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Abstract

Litopenaeus vannamei (Boone, 1931) was treated with
non-phosphate additives viz., chitosan, collagen
peptide and sodium chloride. Using single factor
and orthogonal tests, the optimal proportions of
chitosan, collagen peptide and sodium chloride
were found to be 0.6, 2.0 and 0.5%, respectively.
Besides, the effect of soaking time on the water
retention capability indicated best results for 80 min.
Under optimal conditions, the rate of increase in
soaking weight, thawing loss, cooking loss, product
yield, and the moisture content of the shrimp were
observed as 9.80+1.14%, 6.09+2.87%, 32.96+2.31%,
73.65+3.56% and 71.38+0.52%, respectively. The
water retention effect and texture of the samples
treated with non-phosphate additive, commercial
composite phosphate, and non-treated (control)
were determined. The results revealed that non-
phosphate additive could effectively improve the
water-holding capacity of aquatic products, reduce
the hardness, elasticity, adhesiveness and chewiness
of shrimp significantly, and maintain the natural
color and flavor.

Keywords: Litopenaeus vannamei, non-phosphate
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Introduction

During frozen storage, the water retention capacity
of aquatic products get reduced due to the different
degrees of physics, chemistry reactions and organi-
zational deterioration (Zhang et al., 2014), reflecting
in the loss of food fluids and flavor when thawing
and heating (Remya et al., 2015). In addition, the
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shrimp muscle tissues get damaged and fat oxida-
tion occurs when exposed to air. Maillard reaction
also occurs between the carboxides and free amino
acid released from the tissues, astaxanthin gets
degraded, and so on (Ginson et al., 2017). These
reactions are associated with paleness of seafood,
meat fibrosis, and loss of the original product
elasticity and freshness (Kaewmanee et al., 2009;
Murthy et al., 2016).

In this context, water retention agents play a major
role to maintain the taste, texture and flavor of
shrimp. At present, most of the water retention
agents used for aquatic products in market are of
phosphate origin (Wang et al., 2014). Although the
water-holding capacity of the aquatic products is
enhanced substantially after adding phosphate
additive, the product becomes bitter, which affects
the taste and character of the product. Moreover, in
order to obtain more profit, the market vendors
often add phosphates at exceeding levels to main-
tain the quality of products, which can cause
calcium and phosphorus imbalance in human body
(Wachirasiri et al., 2016; Glorieux et al., 2017).

Chitosan is a product obtained by the deacetylation
of chitin mainly from the shell of crustaceans in the
food industry (Chen et al., 2008). As a natural, non-
toxic, highly effective food preservative with film-
forming, moisturizing and other excellent proper-
ties, chitosan can often form a layer of thin film on
the surface of aquatic products thus effectively
preventing moisture evaporation from it (Liu et al.,
2015, Wang et al, 2015; Renuka et al, 2016).
Collagen peptide, a small molecular weight peptide
from the hydrolyzed collagen derived from animal
protein (Hema et al., 2017b) is edible and often used
as a filler, gel and food coating in food industry,
which can prevent effectively food browning,
oxidation, dampness, stiffness etc. (Hema et al,
2017a). Moreover, on account of the hydrophilic
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groups viz.,, hydroxyl and carboxyl group they
possess enhanced water retention property (Sato,
2017; Hema et al., 2017c). Sodium chloride is often
used as a preservative to retain freshness and inhibit
the growth of corruption with a dehydration and
high permeability. Beyond that, sodium chloride can
also improve the water retention of aquatic products
significantly by interacting with muscle protein to
form a powerful 3D mesh structure to maintain
moisture (Zhou et al., 2014; Asli et al., 2016).

In the present study, an attempt was made to
prepare a non-phosphate additive using chitosan,
collagen peptides and sodium chloride, conforming
to the requirements of food safety. It was further
compared for its effect of retaining water against
commercially used water-retaining agents of phos-
phate origin. The traditional water retention indices
such as soaking weight, thawing loss and cooking
loss, can only reflect the water-holding capacity of
the samples. In the present study in addition to this,
characterize when the specific state of the water and
the process of change in the samples were evaluated.
Low- Field Nuclear Magnetic Resonance technique
(NMR), a new spectral detection technique was
applied to rapidly detect the H proton signal inside
the shrimp without damaging it (Liu et al., 2015;
Kirtil & Oztop, 2016). Proton density reflects the
measurement value of proton content which has a
positive correlation with water content. It also
explores the relationship between the moisture
distribution and the water-holding capacity by
transversing relaxation time which reflects the
degrees of freedom in the sample (Behroozmand et
al., 2015).

Materials and Methods

Fresh Litopenaeus vannamei and sodium chloride
(food grade) were purchased from local market.
Foodgrade tilapia collagen peptide chitosan (food
grade, degree of deacetylatione =90%) and com-
pound phosphate were collected from local indus-
try. The other reagents used for the study were of
analytical grade (Sinopharm Chemical Reagent Co.
Ltd).

Uniform sized live shrimp were shipped to the
laboratory and iced for sudden death. Samples were
cleaned further to headless, peeled and deveined
form and stored at 4°C. They were treated with
additive solution in 1:5 ratio (shrimp: additive
solution (w/w)) solution at 0 ~ 4°C for 10 ~ 120 min,
and stirred slowly every 15 min.

Formulation of non-phosphate additive: Optimiza-
tion. Concentration of chitosan, collagen peptide,
and sodium chloride were considered as three
different test factors on the basis of preliminary
experiments to explore the effect on quality of
Litopenaeus vannamei. The mass fraction gradient of
each of the factor were: chitosan: 0, 0.3, 0.6, 0.9, and
1.2%, collagen peptide: 0, 0.5, 1.0, 1.5, 2.0, and 2.5%,
sodium chloride 0, 0.1, 0.3, 0.5, and 0.7%, respec-
tively. The water retention capacity indices viz.,
soaking weight, thawing loss, cooking loss, product
yield, and moisture content were considered to
determine the optimal quality score of each compo-
nent. Meanwhile, a blank control group was also
taken for comparison, and each index was measured
six times in parallel.

Three levels were set for each factor to conduct the
orthogonal test of L, (3*) according to the results of
single factor test, and the factors and levels are
shown in Table 1. To determine the optimum
formula of the composite non-phosphate additive,
indices viz., soaking weight, thawing loss, cooking
loss were considered with six replicators.

Table 1. The Factors and levels of orthogonal method-

ology
Levels Factors concentration
Chitosan Collagen Sodium
(%) peptide (%) chloride (%)
0.60 1.50 0.30
2 0.90 2.00 0.50
1.20 2.50 0.70

The optimum formula of the composite non-
phosphate additive was obtained based on the
results of single factor and orthogonal test. After
verification, the shrimp were soaked in solution at
0 ~ 4°C for 20, 40, 60, 80, and 100 min, respectively
and were stored at -20°C for 10 days. Water
retention capacity indices were measured (n=6) to
determine the optimal soaking time.

About 60 no. of shrimps were divided randomly
into three groups, and each group was soaked under
optimal soaking time in the following three solu-
tions.

Group I: In distilled water: Control group
Group II: In non-phosphate additive: Treatment
group,
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Group III: In composite phosphate group (31 g/
L): Positive control group.

The water retention indices and textural properties
of the three sample groups were measured. The
density of the proton was calculated by NMR
technology to explore the distribution and state of
water in the samples.

Soaking weight was determined according to the
methodology of Gao (2007) with some modifica-
tions. Fresh shrimp samples (m;) were weighed
accurately and soaked in the solution in ratios of
shrimp: non-phosphate additive as (1:5) for 60 min
at 4°C. The mixtures were stirred gently every 15
min. After treatment, the samples were drained by
placing on a stainless steel rack for 15 min (4°C). The
samples (m;) were re-weighed accurately after
wiping the surface gently with the filter paper to
remove excess soaking liquid. Soaking weight was
then calculated and expressed as percentage in-
crease in weight:

m; — m,
X, (%) = —— % x 100

My

The treated shrimps were packed in the storage
bags, sealed and kept flat on trays. The samples
were quick frozen at -80°C until the core reached
-18°C and then frozen at -20°C for 10 days.
Thereafter, the frozen samples were thawed for 5 h
at 4°C, drained 30 min until the shrimps completely
thawed, and excess liquid was wiped with a filter
paper gently. Thawing loss was calculated as
follows:

o m, — m,
X, (%) = — X 100
With m_ and m, being the initial weight before
soaking and weight after freeze thawing, respec-
tively.

The thawed shrimp (m,) was kept in cooking bag
and sealed with sealing machine. It was further
cooked at 100°C for 3 ~ 5 min until the sample
turned red and hardened. Further it was cooled to
room temperature. The samples (m,) were weighed
accurately after removing the cooked fluid and the
excess liquid from the surface. Cooking loss rate was
then calculated as follows:

m2 l'Il3

X, (%) = x 100

142

Product yield is the most important parameter used
to measure the water retention capacity of additive
and it determines the water loss rate of samples in
the whole process (Feng-Ying et al., 2013). The
higher the product yield lower is the processing loss
of shrimp. Product yield rate was calculated as
follows:

x 100

o m,
X, (%) = -

Where m, and m, is the initial weight before soaking
and weight after being removed the cooked fluid,
respectively.

Moisture content was investigated using a fast
moisture meter (model) with the programmed
procedure. Steamed shrimps (0.5 g) were minced to
determined moisture content (n=3).

Cooked shrimp was cooled to room temperature
and the second node of the shrimp body back was
kept as the test points to analysis texture character-
istics by American TA-XT plus texture instrument
(Avila et al, 2014). Textural parameters viz.,
hardness, elasticity, adhesiveness and chewiness
were analyzed. Cylindrical probe of 5 mm O, at a
unit speed of 0.8 mm s were considered for the
study. The shape variable was set 50% and the time
interval was 5 s for each operation was repeated six
times.

The moisture distribution and the water-hold
capacity of the shrimp were measured using NMR
according to the method of Qiu et al. (2017) with
some modifications.

Data were subjected to analysis of variance and
mean comparison was carried out using Duncan’s
multiple range test (Johnson & Bhattacharyya, 2006),
with a significance at 5% level (p<0.05) using SPSS
statistical software package.

Results and Discussion

The effects of chitosan concentration on the water
retention of shrimp are presented in Fig.l. As
presented in Fig. 1a, the weight of shrimp decreased
with increase in chitosan concentration at 0 ~ 0.9%,
but was higher than the control lot (8.54 + 1.09%).
When the chitosan concentration was 1.2%, the
soaking weight increase dropped to 5.71+0.50%,
mainly due to the chitosan solution formed film on
the surface of the shrimps. Moreover, the viscosity
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Fig. 1b. Effect of chitosan concentration on water retention
of shrimp (a: soaking weight increasing, thawing
loss, cooking loss, b: product yield, moisture
content)

of the solution increased with increases in concen-
tration, which can prevent the water molecules
entering (Rinaudo, 2007). The thawing loss of
shrimp was negative, indicating that weight gain
after soaking was not lost during the 10 days of
frozen storage and thawing process. When the
concentration of chitosan was 0.9%, the thawing loss
rate decreased to -4.400552 + 0.48%, which was
significantly lower than the control (p<0.05). When
the concentration of chitosan was 0 ~ 0.9%, both the
thawing loss and cooking loss of the samples
decreased with increase in chitosan. The cooking
loss rate increased to 30.22 * 4.20% when the
concentration of chitosan was 1.2%. When the

concentration of chitosan was higher, the shrimp
surface showed a filming inhomogeneity.

Product yield rate is the most important parameter
index to measure the water retention effect. Fig. 1b
revealed that the product yield rate increased with
the increase of chitosan concentration, and all were
higher than 65% after treatment. The product yield
rate reached a plateau (74.94+4.20%) when the
concentration was 0.9%, which was significantly
higher than that of the blank control group
(63.65+4.74%) (P < 0.01), and meanwhile the
moisture content was 71.52+ 0.28%. In summary,
0.9% was chosen as the optimal concentration of
chitosan for further exploration.
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Fig. 2a and b. Effect of collagen peptide concentration
on water retention of shrimp (a: soaking
weight increasing rate, thawing loss rate,
cooking loss rate, b: product yield rate,
moisture content)
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Fig. 2 (a) showed that rate of increase in soaking
weight was proportional to the collagen peptide
reaching a plateau when the concentration of
collagen peptide was 1%, which was higher than
that of the blank control group (8.09 + 1.20%). The
thawing loss rate and cooking loss rate of all
treatment groups were lower than the blank control
group. It is known that the water molecules can
penetrate into the shrimp tissues quickly when
shrimps are treated by distilled water and the
muscle cells swell to form ice crystals during frozen
storage. However, when the shrimp thaws ice
crystals stored inside the cell melt, resulting in the
damage and rupture of tissue cells, the flowing out
of water and the loss of internal nutrients such as
salts, vitamins, water-soluble proteins (Gao, 2007).
After treatment with soaking solution, on account
of higher viscosity of the solution was higher due
to the presence of chitosan, which reduced the
penetration rate of collagen peptide molecules were
observed. Therefore, the weight increased as col-
lagen peptide concentration increased. Besides, the
collagen peptide can combine with the muscle
protein to enhance the water retention of muscles
when infiltrating into the muscle gap with low
molecular weight and a large number of active
groups such as carboxyl and hydroxyl group (Sato,
2017). The cooking loss rate was reduced to a
minimum of 33.01+1.92% (p<0.05) when collagen
peptide was 2%, meanwhile the thawing loss rate
was -2.71+1.38%, product yield rate was 69.555+3.02%
(p<0.05) (Fig. 2b), which meant that the water
retention capacity of the additive was better than the
control group. In conclusion, the concentration of
collagen peptide 2% was suitable for further
exploration.

Salt (sodium chloride) is widely used in the
preservation of various meat products. In the
present study rate of increase in soaking weight of
shrimps added with sodium chloride were lower
than that of control group (Fig. 3a). However, the
volume of water molecules increased gradually
during the frozen storage, which damaged the tissue
cells due to rupturing. A large amount of nutrients
was thus lost (Wang et al., 2016), as shown by the
data of thawing loss rate (Fig. 3a).

In the selected range of salt concentration, the
thawing loss rate of the treatment group decreased
with increase in sodium chloride concentration. The
thawing loss was up to 0.83+1.30% and cooking
loss rate was 40.34+2.32% of the control samples

144
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Fig. 3a and b. Effect of sodium chloride concentration on
water retention of shrimp (a: soaking weight
increasing rate, thawing loss rate, cooking loss
rate, b: product yield rate, moisture content)

(Fig. 3a). The thawing loss rate (-0.04 + 1.26%) was
higher than control group when concentration of
sodium chloride reached 0.7%. The extra cellular
concentration increased with increase is concentra-
tion of sodium chloride. When the extracellular
osmotic pressure is greater than that of the interior,
the cells would dehydrate and lose fluids seriously
(Cardoso et al., 2010). The results were similar to the
study of Zhou (2011).

The moisture content can directly affect the taste
and tenderness of the shrimps. The product yield
increased initially and then declined with increasing
sodium chloride concentration, and reached a
plateau (75.26+2.36%) (p<0.01) at 0.5% (Fig. 3b). The
moisture content of the blank group was only
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66.97+0.44%, and its texture was coarse, dry and had
poor taste. The moisture content of the shrimp was
71~72% after treatment, which was similar to the
moisture content of fresh shrimp (72.66%). The
results suggest including a non-phosphate additive
to have good water retention effect, and improved
moisture content of the shrimp.

In conclusion, the concentration of sodium chloride
added at 0.5% was suitable for further optimization.

Chitosan concentration (A), collagen peptide (B),
sodium chloride concentration (C) was taken as the
factors and rate of increase in soaking weight, rate
of thawing loss, and cooking loss were considered
as the indexes to carry on L, (3*) orthogonal test.
The distribution of non-phosphate additive
was studied on the basis of single factor test results.
The orthogonal test results are shown in Table 2.

Table 2. Results of orthogonal array methodology

Influence of the factors on dependent parameters
viz., soaking weight increasing rate, thawing loss
rate, and cooking loss rate were concluded based on
range R: A (chitosan concentration)> B (collagen
peptide)> C (sodium chloride concentration). The
optimal combination for increased soaking weight
rate was A;B,C, according to K (chitosan 0.6%,
collagen peptide 2.5%, and sodium chloride of
0.5%). Similarly, the optimal combination for thaw-
ing loss was A ;B,C, (chitosan of 0.6%, collagen
peptide of 2.0%, and sodium chloride of 0.5%, and
the optimal range for cooking loss was A,B,C,
(chitosan of 0.6%, collagen peptide of 2.0%) and
sodium chloride of 0.7%.

The results of the orthogonal test (Table 3) were
analyzed by SPSS statistical software and it was
found that factor A had a significant effect on the

Factor Evaluation Index

Test A B C D Soaking weight Thawing Cooking
Blank increasing rate loss rate loss rate
(%) (%) (%)

1 1 1 1 1 7.46 -3.40 31.76
2 1 2 2 2 7.05 -3.98 32.10
3 1 3 3 3 6.93 -3.20 34.39
4 2 1 2 3 6.42 -2.44 34.94
5 2 2 3 1 4.52 -2.68 35.76
6 2 3 1 2 4.37 -2.63 36.92
7 3 1 3 2 3.06 -2.29 36.42
8 3 2 1 3 2.37 -2.86 35.25
9 3 3 2 1 3.69 -2.52 36.38
K1 717 5.64 4.73 522
K2 5.10 4.65 5.72 4.83 Soaking weight increasing rate
K3 3.04 4.99 4.83 5.24 Intuitive analysis
R 4.11 0.99 0.99 0.41
K1 -3.53 2.71 -2.96 -2.87
K2 -2.58 -3.17 -2.98 -2.97 Thawing loss rate
K3 -2.56 -2.79 -2.72 -2.84 Intuitive analysis
R 0.97 0.46 0.26 0.13
K1 32.75 34.38 34.64 34.64
K2 35.87 34.37 34.47 35.15 Cooking loss rate
K3 36.02 35.90 35.53 34.86 Intuitive analysis
R 3.27 1.53 1.05 0.51
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Table 3. Results of analysis of variance and significance test
Index Sources of Deviation sum Degrees of Ratio Critical significance
variance of squares freedom F value F
Soaking weight A 25.32 2 77.669 19 *
increasing rate B 1.535 2 4.709 19
C 1.772 2 5.436 19
error 0.33 2
Total
variation 28.957 8
Thawing A 1.837 2 63.345 19 *
loss rate B 0.369 2 12.724 19
C 0.128 2 4414 19
error 0.03 2
Total
variation 2.364 8
Cooking A 20.411 2 51.413 19 *
loss rate B 4.659 2 11.736 19
C 1.916 2 4.826 19
error 0.4 2
Total
variation 27.386 8

Note: * a = 0.05, and F 0.05 (2, 2) =19.00 by checking the distribution table.

parameters evaluated (P <0.05), while the effect of
B and C on three indices were not significant. Some
studies showed that chitosan could protect the
muscle proteins, prevent the formation of ice
crystals effectively during the freezing process, and
prevent the cell and tissue structure from damage
and fluid loss (Wang et al., 2015; Chouljenko et al.,
2016) during thawing after being treated by the
composite aquasorb. In addition, the chitosan might
also form a membrane on the surface of the shrimp
body to reduce the evaporation of water ( Fernandez-
Martin et al., 2014).

Hence the factors influencing the water retention
capacity followed the order A> B>C, and the optimal
combination was determined as A,B,C, and the
optimal formula of non-phosphate additive was:
chitosan at 0.6%, collagen peptide of 2.0%, and
sodium chloride of 0.5%. Under optimal conditions,
the rate of increase in soaking weight, thawing loss
and the cooking loss of shrimps were 6.89 + 1.36 %,
4.01 + 1.98 % and 33.12 + 2.13 %, respectively.

The shrimps were soaked in the optimized solution
(chitosan of 0.6%, collagen peptide of 2.0%, and
sodium chloride of 0.5%) for 20 ~ 100 min to explore
the best soaking time.

Rate of increase in soaking weight was linear early
related to the soaking time at 20 ~ 80 min, and was
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about 10% at 80 min and 100 min (Fig. 4). As the
soaking time extended, the composite aquasorb
could penetrate into the muscles of the shrimps fully
and reached equilibrium. The thawing loss rate
gradually decreased during soaking, and was
minimum of 4.15£0.99% when the soaking time was
80 min. At this time, cooking loss was a minimum
of 34.63+3.67%, and product yield rate was
68.31+4.83%. The water retention indices barely
indicated changes on further extending the soaking
time. Therefore, 80 min was chosen as the most
suitable soaking time for further studies.
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Fig. 4. Effect of soaking time on water retention of shrimp
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The effect of the water quality of shrimp with the
optimized non-phosphate additive, commercial com-
posite phosphate (31 g L), and distilled water as
blank control group were investigated, with 80 min
as soaking time (Fig. 5)

100 Y Blank control

‘on-phosphate additive %

Commercial composite phosphate

80 |

Water retaining capacity (%)

1 i 1 2 2
Thawing Cooking Yield Moisture content

1 i
Soaking

Different treatment

Fig. 5. Effects of different treatments on water retention
capacity of shrimp

Studies by Gao, (2007) have indicated that com-
pound phosphate (Sodium Pyrophosphate at 0.2%,
Sodium Tripolyphosphate at 0.2% and Sodium
Hexametaphosphate at 0.1%) can effectively im-
prove the water retention of aquatic products and
maintain high product yield rate in food industry.
In this study, for the shrimps treated with non-
phosphate additive, the soaking weight increasing
rate was 9.80+1.14%, which is lower than the blank
control group (11.77+0.91%) and commercial com-
posite phosphate group (13.07+1.38%), thawing loss
rate was 6.09+2.87%, cooking loss rate was
32.96+2.31%, and product yield rate was 73.65+3.56%
(p<0.01), respectively. Though product yield rate of
the shrimps treated with commercial composite
phosphate was 90.83+3.61%, there was no remark-
able difference between the moisture content of non-
phosphate additive group and commercial compos-
ite phosphate group, which suggested non-phos-
phate additive has good water retention.
Thorarinsdottir et al. (2010) indicated that the water
retention mechanism of the complex phosphate is to
destroy the myofibrillar structure, make myosin
detach from the fibrous network, and form as gel
to hold moisture when heating.

The texture analyzer is usually used to quantify the
quality of shrimp to avoid the influence of human
factors on the evaluation results, and the interpre-

tations are more reliable and objective (Avila et al.,
2014; Hackl & Ermolina, 2016). Hardness, elasticity,
adhesiveness, chewiness as the important indices
were used to evaluate the tenderness, adhesion and
texture of meat.

The sensory evaluation of the treated shrimps
indicated that the shrimps treated with non-
phosphate additive presented a rich, fresh and
natural flavor and natural color, while the shrimps
expanded, hardened and got pale on treating with
compound phosphate and exhibited transparent
appearance after cooking. Hence the non-phosphate
additive was better option and promised to serve as
a substitution for compound phosphate aquasorb.

The texture characteristics of shrimp (hardness,
elasticity, adhesiveness, chewiness) as influenced by
treatment with compound phosphate and non-
phosphate additive was evaluated (Fig. 6). The
hardness of the shrimp was lower than that of the
blank control group after the treatment of two
additives. It meant that the muscle was tender and
juicy. The hardness of samples added with the non-
phosphate additive was 1133.61+189.99 g, which
was lower than that of the blank control group by
10% (Fig. 6a).

The elasticity of shrimp decreased after adding
additive, indicating force between muscle protein
increased and the quality of shrimp muscle were
improved (Fig. 6b). The elasticity of the shrimp
treated by commercial composite phosphate was
0.75+0.19. Compared with the blank control group
and non-phosphate additive group, commercial
composite phosphate group decreased by 29.9% and
25.23%, respectively.

The adhesiveness of shrimp ie., the force between
the moisture and muscle protein improved signifi-
cantly (p<0.05) after adding additives (Fig. 6c). There
was no significant difference between the adhesive-
ness of non-phosphate additive group (0.29+0.07)
and commercial composite phosphate group
(0.29+0.02).

As can be seen from Fig. 6 (d), the chewiness of the
additive treated shrimp reduced significantly
(p<0.05). Compared to the chewiness of blank
control group which was 624.67+124.15 g, the non-
phosphate additive group had a chewiness of only
308.89+81.67 g (decrease by 50.55%) and it was
higher than that of compound phosphate treated
group (236.42+40.46 g).
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Changes in the texture characteristics of shrimp is
mainly associated to the muscle proteins (Hackl &
Ermolina, 2016). As aquasorb can lock more
moisture, it can keep the shrimp tender and slow
down the muscle protein degradation during
storage. As a result, it will enhance the muscle force
between protein molecules and prevent fluid loss by
adding additive (Feng-Wu et al., 2011).

The distribution, content and migration process of
water in shrimp were determined by NMR (Fig. 7).

As shown in Fig. 7. in T,; (1~10 ms), the part of
water called bound water was tightly bound to the
polymer polar group in the samples, and the fluidity
was poor; in T,, (10-150 ms), it was considered to
be semi-binding water that bound indirectly with
macromolecules or directly with strongly bound
water, which was related to juiciness and meaty
taste; in T,, (150-1000 ms), it was considered to be
mobile water, or free water, which was related to
dripping water.

There was a small peak at T,, in non-phosphate
additive group. The T, (25.14 ms) of samples
treated by two kinds of additives was earlier than
that of the blank control group, meaning that the
higher relaxation time component migrated to the

rather lower relaxation time component and the
semi-binding water was converted into bound
water, which is tightly bound to muscle (Carneiro
et al., 2013) (Fig. 7). In addition, the free water
mobility of the blank control group was higher (T,,)
and the shrimps of blank control group could not
hold the water and swelled rapidly again during the
thawing and cooking process. The moisture content
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Fig. 7. Determination of water retention of shrimp by
Low-Field Nuclear Magnetic Resonance
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of three groups could be calculated according to the
peak area and unit proton density respectively: M,
= 13097.64 for blank control group, M, = 13385.83
for non-phosphate additive, M, = 13534.33 for
commercial composite phosphate group. As a result,
groups treated by additives had higher semi-
binding water content and had a good water retention
effects.

The optimum proportion of non-phosphate addi-
tive: chitosan of 0.6%, collagen peptide of 2.0%, and
sodium chloride of 0.5% were derived by single
factor and orthogonal test. The optimum soaking
time observed was 80 min with maximum water
retention capacity. The results showed that non-
phosphate additive can serve as a substitute for
phosphate aquasorb to improve the water-holding
capacity of aquatic products, as well as enhanced
sensory as well as textural properties.
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