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In succession to the previous paper, the present study was directed to investigate the nonvolatile
organic acids composition in raw and bolied-dried products of oyster, sea-mussel, baby clam and hen
clam by gas liquid chromatography. The results obtained are summarized as follows:

In four kinds of the samples examined, eight kinds of organic acids were identified and determined
in oyster, sea-mussel and baby clam, and nine kinds in hen clam. The major organic acids in oyster
were pyroglutamic, succinic and malic acid which was 94.29% of total quantity of organic acid, and
those in sea-mussel, baby clam and hen clam were succinic and malic acid which were 90.82;, 89.7%
and 86.49; of total acids, respectively. The most abundant organic acid in sea-mussel, baby clam and
hen clam was succinic acid that was 80.6%, 84.9%, and 73.2% in total acids, repectively. And that
of oyster was pyroglutamic acid which marked 38.8% in total acids, and the next one was succinc acid
marked 34.4%. In the total quantity of organic acid, the highest was 913.0 mg/100 ¢ in oyster which
showed 4.5 times as much as in hen clam, followed by 478.4 mg/100¢ in sea~mussel, 246.3 mg/100 g
in baby clam, and the least was 201.2 mg/100 g in hen clam. The decreasing rate of total quently of
organic acids by boiled-dried procersing was the highest in oyster, 54.794, followed by 46.59 in
sea-mussel, 37.1% in hen clam and 29.4% in baby clam. The decreasing rate of each organic acid
showed much difference according to the samples examined, in general, great in malic, fumaric and

proglutamic acid and less in succinic, lactic and oxalic acid.
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Table 1. Chemical composition of raw and boiled-dried shellfishes

Oyster Sea-mussel Baby clam Hen clam
Composition Raw  Boiled~ Raw  Boiled- Raw  Boiled- Raw  Boiled-
dried dried dried dried
Moisture (% 75.7 10.1 81.6 10.8 83.8 9.1 79.3 10.1
Crude lipid %) 3.5 17.8 1.5 12.5 1.2 6.2 1.3 6.6
Crude protein (%) 10.6 45.0 12.4 64.1 12.5 67.8 15.0 66. 0
Crude ash (%) 1.5 4.1 2.1 6.3 1.9 8.1 1.5 4.4
Salt (%) 1.2 3.1 1.8 3.1 1.2 2.3 1.3 2.4
Glycogen (%) 5.5 15.1 0.5 1.8 0.3 0.9 1.3 4.9
VBN (mg/100g) 11.2 18.3 7.5 10. 8 16.0 16.0 17.0 17.3
NHe-N  (mg/100g) 195.0 500.0 87.0 250.0 100. 3 198.8 133.5 158.5
pH 6.0 6.3 6.0 6.5 6.2 7.0 6.2 6.8
® A =R EE W de 28] 22| gas chromatogram &} «l & 59 F

EWME Kt BiEE BRET 98 3% 9 HF
s ARAke] 1550 Asstd Bigslz mE A3
she] HEgsheleh. mRETRS KFARE 8.9~9.5
% 9o, EEES polyethylene film 24 st
skl WAl A geted T fiksk ek

@ AMEFEA R R

ERT KPSt BRE BREstr HlSste 3%
HEK 2051 Asste] BB + WE KEEske
Hig shaleh. MRTBETRSY KFaEE 9.8~10.3
% fom, veEEEs  polyethylene film 24 s
slo] EEATOl A Aste T gtEst -

2. BRIk
(D) — BT 547
&5, MEAT, HEY, HK%S, 55, glycogen,

et B, MBHERER(VBN)Y E&e f
FCH}F kb 1985)el) 48} 7Fo] shylv}.

() BB &

HRR Ml " o] R HEIRET, AHERY GLC
S-S AMCE S &b, 1085)6] A9} 2o} slod=t.

R R BR

E, T A D ARRAY ERE D BEBR
Be] —REL S HARL, glycogen ¥ VBN 41422 Table
15 et =g, HEBRY E2ie oA & EHs
RS HRMIERES K (EEEBR NEE
WHES peak o] EHIHE BREEZH Ve e
Table 29} 7o}, 22|z (EHEAEB = 2o 20 29
Zx, #Ee B

gas chromatogram -& Fig. 13}

T ERBY A $= Fig. 29 b
5 B AR R AREAY ERE % A
BB BRBERS 21T #Re Table 33} 2+,

Table 2. K value of standard organic acids

Organic acid K value

Fumaric acid 0.4234

Maleic acid 0.2707

Oxalic acid 0.2321

Succinic acid 0.2286

Malonic acid 0.2250

Malic acid 0.2167

Citric acid 0. 0867

Keto-glutaric acid 0.0723

Lactic acid 0. 0594

Pyroglutamic acid 0. 0372
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Fig.1. Gas Chromatograms of methyl esters of

standard nonvolatile organic acid mixture.

1: lactic acid, 2: oxalic acid, 3: malonic
acid, 4: fumaric acid, 5: succinic acid:
lauric acid (internal standard), 7: maleic
acid, 8: malic acid, 9: keto-glutaric acid,
10: citric acid, 11: pyroglutamic acid
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Fig.2. Gas chromattograms of methyl esters of
nonvolatile organic acid in raw of sea~mussel.
1: lactic acid, 2: oxalic acid, 3:fumaric acid,
4: succinic acid, 5: lauric acid (internal
standard) 6: malic acid, 7: keto-glutaric
acid, 8: unidentified, 9: citric acid, 10:
pyroglutamic acid

Z £RWE el = lactic, oxalic, fumaric,

succinic, maleic, malic, citric B pyroglutamic acid
Fo 8%F, T 2 AT &RBed J4AE
lactic, oxalic, fumaric, succinic, malic, ketoglutaric,
citric @ pyroglutamic acid £ 8& %, =8j3 A
T2 &3 A= lactxc, oxalic, fumaric,
succinic, maleic, malic, ketoglutaric, citric g

Table 3. Contents of nonvolatile organic acids in raw and boiled-dried shellfishes
(mg/100 g, dry basis)
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Oyster Sea-mussel Baby clam Hen clam
Organic acid Raw Boiled- Raw Boiled- Raw Boiled- Raw Boiled-
dried dried dried dried

Lactic 12.3 4.3 9.6 5.4 3.2 2.2 1.4 1.2
1.4 (1.0) (2.0) 2.1 1.3 (1.3) 0.7 (0.9)

Oxalic 9.5 3.8 6.9 3.1 1.4 0.7 1.4 1.2
1.0) 0.9) (1.4) (1.2) (0.6) 0.4) (0.7) (0.9
Malonic trace trace trace trace trace trace trace trace

Fumaric 5.6 1.8 3.5 2.0 2.3 0.2 4.4 0.9
(0.6) (0.4) 0.7 0.8) (0.9) ©.1D 2.2) 0.7

Succinic 314.5 290.6 385.5 213.6 209.0 165.6 147.2 110.9
(84.4) (70.3) (80.6) (83.4) (84.9) (95.2) (73.2) (87.7)

Maleic 4.3 1.5 0.5 0.4
(0.5) (0.4 trace trace — — (0.2) ©.3

Malic 191.3 20.9 48.6 20.5 11.9 0.9 26.5 1.9
1.0 (5.1) (10.2) 8.0) (4.8) 0.5) (13.2) (1.5)

Ketoglutaric 5.3 2.9 6.5 1.9 4.0 1.0
— — a.v 1.1 2.7 .1 (2.0) (0.8)

Citric 21.1 11.8 6.8 2.9 2.8 2.2 5.0 2.5
(2.3) (2.9 (1.4) 1.1) 1.1 (1.3 (2.5) .0

Pyroglutamic 354.4 73.9 12.2 5.7 9.2 0.2 10.8 6.5
(39.8)  (19.0) (2.6) 2.2) (3.7) 0.1 (5.3) G.1)

Total acid 913.0 413.6 478.4 256. 1 246. 3 173.9 201.2 126.5
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100. 0) (100.0)

Numbers in parentheses represents the percentage in total organic acid content.
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4mg/100 g B0} % o] -§ & kg BT,

eja, £ EREE gl @Eke] wl HEEB
4 Be %91 734 pyroglutamic acid 7} FE2]
38.8% & AR st A oy, o]e] succinic acid
9 34. 4%, malic acid ¢} 21.0% ¢ J§olgl o™, ¢}
E 3EFY Hilel BEY %.2% F ARG
o= ] lactic, oxalic, fumaric, maleic ¥ citric acid
T 55 FRBE BT SROE oE BY &
i £ 5.8% ¢ AR @k Ee] g4
FHRBERSY 5L 98 HEY dAe 28
A& pyroglutamic acid 8| o] 95 wot Mt
o 1/3 614 Febd Holvh,

Z e 9le] A& succinic acid 7} FEE 2] 80.6% =
AR5t 7 gk, 8ol malic acid &) 10.2%
god, o] T 5o Aol ML 90.8% T 3
Z &t =F. Vi lactic, oxalic, fumaric, ketoglu-
taric, citric @ pyroglutamic acid 5 6F 79 HFi
Bl AHES AL 0.2%%5

vhA] 2ol Qlo] A= succinic acid 7} §aEe] 84.9%
% AAse 9454 &
fumaric, malic, ketoglutaric, citric @ pyroglutamic
acd 5 73-%e AEBE 2 5% WTH wes
. AEtEe] 15.1% 24] succinic acid &2 <F 1/69]
2R ggkrh.

AEZA 9lo] A= succinic acid 7} FES] 73.2
% & A=A sl A4 ggkm, tHee] malic acid &

13.2% . 2#, o|& 2579 Mol MES 86.4% &

ok, 2 8F9 lactic, oxalic,

=5t et 2 ¥re) lactic, oxalci, fumaric, maleic,

malic, ketoglutaric, citric 31 pyroglutamic acid %
8359 Mol ALY 13.6% of Ehetslvh
b o2 3o} 4_%?,] H B 25 succinic
acid 9} §+3Fo] Y T8l wol REY FERIL I F
gEd. 58 T, A= L AgzAd gedAe
MRS 2/3 5 o 73.2~84.9% & AAstgdr 2
e, Fel SlelA= pyroglutamic acid o] §HeFo]
succinic acid fL¥ v} ghol 38.8% & viehd Zo] &
Aol dEd, F AT % AFEA T gle]
2 B35} 2.6~5.3% o A
o2 €l e malic

A& pyroglutamic acid B
WA gob BzAol . He
acid 24 2, 3 9 A#R2ZAA deidE 10~21
%9 Fe WHE rhid e, B a9
A4 4.8% ¢ Wad Ye ke 2y
FAR(1032)0] ¢ F-2l H¥Y succinic acid §3e)
et 2ot AE 2d, F, 9T g ANz
o] A Bk 100g o] o] 22 2.0mg 330.0

=] stew] Esbsbg =h

mg 9 27.6mggttn &k F, wpASe RSt
= F Y AFIA Yol 1 k] ¥E3 A
o, & e R vlastd 1/5~1/6 e A
= gk

=, 0sada(1966)% FelA JERBMHRR TR
o EEEAER 25 REsded, EE®RS
succinie acid @ lactic acid 24 §8ke] 7 59.1
mg/100 g X 52.3mg/100 gt et K FiE
FeEol waldby succinic aeldE ¢ 1/56 & MUTE
AL ¥]sle lactic acid = kR 2 o 4f5R Bl RS
BE @&E vehie] AslE RS L4

=g, M S(1965)- w2 FEBRERS =
A}g #5E fumaric acid 7} 3.5mg/100 g succinic
acid 7} 35.3mg/100 g, malic acid 7} 16.3mg/100 £
Qriz stad, A e #EHEe v mslw fumaric
acid @ malic acid ¢] =& & A7F g0} succi-
nic acid &] gHgFe] =A] o} <k 1/6 e XA @&
skoh ol gt MEe A B, W, BE YL S
Hiktk 54 Fold EHEs: Aolehx A4

%, Osada(1967)+% u}=] %2] A@BARS MM
o] W 3}E 2 AMgH ¥5EE, acetic, propionic, ketoglu-
taric U citric acid 58 ¥ Ao WEls} gl
1}, succinic acid ¥ fumaric acid ] €32 EHH
o) Z4slg et gl =g, Osada 5(1968)-% uf
ADE 5CAA SHME ARFHAL A HERER

HElE At #58, succinic, fumaric, lactic,
acetic, oxalic @ malic acid = Z7}5lw o2 HiE
2+ A2 wgstx gt s ey BE F

(1963, 1967)-& uh=)2h-g 25°Co] A Aetge = 56
BEf % succinic acid & 5.9f52 Frbstg e, b
2 BEEBRe> T gt ddd ek ek

Bl 519782 2 JelE T3 ARBEERS
B33l =, &L A] pyruvie, lactic, oxalic,
fumaric, succinic @ malic acid 59 638 FHilk
2 [EEstger, o] & M- succinic, lactic®
malic acid 4] &% #H¥E 1002 o] 27k 407.5
~442.9mg, 146.0~165.0mg % 101.8~108.8 mg
oo gteh, Ak gzl &Eeh »laske succinic acid
o lelAe F A7 g 2}, lactic acid @ malic
acid = 423 T2 & Vel ok

R, 45e EEEREY HBBAHRE 29, 4&
B o Zro] Fel 9ol A lactie, oxalic, fumaric,
succinic, maleic, malic, citric @ pyroglutamic acid

59 83F, FT R b sleldE lactic
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Table 4. Decreasing rate in organic acid contents of shelifishes after boiled-dried treat-

ment of the raw samples

(%)

Organic acid Oyster Sea-mussel Baby clam Hen clam
Lactic acid 65.0 43.7 31.2 14.3
Oxalic acid 60.0 55.1 50.0 14.3
Malonic acid — — — —
Fumaric acid 67.9 42.9 g1.3 79.5
Succinic acid 7.6 44.6 20.8 24.7
Meleic acid 65.1 — — 20.0
Malic acid 89.1 57.8 92.4 28.8
Ketoglutaric acid -— 45.3 70.8 75.0
Citric acid 44.1 57.4 21.4 50.0
Pyroglutamic acid 77.7 53.3 97.8 39.8
Total organic acid 54.7 46.5 29.4 37.1

oxalic, fumaric, succinic, malic, ketoglutaric, citric
9 pyroglutamic acid S} 8&%, ATFzAM] 9o
A} lactic, oxalic, fumaric, succinic, maleic, malic,
ketoglutaric, citric @ pyroglutamic acid 29} 9% %
2] ARl FE ¢ =g

BEEEY AERBEEL Zd YolAw 413.6mg
/1002 24 EFE 9 45% B vehle] BEH
Bl o3l B ko] A= AL & 4 Yok
Tl glel Al 256.1mg/100 g 24 AFRHE )9 53
%, ¥R Tel QlA A= 173.9mg/100 g 24 4=3R%
A 71%, ATFZEA Y= 126.5mg/100g =
A EREB A8 63% o FFE ehiglch

aelxm, AEHEHY FEERERS A"z 4
FE A dd AgE dehigled, Feo g4
A EEREo] succinic acid @ pyroglutamic acid =
A 77t 290.6mg/100g B 78.9mg/100 28] FYL
vebi g e, of% 25 R EolEEY 89.3% &
A2 sk TR A £EE
W malic acid 24 Z}7; 213.6 mg/100 g % 20.5 mg/
10029 @& vetdie] o] F 2579 Re] MRS
91.4% & AAsgvh. elz, eix= 2 A2y
ol glei Al succinic acid 7} H2 Bl vgld U5
8] mrol, ulR ¥4 9= 165.6 mg/190 g2} ko
2 REY 95.2% & AA st o, AgzAY A
= 110.9mg/100 89 FHo2 MR 87.7% &
AstgE. F, 455 AEHEFAH o By
2 AR w3e A#EL succinic acid 4] EH
70.3~95.2% & A 514 .

x3, AHBEEA AT & AEBRY A
Table 4eff FA1stg oh. Feoll goiAle FFrgo] 7}
A =2 e malic acid 24 89.1%4 93, &0}

succinic acid

O O
Fadw

pyroglutamic acid ] 77.7% go9, uol g FA4E
o] AR & L succinic acid 9] 7.6% P31 T
o] citric acid 2] 44.1 g k. F ol glol A& malic
acid 7} 57.8% 24 zt4gel bR B¢ g
citric acid & 57.49% ¢ &=, Hiw] & fumaric acid 7}
42.0% 2 A Frafo] AR Yoka vhgef lactic acid
o 43.7% 9oh ATl SlolA Akl AR E
& xn & pyroglutamic acid &) 97.8% A1, TS0l
malic acid &] 92.4% 1 o™, ZF4go] 71} ¥& R
£ succinic acid &} 20.8% 3 th-&o] citric acid 9
21.4% 9 °F. AgRA el fumaric acid 7}
79.59% A Fr4go] AR Egs Brgo] ketoglut-
aric acid 8} 75.0% g ov], 7+A&Eo] A ¥ A
& lactic acid B oxalic acid ¢] 14.3% 93, &
o] maleic acid ¢} 20.0% 4 +}.

& KHRHO Gl ARMRRS 24T E
o 74 ot 5474 93, olol T 45.5%
Wz 87.1%, WARY 20.4% ¢ WAL ol
o 7ol HHRBNE BHEHBEEY FFifo] B
AL Bl wet REgHHkel Bh2s] A Foletx 4
A=y, F-RERE dodd £ F@igel gas
o & zbolrt FE AL £ AERY B AT &
eI £B/pd QA EERESL 2] AE
olgtm #Edch AdHos & o HERE o
gt Fr4go] F HEE-S malic, fumaric @ pyrog-
lutamic acid Sol 1, We] Zado]l AL HEB
¢ succidic, lactic ™ oxalic acid Solelz & 4 9]

.

R

B 5(1978)0] T MEAEE gl A &
e ¥3lE =3t A 29, pyruvic, lactic,

oxalic, fumaric, succinic @ malic acid & 6 %2
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FES AEER SR 43 5%

HlBE agel A B AL malic acid 9
63.4~66.6% 93, t}go] succinic acid &) 54.6~
55.0% dom, dhl® Ftage] s G e
pyruvic acid &} 7.1~26.6% 9l 3. t}-&9o] oxalic acid
2] 8.9~37.1% Actm k. A FFges] #EES vlm
3 agol 7 L AL drhigied, o

AL MIEERKS] 27 ool doivie FRe
I

= %

T, %, dxE R Az 5 4TRY BEE
FRZ sle] & 2 o] F Kigsld: o HHE
MERE Tend GLC 2 Sirkarstd s

455 BEd F, T3 2 ukA e glejAe 8
T, AFEA dolAe 9FHFA AR FHE
ol el g o). o F¥EER-S pyroglutamic, succinic
% malic acid 24] JHRS) 94.2% = AAsg 1, T
g, v F 2 AFEA gl A EERE R
succinic 9 malic acid 24 o] & FERol BEBE R
A AR e S A 90.8%, 89.7% 2 86.4%
Qe

3, A" 2 AEEA delAE EF succie
nic acid 8] &wFo] 7}A kel 7k 80.6%, 84.9%
ol 73.2% 92, Fol 9o A= pyroglutamic acid &
kel sba whol 38.8% A th-ge]
9] 34.4% Q).

HHRBRRA Jolqx Fol 013.0mg/100 g 24
74 gkol AREMY o 4.5 58S Jenlgm, o
o] F3e] 478.4mg/100 g vlAFe] 246.3mg/100g
¢ Helder, A%zAI] /AL AL FHFE Ve
we] 201.2mg/100 go] o o},

ERBEE sl s A9 ARBERY FLgl
Zo) 54.7% ZA A E=:m, o]o] Tge 46.5%
MFEANY 37.1%, vrx1= 29.4% 9 JEo)

succinic acid

’

% o,

o

I & FRBY FLEE FEd  wel g &l
= Ehiigl e, Ao R Bol Fhhdge] 4
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