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Abstract
The present study aimed to evaluate the combined effects of betel leaf (Piper betle) extracts on sardine (Sardinella albella) muscle to
extend its shelf life during storage in ice. Additionally, the effects of betel leaf extracts onmicrobial activity, biochemical, sensory score,
and biogenic amines formation were monitored in S. albella stored with traditional ice and ice with betel leaf extract during a 14-day
storage period. Identification of bioactive compounds fromP. betle revealed the presence of potent biopreservative compounds such as
4-methoxy-isophthalic acid, phenol, and propanoic acid. The effect of blended P. betle at two different concentrations (0.05% and
0.1% /L of distilledwater) in the icemediumwas tested for the protection of sardinemeat and comparedwith preservation in traditional
ice. Inhibitory effects (p < 0.05) on the microbial proliferation and biochemical markers of fish deterioration were evidenced for ice
containing both concentrations of P. betle after 10–14 days compared with the control. The sensory score acceptability limit was
reached at 10 days for sardines stored in traditional ice and 14 days for sardines stored in ice containing P. betle extract.
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Introduction

In recent years, seafood quality and safety have become a
major concern to food consumers, producers, industries, and
regulatory agencies worldwide. Such trends may be due to the
globalization of the food trade and changes in eating habits
and consumer behavior, such as increasing demand for natu-
ral, fresh, minimally processed, easily prepared, and ready-to-
eat products (Hassoun and Emir Coban 2017). Sardine
(Sardinella albella) is a commercially important fish species
in most of the tropical countries that are marketed as fresh in
chilled ice, canned, or dry salted, and is also utilized as
fishmeal and fish oil (Ozyurt et al. 2012).

Recent works revealed that P. betle possesses a high con-
tent of biological compounds, such as phytol, eugenol, and

hexadecanoic acid (Srinivasan et al. 2016), and exhibited an-
tibacterial, antioxidant, antihistamine, antidiabetic, insecticid-
al, and antiseptic properties in different in vitro and in vivo
studies (Hajare et al. 2011; Datta et al. 2011). A wide number
of preservative secondary metabolites such as polyphenol,
flavonoids, alkaloids, ketones, terpenes, and sterols (Datta
et al. 2011) were isolated from P. betle. Therefore, the present
study aimed to evaluate the combined effects of betel leaf
extracts on sardine muscle to extend the shelf life during stor-
age in the ice. Furthermore, the effects of betel leaf extracts on
microbial activity, physicochemical and sensory attributes and
biogenic amines formation on sardine muscle during 14 days
of chilled storage were studied.

Materials and Methods

Collection and Preparation of Betel Leaf Powder

Fresh betel leaves (P. betle) were collected from a local market
of Thondi, Tamil Nadu, India, and washed thrice with distilled
water and identified using the standard manual of Gamble
(1935). Then, the leaves were shade dried at a temperature
of 25 ± 2 °C for 4 days and afterwards were fine powdered
using a mechanical blender and stored at room temperature in
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an airtight container (Tarsons, Kolkata, India) for further
analysis.

Chemical Characterization of Methanolic Extract

P. betlewas analyzed by gas chromatography (GC) interfaced
with a quadrupole mass spectrometer (MS) analyzer (QP-
2010 plus; Shimadzu, Kyoto, Japan) and a Rtx-5MS capillary
column (30.0 m × 0.50 mm i.d., 0.32-mm film thickness;
Restek, Bellefonte, PA, USA). One microliter of methanolic
extract of P. betle was injected in split mode (1:10) using an
autosampler followed by Arulkumar et al. (2018).

Preparation of Ice Containing Betel Leaf Powder

Betel leaf powder, 500 mg (0.05% for PL-1) and
1000 mg (0.1% for PL-2), was dissolved in 1 L of distilled
water. The extract was filtered using the muscling cloth to
remove leaf residues and collected into a conical flask, made
up into 1000 mL of distilled water. Then, it was transferred
into polythene bags and kept at − 80 °C (Freezer, model
U410-86, Eppendorf, UK) until use. Traditional ice was pre-
pared from distilled water (without betel leaf extract) that was
packaged and kept frozen in the same way as the two other ice
(PL-0, control). P. betle extract containing ice was made into
flake ice and applied all over the surface of sardine meat.
Experimental conditions (P. betle extract in the ice) employed
in the present study were based on several preliminary tests
carried out at our laboratory at the concentrations of 0.2–5.0 g
P. betle extract/L distilled water. Prior to the application on
individual fish meat, PL-0, PL-1, and PL-2 were ground to
obtain ice flakes, and the ice was applied throughout the ex-
periment based on the requirement to maintain the frozen tem-
perature (Arulkumar et al. 2018).

Fresh Sardine Samples and Storage in Ice

Fresh sardine fish (S. albella) (n = 100) were procured from
the fish-landing center, Thondi, Southeastern India, and
transported to the laboratory in ice within 20min. The average
length and weight of the fish specimens ranged between 13.4
± 0.43 cm and 25.43 ± 0.41 g, respectively. Upon arrival at the
laboratory, 10 individual fish specimens were separated and
analyzed to find out the initial biogenic amines level (day 0).

Sardine fish heads and guts were removed and thoroughly
washed with potable water. These fish specimens were divid-
ed into three different groups (three individuals per group) that
were analyzed independently to achieve statistical signifi-
cance (n = 3). The remaining fish specimens were divided into
three batches (30 individuals in each batch) that were placed in
independent boxes and directly surrounded by ice added with
different concentrations of P. betle extract (PL-0, PL-1, and
PL-2), prepared as previously described by Arulkumar et al.

(2018). Ice was added at a 1:1 fish/ice ratio, and all batches
were placed in iceboxes and maintained at 4 °C. Boxes that
allowed the draining of melted ice were used for fish storage.
Fish samples from all the batches were stored for 14 days and
sampled and analyzed on days 4, 7, 11, and 14. At each sam-
pling time, nine specimens were taken from each batch for
analysis and divided into three groups (three individuals in
each group) that were studied independently (n = 3).

Sensory Score of Stored Sardines

Trained panelists evaluated sensory score for S. albella be-
longing to PL-0, PL-1, and PL-2. Ten sardines from different
storage times were evaluated in each session. The score was
calculated based on a quality index method (QIM) scheme as
described by Nielsen and Hyldig (2004).

Bacteriological Assessment of Stored Sardines

Samples (10 g) were aseptically homogenized with 90-mL
buffered peptone water (Hi Media, Mumbai, India). Serial di-
lutions were performed in the same diluents. Enumeration of
total viable mesophilic counts (TVMC) and total viable psy-
chrophilic count (TVPC) was determined by Arashisar et al.
(2004). Enterobacteriaceae were grown on MacConkey agar
(Hi Media, Mumbai, India) and incubated at 31 °C for 48 h
(Ozogul et al. 2017). Pseudomonas sp. were determined by
surface plating on Pseudomonas F agar (Hi Media, Mumbai,
India) and incubated at 31 °C for 48 h (Arulkumar et al. 2018).
Determination of total Aeromonas hydrophila was done by
surface plating on Kaper’s medium (Hi Media, Mumbai,
India) and subsequent incubation at 25 °C for 24 h.

Biochemical Analyses of Stored Sardines

Ten grams of sardine muscles (PL-0, PL-1, and PL-2 batch
respectively) was homogenized in a sterile blender with
10 mL of deionized water to make a thick slurry to measure
pH followed by Arulkumar et al. (2018). Total volatile base
nitrogen (TVB-N) and trimethylamine (TMA-N) were mea-
sured using the method of Conway’s dish (Cobb et al. 1973).
Detection and quantification of biogenic amines were per-
formed with high-performance liquid chromatography
(HPLC) described by Arulkumar et al. (2018).

Statistical Analysis

All determinations were given in terms of mean ± standard
deviations (SD). The results obtained were compared by one-
way analysis of variance (ANOVA). The significance of the
difference between means was determined by Duncan’s mul-
tiple range test (P < 0.05) using SPSS version 14 (SPSS
Institute, Chicago, IL, USA).
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Results and Discussion

The GC-MS analysis revealed the presence of twenty-five
different compounds in betel leaf depicted in Table 1.
Among the different compounds present in P. betle extracts,
propanoic acid, benzoic acid, and phthalic acid are carboxylic
acids, and hexanedioic acid is a dicarboxylic acid, and all were
identified as major compounds for antioxidant and antibacte-
rial activity (Jassbi et al. 2013; Arulkumar et al. 2018).
Similarly, Srinivasan et al. (2016) reported thirteen different
bioactive compounds from P. betle; among them, phytol, eu-
genol, and hexadecanoic acid showed antibacterial activity
and antibiofilm formation in S. marcescens. The sensory score
of S. albella stored in traditional ice (PL-0) and ice with betel
leaf extract (PL-1 and PL-2) are presented in Fig. 1. Using a
sensory score 12 as the maximum limit of acceptability, the
shelf life of the sardine sample was 7 days in the control group
(demerit score 12 ± 0.12). At the end of the shelf life from the
sensory point of view, on day 10 in PL-0, the demerit score
was 18.00 ± 0.32, and on day 14, it was 12.73 ± 0.26 in PL-1
and 12.5 ± 0.37 in PL-2. Ozyurt et al. (2012) studied the shelf
life of sardines (S. aurita) treated with ice and rosemary

extract during storage, in which they observed that the addi-
tion of rosemary extract improved the sensory score of fish
and extended the shelf life by 3 days compared with the con-
trol samples. The present study clearly indicates that the pres-
ence of antioxidant and antimicrobial effects of P. betle (PL-1
and PL-2) prolonged the shelf life of fish by 10 days in PL-1
and 12 days in PL-2 compared with the control sample.

The effect of different P. betle extract concentrations of
TVMC, TVPC, Enterobacteriaceae, Pseudomonas, and
Aeromonas is depicted in Table 2. The remarkable effect of
antimicrobial substances such as phthalic acid and
hexanedioic acid found in P. betle slowed down the bacterial
growth (Srinivasan et al. 2016). In this study, the growth of
psychrophilic bacterial count was higher in the PL-0 than in
those of PL-1 during the ice storage period, which indicated
that P. betlewas effective in delaying the rate of psychrophilic
bacterial growth on sardine muscle. Changes in the pH values
of sardine over the storage time are shown in Table 2. The
incorporation of P. betle extract exerted a better control of the
alkalization routes compared with control batches. The effect
of P. betle extract on the pH was significant (P < 0.05) at
advanced storage times (days 10–14).

Table 1 List of
bioactive compounds identified
from the purified methanolic
extract of Piper betle by GC-MS
analysis

Sl. no. Rt Peak area (%) Name of the bioactive compound

1 14.654 0.22 Tricyclo [2.2.1.0(2,6)] heptane-3-methanol

2 15.514 10.28 Propanoic acid

3 15.583 3.95 1,2-benzenedicarboxylic acid, diethyl

4 16.508 3.52 Ar-tumerone

5 16.775 0.27 Sulfurous acid, isohexylpentyl ester

6 16.825 0.28 Phenol

7 16.961 1.36 Benzoic acid, 2-ethylhexyl ester

8 17.105 0.40 Nonyl-phenol mix of isomers

9 17.175 0.34 5-(4-isopropoxy-benzyl)-2-(4-methol)

10 17.275 0.22 Methanol, (cyclohexyl) (2,3-dimethylphenyl)

11 17.409 0.26 1,4,4,7,7-Pentamethyl bicyclo[3.3.0]

12 18.725 6.66 1,2-Benzenedicarboxylic acid

13 18.861 0.58 Pyridinium, 1-hexadecyl-, chloride

14 19.236 1.56 Phthalic acid, butyl oct-3-yl ester

15 19.512 0.28 1-butanone, 3-methyl-1,3-diphenyl

16 19.746 31.60 Dibutyl phthalate

17 19.938 2.95 1,2-Benzenedicarboxylic acid, butyl 2-ethylhexyl ester

18 20.075 0.59 1-S-octyl-1-thio-l-arabinitol

19 20.158 0.19 4-Methoxy-isophthalic acid

20 21.300 0.29 Diethyl phthalate

21 21.670 0.19 4-Hexadecynoic acid, 2-methoxy-, methyl ester

22 22.000 0.29 Cyclononanone

23 22.051 0.27 Dodecane, 1,1′-oxybis-

24 25.205 2.23 Hexanedioic acid, dioctyl ester

25 28.721 30.82 Diisooctyl phthalate
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TVB-N content of the entire batches in the study is
depicted in Table 2. The upper limit of acceptability of
TVB-N content in fish is 30–35 mg/ 100 g, as recommended
by the european economic community (EEC 1995). In this
present study, the TVB-N values of sardine stored in PL-0
(32 ± 0.67 mg/ 100 g) exceeded the upper level of maximum
permissible limit of acceptability at the time of sensory

rejection (day 10). However, the incorporation of P. betlewith
ice significantly reduced the formation of TVB-N content
throughout the storage time (14 days). The above results are
also in agreement with those of Ozyurt et al. (2012), who
reported 26–25 mg/ 100 g of TVB-N in rosemary treated
sample of sardine during 15 days of ice storage.

Table 2 Assessment of bacterial count (log CFU g−1), pH, TVB-N (mg/100 g) and TMA-N (mg/ 100 g) of Sardinella albella stored with different
Piper betle extract concentrations

Bacterial count Piper betle extract concentration Chilled storage time (days)

Day 0 Day 4 Day 7 Day 10 Day 14

TVMC **PL-0A *2.63 ± 0.69a 4.63 ± 0.53a 6.86 ± 0.73a 7.96 ± 0.73a 9.56 ± 0.60a

PL-1B 2.63 ± 0.69b 3.56 ± 0.60c 4.83 ± 0.61b 5.76 ± 0.61b 6.56 ± 0.60b

PL-2C 2.63 ± 0.69c 3.32 ± 0.66b 4.76 ± 0.79a 5.40 ± 0.49a 6.76 ± 0.75b

TVPC PL-0A 2.66 ± 0.67a 4.53 ± 0.62a 5.73 ± 0.65b 6.73 ± 0.65b 7.53 ± 0.55a

PL-1B 2.66 ± 0.67b 3.76 ± 0.75b 5.66 ± 0.62b 6.63 ± 0.75b 6.86 ± 0.69a

PL-2B 2.66 ± 0.67b 3.66 ± 0.67b 5.9 ± 0.77a 6.58 ± 0.65a 6.53 ± 0.55a

Enterobacteriaceae PL-0A 3.76 ± 0.75a 5.36 ± 0.62a 6.93 ± 0.77a 7.83 ± 0.65c 9.86 ± 0.73a

PL-1B 3.76 ± 0.75b 4.66 ± 0.74a 5.60 ± 0.58b 6.66 ± 0.80c 7.83 ± 0.79b

PL-2B 3.76 ± 0.75c 4.37 ± 0.66b 5.48 ± 0.69b 6.53 ± 0.55a 7.6 ± 0.77c

Pseudomonas PL-0A 2.63 ± 0.69a 4.71 ± 0.72a 6.7 ± 0.78a 7.53 ± 0.55b 7.83 ± 0.74a

PL-1B 2.63 ± 0.69a 3.8 ± 0.80b 5.73 ± 0.7b 6.26 ± 0.62c 6.66 ± 0.62b

PL-2C 2.63 ± 0.69b 3.56 ± 0.60b 5.66 ± 0.67c 6.16 ± 0.58a 6.56 ± 0.60c

Aeromonas PL-0A 3.56 ± 0.60a 5.66 ± 0.62a 5.96 ± 0.66a 6.53 ± 0.69b 7.83 ± 0.74 a

PL-1B 3.56 ± 0.60b 4.71 ± 0.72b 4.96 ± 0.48b 5.63 ± 0.44b 6.66 ± 0.62b

PL-2B 3.56 ± 0.60c 4.62 ± 0.64c 4.76 ± 0.64c 5.25 ± 0.63c 6.60 ± 0.60b

pH PL-0*A 6.19 ± 0.49a 6.77 ± 0.52a 6.90 ± 0.56a 6.98 ± 0.29a 7.12 ± 0.45a

PL-1B 6.19 ± 0.49b 6.55 ± 0.46b 6.78 ± 0.36b 6.83 ± 0.54b 6.98 ± 0.61b

PL-2C 6.19 ± 0.49c 6.39 ± 0.43c 6.73 ± 0.44c 6.78 ± 0.62c 6.85 ± 0.46a

TVB-N PL-0A 14.66 ± 0.80a 19.5 ± 0.94b 22.86 ± 0.74a 32 ± 0.67a 39.7 ± 0.63b

PL-1B 14.66 ± 0.80b 16.9 ± 0.72a 18.6 ± 0.64b 22.7 ± 0.63b 28.1 ± 0.63c

PL-2B 14.66 ± 0.80b 15.83 ± 0.75 b 17.8 ± 0.71c 20.76 ± 0.66b 25.8 ± 0.41a

TMA-N PL-0A 3.66 ± 0.32a 4.76 ± 0.24a 6.8 ± 0.21a 9.53 ± 0.33a 12.66 ± 0.24b

PL-1B 3.66 ± 0.32b 3.46 ± 0.41b 4.46 ± 0.38a 5.56 ± 0.36b 6.63 ± 0.28c

PL-2C 3.66 ± 0.32b 2.93 ± 0.20c 4.5 ± 0.40c 4.73 ± 0.20a 6.5 ± 0.35a

*Average values (n = 3) and SD. ** Abbreviation of P. betle extract concentrations: PL-0 (control: ice only), PL-1 (ice prepared by 0.05% of P. betle
extract/L distilled water), and PL-2 (ice prepared by 0.1% of P. betle extract/L distilled water). For each batch, different capital letters (A–C ) denote
significant differences as a result of different P. betle extract concentrations. For each chilling time, mean ± SD values followed by different letters (a–c )
denote significant differences as a result of different P. betle extract concentrations in specific chilling time. TVMC: total viable mesophilic counts;
TVPC: total viable psychrophilic count; TVB-N :total volatile base nitrogen; TMA-N: trimethylamine nitrogen

PL-0 (control: ice only), PL-1 (ice prepared by 0.05 of P.betle extract/L distilled water) and PL-2

(ice prepared by 0.1 of  P.betle extract/L distilled water). Mean values of sensory assessment (n=3). 

Standard deviations are denoted by bars

Fig. 1 Changes in the overall
acceptability score of chilled
Sardinella albella stored under
different Piper betle extract
concentrations
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In the present study, the initial value of TMA-Nwas 3.66 ±
0.32 mg/ 100 g, and it steadily increased with storage time
(Table 2). Govindan (1985) reported that the maximum per-
missible level of TMA-N was 10–15 mg/ 100 g in fish sam-
ples, but in the present study, PL-1 and PL-2 batches did not
exceed the maximum level suggested by Govindan (1985)
after chilled storage. However, the TMA-N level in the PL-0
exceeded the maximum limit. Similarly, Ozyurt et al. (2012)
found that icing with rosemary extract led to a lower TMA-N
value for sardines during 15 days of storage.

Table 3 shows the formation of biogenic amines in S. albella
stored with ice and in different concentrations of P. betle extract
respectively. P. betle significantly reduced the formation of bio-
genic amines in sardines throughout storage period (P < 0.05).
At day 0, tryptamine, putrescine, cadaverine, histamine, tyra-
mine, spermidine, and spermine were not detected in fresh
sardines. Contrariwise, Ozyurt et al. (2012) and Ozogul et al.
(2011) detected histamine, putrescine, cadaverine, spermidine,
spermine, and tyramine content on day 0 of storage in sardines.
Among the tested biogenic amines, tryptamine, putrescine, and
histamine were characterized as the most dominant amines
formed in S. albella muscle during storage periods.

Tryptamine was detected only on day 4, and it steadily in-
creased in PL-0, PL-1, and PL-2 batches of sardines, at day 14.
Similarly, Ozyurt et al. (2012) did not detect tryptamine on days
0 to 15 of the storage period in control groups, but it was detected
after 4 to 15 days for sardines stored in ice with 0.05 to 0.1%
rosemary extract. In the present study, the putrescine content in

sardine was non-significantly higher in PL-0 than in PL-1 and
PL-2 after 4 to 14 days of chilled storage. In agreement with the
present findings, Gokoglu et al. (2004) reported that putrescine is
one of the major biogenic amines that is formed in sardine sam-
ples, reaching a maximum level of 55.21 mg/ 100 g at 20 °C and
30.3 mg/ 100 g at 4 °C, whereas cadaverine formation was not
changed significantly throughout the storage period at 4 °C. The
higher level of putrescine might be due to the elevated level of
storage temperature without adding any preservatives.
Contrastingly, putrescine content in the present study was 2.71
± 0.34 mg/100 g in PL-0, 2.47 ± 0.37 mg/100 g in PL-1, and
2.48 ± 0.36 mg/100 g in PL-2. Interestingly, cadaverine content
was found only in the PL-0 after 7 days of storage, and it was not
detected in PL-1 or PL-2 throughout the storage period. In the
present study, histamine was found to be 2.90 mg/ 100 g after
4 days of storage in control samples. Similarly, Ozyurt et al.
(2012) reported histamine content in sardine of 3.91 mg/100 g
after 4 days. The variation in histamine content might be due to
the differences in the amino acid content of fish species, environ-
mental conditions, presence of microbial load, and catching area.
In this study, histamine concentration was found to be 6.87 ±
0.09 mg/100 g (PL-1) and 5.89 ± 0.07 mg/100 g (PL-2) after
14 days of storage, which is lower than the guidelines’ value of
10 mg/100 g as suggested by the food and agriculture
organization/world health organization (FAO/WHO) (2012)
and food safety and standards authority of India (FSSAI) (2016).

Spermine was initially detected in all samples on day 4 of
storage, which increased by days 14 of storage (15.2 ±

Table 3 Evaluation of biogenic amines in Sardinella albella during storage with different Piper betle extract concentrations

P. betle extract concentration Biogenic amine (mg/100 g) Storage time (day)

TRP PUT CAD HIS TYR SPN SPD

PL-0 ND ND ND ND ND ND ND 0

PL-1 ND ND ND ND ND ND ND 0

PL-2 ND ND ND ND ND ND ND 0

PL-0 9.66 ± 0.23a 2.68 ± 0.29a ND 2.90 ± 0.06a ND 8.97 ± 0.02a 3.96 ± 0.02a 4

PL-1 1.41 ± 0.41b 2.56 ± 0.31a ND 1.94 ± 0.15b ND 5.84 ± 0.32b ND 4

PL-2 1.36 ± 0.44a 2.50 ± 0.35a ND 1.36 ± 0.45c ND 4.78 ± 0.15b ND 4

PL-0 9.66 ± 0.24a 2.62 ± 0.27a 3.64 ± 0.25a 2.72 ± 0.20a 7 .62 ± 0.26a ND 6.35 ± 0.45a 7

PL-1 9.61 ± 0.27b 2.55 ± 0.31a ND 3.37 ± 0.44b ND ND ND 7

PL-2 9.59 ± 0.29a 2.53 ± 0.31a ND 1.51 ± 0.34a ND ND ND 7

PL-0 9.41 ± 0.41a 2.65 ± 0.25a 6.83 ± 0.12a 6.70 ± 0.22a 9.12 ± 0.14a ND ND 10

PL-1 8.98 ± 0.08a 2.56 ± 0.31b ND 4.76 ± 0.16b ND ND ND 10

PL-2 8.56 ± 0.30a 2.49 ± 0.36a ND 3.00 ± 0.06b ND ND ND 10

PL-0 8.73 ± 0.18a 2.71 ± 0.34a 7.63 ± 0.24a 9.5 ± 0.35a 15.5 ± 0.31a 15.2 ± 0.33a 8.84 ± 0.11a 14

PL-1 8.50 ± 0.35a 2.47 ± 0.37b ND 6.87 ± 0.09b ND ND 3.82 ± 0.12b 14

PL-2 8.39 ± 0.42a 2.48 ± 0.36a ND 5.89 ± 0.07b ND ND ND 14

Average values are expressed as mean ± SD (n = 3). For each chilling time, mean ± SD values followed by different letters (a–c ) denote significant
differences as a result of P. betle extract concentrations in specific chilling time. TRP: tryptamine; PUT: putrescine; CAD: cadaverine; HIS: histamine;
TYR: tyramine; SPN: spermine; SPD: spermidine; ND: not detectable
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0.33mg/100 g only in PL-0). Spermidine was in PL-0 on days
4, 7, and 14. However, in PL-1, on days 14, only 3.82 ±
0.12 mg/100 g of spermidine was detected. The preservative
compound present in P. betle extract significantly inhibited
the spermidine formation and accumulation in sardine
muscle during different storage times. Likewise, Ozogul
et al. (2011) investigated rosemary and sage tea extracts are
effective in reducing spermidine accumulation in fish muscle
during 6 to 20 days of storage, where the effectiveness of
rosemary extract in spermine accumulation was observed after
10, 13, and 17 days of storage compared with ice-treated fish.

Conclusions

The results brought to light that P. betle incorporated into ice
improved the sensory score and chemical (pH, TVB-N, and
TMA-N) quality of fish and extended the shelf life of sardines.
Ice blended with P. betle significantly lowered the bacterial
count and biogenic amine content, especially in the case of
cadaverine and histamine. The present study clearly indicates
that the presence of biopreservative compounds in P. betle
prolonged the shelf life of S. albella for at least 3 days com-
pared with the control sample. Consequently, the application
of P. betle extracts with ice is a promising method to maintain
fish quality to extend shelf life of seafoods. Biopreservative
compounds of P. betle could be considered as an alternative to
the synthetic chemical preservative for consumer safety in
seafood processing industries.
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