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Abstract

The changes of major organic acid contents were examined in mackerel, pacific saury, yellow croaker and
brown sole on heating conditions. The organic acid contents of mackerel were the higher than the others. The
content of lactic acid was the highest in all samples commonly and that of succinic acid was second level and
these organic acids were over 95% of total organic acids. The content of -ketoglutaric acid was higher than
that of succinic acid in pacific saury. All organic acids decreased by heating and the reduction of organic acid
content was greater with higher heating temperature. Decreasing of organic acid content was higher at
steamed and first heating than warmed and rewarmed.
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Table 1. Contents of organic acids on heating conditions of
mackerel (mg/100g, dry basis)

Broiling

Compounds Raw Steaming

180°C 200°C 220°C

Lactic acid 946.4  876.1 6945 6527 649.6

Fumaric acid 1.3 0.9 0.1 trace trace
Succinic acid 30.7 24.1 12.4 12.6 9.4
Malonic acid 0.4 0.2 trace  trace  trace
Citric acid 0.6 0.3 trace  trace trace
Oxalic acid 1.2 0.6 0.1 trace trace
Malic acid 1.2 0.7 0.3 trace trace
“;rikceg’cgk',”t' 8.2 6.7 34 27 32
Pyroglutaric acid 0.6 0.2 trace  trace  trace

Steaming condition was at 100°C for 10min.

Broiling condition was at 180° C for 20min, 200° C for 15min
and 220° C for 10min.

All values are means of triplicate determinations
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Table 2. Contents of organic acids on heating conditions of
pacific saury (mg/100g, dry basis)

Broiling

Compounds Raw Steaming
. 180°C 200°C 220°C

Lactic acid 527.4 342.0 236.7 2212 2196

Fumaric acid 0.3 trace trace trace trace
Succinic acid 17.1 6.6 4.9 4.1 3.7
Malonic acid 0.2 trace trace trace trace
Citric acid 0.3 trace trace trace  trace
Oxalic acid 0.9 0.3 trace  trace  trace
Malic acid 0.5 trace trace  trace  trace

- ketoglutaric
acid

Pyroglutaric acid 7.2 3.1 1.7 13 1.1

142.1 115.7 89.6 87.2 84.3

Steaming and broiling conditions described in Table 1
All values are means of triplicate determinations

Table 3. Contents of organic acids on heating conditions of
yellow croaker (mg/100g, dry basis)
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Compounds Raw Steaming

180°C 200°C 220°C

F714 Sl da 941

688.4 2 672.1mg%= 7Fastel o aghe of mo}
22 2% 2 7}d35}9S d ] $& ofo] FtAisled
oh. el 3 7hakel o) A Sol A K Table 4oll4] ni= v}
9} zko] lactic acidr} 872.1mg% 2 7} wotx
succinic acid7} 28.6mg%E Wbyt or] 2 92 {7
AFS-& m|gko]git). Lactic acide] 9 A RdA &=
872.1mg%3 e Zlo} 7} 180, 200 2 220°CR 7}
3 3tol whz} 2 §H-8<] 816.3, 801.7, 782.4 I 736.
amg% . 2A| FFastel e ahgks o ot 180, 200
4 220°CE 7hdskd-& vzt of weol ghastadct.
Adez ¥ w2 f714 FHEES 25, 7
o], 7] 4 ¥ o2 vrepten, 7t el ulet
S 1P I o e ST S e R et S P - A A
of, 7bAel B Z7|9) £0% g ool B4

ehukeh. %, 94 go] nrhe A4 gele] 297t st
ol wie} 2 &) Fagoel ¥4 et o 5
7} eldeh.

HSolol e §714 BReel Wt

Z2}gk 27 200° Coll A 7F2 8 7 & 4°Coll A 244]
&3 F 12 99715 & A 13 "5 E
A-E A T 2 RES F 23 9197 E 3
A& we] e, B, 27| A 7ixiv| 8] 33 QR4
F714k2] B -89 Wil Table 5~83} 7). =,
501 2] 7 5ol ale] A= Table 5014 B ule} 3lo]
#or-g o lactic acide] &sko] 876.1mg% s 7o) 1
2} g 23} W]-$-7] & Fhol] whet 842.7 Y 840.6mg%E 1
Frgo) oF 4% AT FFastdwd 42 AFel Aol
A Bk 358 Fhago] dokoh ey sk E A

a3
k

ok

Table 4. Contents of organic acids on heating conditions of
brown sole (mg/100g, dry basis)

Broiling

Compounds Raw Steaming

180°C 200°C 220°C

Lactic acid 765.3 7329 699.4 688.4 672.1

Fumaric acid 2.2 1.6 1.1 0.6 0.1

Succinic acid 12.7 9.9 7.9 7.2 6.6
Malonic acid 0.6 0.2 trace  trace  trace
Citric acid 1.3 1.1 0.5 0.2 trace
Oxalic acid 2.1 1.4 0.8 0.4 trace
Malic acid 0.8 0.5 0.2 trace  trace
o ketoglutaric o 44 49 36 40
Pyroglutaric acid 3.2 2.5 21 1.8 1.1

Lactic acid 872.1 816.3 801.7 7824 7364

Fumaric acid 1.1 0.8 0.5 03 0.2
Succinic acid 28.6 24.7 22.1 21.6 21.2
Malonic acid 0.2 trace trace  trace trace
Citric acid 03 trace trace  trace trace
Oxalic acid 1.1 0.6 0.2 0.1 trace
Malic acid 0.9 0.4 0.2 trace trace
a- ketoglutaric 5 ¢ 6.5 61 54 44
acid
Pyroglutaric acid 2.1 1.3 1.0 0.7 0.5

Steaming and broiling conditions described in Table 1
All values are means of triplicate determinations

Steaming and broiling conditions described in Table 1
All values are means of triplicate determinations
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Table 5. Changes of organic acids contents during processing of Mackerel (mg/100g, dry basis)
Steaming Broiling
Compound
Steamed Warmed* Rewarmed** Broiled Warmed Rewarmed
Lactic acid 876.1 842.7 840.6 652.7 636.1 634.2
Fumaric acid 09 03 trace trace trace trace
Succinic acid 24.1 22.6 22.3 12.6 10.9 11.6
Malenic acid 0.2 trace trace trace trace trace
Citric acid 0.3 0.1 trace trace trace trace
Oxalic acid 0.6 0.3 trace trace trace trace
Malic acid 0.7 0.3 trace trace trace trace
o - ketoglutaric acid 0.7 59 5.6 2.7 1.8 1.4
Pyroglutaric acid 0.2 trace trace trace trace trace

*Warmed was performed at 200° C for 5min after storage of sample at 4° C for 24hrs
**Rewarmed was performed at 200° C for Smin after storage at of warmed sample at 4°C for 24hrs
All values are means of triplicate determinations

Table 6. Changes of organic acids contents during processing of pacific saury (mg/100g, dry basis)
Steaming Broiling
Compound
Steamed Warmed* Rewarmed* Broiled Warmed Rewarmed
Lactic acid 342.0 316.4 312.6 221.2 218.3 217.9
Fumaric acid trace trace trace trace trace trace
Succinic acid 6.6 5.2 5.1 4.1 3.6 33
Malonic acid trace trace trace trace trace trace
Citric acid trace trace trace trace trace trace
Oxalic acid : 03 0.1 trace trace trace trace
Malic acid trace trace trace trace trace trace
o - ketoglutaric acid 15.7 89.2 95.4 87.2 82.6 80.9
Pyroglutaric acid 3.1 2.4 2.1 1.3 1.1 0.6

*Warmed and rewarmed conditions described in Table 5
All values are means of triplicate determinations

Table 7. Changes of organic acids contents during processing of yellow croaker (mg/100g, dry basis)
Steaming Broiling
Compound
Steamed Warmed* Rewarmed* Broiled Warmed Rewarmed
Lactic acid 7329 711.6 714.1 688'.4 676.1 665.8
Fumaric acid 1.6 0.7 0.2 0.6 0.2 0.1
Succinic acid 9.9 6.1 53 7.2 6.8 6.3
Malonic acid 0.2 trace trace trace trace trace
Citric acid 1.1 0.7 0.4 0.2 0.1 trace
Oxalic acid 1.4 0.5 0.1 0.4 0.2 trace
Malic acid 0.5 trace trace trace trace trace
a- ketoglutaric acid 6.1 4.2 4.1 3.6 3.7 3.1
Pyroglutaric acid 25 1.1 0.7 1.8 1.8 1.5

*Warmed and rewarmed conditions described in Table 5
Al values are means of triplicate determinations
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Table 8. Changes of organic acids contents during processing of brown sole

714 gigel 0 943

(mg/100g, dry basis)

Steaming Broiling
Compound
Steamed Warmed* Rewarmed* Broiled Warmed Rewarmed

Lactic acid 816.3 787.1 782.7 782.4 779.6 774.3
Fumaric acid 0.8 0.3 trace 0.3 0.1 trace
Succinic acid 24.7 211 20.4 21.6 209 18.8
Malonic acid trace trace trace trace trace trace
Citric acid trace trace trace trace trace trace
Oxalic acid 0.6 0.2 trace trace trace trace
Malic acid 0.4 0.1 trace 0.1 0.2 trace
a - ketoglutaric acid 6.5 4.7 4.4 5.4 5.9 5.2
Pyroglutaric acid 1.3 1.1 0.5 0.7 0.8 0.3

*Warmed and rewarmed conditions described in Table 5

All values are means of triplicate determinations
t}. 27]2] 73 % Table 764 B vle} zbo] lactic i) oFf

acid®] A% &7 71ded S o 7329 4 688.
amghel® o] 124 2 22} 89718 el weh 1 ¥
80| 711.6, 714.1 ¥ 676.1, 665.8mg%E 743}
oo shatelel ASE G971 % el oo} ohE A=
o4 s} v b7} 2 7 gh-go] Gasiaich.

£eh8 URE sl AAe st Wl §714
& WHE 241G 2ol woe) Aspel] oahd AL
Foll vlate] A5 TR 38% A= F7)4t
o] ATk sty v, Lo} o]W2} RUAAL YA
9 Ax F F714F i Hstel] A3 B 7}
thate] o] {714 A F lactic acid?} A §-7]4k2
92.7%% A}A| 8] 2.9] pyroglutaric acid, succinic acid
2 o-ketoglutaric acid7} gt} sleict. el a o) &
A2l el wheba) £714F o) ko] ik 5
ez fAEct steh 22 7 579 AL
F714F =4 0]] Zg Ao A+ lactic acid, pyro-
) citric acid7} F&. F7] 4 olgb 1 sl o
®, Hayashi "% A& d42Ze)1e o 2582
#7142 712] 90% o]AFo] lactic acide}x FAF3)
oh. 22l 3 ok o] sl7) ol QelAe) §14t
$-&-2 succinic acid, butyric acid, propionic acid
valeric acid7} & &5 Btz slglon, Bk
5202 vpA] ol A= succinic acid?} 40mg%E 7}
2 FHgo] Boh @ 23k ek o) sk o] HF
Zztist wpole] B BaFe) F2A o5 AT
o} vl 2 del s A RE o) Fo 2ol lactic
acid®] gf-&o] Ad A vehger 7tdE oz
H {714 FH-8o) Zasided £ A7l o] 5
o] A3 vl sg S bl

glutaric acid ¥

o

O

=|

N-En‘,"li

7tz el b & 25, A, 271 L 7kl #
)4 g Wshe g3 2otk 4K AR 5 2
o7k A fo14ke] Fgol 7 wsten, 28
Alge gl FEA L= lactic acid®] &i-8¢] 7}
A Egkow t}g-© 2 syccinic acid7} E9kow o] H
Ffr71akel AA f714t {82 95% o] A& AHA81
t}. 27X & T} E A ZellA 9= & succinic acid
thAlel] - ketoglutaric acid®] &-§-&¢) =3t} 714
ol Webs ZE f714k dHf-go] FFastal e b
LEF EEPF P BBl o, 13 1 24
dl$-7]ol A Bohe gAY 7t e g 68
a7t dojydcet.

zZtAle| 2

¥ A7= 199248 e 53729
(92-24-00-13) QA FZ A< oJ&f 3 37 Az}
o] alolm, A u|E A Us) & YFat ol 7
A=Y,

Ho
rQk

1. Deobald, H. ). : The effect of antioxidants and syner-
gists on the stability of precooked dehydrated sweet-
potato flakes. Food Tech., December, 146 (1964)

2. FEBMK  BRILRS AL & A BEEE O RIUE. New
Food Industry, 10, 14 (1968)

3. REFREZ @ HHEEFEEVEN. New Food Industry,
10, 6(1968)

4. HAR w o BB OPFaROFLICOVT. B R EL
Heazk 8,867(1932)



944

10.

1.

13.

4718 - ol FE - sede) -

Osada, H. : Studies on the organic acids in marine pr-
oduct. Toyo Junior College of Food Tech., 7, 271 (1966)
z44, w3 7] /oAb 24 B A
Fr=44k813] =], 18, 227 (1985)

399 Ao Al e Hg JF. PAbpAl
sF A AL ek 9] =7 (1978)

FHE, ol 8% s oG A Aol Lo Fat Q
gaeAabeha] A, 11, 65(1978)

Hayashi, T., Asakawa, A., Yamaguchi, K. and Konosu,
S. : Study on the flavor components in boiled crab.
Bull. jpn. Sco. Sci. Fish., 45, 1325(1979)

Konosu, S., Shibota, M. and Hashimoto, Y. : Con-
centration of organic acids in shellfish. J. jpn. Soc.
Sci. Food Nutr., 20, 186 (1967}

Mirocha, C. J. and Devay, J. E. : A rapid gas chroma-
tography methods for determining fumaric acid in
fungus cultures and diseased plan tissues. Phytopath.,
51, 274(1961)

Bryant, F. and Ovell, B. T. : Quantitative chromatogr-
aphic analysis of organic acids in plant tissue extracts.
Biochem. Biophys. Acta, 10, 471 (1953)

Rensick, F. E., Lee, L. and Power, W. A. : Chromatogr-

.

3

]

Aol—

17.

18.

19.

20.

AR - RS

aphy of organic acids in cured tobacco. Anal. Chem.,
30, 928(1955)

Hautala, E. and Wealver, M. L. : Separation quantit-
ative determination of lactic, pyruvic, fumaric, succ-
inic, malic and citric acids by gas chromatography.
Anal. Biochem., 30, 32(1969)

. Alegre, S., Yair, E. and Shaul, P. M. : Gas liquid chro-

matography of organic acids in citrus tissues. /. Agric.
Food Chem., 24, 652(1976)

2, o)k HARL AL AE L Fol4y
ol A& AT A4k x], 21, 21(1988)
A, AdH, $AF  dede] 259 #7)4
Z2A) ofl 3 AT ghhed ofAl epsbE A, 19, 305 (1990)
Hayashi, T., Asakawa, A. and Yamaguchi, K. : Studies
on the flavor components in boiled crabs. Bull. Jpn.
Soc. Sci. Fish., 45, 1325 (1979)

Jdl, o] ¢35 1 Yerole] HrlAl Rl Bt
Z4arebal A, 16, 202(1983)

RET, SRAEHIES, BARIED : BEOH AL
W a~sBERIOSWT. &H L 81, 20, 18
(1967)

A7 @

(19943 84 294 <)



