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The water-holding capacity, cooking loss, firmness, total volatile basic nitrogen were observed to verify 
the the efficacy of rosmarinic acid and sodium lactate in ice glazing water to frozen black tiger shrimp’s 
freshness and shelf-life during 6 months of frozen storage. In each month interval, they were sampled to 
measure the water-holding capacity, cooking loss, firmness, total volatile basic nitrogen. Our results 
revealed that black tiger shrimp glazed by rosmarinic acid: sodium lactate (0.15%:0.05%) has high 
water-holding capacity and firmness retention while low cooking loss and total volatile basic nitrogen 
during 6 months of frozen preservation. Shrimp’s freshness and shelf-life could be effectively extended 
by the synergistic effect of rosmarinic acid and sodium lactate in glazing. 
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INTRODUCTION 

Black tiger shrimp (Penaeusmonodon) was 
one of the most important valuable seafood 
products widely consumed around the world. 
Shrimp was quickly spoiled after harvesting if it 
was not handled properly (Dabade et al. 2015). 
It’s commly processed into the frozen form to limit 
bacterial accumulation and nutritional degradation 
during long-term preservation. Protein 
denaturation and oxidative reaction also 
happened in an extended frozen period, resulting 
in quality degradation of shrimp such as 
discoloration, off-flavor, rancidity, dehydration, 
and drip loss (Boonsumrej et al. 2007). Therefore, 
black tiger shrimp was commonly glazed before 
the 2nd freezing step ready for cold storage. 
Glazing was widely applied to minimize lipid 
oxidization and spoilage during the frozen 
preservation (Solval et al. 2014). Ice glazing 
prevented moisture removal and the oxygen 
uptake of frozen products (Jinfeng et al. 2020). 

Bioactive substances with a great antioxidant 
capacity significantly enhanced freshness and 
shelf-life of frozen seafood (Mesarcova et al. 
2013). 

Rosemary is an essential aromatic spice with 
a great antioxidant and antimicrobial potential to 
improve food organoleptic property (Wojdyło et al. 
2007). Rosmarinic acid, as one of the major 
constituents of rosemary extract, was a great 
source of total phenolic and the antioxidant 
property (Ge et al. 2018). It had powerful anti-
inflammatory, anti-microbial and anti-cancer 
properties (Erkan et al. 2008; Wüst-Zibetti et al. 
2013; Ribeiro-Santos et al. 2015). Motlagh et al. 
(2014) reported that the supplementation of 
rosemary extract to a soybean lecithin-based 
semen extender improved motility and plasma 
membrane functionality. Tea polyphenol and 
rosemary extract were effectively demonstrated 
on the chilled yellow croaker (Li et al. 2012). 
Sodium lactate as a low-molecular-weight organic 
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acid sodium salt beneficially controlled microbial 
proliferation, enhanced organoleptic attribute, 
prolonged the stability of seafood products 
(Zhuang et al. 1996). Sodium lactate was used as 
a nitrite alternative on the microbiological quality 
and shelf life of sausages (Enver andKamil, 
2007). Sliced salmon treated by sodium lactate at 
2.5% could effectively minimize the spoilage 
bacteria proliferation, delay oxidative reaction, and 
extend the durability of the refrigerated products 
(Sallam, 2007). Objective of our study evaluated 
the efficacy of rosmarinic acid and sodium lactate 
in ice glazing water to frozen black tiger shrimp’s 
freshness and its shelf-life during frozen storage.  
 
MATERIALS AND METHODS 

2.1 Material 
Black tiger shrimpswere collected from 

SocTrang province, Vietnam. Rosmarinic acid and 
sodium lactate were of analytical grade. 

2.2 Researching method 
Individual quick frozen shrimps were randomly 

coated with ice glazing water (at 2±0.5oC in 3 
seconds) including rosmarinic acid (0.25%), 
sodium lactate (0.25%) alone or in combination 
(rosmarinic acid: sodium lactate, 0.1%:0.1%, 
0.15%: 0.05%, 0.05%: 0.15%, respectively). Then 
the control and treated shrimps were frozen again 
and kept in cold storage at -18oC for 6 months. In 
each month interval, they were sampled to 
measure the water-holding capacity (%), cooking 
loss (%), firmness (N), total volatile basic nitrogen 
(mg/100g). 

2.3 Physico-chemical analysis 
Water-holding capacity (%) was determined 

according toJinfeng et al. (2020). Cooking loss 
(%) wasexamined according to Mousakhani-
Ganjeh et al. (2015). Firmness (N) was evaluated 
by texture analyzer.Total volatile basic nitrogen or 
TVB-N (mg/100g) was determined according to 
method of Cobb et al. (1973). 

2.4 Statistical analysis 
The experiments were run in triplicate with 

three different lots of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI. 

 
RESULTSAND DISCUSSION 

The water-holding capacity, cooking loss, 
firmness, total volatile basic nitrogen (TVB-N) 

were critical factors indicating the shrimp’s quality 
and freshness (Brands and Van, 2002; Hughes et 
al. 2014). The water-holding capacity (%) of black 
tiger shrimp glazed by rosmarinic acid: sodium 
lactate (0.15%:0.05%) showed the highest among 
other groups (table 1). The water-holding capacity 
of all samples exhibited decreasing trends during 
storage. The water-holding capacity of black tiger 
shrimp glazed by rosmarinic acid: sodium lactate 
(0.15%:0.05%) decreased from 82.66±0.00 in the 
1st month to 80.88±0.01 in the 6th month. 
Papadopoulos et al. (1991) proved that increasing 
sodium lactate resulted in higher cooking yields of 
beef. This meaned that black tiger shrimp glazed 
by rosmarinic acid: sodium lactate (0.15%:0.05%) 
could minimize the degradation of hydrophobic 
and hydrophilic bonds around proteins during 
frozen preservation (Benjakul et al. 2003). 

The cooking loss (%) of the black tiger shrimp 
glazed byrosmarinic acid: sodium lactate 
(0.15%:0.05%) was significantly lower than that of 
other groups (table 2). Denaturation of shrimp 
myofibrillar protein in the frozen preservation was 
effectively minimized to decrease nutrient and 
moisture loss in cooking (Li et al. 2018). 

In this study, the firmness (N) of the black 
tiger shrimp glazed byrosmarinic acid: sodium 
lactate (0.15%:0.05%) was significantly higher 
than that of other groups (table 3). The firmness of 
all groups showed a downward trend during 6 
months of frozen storage. Deformation of 
myofibrillar cells is effectively managed by the 
presence of rosmarinic acid and sodium lactate in 
muscle. Our results were similar to findings 
reported by Ocano-Higuera et al. (2009) and 
Hernandez et al. (2009). 

TVB-N is one of the most imperative 
indicators used to evaluate the deterioration of 
seafood (Rogerio et al., 2005). The TVB-N value 
of all treatments increased during 6 months of 
frozen storage. The TVB-N (mg/100g) of the black 
tiger shrimp glazed byrosmarinic acid: sodium 
lactate (0.15%:0.05%) was significantly lower than 
that of other groups (table 4). The maximum 
allowable TVB-N limit ranged from 30 to 50 
mg/100 g in seafood products (Mendes et al. 
2002). The TVB-N value increased with the 
storage time by the reaction of endogenous 
enzymes and spoilage microorganisms (Ojagh et 
al. 2010; Arancibia et al. 2015). The  spoilage 
process  occurred  in  two  major  phases  
including  autolysis  and  decomposition  
corresponding  to  slow  and  rapid  periods (Le et 
al. 2019). 

 

https://www.researchgate.net/profile/Enver_Baris_Bingol?_sg%5B0%5D=uXMcef9ZD53tlXXIiU9xpqvRT0a1VQowQG7JMxxRVs6raIim4jfbfsAcIvsKQ_Emx_a-YfY.qNF9ItWCt_VsneefdlwIINPcnzJoi8laAby8wYvixbIBE2Ue7pnsUjiGHzCoWKrfnBiPIiXKg9PJjiWtzaOwRg&_sg%5B1%5D=XGwUiKDeOyNZm4-reKBYGi7GFAvMiv3f0cRGM38bMq-akEN_RwGg7hyJC1iwG3XK_Mhtbx8.mgCo44q4rzCNHCGfdoZ_NR0po9GT_TZpOrsr98411UqwRJX3ZwZThi_0pteA0MTWk8igqLYKruX0BxoFLOaYdw
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=PAPADOPOULOS%2C+LS


Nguyen Phuoc Minh                                                         Frozen Black Tiger Shrimp (Penaeus monodon) Quality  

 

Bioscience Research, 2021 volume 18(1): 1046-1051                                                             1048 

 

Table 1: Water-holding capacity (%) of black tiger shrimp glazed by rosmarinic acid and sodium 
lactate 

Storage (months) 1 2 3 4 5 6 

Control 80.01 
±0.03d 

79.66 
±0.02d 

79.18 
±0.00d 

78.86 
±0.01d 

78.47 
±0.03d 

78.05 
±0.01d 

Rosmarinic acid 
(0.25%) 

80.57 
 
±0.00c 

80.19 
±0.01c 

79.90 
±0.03c 

79.57 
±0.02c 

79.22 
±0.01c 

78.93 
±0.00c 

Sodium lactate 
(0.25%) 

80.25 
±0.02cd 

79.96 
±0.00cd 

79.62 
±0.01cd 

79.31 
±0.03cd 

79.01 
±0.02cd 

78.69 
±0.03cd 

Rosmarinic acid: 
sodium lactate 
(0.1%:0.1%) 

81.79 
±0.01b 

81.35 
±0.03b 

81.02 
±0.02b 

80.77 
±0.00b 

80.32 
±0.01b 

80.03 
±0.02b 

Rosmarinic acid: 
sodium lactate 
(0.15%:0.05%) 

82.66 
±0.00a 

82.14 
±0.02a 

81.93 
±0.03a 

81.57 
±0.01a 

81.10 
±0.02a 

80.88 
±0.01a 

Rosmarinic acid: 
sodium lactate 
(0.05%:0.15%) 

82.07 
±0.03ab 

81.83 
±0.01ab 

81.45 
±0.02ab 

81.04 
±0.03ab 

80.79 
±0.01ab 

80.36 
±0.00ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
the difference between them was not significant (α = 5%). 

Table 2: Cooking loss (%) of black tiger shrimp glazed by rosmarinic acid and sodium lactate 
 

Storage (months) 1 2 3 4 5 6 

Control 
30.27 
±0.01a 

30.48 
±0.00a 

30.67 
±0.03a 

30.90 
±0.00a 

31.11 
±0.02a 

31.30 
±0.00a 

Rosmarinic acid 
(0.25%) 

29.86 
±0.02b 

30.05 
±0.03b 

30.23 
±0.01b 

30.47 
±0.02b 

30.71 
±0.01b 

30.89 
±0.03b 

Sodium lactate 
(0.25%) 

30.05 
±0.00ab 

30.27 
±0.01ab 

30.46 
±0.00ab 

30.65 
±0.01ab 

30.88 
±0.00ab 

31.05 
±0.02ab 

Rosmarinic acid: 
sodium lactate 
(0.1%:0.1%) 

28.95 
±0.00c 

29.16 
±0.02c 

29.34 
±0.01c 

29.58 
±0.03c 

29.77 
±0.02c 

29.95 
±0.01c 

Rosmarinic acid: 
sodium lactate 
(0.15%:0.05%) 

28.52 
±0.03d 

28.71 
±0.00d 

28.94 
±0.02d 

28.16 
±0.00d 

28.37 
±0.03d 

28.59 
±0.00d 

Rosmarinic acid: 
sodium lactate 
(0.05%:0.15%) 

28.74 
±0.01cd 

28.95 
±0.02cd 

29.13 
±0.00cd 

29.31 
±0.02cd 

29.53 
±0.00cd 

29.74 
±0.02cd 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
the difference between them was not significant (α = 5%). 

Table 3: Firmness (N) of black tiger shrimp glazed by rosmarinic acid and sodium lactate 
 

Storage (months) 1 2 3 4 5 6 

Control 4.95 
±0.02d 

4.82 
±0.01d 

4.65 
±0.03d 

4.54 
±0.00d 

4.30 
±0.01d 

4.19 
±0.03d 

Rosmarinic acid 
(0.25%) 

5.47 
±0.01c 

5.32 
±0.03c 

5.17 
±0.00c 

5.03 
±0.01c 

4.90 
±0.03c 

4.77 
±0.01c 

Sodium lactate 
(0.25%) 

5.12 
±0.03cd 

5.01 
±0.02cd 

4.88 
±0.02cd 

4.73 
±0.01cd 

4.61 
±0.00cd 

4.46 
±0.02cd 

Rosmarinic acid: 
sodium lactate 
(0.1%:0.1%) 

6.80 
±0.00b 

6.66 
±0.00b 

6.50 
±0.01b 

6.34 
±0.03b 

6.20 
±0.02b 

6.07 
±0.01b 

Rosmarinic acid: 
sodium lactate 
(0.15%:0.05%) 

7.43 
±0.02a 

7.28 
±0.01a 

7.13 
±0.00a 

7.01 
±0.02a 

6.89 
±0.01a 

6.72 
±0.00a 

Rosmarinic acid: 
sodium lactate 
(0.05%:0.15%) 

7.08 
±0.01ab 

6.96 
±0.02ab 

6.81 
±0.03ab 

6.69 
±0.00ab 

6.53 
±0.01ab 

6.37 
±0.03ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
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the difference between them was not significant (α = 5%). 
Table 4: TVB-N (mg/100g) of black tiger shrimp glazed by rosmarinic acid and sodium lactate 

 
Storage (months) 1 2 3 4 5 6 

Control 6.21 
±0.02a 

9.16 
±0.01a 

14.58 
±0.00a 

18.73 
±0.02a 

24.37 
±0.00a 

29.65 
±0.03a 

Rosmarinic acid 
(0.25%) 

5.80 
±0.03b 

6.01 
±0.02bc 

6.29 
±0.03bc 

6.61 
±0.00bc 

6.75 
±0.03bc 

7.02 
±0.02bc 

Sodium lactate 
(0.25%) 

6.02 
±0.01ab 

6.35 
±0.00b 

6.63 
±0.02b 

6.97 
±0.03b 

7.26 
±0.01b 

7.54 
±0.01b 

Rosmarinic acid: 
sodium lactate 
(0.1%:0.1%) 

4.12 
±0.02c 

5.68 
±0.03c 

5.95 
±0.00c 

6.22 
±0.01c 

6.56 
±0.00c 

6.90 
±0.00c 

Rosmarinic acid: 
sodium lactate 
(0.15%:0.05%) 

3.70 
±0.00d 

5.02 
±0.02d 

5.38 
±0.03d 

5.70 
±0.02d 

6.02 
±0.03d 

6.34 
±0.02d 

Rosmarinic acid: 
sodium lactate 
(0.05%:0.15%) 

3.91 
±0.03cd 

5.34 
±0.01cd 

5.68 
±0.01cd 

5.97 
±0.01cd 

6.38 
±0.01cd 

6.70 
±0.03cd 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
the difference between them was not significant (α = 5%). 

 
Rosemary extract was demonstrated to 

significantly inhibit the formation of TVB-N in 
sardine (Ozogul et al. 2010). Mohamed et al. 
(2018) concluded that soaking in rosemary extract 
0.2% limited the psychrotrophic and 
Enterobacteriaceae bacteria of broiler fillet and 
enhanced the acceptability of refrigerated fillet, 
minimized the biogenic amine production and 
rancidity. Sodium lactate was used to treat 
shrimps before storage at 0oC. The quality of 
shrimps treated with sodium lactate was 
significantly higher than that of the control (Le et 
al. 2019). Chitosan-based coatings combined with 
ε- polylysine and rosmarinic acid contributed to 
the reduction of total volatile base nitrogen of 
fresh half-smooth tongue sole fillet (Na et al. 
2019). A combination of rosemary (0.3%), sodium 
lactate (3.4%), and antioxidants of bamboo leaves 
(0.12%) in ice glazing could maintain the best 
freshness and quality of tuna (Jinfeng et al. 2020). 
It could be implied that rosmarinic acid: sodium 
lactate significantly slowed down the microbial 
proliferation and inhibited the endogenous 
enzymatic reaction. 

CONCLUSION 
In this research, we have successfully 

demonstrated the efficacy of rosmarinic acid and 
sodium lactate in the ice glazing water for frozen 
black tiger shrimp. They can effectively enhance 
water-holding capacity and firmness of shrimp 
muscle while preventing cooking loss and total 
volatile basic nitrogen formation. A combination of 
rosmarinic acid and sodium lactate created a 

synergistic effect to maintain freshness and shelf 
life of shrimp during frozen storage.. 
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