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High-quality animal protein, vitamins B1, B6, and B12, as well as minerals like zinc, selenium, and iron, can all
be found in buffalo meat and milk. Organochlorine pesticides (OCPs) have been widely utilized for many years
because of their long duration of action, low cost, and toxicity against a variety of pests. Despite being outlawed
everywhere, OCPs are still being used illegally. One of the main responsibilities of the food safety and public
health sectors is to guarantee the safety and wholesomeness of such food products before they are made
available to the public. In order to determine the residual OCP contents in retailed buffalo meat, liver, kidney,
milk, and kariesh cheese, this study was conducted. The obtained results in the current investigation revealed
the detection of OCPs at 75%, 40%, 25%, 60%, and 80% in the examined buffalo raw milk, kariesh cheese, meat,
kidneys, and liver. Different OCPs were detected at variable concentrations; however, such concentrations were
within the established permissible limits in Egypt. In conclusion, OCPs are still in use in Egyptian agricultural ac-
tivities and residual concentrations can be detected in the meat, offal, and dairies. Therefore, it is highly advised
to continuously check for OCP residues in foods with both animal and plant origins. Additionally, it is strongly

advised that farmers become more aware of the negative consequences of OCPs.
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Introduction

Recent years have seen a global expansion in the rearing of buffa-
los, particularly in Egypt and Central Asian nations. According to Cockrill
(1981), and Al-Humam et al. (2021) buffalo meat is a good source of
high-quality animal protein, vitamins B1, B6, and B12, as well as minerals
including zinc, selenium, and iron. Because of their distinct flavor, low
cost, and high nutritional content, buffalo edible offal (such as masseter
muscles, liver, and kidney) is regarded as an ethnic and popular dish in
many regions of the world, particularly in the Middle East (Tang et al,
2020).

Buffalo milk and other dairy products such as Kariesh cheese are
among Egypt's most significant sources of animal protein and minerals
(Preiato, 2000; Stadnik and Kska, 2015; Raslan et al., 2018). In addition,
because xenobiotics are released into milk and then make their way into
people’s bodies when contaminated milk is consumed, milk is recognized
as a bioindicator for animal exposure to xenobiotics (Thompson and Dar-
wish, 2019).

Throughout their lives, buffaloes are exposed to a variety of xenobi-
otics, such as mycotoxins, heavy metals, antibiotics, and pesticides. Such
pollutants can enter the human body by consumption of tainted milk and
other edible tissues, which have a number of detrimental effects on the
animal (Giantin et al. 2008; Darwish et al. 2010).

Because of their prolonged duration of action, low cost, and tox-
icity against a variety of pests, organochlorine pesticides (OCPs) have
been widely used for several decades (Pirsaheb et al, 2015; Darwish
and Thompson, 2023). Aldrin, Dieldrin, and Dichlorodiphenyltrichlo-

roethane (DDT) were three OCPs that saw widespread use in agriculture
throughout the 1950s. DDT's toxicity and widespread biomagnification
were quickly recognized in other species. Originally, it was thought that
DDT was only detrimental to insects. Animals collect lipophilic chlorine
residues from OCPs, and top-of-the-food-chain species exhibit biomag-
nification. Since its adoption in May 2001 (UNEP, 2002), the Stockholm
Convention on Persistent Organic Pollutants (POPs) has 179 signatories.
Aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene
(HCB), mirex, and toxaphene were the first 12 POP compounds that this
convention outlawed. While some OCPs have been restricted from use
in agriculture, others are still applied as pesticides in many nations. DDT
is still being used in many African nations in accordance with a valid ex-
emption for the control of disease vectors. In this situation, chemicals are
sprayed inside residences (indoor residual spraying, IRS) or applied to
bed nets (insecticide-treated nets). There may be chemical stockpiles or
obsolete materials stored in some locations under potentially hazardous
conditions. These can only be found out by checking samples of the sur-
rounding environment for contamination (Thompson et al., 2017, 2018).
OCPs can enter the body in several ways, such as through the skin,
ingestion of contaminated food or water, or inhalation of polluted air
(Mahmoud et al., 2013; 2016; Thompson et al.,, 2018). OCP-contaminated
foods of animal origin are likely to be a major source of pesticide expo-
sure in humans (Hassal, 1990). Breast milk can carry maternal transfer to
neonates, or it can pass the placenta to the fetus. Such OCPs may have
a few harmful impacts on a person’s health (Sallam and Morshdy, 2008;
Morshdy et al., 2018). According to their environment and position in the
food chain, living animals’ amounts of these substances differ (Zhou et
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al., 2007).

Assuring the safety and wholesomeness of such food products be-
fore they are made available to the public is a key responsibility of the
food safety and public health sectors. Therefore, this study was undertak-
en to examine the OCPs’' residual contents in the retailed buffalo meat,
liver, kidney, milk, and kariesh cheese.

Materials and methods

Collection of samples

A total of 100 samples of buffalo meat, liver, kidneys, raw milk, and
kariesh cheese were randomly collected from market stalls in Zagazig
City, Sharkia province, Egypt. Each sample weighs 100 g and is packaged
separately in polyethylene bags. The samples were brought into the lab-
oratory at Food Control Department, Faculty of Veterinary Medicine, Za-
gazig University, Egypt in a chilled container. At the Agricultural Research
Centre in Dokki, Giza, Egypt, organochlorine pesticides were extracted
and quantified.

Chemicals

Standard OCPs from Sigma-Aldrich (Germany) were used, including
pp-DDT, pp-DDD, pp-DDE, HCH, HCH, heptachlor, heptachlor epoxide,
aldrin, endrin, chlordane, methoxychlor, and HCB. From Merck (Darm-
stadt, Germany), petroleum ether, diethyl ether, n-hexane, acetonitrile,
anhydrous sodium sulfate, and methylene chloride were purchased. Silica
(Silica Co., USA) supplied florisil (PR Grade, 60-100 mesh). All solvents
were of HPLC grade or the highest purity available. After being active for
24 hours at 130°C, florisil was cooled to room temperature.

Samples’ extraction and preparation

In three separate extraction stages lasting two minutes each, each
individual sample (50 g) was mixed and homogenized with 150 g of an-
hydrous sodium sulfate. Then the homogenates were well-mixed with pe-
troleum ether (150, 100, and 100 ml, respectively) and anhydrous sodium
sulfate (100 g), as previously mentioned (Mahmoud et al, 2013). Anhy-
drous sodium sulfate helps to dissolve the material by removing water.
Following each extraction, samples were filtered with a vacuum pump.
On a rotary evaporator, the solvent was heated to 40°C and evaporated
until dry.

Partitioning of the extracts

The Association of Official Analytical Chemists’ procedure for parti-
tioning the extracted samples was followed (AOAC, 1999). In order to par-
tition the sample, 500 ml of n-hexane and an equal amount of acetonitrile
were first mixed in a separating funnel before each solvent was separated
and used separately. The extracted material was put into a 100-ml sep-
arating funnel with a solution of 80 ml n-hexane and 20 ml acetonitrile,
followed by two minutes of vigorous shaking. Acetonitrile was collected
in a flask after being separated into two solvent layers and being passed
through anhydrous sodium sulfate to remove any moisture. The parti-
tioning procedure described above was carried out three times with the
addition of 20 ml more acetonitrile to the n-hexane. In the end, acetoni-
trile was evaporated on a rotary evaporator to a volume of less than 10
ml to be used for the cleanup of florisil, while n-hexane was discarded.

Cleanup of the extracts and measurement of OCPs concentrations
To clean up the extracted samples and remove any of the remaining

fat, the extract was placed into a glass chromatographic column that con-
tained 20 g of activated florisil (60-100 mesh) covered with anhydrous

sodium sulfate. The extracted sample was then placed on the constructed
column after being washed with 50 cc petroleum ether. 200 ml of an
eluent (10% anhydrous diethyl ether + 90% petroleum ether) was used
to elute the column, and then 100 ml of another eluent (1% acetonitrile
+ 29% n-hexane + 70% methylene chloride) was used for the second
elution. The eluent that had been recovered was concentrated using a
rotary evaporator before being dissolved in hexane to a volume of 10 ml.
In order to prepare each extract for examination using electron capture
gas chromatography, an aliquot of each extract was transferred to 2-ml
injection vials.

By analyzing samples with an electron capture gas chromatograph
(Hewlett Packard GC Model 6890) fitted with a Ni63-electron capture de-
tector, organochlorine residues were identified. The HP- 5MS capillary
column was used in the GC under the following conditions: carrier gas: N2
at a flow rate of 4 ml/min; injector and detector temperatures were 230°C
and 300°C, respectively; 30m length X 0.32mm internal diameter, X 0.25m
film thickness. the gas chromatography oven temperature program was
started at 150°C for 5 min, raised to 170°C (at a rate of 5°C/min) and held
for 10 min, then raised to 220°C (at a rate of 10°C/min) and held for 20
min (with a total run time of 44 min); the injection volume was 1, Il, and
the flow rates of nitrogen make-up gas were 20 ml/min. Residual con-
centrations of the tested OCPs were determined based on the calibrated
standard curves and presented as ng/g.

Statistical analysis

All data are presented as means * SE, and each measurement was
done twice. JMP statistical software; SAS Institute Inc., Cary, NC) was used
to determine statistical significance using the comparison of means ap-
proach (the Tukey-Kramer HSD test), where p < 0.05 is considered sig-
nificant.

Results and Discussion

Organochlorine pesticides have been banned in Egypt since the
1980s, however, due to their persistent nature, they can be detected in
animal tissues, water, soil, and agricultural crops (Mahmoud et al., 2013;
2016; Darwish and Thompson, 2023). Living animals are exposed to OCPs
via ingestion of contaminated animal feed and water, or via inhalation
of contaminated air. The residues of the OCPs can find their way into
the human body via ingestion of contaminated animal tissues, milk, and
other dairy products.

The obtained results in the current investigation revealed the detec-
tion of OCPs at 75%, 40%, 25%, 60%, and 80% in the examined buffalo
raw milk, kariesh cheese, meat, kidneys, and liver (Fig. 1). Such results go
in agreement with previous reports such as Mahmoud et al. (2013) who
detected OCPs in the buffalo’s tongue, kidneys, and liver at variable rates,
and Raslan et al. (2018) who detected OCPs in the raw milk of cattle (50%
positive samples), buffalo (75% positive samples, and goats (75% positive
samples). Globally, Heck et al. (2007) detected OCPs in 100% of the exam-
ined milk samples retailed in in Rio Grande do Sul, Brazil.

The obtained results in Fig 2 showed that 2DDTs were significantly
highest in the tested raw milk (114+£12.4 ng/g ww), and liver (109.7+7.8
ng/g ww), followed by kidneys (65.8+3.6 ng/g ww), kariesh cheese
(17.3+0.9 ng/g ww), and meat (5.6+0.6 ng/g ww), respectively. Different
DDT isomers were detected including pp-DDT, pp-DDD, and pp-DDE in
the positive samples. These results indicate that DDTs are still illegally in
use in Egypt. Similarly, Mahmoud et al. (2013) detected different DDTs in
the edible offal of the buffalo. Besides, Sallam and Morshdy (2008) de-
tected DDTs in the carcasses of cattle, camel, and sheep. Regarding dairy
samples, Darko and Acquaah (2008) found DDTs in milk, yoghurt, and
cheese sold in Ghana at quantities ranging from 0.01 to 119 ng/g ww,
which is in agreement with the findings of this study. Contrary to expecta-
tions, greater DDT concentrations (1230 and 874.4 ng/g ww) were found
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in samples of goat and calf milk taken from Ethiopian markets (Deti et al.,
2014). In contrast, DDTs were not found in the buffalo milk samples taken
from Assuit City in Egypt by Shaker and Elsharkawy (2015).
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Fig. 1. Detection rates (%) of OCPs in the examined buffalo raw milk, kariesh cheese, meat,
kidneys, and liver (n=20/each).
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Fig. 2. DDTs concentrations (ng/g ww) in the examined buffalo raw milk, kariesh cheese,
meat, kidneys, and liver. Values represent means + SE, and columns for each tested param-
eter carrying different characters are statistically different at p < 0.05.

The results recorded in Fig. 3 showed the residual concentrations
(ng/g ww) of Hexachlorocyclohexanes (HCHs) in the examined sam-
ples. The average total HCHs in the examined samples were 140.6+4.6,
48.6+2.4, 5.0+0.2, 97.8+7.6, and 134.0+11.5 in the examined raw milk,
kariesh cheese, meat, kidneys, and liver, respectively. a-HCH and lindane
(y-HCH), the most active and stable HCH isomer, were also detected at
variable rates, where the meat had the lowest concentrations while the
liver and raw milk had the highest concentrations. The recorded HCH
concentrations were comparable to that recorded in the buffalo offal re-
tailed in Egypt (Mahmoud et al, 2013), raw milk in Egypt (Raslan et al.,
2018), raw milk in Mexico (Waliszewski et al., 2003), and raw and pasteur-
ized milk in Uganda (Kampire et al., 2011).

160 1
140 -
120
100
80
60
40
20

4 I cHcH [ HCH

] vHcH

HCH content (ng/gww)

Kariesh Meat Liver

cheese

Raw milk Kidney

Fig. 3. HCHs concentrations (ng/g ww) in the examined buffalo raw milk, kariesh cheese,
meat, kidneys, and liver. Values represent means + SE, and columns for each tested param-
eter carrying different characters are statistically different at p < 0.05.

Heptachlors either heptachlor or its epoxide were detected in all pos-
itive samples for OCPs contamination. The liver had the highest residues
followed by raw milk, kidneys, kariesh cheese, and meat, respectively (Fig.
4). Likely, heptachlors were detected in the liver, kidney, and tongue of
Egyptian buffalo, and cattle (Mahmoud et al, 2013; 2016), and in raw

buffalo and cattle milk in Egypt (Raslan et al, 2018) at relatively similar
concentrations. However, higher concentrations were detected in the raw
milk sampled in India (John et al.,, 2001).
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Fig. 4. Heptachlors concentrations (ng/g ww) in the examined buffalo raw milk, kariesh
cheese, meat, kidneys, and liver. Values represent means + SE, and columns for each tested
parameter carrying different characters are statistically different at p < 0.05.

The results presented in Fig. 5 demonstrated the detected concen-
trations of aldrins in the examined samples. Similar to other OCPs, the
liver, and raw milk had the highest residual contents of aldrins, followed
by kidneys, kariesh cheese, and raw meat, respectively. The recorded
concentrations of aldrins were in agreement with other reports focusing
on edible offal in Egypt (Mahmoud et al,, 2013; 2016), raw milk in Egypt
(Shaker and Elsharkawy, 2015; Raslan et al., 2018), and cheese in Ghana
(Darko and Acquaah, 2008).
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Fig. 5. Drins concentrations (ng/g ww) in the examined buffalo raw milk, kariesh cheese,
meat, kidneys, and liver. Values represent means + SE, and columns for each tested param-
eter carrying different characters are statistically different at p < 0.05.

The obtained results in Fig. 6 revealed the detection of chlordane,
HCB, and methoxychlor in the examined samples at variable rates which
go in correspondence with the findings of Mahmoud et al. (2013), and
Raslan et al. (2018).
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Fig. 6. Chlordane, HCB, and methoxychlor concentrations (ng/g ww) in the examined buf-
falo raw milk, kariesh cheese, meat, kidneys, and liver. Values represent means + SE, and
columns for each tested parameter carrying different characters are statistically different
atp <0.05.

Interestingly, all detected OCPs concentrations were below the es-
tablished maximum permissible limits (MPL) of OCPs in Egypt, HCHs
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(1000 ng/g), DDTs (5000 ng/g), drins (600 ng/g), HCB (200 ng/g), and
chlordane (200 ng/g) (EOS, 1992). However, OCPs are incriminated in
several adverse health effects including teratogenesis, impaired growth,
infertility, and cancer risk (Thompson and Darwish (2019).

Conclusion

The obtained results of the current study revealed that OCPs are still
illegally in use in Egypt as they were detected in the buffalos’ edible offal
and dairy products. Despite being below the MPL of OCPs in Egypt, con-
tinuous monitoring for OCPs residues in foods of animal and plant origins
is highly recommended. Besides, increasing the awareness of the farmers
of the adverse effects of the OCPs is also highly suggested.
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