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Abstract

The present study sought to evaluate the effect of basic amino acid (L-arginine (Arg), L-lysine (Lys), and L-histidine (His))
pretreatment on the quality of canned Antarctic krill. Additionally, the changes in krill meat at different pretreatment con-
ditions and processing stages were measured. The Lys-pretreated krill meat exhibited 39.9% lower hardness, 19.8% lower
chewiness, and 47.2% lower thiobarbituric acid reaction substances (TBARS) compared to the control group. The low-field
nuclear magnetic resonance (LF-NMR) and the magnetic resonance imaging (MRI) analyses revealed that the Lys-pretreated
krill meat showed a larger peak area of immobile water and a higher pseudo-color image brightness. The scanning electron
microscopy (SEM) results showed that the microstructure of krill meat in the control group was broken and disordered,
while the microstructural network of Lys-pretreated krill meat was more complete. This result indicated that Lys effectively
improved the texture, water-holding capacity, and color of krill meat, protecting the microstructure and reducing the degree
of oxidation. The sensory evaluation results showed that the Lys-treated canned Antarctic krill had a better flavor and texture
than other canned products. Overall, Lys could be a potential regulatory strategy for effectively enhancing the quality of
canned Antarctic krill.
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Introduction

Antarctic krill (Fuphausia superba), a small shrimp-like
crustacean plankton distributed in the Antarctic Ocean, is
the largest potential reservoir of animal protein on earth,
with a biomass of approximately 379 million tons (Atkinson
et al., 2009). Krill protein contains eight essential amino
acids along with some trace minerals, vitamins, enzymes,
chitin, and astaxanthin and poses a higher biological value
than milk or other animal proteins (Peng et al., 2019). Ant-
arctic krill is also rich in n-3 polyunsaturated fatty acids,
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especially phospholipid eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), with excellent health ben-
efits and high nutritional value for humans. As such, Ant-
arctic krill has received widespread attention from countries
around the world.

However, the processing and utilization of Antarctic
krill are difficult. Moreover, Antarctic krill exhibits autol-
ysis, browning, and other phenomena under the action of
a few enzymes, resulting in the deterioration of Antarctic
krill and its quality (Chen & Jaczynski, 2007). Notably, the
high fluorine content of Antarctic krill limits its available
edible portion. Furthermore, the functional substances in
krill, such as astaxanthin and unsaturated fatty acids, are
easily decomposed by heat and oxidation during processing,
leading to a decrease in their quality (Liu et al., 2018). Krill
meal and krill oil are the primary by-products of Antarctic
krill; krill meal is often used as a feed bait, whereas krill oil
is mainly used to develop health products. So far, relatively
few products have been developed using krill meat, includ-
ing canned krill and krill paste. Canned food is a common
method for food preservation. However, the sterilization
process of canned meat can lead to food browning (color
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changes), flavor damage, and nutritional value reduction
(Munoz et al., 2022). Notably, the krill meat in canned krill
has a rough texture and is less edible, which can be attrib-
uted to the thermal processing of krill meat, which causes
severe moisture loss and forms corrugated folded micro-
structures, resulting in a tough texture, rough taste, and poor
product quality (Sun et al., 2022). Consequently, improving
the taste, flavor, and nutritional value of canned Antarctic
krill is of great significance.

Phosphates are often used for processing aquatic products
to improve product quality and reduce the loss of water, fla-
vor, and nutrients (Omar et al., 2016). However, excessive
phosphate intake is associated with high health and safety
risks, causing calcium and phosphorus imbalance in the
body and various problems, such as kidney stones and cardi-
ovascular diseases (Mizuno et al., 2016). Recently, the appli-
cation of phosphate-free additives has attracted emerging
attention due to the increasing health consciousness among
people (Zheng, 2017). Basic amino acids, the important
components of proteins, are the essential or semi-essential
amino acids for the human body with an isoelectric point
greater than 7.0, such as L-arginine (Arg), L-lysine (Lys),
and L-histidine (His). These amino acids can increase the
pH in muscle, chelate metal ions, increase the ionic strength
of proteins, promote the dissociation of actin, and inhibit
the oxidation of lipids and proteins in meat products, thus
improving the protein structure and functionality and reg-
ulating the quality of meat products (Zhang et al., 2022).
Basic amino acids play a key role in food processing. (Lin
et al., 2022) found that krill meat soaked in Lys increased
the water-holding capacity and tenderness of heated krill
meat. However, no studies have reported the applications of
canned krill so far.

In this study, krill meat was pretreated with three basic
amino acids, Arg, Lys, and His, and compared with sodium
tripolyphosphate (STPP) to investigate their effects on krill
meat quality during canning. Additionally, their effects on
the sensory, color, texture, moisture, microstructure, and
oxidation characteristics of canned Antarctic krill were
evaluated. Furthermore, the effect of basic amino acid pre-
impregnation on the quality of canned Antarctic krill was
clarified, which could provide technical support and theo-
retical reference for the processing and utilization of Ant-
arctic krill.

Materials and Methods
Materials and Chemicals

Frozen Antarctic krill (Euphausia superba) was supplied
by Dalian Liaoyu Fisheries Group Co., Ltd. (Dalian,

China). Antarctic krill were harvested in May 2022 from
the Antarctic FAO 48.1 sea areas, then shelled and peeled
immediately after catching. Later, the Antarctic krill were
snap frozen on-board and stored at — 30 °C. The krill
blocks were shipped in heavily insulated industrial strength
boxes in August 2022, with full cold chain transport to the
laboratory. After arrival, the frozen krill blocks were cut
into approximately 600 g of samples, vacuum-packed, and
stored at — 20 °C until used. Food additives (sodium trip-
olyphosphate (STPP), L-arginine (Arg), L-lysine (Lys),
and L-histidine (His)) were purchased from Henan Wan-
bang Industrial Co., Ltd. (Henan, China). Trichloroacetic
acid (TCA) and 2-thiobarbituric acid were procured from
Nanjing Jiancheng Co., Ltd. (Nanjing, China). All chemi-
cals used in this study were of analytical grade and did not
require further purification.

The Antarctic Krill Canning Process

The Antarctic krill canning process was performed
as follows: Antarctic krill - thawing — soaking —
blanching — canning — adding juice — exhausting —
sealing — sterilization — cooling — product.

Preparation of Krill Meat Samples

The frozen krill meat was thawed at 4 °C for 6 h, and the for-
eign impurities were removed and soaked in twice the volume
of soaking solution (the soaking solutions were water, 1%
solution of sodium tripolyphosphate, L-arginine, L-lysine, or
L-histidine, respectively) for 15 min and drained. The concen-
tration of the soaking solution was selected to be 1%, mainly
based on enterprise production practices and the previous study
results (Lin et al., 2022). The sample soaked in water was used
as a control, while that soaked in sodium tripolyphosphate was
used as a positive control (STPP). These samples were then
blanched with one time the volume of 2% salt solution (water
temperature was approximately 80 °C) for 20 s, removed, and
drained. Later, 74 g of canned krill meat was weighed, and
36 g of exhaust solution (water (97.5%), salt (2%), and citric
acid (0.5%)) were added, which was then exhausted in boil-
ing water for 10 min, sealed at—0.04 MPa, and placed in a
ZM-100 reverse pressure sterilizer (Guangzhou Biaoji Pack-
aging Equipment, Guangzhou, China) at 115 °C for 60 min,
cooled below 38 °C, and then removed.

The krill meat after thawing, soaking, blanching,
exhausting, and sterilization were considered as sam-
ples, and the relevant indicators were measured, with the
drained krill meat being used as the measurement target
in each session.
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Measurement of Color

The color of krill meat samples was measured based on the
method described by (Ismail et al., 2019) with some modi-
fications. The krill meat samples were taken separately,
and the changes in brightness (L*), red/green (a*), and
blue/yellow (b*) values were measured using a colorim-
eter Hunter Lab Pro (Hunter Lab Company, Reston, VA).
Three parallel samples were taken each time, and each
sample was measured thrice. Then, the average value was
taken as the color value of the sample. The equipment was
calibrated using standard white and black boards before
measurement.

Texture Profile Analysis (TPA)

The TPA was performed according to the method described
by (Rabeler & Feyissa, 2018) with slight modifications. The
TPA values of individual krill meat samples were deter-
mined using a TA-XT plus texture analyzer (Stable Micro
Systems, London, UK). The measurement conditions were
as follows: 50% compression deformation using a P50 probe
at a test and post-test speed of 2.0 mm/s and 15.0 mm/s,
respectively, with a time interval of 5 s. The compression
was performed twice. Each treatment was performed in
triplicate.

Low-Field Nuclear Magnetic Resonance (LF-NMR)

The low-field NMR analysis was performed according to
the method of (Chen et al., 2015) with minor modifications.
Accurately weighed krill meat samples (1 g) were covered
with a cling film and placed in a cylindrical glass tube with
a diameter of 60 mm. The measurements were carried
out using a MesoMR23-060 V-I NMR analyzer (Suzhou
Niumag Analytical Instrument Corporation, Suzhou, China)
with an operating magnetic field strength of 0.5 T and a per-
manent magnet operating temperature of 32 °C. The decay
signals were then collected using a Carr-Purcell-Meiboom-
Gill (CPMG). The T, measurements were performed ata t
value of 200 ps (between 90 and 180 pulses) with two pulse
lengths of 21.0 and 42.0 ps. The number of echoes (NECH)
was 4500, and the number of scans was 8. The decay sig-
nal was measured using the MultiExp Inv (Suzhou Niumag
Analytical Instrument Co., Suzhou, China) analysis software
to perform a distributed multi-exponential fit of the CPMG
decay curves. The lateral relaxation times of each process
were calculated from the peak positions, and the area under
each peak was determined by cumulative integration, cor-
responding to the proportion of water molecules exhibiting
the relaxation times.
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Magnetic Resonance Imaging (MRI)

The MRI was measured based on the method reported
by (Xu et al., 2020) with slight modifications. Accurately
weighed krill meat samples (3 g) were placed in round plas-
tic cassettes, and each cassette was placed in a 60-mm diam-
eter sample chamber for MRI measurements. The spatial
distribution of water in the krill meat samples was analyzed
using NMR. The proton density images were acquired using
a multiple spin echo (MSE) imaging sequences. The MRI
data were obtained using a MesoMR23-060 V-I NMR ana-
lyzer (Suzhou Niumag Analytical Instrument Corporation,
Suzhou, China) equipped with 0.5 T permanent magnets
on a 30-mm RF coil at 32 °C. The measurement conditions
were as follows: field of view (FOV), 100 mm X 100 mm,
slice width of 2.3 mm; read size, 256; and phase size, 192;
the echo time (7) and repetition time (7g) parameters were
20 and 2000 ms, respectively. The weighted imaging of
the samples was obtained using these parameters, and the
images were analyzed using OsiriX software (version 7.0.4,
Pixmeo, Geneva, Switzerland) for pseudo-color and quan-
titative processing.

Scanning Electron Microscopy (SEM)

The microstructure of the krill meat samples was observed
using scanning electron microscopy (SEM) according to
the procedure described by (Liu et al., 2020). Different krill
meat samples were dried for 24 h in a freeze-dryer (Cool-
safe 110-4, Labogene Corporation, Lynge, Denmark). The
cross-sections of krill samples were mounted on short metal
tubes, coated with gold, and observed under a scanning elec-
tron microscope (JSM-7800F; JEOL, Tokyo, Japan) with an
accelerating voltage of 10 kV.

pH Value Measurements

The pH was determined according to the method of (Devi
et al., 2021) with minor modifications. The individual
krill meat samples (1 g) were taken in triplicate, mixed
with 19 mL of distilled water, and homogenized for 1 min
at 8000 rpm in an IKA Ultra Turrax T25 homogenizer
(Labortechnik, Staufen, Germany), followed by centrifuga-
tion at 8000 g for 10 min at room temperature (22 °C). The
pH of the supernatant was measured using a PB-10 pH meter
(Sartorius Scientific Instruments Co., Ltd., Germany).

Determination of Lipid Oxidation

The thiobarbituric acid reaction substance (TBARS) val-
ues of krill meat samples were measured according to the
method reported by (Wu et al., 2016) with slight modifica-
tions. Five grams of krill meat sample were homogenized
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with 25 mL of trichloroacetic acid solution (7.5%, v/v) at
8000 rpm for 2 min using a homogenizer and filtered through
a qualitative filter paper. Later, 5 mL of the filtrate was
mixed with 5 mL of 2-phenobarbitone solution (0.02 mol/L)
and incubated in a water bath for 40 min at 100 °C. After
cooling, the sample was centrifuged at 7470 rpm for 10 min
at 4 °C. The optical density was measured at 532 nm and
600 nm using a UV-Visible Spectrophotometer Model 2100
(Unico, China). The malondialdehyde (MDA) content was
calculated using the following equation:

(A532nm - A6()0nm) X 72.06
155 xm

TBARS (mg/kg) = x 100 (1)
where As3, and Ag, are the absorbances of the superna-
tant measured at 532 nm and 600 nm, respectively; m is the
sample weight in grams; 72.06 is the molar mass of malon-
dialdehyde in g/mol; and 155 is the absorbance coefficient.

Sensory Evaluation

A total of twenty experienced experts (10 men and 10
women, aged 22-30 years) were selected to assess the
sensory characteristics of canned Antarctic krill samples
with different pretreatments to reach an agreement on the
characterization of sensory attributes. The panel members
were trained for 3 weeks according to the Chinese stand-
ard (GB/T 37,062-2018) using the sensory evaluation cri-
teria for aquatic products. The samples were placed on a

whiteboard at room temperature and randomly allocated to
the panel members. The members were asked to rate each
sample separately in terms of color, odor, texture, flavor,
and acceptability according to the 100-point criteria listed
in Table S1, and the panel members’ scores were averaged.

Statistical Analyses

All experiments were performed in triplicate, and statistical
analyses were conducted using IBM SPSS Statistics 26 soft-
ware (IBM Corp., Chicago, IL, USA). The significance of
differences was analyzed using one-way analysis of variance
(ANOVA), and multiple comparisons were performed using
Duncan's multiple range test (p <0.05 was considered statis-
tically significant). Data were expressed as means =+ stand-
ard deviation (SD). The experimental charts were prepared
using Origin 2020 Pro (OriginLab Corp., Northampton, MA,
USA) software.

Results and Discussion
Color Parameter Analysis

Color reflects the appearance of the food sample and is
highly dependent on the food process (Choo et al., 2022).
As presented in Table 1, the L* values on the surface of krill
meat showed a decreasing trend when soaked in the soak-
ing solution compared to the control. The brightness value

Table 1 Effect of different

. . Control STPP Lys His Arg
processing stages of canning on
Antarctic krill color L¥  RAW 56.81 £1.11¢  56.81+£1.11°> 56.81+1.11"  5681+1.11> 56.81+1.11°
Soak 56.34+0.928  46.35+1.2580  47.25+0565¢  46.93+0.78% 42.22+0.81¢
Blanch 67.10+£0.24%°  56.74+0.56%° 51.94+0.02°° 61.78+1.68% 5568+1.39°
Exhaust 71.48+0.11%*  61.00+0.19°* 62.39+0.12%  60.49+0.18* 59.18+0.13D2
Sterilization  62.88+0.66¢  53.91+1.36" 51.95+0.41%  60.58+0.94%*  56.13+0.09°
a* RAW —024+0.07° -024+0.07° -024+0.07° —024+0.079 —0.24+0.07°
Soak —0.414+024P°  —0.49+024"° 0.324025%*  0.82+020% 22440754
Blanch 2.11+0.05%  042+0.04%* 13140475 2.25+0.124%  0.53+0.19°°
Exhaust 1.97+036%  026+0.07*  0.38+0.09° 1.45+0.06%°  1.69+0.16%82
Sterilization — —1.62+0.12  —1.02+0.10°  1.23+0.38%* —0.65+0.19%°  0.59+0.04%°
b* RAW —243+028¢ —243+028° -243+0.28 —243+0289 —2.43+0.28°
Soak —4.4340258% 22840414 —347+1.06"%¢ —5.04+0.15% -2.69+1.184
Blanch 22840.178%  —3.61+£0.25°¢ —1.59+0.24% —0.13+0.13%¢ —1.77+0.14®
Exhaust —0.26+0.028¢  —-0.62+0.13® —2.16+0.08"° 0.61+0.214% —1.57+0.08°
Sterilization ~ 13.68+1.214% 9.80+0.95% 12.04+0.67%*  11.21+0.418% 10.38 +0.44°P?

Data are presented as means + standard deviation (n=3)

Different uppercase letters (A, B, C) indicate significant differences (p <0.05) between the different soak-
ing solutions

Different lowercase letters (a, b, ¢) indicate significant differences (p <0.05) between different processing
steps
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(L*) of the meat products is negatively correlated with the
moisture content (Ferrini et al., 2012). Phosphates and basic
amino acids can increase the water-holding capacity of meat
products, leading to a reduction in the L* value. However,
the L* value on the surface of krill meat tended to increase
after the blanching and exhausting processes. This might be
attributed to the fact that the blanching and exhausting pro-
cesses of krill meat partially inactivated the enzymes in its
body and reduced the enzymatic reaction, while salt exerted
a color-protective influence (Niamnuy et al., 2008). After
sterilization, the L* value of krill meat decreased signifi-
cantly. This might be due to the Maillard reaction caused
by the sterilization process, which formed nitrogen-free or
nitrogen-containing brown soluble compounds and eventu-
ally produced substances, such as melanoidin, thus decreas-
ing the L* value of krill meat (Kong et al., 2007).

The treatment methods also affected the redness values
(a¥), as presented in Table 1. The a* values of krill meat
increased after soaking and blanching, while they decreased
significantly after the venting and sterilization processes.
The krill meat soaked in phosphates and basic amino acids
showed an increase in the a* value due to the increase in
pH and ionic strength. After sterilization, the Lys and Arg-
treated krill meat showed a higher a* value, which might be
caused by the ability of Lys and Arg to chelate the metal ions
and inhibit the oxidation of myoglobin/hemoglobin, thereby
increasing the redness of krill meat due to the reduction in
high-iron-containing myoglobin (Ning et al., 2020).

The b* values of krill meat decreased after soaking and
increased after the blanching and exhausting processes,
while those after sterilization treatment increased sig-
nificantly. After sterilization, the surface of the krill meat
became dull and yellower. It could be attributed to the severe
browning of krill meat caused by the Maillard reaction dur-
ing the sterilization process, contributing to its yellow color.
Meanwhile, lipid oxidation and myofibrillar protein dena-
turation also affect the meat color (Georgantelis et al., 2007).
The krill meat treated with phosphate and basic amino acids
after sterilization showed a significant reduction in the b*
value, indicating that phosphate and basic amino acids could
improve the color of krill meat.

TPA

The texture is an important indicator of meat quality, and the
changes in texture can characterize the tissue state, sensory
quality, and physical structure of meat products. Hardness is
the force with which a food sample reaches a certain defor-
mation, and chewiness is the energy required to chew food
to a state where it can be swallowed (Chen et al., 2020b).
As depicted in Fig. 1a, b, the krill meat soaked in different
solutions showed different degrees of decrease in hardness
and chewiness. The hardness and chewiness decreased after
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soaking in the STPP solution, which is because phosphate
might induce the dissociation of actin into myosin and actin,
thereby increasing the water-holding capacity of meat and
decreasing its hardness (Damasceno & Gongalves, 2019).
Soaking meat in basic amino acid solutions alters the confor-
mation and myosin charges and its interaction with the aro-
matic and acidic residues of myosin, thereby enhancing the
interaction between myosin and water (Zhang et al., 2020).
This phenomenon might increase the water-holding capacity
of krill meat, leading to a decrease in hardness and chewi-
ness. In contrast, the hardness and chewiness were signifi-
cantly reduced after cooking, especially in the samples sub-
jected to blanching, exhausting, and sterilization processes.
This could be attributed to the contraction of myofibrillar
proteins and water loss due to heat treatment, resulting in a
more compact muscle structure, which led to meat hardening
(Gao et al., 2016). As depicted in Fig. 1a, b, the hardness and
chewiness of canned Antarctic krill increased significantly in
the control group and decreased more significantly in those
treated with Arg and Lys.

Proton Dynamics Using LF-NMR

Water content and its status are closely related to the meat
texture. The proton spin—spin relaxation time (7,) can be
used to study the mobility and degrees of freedom of water
molecules. As depicted in Fig. 2, three peaks were observed
in the 7), relaxation curves. T,,;, with the shortest relaxa-
tion time from 0.1 to 10 ms, reflects the proton attached to
the biomolecule, i.e., the bound water; T,,, with a relaxa-
tion time between 10 and 200 ms, reflects the not readily
available mobile water captured in the myofibrillar network;
T,3, with a relaxation time of 200-1000 ms, reflects the free
water outside the myofibrils (Ezeanaka et al., 2019). As
depicted in Fig. 2b, c, d and e, when krill meat was soaked in
phosphate and basic amino acid solutions, T, representing
immobile water, shifted significantly to the right, indicating
an increase in the interaction between water and protein,
leading to an increase in proton mobility and proton freedom
(Lei et al., 2016). As depicted in Fig. 2a, b and d, the relaxa-
tion time of immobile water (7,,) gradually shifted towards
a lower relaxation time after soaking the krill meat in water,
STPP, and His during the blanching, exhausting, and steri-
lization processes, indicating a decrease in the mobility of
immobile water. The heat treatment process induced protein
denaturation and muscle contraction in krill meat, inhibiting
the freedom of water molecules and reducing water mobility
(Cheng et al., 2020).

Figure 2f, g, h, i and j depicts the percentage of the cor-
responding peak areas of bound water (A,;), immobile
water (A,,), and free water (A,3) in krill meat out of the
total peak area (A,), representing the relative water content.
The increase in the percentage of the area of immobile water



Food and Bioprocess Technology (2023) 16:1690-1702

1695

800

—@— Control
—a— STPP

T—e—1Lys
—— His
—9—Arg

Hardness(g)

»

=4

=
1

200

100

Soak

T T T
RAW Blanch Exhaust Sterilization

Fig.1 Effect on texture during different processing steps of canned
Antarctic krill. a Hardness and b chewiness of krill meat. Data are
presented as means +standard deviation (n=3). Different uppercase

(A,,) after soaking the krill meat in phosphate and basic
amino acid solutions indicated an increase in the water-
holding capacity of krill meat. Notably, the krill meat pre-
treated with the Lys and Arg solutions showed an increase
in the percentage of peak area of immobile water (A,,) after
the sterilization process, which could be probably due to the
increase in the solubility of krill proteins by Lys and Arg in
the presence of NaCl. Lys possesses a better solubility effect,
which can alter the protein structure of the meat. It could
expose more sulfhydryl and hydrophobic groups and effec-
tively increase the solubility of the altered protein structure
(Guo et al., 2015), resulting in an increase in the percentage
of peak area immobile water (A,,). When krill meat under-
went the exhausting and sterilization processes, the per-
centage of the peak area of immobile water (A,,) decreased,
while free water (A,5) increased significantly, indicating the
transformation of immobile water into free water.

MRI Analysis

MRI can provide information on water distribution and
the changes in the internal structure to be analyzed during
processing. Figure 3 depicts the pseudo-color images of
proton-weighted imaging and corresponding relative signal
intensities during the processing of canned Antarctic krill.
The signal intensity in different areas of the sample is pro-
portional to the hydrogen proton content; the brighter the
image, the stronger the hydrogen proton signals in this area,
indicating a higher water content of the krill meat (Lv et al.,
2021). The red and blue regions represent the hydrogen pro-
tons with high and low signals, respectively. As depicted
in Fig. 3a, the raw krill meat had a high density of hydro-
gen protons, with the area of the red region continuing to

600

—&— Control
—o—STPP A
500 1—@— Lys
—a— His B
s TATE ¢
C
c
*
$ 300 -
R
-3
WD
-]
O 200
100
"o | b
g (b)
0 T T T T T
Raw Soak Blanch Exhaust Sterilization

letters (A, B, C) indicate significant differences (p <0.05) between
different soaking solutions

increase after soaking, indicating a significant increase in the
intensity of the hydrogen proton signal. These results eluci-
date that phosphate and basic amino acids have a beneficial
effect on the water holding capacity of krill meat. However,
the red areas were significantly reduced after the blanching,
exhausting, and sterilization processes of krill meat, and the
hydrogen proton density reduced, indicating a significant
loss of water from krill meat during processing. This might
be due to the transfer of water from inside to the interstices
of the myofibrils with gradual dissipation from the surface
of the krill meat (Chumngoen et al., 2016). As depicted in
Fig. 3e, the signal intensity of krill meat pretreated with Lys
and Arg during sterilization was higher, indicating a signifi-
cant effect of Lys and Arg on holding water. The MRI signal
intensity map was consistent with the pseudo-color images,
visually showing the contribution of Lys and Arg towards
holding water in krill meat.

Simplified Model of Hydrodynamics
in the Processing of Canned Antarctic Krill Meat

As depicted in Fig. 4, a simplified model of water mobil-
ity and distribution kinetics was developed to interpret the
above LF-NMR and MRI results. This schematic diagram
could provide a better understanding of water dynamics and
distribution during the processing of canned Antarctic krill.
As for the Lys-pretreated canned Antarctic krill, the bound
water and free water content showed a decreasing trend after
the Lys soaking process, while the immobile water content
increased. This result indicated the successful transforma-
tion of free water into immobile water, and the Lys immer-
sion process increased the water-holding capacity of krill
meat. The free water content of krill meat decreased, and the
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Fig.2 Water distribution in
canned Antarctic krill at differ-
ent processing steps. T, relaxa-
tion time distribution curves

of canned Antarctic krill meat
pretreated with different soaking
solutions: a control, b STPP, ¢
Lys, d His, and e Arg groups.
The changes in the peak area

of water distribution of canned
Antarctic krill meat pretreated
with different soaking solutions:
f control, g STPP, h Lys, i His,
and j Arg groups. Data are
presented as means =+ standard
deviation (n=23). Different low-
ercase letters (a, b, ¢) indicate
significant differences (p <0.05)
between different processing
steps
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«Fig.3 a Proton density-weighted magnetic resonance of different
processing steps of canned Antarctic krill. Corresponding histograms
of the signal intensity of magnetic resonance images (MRI) of canned
Antarctic krill meat samples pretreated with different soaking solu-
tions during b soaking, ¢ blanching, d exhausting, and e sterilization
processes. Data are presented as means =+ standard deviation (n=3).
Different uppercase letters (A, B, C) indicate significant differences
(p<0.05) between the different soaking solutions

bound water content increased after the blanching process.
After the exhausting process of krill meat, the immobile
water content decreased, while the free water increased.
In sterilized krill meat, the free water content decreased,
while the immobile water content increased, indicating the
successful transformation of the water status of the canned
Antarctic krill during processing.

Microstructure Analysis

The water status and textural properties of meat products
highly depend on their microstructures (Guo et al., 2020).
The microstructures of different processing steps of canned
Antarctic krill pretreated with different basic amino acids are
depicted in Fig. 5. Compared to the raw samples, the micro-
structure of krill meat soaked in STPP and basic amino acids
showed a more homogeneous three-dimensional network
structure, predicting an increase in the water-holding capac-
ity and a decrease in hardness. After the blanching process,
some disruption in the network structure of krill meat was
observed with a broken bridge structure. After the exhaust-
ing and sterilization processes, the network structure of krill
meat appeared to be aggregated and disrupted and eventu-
ally led to a disordered structure, especially in the control
group, where the microstructure was severely affected. In
contrast, the Lys-treated group was better at maintaining the
micro-network structure, being more regular and compact,

Fig.4 Simplified model of
water mobility and distribu-
tion dynamics during different
processing steps of canned
Antarctic krill

Lys solution

krill

@ Intra-myofibrillar water
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reflecting a better water-holding capacity. This result sug-
gested that the processing of canned Antarctic krill changed
the microstructure, which might be closely related to the
changes in proton density and water distribution.

pH Value Analysis

As depicted in Fig. 6, the pH of the krill meat increased
after soaking in phosphate and basic amino acid solutions.
It is reported that an increase in the pH can improve meat
quality (Joseph et al., 1997). The pH value influences the
protein conformation. The isoelectric point of the protein
deviates, and the net negative charge of the protein mol-
ecules increases with the increase in the pH value. This
phenomenon could increase the electrostatic repulsion
among the molecules, introduce a large gap between actin
and myosin, and enhance the interaction between protein
and water, thereby reducing water loss during the cooking
process to decrease the hardness of meat (Lorenzetti et al.,
2015). This result was consistent with the hardness results
of the present study. The pH values were higher after Lys
and Arg pretreatment, while the pH of krill meat was sig-
nificantly lower after sterilization than after blanching. It
might be attributed to the fact that protein undergoes irre-
versible denaturation when heated under high-temperature
conditions, causing a decrease in the protein solubility with
hydrolysis (Tamilmani & Pandey, 2016). Furthermore, the
pH change at high temperatures might be closely related to
lipid oxidation (Domiszewski et al., 2020).

Lipid Oxidation
The sterilization process is often accompanied by lipid oxida-

tion, and the main indicator of lipid oxidation, TBARS, directly
reflects the number of secondary oxidation products produced

salt solution water exhaust solution
( =
),
Exhaust Sterilization

O Strongly bound water

0 Extra-myofibrillar water
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Soak

Blanch

Fig.5 Scanning electron microscopy (SEM) images of microstructure during different processing steps of canned Antarctic krill (magnification

of 2000x). Scale bar=10 um
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Fig.6 Effect on pH value during different processing steps of canned
Antarctic krill. Data are presented as means +standard deviation
(n=3). Different uppercase letters (A, B, C) indicate significant dif-
ferences (p <0.05) between the different soaking solutions
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Fig.7 Effect on TBARS value during different processing steps of
canned Antarctic krill. Data are presented as mean + standard devia-
tion (n=3). Different uppercase letters (A, B, C) indicate significant
differences (p <0.05) between the different soaking solutions
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Fig.8 a Appearance and b
sensory evaluation of canned
Antarctic krill pretreated with
different soaking solutions

(b) Color

—=— Control
—e—STPP

| Acceptability 4=

Apperance Taste
Table2 Sensory e‘Vﬂlu,ation Groups Color Flavor Taste Appearance Acceptability Overall score
of canned Antarctic krill after
sterilization with different Control 14.27+276® 13.18+2.36° 9.91+435° 1527+2.80° 10.73+3.10° 63.36+8.27"
pretreatments STPP  16.00+£2.57° 13.09+3.67° 13.64+2.38® 14.00£2.97° 14.18+2.56® 70.91+9.02°
Lys 13554347 15914170 14.64+3.59"* 13.91+£3.39" 1591+2.17* 73.91+9.59"
His 14.18+2.64° 13.00+3.16° 12.1842.96" 14.64+2.46° 13274224 67.27+6.62°
Arg 11.45+3.80° 13.09+2.81° 1555+1.29° 13.91+3.05° 14.18+2.68" 68.18+5.93®

Data are presented as means + standard deviation (n=3)

Different uppercase letters (a, b, ¢) indicate significant differences (p <0.05) between the different soaking

solutions

by lipid oxidation (Husein & Abdullah, 2021). Figure 7 depicts
the TBARS formed by different canning process steps. The krill
meat soaked in phosphate and basic amino acids had signifi-
cantly lower TBARS values than before soaking. Phosphates
and basic amino acids pose antioxidant properties and can
inhibit lipid oxidation (Kili¢ et al., 2014; Zhang et al., 2015).
Phosphates can chelate metal ions (e.g., Ca, Mg, and Fe) and
prevent and reduce oxidation during processing, whereas Lys,
Arg, and His inhibit lipid oxidation in meat products mainly by
chelating iron ions and removing hydroxyl radicals (Xu et al.,
2018; Zhang et al., 2015). In contrast, the TBARS value of
krill meat increased after blanching due to the acceleration of
lipid oxidation by heating and salting (Chen et al., 2020a). The
increased TBARS value of krill meat after the exhausting and
sterilization processes showed the accelerated oxidation of krill
meat by high temperatures. The control group had the most sig-
nificant increase in TBARS, while the STPP- and Lys-treated
groups exhibited lower TBARS values, indicating that Lys and
STPP could significantly prevent lipid oxidation.

Sensory Evaluation Analysis

The sensory qualities of the products after sterilizing with
different soaking solution pretreatments are shown in
Fig. 8a, b and Table 2. The control group showed the lowest
sensory score, while the canned Antarctic krill treated with
phosphate and basic amino acids significantly improved the

@ Springer

flavor, texture, and acceptability of the product. Based on
the overall acceptability, the product obtained after the Lys
treatment was of the best quality, providing a unique meaty
note of krill without the ammonia-like flavor with enhanced
taste and higher acceptability, making it moderately hard.

Conclusion

In this study, the effect of basic amino acid pretreatment on
the quality of canned Antarctic krill was comprehensively
studied. As the canning process proceeded, the water content,
the brightness (L*) value, and the pH of the krill meat in the
control group decreased while the hardness and TBARS val-
ues increased. Furthermore, the microstructure broke down
severely, and the morphology was incomplete, while the
sensory scores were the lowest. The quality of the canned
Antarctic krill pretreated with STPP and basic amino acids
in different processing steps was significantly improved. Com-
pared with the control group, the Lys-pretreated krill meat had
a larger peak area of immobile water, a higher pseudo-color
image brightness of krill meat, a 39.9% decrease in hardness,
a 19.8% decrease in chewiness, and a 47.2% decrease in oxida-
tion. It also showed a more complete microstructure of the net-
work, with a significant increase in the sensory scores in terms
of taste and flavor. It is well known that the basic amino acids
reduce the destruction of texture, color, and sensory quality
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during the canning process, significantly improving the phys-
icochemical properties, inhibiting the oxidation ability, and
enhancing the microstructure and sensory quality of the meat
products, thereby avoiding the deterioration of quality caused
by the canning process. Overall, these results showed that
basic amino acid pretreatment improved the quality of canned
Antarctic krill even better than the commonly used quality-
improving agent, such as STPP. Notably, the Lys pretreatment
improved the quality of canned Antarctic krill; however, the
mechanism involved in improving the quality of canned krill
meat still needs further exploration. The present study results
provide a basis for broadening the application of basic amino
acids in other canned or processed meat products.
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