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Abstract

Hazard Analysis and Critical Control Point (HACCP) is a system that concerns with the identification, evalu-
ation and management of risks that have a potential impact on food safety and quality; especially in a highly
nutritious yet easily perishable food like milk and dairy products that can be easily contaminated with contain
such biological, physical, and chemical hazards. Therefore, this study aimed to evaluate the returns from
HACCP implementation in dairy farms and milk collecting centers (MCCs) located in Qalubiya governorate,
Egypt through assessment of the quality, safety and potential adulteration in the collected raw milk samples,
along with environmental swabbing for the sanitary condition monitoring pre- and post HACCP implemen-
tation, which included an overall improvement in sanitary and hygienic quality of milking, transportation,
storage, and personnel conditions, along with documentation and traceability processes at the examined farms
and MCCs. Statistical analyses were conducted to compare findings before and after a one-month duration of
HACCEP application. The results revealed a significant improvement (p < 0.05) in the physico-chemical and
microbiological quality of milk samples at both farm and MCC levels. This improvement directly reflected on
the quality and fitness of milk for human consumption. In conclusion, the application of HACCP effectively
controlled various hazards during milk production, even adulteration, and improved the hygienic quality of
raw milk. Therefore, it is highly recommended for HACCP implementation in milk production facilities, with
continuous monitoring for optimal results.
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INTRODUCTION

Raw milk, being a highly perishable food of animal origin,
is a rich medium for various microbial growth, including those
causing foodborne diseases (Owusu-Kwarteng et al., 2020). Its
consumption may pose health risks due to the presence of mi-
crobial contamination, environmental pollution, and unhygienic
practices during collection, storage, and retail selling (Orwa et
al,, 2017). If microbial contamination exceeds certain thresholds,
the milk becomes unsafe for human consumption (Melini et al.,
2017).

In Egypt, over 60% of milk sales occur through retail or tra-
ditional milk markets, which include farmer dairy cooperatives,
small traders (using bicycles and public or private transportation),
and small retail outlets. These channels often lack quality checks,
leading to high levels of microbial loads in the milk sold (ILO,
2020). This poses a risk of zoonotic infections and other milk-
borne illnesses to the consumers, Likewise, recent research into
the microbiological quality of raw milk sold in Egypt found rel-
atively high levels of microbial loads, including Escherichia coli,
Staphylococcus aureus and fungal contamination (El-Shinawy et

Bulk tank milk, HACCP, Mastitis, Milk adulteration, Quality.

al, 2018).

HACCP, as defined by the FAO (2009), is a system designed to
identify, evaluate, and manage risks that significantly affect food
safety. When applied to milk marketing, HACCP should form an
integral part of the overall strategy for ensuring milk safety. It
allows for the establishment of Critical Control Points (CCPs) at
various stages of the process to minimize the risk of zoonotic
infections in humans, resulting in a sustained reduction of patho-
gens at relevant points.

Implementing HACCP system, and consumer's food safety
education along with conducting risk analyses on health con-
cerns associated with milk-borne pathogens is crucial to mitigate
or eliminate these risks; which can guide the creation of sup-
portive policies for market participation at every level of the milk
production and marketing chain (Attrey, 2017). However, there
are limited studies assessing the quality and health returns of
HACCP implementation in farm levels and milk collecting centers
in Qalubiya governorate, Egypt. Hence, the focus is on improving
the chemical and microbiological quality of raw milk samples in
this region.
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MATERIALS AND METHODS

The application of HACCP system principles and required
tasks in the studied dairy farms and milk collecting centers
(MCCs) were carried out according to I1SO 22000 (2018). Appli-
cation of HACCP system in dairy farms included overall improve-
ment in feeding system, milking hygienic practices, equipment,
animal culling, and worker's education. Additionally, in MCCs,
overall improvement in receiving, cleaning and sanitation prac-
tices, calibration and monitoring of milk temperature and quality
before, during and after receiving milk were performed. More-
over, pasteurization system was used in QM-1 and QM-2 MCCs,
while quick chiller was used in all investigated MCCs. Further-
more, documentation and traceability were applied for precise
monitoring.

Study area

This study was conducted on six MCCs and their correspond-

ing suppliers located at the pointed localities in Fig. 1. Three
points from Toukh province (2 from Met-kinana (TM-1 and TM-2)
and 1 from Arab elrwashda (TA) districts), two points from Qalub
province (met halfa district (QM-1 and QM-2)), and 1 from Benha
province (Marsafa district (BM)).

Production system

Dairy animals in the study area were kept in rural traditional
herd farms. They were kept under smallholder intensively man-
aged dairy herds (<20 cross-bred animals of all ages, Egyptian
and Italian breeds). They were confined in an enclosure with dirt
or concrete flooring. Hand milking is the only way for milk col-
lection.

Production pathway

Raw milk production flow chart starting from milk collection
to MCC storage is described in Fig. 2.
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Fig. 1. Location of milk collection points.
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Collection of milk samples
At the farm level

A total of 60 samples of raw, recently collected buffalo milk
samples were collected in sterilized containers from six milk farms
(10 of each) before HACCP system implementation accompanied
by the suitable corrective measures, and a month later during
May 2023. The present examined farms were the current suppli-
ers of the followed examined six milk collecting centres (MCCs).

At milk collecting centre level

Six samples of raw buffalo milk were collected from the bulk
tanks at the examined MCCs. Additionally, swabs were collected
from the hands of workers, suction pipes, and the interiors of the
milk collecting tanks. These collected samples were then subject-
ed to physico-chemical and microbiological evaluations.

Physico-chemical evaluation of the collected milk samples

Milk fat, proteins, pH, formaldehyde, added water and urea
contents were evaluated using calibrated milk analyzer (Milkos-
can FT1- 91830939). Somatic cell count (SCC) was evaluated by
an automated BacSomatic-SCC dye.60070030 according to 1SO
13366-2 (2006). Estimation of aflatoxin M1 was performed by flu-
orimeter (VICAM-series- 4EX 03459) according to Dragacci et al.
(2001). Detection of addition of palm oil was measured according
to Sharma et al. (2020). Finally, antibiotic residue was investigated
in each milk sample using Delvotest®.

Microbiological examination of milk samples

Samples were prepared according to I1SO 6887-1 (2017), fol-
lowed by counting of total bacterial count (TBC), Staphylococcus
aureus, Escherichia coli and total fungal counts according to I1SO
4833-1 (2013), I1SO 6888-1(2003), ISO 16649-2 (2001), and I1SO
21527-1 (2008), respectively. Moreover, detection of Salmonel-
la sp., Listeria monocytogenes, Bacillus cereus and Clostridium
perfringens were performed according to ISO 6579 (2017), ISO
11290-1 (2017), 1SO 7932 (2020), and ISO 7937 (2004), respec-
tively.

Statistical Analysis

One-way ANOVA, t-test, and Duncan’s post hoc analysis were
performed using the SPSS software for Windows (Version 16),
considering a p-value of <0.05 as statistically significant.

RESULTS
Physico-chemical components

A shown in Table 1, the physico-chemical components of raw
buffalo milk samples from various collecting centres were ana-
lysed. After the implementation of the HACCP system, all milk
samples showed a significant increase in protein and fat percent-
ages. However, the milk differed based on Somatic Cell Count
(SCC) and aflatoxin M1 levels. All samples were within permissible
SCC limits, but most exceeded MPLs of aflatoxin M1, except for
those from the TM-2 centre (46.70+5.37 ppt). Post-HACCP imple-
mentation, all samples showed significantly lower SCC and afla-
toxin M1 levels. pH values remained relatively unchanged before
and after HACCP application.

Adulteration of milk samples with substances like palm oil,
formaldehyde, urea, antibiotic residue, and added water was ex-
amined as shown in Table 2. Prior to the implementation HAC-
CP system, the highest proportion of palm oil adulteration was
found in samples from TM-1 (40%), followed by QM-1, BM, and
TM-2 with incidence (%) of 30, 30 and 20, respectively. However,
no palm oil adulteration was detected post-HACCP application.

Urea was found in all samples, with the highest concentration
in QM-1 (70.36 mg/100 mL), but its levels significantly decreased
after HACCP application. No formaldehyde or added water adul-
teration was detected in any samples.

Before HACCP application, antibiotic residues were found in
40% of TM-1 samples, 10% of TM-2 samples, 20% of QM-1 sam-
ples, and 30% of BM samples. However, no antibiotic residues
were detected post-HACCP application.

Microbiological quality of milk samples

Bacteriological assessment of milk samples at the farm level
as shown in Fig. 3 revealed that samples from TA had the highest
APC of 5.6 log CFU/mL, and TM-2 had the highest fungal count
before the implementation of HACCP system. However, these

Table 1. Statistical analytical results of chemical examination of raw buffalo milk samples from MCCs before and after HACCP application (n=10).

pH Fat (%) Protein (%) SCC (x10%/ml) Aflatoxin-M1 (ppt)

Before 6.5+£0.06 5.88+0.174 3.30+£0.156 330.20£16.7 94.30+5.17

T After 6.8+0.05 7.79 £ 0.94" 4.62+0.086" 78.30+5.23" 35.50+1.93"
Before 6.4+0.05 6.09 +0.256 3.1940.139 444.0+45.77 46.70+5.37

=2 After 6.6+0.06 7.93 +£0.10" 4.45+0.162° 42.10+3.49" 30.40+2.717
- Before 6.4£0.07 6.59+0.216 3.28+0.177 517.1+45.9 249.3+21.62
After 6.7+0.05 8.021 £0.21" 4.3440.127" 111.7£10.3" 23.30+2.62°

QM-I Before 6.6+£0.06 6.41+0.18 2.95+0.149 398.6+23.26 62.90+3.206
After 6.7+0.07 8.12+0.19" 4.5440.101" 125.0+11.6" 38.80+2.13"

OM-2 Before 6.5+0.06 6.33+0.177 3.02+0.77 296.7+26.28 184.7+26.88
After 6.7+0.05 8.04 +£0.20" 4.65+0.062" 88.90+8.95 20.80+1.37"

BM Before 6.6+0.07 6.51+£0.221 2.85+0.156 197.1£15.57 74.40+6.58
After 6.7+0.06 7.74 £ 0.90 4.5840.064" 90.70+7.42" 31.20+3.34

* P<0.05 Values are means of 10 samples + SD.

TM-1 and TM-2 (Toukh province, Met-kinana district), TA (Toukh province, Arab elrwashda district), QM-1 and QM-2 (Qalub province, Met- halfa district), BM (Benha province, Marsafa

district).
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counts significantly reduced to less than 1 log CFU/mL for S. au-
reus in QM-1 and QM-2, and for E. coli and fungal counts in all
samples after HACCP application.

Furthermore, Findings in Fig. 4 showed a significant reduction
in the APC of more than 2 log CFU/mL was observed in milk sam-
ples from MCCs after HACCP application. Additionally, E. coli, S.
aureus, and fungal counts were reduced to less than 1 log CFU/
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mL in all examined milk samples post-HACCP application.
Microbiological quality of the examined swab samples
Aseptic swabs were collected from milk tanks, pipes, and

workers' hands to assess surface and personal hygiene. The re-
sults, presented in Tables 3 and 4, indicated low hygienic quality
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Fig. 3. Mean values of APC (A), Staphylococcus aureus (B), Escherichia coli (C) and total fungal count (D) (log,, CFU/g) of the examined milk samples on the farm.

Table 2. Incidence of milk adulteration with palm oil and formaldehyde, and urea concentrations in the examined milk samples before and after HACCP application

(n=10).
Palm oil (%) Formaldehyde (%) Urea mg/100ml Antibiotic residue Added water
ML Before 40 (4/10) ND 31.94+0.86 40 (4/10) ND
After ND ND 28.44+1.34" ND ND
ML Before 20 (2/10) ND 46.42+3.11 10 (1/10) ND
After ND ND 24.53+1.51° ND ND
Before ND ND 52.53+2.96 ND ND
ks After ND ND 23.32+1.38" ND ND
OM-1 Before 30 (3/10) ND 70.36+2.75 20 (2/10) ND
After ND ND 29.14+1.88" ND ND
Before ND ND 27.60£1.53 ND ND
QM-2 After ND ND 26.79+1.97 ND ND
BM Before 30 (3/10) ND 51.33£5.17 30 (3/10) ND
After ND ND 30.89+ 1.57 ND ND
* P<0.05 Values are means of 10 samples + SD.
Table 3. Microbiological quality (log CFU/cm2) of the examined swabs before and after HACCP application.
APC Fungal count
Hand Tank Pipe Hand Tank Pipe
ML Before 6.5£0.5 5.2£0.4 5.5¢0.5 1.0+0.1 2.0£0.2 1.840.2
After 2.540.1* 3.0+0.2* 2.540.1* <1 <1 <1
Before 5.5+0.4 6.0+0.4 6.1£0.7 1.120.1 1.5+0.2 2.0+0.4
=2 After 2.440.2* 2.840.1* 2.6+0.2* <1 <1 <1
Before 6.2+0.6 5.8+0.5 6.0£0.5 1.3£0.1 1.840.2 2.5+0.3
T After 2.0+£0.2* 3.1+0.2* 2.4+0.2* <1 <1 <1
Before 5.7+0.4 6.1£0.7 6.2+0.5 <1 1.0+0.1 1.5+0.2
Qu-t After 2.3£0.2% 2.5£0.2% 2.30.1% <1 <1 <1
Before 5.6£0.5 5.6£0.6 5.6+0.6 <1 1.240.1 2.0+0.3
M2 After 2.440.3% 2.420.1% 2.140.3% <1 <1 <1
Before 4.5+0.4 5.240.4 5.540.7 <1 1.0+0.1 1.0+0.1
BM After 2.240.2* 2.2+0.3* 2.0+0.1* <1 <1 <1

*Means are of significant difference when p < 0.05. Values are presented as means+ SE.
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Table 4. Pathogenic bacteria in the examined swabs before and after HACCP application.

E. coli S. aureus
Hand Tank Pipe Hand Tank Pipe
Before 1.0£0.2 1.5+0.2 1.140.1 2.0+0.3 1.8+0.2 1.5+0.1
R After <1 <1 <1 <1 <1 <1
Before <1 1.3+0.1 1.340.1 2.5+0.3 2.0+0.3 1.840.2
=2 After <1 <1 <1 <1 <1 <1
Before 1.120.1 1.0+0.1 1.0+0.1 2.7+0.3 2.540.4 1.30.1
™ After <1 <1 <1 <1 <1 <1
Before 1.240.1 1.1+0.1 1.0+0.1 2.1+0.2 1.5+0.2 1.0+0.1
QM-1 After <1 <1 <1 <1 <1 <1
Before 1.540.1 2.0+0.2 <1 2.3+0.2 2.1+0.3 1.540.1
QM-2 After <1 <1 <1 <1 <1 <1
Before 1.0+0.1 1.0+0.1 <1 2.0+0.3 1.540.2 1.0+0.1
BM After <1 <1 <1 <1 <1 <1
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Fig. 4. Mean values of APC (A), Staphylococcus aureus (B), Escherichia coli (C) and total fungal count (D) (log10 CFU/g) of the examined bulk tank milk samples

on the MCC level.

in all swab samples, as evidenced by APC and the presence of
E. coli on workers’ hands. However, after the implementation of
the HACCP system, there was a significant reduction in contam-
ination levels. The APC decreased by more than 2 logs, while E.
coli, S. aureus, and fungal contamination reduced to less than 1
log CFU/g.

DISCUSSION

The milk supply chain is vulnerable to chemical and biological
risks at various stages starting from the milking process to the
end point of serving and consumption, which can lead to inferior
quality milk or even threaten food safety (Owusu-Kwarteng et
al., 2020). Therefore, HACCP system can be implemented as a
preventive measure, that identify and analyse hazardous process
points, risk factors, and potential risk levels to establish corrective
control points (CCPs) for disciplinary action (Abbas et al., 2023).
These CCPs are linked to hazards and can reduce or eliminate
risks. The adaptability of the HACCP system allows it to be explic-
itly designed for a particular facility or system, which makes it a
crucial tool for successful milk production (USFDA, 2022).

The results of this research provide an important data that
can be significantly useful for future investigations into contam-
ination pathways, and for the development of HACCP system in
the field of raw buffalo milk production. This study provides in-
sights into chemical parameters such as fat, protein, SCC, urea,
and aflatoxin M1 levels, as well as possible adulteration with

substances such as added water, palm oil, and formaldehyde, fa-
cilitating an assessment of the nutritional value of buffalo milk.
As indicated in Table 1, after the application of the HACCP sys-
tem, significant increase (p < 0.05) in the average fat and protein
values of the milk samples examined, which confirms the results
of Farag et al. (2023) and Tawfik et al. (2022). Conversely, Nam
(2017) reported that implementation of the HACCP system had
no significant impact on the fat and protein content of raw milk.
These discrepancies could be due to the chemical composition
of buffalo milk, which varies significantly depending on factors
such as breed, climatic conditions, and lactation period (Mottram
et al, 2022).

Chemical hazards such as mycotoxins, most notably aflatoxin
M1, and antibiotic residues have also been identified as poten-
tial food hazards that could be detected in the milk of animals
grazing on infected grains (Moudgil et al, 2019). As shown in
Tables 1 and 2, the raw milk samples after HACCP application
were free from chemical hazards such as aflatoxin M1 and anti-
biotic residues, that agree with the results of Nasr et al. (2017),
who confirmed the possibility of contamination of raw milk with
various chemical hazards prior to the enforcement of the HACCP
system from raw materials during manufacturing or as a result
of chemical spoilage. After HACCP implementation, the raw milk
obtained was free of these chemical hazards. In addition, Nirwal
et al. (2013) noted that positive detection of aflatoxin M1 and
antibiotic residues is considered a serious problem, as adulterat-
ed milk originates mainly from feed contaminated with aflatox-
in-producing fungi and/or mastitis treatment by intramammary
infusion of antibiotics.
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Implementing the HACCP system in dairy farms has been
associated with improving of farm hygiene practices, that help
in controlling animal diseases, increase productivity and reduce
the risk of foodborne infections through the application of the
pre-requisite programs such as good agriculture practices (GAP)
and good hygienic practices (GHP) (MAFF, 2022).

Milk somatic cell count (SCC) is considered a key factor in
grading milk quality standards for mastitis and, hence, milk safety
(Mottram et al., 2022). Bacterial and somatic cell counts can be
influenced by several variables, including mastitis management
and hygienic management protocols on dairy farms. Table (1)
revealed that, with the enforcement of the HACCP system, the
number of SCC in the examined milk samples decreased signifi-
cantly, which came consistent with the findings of Daneluz et al.
(2020) and Mihajlovi¢ et al. (2022) who recorded that applying
the HACCP program on dairy producing establishments could
result in higher milk quality with a reduction in SCC and total
bacterial count.

The high average of SCC and bacterial counts may be caused
by soiled animals, particularly those with dirty udders and teats,
subclinical mastitis from improper teat sanitation, poor cooling
conditions, and inadequate milk tank disinfection. Additional-
ly, dirty animals and hot, humid weather encourage microbial
growth, which negatively impacts the health of the udder and in-
creases exposure to mastitis pathogens, resulting in a high preva-
lence of mastitis, which have been reported to be controlled after
HACCP application (Cheng and Han, 2020).

However, the application of the HACCP system has been
shown to significantly reduce the levels of adulterants such as
urea and palm oil in raw milk, it is extremely dangerous and could
result in food poisoning, gastrointestinal issues, cardiac issues,
and even cancer, which was estimated to contribute in about 87%
of developing cancer by 2025 (Chauhan et al,, 2019). Additionally,
toxic preservatives such as formaldehyde are sometimes added
to milk to extend its shelf life, although this can lead to serious
health consequences, such as hepatic and renal failure or cancer
(Adeela et al., 2014).

According to the recorded results in Table 2, strict monitoring
of HACCP program on the dairy farms and MCCs eliminated the
previously recorded milk adulteration with urea, palm oil, formal-
dehyde, antibiotic residues, and additional water, which came in
line with the recorded results of Poonia et al. (2016) and Brindha
et al. (2017).

Milk in dairy farms can be loaded with different microorgan-
isms from various sources such as the udder and teats, milking
equipment, and mastitis pathogens within the udder. High micro-
bial counts are often due to poor hygiene during milk handling,
ineffective sanitation, and lack of proper training for workers.
The HACCP system plays a significant management role in con-
trolling the microbial risks of raw milk. Referring to the current
results, implementation of HACCP system in raw milk production
at the dairy farm and MCCs led to significant improvement in the
microbiological quality with notable reduction in the microbial
counts; which came in line with the findings of Abbas et al. (2023)
who found a noticeable reduction in TBC, coliforms, E. coli, and S.
aureus after the implementation of HACCP, leading to a marked
improvement in milk microbial quality. Notably, Salmonella and
Listeria were not detected in any milk sample before or after
HACCP system implementation.

The current study found that the examined farm’s milk sam-
ples had higher levels of microbial contamination compared to
those from milk collection centers, likely due to the protective
measures employed by MCCs such as quick cooling, strict hy-
giene, and pasteurization processes. The results obtained align
with the findings of Meshref et al. (2021), who observed higher
bacteriological counts in farm milk samples. However, this con-
tradicts the findings of Tobar-Delgado et al. (2020) who reported
higher bacterial counts in the MCC than at farm level. The quality
of farm-produced milk is largely determined by farm manage-
ment practices that affect the initial microbial load of raw milk at
the farm level.
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Referring to the current obtained results of the microbiolog-
ical quality (CFU/mL) of the collected milk samples, results came
in line with those of Senarath and Adikari (2017) (TBC= 6.3x10°
and 3.3x10° for tank and farm milk samples from Sri Lanka, re-
spectively), and EI-Shinawy et al. (2020) (5.7x108, 6.7x10? for TBC
and S. aureus counts, while higher fungal count was detected
(7.9x10% for farm raw milk samples from Egypt). Lower results of
count were previously recorded by Chorfi et al. (2020) (3.7x10°
and 1.36x10° for TBC and fungal count in Algeria, respectively);
Tobar-Delgado et al. (2020) (4.1x10* in Colombia), and Deepthi
and Siriwardhana (2021) (1.5x10¢ from Sri Lanka) for farm raw
milk; and Tekilegiorgis (2018) (8.1x10* from Ethiopia) for bulk
tank samples. While, higher results were mentioned by Ebissa
and Aki (2017) (1.2x107 and 2.6x10 CFU/mL in farm and bulk tank
samples, respectively); Mchiouer et al. (2017) (TBC and S. aureus
counts ranged from 1.7x10° to 3.1x107 and 3x10? to 3x10° in the
examined bulk milk samples in Morocco, respectively); Yeserah
(2019) (1.2x107, 1.3x10* and 2.3x10° for TBC, fungal count and S.
aureus count in the examined samples from Ethiopia, respectively
in farm milk samples), indicating differences in milk quality stan-
dards and farming practices across regions.

Factors such as contamination, high ambient temperatures,
failure to maintain a cold chain during transport, and unsanitary
milking practices can contribute to a high bacterial count in raw
milk (Kakati et al., 2021). The absence of cold chain maintenance
by milk vendors can further increase microbial growth in the milk
due to its favorable environment with suitable pH, high water
activity, and excellent growth medium.These variations in TBC,
fungal count, and S. aureus count across different studies high-
light the impact of factors such as collection season, collection
points, and hygiene measures implemented at these points on
the microbial quality of milk (Meshref et al., 2021).

The screening for pathogenic bacteria detection in raw milk
samples revealed absence of Salmonella species, Listeria mono-
cytogenes, Bacillus cereus, and Clostridium perfringens. This aligns
with the findings of Assy et al. (2022), but contradicts Msalya
(2017) results, who identified various food poisoning bacteria in
the milk samples tested in Tanzania. Proactive strategies, such
as the adoption of good hygiene practices and procedures ap-
plied in HACCP system, are primarily utilized to guarantee food
safety through enhancing safety and hygienic standards (Owu-
su-Kwarteng et al., 2020).

As was shown in the current recorded results of the micro-
biological quality of the examined milk samples (Figures 3 and
4), and the environmental hygienic quality represented by the
examined swabs (Tables 3 and 4) before and after HACCP imple-
mentation, significant lower microbial counts were recorded af-
ter HACCP application and the prerequisite practices. The current
study showed the importance of the implementation of HACCP
and assumed practices to improve hygienic quality of milk in
MCC. This aligns with the findings of Nam (2017) and Nada et al.
(2022), who also reported a significant improvement in raw milk
quality and safety after HACCP application.

CONCLUSION

The implementation of the HACCP system has been shown
to play a crucial role in improving the overall quality of raw milk,
both in terms of its physical and chemical properties and its mi-
crobiological safety. This is particularly important as raw milk
may be contaminated with several hazards, either chemical or
microbiological in nature. By applying HACCP principles, farmers
and producers can work to identify and mitigate potential risks,
ensuring their raw milk is of the highest possible quality.
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