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AbstractArticle Info

Importance of the work: Practical protocol for post-harvest handling of small-sized 
(less than 12 cm) anchovy by means of chilling and salting is needed to minimize the risk 
of associated chemical hazards. 
Objectives: The objective of this study was to establish the optimal level of added salt  
for anchovy (Stolephorus indicus) stored at different temperatures. 
Materials & Methods: Changes in water phase salt (WPS) and quality of anchovy  
(7.99 ± 0.38 cm in length) salted at 2%, 4%, 6%, 8%, 10% and 12% w/w, were monitored 
during 5 hr post salting at ambient temperature (33 ± 3°C) and refrigerated temperature 
(4 ± 1°C). 
Results: WPS levels of 10% or higher were achieved when the level of added salt  
was 8–12% w/w, while water activity values of 0.94 or lower were achieved when the 
level of added salt was 6–12% w/w for anchovy stored at both temperatures (p < 0.05). 
The time ranges practically required to reach 10% WPS during refrigerated storage of 
anchovy salted at 8–10% w/w and 12% w/w were 4 hr and 2 hr, respectively. After 5 hr 
of storage, salting anchovy at 8–12% w/w either stored at ambient or chilled temperature 
resulted in a histamine content below 2 mg/100 g and total volatile base nitrogen and 
trimethylamine contents below the limits of acceptability for human consumption. 
Main finding: It could be concluded that the combination of a prescribed salt level of 
8–12% w/w and refrigerated storage of anchovy being used as a raw material provided  
a high level of assurance that the microbial growth and chemical changes could be retarded.
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Introduction 

	 Anchovies are a popular marine fish typically used as a raw 
material for production of dried salted products (Joint FAO/
WHO Codex Alimentarius Commission, 2003; Siriskar et al., 
2013; Chotimarkorn, 2014; Abraha et al., 2017) and fish sauce 
(Yongsawatdigul et al., 2004; Rodtong et al., 2005; Siringan et 
al., 2007; Joint FAO/WHO Codex Alimentarius Commission, 
2018). In general, two potential chemical hazards of concern 
when using anchovy as a raw material are scombrotoxin 
(histamine) and botulinum toxin, where scombrotoxin is 
mostly associated with the consumption of certain fish prey 
that contain high levels of free histidine and in addition, when 
fish are subjected to temperature abuse during storage, bacterial 
decarboxylation of histidine leads to histamine formation 
(Magro et al., 2020; Visciano et al., 2020). Botulinum toxin 
is associated with the Clostridium botulinum bacterium that 
has long been reported to be distributed widely in marine 
environments such as mud, sand, seabed soil, sea water, 
intestinal tracts and gills of fish (Tanasugarn, 1979; Huss, 1980; 
Lalitha and Gopakumar, 2000).
	 Therefore, chilling is usually used to slow microbial growth 
and biochemical changes before an adequate salt treatment can 
be applied at the processing facility (Food and Agricultural 
Organization of the United Nations/World Health Organization, 
2020). However, microbial growth and biochemical reactions 
start developing immediately after catching (Yu et al., 2018; 
Duarte et al., 2020), a process that is referred to as ripened 
or fermented fish (Zang et al., 2019). Similar to other fish 
caught, fresh anchovy usually are not processed within a short 
time post-harvest, resulting in non-compliant final products 
with reported histamine accumulation (Yongsawatdigul et al., 
2004; Magro et al., 2020). In such cases, it was found that the 
changes in the biogenic amines during fish sauce fermentation 
were trivial, indicating that the raw material, rather than  
a fermentation process, was the major source of biogenic 
amine accumulation in the final product (Yongsawatdigul  
et al., 2004). Fish as raw materials are recommended to be 
chilled as soon as possible after being caught, either by being 
stored at 3°C or below or stored at 3–10°C in combination 
with salting to ensure the water phase salt (WPS), which is  
a concentration of salt at 10% or higher in the water portion of 
the fish flesh that controls microbial pathogens, scombrotoxin 
fish poisoning and decomposition (Food and Agricultural 
Organization of the United Nations /World Health Organization, 
2020; U.S. Food and Drug Administration, 2020).

	 Anchovy post-harvest handling is mostly limited to 
refrigeration by either icing on board the fishing vessel 
(Yongsawatdigul et al., 2004; Rodtong et al., 2005; Czerner and 
Yeannes, 2010, 2013; Czerner et al., 2011; Chotimarkorn, 2014; 
Abraha et al., 2017; Rojas-De-Los-Santos et al., 2018) or icing 
at the landing site (Siriskar et al., 2013). However, post-harvest 
data are limited on the quality changes of refrigerated anchovy 
and thus inconclusive, especially when icing is conducted in 
combination with salting. A few studies on the effects of storage 
temperature revealed that anchovy (S. heterolobus) stored at 
4°C with ice had a lower level of histamine than ones stored 
without ice (Chotimarkorn, 2014) and anchovy (S. indicus) 
was found with a high level of histamine when exposed to 
temperature abuse during storage (Yongsawatdigul et al., 2004; 
Rodtong et al., 2005). Apart from icing, salting is a process 
where the water content is reduced by the penetration of salt, 
resulting in ending or slowing down the activity of most of the 
spoilage bacteria (Turan et al., 2007; Czerner and Yeannes, 
2010, 2013). Salting of anchovy could be done by either dry 
salting (Rodtong et al., 2005) or wet salting (brining) (Czerner 
and Yeannes, 2010, 2013; Rojas-De-Los-Santos et al., 2018). 
Rapid changes were observed in the salt and water contents 
during the first 5–10 hr of an extended time length post-brining 
of 50 hr (Czerner and Yeannes, 2010) and 60 hr (Czerner and 
Yeannes, 2013) for anchovy (Engraulis anchoita) that were 
affected by the cut type (Czerner and Yeannes, 2010), lipid 
content and salting temperature (Czerner and Yeannes, 2013). 
To date, despite some available information on the evolution 
of the salt and water contents post-brining of anchovy with 
a size length larger than 12 cm, such as E. anchoita (Czerner 
and Yeannes, 2010, 2013), this information is still lacking in 
smaller-sized (less than 12 cm) anchovy, such as S. indicus, in 
which no evisceration step is needed when being used as a raw 
material (Food and Agricultural Organization of the United 
Nations/World Health Organization, 2020).
	 Therefore, the present study monitored the WPS evolution 
and quality changes during 5 hr post-salting of anchovy  
(S. indicus) raw material to establish the optimal level of added 
salt to minimize the risk of associated chemical hazards of the 
anchovy. This information is needed to establish a practical 
protocol for post-harvest handling of anchovy (S. indicus)  
raw material by means of chilling and salting.
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Materials and Methods

Chemical reagents
	
	 Ammonium thiocyanate, boric acid, bromocresol green, 
ferric alum, formaldehyde solution 35%, magnesium 
carbonate, methyl red, potassium carbonate, sodium chloride 
and trichloroacetic acid were obtained from Ajax Finechem 
(North Ryde, NSW, Australia). Histamine analytical 
standard, ion exchange resin (Dowex1-x8, 50–100 mesh), 
O-phthaldialdehyde (OPA) and silver nitrate were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Ethanol, nitric 
acid, hydrochloric acid, phosphoric acid and sodium hydroxide 
were obtained from VWR (Radnor, PA, USA). All chemicals 
used in this study were of analytical grade. 

Sample preparation and experimental design
	
	 Anchovy (S. indicus) were captured in the Gulf of Thailand. 
Fish were iced immediately on board and transferred from 
Chonburi province to the laboratory facility of the Department 
of Fishery Products, Faculty of Fisheries, Kasetsart University 
within 2 hr. The average body size of the fish was approximately 
7.99 ± 0.38 cm in length (Fig. 1). Therefore, no evisceration step 
was needed (Food and Agricultural Organization of the United 
Nations/World Health Organization, 2020). The protein, lipid 
and ash contents were determined following official methods 
of analysis numbers 981.10, 922.06 and 920.153, respectively 
(Association of Official Analytical Chemists International, 
2016). Upon arrival, the fish were allocated into two lots. 
The first lot was left at ambient temperature (AT, 33 ± 3°C), 
the average tropical surrounding temperature at the time of 
the study, while the second lot was continually maintained at 
refrigerated temperature (RT, 4 ± 1°C). Each lot was divided 
equally into three replicates. Each fish was rubbed with dry salt 
(sodium chloride) at various concentrations: 0% w/w (weight 
by weight, the control), 2% w/w, 4% w/w, 6% w/w, 8% w/w, 

10% w/w and 12% w/w. Fish samples were taken at each time 
interval to be analyzed for salt content, moisture content, water 
activity, pH, histamine, total volatile bases nitrogen (TVBN) 
and trimethylamine (TMA) contents.

Determination of salt content, moisture content and water 
phase salt

	 The salt content was determined following the official 
method of analysis number 937.09 (Association of Official 
Analytical Chemists International, 2012). In brief, each 2 g 
fish sample was added with 10 mL 0.1N silver nitrate and 20 
mL concentrated nitric acid. The mixture was placed on a hot 
plate for 15 min and then left to cool before mixing gently  
with 50 mL distilled water and 2 mL ferric alum indicator.  
This mixture was titrated with 0.1 N ammonium thiocyanate 
until the color turned to a permanent brownish-red.  
The percentage of salt was calculated.
	 The moisture content was measured according to the 
official method of analysis number 931.04 (Association of 
Official Analytical Chemists International, 2016). In brief, each 
5 g fish sample was placed in the oven at 105°C until the weight 
was constant. 
	 WPS was defined as the concentration of salt in the water 
portion of the fish flesh and calculated using Equation 1:

	 %WPS = [%NaC1/(%NaCl(1) + % Moisture content)] × 100    (1)

Determination of pH and water activity

	 Each fish sample was 10-fold diluted with distilled water 
and homogenized using a disperser (T25 digital Ultra-Turrax®; 
IKA; Staufen, Germany). The pH of the sample was measured 
using a pH meter (MM-60R; TOA DKK; Tokyo, Japan) at room 
temperature. The water activity of the sample was measured 
using a Benchtop water activity meter (4TEV; AQUALAB; 
Pullman, WA, USA).

Determination of histamine content

	 The histamine content was determined according to the 
official method of analysis number 977.13 (Association of 
Official Analytical Chemists International, 2005). Briefly,  
each 5 g fish sample was homogenized with 20 mL methanol 
for 2 min and incubated in a water bath at 37°C for 15 min.  
The volume of the sample was adjusted to 50 mL with 
methanol and then filtered (Whatman No. 1). The filtrate was 

Fig. 1	 General appearance of fresh anchovy (Stolephorus indicus), scale 
in centimeters
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loaded onto a column packed with Dowex1-x8. The eluents 
were derivatized using O-phthaldialdehyde. The intensity 
was measured using a fluorometer (FM109515; Barnstead 
Thermolyne Corporation; Dubuque, IA, USA) at excitation 
and emission wavelengths of 360 nm and 450 nm, respectively. 
The histamine contents in each sample was calculated from the 
standard curve prepared from a histamine analytical standard 
within the range 0.01–0.03 mg/100 g.

Determination of total volatile base nitrogen and trimethylamine 
contents
	
	 The TVBN and TMA contents were determined based on 
Conway microdiffusion assay (Conway and Byrne, 1933). 
In brief, each 2 g fish sample was mixed with 8 mL 4% 
trichloroacetic acid and incubated for 30 min at ambient 
temperature. Then, the mixture was filtered (Whatman  
No. 41). The filtrate was added with 10% formaldehyde to fix 
any ammonia present in the sample prior to TMA analysis. 
After saturated potassium carbonate was added into the outer 
ring of the Conway dish, the TVBN and TMA were released 
and diffused into boric acid solution in the inner ring after 
incubation for 60 min at 37°C. The sample was further titrated 
with 0.02N hydrochloric acid until the color changed from 
green to pink. The TVBN or TMA contents were calculated as 
milligrams per 100 g of fish sample.

Statistical analysis

	 Data were subjected to one-way analysis of variance 
using the SPSS software (Version 16; SPSS Inc.; Chicago, IL, 
USA). Comparison of means was done based on the Duncan′s 
multiple range test. Pearson′s correlation coefficient (r) was 
determined to express the relationship between WPS and other 
parameters consisting of moisture content, water activity, pH, 
histamine, TVBN and TMA. A test was considered significant 
at p < 0.05. Results were reported as the mean ± SD.

Results and Discussion 

General quality characteristics of fresh fish

	 The general quality characteristics of fresh anchovy 
(Stolephorus sp.) are shown in Table 1. The proximate 
compositions of anchovy used in this study were consistent 
with the results reported for other fish species in the anchovy 

group, for example anchovies (S. commersoni and S. indicus) 
from the Mangalore coast of India (Siriskar et al., 2013) and 
anchovy (E. anchoita) from the coastal sector of Buenos Aires 
province (Massa et al., 2012). However, the lipid content 
(1.85 ± 0.04%) was clearly low compared with anchovy (E. 
anchoita) from the coastal sector of Buenos Aires province, 
Argentina (7.37 ± 1.93%; Massa et al., 2012), although it 
was in the range reported for E. anchoita (1.68–10.04%) in 
general (Czerner and Yeannes, 2013). The present results for 
moisture content were in the range reported for E. anchoita 
(72.34–79.56%; Czerner and Yeannes, 2013). Variation in fish 
proximate composition depends on several factors, such as age, 
sex, feed and season (Massa et al., 2012).

Water phase salt and water activity evolutions

	 Changes in the salt and moisture contents of the anchovy 
using different levels of salt and stored at two different 
temperatures are illustrated in Figs. 2 and 3, respectively.  
The salt contents increased rapidly in the beginning and 
gradually increased at a lower rate and then levelled off. In 
contrast, the moisture content decreased rapidly in the beginning 
and gradually decreased at a lower rate and then levelled off 
corresponding to the salt penetration profile. Generally, the 
salt penetration and moisture profiles from this study could be 
divided into three phases according to previous reports (Turan 
et al., 2007; Czerner and Yeannes, 2010, 2013). The first phase 
was a rapid salt penetration into the fish flesh and a removal 
of water during the first 120 min and 180 min post-salting 
for ambient storage samples and chilled storage samples, 
respectively. The second phase was a reduced salt penetration 
into the fish flesh and a removal of water during 120–180 min 

Table 1	 General quality characteristics of fresh anchovy (Stolephorus 
indicus)

Characteristic Mean ± SD (n = 3)

Moisture content (%) 78.52±0.58

Protein (%) 16.81±0.11

Lipid (%) 1.85±0.04

Ash (%) 1.89±0.39

Salt (%) 0.19±0.09

Water activity 0.99±0.00

pH 6.56±0.01

Histamine (mg/100 g) 0.02±0.01

TVBN (mg/100 g) 20.16±1.34

TMA (mg/100 g) 1.12±0.07
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and 180–240 min post-salting for ambient storage samples 
and chilled storage samples, respectively. The last phase was 
a ripening phase resulting from decomposition reactions such 
as lipolysis, lipid oxidation and proteolysis, during 180–300 
min and 240–300 min post-salting for ambient storage samples 
and chilled storage samples, respectively. It was clear that the 
rate of salt uptake was more pronounced for a higher level of 
added salt and a higher storage temperature (p < 0.05). The salt 
penetration evolutions of anchovy used in this study (based 
on of dry salting) were completed quickly by 3 hr and 4 hr 
for ambient storage and chilled storage, respectively. These 
durations were much shorter than those reported in the previous 

studies. For examples, brining of anchovy (E. anchoita) with 
26% sodium chloride solution, although having a similar 
profile of salt penetration evolution with the present study,  
the completion of the process took much longer (35–50 hr). 
Such a difference could be explained by differences in the size 
of the raw materials (7.99 ± 0.38 cm in the present study versus 
13.6 ± 0.5 cm for E. anchoita in Czerner and Yeannes, 2010, 
2013). The sizes of anchovies (family Engraulidae) were in 
the range of 5–10 cm for S. heterolobus (Chotimarkorn, 2014),  
8 cm for S. banganensis and 14–16 cm for E. anchoita (Czerner 
and Yeannes, 2010, 2013; Massa et al., 2012) and 32 cm for 
Setipinna brevifilis (Rajan, 2018).

Fig. 2	 Evolution of salt contents of anchovy stored at refrigerated 
temperature (RT, 4 ± 1°C) and ambient temperature (AT, 33 ± 3°C)  
in combination with salting at: (A) 0% (control), 2%, 4% and 6% w/w;  
(B) 8% w/w, 10% w/w and 12% w/w, where data are shown as mean ± SD,  
n = 3

Fig. 3	 Evolution of moisture content of anchovy stored at refrigerated 
temperature (RT, 4 ± 1°C) and ambient temperature (AT, 33 ± 3°C)  
in combination with salting at: (A) 0% (control), 2% w/w, 4% w/w  
and 6% w/w; (B), 8% w/w, 10% w/w and 12% w/w, where data are  
shown as mean ± SD, n = 3



14 R. Tiamsai et al. / Agr. Nat. Resour. 56 (2022) 9–22

	 The WPS content evolution patterns over a period of 5 hr  
were similar, with the salt content evolutions summarized in  
Table 2. It was clear that the WPS of the fish increased at a higher  
rate for a higher level of added salt than for a lower level of added  
salt. A level of WPS ≥ 10% is known to be able to control microbial  
pathogens, scombrotoxin fish poisoning and decomposition 
(Food and Agricultural Organization of the United Nations/World 
Health Organization, 2020; U.S. Food and Drug Administration,  
2020). It has been reported that the growth of most bacteria 
is inhibited at WPS ≥ 10% (Rodtong et al., 2005), even if the  
growth of some halophilic bacteria is inhibited in media 
containing up to 15% salt (Turan et al., 2007). A level of WPS 
≥ 10% was achieved by 4 hr (240 min) when the level of 
added salt was 8% w/w or higher for anchovy stored at either  
ambient or refrigerated temperature. Water and salt diffusions  
are known to be reduced at a refrigerated temperature (Czerner  
and Yeannes, 2013) as could be seen in the recent study for  
WSP ≥ 10% being attained earlier for the fish stored at ambient 
temperature compared with the refrigerated ones (120 min 
versus 240 min, respectively, with 10% salt and 60 min versus 
120 min, respectively, with 12% salt).
	 The pattern of water activity reduction over a period of 5 hr 
was similar to the moisture content evolution, as summarized in 
Table 3. It was clear that the water activity of the fish decreased at 
a higher rate for a higher level of added salt than for a lower level 
of added salt. The relationship of water activity to WPS in NaCl/
water solutions has been established for fish products, with the 
corresponding water activity value below 0.94 with 10% WPS 
(U.S. Food and Drug Administration, 2020). Salt penetration 
plays a key role in reducing water activity in fish flesh, with the 
mechanisms of action of fish salting that lower water activity being 
partial water removal from the flesh and partial replacement by 
salt (Turan et al., 2007; Czerner and Yeannes, 2010, 2013). Water 
activity values 0.94 or less were achieved when the level of added 
salt was 6% w/w or higher for anchovy stored at either ambient or 
refrigerated temperature. Similar to WPS, water activity 0.94 or less 
was accomplished earlier for the fish stored at ambient temperature 
compared with the refrigerated ones (120 min versus 180 min, 
respectively, with 6% salt, 60 min versus 120 min, respectively, with 
8% salt and 20 min versus 30 min, respectively, with 10% salt, as the 
water and salt diffusions were known to be reduced at refrigerated 
temperature (Czerner and Yeannes, 2013). Other studies reported 
the growth of C. botulinum type E and non-proteolytic types B 
and F could be controlled by 5% WPS or higher or water activity 
of 0.97 or lower or both, and the growth of C. botulinum type A 
and proteolytic types B and F and other pathogens present in the 
finished product could be controlled by refrigeration (Lalitha and 
Gopakumar, 2005; Lalitha and Gopakumar, 2007). Ta
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	 Up to 5 hr storage, the pH of anchovy stored at chilled 
temperature and salted with 4% w/w or higher slightly 
decreased and remained steady (Fig. 4), which could have  
been due to lactic acid production postmortem (Chotimarkorn, 
2014; Duarte et al., 2020). The pH of the control (0%)  
and of 2% w/w salted anchovy slightly increased due to the 
production of volatile compounds, indicating progressive 
accumulation of basic substances, such as ammonia and TMA 
(Dissaraphong et al., 2006; Duarte et al., 2020).
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Fig. 4	 Changes in pH values of anchovy stored at refrigerated temperature 
(RT, 4 ± 1°C) and ambient temperature (AT, 33 ± 3°C) in combination with 
salting at: (A) 0% (control), 2% w/w, 4% w/w and 6% w/w; (B), 8% w/w, 
10% w/w and 12% w/w, where data are shown as mean ± SD, n = 3
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Histamine accumulation
	
	 The histamine content of fresh anchovy stored in ice was 
0.02 ± 0.01 mg/100 g (Table 1), which was in good agreement 
with another report that the fresh fish typically has histamine 
levels below 0.2 mg/100 g (Food and Agricultural Organization 
of the United Nations/World Health Organization, 2020).  
As shown in Fig. 5, the histamine contents of the control samples 
increased gradually to 0.21± 0.01 mg/100 g at refrigerated 
temperature, whereas it increased rapidly to 3.62 ± 0.07 mg/100 
g at ambient temperature (p < 0.05). The histamine levels of all 
refrigerated samples were not higher than 0.21 ± 0.01 mg/100 
g stored up to 5 hr post salting (p ≥ 0.05), suggesting that 
storage temperature was the principal effect on accumulation 
of histamine (Rodtong et al., 2005; Chotimarkorn, 2014;  
Zou and Hou, 2017). On the other hand, the histamine levels of 
samples stored at ambient temperature were dependent on the 
added salt level (p < 0.05). The higher the level of salt added, 

the lower the histamine content accumulated, which was in 
good agreement with Hwang et al. (2012, 2020). Salting fish at 
8% w/w or higher significantly delayed histamine formation to 
below 2 mg/100 g up to 5 hr storage (p < 0.05). The histamine 
contents of refrigerated fish were 1.90 mg/100 g after 15 d 
for S. indicus, 2.2 ± 0.19 mg/100 g for S. heterolobus after  
7 d storage (Chotimarkorn, 2014), while it was reported rising 
to 19.0 mg/100 g at 15°C after 32 hr and to 25.4 mg/100 g  
at 35°C after 8 hr for S. indicus (Rodtong et al., 2005) and  
4.9 ± 0.23 mg/100 g without ice after 7 d of storage for  
S. heterolobus (Chotimarkorn, 2014). Histamine formation 
in fish is affected by the free histidine content in the fish and 
the contamination load of histidine-decarboxylating bacteria 
that can grow over a broad range of temperatures, including 
refrigerated temperature (Zou and Hou, 2017; Magro et al., 
2020; Visciano et al., 2020). The prescribed limits for histamine 
in fish are 5 mg/100 g as an indicator of decomposition and  
20 mg/100 g as hazardous (U.S. Food and Drug Administration, 

Fig. 5	 Changes in histamine contents of anchovy salted at 0% (control), 2% w/w, 4% w/w, 6% w/w, 8% w/w, 10% w/w and 12% w/w and stored at: 
(A) refrigerated temperature (RT, 4 ± 1°C); (B) ambient temperature (AT, 33 ± 3°C), where data are shown as mean ± SD, n = 3, different lowercase 
letters on columns indicate significant differences between means within same salting time and different uppercase letters on columns indicate significant 
differences between means within same salt concentration (p < 0.05)
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2020), and 10 mg/100 g as an indicator of decomposition and 
20 mg/100 g as an indicator for poor handling and hygiene 
(Joint FAO/WHO Codex Alimentarius Commission, 2003).  
It was reported that 10% sodium chloride inhibited the growth 
of histamine-forming bacteria, such as Morganella morganii, 
Proteus vulgaris and Enterobacter aerogenes, isolated from 
Indian anchovy (S. indicus) (Rodtong et al., 2005).

Total volatile basic nitrogen and trimethylamine accumulations
	
	 The TVBN content of fresh anchovy stored in ice was 20.16 
± 1.34 mg/100 g (Table 1), which was in good agreement with 
another report of 18.43 ± 0.89 mg/100 g flesh for E. anchoita 
anchovy (Massa et al., 2012) and about 20 mg/100 g for S. 
indicus (Rodtong et al., 2005). Up to 5 hr storage, the TVBN 
contents of the control samples gradually increased to 26.50 ± 
0.24 mg/100 g at refrigerated storage, whereas they increased 
up to 86.37 ± 2.01 mg/100 g at ambient temperature (p < 0.05), 

as seen in Fig. 6. Regardless of the percentage of added salt for 
the refrigerated samples, the TVBN content slightly increased 
within the range 16.93±0.78 mg/100 g to 30.71±0.42 mg/ 
100 g during 5 hr of storage (p < 0.05). On the contrary, regardless 
of the percentage of added salt for ambient temperature 
storage samples, the TVBN content sharply increased within 
the range 25.36 ± 1.85 mg/100 g to 86.37 ± 2.01 mg/100 g 
during 5 hr of storage (p < 0.05). Notably, within only 60 min,  
the TVBN content was higher than the limiting level for  
fish with no salt (39.03 ± 1.49 mg /100 g), with 2% w/w salt 
(43.13 ± 0.44 mg /100 g) and 4% w/w salt (35.91 ± 1.81 mg 
/100 g) at ambient temperature (p < 0.05). However, the TVBN 
contents of the ambient temperature storage samples with 
8–12% w/w added salt were in a range lower than 35 mg/100 g 
(25.36 ± 1.85 mg/100 g to 31.98 ± 1.19 mg/100 g) at 5 hr post 
storage. TVBN, mainly composed of trimethylamine, ammonia 
and dimethylamine and resulting from the degradation of 
proteins and non-protein nitrogenous compounds produced 

Fig. 6	 Changes in total volatile bases nitrogen (TVBN) contents of anchovy salted at 0% w/w (control), 2% w/w, 4% w/w, 6% w/w, 8% w/w, 10% w/w 
and 12% w/w and stored at: (A) refrigerated temperature (RT, 4 ± 1°C); (B), ambient temperature (AT, 33 ± 3°C), where data are shown as mean ± SD, 
n = 3, different lowercase letters on columns indicate significant differences between means within same salting time and different uppercase letters on 
columns indicate significant differences between means within same salt concentration (p < 0.05)
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by destructive activities of microorganisms, is commonly 
used as a good index to assess the freshness of fish during 
refrigerated storage (Sharifian et al., 2011; Massa et al., 2012; 
Chotimarkorn, 2014; Linn et al., 2021). A TVBN level of 
35–40 mg/100 g in fish muscle is usually regarded as spoiled 
(Sharifian et al., 2011; Tavares et al., 2021; Linn et al., 2021). 
The increase in the TVBN contents of 0%, 2% and 4% w/w salt 
added fish samples, as shown in Fig. 6, were in accordance with 
the pH profiles, shown in Fig. 4. Fish stored at low temperature 
in combination with salting at 8% w/w or higher delayed the 
growth of bacteria, resulting in minimal changes in the TVBN 
content during the first 5 hr of storage.
	 The initial TMA content of the fresh fish samples was  
1.12 ± 0.07 mg/100 g (Table 1), which was in good agreement 
with another report that the amount of TMA is typically less 
than 2 mg/100 g tissue in fresh fish (Summers et al., 2016). 

Up to 5 hr storage, the TMA contents of the control samples 
gradually increased to 1.40 ± 0.04 mg/100 g with refrigerated 
storage, whereas they increased up to 6.38 ± 0.13 mg/ 
100 g at ambient temperature (p < 0.05), as shown in Fig. 7. 
Regardless of the percentage of added salt for the refrigerated 
samples, the TMA content slightly increased within the range  
1.21 ± 0.16 mg/100 g to 1.57 ± 0.11 mg/100 g during 5 hr of storage  
(p < 0.05). On the contrary, regardless of the percentage of 
added salt for the ambient temperature storage samples, TMA 
increased within the range 2.52 ± 0.28 mg/100 g to 6.38 ± 0.13 mg/ 
100 g during 5 hr of storage (p < 0.05). Notably, the accumulation 
of TMA during 5 hr storage of fish in the present study did not 
exceed the limit of acceptability for human consumption. TMA 
is rapidly accumulated in fish muscle under chilled storage; 
thus, it is considered as an indicator of fish freshness stored in ice  
(Chotimarkorn, 2014; Linn et al., 2021). The TMA results 

Fig. 7	 Changes in trimethylamine (TMA) contents of anchovy salted at: (A) 0% w/w (control), 2% w/w, 4% w/w, 6% w/w, 8% w/w, 10% w/w and 12% 
w/w and stored at refrigerated temperature (RT, 4 ± 1°C; (B) ambient temperature (AT, 33 ± 3°C), where data are shown as mean ± SD, n = 3, different 
lowercase letters on columns indicate significant differences between means within same salting time and different uppercase letters on columns indicate 
significant differences between means within same salt concentration (p < 0.05)
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from bacterial reduction of trimethylamine oxide that occurs 
naturally in marine fish to allow osmotic regulation (Duarte 
et al., 2020). A TMA level of 10–15 mg/100 g of fish muscle 
is usually regarded as the limit of acceptability for human 
consumption (Summers et al., 2016; Linn et al., 2021; Tavares 
et al., 2021).

Correlation between water phase salt and quality parameters

	 Pearson’s correlation analysis was conducted to determine 
the relationship between WPS and the moisture content, water 
activity, pH, histamine, TVBN and TMA contents of anchovy 
treated with different levels of added salt under two different 
storage temperatures (refrigerated temperature, RT; and 
ambient temperature, AT) at different times post-salting (1 hr,  
3 hr and 5 hr). As seen in Table 4, there was a positive 
correlation between WPS and salt concentration (correlation 
coefficient, r = 1, p < 0.01), since WPS is defined as the 
concentration of salt in the water portion of the fish flesh and 
calculated from the salt concentration and moisture content, 
regardless of the level of added salt, storage temperature and 
time post-salting. In general, negative correlations existed 
between WPS and moisture content (r, correlation coefficient 
ranged from -0.935 [RT-3 hr] to -0.995 [AT-5 hr]; p < 0.01), 
water activity (r ranged from -0.936 [RT-1 hr] to -0.986  
[AT-5 hr]; p < 0.01) and pH (r ranged from -0.912 [RT-5 hr]  
to -0.955 [AT-3 hr]; p < 0.01). The results also revealed  
a negative correlation existed between WPS and the TVBN 
content (r ranged from -0.771 [RT-3 hr] to -0.957 [AT-5hr];  
p < 0.01), regardless of the level of added salt, storage temperature 
and time post-salting as well as negative correlations between 
the WPS of the ambient temperature storage samples and the 
histamine content (r ranged from -0.662 [AT-1hr]; p < 0.05 to 
-0.902 [AT-5hr]; p < 0.01) and TMA content (r ranged from 
-0.758 [AT-3hr] to -0.800 [AT-5 hr]; p < 0.01), regardless of the 
level of added salt and time post-salting.
	 These negative correlations between WPS and all the 
quality parameters studied could be explained by the fact that 
salting of fish resulted in water activity reduction and partial 
water removal from the flesh and partial replacement by  
salt (Turan et al., 2007; Czerner and Yeannes, 2010, 2013).  
The higher the salt added, the lower the quality parameters, 
such as aerobic plate count, total coliform, water activity, 
moisture content, TVBN and thiobarbituric acid accumulated 
in dried milkfish (Hwang et al., 2012). Negative correlations 
were noted between salt content and water activity  
(r = -0.92, p < 0.05) and salt content and histamine (r = -0.95, 
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p < 0.05) of brined and dried milkfish products, regardless 
of the brine concentration (Hwang et al., 2020). Bacterial 
growth was mostly inhibited during ripening of salted anchovy  
(E. encrasicholus) according to Mohamed et al. (2016). 
Positive correlations existed between histamine and pH and 
water activity in all ripening temperatures studied in salted 
Atlantic bonito (Sarda sarda), while negative correlations 
were noted between histamine and ripening time, salt content 
and WPS (Ormanci and Colakoglu, 2017). However, no 
correlation existed between the WPS of iced storage samples 
and the histamine content, and the WPS of iced storage 
samples and the TMA content, which could be explained by 
bacterial growth inhibition by salting, as described by Turan 
et al. (2007), Czerner and Yeannes (2010, 2013), Hwang  
et al. (2012, 2020) and Mohamed et al. (2016), in combination 
with low temperature storage that allowed very low histamine 
and TMA accumulations during 5 hr of refrigerated storage.  
In addition, the relationship between WPS and water activity 
may be of practical use in estimating the water activity  
in salted fish when specific equipment is not available or  
to check individual measurements of water activity.
	 In conclusion, the highlight of this study was to establish the 
optimal level of added salt to minimize the risk of associated 
chemical hazards of small-sized anchovy (S. indicus) being 
used as a raw material, by using WPS as an indicator during  
5 hr post salting. The results based on WPS evolutions revealed 
that salt penetration was completed during a short time range 
for small-sized anchovy (approximately 7.99 ± 0.38 cm in 
length) within 3 hr and 4 hr at ambient storage (33 ± 3°C)  
and chilled storage (4 ± 1°C), respectively, for all levels  
of added salt studied. WPS levels of 10% or higher were 
achieved only when the level of added salt was 8–12% w/w  
for anchovy stored at either ambient or refrigerated temperature 
(p < 0.05). This study also suggested that more attention should 
be paid to the time range practically required to reach 10% WPS 
for anchovy salted at 8–12% w/w, which was dependent upon the 
level of salt added. The time ranges during refrigerated storage 
practically required to reach 10% WPS for anchovy salted  
at 8–10% w/w and 12% w/w were 4 hr and 2 hr, respectively, 
(p < 0.05). Within the scope of the study, it could be concluded 
that the combination of prescribed salt level at 8–12% w/w  
and refrigerated storage provided a high level of assurance  
that the microbial growth and chemical changes would be 
retarded for anchovy being used as a raw material.

Conflict of Interest

	 The authors declare that there are no conflicts of interest.

Acknowledgements 

	 Part of this work was carried out under financial support 
from the Agricultural Research Development Agency (ARDA) 
under project No. PRP5905021430 and the Center for Advanced 
Studies for Agriculture and Food (CASAF), Institute for 
Advanced Studies, Kasetsart University, Bangkok, Thailand 
under the Higher Education Research Promotion and National 
Research University Project of Thailand.

References 

Abraha, B., Samuel, M., Mohammud, A., Habte-Tsion, H.M., Admassu, 
H., Al-Hajj, N.Q.M. 2017. A comparative study on quality of  
dried anchovy (Stolephorus heterolobus) using open sun rack and  
solar tent drying methods. Turkish J. Fish. Aquat. Sci. 17: 1107–1115. 
doi.org/10.4194/1303-2712-v17_6_04

Association of Official Analytical Chemists International. 2005. Official 
Methods of Analysis of AOAC International, Method 977.13, 18th ed. 
AOAC International. Washington, DC, USA.

Association of Official Analytical Chemists International. 2012. Official 
Methods of Analysis of AOAC International, Method 937.09, 19th ed. 
AOAC International. Washington, DC, USA.

Association of Official Analytical Chemists International. 2016. Official 
Methods of Analysis of AOAC International, Methods 981.10, 922.06, 
920.153 and 931.04, 20th ed. AOAC International. Rockville, MD, 
USA.

Chotimarkorn, C. 2014. Quality changes of anchovy (Stolephorus 
heterolobus) under refrigerated storage of different practical industrial 
methods in Thailand. J. Food Sci. Technol. 51: 285–293. doi.org/ 
10.1007/s13197-011-0505-y

Joint FAO/WHO Codex Alimentarius Commission. 2003. Standard 
for boiled dried salted anchovies. CODEX STAN 236-2003. Codex 
Alimentarius. Food and Agriculture Organization of the United 
Nations. Rome, Italy.

Joint FAO/WHO Codex Alimentarius Commission. 2018. Standard  
for Fish Sauce. CODEX STAN 302-2011. Codex Alimentarius.  
Food and Agriculture Organization of the United Nations. Rome,  
Italy.

Conway, E.J., Byrne, A. 1933. An absorption apparatus for the micro-
determination of certain volatile substances: The micro-determination 
of ammonia. Biochem. J. 27: 419–429.

Czerner, M., Yeannes, M.I. 2010. Brining kinetics of different cuts  
of anchovy (Engraulis anchoita). Int. J. Food Sci. Technol. 45:  
2001–2007. doi.org/10.1111/j.1365-2621.2010.02361.x



21R. Tiamsai et al. / Agr. Nat. Resour. 56 (2022) 9–22

Czerner, M., Yeannes, M.I. 2013. Modelling the effect of temperature  
and lipid content on anchovy (Engraulis anchoita) salting kinetics.  
J. Food Eng. 115: 164–172. doi.org/10.1016/j.jfoodeng.2012.10.004

Czerner, M., Tomas, M.C., Yeannes, M.I. 2011. Ripening of salted 
anchovy (Engraulis anchoita): Development of lipid oxidation, colour 
and other sensorial characteristics. J. Sci. Food Agric. 91: 609–615. 
doi.org/10.1002/jsfa.4221

Dissaraphong, S., Benjakul, S., Visessanguan, W., Kishimura, H. 2006. 
The influence of storage conditions of tuna viscera before fermentation 
on the chemical, physical and microbiological changes in fish 
sauce during fermentation. Bioresour. Technol. 97: 2032–2040. doi.
org/10.1016/j.biortech.2005.10.007

Duarte, A.M., Silva, F., Pinto, F.R., Barroso, S., Gil, M.M. 2020. Quality 
assessment of chilled and frozen fish-mini review. Foods 9: 1739. 	
doi.org/10.3390/foods9121739

Food and Agricultural Organization of the United Nations/World Health 
Organization. 2020. Code of Practice for Fish and Fishery Products. 
Food and Agricultural Organization of the United Nations/World 
Health Organization, Rome, Italy.

Huss, H.H. 1980. Distribution of Clostridium botulinum. Appl. Environ. 
Microbiol. 39: 764–769. doi.org/10.1128/aem.39.4.764-769.1980

Hwang, C.C., Lin, C.M., Kung, H.F., Huang, Y.L., Hwang, D.F., Su, Y.C., 
Tsai, Y.H. 2012. Effect of salt concentrations and drying methods  
on the quality and formation of histamine in dried milkfish 
(Chanos chanos). Food Chem. 135: 839–844. doi.org/10.1016/ 
j.foodchem.2012.05.035

Hwang, C.C., Lee, Y.C., Huang, C.Y., Kung, H.F., Cheng, H.H., Tsai, 
Y.H. 2020. Effect of brine concentration on the bacteriological and  
chemical quality and histamine content of brined and dried milkfish. 
Foods 9: 1597. doi.org/10.3390/foods9111597

Lalitha, K.V., Gopakumar, K. 2000. Distribution and ecology of 
Clostridium botulinum in fish and aquatic environments of  
a tropical region. Food Microbiol. 17: 535–541. doi.org/10.1006/
fmic.2000.0346

Lalitha, K.V., Gopakumar, K. 2005. Influence of temperature and 
pH on growth and toxin production from spores of Clostridium 
botulinum. J. Aquat. Food Prod. Technol. 14: 39–50. doi.org/10.1300/
J030v14n02_04

Lalitha, K.V., Gopakumar, K. 2007. Combined effect of sodium chloride, 
pH and storage temperature on growth and toxin production by 
Clostridium botulinum. J. Aquat. Food Prod. Technol. 16: 27–39. doi.
org/10.1300/J030v16n02_04

Linn, N.C.C., Waiprib, Y., Wilaipun, P. 2021. Shelf-life extension 
of refrigerated hybrid catfish (Clarias macrocephalus x Clarias 
gariepinus) fillet by chitosan- and alginate-based edible coatings.  
J. Fish. Environ. 45: 77–88.

Magro, S.L., Summa, S., Iammarino, M., D’Antini, P., Marchesani, G.,  
Chiaravalle, A.E., Muscarella, M. 2020. A 5-years (2015–2019) 
control activity of an EU laboratory: Contamination of histamine  
in fish products and exposure assessment. Appl. Sci. 10: 8693. doi.org/ 
10.3390/app10238693

Massa, A.E., Manca, E., Yeannes, M.I. 2012. Development of quality index 
method for anchovy (Engraulis anchoita) stored in ice: Assessment of 
its shelf-life by chemical and sensory methods. Food Sci. Technol. Int. 
18: 339–351. doi.org/10.1177/1082013211428014

Mohamed, S., Mendes, R., Slama, R.B., Oliveira, P., Silva, H.A., 
Bakhrouf, A. 2016. Changes in bacterial counts and biogenic amines 
during the ripening of salted anchovy (Engraulis encrasicholus).  
J. Food Nutr. Res. 4: 318–326. doi.org/10.12691/jfnr-4-5-8

Ormanci, H.B., Colakoglu, F.A. 2017. Changes in biogenic amines 
levels of Lakerda (salted Atlantic bonito) during ripening at different 
temperatures. J. Food Process. Preserv. 41: e12736. doi.org/10.1111/
jfpp.12736

Rajan, P.T. 2018. Marine fishery resources and species diversity of  
tropical waters. In: Sivaperuman, C., Velmurugan, A., Singh, A.K., 
Jaisankar, I. (Eds.). Biodiversity and Climate Change Adaptation  
in Tropical Islands. Academic Press. Cambridge, MA, USA,  
pp. 323–354.

Rodtong, S., Nawong, S., Yongsawatdigul, J. 2005. Histamine 
accumulation and histamine-forming bacteria in Indian anchovy 
(Stolephorus indicus). Food Microbiol. 22: 475–482. doi.org/10.1016/ 
j.fm.2004.08.009

Rojas-de-los-Santos, E., Valverde-Vera, V., Del-Aguila-Moyano, S., Vela-
Rosas, J., Molleda-Ordonez, A., Ayala-Galdos, M., Albrecht-Ruiz, 
M. 2018. Physicochemical and sensory changes of vacuum-packed, 
salt-ripened anchovy fillets (Engraulis ringens) stored at 8 and 20°C. 
Cogent Food Agric. 4: 1549494. doi.org/10.1080/23311932.2018. 
1549194

Sharifian, S., Zakipour, E., Mortazavi, M.S., Arshadi, A. 2011. Quality 
assessment of tiger tooth croaker (Otolithes ruber) during ice  
storage. Int. J. Food Prop. 14: 309–318. doi.org/10.1080/109429109031 
77822

Siringan, P., Raksakulthai, N., Yongsawatdigul, J. 2007. Partial 
purification and characterization of trypsin-like proteinases in  
Indian anchovy (Stolephorus spp.). Food Chem. 101: 82–89. doi.org/ 
10.1016/j.foodchem.2005.11.049

Siriskar, D.A., Khedkar, G.D., Lior, D. 2013. Production of salted  
and pressed anchovies (Stolephorus sp.) and it’s quality evaluation 
during storage. J. Food Sci. Technol. 50: 1172–1178. doi.org/10.1007/
s13197-011-0450-9

Summers, G., Wibisono, R.D., Hedderley, D.I., Fletcher, G.C. 
2016. Trimethylamine oxide content and spoilage potential of  
New Zealand commercial fish species. N.Z.J. Mar. Freshwater Res.  
51: 393–405. doi.org/10.1080/00288330.2016.1250785

Tanasugarn, L. 1979. Clostridium botulinum in the Gulf of Thailand.  
Appl. Environ. Microbiol. 37: 194–197. doi.org/10.1128/aem.37.2. 
194-197.1979

Tavares, J., Martins, A., Fidalgo, L.G., Lima, V., Amaral, R.A.,  
Pinto, C.A., Silva, A.M. Saraiva, J.A. 2021. Fresh fish degradation  
and advances in preservation using physical emerging technologies. 
Foods 10: 780. doi.org/10.3390/foods10040780

Turan, H., Sönmez, G., Çelik, M.Y., Yalçin, M., Kaya, Y. 2007.  
Effects on different salting process on the storage quality  
of Mediterranean mussel (Mytilus galloprovincialis L. 1819).  
J. Muscle Foods. 18: 380–390. doi.org/10.1111/j.1745-4573.2007. 
00093.x

U.S. Food and Drug Administration. 2020. Fish and Fishery Products 
Hazards and Control Guidance, 4th ed. Diane Publishing. Darby,  
PA, USA.



22 R. Tiamsai et al. / Agr. Nat. Resour. 56 (2022) 9–22

Visciano, P., Schirone, M., Paparella, A. 2020. An overview of histamine 
and other biogenic amines in fish and fish products. Foods 9: 1795. doi.
org/10.3390/foods9121795

Yongsawatdigul, J., Choi, Y.J., Udomporn, S. 2004. Biogenic amines 
formation in fish sauce prepared from fresh and temperature-abused 
Indian anchovy (Stolephorus indicus). J. Food Sci. 69: 312–319. doi.org/ 
10.1111/j.1365-2621.2004.tb06333.x

Yu, D., Regenstein, J.M., Xia, W. 2018. Bio-based edible coatings for the 
preservation of fishery products: A review. Crit. Rev. Food Sci. Nutr. 
59: 2481–2493. doi.org/10.1080/10408398.2018.1457623

Zang, J., Xu, Y., Xia, W., Regenstein, J.M. 2019. Quality, functionally, and 
microbiology of fermented fish: A review. Crit. Rev. Food Sci. Nutr. 
60: 1228–1242. doi.org/10.1080/10408398.2019.1565491

Zou, Y., Hou, X. 2017. Histamine production by Enterobacter aerogenes 
in chub mackerel (Scomber japonicus) at various storage temperatures. 
Food Sci. Technol. 37: 76–79. doi.org/10.1590/1678-457X.0771


	Optimal level of added salt to minimize the risk of associated chemical hazards of small-sized anchovy (Stolephorus indicus) stored at ambient and refrigerated temperatures
	Abstract
	Introduction
	Materials and Methods
	Chemical reagents
	Sample preparation and experimental design
	Determination of salt content, moisture content and water phase salt
	Determination of pH and water activity
	Determination of histamine content
	Determination of total volatile base nitrogen and trimethylamine contents
	Statistical analysis

	Results and Discussion
	General quality characteristics of fresh fish
	Water phase salt and water activity evolutions
	Histamine accumulation
	Total volatile basic nitrogen and trimethylamine accumulations
	Correlation between water phase salt and quality parameters

	Conflict of Interest
	Acknowledgements
	References




