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Abstract. Recently, the consumer demand for imported Thai fish sauce is increasing in
Bangladesh domestic market. To satisfy potential consumer demand, underutilized marine fish of
the Bay of Bengal can be used in this regard to produce fish sauce locally. A study was,
therefore, undertaken to prepare fish sauce from underutilized spined anchovy (Stolephorus tri,
locally called ‘kata phasha’) using 25% (w/w) salt in earthen containers and characterized essential
quality parameters. Fermentation was continued for 7 months, and physicochemical,
microbiological, and sensory characteristics of the product during processing were studied. At the end
of fermentation, moisture and mineral content of the sauce reached to high values of 68.54 +
0.35% and 22.56+0.35%, respectively with a concomitant decrease in protein (5.03 + 0.05%).
Total volatile base nitrogen (TVB-N) and total nitrogen (TN) values, on the other hand, reached
18.42+0.00 mg/100 g and 0.764+0.02 g N/100 ml, respectively with a relatively high bacterial
load of 7.1440.02 log cfu/ml. Sensory evaluation conducted by a group of untrained panelists
revealed high acceptability of the fish sauce in terms of colour, flavour, taste (e.g. saltiness,
bitterness, sweetness, sourness and umami), clearness, liquidity and overall acceptability. It is
concluded that low-valued fish like spined anchovy of the Bay of Bengal can be used as a raw
material to produce good quality fish sauce.
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Introduction

In fish processing, fermentation implies the breakdown of proteins in the fresh fish to simpler
substances under anaerobic conditions or low oxygen levels (Lopetcharat et al. 2001) that are
stable at room temperature during storage. The products are generally produced by conventional
method, mixing small fishes with salt and stored underground in earthen or concrete containers
for prolonged period (Wichaphon et al. 2013). Upon fermentation, partial breakdown of protein
takes place that produces volatile compounds responsible for its unique aroma (Zheng et al.
2017). Breakdown of proteins is brought about by the action of endogenous (originating from
the digestive tract, muscle tissue) and bacterial enzymes that converts fish muscle protein and
other organic materials into simpler compounds (Chaveesuk 1991, Beddows 1998). Different
strains of lactic acid bacteria, halophilic and halotolerant bacteria multiply during fermentation
and take part in fermentation process (Ly et al. 2020). These are rich in essential amino acids
(EAAs), polypeptides, B-vitamins, polyunsaturated fatty acids and minerals (Peralta et al.
2008). The product is very popular in Southeast Asia, and now has spread across the globe
including Bangladesh.
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In Bangladesh, three types of fermented fish products viz., shidhal or shidal (semi-
fermented barbs), shidil (dried, semi-fermented small fishes) and nga-pi (semi-fermented shrimp
paste) are produced locally and consumed by people of many parts of the country (Alam 2007,
Nayeem et al. 2010a, Nayeem ef al. 2010b, Mansur et al. 2014). They are very popular food
condiments and considered as a good source of protein (Mansur 2007). The processing methods
used for fermentation of these products dates back hundreds of years, as early as 1824, where
conventional methods are used for their production. Traditionally, fishermen adopted these
simple technologies to preserve their bulk catch of small fishes e.g. barbs (Puntius spp., Esomus
spp.), small-sized bagrid catfishes (Mystus spp.), leaffish (Nandus sp.), gouramies (Colisa sp.)
and shrimp, particularly during the peak fishing season (Alam 2007). Due to the adaptability
with these semi-fermented products, consumers in Bangladesh recently started using fish sauce.
Although comparatively new in Bangladesh, they are now being widely used as an important
ingredient of Bangladeshi cuisine in households as well as restaurants in the capital Dhaka and
other major cities. The fish sauce used in Bangladesh is mainly imported from Thailand,
Vietnam, and China. Low-valued marine fish species including anchovy (Stolephorus spp.),
mackerel (Rastrelliger spp.), and herring (Clupea spp.) are regarded as the most suitable species
for the production of fish sauce. According to the Thai Public Health Ministry, fish sauces in
Thailand are classified into three types: (i) pure fish sauce (ii) hydrolyzed fish sauce, and (iii)
diluted fish sauce (Wilaipan 1990). Among these three, pure fish sauce the most expensive
product as it is derived from fresh fish or fish residue obtained during salt fermentation of fish.
The other two products are relatively cheaper as they are either obtained from the hydrolysates
of fish or other animals or by dilution of fish sauce with water or approved additives. In all
cases, fish is first graded, washed and whole un-eviscerated fish is mixed with salt to fish at a
ratio ranging from 1:6 to 1:2 (w/w) (Lopetcharat and Park 2002). Then they are stored in
underground concrete tanks or earthenware/earthen jars for 6-12 months at ambient temperature
to complete the hydrolysis process. Homemade fish sauce in Thailand is also prepared by
grinding the fish, pressing by hand and placing fish into clay jars in alternative layers of fish and
salt. Although the technology is simple, the process needs to be optimized as several factors
including fish species, types and the ratio of salt used and condition of fermentation influence
the quality of fish sauce (Anihouvi ef al. 2011). Until now, only a few studies in Bangladesh
have been conducted that used low-valued freshwater fish species as raw material for making the
fish sauce (Faisal et al. 2013). So, there is a need to explore the usefulness of other freshwater
and marine fishes with low-value such as anchovies to meet the growing domestic consumer
demand.

In the Bay of Bengal, large quality of spined anchovy (S. tri, locally called ‘kata phasha’) is
harvested every year using set bag net. Although a large portion of the harvested fish species is
consumed in fresh condition, the remaining portion sometimes is sun-dried or used as raw
material for animal feeds. So, there is good scope to utilize this species as a raw material of fish
sauce. The present study was, therefore, undertaken to prepare fish sauce from this low-valued
under-utilized species in traditional earthen container and characterize its physiochemical and
microbiological properties.

Materials and Methods

Fish: Market sized spined anchovy Stolephorus tri (Fig. 1A) caught by marine set bag net were
collected from Cox’s Bazar and transported to the Post-Graduate Laboratory, Department of
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Fisheries Technology, Bangladesh Agricultural University (BAU), Bangladesh in iced condition
at a ratio of fish:ice =1:1 (w/w).

Preparation of fish sauce: Fish samples were washed properly with chilled freshwater,
dewatered for 15 min and divided into 3 (three) parts of 1.5 kg each to be used as triplicates.
For the present experiment, table salt at a concentration of 25% (w/w, NaCl) was selected based
on the previous results of higher sensory acceptability for fish sauce produced using that salt
concentration. As such, the samples were mixed with 25% (w/w, NaCl) thoroughly. Then they
were packed into previously cleaned and sterilized earthen containers (Fig. 1B, 1C) and kept in
a dry place for 7 months for fermentation. All samples were stirred manually using stainless
steel ladle at every 15 days of fermentation. After completion of fermentation, the liquid part
was filtered and aged in the direct sunlight for 7 days. Thus, the fish sauce became ready to use.

Sampling procedure: During manual stirring, representative samples were collected for
analysis at days 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, 195 and 210. Then they
were flittered using filter paper (Whatman No. 5) and subjected to biochemical and
microbiological analyses. All analyses were carried out in triplicates.

Fig. 1. Salt-fermentation of (A) spined anchovy (Stolephorus tri) using
(B, C) earthen container to produce fish sauce.

Physicochemical analyses of raw materiak Three representative fresh fish samples were
separated at the start of the fermentation process, mixed together and ground in a mechanical
grinder to make a paste. This ground sample was used for all biochemical and bacteriological
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analyses. Among the biochemical parameters, initial TVB-N and total nitrogen (TN) were
determined and expressed in mg/100 g and gN/100 ml sample, respectively as described by
AOAC (1990). Briefly, 10 g of sample was mixed with 90 ml of 6% perchloric acid, steam
distillated in a Kjeldahl flask with 10ml of 20% NaOH and was absorbed by 50ml of 3% H3BOs.
The concentration of the bases was determined by titration with 0.01 N HCI. In order to
determine TN, 5 g of sample was taken and diluted with 100 ml of distilled water. Then 5 ml of
the solution was placed in a 125 ml Erlenmeyer flask and 1 ml of 2% potassium chromate
solution was added to it. The solution was titrated with a 1/50 N silver nitrate solution to a light
orange endpoint. The percentage of salt was then calculated using the formula: NaCl %= A X
0.00117x Fx Cx DF (where A= titration value, F= factor of 1/50 silver nitrate, C=
correction constant and DF= dilution factor). The proximate composition including moisture,
crude protein, lipid, and ash contents of raw material were determined according to Islami ez al.
(2014). All analyses were carried out in triplicate.

Bacteriological analyses of raw materialk The aerobic plate count (APC) of the fish samples
was determined. Briefly, fish sample was homogenized first in a previously sterilized mortar and
transferred into sterile test tube. Serial tenfold dilutions were prepared in 0.85% NaCl, and 0.1
ml aliquots were spread plated onto agar plates (Himedia, India) containing 2.0% agar according
to Mannan et al. (2020). The plates were incubated overnight at 30°C for 48 hrs. Only the
plates having 30 to 300 colonies were considered to calculate bacterial population numbers and
expressed as colony-forming units per unit of sample. Each count was the mean value of viable
colonies appearing in duplicate agar plates made per individual sample.

Physico-chemical and bacteriological analyses of periodic samples and the end product: The
physico-chemical and bacteriological parameters for the periodic samples and the end product
were also determined as described previously.

Sensory analysis: Sensory analysis was conducted with 20 untrained panelists (aged between 30
to 60; men: women= 2:1) at the Department of Fisheries Technology, BAU. Samples were
served to panelists and various attributes such as colour, flavour, taste, clearness, liquidity, and
overall acceptability were evaluated based on a 7-point descriptive scale in the hedonic scale
scoring method (1= extremely undesirable and 7= extremely desirable) with slight
modifications (Soewarno 1985).

Statistical analysis: Data were tabulated and computed using MS Excel 2013 (Microsoft Corp.
USA). Analysis of variance (ANOVA) was used to determine the presence of significant
differences (p <0.05) among sample groups.

Results and Discussion

Changes in physicochemical characteristics during fermentation: Changes in important
physicochemical parameters of fish sauce during the entire fermentation period were determined
and results are shown in Table I. The mean value of TVB-N in fresh samples of spined anchovy
was 0.01 + 0.00 mg/100g. This initial value was found to be lower than those reported for
other marine fishes found in the Bay of Bengal (Reza et al. 2009) which indicating good quality
of raw material were used in the study. After the addition of 25% salt, a sharp rise in TVB-N
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was recorded that finally reached a significantly high value (p <0.05) of 18.42+0.00 mg/100 g
when fermentation was terminated after 7 months. Generally, the presence of TVB-N in fishery
products indicates the degree of protein degradation by bacterial activity and hence bacterial
fermentation. In fermented fish, TVB-N is the combined amount of ammonia, dimethylamine,
and trimethylamine.

Table I. Changes in biochemical and proximate composition of salt-fermented
spined anchovy during 7-month fermentation period

Fermen- Biochemical parameters Proximate composition

tation TVB-N TN Salt Moisture Crude protein Lipid Ash
days (mg /100 g) (g N/100 ml) (%) (%) (%) (%) (%)

0 0.01+£0.00* | 2.904+0.01° | 25004005 | 70.28+ 0.22* 19.14+40.65* | 375+020 | 10.31+0.25°
15 4.10+£0.00° | 4.4840.01° ND 54.2040.31° 29.5440.40° ND 19.4240.90°
30 7.15+0.00 ¢ 4.2540.02° ND 60.48+0.35 ¢ 28.03+0.43° ND 16.5040.91°
45 9.1540.01¢ 3.94+0.01° ND 61.86+0.25 ¢ 25.98+0.92°¢ ND 12.16+0.12°¢
53 10.47+0.02 ¢ | 3.42+0.01° ND 62.36+0.80°¢ 22.640.95¢ ND 12.13+0.54°¢
60 12.2440.01¢ | 2.78+0.02° ND 63.12+0.60° 18.3440.85¢ ND 13.21+0.45¢
75 13.4140.019 | 2.61+0.00° ND 63.7+0.26°¢ 17.2140.65¢ ND 14.66+0.45°
90 15.2740.01¢ | 2.43+0.02° ND 63.31+0.90°¢ 16.03+0.90¢ ND 16.45+0.21°¢
105 15.59+0.01¢ | 2.44+0.01° ND 63.63+0.52° 16.12+0.80¢ ND 16.79+0.20°¢
120 16.24+0.01¢ 2.370.01° ND 64.91+0.45°¢ 15.63+0.25¢ ND 16.56+0.35°¢
135 17.36+0.01¢ | 2.02+0.02° ND 64.22+0.45°¢ 13.3240.20¢ ND 16.92+0.86°
150 17.87+0.01¢ | 1.99+0.01°¢ ND 65.57+0.08¢ 13.1440.21¢ ND 16.59+0.25¢
165 17.02+0.01¢ | 1.81+0.00°¢ ND 65.58+0.15¢ 11.934+0.30 ¢ ND 17.0940.28 ¢
180 18.13+0.00¢ | 1.4740.01°¢ ND 68.32+0.28¢ 9.73+0.20°¢ ND 19.5140.82¢
195 18.4240.00¢ | 0.95+0.01¢ ND 68.14+0.20¢ 6.28+0.22° ND 20.66+0.22¢
210 18.4240.00¢ | 0.76+0.02 ¢ | 23.89+08 | 68.54+0.35¢ 5.0340.05° 354010 | 22.564+0.35°¢

Values are shown as mean + SD of triplicates; Means within the same column followed by different superscript letter
differ (p<0.05); ND = Not determined.

Although the value of TVB-N depends on the composition of bacterial flora and the method
of analysis (Antonacopoulos and Vyncke 1989), the values of the end product were well below
the acceptable limit for fresh fish (20 mg/100 g) as well as dried and salted fishery products
(100 to 200 mg/100 g) (Connell 1995, FDA 2004). The salt concentration in the prepared sauces
had a value ranging from 23.894+0.85% and the relatively low TVB-N value. Some other
researchers have also reported wide range of TVB-N values (210 - 375 mg/100 g) in fermented
fish products (Anihouvi er al. 2006, Roy et al. 2014) while Moini and Koochekian (2003)
reported 25 mg/100 g for sauce made from kilka fishes of the Caspian Sea using 3 different
preparations (whole kilka, cooked whole kilka and dressed kilka) after 6 months of fermentation.
A very high TVB-N value of 226.80 mg/100 g was reported form fish sauce obtained from tuna
(Thunnus albacares) viscera with 10% NaCl (Besas and Dizon 2012). These high values are also
reflected well by the bacterial load observed in the end product and a varying level of salt
content. It is, therefore, predicted that the relatively lower TVB-N values in the end product are
probably attributed to the preservative activity of salt.

Total nitrogen (TN) values were found to be significantly influenced during the 210-day
fermentation period at room temperature. This is used as an objective index that shows the
quality of fermented products (Wilaipan 1990) where high value is an indication of better quality
fish sauce. Initially, the TN value for spined anchovy sample was 2.90+0.01 g N/100g which
showed a significant decrease (p <0.05) to reach a value of 0.76+0.02 g N/100 g on 210-days
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of fermentation (Table I). Interestingly, there was a sharp increase in TN value on day 7 (4.48
+0.01 g N/100 g) that may be linked to the immediate release of water-soluble protein fraction
from fish muscle cells. TN content was significantly affected by the days of fermentation
(p<0.05). Such release of soluble protein takes place due to the increased osmotic pressure
resulting from the addition of salt for processing (Lopetcharat and Park 2002). A relatively
lower TN value of fish sauce also indicates a lower level of crude protein in the sample. These
TN values were found to be gradually decreased to reach a final value of 0.76 + 0.02 g N/100
g. Sanchez (2008) and Lawrie (1998) reported that a decrease in TN values was linked to
Maillard reactions or due to changes in pH. Although we did not estimate pH in the present
study, we predict that the strong degradation of anchovy muscles occurred during the
fermentation process due to the action of enzymes.

The salt content of spined anchovy sauce was recorded at two periods: at the start and end
of the fermentation process. It was observed that the initial value of 25.00 + 0.05% salt did not
show any significant change and reached a more or less similar value of 23.89 + 0.85% (Table
I). Generally, salt content in fish sauce remains constant. The majority of the commercial fish
sauce available in the domestic market of Asian markets as well as Bangladesh had salt content
ranging from 24.1-30.6% (Cho et al. 2000). In the present study, we purposefully used 25%
(w/w) salt for the fermentation process, which is more or less similar for those reported by
others (Tungkawachara et al. 2003, Ulfah 2013).

Table I shows that the initial moisture content was 70.28+0.22% at day-0 for fresh spined
anchovy samples. This value showed a rapid and significant decrease (p<0.05) to 54.20+
0.31% for the first 15 days and to 60.484+0.35% for the second 15 days of the fermentation.
With the progress of fermentation process, moisture level did not show any significant change
(p>0.05) and after 210 days the value again reached to the maximum level 0f68.54 + 0.35%.
This gradual increase in moisture occurred due to the entrance of moisture inside the fish muscle
and liquefaction of proteins which is more or less similar to those reported by Kim et al. (1999)
who stated moisture percentage of anchovy and small fish sauce to be 46-77% and within the
limit of 62-74% moisture for commercial fish sauces (Bersamin and Napugan 1961). When the
changes in crude protein content during fermentation of spined anchovy was monitored, it was
found that the value showed an increase from the initial 19.144+0.65% to 29.54+0.40%,
presumably due to release of soluble protein in the solution. As time passed the protein in the
fish body started to liquefy and at the end of fermentation, crude protein reached a significantly
lower value of 5.03+0.05%, indicating medium-protein sauce as indicated by Wilaipan (1990).
Ash content, on the other hand, was 10.3140.25% in fresh fish samples that showed a
significant rise on day 15 (p <0.05). The high initial ash content in fresh fish is probably due to
the fact that bones and scales were included in the analysis (Taorem and Sarojnalini 2011). Then
increase in ash content during the later stages is linked to the absorption of NaCl by fish tissues.
As time passed the fish muscle gradually hydrolyzed but the bones in the fish body remained
intact. As a result, the ash content gradually increased to 22.56+0.35% (Table I). These results
are more or less similar to those for Peda where the ash content in the end product ranged
between 15.96-16.90% (Desniar et al. 2009). Lipid content, however, did not show any
significant change during the fermentation process.

Changes in microbiological characteristics during fermentation: Changes in viable bacteria in
terms of aerobic plate count in fish samples during fermentation were estimated and shown in
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Table II. Due to the effect of 25% salt treatment, bacterial load showed a significant (p <0.05)
decrease from the initial value 0f6.78 +0.48 log cfu/g to 5.08+0.25 log cfu/ml. These data are
relatively higher than previous reports on anchovy where the initial bacterial load was about 2.0
log cfu/g (Wilaipan 1990, Ijong and Ohta 1996). This is possibly linked to the initial bacterial
load of the raw materials that were transported to the laboratory in ice. On day 45, the bacterial
load showed a sudden decrease. At the end of the fermentation on day 210, bacterial load
reached to a significantly higher value (Table II). This indicates that the addition of salt killed the
majority of the salt-sensitive bacteria at the initial stages, after which halophilic bacteria present in
salt gradually adjusted and multiplied. Multiplication was accelerated due to breakdown of
macromolecular compounds that released the low molecular weight compounds. Generally, lactic
acid bacterial (LAB) content increases due to the addition of salt. Thapa er al. (2004) reported that as
high as 100% salt addition increased LAB up to 1.74 log cfu/g in traditional fermented fishes while
Al-Jedah er al. (2000) reported APC values in fish sauce to be 12.6log cfu/ml after 240 days of
fermentation. These results suggest that bacterial load in the fish sauce prepared from spined anchovy
was different from those reported by other studies.

Table II. Changes in bacterial load of salt-fermented spined anchovy
during 7-month fermentation period

Fermentation Aerobic plate count

days (log CFU/g or ml)
0 6.78+0.48°
15 5.08+0.25°
30 5.7240.71°
45 6.07+0.05°
60 6.4640.12°
75 6.5740.07°
90 6.76+0.01°¢
105 6.85+0.04°¢
120 6.94+0.02°¢
135 7.00+£0.01°¢
150 7.05+£0.03°¢
165 7.10+£0.10°¢
180 7.114£0.92¢
195 7.12+0.11¢
210 7.1440.02¢

Values are shown as mean + SD of triplicates;
Means in the row without a common superscript letter differ (p <0.05).

Sensory evaluation of spined anchovy sauce: Sensory testing of a fishery product is an
important aspect to determine its acceptability among general consumers. A number of factors
are responsible for sensory acceptability of spined anchovy sauce that includes colour, flavour,
taste (e.g. saltiness, bitterness, sweetness, sourness and umami), clearness, liquidity, and overall
acceptability. Based on our previous findings (Faisal ef al. 2013), we choose 25% salt for sauce
preparation and minimized the excessive saltiness of the product. Table III shows the results of
the sensory evaluation obtained from the study. After end of fermentation, samples were kept in
the direct sunlight for 15 days for aging that resulted in a deep brown coloured liquid. It was
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observed that the highest score was found for liquidity, followed by overall acceptability and
taste. Flavour attribute had the lowest average score of 5.52+0.19. Although the flavour
attribute was relatively low, its value may be considered as reasonably good. In the fish sauces,
the undesirable fishy odour is primarily associated with the volatile compounds such as
ammonia, mono-, di-, and tri-ethylamine (Gram and Huss 1996). It is well known that
trimethylamine gives a distinctive fishy, amine-like odour that derives from TMAOQO, and highly
abundant in marine fish (Gram and Huss 1996). In the present study, panelists recorded slight
fishy odour in the fish sauce, and were judged to be acceptable. Another related factor is lipid
content in the end product. Although we did not estimate thiobarbituric acid reactive substances
or peroxide values for our sample, relatively similar amount of lipid content present in the raw
material and end product indicate its considerably stable condition. The traditional Thai fish
sauce nam-pla had a fishy, cheesy and rancid odor (Sanceda er al. 1984). The high score for
flavour attribute is an indication of good quality of the obtained fish sauce. This attribute
generally comes from free amino acids, peptides and organic acids found in the end product
(Osako et al. 2005).

Table III. Sensory evaluation of salt-fermented spined anchovy sauce

Attribute Acceptance score
Colour 5.81+0.35
Flavour 5.52+0.19
Taste 6.02+0.09
Clearness 5.88+0.35
Liquidity 6.50+0.10
Overall acceptability 6.25+0.25

Values are shown as mean + SD of triplicates.

Conclusions

Fish sauce prepared from an under-utilized marine fish spined anchovy showed characteristic
colour, flavor, and taste with medium quantity protein and high minerals. The technology used
for fish sauce production was traditional and used earthen jars that is more or less similar to that
of shidhal processing in Bangladesh. So, the processors in Bangladesh can easily adapt this
technology to produce fish sauce locally. Thus, the domestic consumers can get a good quality
product, and open ways for the introduction of various value-added products from other under-
utilized fishery resources of Bangladesh.
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