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Effects of Food Processing on Food Constituents 
 

THE EFFECT OF VARYING THE CONCENTRATION OF VARIOUS SALTS ON THE 
ACTIVITY OF THE INOSINATE MONOPHOSPHATE-DEGRADING ENZYME IN FISH 

PROCESSING 
 

Hiroko Seki*, Izumi Ueno*, and Naoko Hamada-Sato* 
 

*Tokyo University of Marine Science and Technology 
 
1. Introduction: Various methods are used to store fish for long periods because fish spoil rapidly. In 
particular, salt is frequently used to store fish because it has bacteriostatic effects and suppresses 
inosinate monophosphate (IMP) degradation. IMP accumulates rapidly in postmortem fish muscle 
through the enzymatic degradation of ATP and is broken down into inosine and hypoxanthine, which 
reduces fish quality. Therefore, it is necessary to inhibit the activity of inosinate phosphatase(IMPase) 
to maintain the quality of fish flesh, and in this respect, it has been reported that salt suppresses IMPase 
activity (1)(2). 
Salt is obtained from seawater and halite; its major component is NaCl but it also includes the seawater 
components MgCl2, CaCl2, and MgSO4. The influence of these individual components on IMPase must 
be studied to investigate the effect of salt because the composition of salt is affected by the 
manufacturing method. Additionally, various types of salt containing additives are being increasingly 
sold, and these salts have various pH values. It is also necessary to consider the influence of pH 
because enzyme activity is greatly affected by pH. The present study evaluated the effect of salt at 
concentrations typically used for brining of fish flesh (approximately 10–15% NaCl), focusing on 
horse mackerel, which is a popular fish consumed worldwide. Changes in IMPase activity were 
evaluated by varying the concentrations of various salts and the pH conditions. 
2. Method: Fish flesh homogenate was dialyzed against water for 2.5 days, and the dialysate was 
filtered and diluted twice at 10°C (enzyme solution). The standard reaction mixture included buffer 
(0.2 M succinic acid/NaOH pH 4-6 and 0.2 M maleic acid/0.2 M Tris/NaOH pH 6-8), 25 mM IMP, 
various salts (NaCl, MgCl2, CaCl2, or MgSO4) at concentrations of 0.83%–2.5% (corresponding to 
brine concentrations of 6.6%–20%) or water, and enzyme solution. The reaction mixture was incubated 
overnight and the reaction was stopped using 10% perchloric acid. The amount of inorganic phosphate 
liberated in the supernatant was then determined. 
3. Results: IMPase activity was affected by these salts because IMPase activity decreased with 
increasing salt concentration at all pH values. IMPase activity in the presence of 2.5% CaCl2 was 
approximately half of that in the presence of 0.83% CaCl2 and decreased in the presence of trace 
MgSO4 at pH 4-5. IMPase activity in the presence of these salts increased at pH 6. When the 
concentration of NaCl and MgCl2 was changed from 0.83% to 1.7%, IMPase activity decreased 
remarkably. Furthermore, IMPase activity decreased in the presence of CaCl2 but increased greatly in 
the presence of MgSO4 at pH 7–8. 
4. Conclusion: This study suggests the following conditions to process brined fish flesh: 
･ Salt with trace MgSO4 and brine concentration higher than approximately 14% at high pH. 
･ Salt with high MgSO4 or addition of MgSO4 at low pH. 
･ Brine concentration higher than 20% at pH 6. 
Keywords: salts, pH, IMPase 
References: 
(1) Tomioka, K., Endo, K. (1988): Effect of sodium chloride and glycerine on activities of enzymes 
decomposing 5'-inosinic acid in fish muscle. Nihon suisan gakkaishi, 54 (11), 1947-1951. 
(2) Oba, K., Niwa, E. (1993): The Mode of Inhibition by Salts to Two Enzymes Involved in IMP 
Degradation in Fish Flesh. Nihon syokuhinkougyo gakkaishi, 40 (8), 583-588. 
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INFLUENCE OF ELECTRON BEAM IRRADIATION IN THE ORGANIC ACIDS PROFILE 
OF PORTUGUESE CHESTNUTS (Castanea sativa MILL.) 

Márcio Carocho1, Amilcar L. Antonio1,2,3,*, Lillian Barros1, João C.M. Barreira1,4, Albino Bento1,
Andrzej Rafalski 5, Isabel C.F.R. Ferreira1

1CIMO-ESA/Polytechnic Institute of Bragança, Portugal
2 IST/ITN Nuclear and Technological Institute, Portugal

3 Dep. of Fundamental Physics, University of Salamanca, Spain
4REQUIMTE, University of Oporto, Porto, Portugal

5 Institute of Nuclear Chemistry and Technology, Warsaw, Poland

Organic acids are primary metabolites that play important roles in plant metabolism and confer distinct 
flavors in fruits. Their consumption is beneficial for humans, namely against certain illnesses. The food 
industry uses them as preservatives and flavor enhancers. In fruits conservation and transport, organic 
acids should be preserved at all costs in order to maintain physical quality and pleasant flavors until 
they reach the consumer. In 2010, due to European legislation, methyl bromide was banned as a 
conservation method for chestnuts due to its toxicity to operators and negative effects to the 
environment. Since then, various innovative techniques have been pursued, and irradiation has proved 
to be a viable, cheap and environment friendly one. Our research group has studied that both gamma 
and electron beam irradiation as a conservation method in Portuguese chestnuts and proven that they 
do not alter in a significant way the nutritional value and antioxidant potential of these fruits. Herein, 
the influence of increasing doses of electron beam irradiation (0- control, 0.5, 1, 3 and 6 kGy) and 
different storage times (0, 30 and 60 days), in the organic acids profile of Portuguese chestnuts, was 
studied. Ultra-fast liquid chromatography coupled to a photodiode array detector (UFLC-PDA) was 
used to quantify oxalic, quinic, malic, ascorbic, citric, fumaric, succinic and shikimic acids. Our results 
indicate that the irradiation doses did not significantly influence the quantity of organic acids in the 
samples, proving to be a safe and valuable conservation technique.
Keywords: Chestnuts, organic acids, food irradiation, electron beam
Acknowledgments: The authors thank ON.2/QREN/EU Project no.13198/2010, FCT, Portugal, and 
COMPETE/QREN/EU for financial support to CIMO (strategic project PEst-OE/AGR/UI0690/2011). 
A.L. Antonio, L. Barros and J.C.M. Barreira also thank FCT, POPH-QREN and FSE for their grants 
(SFRH/PROTEC/67398/2010, SFRH/BPD/4609/2008 and SFRH/BPD/72802/2010, respectively). 
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