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Background. Since the beginning of humanity, the global burden of foodborne disease has had a decimating effect on populations,
with biogenic amines (BAs) and aflatoxins in meat products implicated. While many developed countries have legitimized safety
levels for BAs using evidence-based guidelines to attain high food quality standards for consumers of meat products, developing
countries are still battling against poor food quality checking. Purpose. �is study examines the level of health risk of biogenic
amines and aflatoxin in meat products by extracting and estimating their residues and determining their indices as a way of
monitoring the potential health impacts of these residues on consumers of meat products.Methods. A total of 40 imported meat
products sampled and randomly collected, representing imported luncheon meat, hot dog sausages, corned beef, and minced
meat. Using recommended laboratory protocols, eight residues of BAs and aflatoxins were extracted. Results. Eight BAs, his-
tamine, tyramine, tryptamine, cadaverine, putrescine, β-phenyl ethylamine, spermine, and spermidine, were extracted and
determined in all tested samples. Tyramine levels in luncheon meat were found to be significantly higher than in other meat
products, while significantly high cadaverine levels were reported in corned beef samples. �e results of biogenic amine index
(BAI) revealed that the quality of importedmincedmeat and imported hot dog samples was good (BAI< 5mg/kg), while imported
luncheon meat and imported corned beef samples remained acceptable (BAI 5–20mg/kg). Aflatoxin B1 (AFB1) was detected
higher than the permissible limit (>5 µg/kg) in imported luncheon meat and imported hot dog meat samples. Conclusion. �e
general results indicate that testing meat products for biogenic amines and aflatoxins is a very good indicator for monitoring the
freshness and quality of meat products.

1. Introduction

Meat products are viewed as probably the food items which
draw in the most customers for their palatability, high bi-
ological and nutritive value, low price, and easy preparation
compared to fresh meat [1].

�ese days, food safety is of significant concern in public
health. Although developed countries have built up legiti-
mate rules, guidelines, and quality models for monitoring
food quality, developing countries are still battling with poor

food quality checking [2]. Recent trends in food hygiene
focus on aggravates that can affect consumers’ health, such
as biogenic amines (BAs) [3].

BAs are formed by the removal of the α-carboxyl group
from amino acids and they are usually named after the
corresponding precursor amino acid; for example, histidine
is decarboxylated to produce histamine, tryptophan to
tryptamine, tyrosine to tyramine, and lysine to cadaverine.
However, putrescine can be created from three amino acids:
glutamine, arginine, and agmatine [4–7].
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BAs have been reported as present in various foods
where they have been linked to health damage. Two well-
known BA poisonings are “scombroid poisoning” from the
consumption of fish from the Scombridae family which
contains histamine and “cheese reaction” from cheese
consumption related to tyramine. �e first reported case of
BA poisoning occurred in 1967 in the Netherlands and
involved Gouda cheese [8–10]. �e essential significance of
BAs is that the utilization of foods containing a high con-
centration may cause food intoxication with manifestations
including flushes, cerebral pains, sickness, cardiovascular
palpitations, and expanded or diminished circulatory strain
[11, 12]. �e generation of BAs has been related to yeast and
Gram-negative and Gram-positive microbes [13–16].

Histamine is the BAmost commonly connected with the
beginning of outbreaks [8]. Any foodstuffs delivered by
fermentation or exposed to microbial tainting may implicate
BAs, so monitoring of BA levels in meat products is of great
interest [3].

Mycotoxins are harmful substances delivered by or-
ganisms of Aspergillus, Penicillium, and Fusarium fungal
genera that debase food and are responsible for some serious
illness [2].

�e most significant food mycotoxins are aflatoxin,
ochratoxin, fumonisins, moniliformin, and zearalenone.�e
noteworthy danger to wellbeing presented in the utilization
of mycotoxin-contaminated food products is of extreme
concern to many developing countries [17].

�is study used a risk analysis approach for monitoring
BAs and aflatoxin residues in some imported meat products,
focusing specifically on the risk assessment, management,
and public health impact of these residues.

2. Materials and Methods

2.1. Test Protocol. A total of 40 imported meat products
samples were randomly collected and represented by im-
ported luncheon meat, imported hot dog meat, imported
corned beef, and imported minced meat. Ten of each were
randomly collected from different supermarkets from dif-
ferent regions of Zagazig, Egypt. Each sample was separately
packed in a sterile plastic bag and immediately transferred to
the laboratory in an ice box.

2.2.Determination of BiogenicAmines inMeat ProductsUsing
High Performance Liquid Chromatography (HPLC). Eight
BAs, histamine, tyramine, tryptamine, cadaverine, putres-
cine, β-phenyl ethylamine, spermine, and spermidine, were
extracted and determined in all tested samples as described
by MIETZ [18].

2.2.1. Reagents Preparation. Biogenic amines standards
(cadaverine, histamine, tyramine, spermidine, and sper-
mine), dansyl chloride (Dns-Cl), acetonitrile, and acetone
for HPLC were from Sigma Chemical Co.; the other reagents
used in this study were HPLC-grade. For dansyl chloride
solution, 500mg of dansyl chloride was dissolved in 100ml
of acetone. For standard solutions, stock standard solutions

of the tested amines were prepared as follows: add 25mg of
each standard pure amine (histamine-2HCl, tyramine-2HCl,
cadaverine-2HCl, putrescine-2HCl, tryptamine-2HCl,
spermidine-2HC1 spermine- 2HCL, and β-phenyl ethyl-
amine) were dissolved in 25ml of distilled water
individually.

2.2.2. Extraction of Samples. Twenty-five grams of homo-
genised samples was blended with 125ml of 5% trichloro-
acetic acid (TCA) for 3minutes and then filtration was
achieved using Whatman (1) filter paper. Ten milliliters of
the extracts (filtrate) were transferred into a suitable glass
tube with 4 g of NaCl and 1ml of 50% NaOH and were
shaken well. �e filtrate was extracted three times (2minutes
each) by utilising 5ml of n-butanol: chloroform (1 :1 v/v)
and the upper clear layer was moved to a 100ml isolating
funnel. To combine the organic extracts (upper layer), 15ml
of n-heptane was added in a separating funnel and extracted
three times with 1.0ml portions of 0.2 NHCl; the HCl layer
was gathered in a glass stoppered cylinder. A water bath at
95°C was used to evaporate the solution.

2.2.3. Formation of Dansyl Amines. One hundred microli-
ters of each stock standard solution (or sample extract) was
transferred to 50ml vials and dried under vacuum. About
0.5ml of soaked NaHCO3 was added and mixed and then
1.0ml of dansyl chloride solution was added and mixed
thoroughly using a vortex mixer. �e mixture was incubated
at 55°C for 45minutes and then 10ml of distilled water was
added and the mixture was shaken using a vortex mixer. �e
extraction of dansylated BAs was carried out using 5ml of
diethyl ether three times with vigorous shaking for
11minutes. After collection, the combined ether extracts
were carefully evaporated at 35°C in a dry bath with the aid of
current air. �e dry material obtained was broken down in
1ml of methanol and then 10microliters was injected using
Agilent 1100 HPLC system, C18 column, 7 µm, and
4.6 cm× 150mm (Merck, Darmstadt, Germany), with di-
ode-array detector (set at 254 nm) (S1).

2.2.4. Biogenic Amine Index (Bai). Biogenic amine index
(BAI) was determined by summing up tyramine, histamine,
putrescine, and cadaverine levels in the distinctive meat
types: good quality (BAI< 5mg/kg, acceptable (BAI
5–20mg/kg), poor quality (BAI 20–50mg/kg), and spoiled
(BAI> 50mg/kg) [19].

2.3.QuantitativeEstimationofAflatoxinResidues (B1, B2,G1,
and G2) in Meat Products Using HPLC as Described by
Herzallah [20]

2.3.1. Aflatoxins Working Standards. Aflatoxins standards
(B1, B2, G1, and G2) were purchased from Sigma (St. Louis,
MO, USA).�e stock standard solution was prepared from a
vial of aflatoxins mixture standard powder containing 5mg
(2mg AFB1, 2mg AFG1, 0.5mg AFB2, and 0.5mg AFG2) by
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dissolving powder in 10ml of acetonitrile to make a stock
solution of 500 ppm concentration (Figures 1 and S2).

2.3.2. Aflatoxins Extraction. One hundred grams of the
sample was homogenised and blended well with 10ml of
20% citric acid created by including 200ml of dichloro-
methane and the blend was kept in a programmed shaker for
30minutes. �e blend was separated and the filtrated ma-
terials were evaporated under vacuum. Finally, hexane was
added to the extracted material.

2.3.3. Clean-Up. Clean-up was performed using solid-phase
extraction (SPE) columns, Bond Elut C18 (500mg, 3ml or
6ml; Varian, Les Ulis, France). �e extracted materials were
poured onto the top of the gel in the column and eluted with
hexane to remove fats. Other impurities were removed by a
mixture of hexane, ether, and acetonitrile in the ratio of 1 : 3:
6.�e column was eluted with a mixture of dichloromethane
and acetone (elution solution) to recover or obtain afla-
toxins. �e organic solvent was evaporated using nitrogen
evaporator (Turbo Vap® LV, Caliper) to dryness.

2.3.4. HPLC Determination. Twenty microliters of the so-
lution was injected into HPLC including an isocratic mobile
phase consisting of deionized water: acetonitrile: methanol
(60 : 20 : 20 v/v/v) using a gradient method with a flow rate of
1ml/min at a temperature of 30°C. �e separation was
carried out on a reversed-phase column (Extend-C18,
Zorbax column, 4.6mm× 250mm, 5 µm, Agilent Co.). �e
detection was done by a fluorescence detector set at wave
length 360 nm excitation and 440 nm emission. Quantifi-
cation of residues in samples was obtained and calculated
from an area under the curves extrapolated by automatic
ChemStation software. A calibration curve was prepared by
using a concentration of 275, 550, 1375, 2750, and 4450 ppb
of aflatoxin mixture standards in eluent.

2.4. Statistical Analysis. Data were analyzed using the
Pearson correlation test and one-way ANOVA significant at
P< 0.05 [21].

3. Result and Discussion

BAs in products are noteworthy for their toxicological effects
and because of their interaction with certain medications
and they have been utilized as quality indicators in certain
foods [7, 22].

�e data presented in Figure 2 shows that histamine was
detected in all examined samples with mean values of
1.41± 0.09, 0.63± 0.46, 1.18± 0.26, and 1.14± 0.95mg/kg in
examined luncheon meat, hot dog meat, corned beef, and
minced meat, respectively. In literature, there are nearly
comparable outcomes for histamine levels in meat products
[23]. �e luncheon meat samples showed significantly lower
levels of histamine than the other examined products, which
did not show significant variations between them. �e se-
lection of raw material for the manufacture of luncheon

meat may affect histamine content in the final products.
Moreover, processing temperature had an influence on the
release of histamine [24]. �e most common symptoms of
histamine poisoning are due to the effect on the cardio-
vascular system, producing low blood pressure, reddening of
the skin, headaches, edema, and rashes typical of allergic
reactions [25]. �e variations between histamine levels in
meat products are due to different methods of food pro-
cessing, which plays an important role in controlling the
formation of BAs in meat products. Histamine is one
chemical indicator of spoilage. �e amount of histamine
formed depends on the type of the product, the microbial
load, temperature, handling, and storage conditions.

It is evident from the results reported in Figure 2 that the
mean values of tyramine levels for the examined imported
luncheon meat, imported corned beef, and imported minced
meat were 1.985± 0.16, 0.49± 0.05, and 0.27± 0.19mg/kg,
respectively. Tyramine levels in luncheon meat had a
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Figure 1: Calibration curve of total aflatoxin in ppb using five
concentrations.
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Figure 2: Biogenic amine levels (mg/kg) in examined imported
meat products (n� 5).
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significantly higher level than other meat products. In lit-
erature, tyramine levels were detected and were 13.25 to
14.91mg/kg [23], 6.75mg/kg [26], 29.81mg/100g [27], and
7.24mg/kg [28]. It is apparent from the outcomes reported
in Figure 2 that the tryptamine was found in imported
corned beef and imported minced meat samples only, with
mean values of 0.19± 0.16 and 0.06± 0.04mg/kg,
respectively.

�e obtained results in Figure 2 revealed that cadaverine
was not detected in the examined imported luncheon meat.
�e mean values of cadaverine levels for hot dog meat,
corned beef, andminced meat were 2.1± 0.2, 4.31± 0.65, and
2.1± 0.3mg/kg, respectively [23, 29]. Significantly high ca-
daverine levels were reported in corned beef samples. Pu-
trescine and cadaverine, despite the fact that they are not
viewed as lethal separately, can increase the impact of his-
tamine and tyramine by interfacing with the amino oxidases
and meddling with the detoxifying system [30, 31].

Beta-phenyl-ethylamine (PHE) was detected in im-
ported corned beef and imported minced meat with mean
values of 0.136± 0.025 and 0.125± 0.007mg/kg, respectively
(Figure 2). Putrescine was detected in all examined samples
with a mean values of 2.95± 0.53, 1.18± 0.36, 2.96± 1.00,
and1.2± 0.6mg/kg for luncheon meat, hot dog meat, corned
beef, and minced meat, respectively [29, 32]. Putrescine
development in meat is for the most part ascribed to the
microbial decarboxylation of ornithine and may likewise be
delivered from the decarboxylation of arginine and conse-
quent deamination of the transitionally created agmatine
[33].

Polyamines, such as spermidine and spermine, do not
exert a direct toxic effect. However, they inhibit histamine or
tyramine detoxifying enzymes and thus act as enhancers of
their toxicity. �ese amines in the intestinal tract compete
for the detoxifying enzymes that tend to increase the level of
histamine and tyramine in blood [34].

Spermidine was detected in all examined samples, with
mean values of 6.26± 0.92, 1.79± 0.78, 1.82± 0.46, and
1.64± 0.92mg/kg in examined luncheonmeat, hot dogmeat,
corned beef, and minced meat, respectively. Nearly similar
levels of spermidine were detected in dry-cured lacón (a
Spanish traditional meat product) with a range of 6.88 to
7.22mg/kg [35]. Spermine was detected in all examined
samples with mean values of 10.03± 0.87, 2.61± 0.13,
10.6± 0.44, and 11.13± 0.77mg/kg in examined luncheon
meat, hot dog meat, corned beef, and minced meat, re-
spectively. Higher level of spermine was detected in dry-
cured lacón with a range of 22 to 27mg/kg [35].

Regarding the biogenic amine index (BAI), Figure 3, the
quality of imported minced meat and imported hot dog
samples was good, while imported luncheon meat and
imported corned beef samples remained acceptable through
the examination. �is BAI seems to be more suitable as a
quality index for the freshness of meat products [25].

Aflatoxin B1 (AFB1) is the most lethal mycotoxin to
animals and humans and was classified as a Group 1 human
carcinogen [36]. Aflatoxin B1 residue levels ranged from 2.4
to 12.06 with a mean value of 7.23± 0.8 µg/kg; 1.8 to 13 with
a mean value of 5.63± 0.95 µg/kg; ND to 8.31 with a mean

value of 4.88± 0.11 µg/kg; and ND to 2.8 with a mean value
of 2.03± 0.3 µg/kg in examined imported luncheon meat,
imported hot dog meat, imported corned beef, and imported
minced meat, respectively (Figure 4). �ere were significant
differences between examined samples (P< 0.05). �e
highest level of aflatoxin B1 was detected in luncheon meat
and the lowest level was detected in mincedmeat, whichmay
be due to the use of meat additives previously contaminated
with aflatoxins. A similar finding was obtained by Ismail
et al. [37]. �e mean values of detected AFB1 in the ex-
amined imported luncheon meat and imported hot dog
meat were higher than the permissible limit recommended
by theWHO and the European Union, which set 5 µg/kg as a
maximum level for AFB1 [38].

Food consumption contaminated with aflatoxin, even in
small amounts, leads to the accumulation of this toxin in the
liver, causing a carcinogenic effect. Even very low concen-
tration levels (1 ppb) would lead to a major public health
hazard, as consuming 28mg of AFB1 over a lifetime can
cause cancer [39].

Aflatoxin G1 residue levels ranged from ND to 6.94 with
a mean value of 4.37± 0.63 µg/kg; ND to 5.64 with a mean
value of 5.63± 0.2 µg/kg; ND to 5.8 with a mean value of
6.9± 0.63 µg/kg; and ND to 5.35 with a mean value of
5.53± 0.1 µg/kg in examined luncheon meat, hot dog meat,
corned beef, and minced meat samples, respectively (Fig-
ure 4). �ere were significant differences between examined
samples (P< 0.05). �e highest level of aflatoxin G1 was
detected in corned beef and lowest level was detected in
minced meat, which may be due to the use of meat additives
previously contaminated with aflatoxins. Aflatoxin B2 res-
idues were detected only in imported hot dog meat samples
and their levels ranged from ND to 4.5 with a mean value of
3.17± 0.4 µg/kg (Figure 4). Aflatoxin G2 residue levels
ranged from ND to 5.23 with a mean value of 4.61± 0.66 µg/
kg and ND to 6.1 with a mean value of 3.89± 0.38 µg/kg, in
examined imported corned beef and imported minced meat,
respectively (Figure 4).

It is obvious from the outcomes exhibited in Figure 5 that
the total aflatoxin residues (B1 +B2 +G1 +G2) were detected
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in the examined imported luncheon meat, imported hot dog
meat, imported corned beef, and imported minced meat
samples with mean values of 10.14± 0.39 µg/kg,
11.5± 0.63 µg/kg, 10.16± 0.43 µg/kg, and 8.81± 0.33 µg/kg,
respectively. Similar values were found by Ismail et al. [37].
�e obtained results show that the examined minced meat
samples had the lowest level of aflatoxins with significant
different (P< 0.05). �e prevalence of aflatoxin residue
contamination inmeat productsmay be related to the levels of
additives used in processing, the level of additive contami-
nation with aflatoxins, and the levels of aflatoxin residues
which might be present in animal muscles. At the same time,
the mean values of detected aflatoxins in the examined
samples were lower than the permissible limit that has been
adopted at 15 µg/kg for aflatoxins [40].

3.1. Public Health Importance. Food safety is a great con-
cern from a public health point of view. While developed
countries have established rules and guidelines to observe
food quality, and the consumers in these countries expect

to find safe food on the supermarket shelves, developing
countries are still struggling to put adequate procedures
and practices in place. �is could be due to lack of
guidelines and regulations, or if there are regulations in
place, they might not be appropriately enforced. Food
safety procedures could also be costly, reducing the pro-
ducers’ already diminishing profit margins. However, the
long-term effects of food-borne diseases place an even
greater burden on public health, specifically, biogenic
amines and aflatoxins, which can cause a variety of diseases
including cancer.

Meat and meat products are probably the most fre-
quently consumed food products due to their palatability,
nutritional value, low price, and easy preparation methods.
�erefore, it is essential that they are safe to consume.
Preventing the growth of harmful biogenic amines and
aflatoxins is of the utmost importance, as the danger to the
wellbeing of consumers presented by contaminated food
products is a great worry in many developing countries [17].
Consequently, public health, particularly in developing
countries, should concentrate on developing and/or
adopting appropriate guidelines and regulations and
enforcing them accordingly, regardless of the cost to busi-
nesses; otherwise the burden of foodborne diseases will
become even higher than anticipated, and the cost will be
immense, both in terms of money and people’s lives.

4. Conclusion

�e safety of food is essential and should be made a priority
all around the world. As the population of the world is
growing steadily, so is the demand for food. �is demand
especially in developing countries, where food safety
guidelines may not be strictly followed, can compromise the
safety of food products.

�e results of this study suggest that testing meat
products for biogenic amines and aflatoxins is a very good
indicator of quality and freshness. Although all tested
products were found to have various levels of biogenic
amines and total aflatoxins, they were all below acceptable
levels according to EU regulations regarding the maximum
level contaminants in meat and meat products. AFB1 is a
potent hepatocarcinogen and was detected higher than the
permissible limit in imported luncheon meat and imported
hot dog meat samples. �erefore, this study finds that
adopting guidelines and/or making it a requirement for all
imported meat products to follow these guidelines in their
source country could ensure better quality and less harmful
products to be on sale in the supermarkets, both from a
consumer and public health perspective. When biogenic
amines and aflatoxins are at an acceptable level, this reduces
the risk of foodborne diseases to the population and
therefore it also reduces the burden on public health
resources.

Data Availability

�e data used to support the findings of this study are
available from the corresponding author upon request.
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