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ABSTRACT

Background and Obijectives: Shrimps (Litopenaeus vannamei) include high market prices and nutritional values;
therefore, they are important aquatic resources worldwide. However, the shelf life of shrimps is limited due to
microbiological deterioration during their storage. In recent years, several methods have been used to improve the
quality of shrimps during cold storage. One of the most important methods includes use of edible coatings. Therefore, the
objective of this study was to assess effects of active edible coatings from quince seed mucilage and green tea extract (as
an antimicrobial antioxidant compounds) on physicochemical and quality properties of shrimps during cold storage.

Materials and Methods: This study assessed effects of quince seed mucilage (QSM) coating combined with green tea
extract (GTE) on color, pH, total volatile basic nitrogen (TVB-N), texture and microbial quality of the Pacific white
shrimps (Litopenaeus vannamei) within 10 days of cold storage.

Results: Results showed that pH and TVB-N values significantly increased (p<0.05) in shrimps treated with QSM
coating combined with GTE. Hardness and springiness of the shrimps were improved by increasing the concentration of
GTE, compared to controls. Total aerobic plate counts of the shrimps treated by QSM coating combined with GTE were
lower than those of controls. The total color difference (AE) of the controls was lowest than that of other treatments at the
end of the storage time. The a* value of the shrimps decreased from -0.87+0.21 to -5.05+1.08 (showing the attitude to
greenness) and the b* values increased from 1.44+0.84 to 16.47+1.61 (showing the attitude to yellowness).

Conclusions: These results have suggested that the QSM and GTE coating can decrease spoilage and decomposition that
cause quality loss of shrimps.
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Introduction

Shrimps (Litopenaeus vannamei) are expensive in
markets and include high nutritional values,
therefore, they are included in the most important
aquatic nutritional resources in world (1, 2).
However, storage time of shrimps is limited due to
microbiological deterioration. Thus, shrimps are
mostly difficult to store within the seafoods (3).
Currently, several shrimp preservation technologies
are used, including low-temperature preservation,
modified atmosphere packaging, chemical
preservation and biological preservation. Of these
preservation methods, the most widely used method is
the ow-temperature preservation. In low-temperature

storage, fresh shrimps are stored at 0-4 °C.
Unpleasant odor development in shrimps is one of
the most important problems that occur when
shrimps are stored at low temperatures. This occurs
because temperature is not low enough; hence,
high temperatures cause spoilage of the shrimps
more quickly, resulting in unpleasant odors (4-6).
In recent years, several methods have been used to
improve the quality of shrimps during cold storage.
Use of edible coating is one of the most important
technologies that are suggested (7-10). In this study, a
novel hydrocolloid was investigated for this mean,
including quinc e seed mucilage (QSM) and a mixed
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solution of QSM and green tea extract (GTE) as novel
edible coatings. A complex of a cellulosic fraction
with a further readily hydrolyzed polysaccharide such
as arabinose and xylose were contents of the QSM
(11, 12). These polysaccharides included unique
colloidal properties, low production costs and easy
extraction rates are appropriate for edible coatings
and films (13). Green tea (Camellia sinensis) is an
excellent source of polyphenolic compounds such as
catechins, theaflavins and thearubigins with strong
antioxidant and antimicrobial properties (14, 15).
Therefore, the purpose of this study was to assess
effects of active edible coatings from QSM and GTE
(as an antimicrobial antioxidant compound) on
physicochemical and quality properties of the shrimps
during cold storage.

Materials and Methods

Fresh, non-treated Pacific white shrimps (L.
vannamei) were purchased from the local shrimp
market in Ahvaz, Iran. The average weight of shrimps
was 20-22 g. The quince seeds and green teas were
purchased from a local grocery in Ahvaz, Iran. All
chemicals were purchased from Merck (Darmstadt,
Germany) with analytical grades.

Preparation of the coating solutions

Quince seeds were crushed based on a method by
Jouki et al. (2014). After sieving the quince seeds
(~10 g), they were washed with three folds of ethanol
(96% wi/v) for 5 min with constant agitating. After
ethanol separation, seeds were dried at 45 °C.
Distilled water (D.W., water to seed ratio of 30:1) was
used to separate aqueous mucilage from the whole
seeds. This was then filtered using cheese cloth (13).
Method of Sabaghi et al. (2015) was used to extract
the green teas. Briefly, blender (Moulinex 320, Spain)
was used to ground the green tea leaves. This was
then sieved through a mesh (0.23-mm sieve size). The
GTE solutions were prepared By blending green tea
powder with D.W. (1:5 w/w) and heating for 15 min
at 80 °C using water bath (Heraeus, Germany) to
maximize the extraction of phenolic compounds.
Whatman No. 1 (11 mm) filter papers were used to
filter the GTE solutions. Various concentrations of
GTE (0-20%) were mixed to achieve five coating
solutions of QG 0-4 (15). An uncoated sample was
used as control.
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Shrimp coating

Shrimps were uniformly soaked in coating
solutions for 40 s. Furthermore, shrimps were dipped
in D.W. as control samples. Samples were dried at
25°C after coating process. All treatments were
packaged individually in sterile polyethylene bags and
stored at 4 °C for 10 d.

Table 1. Formulations of the shrimp treatments GTE,
green tea extract

Treatment

Uncoated (Control)

Coating with QSM with no GTE (QG-0)
Coating with QSM and 5% of GTE (QG-1)
Coating with QSM and 10% of GTE (QG-2)
Coating with QSM and 15% of GTE (QG-3)
Coating with QSM and 20% of GTE (QG-4)

QSM, quince seed mucilage; GTE, green tea extract

The pH values
The pH values were assessed using digital pH
meter (913 pH Meter, Metrohm, Switzerland).

Color analysis

Shrimp color was analyzed using colorimeter
(Konica Minolta, CR400, Japan) and CIE Lab Scale
(L*, a* and b*). To analyze total color differences
between the three coordinates, the following formula
was used (16):

AE = [AL** + Aa*? + Ab*?]M2

Total volatile basic nitrogen (TVB-N) analysis

The TVB-N was assessed as described previously
(Sun et al., 2014). Kjeldahl equipment with steam
distillation of trichloroacetic acid was used to assess
TVB-N. The TVB-N contents were represented as mg
N (100 g)* shrimp meat (7).

Texture analysis

Shrimps texture was analyzed for hardness and
springiness using texture analyzer (TA. XT2i, Stable
Micro System, Goldalming, UK) with a 12.7-mm
cylindrical probe at a speed of 0.5 mm s™ (1).

Microbiological analysis

Method of Yuan et al. (2016) was used for the total
aerobic plate count (TAC). After 1 min
homogenization of the shrimps (25 g) at 8000 rpm
using sterile saline (225 ml, 85%), the homogenizes
were logarithmically diluted using sterile saline
(85%). To calculate the TAC, samples were incubated
at 36 °C for 48 h after spread plating on nutrient agar.
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Microbial colonies were enumerated and presented as
log CFU g of fresh weight (8).

Statistical analysis

All experiments were carried out in triplicates and
the average values were reported. Data analysis was
carried out using SPSS Software v.19 (SPSS Inc.,
Chicago, IL, USA). One-way analysis of variance was
used to investigate differences between the mean
values of the samples. Tukey's multiple comparison
test results were considered significant at 95% (p <
0.05).

Results

The pH values

Figure 1 shows changes in pH of the shrimps
during storage at 4° C. Initial pH of the shrimps was
6.97 +0.2, which was similar to other reports (4). As
shown in Figure 1, pH of the shrimps in all samples
increased during storage at 4 °C. The increased rate of
pH varied with various treatments. Increased pH
values of the shrimps with the QSM and the QSM and
GTE coatings were lower than those of control
shrimps, similar to other reports (8). In this study,
increased pH values in shrimps were significantly
prevented by increased GTE concentrations. During
storage, QS-G20 showed the lowest pH, compared to
control (p < 0.05). These results showed that the QSM

9.5

Day

and GTE coating could decrease spoilage and
decomposition that caused quality loss of the shrimps.

Total volatile basic nitrogen (TVB-N) analysis

In general, TVB-N represents the quantity of
ammonia and primary, secondary and tertiary amines.
The TVB-N is the most important and common
quality indicator of seafoods, which is widely used as
an index of declines in muscle tissues caused by the
activity of endogenous spoilage bacteria (17, 18).
Figure 2 demonstrates changes in TVB-N of the
shrimps treated by the QSM and the QSM and GTE
coatings, compared to the control. Generally, the
TVB-N of shrimps in all samples significantly
increased during ten days of cold storage (p < 0.05).
Thus, increased concentration of GTE decreased
TVB-N. In the current study, the initial TVB-N in
shrimps included 10.52 mg (100 g)™*. On Day 10 of
cold storage, TVB-N included 57.54 mg (100 g)™ and
exceeded the spoilage value limit of shrimps.
According to sanitary standards, TVB-N of fresh
shrimps must be less than 300 mg kg™ (4). The TVB-
N of QS-G20 included 42.91 mg (100 g)* at Day 10
of cold storage. Moreover, increases in TVB-N of the
shrimps treated by the QSM coating were higher than
increases in TVB-N of those treated by the QSM and
GTE coating. These results have suggested that the
QSM coating includes synergism in delaying TVB-N
while used in combination with GTE.

- -& - Control
--W--QS-GO
....... QS-G5
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Figure 1. Combined effects of the QSM and GTE coating on pH of Pacific white shrimps during cold storage
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Figure 2. Combined effects of the QSM and GTE coating on TVB-N of Pacific white shrimps during cold storage

3.3. Texture analysis

The variation in texture features is one of the
important quality attributes in seafood acceptability
affected by several factors such as changes in pH
values and deteriorations of proteins (19). Thus, the
texture analysis is an important method to assess the
effects of preservation methods on quality of shrimps.
In general, hardness of the shrimps decreased in all
treatments during cold storage, while increased
concentration of GTE improved hardness of the
shrimps, compared to the control (Figure 3a).
Springiness of the shrimps in treatments is shown in
Figure 3b. Springiness of the shrimps in all treatments
decreased during cold storage. In contrast, springiness
of the shrimps was improved by increasing
concentration of the GTE during cold storage,
compared to the control. The highest springiness
value (p < 0.05) was seen in the treatment of QS-G20
on Day 10 of cold storage.

3.4. Image analysis

Effects of GTE concentration on color values of the
shrimps during cold storage are shown in Table 2.
Addition of GTE (from 0 to 20%) to QSM coating
solution significantly affected the a* and b* values of
the shrimps (p < 0.05). The a* value of the shrimps
decreased from -0.87 £0.21 to -5.05 +£1.08 (index of
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the attitude towards greenness) and the b* value
increased from 1.44 +0.84 to 16.47 +1.61 (index to
the attitude toward yellowness). Similar results have
been reported by Siripatrawan and Harte (2010), who
studied the incorporation of GTE into chitosan films
(14). Higher AE results showed more relative changes
in shrimp color, compared to the initial shrimp color.
After 10 days of cold storage, AE included 1.9 for the
control and 15.56 for the treatment of QS-G20 on Day
10 of cold storage. Moreover, AE of the control
sample was lowest than that of other samples at the
end of cold storage. This possibly occurred due to the
effects of coating on a* and b* values, which
increased AE.

Table 2. Combined effects of the QSM and GTE coating
on color parameters of Pacific white shrimps during cold
storage. Means in the same column with different letters
are significantly different (p < 0.05)

Treatment a* value b* value AE
Control -0.87 £0.1A° 1.44+0.83°  0.09 +0.04
QS-G0 -1.23+0.14” 3.157+091°° 5444028
QS-G5 -189+0.198% 6.73+0585%  864+11
GS-G10  -341+027° 1028+0.78% 1026+1.74
QS-G15  -346+0.18°C 1043+094% 10.33+1.29
QS-G20  -5.05+0.12° 1645+1.42"” 1556 +2.04
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Figure 3. Combined effects of the QSM and GTE coating on texture variation of Pacific white shrimps during cold storage. A,

hardness; B, springiness

3.5. Microbiological analysis

The TAC of all treatments is shown in Figure 4.
The TAC of all treatments increased throughout
storage for ten days. Increases were mostly associated
to control treatments while increased concentration of
GTE decreased TAC. Generally, GTE is considered
as a good source of polyphenolic compounds such as
catechins, theaflavins, tannins and flavonoids with
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antioxidant and antimicrobial effects. Studies have
shown the antimicrobial activity of GTE in agar
diffusions (in vitro) and foods (in situ) (20-23). Initial
TAC of the shrimps included 3.1 log CFU g™, which
increased to 3.6 log CFU g™ for control samples after
10 days of cold storage. The TAC of QS-G20 was
significantly (p < 0.05) lower than that of control
during storage.
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Figure 4. Total aerobic plate counts of the coated and control Pacific white shrimps during cold storage
Discussion

Mild primary decreased pH during storage was
linked to migration from the coating to shrimps,
which included an acid pH (5.9 +0.1). The rate of
increased pH varied within various treatments.
Moreover, activity of bacteria or enzymatic actions
could lead to the cumulation of basic compounds such
as TVB-N, which changed pH in shrimps. In fact,
TVB-N is directly linked to microbial spoilage in
various species of shrimps during storage at cold
conditions. The current results were similar to those
from previous studies, reporting that TVB-N of the
white shrimps treated with grape seed extracts
decreased significantly (7). Generally, shrimp texture
changes during storage due to the microbial activity.
Microbial activity changes food organoleptic
characteristics, which  decreases the general
acceptance of the foods in terms of color, odor and
texture. Finding by the present study are similar to
those by Li et al. (2013), who reported that sources of
phenolic compounds such as grape seeds and teas
could increase the shelf life and improve the textural
characters of red drums (24). Furthermore, other
findings by the current study are similar to findings
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by Basiri et al. (2015), who showed successful
prevention of psychotropic bacterial growth in
refrigerated shrimps treated with pomegranate peel
extracts (25).

Conclusion

Results of this study have shown that QSM coating
combined with GTE can improve the texture quality
(e.g. total color differences (AE), hardness and
springiness) of Pacific white shrimps during 10 days
of cold storage. The QSM coating combined with
GTE decreases TVC, pH and TVB-N of the Pacific
white shrimps. In conclusion, results suggest that
QSM coating with GTE can be used as an efficient
natural method to preserve quality of shrimps during
cold storage.
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