Zagazig J. Agric. Res., Vol. 48 No. (3) 2021 761-778

7

Food, Dairy and Home Economic Research

Available online at http://zjar.journals.ekb.eg
http:/Avww.journals.zu.edu.eg/journal Display.aspx?Journalld=1&query Type=Master

N bt/ ¢
&
ity

CASEIE
2% == S
W41t of age

PHYSICOCHEMICAL AND MICROBIOLOGICAL PROPERTIES OF
SALTED FERMENTED FISH (FESEEKH) CONSUMED IN EGYPT

Ibrahim A. Ibrahim®", M.A. Rabie*, H.A.1. Siliha' and M.I. Salama®
1. Food Sci. Dept., Fac. Agric., Zagazig Univ., Egypt

2. Fish Proc. and Quality Control Dept., Cent. Lab. Aquac. Res. (CLAR), Abbassa, Sharkia,
Egypt
Received: 27/02/2021 ; Accepted: 08/04/2021

ABSTRACT: The salted fermented fish (Mugil cephlus) Feseekh is not only popular as an appetizer;
but also it's popular in some festivities in Egypt as a main dish. Biogenic amines (BA) are known as toxic
in food. This study was conducted to investigate biogenic amines (BASs), physicochemical properties, and
some microorganisms in salted fermented fish (Feseekh). Fifteen samples of Feseekh samples were
obtained from different Egyptian local markets in four governorates (Sharkia, Ismailia, Beheira, and
Dakahlia). The total biogenic amine content in Feseekh varied between 104.6 and 166.8 mg/kg. Six BAs
Histamine (HIS), Tyramine (TYR), Putrescine (PUT), Cadaverine (CAD), Spermine (SPE), and
Spermidine (SPD) were found in all fish samples under investigation. Histamine was quantitatively the
most common biogenic amine in all samples, the histamine content ranged from 51.80 to 93.3 mg/kg,
which was above the 50 mg/kg limits set by the Food and Drug Administration (FDA). Fermented fish
(Feseekh) contains 14 amino acids. The essential amino acids accounted for 30.7-36.9% of the total
concentration of amino acids. Fish flesh of mullet had the highest fatty acids that are saturated fatty was
less than monounsaturated and polyunsaturated fatty acids. The total volatile basic-nitrogen (TVBN)
content was ranged from 23.00 to 48.00 mgN/100g, Thiobarbituric acid (TBA) content was from 1.36 to
2.94 mg malonaldehyde/kg sample and Trimethylamine (TMA) was from 3.20 to 23.10 mgN/100g.
Meanwhile, The total bacteria count (TBC) was from (6.48 to 7.27 log CFU/g) was significantly higher
than that of total mesophilic bacteria count (TMC) ranged from 6.04 to 7 log CFU/g. It could be inferred
that the safety of Feseekh should be improved by hygienic manufacturing process.
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INTRODUCTION

Fish are easily digestible , a great source of
polyunsaturated fatty acids (PUFA), also a good
source of minerals and vitamins (Kulawik et al.,
2013). However, a highly destructive food that
is spoiled shortly after death, unless properly
preserved (Motalebi et al., 2010). Fish considered
to have an excellent amino acid composition
which ensures the recommendation of a strong
and safe diet (Rabie et al., 2009).

Feseekh produced from one of Mugilidae
family items salting to preserve them and to
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achieve an appropriate degree of aging, to
provide them with their distinctive sensory
properties. Dry or wet salt process is employed
and products in sealed containers are stored
Egyptian Organization for Standarddization
(EOS, 2005). Feseekh is a rich source of high-
quality protein, essential amino acids, vitamins,
and minerals (Rabie et al., 2009). Other amino
acids, lysine, arginine, and tyrosine can
potentially be transformed by microorganisms,
present in the fermentation system into
cadaverine, putrescine, and tyramine (Zaman et
al., 2011).
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Salting has been historically one of the oldest
techniques used in the preservation of fish in the
world and is essentially intended to prevent
spoilage and extending seafood shelf life. NaCl
prevents microbial growth by limiting the water
available in meat and fish products (i.e.
decreasing water activity (aw)) (Aubourg and
Ugliano, 2002). Furthermore, the salting process
is still widely used around the world and a
highly valued product, due to its high demand
and its easy processing (Ghaly et al., 2010). In
Egypt, the first type of feseekh has a low salt
content, is suitable after 15-20 days of maturing,
and the second has a high salt content and can
be consumed after a 2-3 months (Rabie et al.,
2009).

Biogenic amines are low molecular weight
organic bases with biological activity that are
produced in foods by microbial decarboxylation
of the corresponding amino acids or by
transamination by amino acid transaminases
(Zhai et al., 2012). Hence storage temperature is
an important factor contributing to the biogenic
amine formation especially for fish that is
exposed to warm waters or air which generate
heat in their tissues (FDA, 2011). In fish
products, the formation of biogenic amines is
closely related to the activity of the
microorganisms present in the fish. In the case
of cured products, the massive quantity of
particular biogenic amines may be produced as a
result of poor first-class uncooked materials,
microbial infection, adverse conditions in the
course of processing storage, high temperatures,
and excessive pH values (Xu et al., 2010), Also
low salt concentrations can favor the
accumulation of free amino acids, but can also
stimulate the formation of biogenic amines.
Therefore, it is important to estimate biogenic
amines not from the point of view of the toxicity
and freshness of the product, but also for the
smooth conduct of the trade in seafood across
continents (Biji et al., 2016).

Foods with a high level of biogenic amines
(BAs) are considered unsafe as they can be
related to various problems such as breathing
irregularities, migraine, hypertension, and
hypotension or allergies (Ladero et al., 2010).
A total amount of 10 mg/100 g of biogenic
amines in foodstuffs was considered harmful to
human being and animal health (Shalaby,

1996). The risk action level for scombroid fish
at the port has been set at 50 mg/kg (FDA,
2011). The European Food Safety Authority
(Hazards, 2011), has recently set a maximum
daily intake of histamine 50 mg and tyramine
600 mg for a healthy adult. Likewise, histamine
should not exceed 200 mg/kg for salted, smoked,
and frozen fishery products in Egypt (EOS,
2005). Total volatile nitrogen bases (TVB-N)
are a general term that includes quantities of
trimethylamine (TMA), dimethylamine (DMA),
ammonia, and other volatile marines spoilage-
related basic nitrogen compounds.

The goal of this study was to provide some
additional information on biogenic amines and
some chemical characteristics of traditional
fermented fish (Feseekh), and their relationship
to microbial load. Also, to state a fact related to
the compatibly of mullet (Mugil cephlus) fish
(Feseekh) with the Egyptian Organization for
Standardization (EOS, 2005).

MATERIALS AND METHODS

Sampling

Fifteen samples of Feseekh were collected
from different Egyptian local markets in four
Governorates (Sharkia, Ismailia, Beheira, and
Dakahlia), in June 2018. Each Feseekh sample
weighted of approximately 1.5 to 2 kg was kept
under cooling until analyses.

Physicochemical Composition

Moisture, crude protein, crude fat, and ash
were determined according to the methods
described in AOAC (2005). The pH value was
determined according to the method mentioned
by AOAC (2005), using digital pH meter (Type
3320 Jenway LTD, Felsted Dan mow Essex
(M63 IB, UK). Total carbohydrate content was
calculated by difference as follows: 100 - (%
moisture + ash + protein + fat) (Mertens, 2005).
These assays were conducted in the central lab,
Faculty of Agriculture, Zagazig University, Egypt.

Thiobarbituric acid value (TBA) was measured
according to the method described by
Fernandez-Lopez et al. (2005). Total Volatile
Basic-Nitrogen (TVB-N) was measured by
steam-distillation of the TCA-fish extract,
using the method of Malle and Tao (1987).
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Trimethylamine (TMA) was carried out
according to the modified method of Malle and
Poumeyrol (1989), To block the primary and
secondary amines, 20 mL formaldehyde was
applied to the distillation flask. Steam distillation
was then performed for the determination of
TVB-N in TCA extract. When the required
amount of formaldehyde was added, only the
TMA was distilled. The TMA content was
calculated from the volume of 0,025 N H,SO,
used for titration as follows:

TMA (mg N/100 g) =14 mg/molxaxbx300/25 mL

Where, a = mL of sulphuric acid . b = Normality
of sulfuric acid . 14= the molecular weight of
nitrogen.

Colour Values

The colour of mullet fish (Feseekh) was
measured by using CIE colour values L*
(lightness), a* (redness), b* (yellowness) using
Hunter colorimeter D-65 illuminant (CM- 400d,
Konica Minolta, Tokyo, Japan), and 10°
observer according to Singh et al., (2008). The
chroma (C), hue angle (hub) and total colour
difference (AE) were calculated as C* = 0.5, hub
= tan - 1 (b*/a*) and AE= [(L - Lo) 2+(a - ag) 2 +
(b -bg) 2] ®°, where Lo, a, and by are the lightness
(L*), red to green (a*) and blue to yellow (b*)
values of the reference sample (Shih et al.,
2003).

Determination of Amino Acids

Amino acids composition of fish were
carried out according to Black et al. (1958) in
the Central Lab. Faculty of Agriculture, Cairo
University, Egypt. The amino acid analyzer type
was 1-Sykam Automatic Amino Acid Analyzer
(AAA400), INGOS Ltd, Germany, Acid
hydrolysis was carried out according to the
method of Black et al. (1958). The dried
grounded sample (100 mg) was hydrolyzed with
6 N HCI (10 mL) in a sealed tube at 110°C in an
oven for 24 h. The excess of HCI was then freed
from 1mL. hydrolyzed under vacuum of 80°C
with occasionally addition of distilled water,
then evaporated to dryness. The HCI free
residue was dissolved in exact (2mL) of loading
buffer (6.2M, pH = 2.2).

Biogenic Amine Analysis

Biogenic amines and free amino acids were
extracted and determined in all tested samples
according to Deabes et al. (2018). The analyses

were carried out using High-Performance Liquid
Chromatography (HPLC) (Hitachi, Tokyo,
Japan), in the Department of Mycotic Toxins
and Food Pollutants, National Research Centre,
Egypt. For the extraction, twenty-five grams of
homogenized Feseekh flesh were blended with
125 ml of 5% TCA (Trichloroacetic acid) for 3
min using a warning blender then filtration was
achieved using filter paper Whatman No (1).
Ten milliliters of extracts were transferred with
4g NaCl and 1 ml of 50% NaOH into a suitable
culture tube, then shacked and extracted three
times by 5 ml n-butanol: chloroform (1:1 v/v)
stopped and shacked vigorously for 2 min.
followed by centrifugation at 3000 rpm for 5
min. The upper layer was transferred using a
disposable Pasteur pipette to a 50 ml separating
funnel.15 ml of n-heptane was applied to the
combined organic extracts (upper layer) and
extracted three times with 1.0 ml portions of 0.2
N HCI and the HCI layer was collected in a
glass stopper tube. With the help of a gentle air
current, the solution was evaporated to dryness
using a water bath at 95°C. The combined ether
extracts were carefully evaporated with the aid
of current air at 35°C in a dry bath. The obtained
dry film was dissolved in 1ml methanol, then 10
ul were injected in HPLC.

Fatty Acids Analysis

Fatty acid methyl esters were prepared from
total lipid by using a rapid method according to
the method of 1SO (2011) by gas chromatography.
Fatty acid methyl esters were prepared from
total lipid by using a rapid method according to
the method of ISO (2011). Fatty acid methyl
esters were injected into HP 6890 series GC,
(USA), apparatus provided with a DB-23
column (60 m x 0.25mm x 25 um). The carrier
gas was N, with a flow rate of 2.2 ml/min,
splitting ratio of 1:50. The injector temperature
was 250°C and that of Flame lonization
Detector (FID) was 300°C. The temperature
setting was as follows: 150°C to 210°C at 5°C/
min, and then held at 210°C for 25 min. Peaks
were identified by comparing the retention times
obtained with standard methyl esters .

Microbiological Analyses

For microbial determinations, twenty-five
grams of each examined sample were aseptically
weighed and transferred into a stomacher bag
containing 225 ml sterile 0.1 % (w/v) buffered
peptone water (BPW), and homogenized using a
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Stomacher 400 Lab Blender (Seward Medical,
London, UK) for 2 min to obtain the
homogenate fluid of a dilution rate; (10). From
the original homogenate, tenth fold serial
dilutions up to 10° were then prepared according
to Gilliand et al. (1984) method. 1-Total
bacteria count: It was counted according to
APHA (2001) using Plate Count Agar (Merck,
1.05463), where 0.1ml of each previously
prepared serial dilution of the sample was spread
into duplicate sterile Petri dishes, at selected
dilutions. The plates were incubated at 37°C for
48 h. Colonies between “25-250” were counted
and the total aerobic colony counts were then
expressed as log cfu/g. 2-Total mesophilic
bacteria were enumerated by using Plate Count
Agar (PCA Merck, 1.05463), after incubation at
30 °C for 48 h, according to a method described
in APHA (2001). 3- Lactobacillus was
enumerated by using of de Man, Rogosa, Sharpe
(MRS Biolife, Italy) overlain with the same
medium (5 ml) and incubated for 72 h. at 25 °C
according to the method of Frank et al. (1993).
4- Lactococcus sp. was enumerated by using
M17 Agar (M17 Biolife, Italy), at 37°C for 72
h., based on method of Terzaghi and Sandine
(1975). 5-Enterococci was detected by using
Azide Dextrose agar (ADA, Biolife), after
incubation at 28 °C for 48 h. according to Frank
et al., (1993). 6-Salmonella and Shigella were
detected by using Salmonella Shigella (SS) Agar
(SSA Biolife), 37°C for 24 h., according to
APHA (2001). 7-Staphylococcus was detected
in Mannitol Salt Agar (MSA, Biolife), the plates
were incubated at 37° C for 24 h., according to
the methods recommended in Manual, (1982).

Statistical Analysis

The obtained data were statistically analyzed
by a statistical for social science package SPSS
version 20 program for windows, SPSS Inc
according to Dominick and Derrick (2001).

RESULTS AND DISCUSSION

Physicochemical Composition of Feseekh
Samples

Approximate analyses of the composition of
Feseekh samples, moisture, crude protein, total
lipids, ash, TVBN, TBA, TMA, and pH, are

shown in Table 1. The moisture content of fish
samples was found to be between 58.5 - 62%.
During the later stage of processing, there has
been a slight increase in the moisture content of
salted fish as a result of absorption of salt by
fish tissues as they swell when immersed into
the salt solution for a long time (Wheaton and
Lawson, 1985). This result agree with
Mirsadeghi et al. (2019), who found that
moisture contents of fish fillet of huso were
significantly (p < .05) ranging from 59.21 + 0.33
to 78.99 + 0.13 g/100 g. But similar result in
moisture content of Climbing perch (Anabas
testudineus) and Nile tilapia (Oreochromis
niloticus), those caught from the pond was
64.03% and 69.83%. Whereas the moisture
content of Anabas testudineus and Oreochromis
niloticus) from open water was 65.02% and
70.26%, respectively (Mansur et al., 2019). The
present resuls are lower than the fish species
(anchovy, dogfish, and sardine) which showed
that the average moisture content was around
77,95% (Silva et al., 2019).

The fat contents of fish samples were found
to be between 5.42% - 7.36%. This finding was
higher than that presented by Ahmed, (2006)
who discovered that the fat content was (1.4 to
2.2%) and (1.62 to 0.88%) for fresh and salted
fish, respectively. The crude fat content of the
fish fillet of huso was statistically different
ranging from 3.21 + 0.08 to 5.4 + 0.04 ¢g/100 g
(p <.05) (Mirsadeghi et al., 2019).

The protein contents of collected Feseekh
samples were found to be between 20.18 to
22.80 %. This result also agree with Bilgin and
Gengccelep, (2015), who found that the protein
content of canned solid tuna is between 20.61-
22.87. The decrease of protein level was found
to be significant, proportional to the salting
treatment, as this is due to the protein being
dissolved in the brine (Ojewola and Annah,
2006). The crude protein and ash ranged from
17.3 and 1.3% of cooled to 24.5 and 5.9% of
salted sardine fish samples, respectively (Farag,
2013).

The pH level can induce amino acid
accumulation and encourage the formation of
biogenic amines (Hu et al., 2007). As shown in
Table 1 pH of all examined samples were high,
so samples may contain a low amount of biogenic
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Table 1. Physicochemical composition of Feseekh samples collected from different Governorates

in Egypt
Chemical composition of Feseekh samples
Governorate Moj;(t)ure Fat% Prg/toein pH L\éﬁ(l;’l r;l}'gl?;@g ;1—3;'@ Aoj)h Carbooh/oydrate
Sharkia (Abu Hammad) 61.0% 724 ® 2219 ® §7%® 4800 2 2.80% 18.60° 6.67 289°
Sharkia (Zagazig) 620% 7.36 % 2018 ¢ 63°¢ 23.80° 1.36¢ 3.20° 760°  4.79°
Beheira 5859 542 ¢ 2120 ¢ 65™ 32.00° 1.80™ 5307 814" 547°
Ismailia 590 668" 21.80™ 6.6° 37.80° 200° 840° 891% 330"
Dakahlia 60.0 © 6.99 ® 2280 % 6.9 % 4560 ° 2942  2310% 7.34¢  249°
F test o ok ok ok ok e o o e
L.S.D 1.396 0654 0.709 0250 4513 0.605 1142 0368  0.970

*Where ** highly significant at < 0.01. * *a — d value with the same letter are not significantly different (P>0.01). *a —d
Means with a different letter are statistically significant P<0.01). Thiobarbituric acid (TBA). Total Volatile Basic-Nitrogen

(TVB-N). Trimethylamine (TMA).

amines. pH value content of collected Feseekh
samples were found between 6.3 - 6.9. This
result is similar to that reported by Riebroy et
al., (2008), who found that the pH in Thai-
fermented fish mince for fresh fish is 6.3. On the
other hand, this result is higher than that
reported by Bilgin and Gengcelep, (2015), who
found that the pH in canned fish samples is 5.22.
Increases in pH indicate the accumulation of
alkaline compounds, like ammonia and
trimethylamine, derived mainly from microbial
flora that is favourable for the increased activity
of amino acid decarboxylase (Pons-Sanchez-
Cascado et al., 2003).

Oxidative rancidity that is measured with
thiobarbituric (TBA) test helps ensure that these
salted fish have good shelf life. The TBA values
were less than the maximum allowable level of
all examined samples. TBA content was
between 1.36 and 2.94 mg malonaldehyde/kg
identified. Good quality fish and fishery
products will have a TBA value of less than 2
while poor quality fish will have a TBA value
between 3 and 27 (Bonnell and Thota, 1994).

The decrease in TBA has been attributed to the
interaction of decomposition products of protein
with malonaldehyde to give tertiary products
(Reddy and Setty, 1996). Also, this result is
lower than the TBA values repored by Bilgin
and Genccelep, (2015) which were between
0.22-5.12 mg of MA/kg in fish products.

The TVB-N quality assessment is one way of
determining the freshness of fish and fish
products. The content of TVB-N of collected
Feseekh was found between 23.80 to 48 mg/100
g. TVB-N values in canned fish samples TVB-N
ranged from 5.57 to 47.23 mg/100 (Bilgin and
Gengcelep, 2015). TVB-N values were lower
than those obtained by Xu et al., (2009), who
found that the content of TVB-N increased to
56.44 mg/100 g at 20 + 1 C after 12 h of storage
in Chinese mitten crab. TVB-N result was
higher than obtained by (Arulkumar et al.,
2016), who found that the level of TVB-N
contents were 8.16 + 0.80 mg/100 g, at 4°C and
33.86 + 1.46 mg/100 g at 20°C after 24 h and
TVB-N gradually increased in the blue swimmer
crab after 96 hrs storage at 4°C and 20°C
respectively.
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The content of trimethylamine (TMA) is
often used as a biochemical index to evaluate
the holding efficiency and shelf-life of fish
(Connell, 1990). Table 1 reveals that TMA was
found in Feseekh samples between 3.20 — 23.10
mg/100 g. Due to the variable acceptance level,
the TMA values vary according to species,
season, storage conditions, bacteria, and activity
of the intrinsic enzyme (Debevere and Boskou,
1996). This result is lower than that reported by
Chouliara et al., (2005),who found that the
TMA levels increased from less than 1 mg per
100 g of muscle to approximately 10 mg per 100
g of muscle after 42 days in non-irradiated sea
bream fillets and 6-8 mg per 100 g of muscle in
irradiated samples doses of 1 and 3 kGy. This
result is also lower than that reported by Farag,
(2013),who reported that frozen sardine fish
products stored at 0°C for 8 weeks. TMA values
decreased from 3.84 at zero time to 3.69 after 2
weeks but increased to 4.78 mg/100g after 8
weeks, Also TMA increases with increasing the
storage period ranged from 3.84 at zero time to
32.5 mg/100g, after 4 months in salted sardine.

It is evident from the results achieved in
Table 1 that the ash content of samples ranged
from 6.67 to 8.91 %. The highest ash content
was observed in the sample collected from
Ismailia and Beheira (8.91 and 8.14%)
respectively. While, the sample collected from
Sharkia (Abu Hammad), contained the lowest
level (6.67%). These results are higher regard to
the permissible limits in the recommendation of
EOS, (2005), that stated ash level should not be
exceeded 3.00%. Furthermore, this result is
higther than that obtained by Ozden, (2005),
who recorded ash level (1.92 and 1.76%) in
marinated anchovy and trout were higher than
those in fresh fish, the relative of ash and other
components increased as a result of the water
loss caused by the penetration of salt into the
meat. A similar proximate composition (1.54%
ash) has been reported for marinated fish (Arik
et al., 2001).

Colour Value

The colour of fish products is a key
parameter for the evaluation of some physical
and chemical changes to the product can be
assessed. Furthermore, it also has an important

impact on sensory assessment. The data
illustrated in Table 2 revealed that the maximum
lightness (L*) value was 51.47 for the sample
collected from Abu Hammad. Mean while, the
minimum value was 28.47 for a sample
collected from Ismailia. The maximum value of
redness (a*) 5.55 was recworded for a sample
collected from Beheira while, the lowest value
153 was for the samples collected from
Ismailia. The maximum yellowness (b*) values
was 9.37 for the sample collected from Abu-
Hammad meanwhile, the minimum values were
6.34 for the samples collected from Ismalia. For
whole products like Feseekh, a silvery
appearance near the fresh product is considered
to be of high quality. These results are higher
than those reported by Rabie et al. (2018)
during the storage period, starting with L * of
43.3 (control) and reaching 50 and 57.2 for
Mackerel fish sauce treated with bromelain at
0.2 and 0.4 %, respectively, and fermented for
60 days. When the storage period was extended
to 90 days, the L* values increased, reaching
58.6 and 64.1 for the samples with 0.2 and 0.4
% bromelain enzyme respectively. A study
demonstrated that during the 270-day
fermentation, the L* values of salt fermented
fish sauce from anchovy was decreased while,
and a* and b* values increased (Mueda, 2015).
A decrease in a* value by 2.4 of salt fermented
fish sauce from anchovy after 210 days but
increased up to 4.9 after 270 days of
fermentation was reported by Mueda (2015).
Fish sauce treated with 0.2 and 0.4 % after 60
and 90 days of storage, respectively. The b*
value of anchovy-fermented salt fish sauce
increased from 4.2-66.1 after 270 days of
fermentation (Mueda, 2015). The same
researcher also reported that the initial tests of
the values a* and b* showed that the colour
properties of the samples were different from 28
days to 210 days and the samples of fish sauce
were different from 270 days. Hue angle and
chroma are the parameters associated with a*
and b* values. In Table 2 the hue angle (h) of
collected samples fish ranged from 54.60 to
76.60. The findings are lower than Rabie et al.
(2018), who reported that during the
fermentation period 77.7 to 83.6 for 90 days.
Chroma value was ranged from 6.52 to 10.50 in
the collected fish samples. This result is lower
than that obtained by Rabie et al. (2018) ranged
found 17.4 to 28.8 throughout the fermentation
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Table 2. Colour value of Feseekh sample collected from different Governorates in Egypt

Governorate Colour value of Feseekh samples

L* a b* c* h* AE
Sharkia (Abu Hammad) 51.47° 4.82° 9.37%  10.50°% 62.80° 33.00°
Sharkia (Zagazig) 49.71° 1.86° 7.79°  8.01° 76.60° 33.50
Beheira 31.80° 5.55 2 7.86°  9.62° 54.80° 27.80°
Ismailia 28.47° 1.53°¢ 6.34¢  6.52° 76.40° 30.80°
Dakahlia 36.76 ° 5.33° 7.49° 919 54.60° 27.50°
F. test *k ok ok NS ok NS
L.S.D 0.291 0.018 0.090  0.742 5.24 1.159

*Where ** refers to high significance at < 0.01. * *a — d value with the same letter are not significantly different (P>0.01). *a
— d Means with a different letter are statistically significant P<0.01). NS (Not significant). Colour values {L (lightness) “a

(redness) " b (yellowness)}.

time for as long as 90 days. Also, AE value of
collected sample fish ranged from 27.50 to
33.50. This result is lower than that obtained by
Rabie et al., (2018) ranged found 64.4 to 49.1
throughout the fermentation time for as long as
90 days.

Amino Acids

A variety of amino acids such as glutamic
acid, aspartic acid, alanine, and glycine are
responsible for flavour and taste. Amino acids
were also used as the quality indices for
different species of fish and crustaceans (Ruiz-
Capillas and Moral, 2004). Table 3 shows that
14 amino acids were detected in the collected
feseekh samples.

The essential amino acids found in Feseekh
were Leucine (0.92-1.51 mg/100g), Lysine
(2.19-3.37 mg/100g), Valine (1.33-2.04 mg/
100g), Isoleucine  (0.74-1.11  mg/100g),
Phenylalanine (0.67-1.19 mg/100g), Threonine
(0.97-1.33 mg/100g), and Histidine (3.54-5.10
mg/100g) as shown in Table 3. These amino
acids represented 30.7-36.9 % of the total
concentration of amino acids. This result is
lower than that repored by Jo et al. (2003),
Rabie et al. (2009), reported that these amino
acids represented 68 % of the total concentration
of amino acids after 60 days of Feseekh storage.

The non-essential amino acids in Feseekh
samples included Glutamic acid (5.48-8.04 mg/
100g), Alanine (3.96— 5.0 mg/100g), Aspartic
acid (5.13- 8.45 mg/100g), Seronine (1.05-1.98
mg/100g), Proline (0.02-0.14 mg/100g), Glycine
(4.27-6.11 mg/100g), Tyrosine (2.03-3.69 mg/
100g), as shown in Table 3. These amino acids
represented 63.0-69.2% of the total concentration
of amino acids. Rabie et al. (2009), had
obtained almost similar results where they found
that after 60 days of fermentation of fish at room
temperature to produce Feseekh, aspartic acid,
glutamic acid, alanine, leucine, isoleucine,
valine, and lysine were the main amino acids.
Other amino acids of importance are lysine,
arginine, and tyrosine as these can be potentially
converted into cadaverine, putrescine, and
tyramine, respectively, by microorganisms
present in the fermentation system (Zaman et
al., 2011). The main amino acids of salted
fermented shrimp after 3 months were aspartic
acid, glutamic acid, alanine, leucine, and lysine
(Peralta et al., 2005). Besides, taurine can be
considered as a major amino acid in philippine
salted-fermented shrimp, The major precursors
for biogenic amines are among the amino acids,
lysine, tyrosine, and histidine. The glycine,
lysine, and alanine may also be regarded as
major contributors to the taste of seafood, and
hence, they may contribute to the taste of Ikan
Pekasam (Je et al., 2005). Free amino acids stored



Table 3. Amino acids concentration of Feseekh samples from different Governorates in Egypt

Governorate Free amino acid (mg/kg) of Feseekh samples

Aspartic Glutamic Glysine Histidine Alanine Tyrosine Lysine Seronine Valine Threonine Leucine Phenyl Iso Proline Total

alanine  Leucine

Sharkia (Abu Hammd) ~ 8.45% 8.04° 6.11° 5.10° 3.97° 3.69° 3.30° 198 1.40° 1.33* 1.18° 1.17% 0.96® 0.02° 46.70
Sharkia (Zagazig) 6.80° 6.40° 6.00° 4.40° 500° 250° 250° 1.30° 1.60° 1.00° 1.10° 1.10® 0.80° 0.14° 40.64
Beheira 6.88° 6.30° 5.19° 4.61° 396" 203° 255 1.50® 1.33° 1.16° 0.92° 081" 0.74° 0.06" 38.04
Ismailia 5.37° 5.61° 4.27° 354° 420° 283* 219" 126° 1.36° 097° 1.01° 067° 0.74° 0.04° 34.06
Dakahlia 5.13° 5.48° 4.38° 4.04° 4.86° 340 3.37° 1.05° 204 098 151* 1.19° 1.11* 0.05" 38.59
F. test FE kR ak ok * * ok * NS NS * N.S * *
L.S.D 0.918 0.377 0.347 0.331 0.526 0.807 0.457 0.527 0.500 0.498 0.352 0.517 0.218 0.068

*Where *, ** and NS refers to significance at 0.05, 0.01, and not significant, respectively.

with a different letter are statistically significant P<0.01

* *3 — d value with the same letter are not significantly different (P>0.01). *a — d Means

89.
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in Indian mackerel showed fluctuation in
histidine concentration, significantly decreased
after 12 h from 42,02 mg g DW to 32,59 mg
g ' DW, then drastically decreased at the end of
storage to a minimum value of 19,96 mg g
DW (Chong et al., 2014).

Biogenic Amines

There have been individual detections of six
biogenic amines  (histamine, cadaverine,
putrescine, tyramine, spermine, and spermidine)
in the collected salted fermented fish Feseekh
samples as shown in Table 4. Total biogenic
amine levels of collected Feseekh samples
ranged between 104.6 and 166.8 mg/kg. These
findings are lower than that recorded by Zhai et
al., (2012), who examined 49 fish products from
the China market. It was observed that the
average total BAs content of lightly cured horse
mackerel was 484.42 mg/kg compared to 167.86
mg/kg or less for the other salted and fermented
fish products. Furthermore, the amount of BA in
control cheeses was reported to increase when
the storage period increased (Rabie et al.,
2011). Also, these findings are lower than that
recorded by Zhang et al. (2011), who found that
the total biogenic amine content in Lay( (Layd
is the traditional name for the dry-cured grass
carp (Ctenopharyngodon idellus) produced in
China). at 20°C was 773.4 mg/kg DW, above
that stored at 4°C, 593.8 mg/kg DW. The
maximum amount of 750-900 mg/kg total
biogenic amines in foods was reported by
Latorre-Moratalla et al. (2010). Therefore,
overall biogenic amines from the different
feseekh samples were below risk levels.

Histamine levels were above 50 mg/kg in
sample of Sharkia (Abu Hammad), followed by
Beheira and Ismailia (93.3, 64.80 and 91 mg/kg),
respectively. The recorded values exceeded (EFSA,
2011), maximum allowed limit, recommending
that histamine be allowed to maximally 50
mg/kg. The content of histamine (91 mg/kg) in
salted fish brought from Ismailia was
significantly higher (P<0.05) than 50 mg/100g,
the allowable histamine limit suggested by FDA
for scombroid fish/or product (EFSA, 2011;
FDA, 2011). The EU has proposed that the
average level of histamine in fish should not
exceed 10 mg histamine per 100 g fish muscle,
and it seems to be good for general health
(Lehane and Olley, 2000). This result is lower
than that obtained by Rabie et al. (2009), who

has found histamine values of 21.1 mg/100 g in
salted fermented fish Feseekh, after 60 days of
storage, posing a health risk to the general
public's use. Also, this result is similar to that
obtained by Vosikis et al. (2008), who noted
that histamine content ranged from 2.6 to 113.3
mg/kg in the anchovies. The histamine level by
contrast was found to be 48.13 mg/100 g and
43.84 mg/100 g for milkfish and Indian whiting,
respectively, after 24 h storage (Arulkumar et
al., 2016). Also, histamine with an overall mean
of 2662 mg/kg, was found to be the main
biogenic amine in the Iranian fish sauce (Zarei
etal., 2011).

Tyramine is a trace amine and a naturally
occurring monoamine compound derived from
the amino acid tyrosine. As represented in Table
4 tyramine concentrations in the samples
collected from Beheira and Dakahlia were 22.86
and 17.10 mg/kg, respectively. This result is
lower than that obtained by Xu et al. (2009), the
high tyramine content ranged from 101 to 222
mg/kg in mackerel, Sauria, Spanish mackerel,
and amberjack during ice storage. Comparable,
4.9 mg/kg tyramine was observed in blue scad
during ice storage while, levels of 14.37 mg/100
g tyramine have recorded from orange-spotted
grouper after 18 days storage in ice at 0°C
(Bita et al., 2015). On contrary, tyramine
concentrations were twice that of fresh water
carp recorded by Krizek et al., (2004).

Putrescine is mainly produced by bacterial
decarboxylation of ornithine (Ozogul et al.,
2006). The concentrations of putrescine in the
examined samples of Feseekh were between
1.47 and 5.3 mg/kg as showen in Table 4. This
result is lower than that obtained by Rabie et al.,
(2009), who established putrescine to be the
second predominant amine in Egyptian salted-
fermented fish samples, increasing from an
initial level of 15 mg/kg (DW) to a 5-fold value
during 20 days of ripening. The increase was
further noted after 40 and 60 days of storage
even more pronounced, 13 and 14 fold,
respectively. In this respect Ozogul et al.,
(2006), found putrescine values of less than 10
mg/kg have been proposed for carp meat of
reasonable quality, values between 10 and 20
mg/kg for acceptable quality, and values over 20
mg/kg for carp meat of poor quality based on
Sensory scores.



770 Ibrahim, et al.

Table 4. Biogenic amine concentration of Feseekh samples collected from different Governorates

in Egypt (mg/kg).
Biogenic amine concentrations of Feseekh sample
Governorate
Histamine Tyramine Putrescine Cadaverine Spermine Spermidine Total

Sharkia (Abu Hammad)  93.30* 5.22¢ 520° 3709 15.73° 32.69% 155.84
Sharkia (Zagazig) 5520% 8.00° 1.47° 290! 8533 1.70° 15461
Beheira 64.80° 22.86° 3.84% 580° 6550° 4.00° 166.8
Ismailia 91.00" 5.70° 530*  7.50° 3.85° 1.60¢  114.95
Dakahlia 51.80° 17.10° 3.15° 11.05* 11.00° 10.50° 104.60
F. teSt ** ** ** ** ** ** -
L.S.D 1.445  1.776 1.557 1.213 3.378 1.121 -

* Where ** highly significant at < 0.01. * *a — d value with the same letter are not significantly different (P>0.01). *a — d
Means with a different letter are statistically significant P<0.01.

Cadaverine concentration is a good indicator
of spoilage and is significantly associated with
post-processing handling of fish products or
post-harvest handling of fresh fish (Flic et al.,
2001). Table 4 also showed that the
concentration of cadaverine in the examined
samples of Feseekh was within the range of 2.90
- 11.05 mg/kg. This result is less than what
recorded after 20 days of Korean salted and
fermented fish products Mah et al., (2002), the
concentration of cadaverine increased from 480
to 1083-1205 mg/kg. This result was less than
what was obtained by Rabie et al., (2009),
cadaverine content recorded in Egyptian salted-
fermented fish (Feseekh) was 997 mg/kg DW
after 60 days of storage.

In most fish samples small amounts of
spermidine were found, mainly because this
amine plays an important role in live fish
metabolism and cellular growth (Silla Santos,
1996). Concerning the concentration of
spermidine in the examined samples, Feseekh
from Abu Hammad and Dakahlia was the
highest (32.69 and 10.5 mg/kg respectively),
compared to other samples. But spermine
concentration in Feseekh collected from Beheira
and Zagazig recorded 65.5 and 85.33 mg/kg,
respectively. This result is higher than that
found by Rabie et al. (2009), which found that
spermine (2 to 10 mg/kg DW). In another study,
low contents of spermidine and spermine were

recorded in smoked fish were 1.28 and 2.23 mg/
100 g, 0.805 and 0.644 mg/100 g in sardine, and
0. 366 and 0. 871 mg/100 g in anchovy, after
120 days of storage, respectively (Rabie et al.,
2014).

Fatty Acids

Fish are the best source of fatty acids (FA)
particularly Poly Unsaturated Fatty Acids
(PUFA). Fatty acid profile includes SFA
(Saturated Fatty Acids), MUFA (Mono
Unsaturated Fatty Acids) and PUFA. Data
illustrated in Table 5 showed that the amount of
unsaturated fatty acids (UFA) was found in the
range of 47.77 to 53.68 mg/100g. The contents
of total saturated fatty acids (SFA) have been
detected from 38.34 to 46.02 mg/100 g.
Mostafa and Salem (2015) found the highest
fatty acid content in the SFA for mullet fish was
palmitic acid, the palmitic acid contained in
fresh fish flesh was 18.57%, after distension
31.03 and after 15, 30, 45 and 60 days were
21.24, 21.29, 22.58 and 24.12%, respectively.
This result is higher than that reported by Rabie
et al. (2018) the concentrations of palmitic acid
were 1.4, 1.6,1.7,1.5,1.8 and 1.9 mg/ 100 g in
60 and 90 days of fermentation for mackerel fish
sauce, respectively.

The total concentrations of MUSFA were
found between 20.01 to 23.86 mg/100g. In the
MUFA, the highest fatty acid content for mullet
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Table 5. Fatty acids of Feseekh samples colleced from different Governorates in Egypt

Fatty acids
Sharkia Sharkia Beheira Ismailia Dakahlia F.test L.S.D'
(Abu (Zagazig) (Rashid) (altalalkair) (MittGham)
Hammad)
Myristic 4.20° 4.29° 5.12% 50° 4.85° ** 0.069
- Pentadecanoic 2.02° 1.49° 2.12° 195° 1.87¢ **  0.0014
E Palmitic 27.32%  21.82° 255° 2451°¢ 2236°% **  0.223
>
£z Margaric 3.10° 2.35¢ 292°  270° 2.75°¢ ** 0.069
3 bﬁ Stearic 3.60° 3.18¢ 3.72%  3.07° 2.74° ** 0,041
< Arachidic 065*  0.35° 059° 048° 032°  **  0.007
& Behenic 3.32° 3.68° 3.75%  3.14° 291° ** 0.0015
Lignoceric 1.81° 1.18° 1.48°  1.38°  1.22¢ ** 0.0012
Total SFA 46.02 38.34 4520  42.23 39.02
-2 Tetradecenoic 0.70° 0.83° 0639 092a 057° ** 0.0011
gL Hexadecadienoic 7.0°  832°  926° 9.01° 7.16% ** 0.0017
S
22
T~ . 1.71° 1.60 1.48° 1902 1.54¢ ** 0.0048
= Haptadecenoic
[&]
g3 Oleic 1020¢ 11.60°  10.71° 928°  1315%  **  0.229
=g Eicosenoic 049¢  051° 0.70° 068"  045°  ** 0001
Total MUFA 20.1 23.86 22.78  21.79 22.87
= Hexadecadienoic 2.40 © 3.05° 1.88¢ 2.20¢ 2.66° ** 0.0021
§ Linoleic 5.20 ¢ 5.04 ¢ 6.69%  6.51° 6.73° ** (0,046
E g- Linolenic 060° 026°  033° 039°  140°  ** 0.0084
RS a- Linolenic 811°  7.20° 779 990°  895°  ** 00215
E 2 Octadecatetraen
== Oig 220°  233° 1.48° 220°  176°  **  0.010
(72}
[
2 Archidonic 496"  555%  511°  476°  471°  *x  0.198
g Adrenic 4.20° 6.21° 392¢ 330° 460° ** (.143
Total PUFA 27.67 29.64 2711  29.26 30.81
Total UFA 47.77 53.50 49.89  51.05 53.68

* Where ** refers to high significance at < 0.01. * *a — d value with the same letter are not significantly different (P>0.01).
*a — d Means with a different letter are statistically significant P<0.01).
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fish was Oleic acid, which was the highest
contained in fish flesh after distension 14.0 %.
Mostafa and Salem (2015), found in the
MUFA, the highest fatty acid content for mullet
fish was C18:1 (Oleic acid), which was the
highest contained in fish flesh after distension
21.22%.

The total concentrations of PUFA were
found between 27.11 to 30.81 mg/100g. The
highest content of fatty acid in PUFA was
(Linolenic acid), which is the highest contained
in fish of 10.61%. Mostafa and Salem (2015),
found the highest content of fatty acid in PUFA
was C18:2 (Linoleic acid), which is the highest
oleic acid contained in fresh fish flesh of
10.49%. The contents of polyenes in the muscle
of fresh anchovy and rainbow trout were 36.23
and 33.88% ,respectively, somewhat lower than
in marinated fish (anchovy, 34.14%; trout,
33.27%) (Ozdan, 2005).

Microbiological Estimation of Feseekh

Microbiology estimateions of bacterial
numbers are required to quantitatively associate
with foodstuff characteristics during storage to
serve the purpose of food safety and shelf-life
determination (Dalgaard, 2000). Table 6 displays
the mean values of the Total bacteria count
(TBC) of fish flesh from mullet fish (Feseekh)
were between 6.48 - 7.27 log CFU/g. This result
is lower than that observed by Eltom (1989),
who stated that after adding salt in fish
fermentation, on the fourth day, the viable count
increased to 1.8 x 10® CFU/g, then gradually
decreased to 8.6 x 10° CFU/g on the twelfth day.
In line with this results, TPC increased to CFU/g
6.7 and 8.0 log after one and two days of
mackerel stored respectively at 25°C (Jiang et
al., 2013). The total bacterial count of Feseekh
should not exceed 10° CFU/g. The coliform
group should be less than 10% and 10" CFU/g in
frozen and smoked fish, respectively (EOS,
2005). But this result is lower than those stated
by Jiang et al. (2013), finding that TPC
increased on day one to 6.7 log CFU/g and on
day two stored mackerel was 8.0 log CFU/g at
25 °C. The present results are in agreement with
Jeya Shaklla et al. (2002), who recorded that
the total bacterial load in the salted fish ranged
from 10* to 10° CFU/g. Furthermore, Jeya
Shaklla et al. (2002), stated that maximum

bacterial load in samples of cured (salted, dried,
and smoked) fishery products ranged from 10
to 10° CFU/g.

Table 6 shows the mean values of Total
Mesophilic Bacteria (TMB) were in the range of
6.04-7.0 log CFU/g. In this context, Arulkumar
et al. (2016), concluded that the total mesophilic
bacterial growth in milkfish and Indian whiting
fish increased after 18 h of ambient temperature
storage. The total mesophilic bacterial in the
present study was exceeded the maximum
acceptable level of 6.04-7.0 log CFU/g for
collected Feseekh samples. While, this result is
highter than those found by Patir et al, (2006),
who reported that the total mesophilic aerobic
bacterial counts in salted grey mullet
(Chalcalburnus tarichii) stored at 4+1 °C ranged
from 2.0 to 5.0 log CFU/g, with an average of
3.94 log CFU/qg.

Enterococci can affect the maturing process
due to their proteolytic and lipolytic activity and
their ability to stimulate the production of acid
by certain lactococci (Sarantinopoulos et al.,
2001). Table 6 shows the mean values of
Enterococci of selected Feseekh were ranged
from 3.05 to 4.62 log CFU/g. Tyramine-
producing enterococci have been isolated from
different sources, such as meat. Enterococci,
which typically contaminate raw meat in the
10°~10* CFU/g range and are highly resistant to
extremes in temperature, pH, and salinity, can
multiply to high numbers and act as spoiling
agents in processed meat (Capozzi et al., 2011).
Enterococci tyrosine decarboxylase (TDC) has
also been shown to be capable of decarboxylating
phenylalanine, an amino acid structurally similar
to tyrosine, from which BA phenylethylamine
originates cheese, fish and wine (Capozzi et al.,
2011).

Table 6 shows the mean values of
Staphylococcus were ranged from 3.04 to 4.68
log CFU/g. Staphylococcus should be less than
10° in salted (EOS, 2005). Bhatia and Zahoor,
(2007) found that 1 npg of Staphylococcal
enterotoxins can be reached when the cell
number exceeds 10° CFU/g of food. As a
preventive measure, legal limits of 10° -10°
CFU/g had been set for Staphylococcus aureus
in different fishery products.
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Table 6. Microbiological estimation (log cfu/g) of Feseekh samples collected from different

Governorates in Egypt

Governorate Microbiological estimation (logiocfu/g) of Feseekh
Lacto Lacto Entero  Staphlo Salmonella,
TBC TMB bacilli cocci coccii cocci Shigella

Sharkia (AbuHammad) 716  700%  548%  449° 430"  4.40° 2.55°
Sharkia (Zagazig) 6.48° 6.04° 4.14° 3.30° 3.05¢ 3.04¢ 1.95°
Beheira 7.20% 6.67 ¢ 475°¢ 411° 3.23°¢ 3.26 ¢ 2.41°¢
Ismailia 7.27°% 6.73°¢ 5.21° 4.75% 3.30°¢ 3.36°¢ 2.85°%
Dakahlia 720 690"  559°  4.49°  462°  4.68° 2.92°

F. taet ** ** ** ** ** *%* **
L.S.D 0.197 0.099 0.213 0.098 0.091 0.138 0.90

*Where ** highly significant at < 0.01. * *a — d value with the same letter are not significantly different (P>0.01). *a — d
Means with a different letter are statistically significant P<0.01).Total bacteria count (TBC). Total mesophilic bacteria

(TMB).

Table 6 shows that the mean values of
Salmonella & Shigella were ranged from 1.95-
292 log CFU/g. The bacterial Ornithine
Decarboxylase (ODC), alignments showed two
separated groups, one of them includes several
proteins from Gram-positive bacteria, such as
from some Lactobacillus strains, and Gram-
negative bacteria (E. coli, Haemophilus
influenzae, Salmonella typhimurium, Shigella
flexneri, Vibrio cholerae, Vibrio
parahaemoliticus, and Yersinia pestis strain)
(De Las Rivas et al., 2006). Staphylococcus
xylosusas, a halotolerant bacterium from dried
flying fish products capable of producing more
than 300 ppm of histamine at a concentration of
3% sodium chloride (Kung et al., 2015). Some
of the LAB strains belonging to Lactobacillus,
Lactococcus, Leuconostoc, Streptococcus, and
Enterococcus genera can decarboxylate tyrosine
and lysine (Omafuvbe and nyioha, 2011).

Table 6 reveals the mean values of
Lactobacilli were ranged from 4.14 to 5.59 log
CFU/g. Indicated that a significant proportion of
LAB of the whey was represented by
Lactobacillus sp. (5.36 £ 0.08 log CFU/mI)
rendering it a viable inoculum for fermentation
(Burns and Bagley, 1996). Also, it shows the
mean values of Lactococcus ranged from 3.32 to
4.75 log CFU/g. Indicate that fermentation by
whey (the watery part of milk that remains after
the formation of curds) or L. acidophilus can
substantially reduce the population of
Staphylococcus, Clostridium and  coliform

bacteria, with the latter being totally removed
from the WFFO (whey-fermented fish offal) and
faecal coliform removed from the LAFFO (L.
acidophilus-fermented fish offal) (Samaddar
and Kaviraj, 2014).

Conclusion

Fermented fish (Feseekh) are a public food
product in the Egyptian market; however, there
are safety problems regarding this product
owing to microbial contamination during
processing that lead to biogenic amines
formation. So, the present study was aimed to
give some additional information about biogenic
amines in traditionally fermented fish (Feseekh)
and its relation to microbial load, determine the
lipid, protein, moisture, TVBN, TBA, TMA ,
pH, and ash of salted fish and changes in amino
acid and fatty acid composition to investigate
the possibility of using these changes as quality
indices. And to state a fact related to the
compatibly of mullet (Mugil cephlus) fish
(Feseekh) with the (EOS, 2005).
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