleotideql A ¢ 8 HEFER ).

3. AMP:= 2y = it GiE wul AR gk o BRAET R ke R Sl 3k

4. IMPE= #EEEE] QolA o FEitEel EEA BEs ot Rkl daAE A8 s B
B 17169 Fhtdd] Ak g

5. HyRa} Hys SREERB QA8 Gitel 4538 wpol 4500 3.56%, #ipakle 27843, H.Rs)
Hedl gk slelA v AlEH) BEare ILERN Y ¢ il Hgdne Kite HRERS
el gL et

6. AfEENE Mo R WiEHE) nucleotidesd] FHFAE FRKE 83%clm o o) IMPY [hEo] 73%
Qo et BERbhe BER] A% 10%< @Sk, o) e IMPHARL 38%d Aux ket A,
FHHRH 9] ATPE B#§ nucleotides, nucleoside 2 bases} Wiy 24 BES = ol Hsld FHig
22el]l 9l o] A = nucleotides= A9 ks 2 K4S o] nucleosides} based] JERBE Bifestglc}.

7. o 929 flaver qualityd IMP&ERke 2 Sl Bk Rk Hste 2oh ZhRERYel L
olgta & + o

2 2 xXx M
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