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Escherichia coli is a common microorganism of the digestive microflora of many
warm-blooded animal species, including humans. The presence of E. coli in food is an
indicator of faecal contamination and ultimately, possible contamination by pathogenic
digestive microflora. The aim of the present work was to study the physicochemical
parameters, organoleptic property, and E. coli load in turkey organs (thigh, upper thigh, breast,
throat, liver, wing, and skin). A total of 224 samples were purchased from several markets,
and subjected to different experiments. Results showed that the best overall scores for
organoleptic property were recorded for breast (8.64 ± 0.43) and upper thigh (7.12 ± 0.72).
The physicochemical parameter results varied across the studied organs. E. coli was isolated
up to 100, 93.75, 90.62, 87.50, 62.5, 56.25, and 40.62% in the skin, wing, throat, liver, thigh,
breast, and upper thigh samples, respectively. The highest E. coli loads were recorded in the
skin, throat, and wing at 3.89, 3.52, and 3.27 log10 CFU/g, respectively. The present work
highlighted the physicochemical parameters, organoleptic property, and E. coli load of turkey
organs purchased from several districts of Kenitra city, and discussed a number of practices to
improve turkey meat quality and protect consumer health from coliform contamination.
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Introduction
Escherichia coli is a common microorganism
among the digestive microflora of humans and other
warm-blooded animals (Katouli, 2010). It is very
often used with other thermotolerant coliforms as an
indicator of faecal contamination in food and water.
Although it is not a pathogen, it could signify possible
food contamination by other pathogenic bacteria of
digestive origin (Hulankova et al., 2018). Certain
pathogenic E. coli strains are also known to be
responsible for childhood gastroenteritis (Wallace et
al., 2010) based on the generated clinical signs and
pathogenicity factors (Greening and Cannon, 2016).
In Morocco, 7,118 foodborne illness cases
have been reported, where more than 86% were of
bacterial origin (Fassouane et al., 2011). According to
an investigation on foodborne illness outbreaks in
Kenitra Provincial Hospital during the period of 2007
- 2009, 14 cases of foodborne illnesses were reported
in the Gharb-Chrarda-Bni Hsein region. A total of
50% of the cases were reported in Kenitra city, and
*Corresponding author.
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14% were associated with poultry meat (Belomaria et
al., 2010). The constant surveillance of meat and meat
products plays an important role in the prevention and
controlling of foodborne illnesses. Depending on the
type of food, the presence of E. coli can be interpreted
differently in terms of risk to human health,
particularly for meat samples (Zhao et al., 2012).
Generally, the absence of E. coli indicates compliance
and good sanitary practices, and its presence may
suggest poor hygienic conditions or the use of
insufficient heat treatments. The presence of E. coli is
also considered to be a sign of potential risk for
human consumption (Stromberg et al., 2017).
In a previous work, we have demonstrated the
presence of four bacterial species — E. coli,
Klebsiella pneumonia, Pseudomonas sp., and
Salmonella — in turkey meat samples from different
sale points; our results suggested a lack of strategies
for the adequate quality control of turkey meat (Jaber
et al., 2017). In the present work, we focussed on the
evaluation of the physicochemical parameters,
organoleptic property, and determination of E. coli
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occurrence in turkey organs in order to have a better
understanding of the contamination status, and
contribute to a better quality control of turkey meat.

residue after burning in g.

Materials and methods

Mineral content
The mineral content was determined
following AFNOR (1994). Briefly, a grey residue
was obtained using an oven at high temperature
(550°C) for 4 h; and the percentage of total ash was
calculated using Eq. (3).

Samples
A total of 224 samples of different fresh
turkey organs (breast, liver, thigh, upper thigh,
throat, wing, and skin; 32 samples each) were
purchased from random sale points within the
districts of Kenitra city, Morocco. Upon 1purchase,
the samples were placed in a stomacher bag, labelled,
and then immediately transported to the laboratory in
a cool box (4°C).
Organoleptic analysis
Samples were analysed by five chefs to
assess their quality (tenderness, flavour, juiciness,
and overall acceptance) after being boiled once. A 1
to 5 scale was used for scoring the test parameters,
and the overall acceptance was scored on a 1 to 10
scale (Salifou et al., 2013). The chefs had not eaten,
drunk, or smoked for at least 30 min prior to the
organoleptic analysis.
Physicochemical analysis
Physicochemical analysis contributes in
protecting the consumer from all the parameters that
do not result in visible changes in the product
characteristics. This analysis is based on the
determination of pH, humidity and organic content,
mineral content, total volatile basic nitrogen
(TVBN), and total acidity.
pH

The pH was measured using a mixture
containing 2 g of homogenised flesh in 50 mL of
distilled water. Measurements were carried out at
room temperature using a pH meter (Jiang et al.,
2015). The pH values of duplicate readings were then
averaged (Li et al., 2012).
Humidity and organic content
The humidity and organic content were
determined following AFNOR (1994). Briefly, after
steaming a weighed mass of turkey meat at 105°C for
12 h, the humidity was calculated using Eq. (1), and
the organic content using Eq. (2).
Humidity Rate (HR)(%) =

[M2 − 𝑀 ]
× 100
[𝑀 − 𝑀 ]

(Eq. 1)

where, M0 = sample weight in g, M1 = capsule mass
with the sample in g, and M2 = capsule mass with

Organic content (OC)(%)=100-HR

Mineral content (MC)(%) =

TVBN

M (residue)
× 100
M (sample weight)

(Eq. 2)

(Eq. 3)

The TVBN is one of the criteria used to
assess products’ alteration. Briefly, a meat filtrate
was preheated in a water bath and cooled, and then
three drops of 5% copper sulphate (CuSO4) were
added to the filtrate, and mixed. The resulting colour
of the mixture indicates the freshness of the meat as
follows: (i) if the colour remains sky blue, the sample
is very fresh; and (ii) if the filtrate is transparent, the
sample is not fresh.
Total acidity
The total acidity was determined by direct
titration with NaOH (0.1 N) in the presence of
phenolphthalein, and calculated according to the
method of Park et al. (2013).
Bacteriological analysis
Preparation of samples
Microbiological analysis of turkey organ
samples (25 g per organ) was carried out in a sterile
environment by excision using a stomacher scalpel in
a sterile stomacher bag containing 225 mL of
peptone water (Biokar Diagnostics, France) for a few
minutes with manual agitation. Decimal dilutions
were performed using the same diluent.
Isolation of Escherichia coli
The isolation of E. coli was conducted using
the MacConkey medium. A total of 1 mL of each
dilution was spread on the surface of the agar using a
glass rod, and inoculated plates were incubated at
37°C for 24 h. Following incubation, large brick-red
colonies (> 0.5 mm in diameter) surrounded by an
opaque halo were retained and counted (Chaiba et
al., 2007). The purification of E. coli strains was
performed on EMB (Eosin Methylene Blue) medium
after incubation at 37°C for 18 to 24 h. Colonies with
metallic green or fluorescent sheen were confirmed
later by biochemical identification (Barnes et al.,
2003).
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Biochemical identification
Once E. coli colonies were selected and
purified, they were subjected to Gram-staining,
oxidase and and catalase tests, and Kligler test.
Strains were confirmed using Enterobacteriaceae
API® 20E (BioMérieux, USA). These biochemical
tests are based on the ability of bacteria to hydrolyse
hydrocarbons such as glucose, lactose, or mannitol
(Singleton, 2004).
Statistical analysis
The bacterial enumeration was expressed in
the logarithmic units of colony-forming unit per
gram (log10 CFU/g), while the prevalence of
contamination by E. coli strains, and compliance and
non-compliance rates were expressed as percentages.
The R software was used for the statistical analysis.
Results and discussion
Organoleptic analysis of different organs of turkey
The results of the organoleptic analysis of
different organs of turkey are shown in Table 1. The
values of the first organoleptic criterion (flavour)
were low for throat, wing, thigh, liver, and upper
thigh, while the best score was found in breast (4.26
± 0.54). Low flavour scores can be explained by the
poor storage of poultry samples and the feed diet
used during breeding period.
For juiciness, the highest values were

recorded in liver (4.68 ± 0.71) and upper thigh (4.52
± 0.53), followed in decreasing order by thigh (3.35
± 0.62), wing (2.63 ± 0.85), breast (2.54 ± 0.63), and
throat (1.53 ± 0.12). The decrease in the juiciness
rating depends mainly on the nature of the organ
analysed. Low juiciness values can be explained by
the loss of juice during maturation, method of
cooking, and intramuscular fat content (Hughes et
al., 2014).
For tenderness, liver scored the highest (4.96
± 0.96), followed by upper thigh (4.85 ± 0.93). These
two organs were very tender as compared to the other
organs which scored poorly.
For overall acceptance, the chefs scored
average values of 8.64 ± 0.43 and 7.12 ± 0.72 for
breast and upper thigh, respectively. Other organs
were either moderately or poorly scored / accepted.
Tenderness and flavour are important criteria of meat
quality and are closely linked to the quantity and
quality of lipids present in the muscles. According to
Hocquette et al. (2010), it takes a minimum of 3 to
4% lipids to give the meat a flavour and juiciness that
will be appreciated by consumers.
Physicochemical analysis of different organs of
turkey
The results of the physicochemical analysis
of the raw turkey organ samples are shown in Table
1. The pH values of the various organs were greater
than 5. The highest pH was recorded at 6.12 ± 0.83

Table 1. Organoleptic property and physicochemical parameters of different organs of turkey.
Organ

Thigh

Upper thigh

Liver

Breast

Wing

Throat

Organoleptic property
Flavour

2.21 ± 0.21

3.65 ± 0.75

2.64 ± 0.83

4.26 ± 0.54

2.13 ± 0.46

1.62 ± 0.52

Juiciness

3.35 ± 0.62

4.52 ± 0.53

4.68 ± 0.71

2.54 ± 0.63

2.63 ± 0.85

1.53 ± 0.12

Tenderness

3.95 ± 0.45

4.85 ± 0.93

4.96 ± 0.96

3.25 ± 0.35

2.93 ± 0.64

1.12 ± 0.36

Overall score

4.05 ± 0.95

7.12 ± 0.72

5.26 ± 0.53

8.64 ± 0.43

2.85 ± 0.63

1.64 ± 0.63

Physicochemical parameter
pH

5.5 ± 0.63

5.75 ± 0.83

6.12 ± 0.83

5.49 ± 0.94

5.28 ± 0.81

5.32 ± 0.63

HR

73.35 ± 0.84

76.52 ± 1.34

82.65 ± 0.75

71.52 ± 0.41

41.25 ± 1.54

38.54 ± 1.83

OC

26,7 ± 0.84

23.48 ± 0.64

17.35 ± 0.84

28.48 ± 1.64

58.75 ± 1.84

61.46 ± 0.94

MC

1.65 ± 0.52

1.26 ± 0.31

1.1 ± 0.42

1.46 ± 0.64

1.65 ± 0.85

1.95 ± 0.52

AI

3.94 ± 0.4

3.65 ± 0.44

4.52 ± 0.85

2.56 ± 0.75

3.96 ± 0.52

3.85 ± 0.71

F

F

UF

F

UF

UF

TVBN

HR: humidity rate, OC: organic content, MC: mineral content, AI: acidity index, TVBN: total volatile basic nitrogen,
UF: unfresh, and F: fresh.
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for liver, followed by 5.7 ± 0.83, 5.5 ± 0.63, 5.49 ±
0.94, 5.32 ± 0.63, and 5.28 ± 0.81 for upper thigh,
thigh, breast, throat, and wing, respectively. The
average pH of meat is around 6 (Kadim et al., 2009).
During maturation, glycogen is transformed into
lactic acid, the pH of meat then decreases, thus
allowing for the activation of the enzymes necessary
for the fragmentation of proteins (Farouk et al.,
2014) which affects the characteristics and quality of
meat (Li et al., 2014).
The percentages of organic content in each
organ were as follows: 61.46 ± 0.94, 58.75 ± 1.84,
28.48 ± 1.64, 26.7 ± 0.84, 23.48 ± 0.64, and 17.35 ±
0.84% for throat, wing, breast, thigh, upper thigh,
and liver, respectively. This reduction in mineral
content was strongly correlated with the humidity
rate, which yielded the average rates of 38.54 ± 1.83
and 41.25 ± 1.54% for throat and wing, respectively,
and were out of the 60 - 85% range given by
Seoparno (2005). On the other hand, the values found
for breast, thigh, upper thigh, and liver were within
the range of 60 - 85% (Favier et al., 1995). The
average acidity index of the analysed organs varied
between 2.56 ± 0.75 for breast, which was the lowest
rate, and 4.52 ± 0.85 for liver, which was the highest.
The TVBN of thigh, upper thigh, and breast indicated

freshness, while the other organs were deemed
unfresh. According to Ouaked and Morakeb (2016),
during the storage of meats throughout the cold
chain, these organs are likely to be the target of
physical modifications and biochemical reactions.
The length of time at which poultry carcasses are
stored at -18°C also seems to play a role in the
importance of losses by exudation during defrosting,
which can cause losses of great magnitudes.
Biochemical identification
The biochemical identification results are
presented in Table 2. The colonies were Gram-negative bacilli, oxidase negative, and catalase positive.
The Kligler test yielded positive for glucose and
lactose fermentation as well as for gas production,
and negative for H2S production. The mannitol/motility test showed that the strains were motile and able
to ferment mannitol. The confirmation test
performed by the API 20E gallery revealed negative
results for the production of acetoin (Voges-Proskauer, VP), tryptophan deaminase (TDA), and urease
(URE), and positive results for indole and
ortho-nitrophenyl-β-D-galactopyranoside (ONPG).
All these results matched those of E. coli.

Table 2. Biochemical identifications of Escherichia coli isolated from different
organs of turkey.

Kligler test

Mannitol /
mobility test

API 20E
gallery test

1

Test

Result

Gram staining

Bacillus / Gram negative

Oxidase test

Negative

Catalase test

Positive

Glucose fermentation

Positive

Lactose fermentation

Positive

H2S production

Negative

Gas production

Positive

Mannitol fermentation

Positive

Mobility

Positive

Citrate

Negative

VP

Negative

TDA

Negative

Urease

Negative

Indole

Positive

ONPG

Positive

H2S: hydrogen sulphide, VP: Voges-Proskauer, TDA: tryptophan deaminase, and
ONPG: ortho-nitrophenyl-β-D-galactopyranoside.
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Prevalence of E. coli in different organs of turkey
Figure 1 shows that E. coli was present in all
the tested organs with varying prevalence; 100,
93.75, 90.62, 87.50, 62.5, 56.25, and 40.62% for
skin, wing, throat, liver, thigh, breast, and upper
thigh, respectively. The high prevalence of E coli on
the skin could be explained by its higher degree of
exposure caused by direct contact with handling
equipment and hands during evisceration.
E. coli load in different organs of turkey
The average E. coli load of the different
organs of turkey (Figure 2) ranged from 3.89 (skin)
to 2.09 log10 CFU/g (liver). E. coli load on the skin,
wing, and throat were high because they are
particularly exposed to the risk of microbiological
contamination during, possible contamination by the
rupture of the gastric reservoirs or oesophagus, and
handling during evisceration (Grashorn, 2010).

Figure 1. Prevalence of E. coli in different parts of the
turkey organs

Figure 2. The average bacterial load of E. coli in
different parts of the turkey body
When compared to that of the European
Commission, E. coli load in most of the analysed
organs in the present work exceeded the limit
prescribed for foods of animal origin. The acceptable
limit for E. coli in cuts and preparations of raw

1183

poultry meat is 5×102 CFU/g (2.69 log10 CFU/g)
(AFSSA, 2003). The compliance/non-compliance
results of the organs are illustrated in Figure 3. The
non-compliance rates ranged from 21.42 to 100%,
while the compliance rates did not exceed 78.57%.
Similar results were published by other authors.
Cohen et al. (2007) recorded average contamination
loads ranging between 1.6 and 2.9 log10 CFU/g, with
a prevalence of 48.40% and a non-compliance rate
of 22.4%. Abdellah et al. (2013) reported an average
contamination load of 3.43 log10 CFU/g with a 100%
higher prevalence than the result obtained in the
present work; however, the reported non-compliance rate was 83.3%. In Vietnam, Chu and Nguyen
(2009) obtained average contamination loads
ranging from 1.56 to 2.18 log10 CFU/g with a
non-compliance rate of 59.3% and a prevalence of
100%. Tran and Luu (2004) reported a non-compliance rate of 68.75%. In America, Zhao et al. (2001)
reported a prevalence of E. coli in poultry meat
ranging from 38.7 and 11.9% for chicken and turkey
meat, respectively.

Figure 3. Compliance and non-compliance rates of
different turkey organs.
The high level of E. coli contamination in the
various organs of turkey could be explained by the
oesophageal reflux of the gastrointestinal contents
during evisceration, which is known as an important
source of carcass contamination (Salifou et al.,
2010). This contamination is probably due to the
poor hygienic practices during animal slaughter and
carcass cutting/processing (Ghafir et al., 2008). The
presence of E. coli is an indication of faecal
contamination and a sign of the potential presence of
pathogens (Salmonella sp., E. coli 0157 or VTEC
non-O157, Yersinia sp., and Campylobacter sp.) as
they share the same ecological characteristics
(Baba-Moussa et al., 2010). Filth and hair from the
outer surface of the hide will be transferred to the
underlying meat, as well as faeces or bacteria from
handling during slaughter and meat processing
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operations (Rani et al., 2017). The main factors
causing the contamination of minced meat by
pathogens and saprophytic bacteria are the lack of
hygiene and poor sanitary conditions observed at the
point of sale (Kandhai et al., 2004). Furthermore,
cross-contamination may occur from processing
tools, equipment, structural components of the
facility, human contact, and carcass-to-carcass
contact (de Freitas Costa et al., 2017). The high loads
of these microorganisms in ready-to-eat meat
represent a potential risk of toxic infection to the
consumers. These foodborne infections have become
widespread worldwide (Majid et al., 2008). Majority
of these diseases are due to the ingestion of
contaminated meat and meat products (Dibi et al.,
2017). According to WHO (2006), 25% of diarrhoeal
cases due to foodborne diseases are caused by food
infected with E. coli. Infections are most often
caused by the consumption of contaminated and
undercooked meat, but can also be caused by the
consumption of water, raw milk, fruits, and
vegetables; swimming; and contact between people
(Feng, 2001).
Conclusion
The present work assessed the physicochemical parameters and organoleptic property of turkey
organ samples purchased from different markets in
Kenitra, Morocco. Different results obtained could
be due to the storage duration, thawing condition,
contamination rate, and biochemical reaction
involved. Different turkey organs were in fact
contaminated with E. coli, and the prevalence was
alarming which ranged from 40.62 to 100%, with an
average load of between 2.12 and 3.89 log10 CFU/g.
Therefore, turkey meat sold at these markets
represents a potential risk of pathogenic infection to
the consumers. To ensure consumer safety, hygienic
practices such as adequate and proper cooking of
turkey meat should be carried out, and handlers
should be encouraged to comply with hygienic
regulations. Additionally, the cleanliness of the
knives used in bleeding and evisceration, which have
an effect on the nature and number of microorganisms present in the carcass, should be considered to
reduce the contamination of the meat and protect the
consumer from pathogenic infections.
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