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Fermented shrimp sausages are prepared spontaneously with Litopenaeus vannamei as raw material. Shrimp is one of the marine
sources with rich chitosan as bioactive compounds, antioxidants, vitamin E, and probiotic lactic acid bacteria (LAB) produced by
fermentation processes. +is study aimed to analyze the variations in antioxidant activity, vitamin E content, total LAB, total
pathogenic bacteria, pH, and acceptability of shrimp sausage produced at different fermentation times. A completely randomized
experimental design study was performed using four levels of exposure time, including control (0 days), 1, 2, and 3 days. +e
treatment was conducted spontaneously with 1.2% salt concentration, a drying temperature of 50°C for 3 h, and fermentation at
35°C.+e evaluated parameters included the antioxidant activity measured with the radical 2,2-azino-bis (3-ethylbenzothiazoline-
6-sulphonic acid) method, vitamin E levels by high-performance liquid chromatography, total LAB with total plate count, and
Escherichia coli bacteria by the most probable number method. Salmonella sp. and Staphylococcus aureus were estimated by the
identification method. A pH meter was used to assess acidity, and hedonic organoleptic testing was performed for taste, aroma,
color, and texture. +e results show significant differences in antioxidant activity, vitamin E, and shrimp sausage acceptability at
varied fermentation times (p≤ 0.05). However, the best formulation was obtained with the first-day fermented shrimp sausage, as
shown by its bioactive content and the level of acceptability.

1. Introduction

Coronary heart disease (CHD) is one of the major causes of
death in Indonesia, and its prevalence showed an increase of
1.5% (15.259 people) in 2018 [1]. +is estimate is expected to
continuously rise to 23.3 million in 2030 [1]. High levels of
cholesterol and low-density lipoproteins are linked as risk
factors to CHD [2]. Consuming functional food products
that are low in fat and rich in antioxidants can be an al-
ternative diet choice for preventing CHD. Several marine
organisms contain active compounds, such as antioxidants

and anti-inflammatory compounds, which can be used as
functional food for CHD prevention [3].

Shrimp is a marine product with rich bioactive anti-
oxidant content in the form of chitosan, carotenoids, and
monounsaturated fatty acids. +e astaxanthin constituent
has been identified as the most powerful antioxidant of
xanthophyll. +is condition is due to the carotenoid protein
characteristics, which include the capability to reduce oxi-
dative stress, protect from inflammation, and neutralize free
radicals and oxidants [4]. Shrimps also contain vitamin E,
which is assumed to confer protection on active compounds
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against the degradation process, with a possible value as an
antioxidant [5]. +e characteristics of bioactive contents
indicate their potential application as raw material for fer-
mented sausage for use as alternative functional food.
However, seafood products are susceptible to spoilage due to
mechanical, physiological, and microbiological influences.
+e fermentation process is carried out to enhance shelf life,
resulting in a distinctive taste and increased product quality.
+e fermentation process can be possibly conducted
spontaneously without the addition of any microorganisms
[6]. +is process involves protein and amino acid hydrolysis
by enzymes of microbial origin, yielding bioactive peptides
that are needed as antioxidants [7]. +e lactic acid bacteria
(LAB) produced demonstrate antioxidant effects that can
inhibit free radicals and lower cholesterol levels [8, 9]. +e
microorganisms generated can reduce the number of
harmful pathogens present in the digestive tract upon in-
gestion and inhibit the growth of spoilage bacteria. +is
activity results from the ability of LAB to produce several
metabolites, including organic acids (lactic and acetic acid),
hydrogen peroxide, diacetyl, and bacteriocin. Furthermore,
LAB are assumed to possess probiotic effects, maintaining
the existence of intestinal microflora and increasing en-
durance [10, 11]. +e fermentation process increases the
vitamin E content of shrimp sausages. +is outcome results
from the ability of LAB to produce primary and secondary
metabolites following the hydrolysis of carbohydrates, fats,
and proteins [12]. Moreover, the treatment reduces the water
content due to the capability of added salt to attract hy-
drogen ions, subsequently causing a decline in the half-
maximal inhibitory concentration (IC50) [13]. +is effect
occurs simultaneously with a high antioxidant activity,
which is estimated to ensure the capture of free radicals [14].
Referencing the Indonesian National Standard, dry fer-
mented sausages contain 30%–40% water content and have
an aw value of 0.85–0.91 [15].

Sausages are processed meat products that are ground,
seasoned, and wrapped in sleeve. +e ingredients added
affect the bioactive and organoleptic compound composi-
tion. Marination of shrimp with lime juice aims to reduce
the fishy scent, therefore improving the product aroma. In
addition, adding 2%–4% salt further improves the flavor and
inhibits the activity of spoilage microbes, thus facilitating the
optimal growth of beneficial LAB [6]. +e addition of sugar
as a source of carbohydrates for microorganisms to produce
lactic acid affects pH, flavor, and storability of products [16].
Moreover, pepper and ginger enhance the taste and aroma of
sausages, with ginger specifically increasing the antioxidant
content [17]. In addition, garlic adds to the aroma and is
useful as a bacteriostatic and antioxidant agent due to its
inherent phenolic compounds and allicin [18]. +e incor-
porated egg whites and oils serve as emulsifiers, whereas
tapioca starch acts as a filler to improve the texture [19, 20].
Furthermore, corn oil contains vitamin E (8%) and can
confer antioxidant effects; hence, its addition increases
bioactivity [21]. +e smoking and roasting processes affect
the texture, chemical composition, and quality of the
product, such as color, flavor, and juiciness [22]. Another
study indicated that the interaction of pH 4 and 50°C

temperature for 10min optimizes antioxidant activity and
increases the concentration of solubility protein [23].
+erefore, the LAB generation during the fermentation
process is implicated to reduce the pH matrix through the
production of lactic acid from the fermentation of sugar
[24]. +e utilization of 5% liquid smoke improves the
chemical, organoleptic, and microbiological quality and
causes a simultaneous reduction in cholesterol [25].
Moreover, reducing the pH level of fermented sausages
(4.5–5.0) inhibits the growth of pathogenic and spoilage
bacteria. However, other studies suggest 4.8–5.4 as the
proper range [26]. +e duration of fermentation also in-
fluences the amount of pathogenic microorganisms present
in food products, with E. coli (15%–20%), Salmonella sp.
(1%–5%), and Staphylococcus aureus [25] being the most
common in Indonesia. In addition, the existence of E. coli
indicates the presence of other microorganisms capable of
causing typhus, vomiting, and diarrhea. Salmonella sp. are
usually found in foods with low environmental hygiene and
closely related to the cleanliness of processing, storing, and
serving. A poor setup facilitates the production of entero-
toxins, which can initiate gastroenteritis and inflammation
of the intestinal tract [27]. Based on this background, the
study aimed to determine the differences in antioxidant
activity, levels of vitamin E, total LAB, total pathogenic
bacteria, acidity, and acceptance level of fermented shrimp
sausage produced at varied fermentation durations.

2. Materials and Methods

+is one-factor randomized complete design experimental
study is classified into the field of food technology. +e
variables were tested at Undip Nutrition Science Laboratory,
Integrated Services Unit of Undip Laboratory, Bogor Sar-
aswanti Laboratory, and Health Laboratory of Central Java.

2.1. Preparation Process of Fermented Shrimp Sausage.
+e first step involved marinating 62.3% Litopenaeus van-
namei with 2% lime juice before grinding. +en, 12% ice
cubes, 9.3% egg whites, 7.5% tapioca flour, 3.1% corn oil,
1.2% salt, 1.2% sugar, 0.6% garlic, 0.6% ginger, and 0.2%
pepper were added, mixed sequentially, and poured into an
edible sausage sleeve. +e second step involved smoking and
was conducted by soaking the shrimp sausage into a 5%
liquid smoke solution for 30min. +e shrimp was subse-
quently placed in an oven set at 50°C for 3 h. +e third stage
involved fermenting the sausage from day 0 to day 3 [28] in
an incubator (Esco® model IFA-54-8, Esco Micro Pte. Ltd.)
with a set temperature of 35°C [11, 25]. +e products ob-
tained on day 0 were used as a control.

2.2. Antioxidant Activity Test. Antioxidant activity was an-
alyzed using the 2,2-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS)method [29].+is stock solution was
created at a concentration of 7.4mM. Potassium persulfate
(2.6mM) was also formulated. Both solutions were mixed at
a ratio of 1 :1 (v/v) and stored for 16–18 h, followed by
dilution to an absorbance level of 1.1± 0.02 units at a
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wavelength of 750 nm. Subsequently, the samples were
mixed with ABTS at a ratio of 1 : 2 (100 µL : 200 µL) and
stored at room temperature for 10min. +e antioxidant
activity was expressed as the inhibition percentage and
calculated using the following formula.

Inhibition (%)� (blank absorbance− sample absor-
bance)/(blank absorbance)× 100%.

Inhibition (%) �
absorbance control − absorbance sample

absorbance blanko

x 100%.

(1)

+e IC50 value can be calculated by the following
formula:

IC50value � 50% × absorbance control. (2)

2.3. Vitamin E Concentration Test. +e vitamin E level was
analyzed using high-performance liquid chromatography
(HPLC) [30]. HPLC was performed on the Shimadzu
Prominence system (Shimadzu Corporation, Kyoto, Japan)
equipped with solvent delivery system LC-20AD, with a SIL-
20AC autosampler, DGU-AS online degasser, SPD-M20A
DAD detector, CTO 20AC column oven, and CBM-20A
communication module. Sample stock solutions were pre-
pared by dissolving 100 g sample in 150mL 70% ethanol,
followed by shaking with 350mL n-hexane solution. +en,
the filtrate was separated using a separatory funnel. +e oil
part was collected and evaporated using a rotary evaporator
vacuum regulated at a temperature of 50°C. Moreover, the
HPLC system was set to a stable baseline, and about
25–100 µL sample was injected and analyzed using a mobile
phase with a flow rate of 1.5mL/min (normal phase).

2.4. LAB Test. +e total LAB were calculated using total
plate count with three repetitions [24]. First, all the tools and
materials to be used were sterilized in an autoclave at 121°C
for 15min at a pressure of 1 atm and used to create a liquid
medium. Second, the samples were homogenized with
distilled water. +ird, a sterile test tube filled with 9ml
distilled water was combined with 1ml suspension sample to
achieve a homogenized dilution series. Fourth, the planting
process was conducted by adding 1ml distilled water to the
control Petri dish and 1ml 10−1 dilution suspension sample
to the 10−1 Petri dish up to the last dilution. +en, the media
were poured onto a Petri dish and incubated at 35°C–37°C
for 24 h after solidification. +e grown white or yellowish
LAB colonies were subsequently collected and counted.

2.5. Pathogenic Bacterial Test. Pathogenic bacterial tests
were performed to evaluate the presence of E. coli using the
most probable number method [31]. S. aureus and Salmo-
nella sp. were detected using the identification method with
SNI-01-2332.2-2006. First, the liquid media were developed
in an Erlenmeyer flask, followed by the sterilization of tools
and materials by autoclaving at 121°C for 15–20min. +en,

1ml sample was mixed with 9ml distilled water in the test
tube up to a specific dilution value (10−1, 10−2, 10−3, 10−4,
10−5, and 10−6). +erefore, 1ml 10−1 dilution sample was
collected and transferred to a Petri dish containing the
media before incubating at 35°C–37°C for 48 h. +e samples
were then evaluated for microbial growth. +e affirmative
test of E. coli was carried out by observing medium color
changes to red-green metallic sheen [32], whereas S. aureus
and Salmonella sp. were confirmed positive if the color of the
medium agar changed to red and yellow, respectively [33].

2.6. Acidity Test (pH). +e pH indicator/electrode was ex-
amined and calibrated with a solution of pH� 7 before
rinsing with distilled water and subsequently dried. A slice of
fermented shrimp sausage sample was assessed using cali-
brated pH electrodes placed on a glass, pending the at-
tainment of stable and readable values.

2.7. Organoleptic Test. Organoleptic properties were evalu-
ated in 30 respondents using a hedonic test questionnaire.
+is tool examined the aspects of color, aroma, texture, and
taste with four scales: 1�worse, 2� bad, 3� good, and
4� best [34]. +e best formulation was selected using a
weighting technique considering the hedonic test attributes
(color, aroma, texture, and taste) and the bioactive
component.

2.8. Data Analysis. Data analysis was performed using SPSS
25.0 software for Windows with a p value ≤0.05, whereas
normality was evaluated using the Shapiro–Wilk test for
values < 50. +e antioxidant activity, vitamin E levels, and
acidity (pH) were tested using analysis of variance. Mean-
while, Kruskal–Wallis test was adopted in the assessment of
LAB, pathogenic bacteria, and the level of acceptance.

3. Results and Discussion

3.1. Antioxidant Activity. Table 1 presents the shrimp sau-
sages produced at different fermentation times, demon-
strating variation in the mean percentage of inhibition
(p< 0.05). In addition, the highest value was obtained on the
3rd day at 42.09% per 0.1 g, whereas the least value was
recorded on day 0 (control) at 23.93% per 0.1 g.

Antioxidant activity is the capability for oxidants to
capture free radicals, and a high level indicates the need for
less food to ensure optimal acquisition [35]. +e results of
statistical tests showed differences in the average percent
inhibition value (p � 0.05) and IC50 (p � 0.024). In addi-
tion, the highest antioxidant activity was measured in
shrimp sausages treated with 3-day fermentation time. +is
sample demonstrated a percentage inhibition value of
42.09% per 0.1 g and an IC50 value of 1.161 ppm and was
hence classified in the very powerful category [36].

+e fermentation process can produce probiotic LAB
that have antihypertensive and cholesterol-lowering effects
and inhibit the growth of pathogen bacteria [8, 9]. +ese
activities are also influenced by the addition of ginger, garlic,
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and corn oils containing phenolic compounds, alongside the
sausage preparation process before fermentation at 50°C.
Furthermore, the smoking treatment using liquid smoke has
been implicated due to the phenolic compounds, organic
acids, and carbonyl content, which are assumed to serve as
flavor, bacteriostatic, and antioxidant agents [37].

3.2. IC50 Value. Table 2 presents the average IC50 value of
shrimp sausages produced at different fermentation dura-
tions which varied significantly (p< 0.05). +is finding is
congruent with that of previous studies, including the report
on kombucha fermentation for 0, 1, 2, and 3 days, in which
IC50 increased from 120 ppm to 54.46 ppm [38]. Further-
more, the best outcome was recorded on the third day at
1.161 ppm, whereas the least (1.849 ppm) was observed on
day 0 (control). Moreover, food is considered to possess very
strong antioxidant characteristics at IC50< 10 ppm [39].

3.3. Vitamin E Level. Table 3 presents the average levels of
vitamin E, which differed between shrimp sausages pro-
duced at different fermentation durations (p< 0.05). In
addition, the highest result at 4.985mg/100 g was recorded
on the third day, whereas the least (2.685mg/100 g) was
obtained on day 0 (control).

Vitamin E is one of the compounds contained in shrimp;
it is characterized by a phenol group on the 6-chromanol
ring and has a useful function of protecting in attacking free
radicals [40]. Processed foods are considered a source of
vitamin E, possessing a minimum of 15% nutrition label
reference in the solid form or 7.5% nutrition label reference
in the liquid form. Meanwhile, the potential for high content
is considered in cases where over twice the amount is present
in the source [41]. During the fermentation process, LAB
produce metabolites from the hydrolysis of carbohydrates,
fats, and proteins, including the primary forms from small
compounds, e g., vitamins and minerals, and secondary
forms, e g., antibiotics, enzyme inhibitors, and growth
boosters [12]. Previous studies on gude seed tempe have
attributed the increase in the content of dissolved proteins,
vitamins, and available minerals to the presence of molds.
+ese microorganisms grow on the sample and hydrolyze
intrinsic complex compounds into simpler forms [42, 43].
+e increase in levels of vitamin E present in shrimp sau-
sages is also caused by the addition of vitamin E (8%)-
containing corn oil, which acts as antioxidants by inhibiting
free radicals.

3.4. Total LAB. Table 4 shows the average difference in the
total LAB of shrimp sausages treated with varied fermen-
tation durations (p< 0.05). +e highest value
(13.88×109 CFU/ml) was recorded on day 3, where the least
(0.429×109 CFU/ml) was observed on day 0 (control).

+e total LAB were positively influenced by the fer-
mentation duration.+is finding is an indicator of the ability
for growth in the initial phase, prompting adjustments to the
inhabiting substrate. Furthermore, this condition causes cell
multiplication and active transport processes, in which
microorganisms maintain their pH in the cytoplasm by the
pH homeostasis mechanism based on the transport protons
across the cell membrane [44]. +e anaerobic bacteria,
during the fermentation process, perform H+ transport
through molecules of H+-ATPase with the use of energy; in
this way, the main product of lactic acid contributes to
maintain acid-base balance [44]. In addition, a high con-
centration of LAB was observed alongside the extended
fermentation duration, with a tendency to overhaul the
nutrients contained in the substrate. +is phenomenon
possibly allows the accumulation of organic acids in high
amounts [45].

+e initial phase of fermentation features the growth
pattern adaptation of LAB. +e first-day fermented shrimp
sausage formulation showed an increase in total bacteria,
resulting from the dominant activity of the microorganism
to convert carbohydrates into lactic acid. +is phase is
classified as logarithmic, at which the bacteria quickly and
constantly experienced a rapid growth rate. Certain species
of bacteria extremely multiply due to the content of nu-
trients, water activity (aw), pH value, storage temperature,
composition atmosphere, physical/chemical treatment
during processing, and the specific growth rate of the
bacteria themselves [44]. +e concentration of alcohol and
CO2 produced increased, possibly up to levels toxic for the

Table 2: Results of IC50 (ppm) of fermented shrimp sausages at
different fermentation times.

Duration IC50 value (ppm)
Fresh shrimp 2.99± 0.227∗
0 days 1.849± 0.189∗
1 day 1.655± 0.276
2 days 1.597± 0.256
3 days 1.161± 0.069∗

p� 0.024a

∗ Significance <0.05; aANOVA: analysis of variance.

Table 1: Results of the inhibition percentage (%) of fermented
shrimp sausages at different fermentation times.

Duration Inhibition (%)
Fresh prawn 17.36± 2.746∗
0 days 23.93± 2.927∗
1 day 26.57± 3.935∗
2 days 34.32± 4.956
3 days 42.09± 5.994∗

p� 0.005a

∗ Significance < 0.05; aANOVA: analysis of variance.

Table 3: Results of the vitamin E level (mg/dl) of fermented shrimp
sausages at different fermentation times.

Duration Vitamin E levels (mg/100 g)
Fresh shrimp 1.515± 0.007∗
0 days 2.685± 0.007∗
1 day 3.355± 0.007∗
2 days 4.090± 0.000∗
3 days 4.985± 0.021∗

p< 0.001a

∗ Significance < 0.05; aANOVA: analysis of variance.
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survival of microbes [46]. In addition, an increase in the LAB
population caused a decline in pH and an increase in acidity.
+is condition is unsuitable for certain LAB, e g., Lacto-
bacillus bulgaricus, Streptococcus thermophilus, and Lacto-
bacillus acidophilus, thus leading to bacterial death.

3.5. Pathogenic Bacteria. +e identification test results from
days 0, 1, 2, and 3 showed negative/25 g for Salmonella sp.,
<3/g in the case of Escherichia coli, and 1× 102 CFU/g for
Staphylococcus aureus.+ese findings are congruent with the
Indonesian National Standard for food and beverages. +e
cumulation of the large amount of LAB in the product can
inhibit pathogenic bacteria. +is result is due to the high
bactericidal effect at low pH [47]. In addition, different types
of LAB produced varied inhibition and activities due to the
influence of metabolite components produced. Acetic acid,
formic acid, succinic acid, ethanol, hydrogen peroxide, and
diacetyl were also generated by LAB action. +ese products
are antagonistic and can inhibit the growth of other bacteria
[48].

3.6. Acidity Level (pH). Table 5 presents the average pH level
of shrimp sausages with differences in fermentation dura-
tions (p< 0.05). +e highest value was observed on day 0
(6.6), whereas the least was recorded on day 3 (5.71). +e
fermentation duration affected the extent of pH decline,
resulting from the conversion of glucose to lactic acid.
Fermented catfish sausage by smoking for 30min at a
temperature of 30°C can increase LAB levels and lower pH
[28].+erefore, low values alongside elevated concentrations
of lactic acid further inhibit pathogenic bacterial growth
[49]. +e recommended pH value for fermented sausage is
between 4.8 and 5.4 [50].

3.7. Organoleptic Test. Differences were observed in shrimp
sausage color, following the variations in fermentation
duration (p< 0.05) presented in Table 6. In addition, the
highest intensity was observed on day 0 and the least on day
3. Color changes were also observed during storage. +is
finding is attributed to the naturally existing pigments in
food, caramelization, Maillard reactions, and the interaction
between organic compounds and air [51]. Moreover, pro-
longed fermentation duration increased the darker color of
fermented shrimp sausage.+is phenomenon was due to the
presence of H2O2 produced by microorganisms through
aerobic metabolism. Furthermore, the reactive compound
formed is assumed to cause a decline in the red

pigmentation, following the formation of brown metmyo-
globin [52].+e smoking process has also been implicated in
color changes, resulting from the smoke absorption capacity
of the product surface, as evidenced by a reaction between
carbonyl groups. +is condition further leads to a brownish
pigmentation in sausages [53].

A significant difference was observed between the aroma
of shrimp sausages prepared at varied fermentation dura-
tions (p< 0.05). +e highest level of aroma was observed on
day 0 and the lowest on day 2. Moreover, Maillard reactions
occurred following an interaction between amino groups
and reducing sugars. +is phenomenon was assumed to
produce volatile compounds during the fermentation pro-
cess [52–54]. +erefore, a long treatment duration causes a
decline in pH, alongside an increase in the amount of lactic
acid produced from LABmetabolism.+is condition further
stimulates the aroma of fermented shrimp sausages to be
more acidic [55].

+e texture of shrimp sausages differed across the
treatments with varied durations of fermentation (p< 0.05).
In addition, samples obtained on day 1 demonstrated the
best texture, whereas the poorest result was recorded on day
3. A chewy texture was caused by the presence of amylose
and amylopectin in tapioca flour [41]. +is shrinking is
affiliated with the fermentation duration and assumed to
play a role in hardening the texture. In addition, this pa-
rameter is influenced by product pH, given that low values
are implicated in the high tendency for meat shrinkage [41].
Furthermore, acid conditions during the fermentation
process also aid in texture formation due to meat protein
coagulation and in color formation through the reactions of
nitrite and nitrogen monoxide with myoglobin [44].

+e flavor of shrimp sausages varied at different fer-
mentation durations (p< 0.05). Furthermore, the highest
flavor acceptance was observed on day 0 and the lowest on
day 2. Flavor is a stimulus of food, especially by the sense of
taste and odor [41]. +e fermentation process is charac-
terized by the degradation of compounds, including the
conversion of proteins into amino acids and peptides. +ese
activities cause specific flavors [41]. In addition, long pro-
cesses and the decline in pH instigate a rise in acid levels.+e
increased amount of lactic acid generated leads to high
acidity in the taste of sausages.

3.8. Selected Formula Weighting. Tables 7 and 8 present the
weighting results of hedonic test attributed to the indicators
of color, aroma, texture, and taste. 25% weighting on each

Table 4: Result of total LAB of fermented shrimp sausages at
different fermentation times.

Duration Total LAB (x 109 CFU/ml)
0 days 0.429± 0.422
1 day 5.055± 4.879
2 days 8.437± 8.676
3 days 13.88± 9.988

p� 0.048∗ b

∗ Significance < 0.05; bKruskal–Wallis test.

Table 5: Results of the acidity value (pH) of fermented shrimp
sausages at different fermentation times.

Duration pH value
0 days 6.600± 0.327
1 day 6.290± 0.209
2 days 6.027± 0.347
3 days 5.710± 0.471∗

p� 0.022a
∗Significance < 0.05; aANOVA: analysis of variance.
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indicator, including color, aroma, texture, and taste, was
provided on the fermented shrimp sausages. +e first rank
was obtained by treatment samples for day 0, followed by F1,
F2, and F3. +erefore, F1 was selected because F0 was not
fermented.

Based on the weighting results, the third-day fermented
shrimp sausage formulation (F3) was selected because of its
bioactive content. However, its hedonic test score was the
lowest and was not favored by panelists. +erefore, F1 was
selected considering the bioactive constituents and the level
of consumer acceptance. +e hedonic quality assessment
showed the panelists an acceptance level of 1.97, which
indicates a low preference, whereas the acceptance values of
color, aroma, and texture were 2.73, 2.73, and 2.57, re-
spectively.+erefore, the first-day fermented shrimp sausage
(F1) was selected, considering the bioactive content and the
level of consumer acceptance.

4. Conclusions

Significant differences were observed in the mean antioxi-
dant activity, levels of vitamin E, total LAB, acidity value
(pH), and acceptance level of shrimp sausages treated with
different fermentation times (0, 1, 2, and 3 days) at p≤ 0.05.
Overall, different fermentation times played role changes in
the bioactive content and the quality characteristics of
fermented sausages. A long treatment duration causes a
decline in pH, alongside an increase in the bioactive content.
However, the best formulation was obtained with the first-
day fermented shrimp sausage, as shown by its bioactive
content and the level of acceptability. It scored of the total

weighting hedonic test at 2.49 with 26.57% antioxidant
activity, 1.655 ppm IC50, 3.355mg/100 g vitamin E,
5.055×109 CFU/ml total LAB, and 6.29 pH.

Data Availability

+e fermented shrimp sausage’s ingredients, inhibition
percentage (%), IC50 (ppm), vitamin E level (mg/dl), total
LAB (109 CFU/ml), acidity value (pH), organoleptic analysis,
and weighting hedonic test of fermented shrimp sausages at
different fermentation times used to support the findings of
this study are included within the article.
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Duration
Categories (mean± SD)

Mean
Color Aroma Texture Taste

0 days 3.20± 0.76a 2.97± 0.99a 2.30± 0.87a 2.47± 0.86a 2.73
1 day 2.73± 0.82b 2.73± 0.94b 2.57± 0.77a 1.97± 0.76a 2.5
2 days 2.63± 0.66b 1.60± 0.81c 1.83± 0.69b 1.57± 0.72b 1.9
3 days 2.00± 0.94c 1.90± 0.88d 1.50± 0.73c 2.17± 1.05a 1.89

p< 0.001∗ p< 0.001∗ p< 0.001∗ p� 0.001∗
Different superscript letters (a, b, c, and d) show significant differences between groups; ∗Kruskal–Wallis test.
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