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Effect of High Hydrostatic Pressure and Storage on Microorganisms, Enzymes 
and Flavor Compounds in Cultured Yellow Croaker (Pseudosciaena crocea)
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Abstract：This study was carried out to explore the effect of high hydrostatic pressure (HHP) on quality changes 

(microorganisms, enzymes and flavor components) of cultured yellow croaker. Through microbial analysis and enzymatic 

characterization, it was found that HHP could inhibit bacterial growth and enzyme activities in yellow croaker. SPME 

coupled with GC-MS was used to analyze the effect of HHP on the flavor components of yellow croaker. The results 

indicated that the contents of flavor components, such as trimethylamine and indole, were (15.91 ± 1.02)% and (2.11 ± 

0.23)%, respectively, without HHP after 12 days storage and they were reduced to (1.98 ± 0.02)% and 0, respectively, with 

500 MPa HHP after 12 days. 

Key words：Pseudosciaena crocea；high hydrostatic pressure；microorganisms；enzyme；flavor 

超高压处理和贮藏对养殖大黄鱼中微生物、酶及风味的影响

杨  华1,2,3，梅清清1，张慧恩1,2,3
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摘  要：以养殖大黄鱼为研究对象，研究超高压作用对养殖大黄鱼鱼肉中的微生物、酶和风味组分的影响。结果

表明：在超高压作用下降低了鱼肉组织中酶的活力：超高压对微生物有杀灭和抑制效果；通过固相微苹取技术

(SPME)及气相色谱-质谱联用法(GC-MS)分析贮藏过程中超高压处理对养殖大黄鱼风味组分的影响表明：无超高压

作用下贮藏12d后养殖大黄鱼主要腥臭物质三甲胺和吲哚等的含量分别为(15.91±1.02)%和(2.11±0.23)%，但在贮藏

12d后，超高压(500MPa)处理后的大黄鱼中主要腥臭物质三甲胺和吲哚等的含量为(1.98±0.02)%和0。
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Pseudosciaena crocea is a kind of sea fish with high 

commercial value, high nutritional value and good health 

function[1]. Since the mid-1980s, its commercial fishing 

and artificial culture have started to develop, and it has one 

of the highest farming yield in the world so far. China has 

successfully introduced and bred Pseudosciaena crocea from 

the United States since 1991. Pseudosciaena crocea grows 

rapidly[1], culturing production is high and the meat is fresh[2]. It 

has become an important mariculture species in China.   

The odour of fish or fish products is an important means 

to evaluate their quality and also one of the main factors that 

influence consumers’ purchase. The source of the fish odour 

are as follows. First, external contaminants, such as petroleum 

hydrocarbons, phenols, can be inhaled or ingested through the 

skin and gill of the aquatic animals and thus cause abnormal 

fishy odour. Second, some biological metabolites or feed in the 

water environment enter into the aquatic animals through various 

channels and cause abnormal odour. Third, aquatic products 
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produce fishy substances under the action of its own enzymes 

and microorganisms. The third one is the most common source 

of fishy odour. When it is dead, the fish will gradually decay 

and then produce the odour from the decomposition caused 

by its own enzymes or the contamination and interaction of 

various microorganisms. These odours are mainly caused by 

such characteristic components as basic amino acids, sulfur 

compounds, trimethylamine, trimethylamine oxide and indole. 

High hydrostatic pressure (HHP) is a fast developing non-thermal 

processing technology, which is often used as a food preservative 

method, and widely used in the high and new technological field 

of food processing. In recent years, it has often been used as a new 

storage technique for aquatic products. The study found that HHP has 

certain effects on microorganisms and enzymes, and can effectively 

extend shelf life and reduce quality losses, not as destructive as heat 

treatment. The major purpose of HHP is to enhance the safety of 

most of the seafood by inactivating microorganisms and parasites 

without changing sensorial quality attributes. Besides, it can maintain 

the fresh taste of the product and reduce the loss of flavour, so it can 

affect the quality of the product to certain extent. HHP has begun to 

be used for the processing of oysters[3] and fish products[4]. Although 

some researchers[5-13] reported that HHP had some influence on the 

texture property, organization, and color of the product, but there 

is no published information on whether this technology is able to 

inhibit the generation or change of the fishy odour of fish and fish 

derived products. The aim of this study was to investigate the effect 

of HHP on quality changes (microorganisms, enzymes and flavour) 

of Pseudosciaena crocea during storage.

1 Materials and Methods

1.1 Materials and HHP treatment

The living Pseudosciaena crocea were used for the study. 

Each fish weigh was about 500 g, caught in Xiangshan harbor 

ofin Ningbo in China, a main Pseudosciaena crocea cultural 

base, and transported to the laboratory in a oxygenation bag. 

The fish were killed and their heads and tails were removed. 

The remaining part was eviscerated and the muscle tissue was 

transferred into polyethylene flexible pouches. A part of fish 

was put in an ice bath for homogenate, and centrifugalized for 

15 min(10000 r/min) at 0 ℃, and put in 3 ℃ refrigerator as 

the test sample for the determination of enzyme activity. Other 

fish meat was put in vacuum pack through HHP. In order to 

prevent HHP breaking the single-layer bag, the vacuum sealed 

packaging samples need a secondary vacuum packaging withby 

polyethylene plastic bags.

Double packaging bags of meat samples were soaked in the 

pressure transmitting medium of HHP vessels (the temperature 

of the pressure chamber was set at 34 ℃, and the temperature of 

the heat exchange medium 30 ℃, automatic pressure-increasing), 

treated respectively under the pressure of 200, 300, 400 MPa and 

500 MPa (with initial pressure of 0.1 MPa) for 20 min, and stored 

at the constant temperature of 25 ℃. The microbial indicators 

were determined every 10 days. Odour determination mainly 

used the samples after HHP treatment. After stored for some time 

(3, 6 d and 12 d), the HS- SPME-GC/MS analyses were made 

respectively.

1.2 Aerobic bacterial count

Aerobic bacterial count was carried out according to 

GB/T 4789.2—2008 National food safety standard Food 
microbiological examination: Aerobio plate count[14].

1.3 Determination of coliforms 

Coliforms was determined according to the national GB/T  

4789.3—2 0 0 8  National food safety standard Food 
microbiological examination: Enumeration of coliforms[14].

1.4 Determination of enzyme activity[6]

1.4.1 Determination of ATP enzymatic activity

In strict accordance with the operating requirements of 

the ATPase reagent kit, the activity of Na+-K+-ATPase、

Mg 2+-ATPase  and  Ca 2+-ATPase  in the samples were 

tested. One unit of ATPase activity is defined as: 1 μmol of 

inorganic phosphorus generated per hour per milligram of protein 

decompound ATP (μmol Pi/(mg·h)). 

1.4.2 Determination of protease activity 

Folin-phenol method was used. 0.2 mL of 10 mg/L 

casein solution and 0.8 mL of buffer solution were added to the 

centrifuge tube before they were preheated in 37 ℃water bath for 

5 min, and then 0.05 mL of enzyme solution was added at 37 ℃. 

After 15 min of reaction, 0.15 mL of 100 mg/L trichloroacetic acid 

was added to terminate the reaction, and then the solution was 

centrifugated at 4 ℃ for 10 min (3500 r/min). And 0.5 mL of 

the supernatant was added into 2.5 mL of 0.55 mol/L sodium 

carbonate solution and 0.5 mL of Folin reagent. After the 

color developed in 37 ℃ water bath for 5 min, colorimetric 

analysis was made at the wavelength of 680 nm. The stop 

solution was added into the control tubes before the addition 

of enzyme solution. The hydrolysis of casein to generate 

1	μg of tyrosine per minute at 37 ℃ is defined as one unit of 

enzyme activity (U). Protease specific activity is defined as 

the unit of enzyme activity for per gram of fresh tissue (U/g). 

1.4.3 Determination of lipase activity

Hydrolysis method of polyvinyl alcohol and olive oil 
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emulsion was used. 2.5 mL of buffer with different pH and 

2 mL of polyvinyl alcohol and olive oil emulsion were put 

into a flask and preheated in 37 ℃ water bath for 5 min. Then 

5 mL enzyme solution was put into the flask. After 15 min of 

reaction in such environment, 7.5 mL of 95% ethanol was added 

to terminate the reaction. Then 3 drops of 1% phenolphthalein 

indicator was added, and 0.02 mol/L sodium hydroxide 

standard solution was used for titration. For control samples, 

ethanol was added to terminate the reaction before adding 

enzyme solution. One unit of enzyme activity is defined as 1 

μmol fatty acids produced per minute under certain conditions 

(U). The specific activity of lipase is defined as the unit of 

enzyme activity for per gram of fresh tissue (U/g).

1.4.4 Study of inactivation reversibility

The samples treated by HHP were put into 20 ℃ water 

bath. Samples were taken respectively at 0, 4, 8 h and 12 h, 

and then their activity were analyzed. The relative activity 

RA (%) could be obtained from the following formula:

Aht0 

Aht RA/% =         100 

Where, Aht is sample activity at the holding time of ht; Aht0 

is sample activity at the holding time of 0.

1.5 Determination of odour components 

The samples were treated under HHP, and then placed 

at room temperature for a period of time (3, 6 d and 12 d). A 

certain amount of sample was put in the vial before inserting 

the SPME needle tubing into the vial. The sample was balanced 

at 40 ℃ for 20 min. After 15 min of headspace extraction, the 

extraction head were taken out and the subsequent analysis and 

identification were made rapidly with GC-MS spectrometer. 

Compounds were matched with the NIST library (107k 

compounds) and Wiley Library (320k compounds, Version 

6.0) simultaneously. Identification results can be confirmed 

only when the positive and negative matching degrees are both 

more than 800 (max 1000). The relative content percent were 

calculated by the peak area normalization method[15].

2 Results and Analysis

2.1 Influence of HHP treatment on microorganisms in 

Pseudosciaena crocea
Many researchers applied HHP technology to the field 

of fresh products, Liu Aiqin et al.[16-18] studied the killing ef-

fect of HHP on parasites and microorganisms in fresh meat 

and fish. They found that the method could not only kill the 

parasites and microorganisms thoroughly but also keep the 

fresh odour and nutrient contents in the meat and fish. Tor-

sten et al.[19] found that the squid had extended storage time  

under the treatment of 150—400 MPa for 15 min under 

room temperature, changes of the sensory and chemical 

components of squid became little as the pressure became 

higher, and the reproduction rate of microorganisms also 

became lower.

The influence of HHP on total bacteria in Pseudosciaena 
crocea was studied. It is found that there are original bacteria 

in the cultured Pseudosciaena crocea, and the total bacteria 

could be effectively reduced through HHP treatment and the 

reproduction speed of the bacteria could also be delayed. 

Besides, the higher the process pressure was, the greater the 

total bacteria reduction was. It could be seen from Table 1 

that there is no difference in total bacteria when the process 

pressure was under 200 MPa, and when the process pressure 

reached 300 MPa, the sterilizing effect began to occur with 

the reduction a logarithmic amountfrom the original total 

bacteria. The original bacteria in fish were all killed when the 

pressure reached 400 MPa. But with the extension of pres-

ervation time, the bacteria killing effect became weaker 

and weaker. The total bacteria, in the first 10 days, were 

lower than 10 CFU/g and the growth rate of total bacteria 

was relatively low when the pressure was 500 MPa. Be-

sides, the total bacteria were less than 1.0×105 CFU/g, 

which conformed with the standard of the people’s republic 

of China.

Table 1 Change in bacterial counts of yellow croaker with HHP treatment

CFU/g 

Pressure/MPa  
Time/d

0 10 20 30 40

0.1(Control) 1.8×103 — — — —

200 1.9×103 — — — —

300 3.6×102 4.7×107 — — —

400 ＜10 6.9×102 7.0×107 — —

500 ＜10 ＜10 40 8.2×102 5.7×104

Note: —. Uncountable.

It could be seen from the Table 2 that under the 

pressure of 300 MPa, there were obvious killing effects 

on coliform group at the beginning, but later in the stage 

of storage the coliform group grew fast. There were better 

effects on killing or inhibiting coliform group under the 

pressure of 400 MPa. Under the pressure of 500 MPa, the 

amount of coliform group was consistently lower than 30 

MPN/100 g within 40 days.
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Table 2 Effect of HHP treatment on coliform group in yellow croaker

MPN/100 g 

Pressure/MPa
Time/d

0 10 20 30 40

0.1(Control) 280 11000 — — —

200 230 4600 — — —

300 ＜30 60 270 950 4600

400 ＜30 ＜30 ＜30 40 190

500 ＜30 ＜30 ＜30 ＜30 ＜30

Note: —. Uncountable.

2.2 Influence of enzyme of Pseudosciaena crocea by the HHP

After the Pseudosciaena crocea was treated under 200, 

300, 400 MPa and 500 MPa, the effect on the enzymatic  

activity of protease, ATP enzyme, and lipase were analyzed. 

It can be seen from Table 3 that under the treatment of HHP, 

the enzymatic activity of protease, ATP enzyme, and lipase 

lowered as the pressure rised. The enzymatic activity lowered 

significantly (P＜0.05) when the pressure reached 300 MPa 

and the activity of every enzyme almost loses when the pres-

sure reached 500 MPa.

The reversibility of enzyme activity with HHP was stud-

ied, and the details are shown in Table 4. It could be inferred 

that the activity of every enzyme changed little (P＞0.05)

during the following 12 h after the fish was treated by HHP. 

Therefore, it was considered that the inactivation of protease, 

ATP enzyme and lipase was not reversible.

Table 3 Effect of HHP treatment on enzyme activities

Pressure/MPa Protease activity/
(U/g)

ATPase/(μmol Pi /(mg·h)) Lipase activity/
(U/g)Na+-K+-ATPase Mg2 +-ATPase Ca2 +-ATPase

0.1(Control) 220.97±0.23e 6.47±0.06 d 10.09±0.03 e 7.25±0.11 d 58.31±0.06 e

200 169.38±17d 5.82±0.12 d 8.71±0.05 d 6.14±0.12 d 35.95±0.04 d

300 56.14±0.08c 3.06±0.06 c 5.22±0.02 c 4.73±0.02 c 13.30±0.08 c

400 10.91±0.11b 1.74±0.02 b 2.08±0.03 b 1.62±0.01 b 4.16±0.03 b

500 0.46±0.02a 0.15±0.01 a 0.53±0.05 a 0.21±0.01 a 0.94±0.01 a

Note:	Different	letters	in	the	same	column	indicate	significant	difference	(P ＜ 0.05).

Table 4 Relationship between pressure holding time (500 MPa) and 

enzyme activities

Holding time/h Protease
Relative enzyme activity/%

Lipase
Na+-K+-ATPase Mg2 +-ATPase Ca2 +-ATPase

0 100 100 100 100 100

4 102 106 97 102 101

8 99 105 103 98 100

12 97 108 99 105 103

2.3 Influence of HHP treatment and storage time on the 
odour components of cultured Pseudosciaena crocea

Currently, there were many researches on the influence 

of HHP on food flavours, including those on vegetables and 

animals. The fresh fruit juice treated by HHP was almost the 

same as the fresh fruit juice untreated in color, odour and 

nutrition[20-21]. Xiao Lixia et al.[22] found that the original odour 

of bambusa oldhamii treated by HHP was not damaged.
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Fig.1 HS-SPME-GC/MS chromatogram of flavor components in 

yellow croaker without HHP treatment

In order to find out the influence of HHP on the odour of 

Pseudosciaena crocea, the changes of the odour components 

after HHP treatment were studied. The results of the odour 

changes of the fish before and after its treatment were shown 

in Fig.1. The odour components and contents are shown 

separately in Table 5 after they were analyzed. It can be seen 

from Table 5 that 51 kinds of effective volatile components 

were detected before and after the treatment. In general, 

there were few changes in odour component categories. 

The contents of aromatic odour components increased 

and the contents of micromolecule carbonyl compounds 

decreased slightly. But these odour substances were not 

typical components of fish flavour, so there were little change 

of fish flavour. The fish odour are slightly influenced by 

HPP treatment and  HPP treatment does not have too much 

influence on the odour components of Pseudosciaena crocea.

Table 5 Flavor components in yellow croaker with and without HHP 

treatment (500 MPa)

Type Ingredient name
Relative content percent /%

Before treatment After treatment

Hydro-

carbon of 

methane 

series

3- Isodecane 0.62±0.11 —*
2,2-Dimethyl decanedecane 19.32±1.21 22.46±1.23

Decane 1.16±0.12 0.64±0.08
2,2,3-Trimethyl nonane 0.21±0.08 —

2,2,4,4,6,8,8-Heptamethylnonane 2.38±0.12 2.15±0.23
2,5- Dimethyl undecane 1.88±0.10 1.91±0.23
2,6-Dimethyl undecane — 1.48±0.33

2,2,4,4-Tetramethyl octane — 0.42±0.02
3,3,4- Ttrimethyl decane 0.71±0.22 0.57±0.13

3- Methyl undecane 0.59±0.12 0.54±0.13
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Type Ingredient name
Relative content percent /%

Before treatment After treatment

3-Methylene undecane 0.38±0.12 0.77±0.21
Dodecane 1.11±0.14 1.16±0.02

8-Methyl heptadecane 0.35±0.04 0.49±0.07
Cyclododecane 0.97±0.04 1.44±0.06
5-Butyl nonane — 0.19±0.07

2-Bromododecane 0.37±0.12 0.56±0.03
Tetradecane 0.36±0.11 0.89±0.02
Pentadecane 0.44±0.06 1.24±0.12

2,6,10,14-Tetramethyl pentadecane 3.08±0.13 1.09±0.08

Olefin

1,3,5-Sarohornene 0.19±0.01 —

Styrene 0.40±0.01 —

cis-9-Methyl -5- hendecene 1.17±0.05 1.52±0.09

2,4-Dimethyl decylene 0.29±0.01 0.36±0.03

Dutrex

Toluol — 0.48±0.01

Phenylethane 0.79±0.04 0.86±0.02

1,4-Dimethylbenzene 0.89±0.12 1.17±0.02

1,2-Dimethylbenzene — 0.98±0.02

1,4-Dichlorobenzene 0.40±0.01 0.68±0.04

Naphthalin 1.33±0.02 1.80±0.01

2-Methylnaphthalene 4.92±0.09 5.64±0.02

1-Methylnaphthalene 0.63±0.07 0.76±0.05

Alcohols

Ethanol 1.72±0.12 12.43±0.12

1-Penten-3-ol 1.31±0.23 —

2-Ethide -4- hexenol 0.70±0.05 —

2-Butyl octanol — 0.75±0.02

Aldehydes

Pentanal 0.79±0.06 0.22±0.02

Hexanal 12.68±0.25 3.67±0.02

Enanthaldehyde 7.03±0.31 2.54±0.04

Capryl aldehyde 8.57±0.22 4.35±0.32

Benzaldehyde 1.78±0.12 —

Nonanal 7.36±0.03 12.42±0.52

2-trans-6-cis-Nonadienal — 0.38±0.01

Decyl aldehyde 1.45±0.02 1.37±0.02

Ethyl benzene formaldehyde 0.34±0.05 0.44±0.02

2-Methyl undecanal — 0.80±0.01

Undecanal 0.63±0.02 0.73±0.03

Ketone

2,3-Pentanedione 0.39±0.01 0.12±0.01

2,3-Octanedione 4.30±0.23 1.65±0.01

3-Nonanone 0.36±0.03 1.05±0.02

2-Nonanone 0.70±0.01 0.52±0.04

trans, trans-3,5-Octadiene -2- ketone 0.96±0.01 0.99±0.03

3,5-Octadiene -2- ketone 0.55±0.03 0.42±0.01

3-Hendecanone 0.32±0.01 0.54±0.02

2-Hendecanone 0.92±0.02 0.55±0.02

Esters
Ethyl acetate 0.16±0.01 0.23±0.01

DL-Chloro-carbonic acid-2-octyl Nitrite — 0.58±0.01

Others

Propylene oxide 0.29±0.01 —

Carbon bisulfide 0.51±0.02 0.17±0.01

2,6-Double(1,1-dimethyl ethyl)-4-methyl phenol 0.77±0.01 0.82±0.01

Note: —. Not detected. The same below.

The extension of storage time of Pseudosciaena 
crocea had certain influences on the odour of the fish meat 

processed or unprocessed by HPP. As shown in Table 6, with 

the increase of storage time alcohol substances decrease 

gradually, and some alcohol odour components could not 

be detected. But such categories as aldehydes, ketone, 

aromatic hydrocarbon, alkane and eneyne hydrocarbon do 

not change, but their contents were on a declining curve. 

The most obvious changes were the one of acid esters and 

sulfo-compounds, whose contents also increased with the 

increase of storage time, and the content of methanthiol 

was especially high with the relative content percent of 

15.36%. This phenomenon was related to the decomposition 

of fat and protein in the process of storage. Acid ester 

substance would be produced when fat was decomposed 

and sulfocompounds were produced when protein was 

decomposed. Additionally, with the increase of preservation 

time, such components as trimethylamine, whose content 

is 15.91%, and indole were produced in the fish. These 

components were the typical components in stench odour 

of decayed fish. Similar to methanthiol, the contents of 

trimethylamine were also very high.

Table 6 Change in flavor components in yellow croaker during storage

Type Ingredient name
Relative content percent/%

3 d 6 d 12 d

Alcohol

Ethanol 1.74±0.02 1.72±0.06 0.56±0.06
Propanol —* — 0.13±0.02
2-Butanol — — 0.31±0.01

1-Pentene-3-alcohol 1.18±0.01 — —

3-Methyl mercapto propanol — — 0.17±0.01
2-Ethide-4-hexenol 0.70±0.01 — —

Geraniol — 0.20±0.01 0.19±0.03
2-Butyl octanol — 0.10±0.02 0.09±0.01

Aldehydes

3-Methylbutyraldehyde — 0.09±0.01 0.03±0.01

Pentanal 0.80±0.02 0.08±0.01 0.03±0.02

Hexanal 12.81±0.67 0.92±0.02 0.30±0.01

Enanthaldehyde 7.10±0.22 1.26±0.09 0.57±0.02

Maleinoid-4-heptenal — 0.17±0.07 0.11±0.01

Capryl aldehyde 8.65±0.35 1.39±0.05 0.61±0.03

Benzaldehyde 1.80±0.11 0.24±0.02 —

Nonanal 7.44±0.21 1.35±0.01 0.49±0.03

2-Transform-6-maleinoid- nonadienal — 0.12±0.06 0.04±0.02

Decyl aldehyde 1.44±0.09 0.12±0.01 —

Ethidebenzaldehyde 0.31±0.02 0.10±0.02 0.04±0.01

Undecanal 0.62±0.02 — —

Ketone

2-Butanone — 8.09±0.08 9.01±0.03

2,3-Pentanedione 0.39±0.01 — —

2,3-Octanedione 4.34±0.32 0.41±0.01 0.20±0.01

3-Nonanone 0.37±0.01 0.19±0.02 0.10±0.02

2-Nonanone 0.71±0.02 0.39±0.01 0.21±0.05

Trans-3,5-octadiene -2- ketone 1.01±0.25 — 0.15±0.01

3,5-Octadiene -2- ketone 0.56±0.02 0.26±0.01 0.07±0.01

Acetophenone — — 0.05±0.02

1-Methyl mercapto -3- pentanone — 0.05±0.01 0.03±0.01

3-Hendecanone 0.33±0.01 0.17±0.02 0.07±0.01
2-Hendecanone 0.92±0.02 0.25±0.01 0.14±0.01
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Type Ingredient name
Relative content percent/%

3 d 6 d 12 d

Acids/Esters

Acetic acid — 2.17±0.06 0.28±0.02

Ethyl acetate — 0.23±0.01 0.13±0.03

Monoprop — 0.76±0.09 0.22±0.01

Ethyl propionate — 0.22±0.06 0.13±0.02

Propyl acetate — 0.08±0.03 0.05±0.02

Isobutyric acid — 0.86±0.02 0.32±0.01

Ethyl isobutyrate — 0.15±0.04 0.11±0.01

Butyric acid — 0.95±0.05 0.11±0.02

Ethyl butyrate — 0.13±0.02 0.03±0.01

Propyl propionate — 0.08±0.01 0.05±0.01

Isovalerate — 0.84±0.05 0.32±0.03

2-Methylbutanoic acid — 2.42±0.11 2.13±0.08

Ethyl-2-methyl butyrate — — 0.12±0.02

Valeric acid — 0.19±0.11 —

Propyl butyrate — 0.03±0.01 —

Isocaproic acid — 12.69±0.65 24.25±1.20

Isocaproic acidethyl ester — 4.38±0.36 —

Isoamyl acetic acid — 0.49±0.21 2.50±0.12

Propyl hexanoate — 0.39±0.02 1.16±0.06

4-Methyl mercapto butyric acid — 0.2±0.03 0.36±0.02

4-Methyl-2-pentenoic acid — — 0.11±0.01

Isobutyl caproate — — 0.19±0.03

4-Methylcyclohexanolethyl ester — — 0.16±0.01

Isoamyl hexanoate — — 0.18±0.02

Phenylethyl propionate — — 0.28±0.01

Alkane alkyne

3-Isodecane 0.64±0.02 — —

2,2-Dimethyl decane 19.53±1.05 2.73±0.22 2.08±0.01

Decane 1.17±0.02 0.25±0.03 0.13±0.01

2,2,3-Trimethyl nonane 0.19±0.01 — —

2,2,4,4-Tetramethyl octane 2.40±0.20 0.33±0.02 0.21±0.01

2,5-Dimethyl undecane 1.90±0.11 0.32±0.03 0.17±0.01

2,6-Dimethyl undecane — — 0.25±0.01

3,3,4-Trimethyl decane 0.72±0.06 — —

3-Methyl undecane 0.61±0.07 0.15±0.02 0.11±0.01

3-Methylene undecane 0.39±0.07 0.11±0.02 —

Dodecane tetradecane 1.12±0.05 0.35±0.03 0.32±0.02

Cyclododecane 0.98±0.02 — —

1,1-II(methyl mercapto) ethane — 0.38±0.04 0.73±0.22

2-Bromine dodecane 0.38±0.02 0.13±0.01 0.09±0.01

Tetradecane 0.36±0.02 0.3±0.02 0.29±0.11

Pentadecane — 0.23±0.01 0.09±0.01

Olefin

1,3,5-Triene 0.19±0.01 — —

cis-9-Methyl-5-hendecene 1.18±0.08 0.49±0.01 —

2,4-Dimethyl decylene 0.29±0.03 — 0.03±0.01

Dutrex

Ethylbenzene 0.76±0.02 0.07±0.02 0.02±0.01

1,4-Dimethylbenzene 0.88±0.02 — —

Phenyl ethylene 0.40±0.02 0.04±0.03 —

1,4-Dichlorobenzene 0.40±0.04 — —

Naphthalin 1.30±0.09 0.28±0.02 0.13±0.02

2-Methylnaphthalene 4.95±0.21 1.05±0.01 0.84±0.04

1-Methylnaphthalene 0.61±0.01 — —

Type Ingredient name
Relative content percent/%

3 d 6 d 12 d

Methanthiol — 12.73±1.61 15.36±0.86

Compounds 
containing S

Methyl mercaptocyclopentane — 2.89±1.01 0.22±0.02

2-Ethylphosphonothioic ethanol — 0.27±0.02 —

Methyl sulfide 0.44±0.01 — 0.03±0.02

Carbon bisulfide 0.48±0.01 — —

Methyl disulfide — 5.27±0.21 7.04±0.11

Dimethyl trithio — 1.65±0.01 3.07±0.06

Methyl(methyl mercapto) methyl disulfide — 0.17±0.02 0.20±0.01

Sulphamic acid — — 0.22±0.01

Sulfo- pivalic acid — — 11.44±1.23

Acetic acid methanthiol ester 0.16±0.01 1.08±0.06 0.73±0.05

Metacetonic acid methanthiol ester — 0.81±0.09 0.68±0.04

Butyric acid methanthiol ester — 1.17±0.07 2.54±0.21

Caproic acid methanthiol ester — 0.10±0.02 0.05±0.01

Others

Ditiocarb sodium 3.25±0.10 — 0.30±0.02

Trimethylamine — 16.89±0.68 15.91±1.02

Propylene oxide 0.28±0.02 — 0.03±0.02

Indole — 4.83±0.35 2.11±0.23

2,6-Double(1,1-dimethyl ethyl)-4-methyl 
phenol 0.78±0.04 — 0.11±0.03

Table 7 Change in flavor components in yellow croaker with 500 MPa 

HHP treatment during storage

Type Ingredient name
Relative content percent /%

3 d 6 d 12 d

Alkane alkyne

Trichloromethane 0.12±0.01 —* —

3-Isodecane 0.61±0.02 — —

2,2-Dimethyl decane 31.77±1.35 5.99±0.20 4.96±0.22
Decane 1.63±0.11 0.22±0.03 0.24±0.03

2,2,3-Trimethyl nonane 0.21±0.03 — —

2,2,4,4-Tetramethyloctane 3.36±0.06 0.73±0.01 0.57±0.05
2,5-Dimethyl undecane 2.71±0.10 0.84±0.01 0.45±0.02
2,6-Dimethyl undecane 2.69±0.01 — 0.50±0.03

2,2,4,4,6-Pentamethyl heptane 1.30±0.10 — —

2,2,4,4,6,8,8-Heptamethylnonane 1.27±0.01 0.40±0.02 0.16±0.02
3,3,4-Trimethyl decane 1.64±0.01 0.48±0.01 —

3-Methyl undecane 1.59±0.03 0.1±0.01 —

5-Methyl -6- methylene decane 0.57±0.05 — —

3-Methylene undecane 1.32±0.07 — —

Dodecane 3.13±0.12 0.41±0.02 0.81±0.02
8-Methylheptadecane 1.08±0.05 — 0.20±0.03
5-Sec-butyl nonane 0.60±0.02 — —

3,9-Dimethyl undecane 0.65±0.02 — —

Cyclododecane 2.08±0.03 — —

5-Butyl nonane 0.58±0.01 — 0.15±0.03
2-Bromododecane 0.85±0.02 0.18±0.01 0.25±0.02

Tetradecane 1.10±0.05 0.31±0.01 0.42±0.03
1-Iodo-hexadecane 0.49±0.02 — 0.18±0.03

3-Methyl tetradecane 0.32±0.03 — —

Decatyl cyclopentane 0.38±0.01 — 0.09±0.01
Pentadecane 0.46±0.02 0.21±0.01 0.22±0.02

2,6,10,14-Tetramethyl pentadecane 0.44±0.02 — —

Olefin

1,3,5-Sarohornene 0.07±0.03 — —

Styrene — 0.08±0.02 0.03±0.02

cis-9-Methyl -5- hendecene 3.10±0.22 0.43±0.01 0.68±0.05

2,4-Dimethyl decylene 0.71±0.01 0.18±0.01 0.11±0.01

2-Ethide dodecene 0.20±0.02 — —
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Type Ingredient name
Relative content percent /%

3 d 6 d 12 d

Dutrex

Toluol 0.16±0.01 0.51±0.02 0.16±0.02

Phenylethane 0.50±0.03 0.58±0.02 0.12±0.01

1,4-Dimethylbenzene 0.76±0.02 0.89±0.10 0.19±0.03

1,2-Dimethylbenzene 0.81±0.05 0.73±0.01 0.12±0.01

1,3,5-Trimethylbenzene — 0.16±0.01 —

1,4-Dichlorobenzene 0.60±0.01 0.08±0.01 —

1,2,3,4-Tetramethylbenzene — 0.21±0.02 —

Naphthalin 1.01±0.03 0.52±0.05 0.34±0.02

2-Methylnaphthalene 2.85±0.06 1.54±0.09 1.53±0.06

1-Methylnaphthalene 0.32±0.08 — 0.13±0.02

Alcohols

Ethanol 4.80±0.04 5.55±0.05 0.36±0.03

2-Propanol — 0.44±0.01 —

Butanol — 1.57±0.02 —

2-Butyl octanol — — 0.21±0.02

2-Isopropyl -5-methyl cyclohexanol 0.49±0.01 — 0.12±0.01

Aldehydes

2-Methyl butyraldehyde — 0.46±0.03 0.16±0.01

Pentanal 0.18±0.02 0.27±0.03 —

Hexanal 2.76±0.33 3.72±0.14 0.26±0.01

Enanthaldehyde 1.80±0.01 5.85±0.13 1.15±0.12

Capryl aldehyde 2.72±0.05 3.26±0.12 0.68±0.03

Benzaldehyde — 0.54±0.02 —

Nonanal 7.08±0.09 2.55±0.22 —

Decyl aldehyde 1.14±0.02 0.53±0.01 —

Ethyl benzene formaldehyde — 0.12±0.02 —

Ketone

2-Acetone — 0.43±0.03 —

2-Pentanone — 0.10±0.01 0.04±0.01

2,3-Pentanedione 0.13±0.03 0.14±0.01 —

2,3-Octanedione 1.58±0.05 1.42±0.01 0.22±0.02

3-Nonanone 0.64±0.05 0.14±0.02 —

2-Nonanone — 0.27±0.02 —

trans,trans,-3,5- octadiene -2- ketone — 0.65±0.04 —

3,5-Octadiene -2-ketone 0.17±0.01 0.43±0.01 —

3-Hendecanone 0.34±0.02 0.10±0.03 0.05±0.01

2-Hendecanone 0.31±0.01 0.22±0.02 0.18±0.01

Acids/Esters

Acetic acid — 0.17±0.02 1.02±0.05

Ethyl acetate 0.07±0.03 0.63±0.05 0.12±0.01

Methyl butyrate — — 0.17±0.03

Isobutyric acid — 0.78±0.01 0.8±0.02

Ethyl isobutyrate — — 0.12±0.01

Butyric acid — 6.10±0.03 3.91±0.05

Ethyl butyrate — 0.79±0.05 1.59±0.22

Butyl acetate — — 0.17±0.01

Isovalerate — 1.03±0.03 1.12±0.10

2-Methylbutanoic acid — 2.56±0.11 2.20±0.05

Ethyl-2-methyl butyrate — — 0.23±0.01

Ethyl isovalerate — — 0.11±0.02

Valeric acid — 1.38±0.05 0.69±0.02

Isocaproic acid methyl ester — — 0.18±0.01

Propyl butyrate — 0.13±0.04 0.19±0.02

Ethyl valerate — — 0.35±0.01

Isocaproic acid — 24.07±0.33 13.66±0.25

Isocaproic acid methyl ethyl oxalate — 1.55±0.21 2.14±0.11

Butyl butyrate — 0.99±0.06 1.83±0.05

Isoamyl acetic acid — 0.82±0.05 0.94±0.02

2-Methyl butyl butyrate — — 0.51±0.02

Type Ingredient name
Relative content percent /%

3 d 6 d 12 d

Acids/Esters

Propyl hexanoate — — 0.56±0.03

Apple oil — — 0.87±0.05

Isobutyl caproate — — 0.30±0.02

Butyl hexanoate — — 3.77±0.23

Octyl butyrate — — 0.39±0.01

Isoamyl hexanoate — — 0.49±0.02

Phenylethyl propionate — — 2.27±0.01

DL-chloro-carbonic acid -2- Octyl Nitrite 1.07±0.03 — —

Others

Methyl mercaptan — 0.57±0.03 0.33±0.02

Carbon bisulfide 0.14±0.02 — —

Propylene oxide 0.11±0.02 — —

Trimethylamine — — 1.98±0.02

2,6-Double(1,1- dimethyl ethyl)-4- methyl 
phenol 0.43±0.03 — —

The odour of Pseudosciaena crocea changed after 

HHP treatment and stored for 3, 6, 12 d at room temperature 

(Table 7). Compared with the fish untreated, the relative 

content percent of alcohol substances of fish treated by 

HHP decreased with the increase of the storage time, and 

some one could not be detected. Component types, such 

as aldehydes, ketone, aromatic hydrocarbon, alkane and 

eneyne hydrocarbon, had a little downward trend. The most 

obvious difference between these two kinds of fish were 

the changes of acid esters and sulfocompounds. There were 

only 2 categories of sulfocompounds in the fish treated by 

HHP while 15 categories of sulfocompounds in the fish 

untreated. Most of the components of the fish treated by 

HHP were methanthiol whose contents were lower than 

those in the fish untreated. After stored for 12 d, the relative 

content percent of methanthiol in the treated fish was only 

0.33%. Besides, with the increase of storage time, the relative 

content percent of trimethylamine came to 1.98% which 

was far lower than 15.91%, the content of trimethylamine 

in the fish untreated. There were no indoles in the odour 

components of treated fish, but the relative content percent of 

indoles in the fish untreated was 2.11%. The results showed 

that HHP effectively reduced the production of typical 

odour components of decayed fish during the storage of 

Pseudosciaena crocea, and improved the odour quality of 

fish products.

3 Conclusion

During the storage of Pseudosciaena crocea, the 

microorganisms, enzymes and flavours in the fish treated 

by HHP all had changed. The total bacteria and the amount 
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of coliform group were both lower than those in the fish 

untreated. The enzymes in the Pseudosciaena crocea treated 

by the HHP of 500 MPa were basically inactivated. The 

HHP of 500 MPa could effectively reduce the content of 

the components of typical fish odour during the storage 

of Pseudosciaena crocea. The study not only provided 

a preliminary theoretical foundation for the change of 

microorganisms, enzymes and odour in the fish treated by 

HHP but also provided a technological base for the control 

and removal fish stench substances in Pseudosciaena crocea.
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