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The aim of the study was to estimate how selected physical and chemical characteristics of defrosted modified
atmosphere packaged (MAP) not deveined shrimp (green shrimp with head) (Litopenaeus vannamei) meat are
affected by two of the most often used culinary processing (cooking and frying). The experiment was carried out
with 61 green shrimps with head (the country of origin: Ecuador; MAP 30% CO,/70% N,; stored 8 days at 0 °C to
+2 °C) samples and evaluation of weight loss, pH, total volatile basic nitrogen (TVBN), and trimethylamine (TMA)
contents. Weight losses and pH of examined shrimp samples after cooking and frying were significantly (P<0.05)
lower, while same fluctuations in TVBN and TMA contents were noticed between culinary treatments (cooking,
frying) as between different parts of shrimp tails. Significant correlations (P<0.05) were found between pH values
and freshness indicators (TVBN, TMA-N), emphasizing different ongoing post-mortem metabolic and degradation
processes in different parts of edible shrimp (Litopenaeus vannamei) parts (peeled tail).
Keywords: weight losses, cooking, frying, pH, freshness indicators

Shrimps have been continuously getting more popular among consumers due to their sensory
and nutritional values (high protein content and low fat content), making them economically
important worldwide (JAFFRES et al., 2011; Bono et al., 2012).

Shrimp texture and physicochemical properties can be compromised by heat treatment,
which is usually applied in culinary preparation (e.g. cooking and frying). Among consumers,
frying is the most appreciated culinary method due to the achievement of highly palatable
final product, though it cannot be recommended because of the higher fat content in finished
product. Weight loss is another adverse influence of heat treatment on shrimp quality, which
also causes significant economic losses. The reasons for weight losses are connected with
protein disability to hold water and collagen shrinkage, as results of higher temperature
exposition (ErRpoGpU et al., 2004; CARNEIRO et al., 2013; FArRaG, 2013; Naskri et al., 2013).

As for all seafood products, for shrimp also there is a chance for higher concentration of
total volatile nitrogen bases (TVBN), and that is why shrimps are usually frozen immediately
after capturing or harvesting (Bono et al., 2016). Shrimps are well accepted among consumers,
mainly due to their high protein and polyunsaturated fatty acids contents. In many continental
countries, such as the Czech Republic, shrimps are usually bought as frozen or defrosted
products due to distance from shrimp farming/capturing areas. Since shrimps represent
seafood with high active water content, neutral pH, present autolytic enzymes and larger
amount of non-protein nitrogen compounds, they can easily undergo decay processes
(MANSOURI-NAJAND, 2012; ZHANG et al., 2015). The most often used methods for proteins
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decay estimation in seafood are measurement of TVBN and trimethylamine (TMA) contents
(RaErst et al., 2016). These parameters can be significantly affected by culinary preparation,
such as frying, grilling, roasting, microwave, other processing types, and also by storage type
(SHirIsKAR et al., 2010; FArRAG, 2013).

Literature overview indicates that in the Czech Republic there have been no studies
investigating physicochemical characteristics of retail bought defrosted shrimp. Due to this
literature lack, the aim of the study was to monitor how selected physical/chemical
characteristics of defrosted MAP packaged green shrimp (Litopenaeus vannamei) meat are
influenced by cooking and frying.

1. Materials and methods

The samples (n=61) of retail bought (retail seller: Makro Cash & Carry, Brno, Czech
Republic, importer: 31 Allées des Architectes, Saint-Laurent-du-Var, France), whole non-
deveined shrimps (green shrimp with head) (Litopenaeus vannamei), defrosted and packaged
in modified atmosphere (MAP 30% CO,/70% N,) were used for shrimp experiment. MAP
was measured by Check Point II gas analyser (PBI Dansensor AS, Ringsled, Denmark). The
country of shrimp origin was Ecuador (farmed). The samples were analysed after § days of
storage, in the middle of the expiration period stated by the producer on the labelling as 15
days after packaging (13 days of shelf life for not opened MAP packaging +2 days of shelf
life after opening, storage temperature at 0 °C to +2 °C). Non-deveined whole bodies and tails
(green shrimp with head) were weighted separately before cooking and frying. Cooking was
done in water bath (GFL 1012, Turnov, BDL s.r.0., Czech Republic), 10 min at 90 °C, while
frying, in pan, on sunflower oil Lukana (Usti Oils s.r.0., Usti nad Labem, Czech Republic)
lasted 4 min. Weight losses (accurate to 0.00 g) were measured by weighing on the equipment
Pionneer™ (Ohaus corp., China). pH values were measured using InoLab pH 730 digital pH-
metre with needle electrode, WTW GmbH, Germany.

Total volatile basic nitrogen content (TVBN) and trimethylamine (TMA-N) content
were analysed in raw, defrosted, cooked and fried samples of shrimp tails and bodies. TVBN
was determined by direct distillation of the sample deproteinized by trichloroacetic acid
according to the regulation EC 2074/2005 (Section II, Chapter I, point 3), proceeded as
written in the method of MALLE and Tao (1987), followed by titration on Kjeltec 2300 (FOSS
Analytical AB, Hoganids, Sweden). TMA-N was analysed using the same method as for
TVBN determination after formaldehyde addition to the samples to block the release of
primary and secondary amines.

Statistical significance (P<0.05) was estimated by t-test and ANOVA analysis of
variance, with post hoc Tukey’s test for finding differences between independent variances.
Correlation between shrimp pH and freshness parameters was conducted by Pearson’s
correlation analysis. SPSS 20 statistical software (IBM Corporation, Armonk, USA) was
used.

2. Results and discussion

Weight losses and pH changes after shrimp cooking and frying are shown in Figures 1 and 2.
MAP packaging contained carbon dioxide (CO,): 30.85+0.86%, oxygen (O,): 0.25+0.04%,
and the rest (>65%) was nitrogen (N,).
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Comparing cooking and frying before and after deveining, weight changes (weight
losses) were significant (P<0.05) (before deveining — cooking: 16.45+3.29%; frying:
42.31£15.48%, after deveining — cooking: 50.51£3.25%; frying: 51.65+18.65%). Weight
losses between cooking and frying before deveining were also statistically significant.
CarNEIRO and co-workers (2013) found 38.5+0.9% weight losses in their shrimp samples
after cooking, which is lower than our results. Although, weight losses in our shrimp samples
after cooking but before deveining are almost similar to the results of ErpoGbu and co-
workers (2004), who found weight losses around 17% for shrimps size 35-44 numbers kg'.
Authors noted that released tissue water easier reaches surface after protein coagulation in
smaller shrimps, and that is the reason for the higher weight loss in them. Male shrimps are
bigger than females, so gender influences weight loss during shrimp processing. Smaller
weight loss after shrimp frying can be explained by substitution of lost moisture with frying
oil, though higher temperature is achieved during frying, which allows moisture content to
decrease more readily (NASERrI et al., 2013). Higher temperature during frying also affects
increment of pH due to more hydrogen bond breakage and electrostatic interaction (DHANAPALL
et al., 2012). Posterior parts of shrimp tails had significantly (P<0.05) higher pH in heat
untreated and heat treated samples (cooking, frying) in comparison to results obtained for
anterior and ventral belly parts of shrimp samples. Glycogen and lactic acid in shrimps
decreased rapidly after 6 days of storage (on ice and frozen) and by the pH values shrimps
can be sorted into three groups (prime quality: <7.7; acceptable quality: 7.7-7.95; spoiled
shrimp: >7.95) (DESROSIER & TRESSLER, 1977). All shrimp samples before processing had pH
lower than 7.7. After application of cooking and frying, pH increments are noticeable
(P<0.05) (myofibrils heating is usually associated with pH increment) (DHANAPALL et al.,
2012), and the highest values were found in fried posterior parts of shrimp samples
(8.36+0.22), although pH of all analysed samples were within estimated possible pH peaks
for Litopenaeus vannamei (6.0-8.4) (YEH et al., 1978).
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Fig. 1. Shrimp samples’ weights before processing, after processing (cooking, frying), and after deveining
Parameters values a, b, ¢/ A, B, C are indicators for statistical significance at P<0.05 between weights before
processing, after processing, and deveined shrimp samples *t-test P<0.05, between cooking and frying weight

losses €p: Cooking; [: Frying
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Fig. 2. The changes of pH in shrimp (Litopenaeus vannamei) tails (anterior, ventral belly, and posterior part) after
cooking and frying. [ll: Anterior; [J: Ventral belly; ll: Posterior. Parameters values a, b, ¢, d, e are indicators for
statistical significance at P<0.05 between pH of shrimp after cooking and frying *t-test P<0.05 between pH before
and after applied processing (cooking, frying)

TVBN and TMA contents are shown in Figures 3 and 4. TVBN content was statistically
significantly (P<0.05) the highest in raw posterior parts of shrimp tails (55.6+5.5 mg/100 g),
while in other examined samples the values were approximately at the same level (cooked
posterior: 44.0+4.1 mg/100 g; fried posterior: 45.6+£3.2 mg/100 g; raw anterior: 44.6+0.4
mg/100 g; cooked anterior: 44.6+4.1 mg/100 g; fried anterior: 44.8+1.3 mg/100 g; raw mix:
45.6+6.2 mg/100 g; cooked mix: 44.32+3.1 mg/100 g; fried mix: 45.24+2.3 mg/100 g). These
values are very high, indicating higher degree of shrimp meat decomposition, meaning bigger
amounts of ammonia present. Though for shrimp meat there is no estimated TVBN content
limit, for unprocessed fishery products the highest allowed is 35 mg/100 g (EC, 2008). It is
also recommended that the product should be rejected if TVBN is over 20 mg/100 g (RaEis1
etal.,2016). Higher levels of TVBN can also be linked to the presence of ammonia producing
enzymes in shrimp tails, adenosine deaminase and AMP deaminase being the most abundant
ones (YEeH et al., 1978). Correlations between pH and TVBN (taking into calculation anterior
and posterior parts of shrimp tail separately) was found to be statistically significant (P<0.05),
the coefficient of determinations (R?) was 0.678, meaning that pH accounted for 67.8% of
variation in TVBN content. Taking into consideration that green shrimp samples in the study
were opened after 8 days of storage at +4 °C, our results are in accordance with results of
Huang and co-workers (2016), in whose study shrimp (Litopenaeus vannamei) samples had
unacceptable values of TVBN and TMA-N after 7 days storage at +4 °C.

ZnanG and co-workers (2015) observed an increase in TVBN and TMA-N contents in
shrimp samples (Litopenaeus vannamei) packaged in air and MAP packaging for 180 days at
—18 °C, but TVBN and TMA-N contents in their samples stayed below 30 mg/100 g and 11
mg/100 g, respectively, which describe acceptable shrimp quality (MenDEs et al., 2005).
Almost the same results were gained by authors Goncarves and Ginpri (2009) in samples of
sea-bob shrimps (Xiphopenaeus kroyeri). Trimethylamine is usually not formed during
frozen storage, but dimethylamine content can double after 50 days of frozen storage, which
with formaldehyde (added during TMA-N analysis) forms trimethylamine (CiNTRA et al.,
1999; BREMMER, 2002). Compared with these two studies, our samples had much higher
contents of TVBN and TMA-N. TVBN contents in raw shrimp samples, especially posterior
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parts, were close to TVBN limit of 60 mg/100 g, which describes severely damaged shrimps
(MENDEs et al., 2005). All our samples had TVBN content over 40 mg/100 g, which, according
to some references, is the value of not suitable for human consumption (GoONCALVES & GINDRI,
2009). The limit of 30 mg/100 g (TVBN) was also reached in ozone treated and ozone
untreated shrimp samples (Litopenaeus vannamei) after 10 days of storage on ice (+4 °C), but
TMA-N values were below 11 mg/100 g in both types of samples (OxraLA, 2015). Shrimps’
high spoilage predisposition was clearly shown in the study of Qian and co-workers (2015),
where shrimp (Litopenaeus vannamei) samples stored at +4 °C in modified atmosphere (CO,:
80%; O,: 10%; N,: 10%), treated with preservative formulation (quercetin, cinnamic acid,
4-hexylresorcinol) also reached 20 mg/100 g TVBN after 12 days of storage. MENDEs and
co-workers (2005) found that 6 days of storage at temperatures higher than 5 °C were enough
for the formation of excessive TVBN and TMA-N contents in thawed shrimps contaminated
with different levels of total bacterial counts and Enterobacteriaceae. The previous study
also showed that TVBN content of shrimps packaged in different MAPs can increase
significantly, reaching easily 30 mg/100 g even after 2 months of frozen storage. Shrimp
shelf-life, same as shelf-life of other seafood, is highly influenced by the time that passed
from capturing to putting seafood on ice or freezing it (Bono et al., 2016). JAFFRES and co-
workers (2011) were monitoring TVBN content in defrosted shrimp (Panaeus vannamei)
tails packaged in MAP, and they did not measure significant fluctuation in TVBN contents
(they stayed under 20 mg/100 g) in control samples not inoculated with spoilage bacteria
species.

Trimethylamine (TMA-N) content in anterior, posterior, and in mixed samples of shrimp
tails varied, though not significantly (P<0.05). Higher pH can be the result of higher
concentrations of basic nitrogen substances (e.g. ammonia, amines, peptides, free aminoacids),
but higher pH can also be related to seafood species (Ruiz-CapriLLas & MoraL, 2001).
Correlations between pH and TMA-N (anterior and posterior parts of shrimp tails included in
calculation separately) were statistically significant (P<0.05), R>=0.841, therefore pH
accounted for 84.1% of variation in TMA-N content. TMA-N in posterior and anterior parts
of shrimp tails after cooking and frying did not differ significantly, but were higher in anterior
and posterior parts after frying in comparison to cooked ones. All measured TMA-N contents
were well above acceptable limit (MENDEs et al., 2005).

7007 556a

60.0 - 49 6b
S 500 - 44.6b 44.0b 44, 3b 44.6b 45.60 45 20 44 85
S 400 -
g
= 300 -
S 200
> 20,

10.0 -

0.0

Cooked Fried

Fig. 3. Total volatile basic nitrogen (TVBN) content in raw, cooked, and fried shrimp samples Parameters values a,
b are indicators for statistical significance at P<0.05 between TVBN content in raw, cooked, and fried shrimps tails
and bodies. [l: Posterior; [J: Mix; l: Anterior
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Fig. 4. Trimethylamine (TMA-N) contents in different parts of shrimp tails after cooking and frying.
l: Posterior; [0: Mix; [ll: Anterior

3. Conclusions

The study emphasized how processing type (cooking, frying) can significantly influence
shrimp weight loss, chemical and freshness indicators. Good correlations between pH and
shrimp freshness indicators (TVBN, TMA-N) point out that shrimp freshness is influenced
by glycogen/lactic acid metabolism, and that processes occurring in edible shrimp part
(shrimp tail) can vary considerably at different points (anterior, posterior) of shrimp tails.
High TVBN and TMA-N values in shrimp samples, measured after 8 days of storage at +4 °C
in MAP, are indicating that producers’ estimation of 13 days shrimp shelf-life is exaggerated
and probably should be recalculated according to research data. These results are also
suggesting that more attention should be paid to storage conditions in retail shops and
provision of immediate freezing (after harvesting/capturing) of shrimp intended for this kind
of final product (defrosted green shrimps with head, stored at +2+2 °C).
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