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The aim of this study was to investigate the tastes of the meat, liver and soup through different preparatory 
procedures which were used in traditional. The taste of Takifugu obscurus under different conditions were 
analyzed by sensory evaluation and electronic tongue technique. The characteristic of the taste substances 
were tested, such as free amino acids, nucleotides, trimethylamine oxide and betaine. Results showed that 
umami was the most prominent flavor. Compared with liver, IMP is the main flavor nucleotide in meat. 
However, the contents of the umami amino acids and betaine in liver are much higher than that of meat. 
Additionally, trimethylamine oxide is mainly found in the meat. After steaming, content of IMP in meat 
increased significantly. Compared with steamed meat, the flavor materials in boiled meat had a certain 
loss. Therefore, the addition of fried liver to the soup is beneficial to flavor.

INTRODUCTION

Wild puffer fish is widely known to be poisonous, 
but delicious, especially when it is made into a 

soup. Despite the lethal poison of puffer fish, people are 
willing to risk their life to try it. The puffer fish is a kind of 
anadromous fish (Cheng et al., 2016), widely distributed 
in the Sea of Japan, the East China Sea and the Yellow Sea 
(Ali et al., 2017). Takifugu obscurus is one of puffer fish, 
farmed T. obscurus is popular in China and Southeast Asia, 
because of its umami taste, high nutritional value and do 
not contain tetrodotoxin in the meat and liver. Additionally, 
the meat contains high protein, low fat and rich in essential 
amino acids, minerals and nucleotide substances (Noguchi 
et al., 2006). The liver of the puffer fish has a high content 
of eicosapentaenoic acid (EPA), docosahexaenoic acid 
(DHA) and other n-3 series of polyunsaturated fatty 
acids, which plays a role in preventing atherosclerosis 
and thrombosis (Mnari et al., 2007). In addition, the 
concentrations of these nutrients are significantly higher 
than other well-known freshwater fishes (Jang et al., 2011).

The taste substances, including nitrogenous and non-
nitrogenous compounds, are a kind of non-volatile matter 
which belongs to water-soluble compounds and have low 
molecular weight (Fuke and Konosu, 1991). Free amino 
acids (FAA), nucleotides, trimethylamine oxide (TMAO),

*      Corresponding author: nptao@shou.edu.cn
0030-9923/2018/0005-1753 $ 9.00/0
Copyright 2018 Zoological Society of Pakistan

and betaine are mainly included. Meanwhile, FAA and 
nucleotides are important nitrogenous taste substances in 
aquatic products; TMAO has a unique flavor and refreshing 
sweetness; betaine mainly shows sweetness. FAA, 
nucleotides and its associated product et al. are considered 
as active ingredients which can generate aroma substances 
(Yamaguchi et al., 1970). Konosu (1974) reported that in 
different species (red sea bream, stone flounder, flathead 
flounder, flounder, puffer, angler, common mackerel, and 
jack mackerel), the total content of the nitrogen in these 
constituents amount to nearly 90% or more of the total 
extractive nitrogen, which free amino acid-N is 7%-45%, 
and TMAO-N 2%-23%. However, the taste of fish is not 
just the simple accumulation of these substances, but the 
synergistic reaction to all, enhancing the overall flavor 
(Liu et al., 2009).

Abbreviations
EPA, eicosapentaenoic acid; DHA, docosahexaenoic 

acid; FAA, free amino acids;  TMAO, trimethylamine 
oxide; RW, raw meat; RL, raw liver; SM, steamed meat; 
BM, boiled meat; SL, steamed liver; FL, fried liver; SLW, 
steamed liver water; FLW, fried liver water; SLS, the soup 
prepared by SL and meat; FLS, the soup prepared by FL 
and meat; PCA, perchoric acid; TMA, trimethylamine; 
TCA, trichloroacetic acid; ADP, adenosine diphosphate; 
AMP, adenosine; GMP, guanylic monophosphate; 
HxR, hypoxanthine ribonucleoside; IMP, inosinic 
monophosphate; Adr, adrenaline; Hx, hypoxanthine.
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Currently, studies conducted on the T. obscurus were 
mainly focused on its toxicity (Ji et al., 2011), nutrition 
evaluation (Tao et al., 2012), and odour components (Tao 
et al., 2014), few studies had addressed the effects of 
different processing methods on the flavor. Li et al. (2016) 
reported that frying and cooking contributes greatly to the 
overall flavor of the soup.

The stew soup made out of farmed T. obscurus’ meat is 
excellent, in order to increase the umami taste, the method 
of adding fried liver into soup is used traditionally. This 
research aimed to study the effects of different preparation 
methods on the flavor, and to provide theoretical basis for 
the delicious taste of T. obscurus soup, by using common 
processing methods such as steaming, boiling and frying. 
The soups were prepared by adding fried and steamed liver 
into the water and cooked together with meat, respectively.

MATERIALS AND METHODS

Materials and sample preparation
In this research, 20 two year old Takifugu obscurus, 

each (27±1.12) cm long, weighing (335±7.01) g and with 
a liver weight of (43±4.43) g were provided by Zhong 
Yang ecological fishes in Jiang Su Province. The fishes 
were killed immediately after conducting the standard 
biological measurement. The meat and liver were cleaned, 
and the eyes and skin were removed, and then stored at 
-80°C for further analysis.

Processing treatments
The samples were thawed under 4°C, the liver and 

the dorsal were then cut into 0.5 cm slices. In this paper, 
the cooking methods of the soup was mainly referred 
from the enterprise standard for white juice of puffer fish, 
formulated by Nakae Catering Management Co., Ltd., 
in Jiangsu province, China. Comparison between each 
material, raw meat (RW) and raw liver (RL) have also 
been made.

Steamed meat (SM): The meat was placed on a watch 
glass and steamed with boiling water for 30 min. The 
proportion of water and fish was 12:1.

Boiled meat (BM): The meat was cooked in boiling 
water for 30 min to ensure it was well-done. The proportion 
of water and fish was 10:1.

Steamed liver (SL): The liver was placed on a watch 
glass and steamed with boiling water for 30 min. The 
proportion of water and fish was 12:1.

Fried liver (FL): The oil was preheated to 120 °C in 
a wok. Then the liver was fried for 3 min until it appeared 
yellowish. The proportion of oil and liver was 3:7.

Steamed liver water (SLW): The SL was immersed 
in boiling water for 30 min. The proportion of water and 
liver was 10:1.

Fried liver water (FLW): The FL was immersed in 
boiling water for 30 min. The proportion of water and liver 
was 10:1.

The soup prepared by SL and meat (SLS): 35 g of SL 
and 150 g of RM were immersed in 2600 ml of pure water, 
and then boiled for 30 min.

The soup prepared by FL and meat (FLS): 35 g of FL 
and 150 g RM were immersed in 2600 ml of pure water, 
and then boiled for 30 min.

Sensory test
Experienced assessors (n=14; 6 males and 8 females 

aged 23–35 years) were selected from the 30 participants to 
take part in the experiments, according to the guidelines by 
Schiffman (2000) and Rhyu and Kim (2011). The scoring 
method (5-point scale intensity evaluation) was used, scale 
1 represented no flavor, and 5 represented the strongest 
degree of flavor felt. In the sensory evaluation experiment, 
10 ml of liquid samples and 10 g of solid samples were 
stored in 30 ml paper cup, each of which was marked with 
three random numbers for the evaluators to conduct the 
evaluation. Time interval of 5 min was set between two 
evaluation, and evaluators would rinse their mouth after 
completing an evaluation. During the evaluation, sensory 
officers put the sample into the mouth, use their tongue to 
taste it for 3 s and retain it in mouth for 5 s, then spit out 
and give a score according to the five basic intensity (sour, 
sweet, bitter, saline and umami) which was described 
by the trainer previously. The data of sensory evaluation 
was analyzed by MS Office Excel 2010 and Origin 8.0 
statistical software.

Electronic tongue
Samples frozen under -80 °C were thawed. 5.00 g of 

solid samples were accurately measured, 50 ml ultrapure 
water was then added and homogenized for 2 min, left at 
room temperature for 30 min after ultrasonic for 5 min, 
then centrifuged at the speed of 12,000 g for 15 min at 
4°C. The precipitate was dissolved in 30 ml water and then 
re-extracted once more as described above. The combined 
supernatant was collected and then measured at a volume 
of 100 ml. For liquid samples, the filtrate was detected 
using the E-Tongue after filtration.

The electronic tongue (Astree; Alpha MOS, Toulouse, 
France) system is made of seven different sensors: the 
UMS, GPS, SWS, SRS, STS, SPS and BRS. Among them, 
UMS, SRS and STS have a single response for umami, 
sour and saline, respectively. Sliver (Ag)/Silver chloride 
(AgCl) was used as the reference electrode. The chemical 
responses of the sensors were changed into electric signals 
by an electronic unit when the system is soaked in the 
flavor solution. In this experiment, the signal average 
ranging from 100 s to 120 s was collected for further 
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analysis. Electronic tongue workstations Alpha Soft 14.0 
was used to analyze the principal component.

Free amino acids
2.5 g (5 ml) samples were obtained and homogenized 

for 2 min after adding 15 ml of 5% hydrochloric acid then 
undergone ultrasonic extraction for 30 min and left to 
settle for 2 h. 10ml of supernatant was extracted, 5 ml of 
supernatant was taken after centrifuging at the speed of 
10000 g for 15 min under 4°C. The pH was adjusted to 2.2, 
metering volume to 10 ml. After filtering through 0.22-μm 
filters, the extracted solution was analysed by an automatic 
amino acid analyser (L 8800; Hitachi Ltd., Japan).

Nucleotides
Samples were taken at 6 g (8 ml), respectively, 

10 ml of 10% PCA was added, and homogenised for 2 
min after through ultrasonic. Supernatant was extracted 
after centrifugation (10000 r/min, 10 min). Sediment 
was dissolved in 10 ml of 5% perchoric acid (PCA), 
homogenised, gone through ultrasound, and centrifuged. 
Two centrifugal supernatants were merged and then 
had the pH adjusted to 6.5 followed by the procedure of 
metering volume to 50 ml. After filtering through a 0.22-
μm filter, the solution was collected and analyzed by an 
HPLC device (2695e; Waters Ltd., Milford, MA).

Analysis was performed by using a Waters E2695 
Series HPLC system equipped with a UV-detector and 
Shimadzu C18 column (5 μm 250 mm×4.6 mm). The 
chromatogram was recorded at 285 nm and the peak areas 
were quantified. The mobile phase was methanol (A), 
0.0125 mol/L monopotassium phosphate: dipotassium 
phosphate (1:1) (B), the pH was 5.75.

Trimethylamine oxides (TMAO)
According to the study of Wekell and Barnett (1991), 

reduction method was utilized to detect the content 
of TMAO. Fe-EDTA reagent was used as deoxidizer. 
Trimethylamine (TMA) and TMAO were analyzed in 
the TCA extracts via Dyer (1945) method, modified 
by Hashimoto and Okaichi (1957) and the method of 
Bystedt et al. (1959) modified by Yamagata et al. (1968), 
respectively. TMAO was calculated according to content 
difference of trimethylamine nitrogen before and after.

Betaine
The methods were mainly referenced from the study 

of Focht et al. (1956) and some modifications were made. 
Betaine was extracted from the processed samples, and 
then reinecke’s salt was added into the extracting solution, 
the generated crystal was dissolved in 70% acetone and 
the solution was measured at 525 nm.

Statistical analysis
All analysis were performed at least in triplicate 

for each sample. Results were analysed by Analysis of 
Variance (ANOVA), which was conducted by Excel XP 
Software; and all figures were painted by Origin 8.0.

RESULTS

Sensory evaluation
Figures 1 and 2 shows that umami was the most 

prominent taste among the variety of samples, the second 
taste was saline. In terms of umami, SM had the highest 
score, followed by FL. Compared to steaming, the taste of 
BM had decreased. The FL had the higher scores than SL 
for its umami, saline, bitter and sweet scores, except sour. 
The umami score of FLS was higher than SLS.

Fig. 1. Takifugu obscurus sensory evaluation results 
(n=14). RM, raw meat; SM, steamed meat; BM, boiled 
meat; RL, raw liver; SL, steamed liver; FL, fried liver; 
SLW, steamed liver water; FLW, fried liver water; SLS, 
steamed liver soup; FLS, fried liver soup.

Fig. 2. Taste profile radar map of Takifugu obscurus sensory 
evaluation (n=14). For Abbreviations, see Figure 1.

Effect of Different Preparation Methods on the Flavor of Takifugu obscurus 1755
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Electronic tongue analysis
The contribution rate of PC1 + PC2 reached 97.371% 

(Fig. 3). The samples can clearly displayed on the picture, 
and there aren’t superposition. Though SM and RM were 
close, they also can be differentiated clearly. BM was far 
from with RM and SM, while it was closed to FLS and 
SLS in terms of distance.

Fig. 3. Results of PCAs of E-tongue. For abbreviations, 
see Figure 1.

The analysis of the FAA
The FAA content of each sample, and the total 

amount of umami, sweet and bitter FAA in samples 
processed differently were shown in Table I and Figure 4, 
respectively. The contents of UAA, SAA and total FAA 
between SM and RM hadn’t great difference, while BM 
decreased significantly in total. The contents of UAA in 
the liver were significantly higher than that of meat and 
soup, while BAA was lower. The FL had the more amino 
acids than SL. In contrast with the soup that was added 
with SL, the result of soup with FL showed that the 
contents of umami, sweet, bitter and the total FAA were 

significantly higher.

The analysis of the nucleotides
Figure 5 shows the nucleosides and their associated 

products graph on HPLC of mixed standard sample. 
The analysis of nucleotides and its associated products 
in each sample as shown in Figure 6. It can be seen 
that inosinic monophosphate (IMP) is the main flavor 
nucleotide in meat and FLS, but is low in liver. As shown 
in Figure 6A, after steaming, AMP, GMP, HxR, IMP and 
Adr had improved in the meat, especially IMP increased 
significantly, while ADP and Hx decreased. Compared to 
RM, with the exception of ADP and IMP decreased, the 
nucleotides contents of BM had not changed. In Figure 6B, 
HxR and Hx were the main nucleotides. From Figure 6C, 
results show that the IMP content in the soup added with 
FL was significantly higher than that added of SL.

Fig. 4. Free amino acid contents in different treatments. 
UAA, umami amino acids; SAA, sweet amino acids; 
BAA, bitter amino acids. For abbreviations, see Figure 1.

Fig. 5. Nucleosides graph on HPLC of mixed standard samples.
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Fig. 6. Nucleotide contents in Takifugu obscurus at different preparation: A, meat; B, liver; C, soup. For abbreviations, see Figure 1.

The analysis of the TMAO and betaine
The contents of TMAO and betaine in each sample 

were shown in Table II. TMAO mainly existed in meat, 
but very low in liver. After cooking, the content of TMAO 
in meat was reduced. The content of betaine in liver was 
much higher than that in meat, and the contents of betaine 
in SM and BM were less than RM, besides, BM was lower 
than SM. At the same time, FL and FLS were much higher 
than that of SL and SLS, respectively.

DISCUSSION

Sensory evaluation
No seasonings were added during processing. As 

shown in Figures 1 and 2, the mainly flavor of the T. 
obscurus were umami, saline and sweet, umami was the 
most prominent taste. SM had the highest level of umami, 
the second was FL. The BM had the fewer flavors than 
SM; this may be caused by the loss of taste materials 
dissolved in water. Compared with SL, the short-term 

high temperature of FL had some differences for its 
umami, saline and sweet tastes. Sensory evaluation results 
showed that adding FL into the soup can significantly 
improve the umami taste, which indicated that thermal 
oxidation and decomposition of fatty acids during the 
frying process played an important role in the formation of 
flavor, especially polyunsaturated fatty acids and Maillard 
reaction (Liu et al., 2009; Mottram, 2008). The absorption 
of volatile substances in oil might also contribute to the 
taste.

Electronic tongue analysis
As shown in Figure 3, the differences of each flavor 

profile between samples can be fully displayed on the 
principal component surface, besides, the farther the 
interval was, the wider the taste differ. Along PC1 and PC2 
axis, there was superior discrepancy among the samples. 
Although the taste of SM and RM were similar, there also 
hadn’t overlapping. And a great difference was existed in 
the BM content, this may suggest that there was some loss 
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of taste materials. The distance of BM was close to FLS 
and SLS, it indicates that the meat mainly contributes to 
the flavor of the soup, and when combined with liver, the 
taste of the soup can be enhanced.

The analysis of the FAA
As shown in Table I and Figure 4, there wasn’t a great 

difference between SM and RM for the contents of umami 
amino acids (UAA), sweet amino acids (SAA) and total 
FAA, while BM decreased significantly, which may be 
related to the loss of FAA in the soup (Chi et al., 2012). 
The liver had higher contents of umami and bitter amino 
acids than that of meat. Compared to SL, FL generated 
more flavor substances after short-term high-temperature 
frying, this may be related to the reactions (Trevisan et 
al., 2016), the higher the temperature, the more severe the 
thermal oxidation and decomposition of fatty acids as well 
as the Maillard reaction. In contrast with the soup that was 
added with SL, the result of soup with FL showed that the 
contents of umami, sweet, bitter and the total FAA were 
significantly higher.

The analysis of the nucleotides
In Figure 6, inosinic monophosphate (IMP) is the 

main flavor nucleotide in meat, but is low in liver. The 
large quantity of IMP was also seen in the yellowtail 
muscle (Kubota et al., 2002). After steaming, the 
improvement of AMP, GMP, HxR, IMP and Adr in 
the meat, especially IMP increased significantly, 
while ADP and Hx decreased (Fig. 6A), it might have 
followed the degradation pathway of nucleotides: ADP 
degrades into AMP under myokinase, then under the 
action of AMP deaminase, AMP has two degradation 
pathway: (1) Reduced to IMP, which is predominant 
in the meat degradation, and a part of IMP will further 
decompose to HxR under the effect of phosphoesterase. 
(2) Reduced to AdR, and a part of Adr will further 
decompose to HxR, afterwards, Hx, which is infrequent. 

Compared to RM, the decreased of ADP and IMP 
of BM had not changed, it may because that nucleotides 
were soluble and dissolved in liquid. The contents of HxR 
and Hx in liver significantly increased after short-term 
high temperature frying, other nucleotides also had some 
changes. This meant that the degradation process of AMP 
mainly go through the second pathway generating more 
HxR and Hx, while generating less IMP.

The content of IMP in FLS was significantly higher 

than that of SLS (Fig. 6C), which might be one of the 
important reasons why the soup with FLS was more 
delicious. When oil droplets dissolved into the water, the 
soup becomes milky white from clear. In addition, more 
dissolved substances further enhanced the taste. However, 
further studies should be made on whether the routine of 
nucleotides degradation changes 

The analysis of the TMAO and betaine
TMAO is one of the main flavor ingredients, as well 

as the main fishy flavor component in aquatic products, its 
taste threshold is 1000 mg/g. Betaine as one of the main 
flavoring substances in aquatic products, mainly tasted 
sweet and also contributes to umami (Kani et al., 2008), 
its taste threshold is 2.5 mg/g.

After cooking, the content of TMAO (Table II) was 
reduced and it might have converted to trimethylamine. 
TMAO mainly existed in meat, while betaine mainly in 
liver, which the result was consistent with Kani et al. 
(2007) study on Loliginidae squids.

The content of betaine after cooking had decreased; 
it might be connected to the long-time heating treatment 
process (Chi et al., 2012). The content of betaine in FL 
was higher than that of SL, which was consistent with the 
sensory evaluation results that the sweet score of FL was 
higher than that of SL. Therefore, the use of FL as a soup 
ingredient can significantly increase the sweetness of the 
soup.

CONCLUSION

Through the sensory evaluation, it can be concluded 
that the taste of Takifugu obscurus mainly present umami, 
sweet and saline. The taste differences were distinguished 
on the PC graph of the electronic tongue between meats, 
liver and soup under the different preparations. IMP 
is the main flavor nucleotide of meat, but its content in 
liver was very low. The umami amino acids content in 
the liver was higher than that in meat. TMAO mainly 
exists in the meat. However, betaine mainly existed in 
the liver. After steaming, the content of IMP in the meat 
increased significantly, at that time, nucleotides mainly go 
through the first way to accumulate the IMP. Compared 
with SM, BM have more loss in taste materials. Therefore, 
steaming is a better cooking method for meat. The HxR 
and Hx content in liver significantly increased after short-
time high-temperature frying, due to the degradation of 
nucleotides to HxR and Hx. When FL is added into soup 
and cooked together, the contents of umami, sweet amino 
acids, IMP and betaine significantly increases. Therefore, 
the addition of FL is more effective than SL in further 
enhancing the flavor of the soup.
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