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Abstract

Smoked fish roes within cold smoked herring are considered a very popular ready-to-eat food in Egypt. There-
fore, the microbial quality of fish roes should be of concern. The purposes of this study were to conduct bacte-
rial analysis and the possibility of detection of foodborne pathogens. With limited application of dry heating at
85°C for 1 and 5 minutes to improve the safety of roes. To study the biogenic amines (BA) including spermine,
putrescine, cadaverine, histamine, tyramine, and spermidine in fresh, heated at 85°C for 5 min, and stored at
0°C for 6 months smoked roes. Vibrio spp. including Vibrio vulnificus, Vibrio furnissii, and Vibrio carcbariae
were found in 5 samples (9.6%). One Salmonella spp. (1.9%) and one Listeria monocytogenes (1.9%), 4
Staphylococcus aureus (7.7%), and 3 Bacillus cereus (5.8%) pathogens. While Clostridium botulinum (vege-
tative forms) was not detected. None of the aerobic, anaerobic, or selective bacterial counts existed after heat-
ing smoked roes at 85°C for 5 minutes. The average of each BA in all samples was below 3mg/100g, which is
less than the 5.0 mg/100g acceptable limit recommended by the US Food and Drug Administration. Histamine
and tyramine only appeared after cold storage of roes at 0°C for 6 months. Cold smoked herring roe was low in
acidity (pH: 5.92), high in moisture (68.5%), protein (61.37%), and lipid content (28.7%), thus it could support
the bacteria growth. Additional measures are needed to reduce the possible health risks for fish roe consumers.
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INTRODUCTION

Smoked roe within the cold-smoked herring (Clupea haren-
gus) is one of the common fish roes processed seafood products
in Egypt (Amin et al, 2022). Fish roe has been a delicacy food
since ancient history, as it is rich in proteins, lipids, calcium, iron,
and selenium. With a high content of vitamins B, A complex, C,
and E, and is full of omega-3 fatty acids (Sidhu, 2003; Rosa et al.,
2013; Piras et al., 2014). Fish roe product quality depends mainly
on the roe’s size and maturity. Both are influenced by the size,
age, spawning stage, and fishing season of the female fish. Egg
size particularly can distinguish caviar from non-caviar fish roe
products, as the latter has a diameter of less than 1.4 mm (Bekhit,
2010).

Like other fish products, it might be spoiled and transmit
foodborne pathogens. These bacteria might be initiated from
the fish gut flora or contaminate the roes during handling and
processing in poor hygienic measures (Voidarou et al, 2011).
According to Egyptian standards, fish roe should be free from
pathogens including Clostridium, Salmonella, Vibrio parahaemo-
lyticus, Staphylococcus aureus, and E. coli (EOS, 2005). Because
of a lack of hygiene, Voidarou et al. (2011) reported that several
pathogenic bacteria were isolated from salted grey-mullet roes
like V. parahaemolyticus, Salmonella spp., Aeromonas hydroph-
ila, Clostridium perfringens (vegetative forms), Listeria spp., and
E. coli.

Furthermore, fish roes could have the potential for multiple

Cold smoked, Herring, Roe, Bacteria, Histamine

food safety risks. Studies of histamine toxicity caused by fish roe
ingestion were reported, especially when not properly processed
or stored (Kung et al, 2008; Lapa-Guimaraes et al, 2011). Ele-
vated histamine level in foods causes vasoactive effects and se-
vere toxicity in humans might lead to death (Lehane and Olley,
2000; Yu et al, 2018; Zhernov et al., 2023). Biogenic amines are
formed by the decarboxylation of free amino acids by decarbox-
ylase enzymes released from bacterial contamination (Rawles et
al,, 1996). Both Scrombroid and non-scombroid fish have also
been related to histamine poisoning, especially after temperature
abuse (Ahmed, 2019; Taylor, 1986).

Seafood might be contaminated with bacteria during han-
dling or processing. Plus other factors such as storage, tempera-
ture abuse, infected food handlers, and cross-contamination.
seafood is also frequently eaten raw or processed in ways that
do not eliminate bacteria. In these previous circumstances, fish
roe could support bacterial growth and cause serious food safety
risks. In this study, we aimed to examine fish roe for bacteria in-
side cold-smoked herring and the possibility of detection of Vib-
rio spp., Salmonella, Listeria spp., Clostridium botulinum, Staphy-
lococcus aureus pathogens. Apply limited thermal processing at
85°C for 1 and 5 minutes to advance the safety of the fish roe
product. Study the presence of 6 biogenic amines (BA): spermine,
putrescine, cadaverine, histamine, tyramine, and spermidine in
fresh smoked roes, heated at 85°C for 5 min., and roes stored at
0°C for 6 months.
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MATERIALS AND METHODS
Sampling

Smoked roe samples (n.= 52) were collected from commer-
cial cold-smoked herring during summer, winter, and spring sea-
sons from 2021-2022. Samples were divided into three sets of 17
each. All fish were transferred to the College of Fish Recourses
laboratory, Suez Canal University for analysis. Roes were asepti-
cally extracted, refrigerated under complete aseptic conditions,
and analyzed immediately.

Physicochemical analysis
pH

All cold-smoked herring fish roes (52 samples) were diluted
(1:10) with distilled deionized water and measured separately us-
ing a pH meter (OHAUS, USA) (Bunga et al., 2022).

Proximate analysis

Protein, fat, ash, and moisture contents of samples were an-
alyzed in triplicates (AOAC, 2007). Moisture contents were esti-
mated by dry heating the sample in a vacuum oven at 105°C/24
h. The moisture percentage was calculated as [(wet sample—dried
sample)/wet sample]*100. Samples were incinerated at 650°C/5
h in a muffle furnace to analyze the ash content by (Weight af-
ter ashing/Weight before ashing)*100. The micro-biuret method
was used to determine the protein percentage, while the Soxhlet
extraction method using hexane at 60°C/9 h was used to esti-
mate the fat content (Boyer, 1993; V'uorela et al., 1979; Hajji et
al., 2014).

Bacterial analysis
Detection of Vibrio spp.

Roes (5 g) were placed in a sterilized plastic bag with 1:10
dilution of alkaline peptone (lab M, UK) with NaCl (1%- Biotech,
Egypt). Samples were stomached (2 min) (Seward 400 circulator,
UK), incubated (37°C for 24 h), and platted on thiosulphate-ci-
trate bile salts sucrose with 1% NaCl (TCBS, TPC, India). After
incubation, green and yellow colonies were cultured on trypti-
case soy agar slants containing 1% NaCl (TSA-Lab M, UK). The
isolates were tested biochemically by Indole (I), Methyl red (MR,
Condalab, Madrid), Vogues Proskauer (VP, Condalab, Madrid),
and detection of growth under different salt conc. (0, 6 and 8%).
Suspected Vibrios were confirmed by API 20E strips (BioMérieux,
France), and results codes were translated from a computer data-
base provided by the manufacturer (Voidarou et al,, 2011; Kays-
ner et al., 2004).

Detection of Salmonella spp.

Samples (5 g) were diluted with 45ml of 0.1% sterile pep-
tone water for pre-enrichment then incubated at 35+2°C/24 h
and cultured in selective enrichment in tetrathionate broth (Lab
M, UK). Platted on xylose lysine desoxycholate citrate agar (XLD,
7166A acumedia). Suspect colonies with characteristic reactions
on triple sugar iron (TSl), I, MR, VP, and citrate (Lab M, UK) were
confirmed by API 20E (BioMérieux, France) (Voidarou et al,, 2011;
Gonzéalez-Rodriguez et al., 2002).

1915

Detection of Listeria monocytogenes

Roes (5 g) were enriched in buffered Listeria enrichment
broth base, UVM-Fraser (EcoBio, bio-lab) for 24h/35°C, then
plated on Listeria Oxford medium agar (Himedia, M1145-500G).
Suspect colonies were plated in Trypticase soy agar with yeast
extract (0.6%-TSAYE). Then identified by catalase activity, Rham-
nose fermentation on purple carbohydrate fermentation broth
containing 0.5% rhamnose, and B hemolysis on blood agar (Ox-
oid, England) containing 5% sterile blood (Gonzélez-Rodriguez et
al., 2002; Hitchins et al., 2022).

Detection of Staphylococcus aureus

Samples (5 g) were enriched in 45ml of 0.1% sterile peptone
water, incubated at 35+2°C/24h, and plated on mannitol salt agar
(Lab M, UK). Suspected colonies were identified with Gram stain-
ing, catalase, and 3 hemolysis on blood agar containing 5% ster-
ile blood (Scano et al., 2013).

Detection of Clostridium botulinum

Cooked meat medium (Alpha chemica, India) was used as
enrichment broth. The medium was steamed for 10-15 min and
cooled rapidly without agitation before inoculation. Roe samples
(2 g) were added to the enrichment broth (15 ml) and incubated
at 35°C/5 days in anaerobic jars supplied with CO, packs. Turbid
broth media with gas production was plated on anaerobic egg
yolk agar (TPC, India) and incubated at 35°C/48 h under anaer-
obic conditions. The morphology of suspected colonies was ex-
amined by Gram staining to observe typical tennis racket-shaped
clostridial cells (Solomon and Lilly, 2001).

Smoked fish roes (11 samples) were heated in the oven at
85°C for 1 and 5 minutes. Aaerobic plate count was performed in
samples before thermal processing as control and after thermal
processing for 1 and 5 minutes. Samples (5 g) of smoked roe with
1:10 dilutions with 0.1% peptone water were stomached for 2
minutes. Homogenate was further diluted up to 5 dilutions. Dilu-
tions were spread-plated on plate count agar media (Lab M, UK)
in duplicates and incubated at 35+2°C/24 h. (Maturin and Peeler,
2001). While other selective media such as TCBS, XLD, Listeria Ox-
ford medium agar, mannitol salt agar, and MacConkey Agar are
used for Vibrio, Salmonella, Listeria, Staphylococcus, and Entero-
bacteriaceae count, respectively. Anaerobic plate count was per-
formed using anaerobic egg yolk agar and incubated at 35°C/48
h under anaerobic environments.

Identification of bacteria by PCR and 16S rRNA gene sequencing

Identified Gram-positive isolated bacteria were confirmed us-
ing PCR and rRNA gene Sequencing.

DNA extraction

According to Azwai et al. (2016), DNA was extracted using
DNA extraction kit (Bioscience, Germany). 16S rDNA was ampli-
fied using universal primers- (forward: 5'-GAGTTTGATCCTGGCT-
TAG-3' and reverse: 5'-GGTTACCTTGTTACGACTT-3").

DNA sequencing
QIAquick Kit (Qiagen, Germany) was used to purify the PCR

products, and the second PCR was made using the BigDye-Termi-
nator v3.1 cycle, sequencing kit. Genetic Analyzer (3500, Applied
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Biosystems, Massachusetts, USA) was used for DNA sequenc-
ing. The obtained sequences were blasted through NCBI- Blast
search and concluded by the Mega program (7.0.20). The genetic
sequences were sent to the NIH GenBank (the National Library
of Medicine database), and their accession numbers were docu-
mented (lwatsuki et al., 2021).

Biogenic amines analysis

Cold smoked herring roes including fresh cold smoked (con-
trol), immediately heated in the oven at 85°C/5 min and smoked
and stored at 0°C/6 months were analyzed for biogenic amines in
duplicates. according to Deabes et al. (2018), Six Biogenic amines
involving spermine, putrescine, cadaverine, histamine, tyramine,
and spermidine were extracted.

Biogenic amines were determined using high-performance
liquid chromatography (HPLC) prepared with a "Waters 600" de-
livery system. Using reverse phase C18 Nucleosil column: 250 x 4
mm, 10 pm packing, (Macherey - Naggl), and a UV detector (wa-
ters 486) at 254 nm wavelength. Constant solvent flow rate was
performed using a linear program of 25 min period and 1 ml/min.
Data were analyzed using Millennium Chromatography, Manger
Software 2010 (Waters, Milford MA 01757).

Statistical analysis

Data were statistically analyzed using IBM SPSS Statistics ver-
sion 25 (IBM Corporation, NY, USA). Results were expressed as
the mean+SD.

RESULTS AND DISCUSSION

Smoked fish roes are considered highly nutritious food. It is
rich in protein (61.37+1.84) and lipids (28.7+2.83), while it has low
carbohydrate content (4.3£0.42) (Table 1). The mean value of the
pH of all cold-smoked roes samples was recorded as 5.92+0.08.
The pH results for all samples were within the limits (5.5-6) per-
mitted by Egyptian for fish roe (EOS, 1996). In the same way,
Caredda et al. (2018) previously recorded the pH of salted and
dried Mugil cephalus roes as 5.46. Similarly in Taiwan, the pH of
salted mullet roe fish products was reported as 4-5.8 (Kung et al.,
2008). The moisture content of roes in this study was recorded as
68.5+£2.12 (Table 1). Salmon roe was low in acidity with high water
activity with high nutrient content, thus it can support the growth
of different bacteria (Bledsoe et al., 2003). Therefore, with bad
handling, processing, and unsanitary conditions, fish roe could
transmit foodborne pathogens.

Table 1. Mean values of physicochemical properties in cold-smoked herring fish
roes.

Average
pH 5.92+£0.08
Moisture % 68.5+2.12

Dry weight analysis
Protein% 61.37+1.84
Lipids% 28.70 +2.83
Carbohydrate% 4.30+0.42
Ash % 5.63+£0.17
Total 100%

In this study, several pathogens were detected in the microbi-
ological analysis of smoked fish roes’ samples that were extracted

from commercial cold smoked herring fish. Vibrio spp. including
Vibrio vulnificus, Vibrio furnissii, and Vibrio carcbariae were found
in 5 samples (9.6%). One Salmonella spp. (1.9%) and one Listeria
monocytogenes (1.9%) were documented, plus 4 Staphylococcus
aureus (7.7%), and 3 Bacillus cereus (5.8%) pathogens. In addition,
several Enterobacter cloacae (11.5%) were recorded, and Clostrid-
ium botulinum was not found (Table 2).

Table 2. The number and proportion of positive samples for selected bacteria
species in cold-smoked herring roes (N = 52).

Bacteria spp. N (%) Confirmation
Vibrio vulnificus 1(1.9) API 20E
Vibrio furnissii 3(5.8) API 20E
Vibrio carcbariae 1(1.9) API 20E
Salmonella spp. 1(1.9) API 20E
Listeria monocytogenes 1(1.9) -

Clostridium botulinum not detected -

Staphylococcus aureus 4(7.7) -
Genbank accession numbers for
Bacillus cereus 3(5.8) nucleotide sequences: ON332031,
ON332032, and ON332033.
Enterobacter cloacae 6 (11.5) API 20E

Similarly, Voidarou et al. (2011) analyzed salted grey-mullet
roe and detected Vibrio spp., Aeromonas hydrophila, and Salmo-
nella spp. in one sample (2%). Three samples (6%) had Clotriduim
perfringens (vegetative forms), E. coli, and spores of Bacillus spp.
Listeria spp. and Staphylococcus aureus were identified from 10%,
and 8%, respectively of the samples. In other salted roe samples
(194) of the gray Mugil cephalus, Clostridium perfringens, Entero-
bacteriaceae, and Enterococcus spp. were identified (Brandas et
al, 2015).

S. aureus (7.7%) contamination in fish roe samples in this
study (Table 2) might be attributed to human contact. Fish roes
were previously recorded associated with S. aureus 4% by Brandas
et al. (2015). During handling and processing, and with human
contact, or contaminated processing equipment contact, con-
tamination in bottarga was documented by Brandas et al. (2015),
and Shimizu et al. (2007). Food processing-plants have also been
reported associated with L. monocytogenes contamination of RTE
seafood (Autio et al, 1999). Fish roe fish products processing
usually require more handling compared to other raw seafood
products, which increase the possibilities of cross-contamination.
Proven by previous studies documented the high contamination
frequencies of L. monocytogenes in fish roes up to 10.0 to 11.4%
(Handa et al,, 2005). In Japan, L. monocytogenes contamination
revealed up to 12.1% in salmon fish roe RTE products, and cell
number increased rapidly under inappropriate storage tempera-
tures (Miya et al.,, 2010).

Pathogenic Vibrio spp. cause outbreaks and illnesses usually
recovered from raw or underdone seafood (lwamoto et al.,, 2010).
In Maryland, USA retail stores, total Vibrio species prevalence was
4.5% in many seafood including shrimp, tilapia, and catfish (El-
bashir et al., 2023). V. parahaemolyticus were identified from 1.3%
of herring salted roe samples (Chitu et al,, 1977). Likewise, Five
Vibrio species (9.6%) were identified in this study from smoked
fish roe including one Vibrio vulnificus (1.9%) (Table 2). V. vulnifi-
cus inhabits warm brackish seawater. It was recently reported in
six patients in the Ningbo, China eating raw or underdone sea-
food (Wang et al., 2023). Recent studies reported the elevated
surface water temperatures because of global warming boosted
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the spreading of V. vulnificus (Lin et al., 2021). This was in coordi-
nation with our results, as V. vulnificus was identified in smoked
fish roe in the summer season (Fig. 1). Increased seawater tem-
perature backs the growth and distribution of different bacterial
populations to cause illnesses (Matanza and Osorio, 2018).
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Fig. 1. Seasonal pattern of isolated bacteria from cold-smoked herring roe.

Salmonella is the subsequent utmost public bacterial agent
that causes foodborne diseases and multi-state outbreaks in the
U.S. food system (CDC, 2017). Seafood-borne illnesses have di-
rected food authorities to apply a zero-tolerance for Salmonella.
In this work, Salmonella spp. has been identified in one sample
(1.9%) (Table 2). Like the finding of one Salmonella spp. in grey
mullet salted roe by Voidarou et al. (2011). While was not detect-
ed in other salted and dried products of tuna roe (bottarga) (Sca-
no et al, 2013). In our study, one Salmonella spp was detected in
the summer season (Fig. 1). In agreement with Bassal et al. (2023),
the nontyphoidal salmonellosis incidence rates were consistently
high from June to September, while decreased between Decem-
ber and February winter months (Bassal et al,, 2023). As high
temperatures prosper Salmonella growth, and people’s attitudes
in summer vacation with eating outside might increase the risk
of foodborne illnesses. The relation between salmonellosis and
the air temperature was documented by Kyncl et al. (2021) in the

Czech Republic. Recording that each 1°C increase in air-tempera-
ture led to a 6.2% elevated salmonellosis level.

Bacillus cereus group is associated with diarrheal and emetic
food intoxication. In this work, three (5.8%) B. cereus were con-
firmed by 16S rRNA gene sequencing (Genbank accession num-
bers: ON332031, ON332032, and ON3320330) (Table 2). Previous-
ly, in Taiwan fishing ports, B. cereus was recorded in the seawater
samples (7.9%) and shellfish products (0.68%) (Hsu et al., 2021).
Suggesting seawater as a source of contamination. In addition,
herbs and spices might considered as a source of Bacillus spp.
As Bacillus spp was reported as the main pathogen in red pep-
per powder (Bi Jeon et al., 2020). B. cereus can endure cooking
temperatures, grow and multiply, and consequently cause food
intoxication (Van Doren et al, 2013). Plus, it can survive harsh
environments such as cold weather, and that explains the occur-
rence of B. cereus in the winter season (Fig. 1).

Clostridium botulinum was not detected in this study from
smoked herring roe samples. In contrast, C. botulinum (type E)
was identified in whole fish and roe ranged from 4-14% in Fin-
land’s commercial importance (Hyytid et al, 1998). Clostriduim
perfringens (vegetative forms) have been identified in salted grey
mullet roe and salted gray Mugil cephalus "bottarga”(Voidarou
et al,, 2011; Brandas et al., 2015). Enterobacter cloacae were also
identified in this work (Table 2). E. cloacae is a common bacterium
in healthy human gut microflora (Leong et al,, 2017), however,
it also causes nosocomial infections (Galetti et al., 2022). Plus, it
is associated with seafood contamination, especially with unhy-
gienic measures (Almeida et al.,, 2018).

Foodborne pathogens might exist in the final products due to
poor handling, inadequate processing, unsanitary practices, and
cross-contamination. In this research, we applied extra thermal
processing of RTE cold smoked herring roes at 85°C for 1 and 5
minutes. Aerobic and anaerobic plate count results and counts of
previous pathogens all indicated the best result of the complete
absence of bacteria at 85°C for 5 minutes (Table 3). Aerobic plate
counts previously recorded extended from less than 1.0 to 7.1
log CFU/g in salted mullet roe in Taiwan (Kung et al,, 2008). The
same recommendation of using mild heat (60°C/20min) with oth-
er combined treatments recorded effectively inactivated B. cere-
us without incurring quality deterioration in the food processing

Table 3. Counts of different bacteria (Log CFU/g) of cold-smoked herring fish roes after thermal processing at 85 °C for 1 and 5 minutes.

Bacterial count Control Bacterial count at 85 °C for 1 min Bacterial count at 85 °C for 5 min
Aerobic plate count 2.3+0.32 1.1+0.21 nt
Enterobacteriaceae 2.05+0.43 1.09 +1.03 nt
Vibrio 1.79+£0.43 <1(0.86+1.21) nt
Salmonella 1.55+0.13 nt* nt
Listeria 1.55+0.13 <1(0.54+0.78) nt
Staphylococcus 2.31+£0.54 1.03+0.99 nt
Anaerobic bacteria 2.36 +0.05 <1(0.89 +0.85) nt

*nt: not detected

Table 4. Biogenic amines content (mg/100g) in cold-smoked herring roes including fresh smoked, heat processed at 85°C/5 min, and stored at 0°C/6 months.

Biogenic amines Fresh cold smoked roe (Control) Fresh and heat processed at 85°C for 5 min. Stored at 0°C for 6 Mon.
Spermine 0.117+0.21 nt 0.25
Putrescine nt * nt nt
Cadaverine 0.820 £11.59 nt nt

Histamine nt nt 2.77
Tyramine nt nt 0.34
Spermidine nt nt nt

*nt: not detected
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plants (Bi Jeon et al., 2020). Likewise, the application of mild heat
ranged from 58, 61, and 62.5°C for salmon samples combined
with salting achieved at least 3 log-reduction in L. monocytogenes
contamination (Hansen et al., 2021). Based on our results (Table
3). heat application at 85°C for 5 minutes is recommended to
confirm the safety of RTE cold smoked herring fish roes.

The levels of biogenic amines (BA) in seafood are considered
as an indicator of spoilage during storage and a quality index
(Baixas-Nogueras et al.,, 2005). The average content of BA in all
samples was less than 3 mg/100g (Table 4), which is less than the
permitted limit suggested by the US Food and Drug Administra-
tion (5.0 mg/100g). Only spermine (0.117 mg/100g) and cadav-
erine (0.820 mg/100g) were detected in control samples, while
histamine and the other amines were not found (Table 4). Like-
wise, Atmaca et al. (2023) reported that spermine levels exhibited
fluctuations and cadaverine was inconsistent in farmed rainbow
trout during cold storage (0, 2 and 4°C) and both were not con-
sidered effective markers of freshness. Heating roes at 85°C for
5 min eliminated the bacteria as explained before in Table 3, and
that could explain the absence of all 6 BA after heating. Because
the creation of BA depends on the bacterial contamination and
bacterial decarboxylation of free amino acids (Kocar et al., 2021).

After cold storage of roes at 0°C for 6 mon, spermine in-
creased to 0.25 mg/100g, and histamine and tyramine appeared
(2.774, 0.344 mg/100g, respectively) as shown in Table 4. Hista-
mine poisoning is the utmost common food intoxication relat-
ed to BA. In this study, histamine was within the safe level (<5
mg/100g). Other amines can raise the toxicity of histamine or
react with nitrites to form carcinogenic nitrosamines (Kocar et al.,
2021). Parallel results were recorded by Restuccia et al. (2015),
as histamine level in mullet bottarga after 6 months of storage
at 4-8°C was 2.7 mg/100g. Kung et al. (2008) analyzed 16 salted
mullet bottarga in Taiwan, only one sample had a higher hista-
mine content (8.18 mg/100g) than the permissible limit.

CONCLUSION

Microbiological evaluation of smoked roes extracted from
cold smoked herrings revealed multiple foodborne pathogens,
and according to Egyptian standards, it should be free from
foodborne pathogens. Heating at 85°C for 5 min. eliminated all
bacteria. Biogenic amines and histamine levels were within safe-
ty permits. Additional safety limits should be applied during the
handling and processing of fish roe to minimize potential risks to
public health.
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