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Abstract
Effect of beetroot extract in inhibition of melanosis formation and quality of white shrimp 
Penaeus vannamei was evaluated in iced and room temperature storage. Shrimps were 
treated with beetroot extract (BT) at 1 and 4% and compared with control and commercial 
anti-melanosis agent, 1.25% sodium metabisulfite (SMS) and stored in ice. The effect 
of BT4% treatment at room temperature was also evaluated. There was no significant 
difference (p>0.05) in the melanosis score of SMS and BT4% till 7th day of iced storage 
while BT1% was not effective in retarding the melanosis from 5th day of storage. In room 
temperature storage, melanosis formation was similar both in the case of SMS and BT4% 
till 6th hour of storage. Total volatile base nitrogen (TVBN) value and aerobic plate count 
(APC) of BT treated samples were significantly lower than control and SMS (p<0.05) in 
both storage conditions and lower thiobarbituric acid reactive substances (TBARS) values 
indicated the antioxidant activity of beetroot extract. BT4% treatment inhibited growth of 
H2S producing organisms (1.3-2.1 log cycles) and Pseudomonas spp. (0.3-1 log cycles) 
compared to control and SMS. BT4% treatment resulted in a storage life of 9 days in iced 
condition and eight hours at room temperature. Beetroot extract treatment at 4% level was 
found as effective as sodium metabisulfite in preventing melanosis till 7th day of iced storage 
and 6th hour of room temperature storage.

Introduction
Shrimps are highly preferred seafood 
delicacy all over the world due to outstanding 
taste and nutritional quality. The white 
shrimp Penaeus vannamei contributes to 
90% of  of global aquaculture production 
(Nirmal and Benjakul, 2009a) and in 
India, this species is farmed commercially 
primarily for export. Shrimps are considered 
highly perishable as the quality deteriorates 
quickly during storage due to melanosis 
and microbial spoilage (Gokoglu and 
Yerlikaya, 2008). The post-mortem 
melanosis or blackening of shrimp reduces 
the market value and leads to economic 
loss.  Melanosis is a biochemical process in 
which phenols are oxidised to quinones by 
enzymes called polyphenol oxidase (PPO) 
or tyrosinase which are synthesised in the 
hepatopancreas of shrimp. The colourless 

quinones undergoes non-enzymatic 
polymerisation and auto-oxidation, giving 
rise to high molecular weight dark pigments 
or black spots (Benjakul et al., 2005). 
These dark pigments, called melanin, 
form and accumulate mainly beneath the 
carapace of cephalothorax (Nirmal and 
Benjakul, 2011a). Although these black 
spots are harmless in nature, they can 
affect consumer acceptance and reduce 
market value. In addition to melanosis, 
lipid oxidation initiated by autoxidation 
and reactions mediated by lipoxygenase, 
peroxidase and microbial enzymes also 
harm the quality.

In order to prevent melanosis formation, the 
shrimp industry has been depending upon 
treatment using sulfite for many years. 
In addition to sulfite, treatment using an 
enzyme called 4-hexylresorcinol has also 
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been reported (Martinez-Alverez et al., 2008). Sulphite containing 
compounds can irreversibly react with quinines and prevent 
polymerisation and resulting in colourless compounds (Montero  
et al., 2001). But application of sodium metabisufite (SMS) at higher 
levels can lead to the retention of sulfite residue in the meat, which 
is a known allergen to many consumers. It can also lead to severe 
disturbances in asthmatic persons (Dewitt, 1998). Labeling of 
shrimp with sulfite residues greater than 10 mg kg-1 is mandated 
by the European Union (Edmonds, 2006).  Hence many researchers 
have investigated safe and effective alternatives to tackle the issue 
of melanosis  using  natural sources such as grape seed extract 
(Gokoglu and Yerlikaya, 2008), green tea extract (Nirmal and 
Benjakul, 2011b), lead seed extract (Nirmal and Benjakul, 2011c), 
green tea extract with chitosan coating (Yuan et al., 2016) and 
pomegranate peel extract with other additives (Viji et al., 2018).

Utilisation of phenolic compounds can prevent melanosis in 
crustaceans (Maqsood et al., 2013). Beetroot is a vegetable with 
high antioxidant capacity reported with a total phenolic content 
of 50-60 μmol g-1 dry weight (Vinson et al., 1998; Kahkonen  
et al., 1999). It is rich in water-soluble nitrogenous pigments, 
called betalains, composed of the red betacyanins and the yellow 
betaxanthins which are free radical scavengers and can prevent 
oxidation of biological molecules (Pedreno and Escribano, 2001). 
Hence studies were conducted to investigate melanosis inhibition 
effect of beetroot extract in Penaeus vannamei during iced and 
room temperature storage, as well as the associated changes in 
biochemical, microbial and sensory characteristics. 

Materials and methods

Preparation of beetroot extract and collection of shrimp
Beetroot extract was prepared from fresh beetroot (Beta vulgaris) 
pomaces. The pomaces were peeled, chopped into small pieces and 
ground using a mixer. It was then extracted using a solvent mixture 
of 95% ethanol in an aqueous solution containing 0.5% acetic acid. 
The extraction was carried out at a ratio of 1:1 (ground beetroot to 
solvent mixture), mixed using a vortex mixer overnight. The liquid 
portion or the extract was collected by sieving through a muslin 
cloth. The extract was concentrated by evaporation using a rotary 
vacuum drier at a temperature of 65˚C. The concentrated beetroot 
extract was dried overnight in a hot air oven at a temperature of 
60˚C till it became  thick. The dried extract was collected and stored 
at refrigerated condition until use. Dipping solutions of beetroot 
extract for shrimp treatment was prepared at 4 and 1% using 
distilled water.

Fresh white shrimp, Penaeus vannamei (Average weight 41±2.8 g) 
was collected from a farm connected to VKM seafoods, Navi Mumbai 
and transported to the laboratory in iced condition (at 1:1 ratio), 
in insulated ice boxes. 

Beetroot extract treatment during iced storage
The shrimp were deiced and divided into four lots. Lot 1 was taken 
as control, added with distilled water at a ratio of 1:2 (wt/v) for 1 min. 
Lot 2 was treated with 1.25% sodium metabisulfite (SMS) dissolved 
in distilled water at a ratio of 1:2 (w/v) for 1 min at 4˚C. Lots 3 and 
4 were treated with 4% (BT 4%) and 1% (BT 1%) solution of beetroot 

extract respectively at a ratio of 1:1 (w/v) for 15 min at 4˚C. After 
treatment, the shrimps were drained and small lots of shrimps 
were packed in plastic bags and sealed. These were then packed 
in ice at a ratio of 1:1 in an insulated box. Samples were drawn 
on alternative days for further analysis of melanosis score, sensory 
characteristics, biochemical and microbiology parameters.

Beetroot extract treatment during room temperature 
storage
Fresh shrimp sample was divided into three lots. Lot 1 was taken 
as control, added with distilled water at a ratio of 1:2 (wt/v) for 1 
min. Lot 2 was treated with 1.25% SMS dissolved in distilled water 
at a ratio of 1:2 (w/v) for 1 min at 4˚C. Lot 3 was treated with 4% 
solution of beetroot extract at a ratio of 1:1 (w/v) for 15 min at 
4˚C. After treatment, the shrimps were drained and stored at room 
temperature. The samples were monitored at an interval of 2 h for 
melanosis formation and further analysis.

Biochemical analysis
The shrimps were beheaded and peeled to collect the meat for 
biochemical analysis. The collected meat was homogenised using a 
mixer grinder. Proximate composition of shrimp meat was analysed 
as per AOAC method (AOAC, 2005). The samples were subjected to 
analysis in triplicate. pH of homogenised shrimp meat was evaluated 
using digital pH meter (EcoScan pH 5, EUTECH Instrument)  
(AOAC, 2005) after mixing 4 g of sample with 40 ml of distilled 
water. Total volatile base nitrogen (TVBN) content in shrimp meat 
was analysed after extraction with 10% trichloroacetic acid (TCA) 
using the micro diffusion method (Conway, 1950). Oxidative stability 
of the shrimp meat was determined by evaluating thio barbituric 
acid reactive substances (TBARS) using spectrophotometer  
(Cole-Palmer, USA) (Tarladgis et al., 1960). 

Microbiological analysis
A sample of 25 g of shrimp meat was collected aseptically and 
homogenised with 225 ml of phosphate buffer in a stomacher 
bag using a Stomacher® 400 Lab system (Seward Limited, UK) 
for 2 min. Serially diluted samples of three consecutive dilutions 
with 9 ml sterile phosphate buffer (pH 7.2) were plated in plate 
count agar for mesophilic count in duplicates (AOAC, 2005). H2S 
producing bacteria were evaluated using 1 ml of phosphate buffer 
homogenate by plating on peptone iron agar (HiMedia, Mumbai) as 
per Ginson et al. (2015). Pseudomonas bacteria were isolated using 
Pseudomonas agar (PA) base (HiMeida, M085) and tested as per 
Mead and Adams (1977).

Melanosis assessment
Melanosis assessment of white shrimp was carried out through 
visual inspection by five experienced evaluators using ten-point 
scoring as per the method of Montero et al. (2001). Ten samples 
from each lot were selected randomly for assessment. Panelists 
were asked to give the melanosis score (0 to 10) for shrimp, where 
0 = absent; 2 = slight (up to 20% of shrimps’ surface affected);  
4 = moderate (20 to 40% of shrimps’ surface affected); 6 = notable 
(40 to 60% of shrimps’ surface affected); 8 = severe (60 to 80% of 
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shrimps’ surface affected) and 10 = extremely heavy (80 to 100% of 
shrimps’ surface affected).

Sensory analysis
Sensory evaluation of samples was done by five experienced 
sensory evaluation panel members in the laboratory, separately for 
raw and cooked shrimp. Sensory scoring was carried out as per the 
method of Amerine et al. (1965) on attributes such as appearance, 
colour, odour, taste and texture using score ranging from 9 (like 
extremely) to 1 (dislike extremely). An overall acceptability score 
was calculated based on individual scoring. An overall score below 
four was considered rejected.

Statistical analysis
Each of the analyses were carried out in triplicate (n = 3) and the 
statistical software SPSS 16 (SPSS Inc., Chicago, IL, USA) was used 
for Analysis of Variance (ANOVA). The statistical significance was 
determined at 95% confidence level (p<0.05). 

Results and discussion

Proximate composition
Analysis of proximate composition of fresh Indian white shrimp 
showed 78.39±0.34% moisture, 20.45±0.4% protein, 0.31±0.002  fat 
and 1.18±0.02% ash content. This is similar to the nutrient 
composition in this species previously reported by Jeyakumari et al. 
(2020).

Melanosis 
There was no sign of melanosis in the shrimp samples on the  
day 0 of iced storage. The beetroot extract treated shrimp was red 
in colour due to the rich content of betalain pigments of beetroot, 
which imparted a pinkish colour to the treated shrimp (Fig. 1) and did 
not have a negative effect on sensory acceptability. During storage, 
a pronounced appearance of melanosis (p<0.05) was observed in 
the control shrimp from 3rd day onwards while there were no signs 
of melanosis in other treatment samples. The melanosis score of 
control shrimps increased rapidly and resulted in a rapid loss in 
visual quality which was similar to the previous reports by Nirmal 
and Benjakul (2011a), Fang et al. (2013) and Sun et al. (2014). Signs 
of melanosis started appearing in SMS and beetroot extract treated 
samples from 5th day of iced storage. There was no significant 
difference (p>0.05) in the melanosis score of shrimps treated with 
SMS and beetroot extract at 4% level till 7th day of ice storage. The 
beetroot extract treatment at lower level or 1% was not effective 
in retarding the melanosis formation from 5th day of storage. 
Phenolic compounds in the beetroot extract strongly inhibited 
polyphenol oxidase from the cephalothorax of white shrimp, 
reducing quinone formation  and there by  decreasing melanosis. 
In the later stages of storage from 9th day onwards, SMS treated 
samples showed pronounced formation of melanosis. Normally 
bisulfite inhibit melanosis by its action with intermediate quinone, 
forming sulfoquinone (Ferrer et al., 1989). Sulfur dioxide formed 
from SMS can evaporate during extended storage or dissolve in 
molten ice, resulting in reduced amount of SMS remaining in the 
sample (Nirmal and Benjakul, 2009b). 

The changes in melanosis formation during room temperature 
storage is shown in Fig. 2. There were no signs of melanosis 

3rd day

7th day 11th day

5th day

Fig. 1. Treated shrimp samples during iced storage on (a) Day 3; (b) Day 5; (c) Day 7 and (d) Day 11 . Control, SMS – Treated with sodium metabisulfite,  
BT1% - Beetroot extract treated at 1% level, BT4% - Beetroot extract treated at 4% level

                              (a)                                                                                             (b)

                              (c)                                                                                           (d)
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2nd h

4th h

6th h

8th h

  Control                                                     SMS                                                            BT

Fig. 2. Treated shrimp samples during room temperature storage. Control, SMS – Treated with sodium metabisulfite, BT - Beetroot extract treated at 4% level

formation in both treatments (SMS and BT 4%) till 4th hour of storage 
in comparison to control. From 6th hour of storage, formation of 
melanosis in the cephalothorax regions of shrimp was observed 
clearly both in the case of SMS and BT 4%. Melanosis formation was 
more pronounced in the case of beetroot extract treated sample 
from 8th hour of storage than the SMS treated shrimp. Melanosis 
developed in the cephalothorax and pleopods of shrimp due to the 
activity of polyphenol oxidase (PPO) enzyme (Diaz-Tenorio et al., 
2007).

The present study indicates the efficacy of beetroot extract 
containing phenolic compounds in preventing melanosis formation 
of shrimp during the initial hours of storage similar to that of 
SMS without any residual effects. Inhibition of melanosis due to 
interaction of phenolic compounds to the active sites of PPO was 
reported by Kubo and Kinst-Hori (1998). Manheem et al. (2012) 
reported the effect of precooking on development of melanosis and 
observed lowering of PPO activity at higher core temperature with 
higher cooking losses. 

Biochemical quality

PH
The change in pH of shrimp samples with or without beetroot 
extract treatment is given in Table 1. The initial pH of white shrimp 
on day 0 was 6.51±0.03. Even though the pH of control and SMS 
treated shrimp did not show any significant difference (p>0.05), 

the pH of beetroot extract treated samples at 4% level showed 
significant increase (p<0.05) to a pH of 6.71±0.01. In all the samples, 
the pH increased during storage and reached 7.5, 7.47, 7.75 and 
7.64 respectively. This can be due to the accumulation of basic 
compounds like ammonia and volatile bases produced by the action 
of bacteria and enzymes (Lopez Caballero et al., 2007). On each 
storage day, the pH of control and treatments were significantly 
different and the pH of SMS treated shrimps was significantly lower 
than BT4% during initial days of storage from day 0 to day 5.  The 
pH of SMS was observed to be significantly higher during the later 
days from day 7 to day 9 of storage, in comparison to BT4%. Higher 
content of non-protein nitrogenous compounds in crustaceans 
contributes towards the increment of pH during storage (Shahidi, 
1994).

The changes in pH of shrimp samples stored at room temperature 
are presented in Table 2. The initial pH of the samples was in 
the range of 6.6 to 6.71. Rich content of non-protein nitrogenous 
compounds contributes towards a higher pH value in the case of 
crustaceans. In all the samples, the pH increased significantly during 
storage at room temperature and reached values of 7.0, 6.82 and 
7.08 in case of control, SMS and BT4% respectively. The liberation 
of basic compounds like ammonia and volatile compounds during 
proteolysis by bacterial enzymes can increase the pH during 
spoilage of shrimp. pH of control samples reached value of 7.0 
by 8th hour of storage. The higher temperature of storage in room 
condition aggravated the spoilage  process through bacterial and 
enzymic activity. 
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TVBN
TVBN is an important index for measuring seafood quality, which 
includes the content of ammonia and primary, secondary and 
tertiary amines. The changes in TVBN values of ice stored white 
shrimp are presented in Table 1. Overall, the TVBN values of ice 
stored samples increased significantly (p<0.05) during 11 days 
of ice storage both in the case of control and treatment samples. 
But the increase in TVBN showed differences with respect to the 
treatments, where the control sample showed significantly higher 
value (p<0.05) throughout the storage period. The TVBN value of 
beetroot extract treated samples were significantly lower than that 
of control and SMS (p<0.05) indicating the efficiency of beetroot 
extract in reducing the spoilage of white shrimp. The generally 
considered maximum limit of acceptability of TVBN is 30-35 (Connell, 
1995). As per European Commission Regulation No 2074/2005, 
TVBN limit for fishery products (EC 2005) is 25-35 mg 100 g-1. 
The initial TVBN value of control was 10.2 mg 100 g-1 and it reached 
39.2 mg 100 g-1 on 7th day of ice storage while in the case of 
treatments, it was significantly lower. In the present study, TVBN 
crossed 40 mg 100 g-1 on the day of sensory rejection.

Progress of TVBN formation during room temperature storage of 
shrimp is given in Table 2. Significant (p<0.05) increase in TVBN 
during storage was observed where the control group showed 
the maximum TVBN value followed by SMS and BT4%. The TVBN 
content in all the cases increased significantly (p<0.05) at 2 h 

Table 1. Changes in pH, TVBN and TBARS during iced storage of beetroot extract treated samples along with SMS treated and  control shrimps

Parameters Samples
                                                                           Storage days
0 3 5 7 9 11

pH Control 6.51±0.03aA 6.85±0.02bB 7.18±0cC 7.32±0.04dA 7.33±0.02dA 7.5±0.01eA

SMS 6.55±0.01aB 6.81±0bA 7.23±0.01cD 7.41±0.01dB 7.47±0.03eC 7.47±0.01eB

BT1% 6.52±0.01aA 6.87±0bC 6.9±0.01cA 7.6±0.02dC 7.46±0.01eC 7.75±0.02fC

BT4% 6.71±0.01aC 7.08±0.01aD 7.08±0.01aB 7.32±0.02bA 7.36±0.03cB 7.64±0.01dD

TVBN
(mg%)

Control 10.2±0aA 25.2±0.3bD 30.8±0.2cB 39.2±0.2dC 40.6±0eC 43.4±0fB

SMS 10.2±0aA 20.2±0.2bC 25.2±0.2cA 37.8±0dB 39.2±0eB 40.6±0fA

BT1% 10.2±0aA 19.6±0.2bB 25.2±0.1cA 36.4±0.3dA 39.2±0.2eB 43.4±0fB

BT4% 10.2±0aA 18.2±0bA 25.2±0.2cA 36.4±0.3dA 36.4±0.2dA 40.6±0eA

TBARS
(mg malonaldehyde kg-1)

Control 0.03±0aA 0.07±0.005bD 0.09±0cD 0.09±0cC 0.09±0cC 0.11±0.005dD

SMS 0.03±0aA 0.03±0bA 0.07±0dC 0.07±0.005eB 0.06±0.01cB 0.07±0dC

BT1% 0.03±0aA 0.06±0.01fC 0.04±0.005bB 0.04±0eA 0.04±0.01dA 0.04±0.005cA

BT4% 0.03±0bA 0.04±0.005cB 0.03±0.005aA 0.05±0eA 0.04±0.005dA 0.05±0.005fB

Values are given as mean ± standard deviation, n=3, Values in a column with different superscript letters of A to D indicate significant difference between treatments (p<0.05)  
for each parameter and values in a row with different superscript letters from a to f indicate significant difference between storage periods (p<0.05).

Table 2. Changes in pH and TVBN during room temperature storage of beetroot extract treated samples along with control and SMS treated shrimps

Parameters Samples
                                                                              Storage hours
0 2 4 6 8 10

pH Control 6.6±0aA 6.71±0.02bA 6.78±0.02cB 6.85±0.03d 7.09±0.01fC 7±0.01eB

SMS 6.71±0.01aC 6.88±0.01dB 6.79±0.04bB 6.86±0d 6.95±0.01eB 6.82±0.01cA

BT4% 6.65±0.01aB 6.7±0bA 6.64±0.01aA 6.89±0.01c 6.72±0.03bA 7.08±0.02dC

TVBN
(mg%)

Control 18.8±0aA 26.6±0.1bB 32.2±0.02cB 37.8±0dB 40.6±0.1eC 42.8±0.01fB

SMS 18.8±0aA 25.2±0.005bA 32.2±0.1cB 36.4±0.1dA 36.4±0.1dA 39.2±0.02eA

BT4% 18.8±0aA 25.2±0.1bA 30.8±0.1cA 36.4±0.02dA 39.2±0.02eB 39.2±0.02eA

Values are given as mean±standard deviation, n=3, Values in a column with different superscript letters of A to C indicate significant difference between treatments (p<0.05)  
for each parameter and values in a row with different superscript letters from a to f indicate significant difference between storage periods (p<0.05).

interval of room temperature storage. The increase in TVBN can 
be related to bacterial growth and endogenous enzyme activity 
(Jeyakumari et al., 2018). All the groups crossed 35 mg 100 g-1 at 6th 
hour of storage while control reached 40 mg 100 g-1 by 8th hour of 
storage. The lower content of TVBN in the SMS and BT4% compared 
to control indicates the effect of the treatment on spoilage bacteria.

TBARS
Lipid oxidation is a from of deterioration that can render the fish and 
shrimp unacceptable. This process can be initiated by autoxidation 
and enzymatic activity from lipoxygenase, peroxidase and microbial 
enzymes (Nirmal and Benjakul, 2009b). TBARS is a commonly used 
indicator to measure the degree of lipid oxidation. The changes 
in TBARS values of Indian white shrimp samples with or without 
treatment are given in Table 1. The initial TBARS value was 0.03 mg 
malonaldehyde kg-1 and it increased significantly (p<0.05) 
throughout the iced storage period of both control and treatments. 
The TBA values of shrimp samples treated with beetroot extract at 
1 and 4% levels were significantly lower (p<0.05) in comparison to 
control and SMS treated shrimp, indicating the antioxidant effect 
of beetroot extract, which was previously reported by Vinson et al. 
(1998) and Kahkonen et al. (1999). Pigments in beetroot extract 
such as red betacyanins and the yellow betaxanthins are free 
radical scavengers which prevent free radical mediated oxidation of 
biological molecules (Pedreno and Escribano, 2001).
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Microbial quality
Aerobic plate count (APC) of white shrimp treated with or without 
beetroot extract is shown in Fig. 3a. APC indicates the microbial 
spoilage of food especially important during prolonged storage 
period. In all the samples, APC increased significantly (p<0.05) with 
increase of storage period in ice. APC of control was significantly 
(p<0.05) higher than that of samples treated with SMS and beetroot 
extract at 1 and 4% levels. APC of beetroot extract treated samples 
were significantly lower (p<0.05) than that of shrimp treated with 
SMS till 5th day of iced storage and the APC of beetroot extract 
treated at 1% level exceeded the APC of SMS treated shrimp 
from 7th day of iced storage onwards. The in vitro antibacterial 
activity of ethanol extract of beetroot pomace has been previously 
reported (Canadanovic-Brunet et al., 2011) as also the high levels of 
antimicrobial activity of phenolic compounds (Baydar et al., 2004). 
On 9th day of iced storage, the control reached 7 log CFU g-1, the 
recommended limit of spoilage for fish and fishery products for 
human consumption (ICMSF, 2018). Shrimp treated with SMS and 
beetroot extract at 1 and 4% level reached 7 log CFU g-1, 7.2 log CFU g-1 
and 7 log CFU g-1 respectively on 11th day of iced storage. Yuan et al., 
(2016) also reported APC level above the recommended limit in 
control samples of Pacific white shrimp on 9th day of iced storage. 
Phenolic compounds in the beetroot extract, may have chelated 
the ions required for microbial growth, thereby reducing microbial 
growth in beetroot extract treated shrimp to some extent.

Gram negative Pseudomonas spp. are reported as  dominant 
microorganisms during spoilage of shrimp and prawn (Akintola 
and Bakare, 2012). In the present study, Pseudomonas count 
showed a similar trend as that of APC (Fig. 3d). The initial count 
of Pseudomonas was 2.3 log CFU g-1 and it showed an increasing 
trend in all the samples with storage days. The count in BT4% was 

significantly (p<0.05) lower than the other samples indicating the 
activity of phenolic compounds in beetroot extract. . The control 
samples recorded the highest count of 4.8 log CFU g-1 on 11th day 
of storage. Phenolic compounds can form complexes with proteins 
in the cell wall of microbes, resulting in  breakage of cell wall 
(Chanthachum and Beuchat, 1997). Similar to the previous report 
of Nirmal and Benjakul (2011b), SMS showed lower efficiency in 
controlling the psychrophilic Pseudomonas count.

H2S producing organisms, like Shewanella putrefaciens produce 
offensive smell during spoilage of fish and shellfish due to the 
production of gases such as H2S, formed from sulphur containing 
amino acids. H2S producing organisms were observed to be 
absent in all the treatment groups till 3rd day of storage while in 
BT4% it was not observed till 5th day of iced storage, indicating the 
sensitivity of the organism to beetroot extract treatment (Fig. 3c).  
It showed an increasing trend along with the storage period with the 
highest count in control followed by SMS treated shrimps, while the 
count in both BT1% and BT4% was significantly lower. The control 
shrimps recorded the highest count of 4.7 log CFU g-1, while it was 
significantly lower in all other samples. Similar delay in growth 
of H2S producing bacteria in 0.1% catechin treated shrimp was 
reported by Nirmal and Benjakul (2009b). 

The aerobic plate count (APC) of treated shrimps during room 
temperature storage is shown in Fig. 3b. The initial APC of shrimp 
was 5.1 log CFU g-1 and it showed a significant decrease on  
2nd and 4th hour of storage followed by a significant increase 
from 6th hour of storage. The lower APC values in the treatments 
compared to control also indicate the effectiveness of treatment 
against spoilage organisms. Gram negative bacteria namely 
Pseudomonas spp., Achromobacter spp., Flavobacterium spp. and 
Gram positive bacteria like Micrococcus spp. are aerobic spoilage 
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Fig. 3. Changes in APC of control and treatment samples during iced (a) and room temperature (b) storage. Changes in counts of (c) H2S formers  
and (d) Pseudomonas spp. during iced storage
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bacteria normally present in case of fresh shrimps (Lu, 2009). 
The control reached spoilage limit of 7 log CFU g-1 (ICMSF, 2018) 
at 8th hour of storage while the treatments of SMS and beetroot 
extract reached spoilage limit at 10th hour of storage. Hence it again 
confirms the rapid spoilage of shrimp samples in ambient condition 
along with the rapid development of melanosis due to the activity 
of PPO at high temperature conditions. The study also indicates 
the antibacterial effect of phenolic compounds present in beetroot 
extract (Canadanovic-Brunet et al., 2011) similar to the previous 
experiment discussed earlier and also the antimicrobial effects of 
SMS, the commercially used antimelanosis agent and its potential 
pathological effects (Lopez-Caballero et al., 2006; Encarnacion  
et al., 2010; Bono et al., 2012). Plant phenolics are reported with 
good potential of antibacterial and antioxidant activity (Banerjee, 2006). 

Sensory score
The overall acceptability of white shrimp with and without 
beetroot extract treatment during ice storage is shown in Fig. 4b. 
The treatment with beetroot extract imparted a pinkish colour 
to the shrimp in case of treatment at 4% level (Fig. 1) and it did 
not affect the overall acceptability of shrimp. In the case of white 
shrimp treated at 1%BT, there was no observable pink colouration 
to shrimp after treatment.  There was a significant decline in the 
overall acceptability score during ice storage in all the treatments. 
The acceptability of SMS treated shrimp was significantly (p<0.05) 
higher than other samples from 5th day onwards till the end of 
storage. But the decrease in overall acceptability score was lower 
in the case of beetroot extract treatment at 1 and 4% levels than 
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Fig. 4. Changes in melanosis score and overall acceptability score of control and treatment samples during iced storage (a and b) and room temperature 
storage (c and d)

the control. Increase in melanosis formation of shrimps during 
storage decreased the sensory acceptability based on appearance 
and colour.

The overall acceptability score of control and treatments at room 
temperature showed a declining trend throughout storage (Fig. 4d). 
The acceptability of control was significantly (p<0.05) lower 
than that of treatments in which SMS treated sample had better 
acceptability at the end of storage period from 8th hour. Melanosis 
formation was more pronounced in beetroot extract treated sample 
than the SMS treated shrimp. Control was rejected by the sensory 
panel at 8th hour of storage while SMS and BT at 10th hour of storage 
due to off odour. The phenolic compounds from beetroot extract 
inhibit quinone formation by polyphenoloxidase and thus prevent 
melanosis. It also contains bio-active compounds and exhibit 
biological properties like antioxidant and chelating activities.

The post-mortem deterioration in shrimp quality  by blackening or 
melanosis, impacts consumer acceptability and reduces market 
value, although it is harmless to the consumers. Application of 
beetroot extract at 4% level by dipping method  effectively inhibited 
melanosis formation in white shrimp, comparable to commercial 
treatment with sodium metabisulfite for up to 7 days of iced storage. 
Similarly, beetroot extract treatment remained effective upto 6 h 
of room temperature storage in preventing melanosis formation,  
with no adverse effects on sensory attributes. Furthermore, the 
treatment improved biochemical and microbial quality compared to 
untreated control. Therefore, beetroot extract presents a promising 
natural alternative for inhibiting melanosis in shrimp.
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