
  
  養殖クロマグロ胃液の酸とペプシン様酵素活性に関する研

究

  誌名 水産増殖 = The aquiculture
ISSN 03714217
著者名 木原,稔

阿部,祐太朗
加賀,悠史

発行元 水産増殖談話会
巻/号 60巻2号
掲載ページ p. 285-286
発行年月 2012年6月

    
農林水産省 農林水産技術会議事務局筑波産学連携支援センター
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council
Secretariat

Powered by TCPDF (www.tcpdf.org)



Aquaculture Sci. 60 (2), 285 - 286 (2012) 

Short Paper 

Acidity and Pepsin-like Protease 
Activity of the Gastric Juice 

of Farmed Pacific Bluefin Tuna 
Thunnus orientalis 

Minoru KlHARA * , Yutaro ABE and Hiroshi .RAGA 

Abstract: We measured pepsin-like protease activity, 
hydrochloric acid (HCl) concentration, and pH in freshly 
collected gastlic juice (GJ) from farmed Pacific bluefin 
tuna (Thunnus orientalis) to demonstrate the experi
mental conditions required for in vitro artificial gastIic 

digestion. A positive correlation was confirmed between 
HCI concentration and pepsin-like protease activity (r 

=0.847). This suggests that the oxynticopeptic cells in 
bluefin tuna secrete pepsinogens, together with HCI. 

Thus, we concluded that the conditions for simulated 
in vitro gastric digestion are around 17 mg tyrosine 
liberated/ml GJ/30 min incubation of pepsin-like prote
ase activity and 0.04% HCI. 

Key words: Thunnus orientalis; GastIic juice; Digestion 
test; Gastdc digestion 

Worldwide attention is being paid to Pacific bluefin 
tuna (Thunnus orientalis) aquaculture from the viewpoint 
of tuna resource conservation and food supply. Some 
raw fish, such as sardines, are mainly supplied as a 

diet for tuna aquaculture systems. However, demands 
for a formula diet are increasing because of low food 
conversion efficiency after feeding of raw fish (Martinez
Montaiio et al. 2011). Studies have shown that fish meal 
replacement protein sources such as soybean meal are 
needed for tuna aquaculture. In many cases, long-term 

growth performance tests, using expelimental tanks or 
net cages, are conducted during the development of fish 
diets. In vitro artificial digestion methods are improving 
and provide valuable data for developing fish diets. For 
example, the digestibility of dietary protein sources 
such as fish meal was evaluated by in vitro gastric 
digestion in yellowtail (Seriola quinqueradiata), using the 
supernatant solution of stomach tissue homogenate as a 
crude enzyme solution (Satoh 2004). Moreover, Hamdan 
et al. (2009) revealed that a two-step hydrolysis (acid 
and alkaline hydrolysis) better mimics gastrointestinal 
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digestion, when conducting in vitro digestion using 
crude enzyme solutions obtained from the stomach and 
intestine of the carnivorous fish Argyrosomus regius. 
These findings suggest that it is important not only to 

use intestinal digestion but also gastIic digestion, when 
dietary protein digestibility is evaluated by the in vitro 
digestion method using carnivorous fish. 

The demand for formula diets will increase with an 

increase in bluefin tuna aquaculture and the farming of 
other fish. Thus, in vitro gastIic digestion will probably be 
one of the most important technologies employed during 
development of a bluefin tuna formula diet. However, 
basic information, such as pepsin activity and acidity 
of farmed bluefin tuna gastJic juice (GJ), necessary for 

deciding the in vitro expelimental system is unavailable. 
In this study, we confirm pepsin activity and acidity of 
farmed bluefin tuna G]. Fresh GJ was collected from the 

stomachs of fish immediately after capture in a net cage. 
Next, pepsin-like protease activity, pH, and hydrochloric 
acid (HCI) concentration were measured. 

We collected bluefin tuna GJ at a commercial 
aquaculture farm on Amami Island (Kagoshima, Japan) 

between 07:30 and 08:00 from February to March 201l. 
The temperature of the water at a depth of 10 m was 
between 19.6 and 20.5°C. Twenty-two bluefin tuna (mean 
body weight, 64 kg) were caught just after scatteling 
raw fish, such as common mackerel (Scomber japonicus) 
or saury (Cololabis saira), as groundbait. The viscera 

of fish were immediately isolated and their stomachs 
separated. The temperature of the stomach surface 
just after removal was between 18.4 and 23.0°C (mean, 
2l.4°C). The isolated stomachs were wrapped in paper 
towels previously wetted with balanced saline solution 
for marine fish (NaCl, 13.5; KCI, 0.6; MgCI2, 0.35; CaCI2, 

0.25; NaHC03, 0.2 gil; pH8.3) and transferred on ice to a 
land laboratory. We collected the GJ, which was poured 
into a glass bealcer directly from the esophagus side, after 
the removal of the residual bait. After thorough stirling, 

the GJ was tJ'ansferred to plastic tubes and stored at 
- 60t until analysis. Approximately 15 to 100 ml of GJ 

was collected from each stomach. The mean time from 
catching fish to GJ collection was approximately 50 min 
(range, 27 - 69 min). The thawed GJ was centrifuged 

at 1500 x g for 10 min at 5°C and the supernatant was 
used for further analyses. Any oil layer present on the 
upper layer of the supernatant was removed before 
analysis. We used a pepsin-like protease activity assay, 

Department of Marine Biology and Sciences, Tokai University, Sapporo 005-8601, Japan. 
* Corresponding author: Tel, (+81) 11-571-5111; Fax, (+81) 11-571-7879; E-mail, kihara@tspirittokai-u.jp (M. Kihara). 



286 M. Kihara, Y. Abe and H. Kaga 

based on the method of Kihara et al. (2011), with the 
liberated tyrosine from bovine blood hemoglobin as a 
substrate for the Lowry method (Lowry et al. 1951). 
We expressed the pepsin-like protease activity as "mg 
tyrosine liberatedlml GJ/30 min incubation". The 
GJ was diluted 0 to 40 times depending on the pepsin 
activity for the pepsin assay. We did not measure the 
protein content of GJ because some stomachs contained 
bait. Thus, specific activity was not determined in this 
study. The pH and HCl concentration were measured 
using a potentiometric titrator (COM-1700, Hiranuma 
Sangyo Co., Ltd., Ibaraki, Japan). 

Pepsin-like protease activity, HCl concentration and 
pH of GJ varied widely among individual fish (Table 
1). These parameters of GJ showed no correlation with 
stomach weight, fish body weight, fork length, stomach 
surface temperature or collection time. Moreover, the 
above three parameters showed no relationship the 
gender of the bluefin tuna. Pepsin-like protease activity 
and HCl concentration were confirmed to be correlated 
(Spearman's rank analysis, r= 0.847, P< 0.05, Fig. 1). 
This result suggests that the oxynticopeptic cells in 
bluefin tuna secrete pepsinogens, together with HCl, 
as generally accepted in fish physiology. Mean HCl 
concentration (0.04%) in GJ was calculated at a pH of 
1.9 (Fig. 2). This corresponded to a pH of 2.0, which is 
the optimum pH of pepsin activity for tuna (Nalinanon 
et al. 2008). However, the actual pH did not agree with 
the calculated pH from analyzed HCl concentrations in 
the present study (Fig. 2). This inconsistency may be 
due to the influence of copresent salts in the G]. 

The positive correlation (Fig. 1) may suggest that 
pepsin and HCl should be prepared at the time of the 
in vitro digestion test. In addition, adjusting pepsin 
activity and HCl concentration in artificial GJ would be 
appropriate rather than adjusting the pH, because the 
pH varies due to copresent salts. 

In conclusion, we found that the required 
experimental conditions for simulated bluefin tuna 
in vitro gastric digestion are around 17 mg tyrosine 
liberatedlml GJ/30 min incubation of pepsin-like 
protease activity and 0.04% HCl, which is consistent 
with the optimum pH for pepsin activity. 

Table 1. Acidity and pepsin-like protease activity in the gastric 
juice (GJ) of bluefin tuna (11 = 22) 

Parameter 

pH 
(median with range) 
HCl concentration (%) 
(mean±SD) 
Pepsin-like protease activiti 
(mean±SD) 

3.35 
(2.80 - 6.37) 

0.04±0.03 

16.6± 13.2 

1 Value presents "mg tyrosine liberated/ml GJ/30 min incubation". 
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Fig. 1. Correlation between pepsin-like protease activity and HCl 
concentration in gastric juice (GJ) from farmed bluefin tuna. A 
significant correlation was confirmed by Spearman's rank 
analysis (P < 0.05). 
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Fig. 2. The relationship among pH, HCl concentration and calculated 
pH from HCl concentration in gastJic juice from farmed bluefin tuna. 

Aclmowledgements 
The authors greatly appreciate the support of the 

Research and Study Program of Tokai University 
Educational System General Research Organization 
and Amami Fish Farm Co., Ltd. 

References 
Hamdan, M., F.]. Moyano and D. Schuhardt (2009) Optimization 

of a gastrointestinal model applicable to the evaluation of 
bioaccessibility in fish feeds.] Sci. Food Agric., 89, 1195-1201. 

Kihara, M., M. Igarashi, T. Suzuki, F. Itou, S. Kozeni, M. Toyomane, 
]. Nakano and I. Yamai (2011) Stimulative effect of skipjack 
tuna soluble extract on pepsin-like protease in the stomach of 
rockfish (Sebastes sclzlegelii) using an in vitro perfusion 
method. Compo Biochem. Physiol., 158A, 444-449. 

Lowry, O. H., N. J. Rosebrough, A. L. Fan and R. ]. Randall (1951) 
Protein measurement with the folin phenol reagent.]. Bioi. 
Clzem., 193,265-275. 

Martinez-Montaflo, E., E. Pefla and M. T. Viana (2011) In vitro 
amino acid absorption using hydrolysed sardine muscle or 
soybean meal at different intestinal regions of the Pacific 
bluefin tuna (7711mnus orientalis). Aquacult. Nutr., 17, e789-e797. 

Nalinanon, S., S. Benjakul, W. Visessanguan and H. Kishimura 
(2008) Tuna pepsin: Characteristics and its use for collagen 
extraction from the skin of threadfin bream (Nemipterlls 
spp.).] Food Sci., 73, c413-c419. 

Satoh, K. (2004) Role of pepsin and trypsin on protein digestion 
and seasonal variations of those activities in yellowtail. 
Nippon Suisan Gahhaishi, 70, 607-609 (in Japanese). 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

