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Introduction 
 

Recently, studies have investigated the production of 

frozen fish with high freshness for sashimi production 

in Japan [1]. Although the quality of mackerel meat 

with high freshness can be maintained after freezing, 

pH of mackerel meat with high freshness tends to 

decline markedly after thawing due to the progression 

of glycolysis [2]. As it is assumed that pH is correlated 

with the quality deterioration such as generation of drip 

loss of thawed meat, the development of a suitable 

thawing method for frozen mackerel without pH 

lowering is required to improve the quality of thawed 

meat. 

   Temperature control before thawing (TCBT), which 

is the method of storage at -20 to -2°C for several days 

before thawing, has been proposed as one of the 

effective methods to prevent a lowering in the pH of 

frozen fish meat [3-8]. By using TCBT, it is suggested 

that NAD, one of the coenzyme in glycolysis is reduced 

[5]. Therefore, it is presumed that the progression of 

glycolysis is suppressed by TCBT. However, the 

detailed mechanisms of TCBT have yet to be clarified. 

The objective of this study was accordingly to elucidate 

the biochemical changes related to glycolysis in frozen 

spotted mackerel meat with high freshness during 

TCBT. 

 

Materials and methods 
 

Sample preparation 

Frozen spotted mackerel caught in Kamaishi Bay, Iwate 

Prefecture on October 2015 and cultivated in a fish tank 

were used as samples. They were sacrificed instantly 

and blood was removed using the “Kubiore” procedure. 

The mackerels were subsequently frozen and 

maintained at -60°C until use (Fig. 1). We used frozen 

spotted mackerels whose initial pH of frozen meat was 

approximately 6.7. 

 
 

Fig. 1. Frozen spotted mackerel. 

 

Temperature control before thawing (TCBT) 

The frozen samples were cut into 2 cm thickness and 

put into some freezers at -20 to -2°C for several days 

(TCBT). After TCBT, the samples were maintained at 

-60°C until use. The method of experimental treatments 

is shown in Fig. 2. 

 

 
 

Fig. 2. Schematic of experimental treatments for measurement. 
 

Thawing method 

After storage, the frozen samples were thawed at 5°C 

for 18 h. 
 

pH measurement 

One gram of frozen mackerel meat was homogenized in 

5 ml of 20 mM sodium iodoacetate solution, and then 



2 of 2 
 

The JSFS 85th Anniversary-Commemorative International Symposium 
“Fisheries Science for Future Generations” 

Symposium Proceedings, No. 000 

 

pH was measured with a pH meter [6]. 

 

Adenosine triphosphate (ATP), nicotinamide adenine 

dinucleotide (NAD) and lactate contents 

One gram of frozen mackerel meat was homogenized in 

3 ml of 10% perchloric acid, and then centrifuged at 

3,000 rpm for 3 min. The pH of supernatant was 

adjusted to pH 6.4 to pH 6.5. ATP, NAD and lactate 

contents in both frozen and thawed dorsal muscle 

extraction were measured [9-12]. 

 

Statistical analysis 

Statistical analysis of the data was carried out using 

Tukey’s test. 

 

Results and discussion 
 

In frozen meat without TCBT (control), pH value was 

less than 6.0 after thawing. In contrast, in frozen meat 

subjected to TCBT at -10°C for 5 days, the pH was 

maintained at approximately 6.4 after thawing. 

Therefore, it was suggested that pH was maintained by 

using TCBT at -10°C for 5 days (Fig. 3). 

   ATP contents in frozen meat were stable over 80％. 

After thawing it, ATP was almost disappeared. 

   The amount of lactate production during in thawing 

process was about 50 µmol/g in control, but little lactic 

acid was produced in the meat with TCBT during 

thawing process. 

   NAD in frozen meat was decreased during TCBT. 

The results obtained in this study of spotted mackerel 

were as following, in case of samples (TCBT at -10°C 

for 0 days), the activation of glycolysis was induced by 

thawing procedure. On the other hands, in case of 

samples (TCBT at -10°C for 5 days), TCBT suppressed 

glycolysis during thawing procedure. It thus appears 

that glycolysis in the meat is suppressed during thawing 

process as a consequence of TCBT. 

 

 

 
 

Fig. 3. Changes in pH of frozen spotted mackerel meat by using 

TCBT at -10°C for 0 and 5 days before and after thawing. 
 

 

Conclusions 
 

Little lactate content in the meat was produced during 

thawing process and NAD in frozen meat was 

decreased during TCBT. Therefore, it was indicated that 

TCBT was an effective method to prevent a lowering in 

the pH of frozen spotted mackerel meat. 

 

Acknowledgements 
 

This work was supported by A Scheme to Revitalize 

Agriculture and Fisheries in Disaster Area through 

Deploying Highly Advanced Technology and Japan 

Health Foundation. 

 

References 
 

1. Okazaki E, Takiguchi A, Nakazawa N, Suzuki T, Sakai N, 
Hagiwara T, Hamada N, Osako K, Watanabe M, Fukuoka M, 

Tashiro Y (2016) Moubukagakusyou tokubetukeihi（in Heisei 25 

to 27）Kaso koureika ni taioushita anzen anshin wo jitsugensuru 

gyokou gyoson moderu no kouchiku seika houkokusyo, Tokyo 

University of Marine Science and Technology, Tokyo, pp. 
171–199 (in Japanese) 

2. Hashimoto A, Katoh N, Nozaki H, Arai K (1985) Nippon Suisan 

Gakkaishi 51: 425–432 (in Japanese) 
3. Yamanaka H (1973) Nippon Suisan Gakkaishi 39: 1293–1298 (in 

Japanese) 
4. Yamanaka H (1975) Nippon Suisan Gakkaishi 41: 573–578 (in 

Japanese) 

5. Bito M (1978) Nippon Suisan Gakkaishi 44: 897–902 (in 
Japanese) 

6. Bito M (1980) Tokai Reg Fish Res Lab 103: 65–72 (in Japanese 

with English abstract) 

7. Imamura S, Suzuki M, Okazaki E, Murata Y, Kimura M, Kimiya 

T, Hiraoka Y (2012) Fish Sci 78: 177–185 
8. Nakazawa N, Fukushima H, Wada R, Fukuda Y, Okazaki E 

(2016) JSRAE 33: 197–207 (in Japanese with English abstract) 
9. Ehira S, Uchiyama H, Uda F, Matsumiya H (1970) Nippon 

Suisan Gakkaishi 36: 491–496 

10. Maeda T, Yuki A, Sakurai H, Watanabe K, Itoh N, Inui E, Seike 
K, Mizukami Y, Fukuda Y, Harada K (2007) JSRAE 24: 

323–330. 
11. Ehira S (1983) Tokai Reg Fish Res Lab 109: 57–76 (in Japanese 

with English abstract) 

12. Baｒker SB, Summerson WH (1941) J Biol Chem 138: 535–554 


