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a b s t r a c t

The effect of heating methods (microwave and water bath, and combined microwave and water bath
heating) on 6 nucleotides and related compounds (NRCs) in minced Pacific white shrimp and Antarctic
krill was investigated at 25, 40, 55, 65, 75, 85, and 95 �C. In Pacific white shrimp, the main changes of
NRCs were in adenosine monophosphate (AMP) and inosine monophosphate (IMP). High temperature
(85 and 95 �C) can inhibit the ATP degradation by water bath heating. In Antarctic krill, the main change
of NRCs was in inosine (HxR) that decreased in microwave heating treatment at 95 �C. The different
methods were compared in terms of IMP content and flavor/bitter ratio, which are related to flavor of
aquatic products. The best heating method was pre-heating at 75 �C in water bath followed by micro-
wave heating at 95 �C (IMP content and relatively flavor/bitter ratio were 4.34 mmol/g and 3.00,
respectively) for pacific white shrimp and pre-heating at 65 �C in microwave followed by water bath
heating at 95 �C (IMP content and relatively flavor/bitter ratio were 0.18 mmol/g and 0.06, respectively)
for Antarctic krill, respectively. Chemical analysis, microbiological analysis and sensory evaluation
showed that the K value is not suitable for assessing the freshness of Antarctic krill.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

In biochemistry, adenosine triphosphate (ATP) is a nucleotide
considered as a universal molecular unit of currency of intracellular
energy transfer involved in nucleic acid synthesis. Nucleotides and
related compounds (NRCs) (ATP, adenosine diphosphate (ADP),
adenosine monophosphate (AMP), inosine monophosphate (IMP),
inosine (HxR), hypoxanthine (Hx), etc.) are important components
of fish and shellfish, and other aquatic animal muscles. ATP is
degraded to ADP, AMP, and IMP rapidly after death, and the process
could be attributed to muscle endogenous enzymes. Afterwards,
IMP breaks down to HxR and Hx via both autolytic and microbial
enzyme activity (Li, Li, Qin, Hong, & Luo, 2016). The role of IMP in
the generation of meat odor and flavor has been demonstrated both

in model systems and in sensory studies (Feng, Moon, Lee, & Ahn,
2016). HxR and Hx can produce bitter taste; thus, they are
considered contributors to off-flavor (Feng et al., 2016).

For fish, is easy to spoil during the storage process. In order to
slow down the ATP degradation process, numerous measures to
improve fish quality and extend shelf life have been taken. Such as
conventional low-temperature preservation methods (Aubourg
et al., 2007; Duun & Rustad, 2007; Gallart-Jornet, Rustad, Barat,
Fito, & Escriche, 2007; Lee & Park, 2016; Mørkøre et al., 2010) and
high-voltage electrostatic field (Ko, Yang, Chang, & Hsieh, 2016),
few studies have investigated the effect of heating on the ATP
degradation in fish. For meat and its products, some authors have
studied the changes in nucleotides, total nucleosides and bases of
beef, pork and lamb during heating (Macy, Naumann, & Bailey,
1970) and the influence of cooking on nucleosides and bases of
beef steaks and roasts (Macy, Naijmann, & Bailey, 1970). Heating
effects on IMP, HxR and Hx in aqueous solutions also have been
studied (Dav�IDek, Vel�I�sEk, & Jan�I�CEk, 1972). However, aquatic
products are more susceptible to spoilage than livestock products,
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and it's necessary to study the content change of NRCs after heating
processing for aquatic products, especially microwave heating
treatment.

Microwave heating is very popular in a variety of industrial and
domestic applications. The major factor supporting the popularity
of microwave heating is its rapidness, which matches very well the
current fast lifestyle of people. Other advantages of microwave
heating are its ease of operation, lowmaintenance, and fast heating
up (Liu & Lanier, 2016; Marszalek, Mitek, & Skapska, 2015; Meda,
Orsat, & Raghavan, 2017). High-quality food that is microbiologi-
cally safe and preserves the sensory and nutritional qualities of
fresh products can be obtained by microwave heating, even though
heat treatment during microwave processing is minimal
(Marszalek et al., 2015). Moreover, microwave heating has the ad-
vantages of less loss of flavor components (Benlloch-Tinoco, Varela,
Salvador, & Martinez-Navarrete, 2012; Kiralan, 2012) and better
retention of protein properties (Joyner, Jones, & Rasco, 2016; Liu &
Lanier, 2016).

Whiteleg shrimp (Litopenaeus vannamei), generally known as
Pacific white shrimp, is a variety of prawns from the eastern Pacific
Ocean that are captured or raised for food. Pacific white shrimp is
the major species of farmed shrimps, which accounted for over 3.1
million tons globally in 2012 (Ketnawa et al., 2016). Antarctic krill
(Euphausia superba) is the largest animal protein resource in the
world with a total biomass of 117e379 million metric tons. Ant-
arctic krill is abundant in proteins containing all the essential amino
acids for humans (Wang, Xue, Xue, Wang, & Li, 2015). Pacific white
shrimp and Antarctic krill are rich in proteins and have a high
research value. Many studies have focused mainly on the nucleo-
tides and their degradation products in fish (Li, Li et al., 2016; Li,
Quin et al., 2016; Manju, Srinivasa Gopal, Jose, Ravishankar, &
Ashok Kumar, 2007) and poultry (Feng et al., 2016; Hern�andez-
C�azares, Aristoy, & Toldr�a, 2011) and less on shrimps and other
marine invertebrates.

The present study was aimed at understanding the impact of
different heating temperatures (25, 40, 55, 65, 75, 85, and 95 �C) on
the degradation of nucleotides in minced (Pacific white shrimp and
Antarctic krill) during microwave, water bath and combined mi-
crowave and water bath heating treatment. The objectives of the
present work are: (1) to determine the contents of NRCs in minced
Pacific white shrimp and Antarctic krill under different heating
treatments; (2) to find the optimal heating conditions for control-
ling flavor substances. We intended to determine the effect of
heating on the degradation of nucleotides in minced Pacific white
shrimp and Antarctic krill and illustrate the nucleotide degradation
pathway under different heating treatments.

2. Materials and methods

2.1. Materials and reagents

Live (Pacific white shrimp) with a body weight of 10e15 g were
purchased from Lin-gang Market (Shanghai, China) and put in an
oxygenated sampling vessel, which was quickly taken back to the
laboratory. Upon arrival, Pacific white shrimp were immediately
pretreated. Frozen (Antarctic krill) was purchased from Da-kang
goods Trading Co. Ltd. (Qingdao, China) and stored in refrigerator
(GR-B168K, Toshiba electrical appliances Co., Ltd. Tokyo, Japan)
at �20 �C. Each Antarctic krill piece was 150 g in weight.

ATP, ADP, AMP, IMP, HxR, and Hx standards were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Methanol was of high
performance liquid chromatography (HPLC) grade. Potassium
phosphate dibasic, potassium phosphate monobasic, perchloric
acid, potassium hydroxide and phosphoric acid were all of guar-
anteed reagent grade. magnesium oxide, trichloroacetic acid,

formaldehyde, anhydrous toluene, picric acid, trimethylamine hy-
drochloride, 2-thiobarbituric acid, trichloroacetic acid, hydrochloric
acid, and sodium chloride were analytical reagent grade. All of
above regents were purchased from Sinopharm Group Chemical
Reagent Co. (Shanghai, China).

2.2. Sample pretreatment

Pacific white shrimp were manually de-headed, de-shelled, and
washed, and the surface water was removed. Appropriate amounts
of Pacific white shrimp and Antarctic krill were placed in the pre-
cooling mixer (JT-B, Jin-tian Experimental Equipment Research
Institute, Luo-he, China), stirred at 10000 rpm for 5 min at intervals
of 1 min (in order to avoid any impact of instrument overheating on
the experiment and to stir more uniformly). Minced Pacific white
shrimp and Antarctic krill were placed in a custom-made nylon
mold (outer diameter 22 mm, inner diameter 20 mm, height
15 mm) and sealed with sealing film. All the above operations were
completed at 4.0 �C.

2.3. Heating processing

2.3.1. Microwave heating (M)
The initial temperature of the samples was maintained constant

at 4 �C before the heating process. The mold for filling a sample was
wrapped by a 75 � 75 � 45 mm polystyrene thermal barrier and
drilled a small hole in the center, then placed in the center (distance
from the top of the 12.5 mm and 15.0 mm around the edge) of
microwave oven (NN-GD568, 2450 MHz Panasonic microwave
oven, Osaka, Japan). The microwave oven (output power 150W, the
rotation rate of the turntable is 5 rpm) was used to heat. The
temperature in the center of the sample was monitored by insert-
ing a fiber-optic temperature sensor (FISO Technologies Inc.,
Quebec, Canada) into the small hole. The fiber-optic temperature
sensor is a part of microwave workstation (FISO Technologies Inc.,
Quebec, Canada). The microwave workstation is a crucial compo-
nent to connect microwave oven and the private computer, and the
temperatures are passed to computer from a fiber-optic tempera-
ture sensor by workstation. The temperature history of the samples
during microwave heating was displayed simply on a private
computer (K30BF-A8614M1, ASUSTeK Computer Inc., Shanghai,
China) with appropriate software (FISO Commander Workstation
Edition., Version:1.10.9, Quebec, Canada). After heating to a desig-
nated temperature (25, 40, 55, 65, 75, 85, and 95 �C), themicrowave
heating was stopped and the sample was taken out.

2.3.2. Water bath heating (W)
The mold for filling a sample was wrapped with a plastic bag

with a rubber band, and a small hole was drilled in the center of the
mold. K-type thermocouples (Da-hua Instrument factory, Shanghai,
China) were inserted in the center of the sample to real-time
monitor the sample center temperature. The sample was slowly
put into a preheated water bath (H.S.D-TC-2 electric thermostat
water bath, Shanghai Hua-qi Scientific Instrument Co, Shanghai,
China). After heating to a designated temperature (25, 40, 55, 65,
75, 85, and 95 �C), the water bath heating was stopped and the
sample was taken out.

2.3.3. Combined heating
Microwave-water bath heating (MW): the samples sealed in the

molds were first heated at 55, 65, and 75 �C by microwave heating
and then heated at 95 �C in the water bath. The temperature of the
center of sample was monitored by a fiber-optic temperature
sensor in experimental microwave oven. After heating to a desig-
nated temperature (55, 65, 75, 85, or 95 �C), the microwave heating

R. Zhang et al. / LWT - Food Science and Technology 87 (2018) 142e150 143



Download English Version:

https://daneshyari.com/en/article/5768599

Download Persian Version:

https://daneshyari.com/article/5768599

Daneshyari.com

https://daneshyari.com/en/article/5768599
https://daneshyari.com/article/5768599
https://daneshyari.com

