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1. Introduction 

Mastering hygiene is the fundamental pillar of food safety in the agri-food industry. Its ultimate 
goal is to prevent, eliminate, or reduce to an acceptable level any biological, chemical, or 
physical hazard that could render food unfit for consumption or injure the consumer. A single 
contamination event can have severe consequences for public health and can irreparably 
damage a company's reputation and market access. This section provides the essential 
knowledge for understanding the full spectrum of contaminants, the chemistry and application of 
cleaning and disinfecting agents, and the systematic techniques that guarantee the safety and 
salubrity of finished products. The rigorous application of these principles is indispensable and 
constitutes the prerequisite for any quality management system, most notably the HACCP 
(Hazard Analysis Critical Control Point) methodology. 

 

2. Types of Contaminants in the Agri-Food Industry 

A food contaminant is any substance not intentionally added but present in the food due to 
production, processing, packaging, transport, storage, or environmental exposure. These 
hazards are systematically classified into three main categories: biological, chemical, and 
physical. 

2.1. Biological Contaminants 

Biological contaminants, or microbiological hazards, are the leading cause of collective 
foodborne illnesses (TIAC). They encompass bacteria, viruses, molds, yeasts, and parasites. 
Their proliferation is governed by the FAT TOM factors: Food (nutrients), Acidity (pH favoring 
growth), Time (in the danger zone), Temperature (4°C–63°C), Oxygen (aerobic/anaerobic), and 
Moisture (available water). A particularly tenacious challenge is the formation of biofilms — 
structured communities of microorganisms encased in a self-produced protective matrix (EPS), 
making them highly resistant to standard cleaning. 

 

Bacteria: 

• Pathogenic: Cause disease (e.g., Salmonella spp., Listeria monocytogenes, E. coli 
O157:H7, Campylobacter jejuni). 

• Spoilage: Degrade organoleptic quality (e.g., Pseudomonas spp.). 

Viruses: Do not multiply in food but are highly infectious (e.g., Norovirus, Hepatitis A), often 
resulting from poor hand hygiene or contaminated water. 

Molds and Yeasts: Certain molds produce heat-stable mycotoxins (e.g., aflatoxins), creating a 
chemical hazard in addition to a biological one. 

Parasites: Organisms living at the expense of a host (e.g., Toxoplasma gondii, Anisakis). 

 

2.2. Chemical Contaminants 

Chemical hazards are often insidious and undetectable by sight or smell. Their presence can 
stem from: 

• Process Residues: Leftover cleaning and disinfection chemicals due to overdosing or 
insufficient rinsing. 

• Agricultural Inputs: Pesticides, herbicides, and veterinary drug residues. 

• Natural Toxins: Mycotoxins, plant toxins. 

• Environmental Pollution: Heavy metals (lead, mercury), dioxins, PCBs. 
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• Processing By-products: Heat-generated substances like acrylamide or Polycyclic 
Aromatic Hydrocarbons (PAHs). 

• Packaging Migration: Monomers and additives like bisphenol A or phthalates 
transferring from packaging. 

• Food Allergens: As per Regulation (EU) No. 1169/2011, the 14 mandatory declarable 
allergens (gluten, crustaceans, eggs, fish, peanuts, soy, milk, nuts, celery, mustard, 
sesame, sulphites, lupin, and molluscs) are managed as chemical hazards for cross-
contamination control. 

 

2.3. Physical Contaminants 

Physical hazards are any extraneous foreign bodies that can cause injury (choking, laceration, 
dental damage) or aesthetic repulsion. Sources include: 

• Personnel: Hair, jewelry, buttons, pens. 

• Raw Materials: Stones, husks, bone fragments. 

• Equipment and Infrastructure: Metal shavings, glass fragments from broken lighting, 
pieces of brittle plastic. 

• Pests: Insect parts, rodent droppings. 

 

Prevention relies on strict Good Manufacturing Practices (GMPs), a "no glass and brittle plastic" 
policy, preventive maintenance, and detection technologies such as metal detectors and X-ray 
systems. 

 

 

3. Basics of Detergents and Disinfectants 

Cleaning and disinfection are two distinct but complementary actions. Cleaning removes visible 
soil and a significant portion of the microbial load. Disinfection reduces remaining 
microorganisms to a safe, acceptable level. A cardinal rule is that effective disinfection can 
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only occur on a pre-cleaned and rinsed surface, as organic matter chemically inactivates 
most disinfectants. 

The efficacy of the cleaning phase is governed by the Sinner's Circle (TACT) model, which 
defines the synergy between Temperature, Action (mechanical), Concentration, and Time. 
These factors are interchangeable: if one is reduced, another must be increased to compensate. 

 

3.1. Detergents: Composition and Classification 

A detergent is a formulated blend of chemical agents designed to wet, penetrate, detach, and 
hold soil in suspension. Key components include: 

• Surfactants: Amphiphilic molecules (with a hydrophilic head and lipophilic tail) that 
reduce surface tension, emulsify fats, and disperse solids. 

• Sequestrants/Chelating Agents: (e.g., EDTA, citrates) Bind water hardness minerals 
(Ca²+, Mg²+) to prevent scale and improve surfactant efficiency. 

 

Selection is based on soil type and pH: 

• Alkaline Detergents (pH 8–14): Saponify fats and hydrolyze proteins. Effective for 
heavy organic soils (meat, oils) in floors, fryers, and ovens. 

• Acidic Detergents (pH 1–6): Dissolve mineral scales (milkstone, tartar, rust). Essential 
for descaling heat exchangers, pasteurizers, and autoclaves. 

• Neutral Detergents (pH 6–8): Formulated for low-foaming, manual use on lightly soiled 
or delicate surfaces, minimizing corrosion risk. 

 

3.2. Disinfectants: Mechanisms, Spectrum, and Strategy 

A disinfectant contains a biocidal active substance. The choice depends on its antimicrobial 
spectrum, material compatibility, and operator safety. 

• Chlorine Compounds (e.g., Sodium Hypochlorite): Oxidizing agents that destroy 
proteins and DNA. Broad spectrum, rapid action, low cost — but corrosive, unstable, 
highly sensitive to organic load, and may form carcinogenic by-products. 

• Quaternary Ammonium Compounds (QACs): Cationic surfactants that disrupt cell 
membranes. Offer good detergency and a protective residual film, but less effective 
against Gram-negative bacteria, non-enveloped viruses, and spores. Risk of bacterial 
resistance through efflux pumps. 

• Peroxygen Compounds (e.g., Peracetic Acid — PAA): Generate powerful hydroxyl 
radicals that oxidize cell components. Extremely broad spectrum (including bacterial 
spores and biofilms), breaking down into biodegradable, non-toxic residues (water, 
oxygen, acetic acid). Corrosive in concentrated form. 

• Alcohols (e.g., 70% Ethanol): Rapidly denature proteins and dissolve lipids. Evaporate 
completely, leaving no residue, making them ideal for sensitive equipment. Ineffective on 
spores; flammable. 

 

To mitigate the development of microbial resistance, a disinfectant rotation strategy is critical 
— periodically alternating products with entirely different modes of action (e.g., rotating a 
membrane-disrupting QAC with a broad-spectrum oxidizing PAA). 
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3.3. Modern Eco-Friendly Alternatives 

• Aqueous Ozone: A powerful oxidant used to eliminate persistent biofilms without 
chemical residues. 

• Enzyme-Based Cleaners: Use proteases/lipases to break down organic matter at lower 
temperatures, reducing environmental impact. 

 

4. Cleaning and Disinfection Techniques 

The operational implementation of C&D must follow a documented, validated, and traceable 
Cleaning and Disinfection Plan, which specifies the "5W1H": what, when, with what, how, 
who, and the verification method. 

4.1. The Standard 6-Step C&D Protocol 

A complete C&D cycle is a rigorous sequence: 

• Pre-Rinse: Lukewarm water (40–50°C) to flush gross debris. Temperature must remain 
below the protein coagulation threshold (<55°C). 

• Cleaning: Application of the selected detergent, optimizing the TACT parameters to 
solubilize soils. 

• Intermediate Rinse: Potable water rinse to evacuate all suspended soils and detergent 
residues, which could chemically antagonize the disinfectant. 

• Disinfection: Application of the disinfectant, strictly respecting the manufacturer's 
specified concentration and contact time (critical control point). 

• Final Rinse: Potable (or demineralized) water rinse to remove all biocidal residues. 
Mandatory except for specific no-rinse products (e.g., 70% alcohol). 

• Drying: Passive (drainage) or active (filtered air, squeegees) removal of moisture. Water 
is a vector for microbial survival and redistribution. 

 

4.2. Operational Methods and Technologies 

• Manual Cleaning: For small or complex equipment, using color-coded brushes and 
pads to prevent cross-contamination, combined with ergonomic tools and PPE. 

• Foam/Gel Application: Thick foam or gel formulations are projected to adhere to 
vertical surfaces, ceilings, and large exteriors, increasing chemical contact time and 
providing visual confirmation of coverage. 

• Cleaning In Place (CIP): An automated, high-velocity system for cleaning the interior of 
closed process lines, tanks, and vessels without dismantling. A full CIP cycle 
sequentially circulates: a pre-rinse, an alkaline wash (typically 70–85°C), an intermediate 
rinse, an acid wash, a final rinse, and a disinfection phase. Reproducibility is ensured by 
controlled turbulent flow (>1.5 m/s), temperature, and conductivity sensors. 

• Cleaning Out of Place (COP): Involves dismantling equipment parts and immersing 
them in a dedicated recirculating cleaning tank with programmed ultrasonic or high-flow 
cleaning cycles. 

 

4.3. Control and Verification of C&D Effectiveness 

Validation that the hygienic status is acceptable before production restart is non-negotiable. 
Methods progress from basic to advanced: 
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• Organoleptic/Visual Inspection: A mandatory first step, but cannot confirm 
microbiological or residue absence. 

• Physicochemical Verification: Monitoring the pH and conductivity of the final rinse 
water provides immediate proof that all alkaline or acidic detergent residues have been 
removed. 

• ATP Bioluminescence (Rapid Hygiene Monitoring): Based on the luciferin-luciferase 
reaction, this detects Adenosine Triphosphate (ATP) from all organic residues (food, 
microbes). Results in Relative Light Units (RLU) are obtained in seconds, providing an 
immediate go/no-go decision for production. It measures total organic cleanliness, not 
just microbes. 

• Microbiological Surface Testing (Classical Culture): Confirms that target pathogens 
(Listeria monocytogenes, Salmonella) are absent and that indicator flora counts (Total 
Aerobic Mesophilic Flora, Enterobacteriaceae) are below acceptable thresholds. 
Methods include contact plates (RODAC), swabbing a defined area, or sponge bags for 
large surfaces. 
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5. Summary: Key Disinfectant Comparison 

 

Disinfectant Mode of Action Spectrum Key Limitations 

Sodium Hypochlorite 
(Chlorine) 

Oxidizes proteins & 
DNA 

Very broad 
Corrosive, unstable, 
sensitive to organics 

QACs 
Disrupts cell 
membrane 

Good (Gram
+
) 

Less effective vs. 
Gram−, spores; 
resistance risk 

Peracetic Acid (PAA) 
Hydroxyl radical 
oxidation 

Extremely broad  
(incl. spores) 

Corrosive 
concentrated; odor 

70% Ethanol Protein denaturation 
Vegetative bacteria, 
enveloped viruses 

No sporicidal activity; 
flammable 

 


