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ABSTRACT

Poultry processing requires effective sanitation to control microbial contamination, protect public health, and maintain confidence in food supply chains.
Automated sanitation technologies offer opportunities to improve cleaning consistency, reduce manual exposure, and strengthen operational control. However,
their benefits depend on installation projects that integrate engineering delivery with food safety requirements. This article examines how validation milestones
and food safety audits can guide the management of automated sanitation installations in poultry plants. It presents an integrated approach linking project scope,
hygienic design, procurement, contractor coordination, commissioning, and operational handover. Validation milestones establish documented acceptance criteria
for equipment installation, cleaning performance, operating parameters, and staff readiness. Food safety audits provide complementary assurance by examining
procedural compliance, traceability, corrective actions, and alignment with hazard analysis and critical control point systems. Particular attention is given to
managing production interruptions, inaccessible surfaces, chemical compatibility, verification sampling, and changes to established sanitation procedures. The
approach positions sanitation installation as a coordinated engineering and public health undertaking, with success assessed through delivery performance,
demonstrated cleaning effectiveness, audit findings, and sustained operational compliance following handover and routine use.
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1. INTRODUCTION

1.1 Poultry Processing, Sanitation and Public Health

Sanitation is fundamental to controlling contamination in poultry processing, where equipment and food-contact surfaces must be maintained to prevent
insanitary conditions and product adulteration [1]. Cleaning removes residues that can compromise subsequent disinfection, making sanitation a
coordinated process rather than a single chemical application [2]. Equipment complexity, joints and inaccessible surfaces can restrict cleaning,
particularly where design does not adequately support inspection and maintenance [3].

Organic residues, persistent moisture and intensive production create demanding operating conditions. Hygienic facilities therefore require suitable
drainage, cleanable materials and layouts that facilitate cleaning and contamination control [4]. Reliable sanitation supports consumer protection and
product integrity, while failures can disrupt production and undermine confidence in food supply chains. Automation offers potential improvements in
application consistency and cleaning control [5]. However, benefits cannot be assumed from equipment purchase alone: appropriate design, installation,
operating procedures and evidence of effective performance remain necessary for responsible implementation and acceptance.

1.2 Automated Sanitation Installation as an Engineering Project

Automated sanitation installations may incorporate foam application, fixed spray systems, cleaning-in-place and programmable controls. Automated
cleaning solutions illustrate how equipment, chemical delivery and monitoring can be combined [5]. Technology selection must nevertheless reflect
equipment geometry, soil characteristics and the distinction between open surfaces and enclosed circuits. Hygienic design principles apply throughout
construction and installation, not merely during routine cleaning [3].

Retrofitting existing plants creates interfaces with production lines, water supplies, electrical systems and drainage. Restricted shutdown windows
require careful sequencing, temporary protection and agreement on when production can safely resume. Facility design guidance highlights the
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importance of utilities and waste arrangements that support hygienic operation [4].

Consequently, engineering teams must coordinate with sanitation personnel, food safety specialists, contractors and suppliers. Responsibilities should
encompass testing, training, documentation and corrective work. Project success extends beyond completion within budget and schedule to delivery of
worthwhile outcomes [6]. For sanitation installations, those outcomes must include demonstrated cleaning capability, operational readiness and
accountable acceptance decisions.

1.3 Article Aim, Scope and Contribution

This article presents a conceptual framework for managing automated sanitation installation projects through validation milestones and food safety
audits. It links project delivery with hygienic performance and operational acceptance, without claiming results from an implemented project.
Validation guidance establishes the importance of evidence that control measures can achieve their intended outcomes [7]. Auditing provides a
complementary examination of management arrangements and evidence against defined criteria [8].

The intended audience includes plant managers, project engineers, sanitation leaders, auditors and food safety professionals. The proposed contribution
is a structured approach connecting requirements, design reviews, installation checks, functional testing, performance assessment and accountable
handover. Milestones will define evidence needed before progression, while audits will examine procedural implementation and unresolved risks. The
following section establishes the technical and managerial principles required to define success and distinguish equipment completion from verified
readiness for routine operation.

2. TECHNICAL ANDMANAGEMENT FOUNDATIONS

2.1 Automated Sanitation Technologies and Hygienic Design

Automated sanitation technologies perform different functions and must be selected within operating boundaries. Foam systems distribute cleaning
chemicals across exposed surfaces, while spray systems direct liquids towards specified areas; commercial solutions combine application equipment
with chemical delivery and monitoring [5]. Cleaning-in-place circulates cleaning media through suitable enclosed equipment without routine
dismantling, requiring hygienically designed circuits and defined operating conditions [10].

Cleaning removes soil and residues, whereas disinfection or sanitising reduces microorganisms to an appropriate level; these functions should not be
treated as interchangeable [9]. Their effectiveness depends on suitable procedures, chemical selection and operating parameters.

Automation cannot reliably reach surfaces shielded by unsuitable geometry, eliminate inaccessible crevices or correct inadequate drainage. Equipment
must therefore support access, inspection, residue removal and maintenance. Materials should tolerate intended chemicals and temperatures without
compromising product safety [4].

Installation planning must examine water availability, chemical storage and dosing, electrical connections, ventilation and effluent capacity. These
interfaces establish constraints on achievable flow, coverage, exposure and discharge. Accordingly, technology approval should follow assessment of
the complete sanitation environment rather than isolated equipment specifications or supplier claims about performance.

2.2 Project Governance and Food Safety Responsibilities

Project governance will assign explicit responsibilities and decision rights, consistent with structured project management guidance [11]. The sponsor
will approve objectives, resources and major changes. The project manager will coordinate scope, schedule, cost, risks and communication.
Engineering personnel will assess integration, utilities and technical testing, while sanitation personnel will define cleaning needs and practical
operating requirements.

The food safety lead will review hazards, acceptance criteria, verification arrangements and implications for existing controls. Multidisciplinary
expertise is important when developing and maintaining hazard-control systems [12]. Suppliers will provide specifications, installation support,
operating limits, training and agreed test evidence. Contracts will identify responsibilities for deviations, corrective work and retesting.

Production targets may conflict with access restrictions, shutdown duration and time needed to investigate failures. The proposed framework will
therefore require documented requirements, coordinated shutdown plans and controlled assessment of modifications. Escalation routes will identify
who can stop testing, withhold acceptance or authorise progression. Food safety specialists will participate from design through handover, rather than
review completed installations retrospectively. This approach recognises that worthwhile project outcomes extend beyond schedule compliance [6].
Approval decisions will record evidence, unresolved risks and the conditions attached to acceptance.

2.3 Validation, Verification and Audit: Distinct Functions

Validation establishes evidence that a control measure, when properly implemented, can achieve a specified food safety outcome under defined
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conditions [7]. For sanitation installations, this requires a justified relationship between the cleaning approach, relevant residues or hazards, equipment
configuration and intended operating conditions. It should not be reduced to confirming that machinery operates.

Verification examines whether established procedures are followed and controls continue to function as intended. Reviews of records, observations and
appropriate measurements can contribute to this continuing assessment [13]. Audits systematically examine evidence against specified criteria,
including organisational procedures and applicable requirements [8]. They assess conformity within their scope rather than guarantee the absence of
contamination.

Commissioning checks establish installation and functional readiness, including connections, controls, alarms and operating sequences. Performance
validation asks whether the sanitation approach achieves its intended result. A satisfactory audit, clean appearance or isolated negative sample cannot
independently demonstrate complete effectiveness [12]. Conclusions require complementary evidence and consideration of sampling limitations. These
distinctions provide the basis for measurable requirements, proportionate acceptance criteria and informed design and procurement decisions
throughout the proposed sanitation installation project lifecycle.

3. PROJECT DEFINITION, DESIGN AND PROCUREMENT

3.1 Baseline Assessment and Problem Definition

Baseline assessment will review existing sanitation procedures, equipment layouts and contamination concerns before defining the installation scope.
Historical inspection findings, verification results, corrective actions and audit records will identify recurring weaknesses. Such records contribute to
understanding whether established controls are implemented and remain effective [13].

The team will measure cleaning duration, labour input, water consumption and chemical use across representative production conditions. Assessment
will distinguish routine cleaning from exceptional events, including equipment failures, product changes and repeat cleaning. Access limitations,
drainage constraints and shutdown availability will be documented alongside production volume.

The problem statement will identify the specific deficiency requiring investment, such as inconsistent coverage, excessive downtime or inaccessible
cleaning points. Hygiene risk assessment supports connecting identified hazards with design and operational controls [14]. Baseline limitations,
including incomplete records, uncertain measurements and seasonal variation, will be recorded so later comparisons do not mistake differences in
operating conditions for installation benefits.

3.2 Scope, Requirements and Acceptance Criteria

Operational and food safety needs will be translated into a documented requirements specification before equipment selection. The specification will
define surfaces and circuits covered, excluded areas, intended residues, production conditions and required cleaning functions. Hygienic integration
guidance highlights the importance of interfaces between equipment, installation, automation and maintenance [19].

Requirements will identify operating ranges, utility demands, dosing arrangements, control sequences, alarms and operator interfaces. Expected records
will include cycle completion, deviations and parameter histories where relevant. Maintainability provisions will address inspection access, replacement
components and calibration. Relevant meat and poultry equipment hygiene standards can inform design requirements within their stated scope [20].

Acceptance criteria will specify measurable performance expectations, test conditions, responsible assessors and required evidence. Mandatory safety
and hygiene provisions will be distinguished from desirable savings or convenience features. Multidisciplinary review will ensure that requirements
reflect hazard-control needs [12].

A traceability matrix will connect each requirement to design decisions, supplier submissions, commissioning tests and final approval. Quality
management principles support planned evidence and accountability throughout project delivery [17]. Unresolved requirements will remain visible
rather than disappear during procurement negotiations.

3.3 Design Review and Hazard-Informed Planning

Design review will examine hygienic performance alongside electrical, mechanical and occupational safety. Machinery risk assessment provides a
structured basis for identifying hazards and evaluating risk reduction throughout relevant lifecycle stages [15]. The review will involve engineering,
sanitation, food safety, production and supplier representatives.

Construction activities may introduce dust, fragments, tools or contaminated water into processing areas. The proposed plan will therefore establish
physical segregation, controlled access, protected equipment and cleaning requirements before production resumes. Overspray and altered drainage will
be assessed for unintended movement of residues between hygiene zones. Chemical exposure, inaccessible surfaces and maintenance access will also
receive consideration.
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Failure analysis will examine incorrect dosing, inadequate pressure, blocked nozzles, incomplete coverage, control faults and unsuccessful recovery
after interruption. Hygienic design risk management connects assessment with construction, integration and operational mitigation [14]. Where
applicable, hazardous energy controls will be coordinated between plant personnel and contractors [16].

Each unresolved risk will have an owner, corrective action, completion date and closure evidence. Governance arrangements will define escalation and
approval authority [18]. Design release will depend on documented decisions rather than assumed agreement.

3.4 Supplier Selection, Contracts and Delivery Planning

Supplier selection will assess technical capability, relevant sanitation experience, integration competence and commissioning support. Proposals will be
compared against the approved requirements specification, including declared operating limits and exclusions. Hygienic integration considerations
should extend beyond individual components to the assembled installation [19].

Procurement documents will specify drawings, manuals, training, spare parts, test protocols and responsibilities for performance evidence. Quality
planning will define inspection points, acceptance records and treatment of nonconforming work [17]. Contractual milestones will link payment and
progression to agreed evidence, rather than equipment delivery alone.

The installation schedule will coordinate access, shutdown allocation, utility isolation and activities involving other contractors. Where servicing
involves hazardous energy, coordination will follow applicable procedures and responsibilities [16]. Contingency time will cover corrective work,
cleaning, testing and controlled restart. Suppliers and plant representatives will agree responsibility for defects, retesting, warranty support and
unresolved actions.

Changes affecting hygiene, functionality, cost or schedule will require documented impact assessment and approval through established governance
[18]. Updated drawings and test requirements will follow authorised modifications. Once requirements and responsibilities are established, milestone
gates will determine whether evidence exists to progress safely through installation, commissioning and operational acceptance.

Figure 1. Integrated project governance and food safety assurance architecture.

Plant requirements inform design, procurement, installation, commissioning and handover. Engineering, sanitation, food safety, production and supplier
responsibilities operate across these stages, supported by documented change control, risk review and assurance. Milestone decisions link progression
to agreed acceptance evidence.
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4. VALIDATIONMILESTONES AND INSTALLATION CONTROL

4.1 Milestone Architecture and Readiness Gates

The milestone sequence will comprise design approval, installation readiness, installation completion, operational testing and performance acceptance.
Governance arrangements will identify authorised decision-makers and accountability for each gate [18]. Design approval will require agreed
specifications and risk reviews; installation readiness will require access, resources, isolation arrangements and approved work instructions.

Installation completion will require inspection records and documented deviations. Operational testing will require evidence that functions perform
within specified limits. Performance acceptance will require justified sanitation results under representative conditions. Hygienic integration requires
attention to installation, automation, cleaning and maintenance interfaces [19].

Each unresolved action will have an owner, deadline and closure evidence. Conditional acceptance will be permitted only where outstanding items
cannot compromise safety, required performance or evidence integrity. Failed criteria will trigger corrective work and proportionate retesting.
Authorised personnel will stop unsafe work. Production restart will require documented release, not simply schedule completion or pressure to resume
commercial operations.

4.2 Installation Qualification and Physical Completion

Installation qualification will compare the installed system with approved drawings, specifications and supplier requirements. Qualification terminology
is adapted here as a project assurance structure, not presented as a universal poultry regulatory requirement; comparable installation and operational
concepts are established in pharmaceutical guidance [21].

Engineering and sanitation representatives will inspect materials, pipework, joints, connections, spray devices and drainage. They will confirm utility
availability, equipment identification and access for cleaning, inspection and maintenance. Applicable meat and poultry equipment hygiene criteria will
inform assessment within their defined scope [20]. Installed interfaces will also be checked for unintended contamination pathways [19].

Instrument records will establish calibration status and suitability for intended measurements. Control panels, electrical protection, isolation provisions
and relevant safety documentation will be reviewed by competent personnel. Missing labels, incomplete connections, damaged components and
departures from drawings will enter a controlled deviation register.

Corrective actions will identify responsible parties and required closure evidence. Updated drawings and supporting records will form the completion
dossier. Physical completion will establish readiness for functional testing; it will not independently authorise routine sanitation use or unrestricted
production restart.

4.3 Operational Qualification and Functional Testing

Operational qualification will test whether the installed system performs its intended functions across approved operating ranges. This terminology
draws on established qualification concepts, while acceptance conditions will remain specific to the poultry installation [21]. Tests will examine
sequence execution, dosing, pressure, flow, cycle duration and temperature where these parameters influence the intended process.

Protocols will challenge alarms, interlocks, emergency stops and recovery after power or utility interruptions. Operators will demonstrate authorised
cycle selection and responses to faults. Recording functions will be checked for completeness, timestamps and reliable identification of interrupted or
unsuccessful cycles. Access controls will restrict changes to approved settings.

Testing will include relevant combinations of equipment use and utility demand rather than convenient conditions alone. Integration guidance
recognises that automation and operational interfaces can affect hygienic performance [19]. Each test will record methods, expected outcomes, actual
results, instruments and deviations. Failures will require correction and retesting before progression. Demonstrated functional control must precede
performance validation because sanitation results are uninterpretable if operating conditions cannot be established and reproduced.

4.4 Performance Validation and Acceptance Decisions

Performance validation will evaluate the sanitation procedure under representative residues, equipment configurations and operating conditions.
Commissioning guidance for chilled food environments recommends environmental sampling to assess intended cleaning and disinfection methods,
with attention to problematic locations [22].

Visual inspection, residue assessment and microbiological testing will provide complementary evidence. Research in an avocado packing plant supports
combining verification tools, although its findings cannot establish poultry-specific acceptance limits [23]. Sampling locations, repetitions, analytical
methods and decision rules will be approved before testing. Difficult-to-clean surfaces and credible challenging conditions will receive attention.
Microbial monitoring guidance distinguishes qualitative pathogen detection from quantitative assessment of organisms [24].
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Failure will trigger investigation, corrective work and proportionate revalidation before acceptance. Qualified specialists will interpret results against
predefined criteria, sampling limitations and intended use. Milestone testing establishes readiness at defined points; audits will subsequently examine
whether management arrangements support reliable, sustained sanitation operation after the installation project closes.

Table 1. Validation milestones, acceptance evidence and approval responsibilities

Milestone
Requirement
assessed

Evidence required Acceptance basis
Responsible
approver

Action following
failure

Design
approval

Suitability of
proposed design and
sanitation approach

Approved specifications,
drawings, risk assessments
and acceptance plan

Requirements addressed;
significant risks resolved
or controlled

Engineering lead and
food safety lead

Revise design and
repeat review

Installation
readiness

Safe access,
resources and work
arrangements

Shutdown plan, isolation
arrangements, segregation
plan and approved
instructions

Installation can proceed
without uncontrolled
risks to people, products
or operations

Project manager with
production and safety
representatives

Withhold
authorisation;
resolve readiness
gaps

Installation
completion

Conformity of
installed equipment
with approved
design

Inspection records,
calibration evidence, updated
drawings and deviation
register

Installation requirements
met; no outstanding
defect prevents safe
testing

Engineering lead with
sanitation
representative

Correct defects and
repeat affected
inspections

Operational
testing

Reliable
functionality within
defined operating
ranges

Approved test records
covering sequences, dosing,
utilities, alarms, interlocks
and recovery

Specified functions and
controls pass documented
tests

Commissioning lead
with engineering and
sanitation approval

Investigate, correct
and repeat affected
tests

Performance
acceptance

Effectiveness of the
sanitation procedure
under defined
conditions

Visual findings, residue
assessments, appropriate
microbiological results and
deviation closure

Predefined, justified
acceptance criteria met
across the approved
protocol

Food safety lead with
sanitation and
engineering
concurrence

Withhold
acceptance;
investigate and
revalidate as
necessary

Controlled
operational
release

Readiness for routine
use and production
restart

Signed acceptance, approved
procedures, competency
records, maintenance plan
and outstanding-action
review

Required evidence
approved; responsibilities
assigned; no unresolved
safety-critical issue

Designated plant
authority following
required specialist
approvals

Delay release or
impose documented
restrictions where
justified

5. FOOD SAFETY AUDITS AND OPERATIONAL HANDOVER

5.1 Audit Planning and Evidence Selection

Audit planning will define the installation stages, equipment, procedures and organisational interfaces to be examined. Criteria will include approved
specifications, contractual commitments, sanitation instructions and applicable requirements. Audits will be scheduled before handover and during
early operation, with additional reviews triggered by significant deviations.

Auditors will be competent and sufficiently independent of the activities assessed to evaluate evidence objectively. Document review will examine
installation records, approved procedures, training evidence, maintenance plans and corrective actions. Interviews will explore whether personnel
understand responsibilities, while observation will compare actual practices with instructions. Record sampling will assess implementation over time
rather than rely on selected successful cycles. Sanitation documentation requirements provide an important evidence base for implementation and
monitoring [25].

High-risk equipment, difficult cleaning locations and interfaces with production will receive priority. Guidance on commissioning environmental
sampling supports examining problematic areas [22]. Audits will assess whether technical testing is adequately planned, documented and acted upon;
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they will not replace performance validation or specialist interpretation.

5.2 Sanitation Procedures and Hazard-Control Integration

Sanitation standard operating procedures will be revised to reflect the equipment, approved operating limits and assigned responsibilities. For federally
inspected establishments, sanitation procedures must remain effective and current when facilities, equipment, operations or personnel change [25].
Instructions will specify equipment preparation, chemical preparation, authorised cycle selection, cleaning sequences, inspection and responses to
unsuccessful cycles.

The food safety team will review how these changes interact with hazard analysis and existing controls. Altered chemical use, drainage or cleaning
schedules may affect contamination pathways, residues and production release. No parameter will automatically become a critical control point merely
because it is electronically monitored. Its classification will depend on the hazard analysis and control strategy.

Post-cleaning checks will combine appropriate observations and tests. Comparative research demonstrates that visual, ATP and microbial methods
provide different information, supporting complementary assessment rather than interchangeability [23]. Revised procedures will receive identifiers,
approval dates and controlled distribution. Configuration management supports identifying authorised versions and controlling changes [28].
Superseded instructions will be withdrawn, and staff will receive explanations before implementation.

5.3 Nonconformities, Corrective Actions and Change Control

Findings will be categorised according to their significance, the evidence available and the audit criteria applied. Immediate risks to product safety or
worker protection will be escalated without waiting for routine reporting. Classification will guide response urgency but will not substitute for
documented assessment.

Correction will address the immediate problem, such as repeating a failed cleaning cycle. Corrective action will investigate causes and prevent
recurrence. Applicable sanitation requirements include restoring sanitary conditions and addressing potentially contaminated product, not merely
completing administrative closure [26]. Each action will have an owner, completion date and effectiveness check.

Changes to chemicals, software, equipment configuration or cycle settings will undergo impact assessment before approval. Configuration management
provides a basis for identifying changes and maintaining controlled records [28]. Additional functional testing or performance revalidation will be
required when changes could affect previously accepted evidence or sanitation outcomes.

Closure will require evidence that actions were implemented and effective. Sampling approaches will match the question being investigated,
recognising distinctions between qualitative and quantitative microbiological results [24]. Unresolved safety or readiness issues will remain escalated
and prevent unrestricted acceptance.

5.4 Training, Competency and Handover Documentation

Training will prepare operators, sanitation personnel and maintenance staff for their specific responsibilities. Food hygiene guidance emphasises
adapting instruction and evaluation to personnel needs and operational requirements [27]. Operators will practise cycle selection and fault response;
sanitation staff will demonstrate preparation, inspection and escalation; maintenance personnel will address isolation, servicing and restoration.

Supervised practice and observed performance will establish competence rather than attendance alone. Competence management guidance supports
assessing development needs and evaluating whether personnel can achieve intended outcomes [29].

The handover package will contain approved drawings, manuals, procedures, test reports, training records, calibration information and maintenance
schedules. Outstanding actions will identify owners, deadlines and operating restrictions. Formal acceptance will transfer agreed operational
responsibilities while preserving contractual supplier obligations. Support contacts, warranty conditions, spare-part arrangements and escalation routes
will remain documented so the plant can resolve faults after project closure.

5.5 Post-Handover Verification and Continuing Assurance

Early operation will include intensified review of recurring faults, cleaning failures, deviations and audit findings. Monitoring will use defined
responsibilities, review intervals and escalation thresholds. Applicable sanitation requirements call for continuing evaluation and revision when
procedures cease to be effective [25].

Maintenance, recalibration and refresher training will respond to equipment condition, performance trends and identified competence gaps [29].
Reassessment will follow significant changes, repeated failures or evidence that accepted conditions are no longer maintained. Continuing assurance
will therefore address sustained sanitation performance rather than installation completion. The following section evaluates engineering delivery and
food safety outcomes together using interpretable indicators.
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Figure 2. Validation milestone and audit feedback pathway.

6. PERFORMANCE EVALUATION, LIMITATIONS AND PRACTICAL IMPLICATIONS

6.1 Integrated Performance Indicators

Evaluation will combine delivery, sanitation performance and operational sustainability. Project indicators will include schedule adherence, cost
variation, authorised change orders, shutdown duration and defects outstanding at handover. Each indicator will have a defined calculation, reporting
period and accountable owner. Manufacturing indicator guidance emphasises explicit definitions, units and contextual interpretation [30].

Sanitation indicators will include accepted cleaning results, repeat-cleaning frequency, unsuccessful cycles, deviations and verification trends. Water,
chemical, energy and labour use will be reported where reliable measurements exist, with appropriate denominators such as production throughput or
completed cleaning cycles. Energy-related indicators require defined boundaries and consistent measurement [35].

Audit closure rates will distinguish completed actions from actions demonstrated to be effective. Competency records will identify assessed personnel
and reassessment needs [29]. Equipment availability will account for planned maintenance and unexpected failures. Configuration histories will help
interpret changes in settings or components [28].

These measures describe processes and performance; they do not directly quantify reduced foodborne illness. Claims about public health benefits
would require additional evidence connecting sanitation improvements with relevant exposure and health outcomes, rather than assuming equivalence
between them.

6.2 Evaluation Design and Interpretation

The proposed evaluation will compare baseline and post-installation periods, separating commissioning instability from routine operation. Observation
windows will cover representative shifts, cleaning frequencies and production conditions. Where sufficient repeated observations exist, interrupted
time-series analysis may examine changes in level and trend while considering seasonality and autocorrelation [31].

Production volume, product mix, staffing, equipment changes and concurrent hygiene initiatives will be recorded. Suitable comparison lines may
strengthen interpretation when they share relevant operating conditions without receiving the installation. Controlled time-series guidance explains how
comparisons can address some competing explanations, while retaining design-specific limitations [32].

Sampling locations, methods, timing and laboratories will remain consistent where feasible. Calibration, record completeness and coding rules will be
checked before analysis. Missing observations and their reasons will be reported, with sensitivity analyses where justified.
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Improvement will not automatically be attributed to automation if training, procedures or production conditions changed simultaneously. Complex
intervention guidance emphasises interactions between intervention components and context [34]. Estimates will include uncertainty and operational
explanations, distinguishing exploratory associations from credible evidence of causal effects within the evaluated poultry processing environment and
observation period.

Table 2. Integrated project delivery and sanitation performance evaluation matrix

Evaluation
domain

Indicator Baseline measure
Post-installation
measure

Data source Interpretation limitation

Schedule
performance

Milestone delays;
shutdown duration

Approved project
schedule and shutdown
allowance

Actual milestone dates
and shutdown hours

Schedule updates;
shutdown logs

Approved scope changes
may explain delays

Cost
performance

Cost variation;
change-order value

Approved budget and
contingency

Final expenditure and
authorised changes

Financial records;
change register

Separate scope additions
from overruns

Handover
quality

Outstanding defects;
corrective rework

Acceptance criteria and
planned completion
requirements

Defects at handover;
closure time; rework
hours

Inspection records;
deviation register

Defect counts require
severity classification

Cleaning
effectiveness

Results meeting
predefined criteria

Results from
representative existing
procedures

Comparable results
under the installed
procedure

Inspection, residue and
microbiological records

Methods measure different
aspects of cleanliness

Repeat cleaning
Repeat cycles per
completed cleaning
event

Existing repeat-cleaning
rate

Post-installation rate
using the same definition

Sanitation logs; cycle
records

Detection practices and
reporting may change

Resource
consumption

Water, chemicals,
energy and labour

Consumption within
defined operating
boundaries

Comparable
consumption per cycle
and production unit

Meters; dosing records;
timesheets

Production mix and
cleaning frequency affect
comparisons

Equipment
reliability

Availability;
unplanned downtime

Existing system
availability, where
comparable

Installed system
availability and failure
history

Maintenance system;
fault logs

Equipment age and
operating demands may
differ

Audit
performance

Overdue actions;
verified closure rate

Historical findings and
closure performance

Findings, closure time
and effectiveness checks

Audit reports; action
register

Different audit scopes can
distort trends

Workforce
competence

Personnel meeting
role-specific criteria

Pre-installation
assessment, where
available

Demonstrated
competence and
reassessment results

Observation checklists;
training records

Attendance alone does not
establish competence

Verification
performance

Deviations;
recurring adverse
trends

Historical results from
defined sampling points

Results using
comparable methods and
timing

Verification records;
laboratory reports

Missing data and altered
sampling limit inference

6.3 Practical Constraints and Implementation Limitations

Financial constraints may limit equipment specification, testing resources and the time available for corrective work. Restricted shutdown windows can
encourage premature restart, while older layouts may constrain drainage, access and separation between activities. These limitations should be
documented before interpreting installation performance.

Supplier dependence may affect software access, replacement components and fault diagnosis. Spare-part delays and limited maintenance capability
can undermine availability despite satisfactory testing. Asset management guidance supports considering performance, risk and expenditure across the
asset lifecycle [33].
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Staff turnover may weaken operating knowledge, particularly when training records capture attendance rather than demonstrated competence [29].
Inconsistent procedures and incomplete records can obscure failures or exaggerate improvements. Configuration control will remain important when
settings, components or software change [28].

Results from one plant may not transfer to facilities with different products, equipment geometry or operating cultures. An efficient programmed cycle
may still leave poorly designed interfaces inadequately cleaned. Resource savings must therefore be considered alongside cleaning effectiveness,
worker safety and long-term reliability. Lower consumption alone will not justify acceptance where essential sanitation outcomes remain uncertain or
repeatedly fail assessment criteria.

6.4 Management Implications and Future Research

Project sponsors should fund assurance activities and protect time for testing, while engineers and food safety teams should jointly define acceptance
evidence. Regulators will assess applicable compliance requirements; internal milestone approval will not replace their authority. Management
decisions should consider lifecycle performance rather than acquisition costs alone [33].

Research should examine whether milestone-based management reduces rework, delayed acceptance and recurring failures. Comparative studies should
distinguish the effects of automation from training, procedural changes and improved maintenance [34]. Multisite designs and longer follow-up will
help assess transferability, equipment reliability and sustained sanitation performance.

Further priorities include lifecycle costs, audit effectiveness, competency retention and the consequences of supplier dependence. Resource evaluation
should use consistent measurement boundaries, including energy consumption [35]. Findings should inform investment decisions, maintenance
planning and future installation requirements. The framework offers a testable management approach, not demonstrated evidence of improvement. The
conclusion therefore brings these principles together with the conditions needed for responsible, evidence-based sanitation automation in poultry plants.

Figure 3. Integrated sanitation project performance and continuous improvement framework.
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7. CONCLUSION

7.1 Framework Summary and Practical Contribution

Installing sanitation automation within operating poultry plants requires coordination between engineering work, production constraints and food safety
responsibilities. The proposed framework connects documented requirements, hygienic design, validation milestones, audits and controlled handover
within a project lifecycle. Engineering teams establish technical readiness, sanitation personnel assess practical cleaning needs, production teams
coordinate access, and food safety specialists interpret acceptance evidence. Their shared decisions must address unresolved risks before routine
operation begins. Successful delivery therefore extends beyond equipment installation, schedule adherence and budget control. It requires demonstrated
functionality, justified sanitation performance, competent personnel and approved operating arrangements. This approach provides a structured basis
for accountable acceptance without presenting anticipated benefits as established results.

7.2 Conditions for Responsible Implementation

Responsible implementation depends on competent oversight, documented acceptance criteria and continuing verification after handover. Each plant
must adapt the framework to its equipment, residues, operating conditions and applicable requirements. Testing and audit evidence should support
decisions within clearly defined limits, with corrective action and reassessment when performance deteriorates. Resource savings and improved process
indicators must not be equated with reduced public health risk without supporting data. Subject to appropriate evaluation, disciplined project
management may support reliable sanitation, informed investment and sustained food safety performance throughout the installed system’s operational
lifecycle.
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