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ABSTRACT 

 

This thesis has as main objective the revision and improvement of the implemented Hazard 

Analysis and Critical Control Point (HACCP) system in the bakery industry where this work was 

developed. 

The HACCP system is important to ensure the food safety since it identifies the hazards, evaluates 

the risks and describes the implemented preventive measures to eliminate and/or reduce the probability 

of the hazard to acceptable levels. A careful examination of the HACCP documentation was carried out 

and preventive measures and control limits were described for all hazards identified as Control Points 

and hazards controlled by prerequisite programs. By on-site verification, the correction of all 

implemented flowcharts was possible, by observation of the factory unit reality. 

A secondary project was assigned to verify if the specifications of two products needed to be 

changed. The Quality department noticed that Hot-dogs and Burgers were overweighed and needed 

information on how this influenced the products characteristics (length, height, diameter, …). Based on 

Statistical Process Control tools, especially X̅ − s control charts, and sampled data, control limits were 

determined for all the characteristics and compared with the defined specifications. It was concluded 

that neither of the products had its weight under statistical control. However, the value of the standard 

deviation for every product characteristics is low, which moved the control limits closer to the center line 

of the X̅ charts. 

 

 

Keywords: HACCP; Food safety; Codex Alimentarius; Statistical Process Control; Control chart. 
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RESUMO 
 

Esta tese tem como objetivo principal a revisão e melhoria do sistema HACCP implementado numa 

indústria de panificação. 

O sistema HACCP é importante para garantir a segurança alimentar, pois identifica os perigos, 

avalia os riscos e descreve as medidas preventivas para eliminar e/ou reduzir a probabilidade do perigo 

para níveis aceitáveis. A documentação relativa ao sistema HACCP foi cuidadosamente revista tendo 

sido descritas medidas preventivas e limites de controlo para todos os perigos identificados como 

pontos de controlo e perigos controlados pelos programas de pré-requisito. A verificação local de todas 

as etapas das linhas de produção permitiu a correção de todos os fluxogramas implementados, de 

acordo com a realidade observada. 

Foi desenvolvido um projecto secundário com o intuito de verificar se as especificações de dois 

produtos devem ser alteradas. O departamento de Qualidade notou que os Hot-dogs e os Burgers 

apresentavam excesso de peso e necessitavam de informação sobre como influenciava as 

características dos produtos (comprimento, altura, diâmetro, …). Com base nas ferramentas do 

Controlo Estatístico de Processo, especialmente as cartas de controlo de média e desvio padrão  

(X̅ − s), foi possível determinar limites de controlo para todas as características e comparar com as 

especificações definidas, a partir dos dados das amostras recolhidas. Concluiu-se que o peso do 

produto não está sob controlo estatístico. Observou-se que o valor do desvio padrão é baixo, o que 

leva a que os limites de controlo se aproximem mais da linha central das cartas X̅.  

 

 

Palavras-chave: HACCP; Segurança Alimentar; Codex Alimentarius; Controlo Estatístico de Processo; 

Carta de controlo. 
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1. INTRODUCTION 

 

1.1. Scope 

The evolution of food safety and quality standards allowed an increase in consumer’s expectation 

that products are safe and appropriate for consumption. Food safety is defined as food that will not 

cause illness to the consumer in the moment of consumption, whether it is prepared or eaten according 

to its intended use. There is a growing concern of the population about what to eat, in terms of health 

and nutrition, namely how several diseases are associated to the food consumed. Presence of residual 

pesticides, higher degrees of processing food and ethical worries for the welfare of animals can put into 

question the consumer’s confidence in food safety. There is also the fact that international food trade 

and foreign travel are increasing and may favor the emergence of outbreaks of foodborne illnesses, 

spreading within a short time span worldwide. [1 - 3] 

Therefore, it is very important to establish systems for food safety. Legislation plays a vital role in 

seeking a higher level for protection of life and human health and establishes general hygienic rules for 

the food industry and procedures for monitoring compliance. Everyone involved in the food chain line, 

from primary production to consumers, must ensure that food is safe and suitable for consumption. It is 

proven that effective hygiene control is imperative to avoid the adverse human health and economic 

consequences of foodborne illnesses, foodborne injuries, and food spoilage. Foodborne illnesses are 

caused by hazards (chemical, biological and physical) that may occur in any stages of the food  

chain. [4 - 5] 

The Codex Alimentarius Commission is internationally recognized by governments and food 

industries because they provide guidelines on hygienic practices and hazard criteria throughout primary 

production to final consumption, while simultaneously creating a tool, known has Hazard Analysis and 

Critical Control Point system (HACCP), for achieving acceptable levels of food safety performance. This 

system identifies hazards, specifies control limits and corrective actions for every stage of process 

production. [3] 

 

1.2. Objectives and Structure 

The present report is the summary of a curricular internship at the Quality and Environment Control 

Department of a bakery company, which is dedicated to the production and distribution of bakery 

products. The company name cannot be presented due to confidentiality reasons. 

The main objective of this internship was the revision of the company’s HACCP system, which is 

annually revised, within the framework of International Featured Standards (IFS). Each line of production 

has its own HACCP system. It was also aimed to study if the weight specification, prior to the 

fermentation process, should be changed in one of the lines of production, as it was typically 
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overweighed. Case studies were developed, for two products. Based on the data retrieved it was 

possible to apply statistical quality control concepts from which conclusions could be made. 

The structure of the report is divided in 5 chapters: 

Chapter 1 – Brief introduction to food safety, the objectives of this report and to the company 

(organizational structure and process diagram); 

Chapter 2 – Concepts of food safety: types of contaminations and hazard analysis. 

Chapter 3 – Concepts of HACCP system and revision of the company’s HACCP system. 

Chapter 4 – Concepts in Statistical Process Control and development of two case studies, describing 

the statistically results obtained from data sampling. 

Chapter 5 – Conclusion and discussion. 

 

1.3. The Bakery Company 

The bakery company is briefly presented in this section. The objective is to draw a line of knowledge 

that facilitates the comprehension of subsequent chapters. 

1.3.1. Organizational structure 

Organizations require structure to achieve stated goals. The structure of an organization 

determines the method by which it performs business operations. The structural organization of the 

bakery company is represented in Figure 1. It follows a vertical functional model where each person is 

responsible for a specific area or set of duties. Employees report to the person directly above them in 

the organizational structure. It is a well-defined chain of command and the person at the top of the 

organizational chart has the most power. [6] 
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Figure 1 – Company’s organizational structure. 

 

1.3.2. Process diagram 

In this sub-chapter it will briefly be explain 

the generic process of fabrication (Figure 2).  It 

starts from the reception of the raw materials and 

package materials. When raw materials are 

received at the dock of the warehouse, a 

warehouse operator does the inspection of the 

raw material, notifies a quality control operator for 

analysis and creates an entry on the informatic 

system of which raw material has arrived. During 

inspection, if the operator detects unconformities, 

for example pallets in poor condition or presence 

of pests, the raw material is rejected and sent 

back to the supplier. 

The quality control operator fills a report card 

with several information, collects a sample for 

analysis and an internal labeling is done. This is 

the first stage of traceability. Then the raw 

materials are stored: some need to be 

refrigerated so, after reception, are quickly 

forwarded to cooling chambers. After the analysis of the sample, if all parameters are in conformity with 

the specifications, a second labeling is done and the raw material is fit to be used in production. If it is 

out of the specifications, the raw material is rejected.  

Figure 2 – General block diagram. 

Raw material and packaging material reception

Storage

Dosage of ingredients

Mixing

Formation

Fermentation

Cooking

Cooling

Metal detection

Packaging/Codification

Expedition

Transportation

Distribution
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All raw materials follow FIFO and FEFO rules, which means first raw materials in or first to expire, 

are the first send out to the production lines. Any operator who processes any amount of raw material 

must register in the appropriate document (quantity, which production line…), for traceability purposes. 

The next steps of production are common processes in the bakery industry. They consist in the 

weighting of ingredients, mixing and dough forming. In the first steps there is a very tight visual control 

regarding physical contamination since there are several operators controlling the efficiency of the 

dough forming and ensuring that the product is forwarded correctly to the fermentation chamber. The 

product is then cooked, cooled and analyzed by a metal detector. Finally, it is packed and send to 

expedition.  
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2. FOOD SAFETY 

We live in a world comprised of systems and risk. From an engineering perspective, most aspects 

of life involve systems. For example, our body is a type of system, automobiles are a type of system and 

the environment is another type of system. Systems have become a necessity for modern living. With 

systems and technology also comes exposure to risks because systems can fail or work improperly 

resulting in damage, injury and death. [7] 

Using the same perspective, the food industry is also a type of system, which integrated multiple 

sub-systems. Within these, quality and management systems are implemented to assure that the 

products are safe for the consumer’s health. Food safety is determined by sociocultural and economic 

factors which will determinate changes on food habits of a population. Globalization, tourism, trades, 

population growth and even climate change are examples of challenges that a company in food industry 

must be prepared. A confined incident can quickly change into an international emergency due to speed 

of distribution of the product. Thus, a solid and persistent investment on hazard prevention and safe 

production policies must be implemented. [8 - 9] 

Traditionally, the quality evaluation of a product was done at the end of the line of production, where 

the decision of product rejection was done. However, this type of approach was not ideal because 

neglecting all the production line implied a loss in quality and safety of the product. Consequently, it 

leads to economic and social losses (loss of consumer/client). 

Nowadays, prevention systems are being implemented to prematurely identify and correct risks of 

contamination of the product. Besides the Good Manufacturing Practices (GMP) and Good Hygienic 

Practices (GHP), the implementation of systems, such as the HACCP system, which objective is food 

safety are an obligatory demand across the food industry. A company that pretends to implement this 

kind of system must be aware of all potential food safety hazards in the process, distribution and 

cleaning/disinfection of areas and equipment that are in contact with the product. After hazard 

identification, prevention measures as well as verification methods must be established to ensure that 

they effectively eliminate or minimize the sources of contamination to not compromise food safety. 

Labelling is vital to inform consumers on how to protect their product from contamination by best storing 

and handling conditions. This information should be clear and easy to understand so that a food incident 

does not occur. [2, 9] 

The government and food safety agencies also have an important role of protecting consumers 

from foodborne illnesses The Codex Alimentarius Commission, created by FAO – Food and Agriculture 

Organization and WHO – World Health Organization, is a world reference authority that develops food 

standards, regulations and codes of practice with the aim of protecting the consumer and ensuring 

integrated business practices and promoting the coordination of all food standards. There is also the 

FDA – Food and Drug Administration, a renowned organization responsible for protecting public health 

in the United States of America. [10] 
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2.1. Hazards in Food Production 

Unsafe food is responsible for more than 200 diseases, affecting in special infants, pregnant 

women, the elderly and those with an underlying illness.  

A product can be contaminated at any point of production and distribution, but the responsibility 

starts with the food producers (raw materials). However, incidents still occur when food is improperly 

mishandled or cooked either at home, market or food services.  

A hazard is defined by an entity, a condition or a circumstance that has the potential to cause an 

adverse health effect. Hazards can be identified as biological (or microbiological), chemical or physical 

(Figure 3). [11] 

Figure 3 – Food hazards. 

 

2.1.1. Biological hazards 

Food and microorganisms have established a relationship since food is an exceptional environment 

for microorganism development. Certain microorganisms are beneficial and are used in the production 

of foods with specific functions, such as fermentation. On the other hand, some cause food deterioration, 

making it unfit for human consumption, posing a threat to human’s health and are a concern for the food 

industry and public health officials. It is estimated that 1 in 10 people in the world fall ill after eating 

contaminated food and 420 000 die every year, due to foodborne illness. [9, 12] 

Microbial growth is determined by intrinsic and extrinsic factors. Intrinsic factors are directly related 

to food composition, such as water activity, available nutrients, pH and oxidation-reduction potential. 

Extrinsic factors are related to the surrounding conditions where the food is kept, namely temperature, 

relative humidity and air composition. [13] 

Biological hazards are defined as those microorganisms, such as bacteria, viruses, parasites and 

prions, that when present in food may cause illness in humans, either by infection or intoxication. 

Hazards

Biological

ChemicalPhysical



7 
 

Foodborne infections are caused by ingestion of pathogens that grow within the body. Foodborne 

intoxication is a condition caused by swallowing microbial toxins present in the food. [11] 

Within the pathogenic microorganisms, some bacteria play a relevant role as they are the main 

cause of foodborne diseases, not only in number but also in frequency. They are unicellular prokaryotic 

microorganisms with a very simple structure and exhibiting great morphological diversity, which allows 

them to replicate very quickly if the environment conditions are favorable. Due to the different 

composition of their cell wall, they are divided into Gram positive (usually without lipids but with a multi-

layered peptidoglycan structure) and Gram negative (with high lipid content but thin peptidoglycan  

layer). [2, 13] 

Being much smaller than bacteria, viruses are infectious agents that act as intracellular parasites 

and need a living host to multiply, using the host’s metabolism. Although they do not multiply in food 

their destruction does not occur unless the food is properly cooked. The viruses most commonly 

implicated in foodborne illnesses are hepatitis A and hepatitis E, rotavirus (the leading cause of 

childhood diarrhea), and Norwalk family viruses (which cause gastroenteritis). [14] 

The protozoa are unicellular eukaryotic beings, with absence of a cell wall and chlorophyll and are 

abundant in still water. These microorganisms are parasites as they establish a symbiosis relationship 

with a host, obtaining the nutrients for their growth while damaging the host. However, food disturbances 

caused are much less frequent than those of bacterial origin. 

The prion is an infectious protein particle, encoded by a chromosomal gene. It is presumed to be 

the causative agent of transmissible and genetic neurodegenerative diseases, such as bovine 

spongiform encephalopathy (BSE) and its human variant, sheep and goat scrapie, and Creutzfeldt-

Jakob disease. This prion protein is a modified protein which, upon contact with a healthy protein, 

modifies it into a pathogenic protein, which in turn will modify another healthy protein, producing a chain 

reaction. [15] 

Table 1 presents some examples of the referred biological hazards, as well as in which raw material 

can be found and the potential symptoms that can cause to humans after consumption.  
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Table 1 – Biological hazards examples, associated raw materials and potencial symptoms. Adapted from [2], [5], [16]. 

Type of hazard Example of hazard Associated raw materials Potential symptoms 

Bacteria Bacillus cereus Cereals, raw milk, milk 

products, potatoes 

Food poisoning with 

symptoms of vomiting, 

diarrhea 

 E. coli Raw meat, untreated milk, 

raw vegetables 

Diarrhea, nauseas, fever, 

abdominal pain 

 

 Salmonella spp. Raw meat, eggs, raw milk, 

milk products 

Diarrhea, nauseas, fever, 

abdominal pain 

Virus Hepatitis A Virus Salads, fruits, fish, shellfish, 

vegetables, water, 

milk 

Hepatitis A 

Parasite Cryptosporidium parvum Fruits, vegetables, 

contaminated water 

Cryptosporidiosis 

 Giardia lamblia Contaminated water Giardiasis  

Prion BSE agent Beef meat Creutzfeldt-Jakob disease 

variant 

 

2.1.2. Chemical hazards 

Chemical hazards can occur at any moment during harvesting of raw materials, transport, storage 

or processing and are dangerous to humans when the chemicals present in foods reach high 

concentration levels.  

According to ASAE - Autoridade de Segurança Alimentar e Económica - there are six ways for 

chemical contamination: [16] 

1. Industrial and environmental pollutants; 

2. Biological pollutants; 

3. Food processing contaminants; 

4. Pesticides residues; 

5. Food additives; 

6. Others. 

Among industrial and environmental pollutants which could be contained in the raw materials are 

polychlorinated biphenyls (PCBs), dioxins, benzopyrenes, heavy metals, melamine.  

PCBs are family of compounds manufactured for industrial purposes: additive in lubricating oils, 

adhesives, plastics, etc. Its chemical properties, such as low electrical conductivity, high heat resistance 
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and chemical stability are responsible for its persistence in the environment. Dioxins are a group of toxic 

compounds and considered as persistent environmental pollutants. They are formed as by-products of 

various industrial activities which mainly involve combustion processes but can also result from natural 

processes, such as volcanic eruptions and forest fires. Both PCBs and dioxins bioaccumulates in the 

food chain, causing serious health effects, especially in the long term, including the development of 

cancer, immune and nervous system problems, liver damage and sterility. [17, 18] 

Polycyclic aromatic hydrocarbons are environmental contaminants which result from the 

incomplete combustion of organic matter. They are characterized for having several condensed 

aromatic rings. Due to its hydrophobicity, it has a potent carcinogenic action by binding to the DNA 

molecules and causing errors and mutations in DNA replication. These contaminants enter the food 

chain when they deposit in water environments (pounds, rivers, …). The most studied and known 

polycyclic aromatic hydrocarbon is benzo-α-pyrene. [19] 

Heavy metals are found naturally in the earth and human activities result in the increase of its 

concentration. Just as PCBs and dioxins, they can be bioaccumulated in living organisms and over time 

cause serious health effects involving reductions in growth and development, cancer, damage to the 

nervous system, among others. They can be found in contaminated vegetables, fruits, fish or shellfish. 

Lead, mercury and cadmium are the heavy metals that present the highest food safety risks. [16] 

Melamine is a chemical used in the fabrication of plastics, dishware, adhesives, etc. It is also being 

used as fertilizer in some parts of the word so crops can be contaminated with this pollutant entering the 

food chain. [20] 

Chemical hazards from biological origin are the toxins produced by microorganisms. These present 

a serious risk for human health. Mycotoxins are toxic substances resulting from the development of 

molds. The most common mycotoxins are aflatoxin, vomitoxin, ochratoxin and zearalenone.  

Aflatoxins are a group of toxins produced by Aspergillus flavus, which develop in a wide range of 

raw materials, like corn, rice, spices, nuts. Vomitoxin (often denominated as deoxynivalenol), and 

zearalenone occur predominantly in grains such as wheat, barley and corn and are produced by 

Fusarium graminearum, Ochratoxins are produced by Aspergillus ochraceus and are developed in 

cereal grains. Ochratoxin A is the most abundant contaminant found within the mycotoxins. If the feed 

given to animals is contaminated by these toxins, so are the animal derived products (milk, eggs and 

meat) also contaminated. [5] 

Regarding food processing contaminants, these are formed due to high temperatures that lead to 

undesirable changes in product composition, such as reduced nutritional value or formation of new 

substances.  

Pesticides are used for crop protection and pest elimination. However, they are highly toxic either 

for the crops and animals as well for the environment. Legislation imposes important limits to the use of 

pesticides, assuring that consumers’ health is not at risk. [16] 
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Additives are substances that are added to preserve or improve the texture, taste and safety of a 

food product. A traditional example is the addition of salt in preservation of meat. Additives can have 

different functions: they can act as dyes, preservatives, antioxidants, emulsifiers or sweeteners. WHO 

and FAO are responsible for judging the risks to human health from food additives. Only after being 

considered safe from the usage limits established by the Codex Alimentarius, the substances can be 

used in food products (as additives). [21] 

Migrations of chemical substances from packaging materials (e.g. plasticizers) can contaminate 

the product. It is still a legal problem in many countries. Melamine is another example of a substance 

that can contaminate the product.  Cleaning agents are used in the sanitation of materials and equipment 

during the fabrication process. However, a bad cleaning intervention can cause the incorporation of the 

referred agents into the product. Lubricants can also be a source of contamination. However, in food 

industry special lubricants are used, which don’t pose a threat of contamination. [22] 

2.1.3. Physical hazards 

The physical hazards can be divided into two types: metallic elements and non-metallic elements. 

Since most of the equipment used in food processing plants is made of metal, it is reasonable that there 

is a risk of contamination by metal elements (filings, screws, etc.) during the manufacturing process. A 

metal detection device is placed at the end of each line, ensuring that the contaminated product is 

removed from the process.  

Possible examples of are wood chips, glass, packaging fragments of raw materials and fragments 

of acrylics and plastics from the facilities. The application of GMPs, such as the checklists for 

identification of non-metallic contaminants present in the manufacturing area, limits the occurrence of 

this hazard. [11] 

2.2. Hazard Analysis 

Hazard analysis is a process that must be fully developed and implemented in a food company, 

recognizing and assessing hazards throughout the production line. Conducting a hazard analysis 

comprises two stages. The first stage is the hazard identification, previously described. Hazards are 

identified considering the equipment used, raw materials and all activities conducted at each production 

process. The second stage is the hazard evaluation. Is based on the likelihood of the hazards 

(probability) and the gravity of their harmful effects on health (severity). Information in literature, 

epidemiological data, company’s recent history and the experience of the members of the HACCP team 

are necessary for the hazard evaluation.  

Based on different classifications of probability of occurrence (P) and severity (S) of a hazard a risk 

matrix can be determined (Table 2). Hazards are estimated and ranked on a 1 to 4 scale for the 

probability of occurrence (from unlikely to common) and severity (from low to high). Then the risk is 

determined, also on a 1 to 4 scale.[22] 
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Table 2 – Risk matrix based on the probability of occurance and severity of a hazard. Adapted from [22]. 

Probability 

Severity 
Unlikely (1) Occasionally (2) Probable (3) Common (4) 

Very high (4) 2 3 4 4 

High (3) 2 3 3 4 

Medium (2) 1 2 3 3 

Low (1) 1 1 2 2 

 

After conclusion of the hazard analysis, preventive measures are established for hazard prevention, 

elimination or reduction. Hazards classified with risk numbers 1 and 2 are controlled by GMPs and GHPs 

while a hazard classified with risk numbers 3 and 4 are frequently considered as Control Point (CP) and 

Critical Control Point (CCP), respectively. 

The company where this internship was carried uses a similar approach for hazard analysis, 

differentiating in the risk classification. 
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3. HAZARD ANALYSIS AND CRITICAL CONTROL POINTS 

The system for food safety and quality management must be documented, implemented and 

retained at one location, either described on a quality manual or on an electronic system. All documents 

should be comprehensive, legible and always available to relevant personnel. [23] 

HACCP is a systematic approach for identification and control of hazards to ensure food safety. It 

is also a tool for the development and implementation of effective safety procedures.  

This system applies the scientific and technical principals on food production and manipulation. 

The HACCP principles are applied on all stages of food production and are based upon the Codex 

Alimentarius. Due to technology advances and new processes being develop, the HACCP system 

should be revised from time to time. [24] 

 

3.1. Advantages of the HACCP System 

HACCP guidelines are being increasingly included into legislation of many countries, becoming a 

key element for food quality control standardization and assurance practices. There are other 

advantages that result from implementing a successful HACCP system, described below. [8, 23]  

The incorporation of food safety principles control measures is fundamental in raising employee’s 

awareness of specific hazards throughout the production line. This leads to an increased knowledge of 

the employees who contribute more to food safety. Management also plays a vital role since managers 

are responsible for personnel formation. Records relating to process control, hygienic procedures as 

well as the application of GMPs and GHPs are evidence of the commitment of the company in obtaining 

quality and safe products. 

The adoption of standard food compliance provides a greater confidence of customers and 

consumers, it also maintains the market share since buyers demand the implementation of the HACCP 

system, which adds value to the products compared to their direct competitors. 

Additionally, it allows a reduction in operational costs, like product reprocessing or rejection, and 

an increase in the resources efficiency. The HACCP system can detect problems in earlier stages of 

production and reduce the waste cost accordingly. 
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3.2. HACCP Concept Origin 

The HACCP system grew from two major developments. The first breakthrough was associated 

with Deming which developed the Total Quality Management, a system that promoted high-quality 

products and services to customers at competitive costs. [25] 

The second breakthrough was the development of the HACCP concept itself. It was founded in the 

1960s by the Pillsbury Company, in collaboration with the United States Army and the United States 

National Aeronautics and Space Administration (NASA) with the purpose of ensuring the quality and 

hygiene of the food destined to the United States space program. [26] 

NASA wanted a "zero defects" program to guarantee innocuity of the food that astronauts would 

consume in space. This program used many non-destructive tests to ensure that it would function 

properly. However, it was concluded that it was not appropriate to be adapted to food. A new approach 

was developed by the US Army National Laboratories, currently known as FMECA – Failure Mode, 

Effects, and Criticality analysis. This approach is based on obtaining information related to food 

production: identification of processes and of which processes have a higher susceptibility to fail. It also 

incorporates the Hazard Analysis, described in Section 2. Based on this, it was possible to select 

measure and observations points and verify if a process was under control. If at any given point the 

process was out of the control limits, that could result in a safety problem on the food. These points are 

known as CCPs. [27] 

In 1971, Pillsbury presented the HACCP concept publicly at the 1st edition of the Conference for 

Food Protection, in Colorado. Afterwards, the FDA used the HACCP concepts in the promulgation of 

regulations for low-acid canned food which were completed in 1974. The concept aroused great interest 

by renowned organizations, such the WHO, FAO and ICMSF – International Commission on 

Microbiological Specifications for Foods, which suggested the implementation of the HACCP concept. 

However, it was not adopted by many food organizations. In 1985, United States National Academy of 

Science (NAS) published a report on microbiological criteria. In this report NAS recommended that 

federal control agencies and food organizations should use the HACCP system, since it is the most 

effective and efficient way to ensure food safety. [2] 

The Codex Alimentarius, created by FAO and WHO, has published numerous guidelines for food 

safety. One is the General Principles of Food Hygiene application, which recommends an HACCP 

system for food safety. Regulation (EC) No 852/2004 of the European Parliament and of the Council of 

29 April 2004 on the hygiene of foodstuffs makes obligatory the implementation of a food safety system 

based on the Codex Alimentarius principles. In Portugal, this is transcribed into Decreto-Lei no. 

113/2006 of 12 June, which establishes rules for implementation of the referred European regulation. 

The International Organization for Standardization (ISO) has published the ISO 22000:2005, which 

specifies the requirements for a food safety system according to the HACCP principles, for any food 

organization. This standard, besides demonstrating compliance with legal regulation, can certify the food 

safety system of a food company. [1] 
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3.3. Prerequisite Programs 

Prior to developing HACCP plans, prerequisite programs should be implemented. They are 

activities and basic conditions that are necessary to maintain a hygienic environment along the food 

chain (production, management and supply of safe products). The equivalent terms GMP and GHP. 

Documentation regarding the prerequisite programs must follow legislation regulation, namely the 

Codex Alimentarius Guidelines and Regulation (EC) No 852/2004 of the European Parliament and of 

the Council and should be reviewed at least once a year. The documentation should also reflect on the 

company’s environment and operation practices. [8] 

The prerequisite programs generally consider the following items, although other prerequisite 

programs can be developed: [3] 

 Establishment construction and layout; 

 Transportation, reception and storage; 

 Equipment; 

 Personnel formation and hygiene; 

 Pest control; 

 Traceability system; 

 Allergen and additive control.  

 

3.3.1. Establishment construction and layout 

For this prerequisite program the location of the establishment, its construction, sanitary facilities 

and water supply should be contemplated. 

The establishment must be in an unpolluted area and roads must be clear of garbage debris to 

minimize potential sources of contamination. It should be located away from water courses or areas 

subject to flooding and in an area of easy communication and easy access to the exterior. [4] 

It should be designed so it allows the application of hygienic practices more efficiently. It must have 

a correct circulation of the product, operations and operators to avoid cross contaminations. For 

example, the raw materials received must be in an area separated from the production area. 

Construction materials should be easy to clean, smooth, non-porous and easy to inspect. The lighting 

should be appropriate not to change the color of the food and its intensity should be adequate to the 

different areas. The lamps must be protected so that, in the event of a break, there is no food 

contamination. The ventilation system should not go from the most contaminated area to the least 

contaminated and cleaned or replaced frequently. A waste facility and a drainage system must be fully 

functional to prevent the product contamination and the potable water supply, respectively. [8, 11] 

Sanitary facilities should be in appropriate areas, separated by sex and in sufficient numbers for 

the number of workers and with individual lockers. Potable water with temperature regulation, liquid 

soap dispensers and disposable paper for hands must be available. 
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Regarding water supply, it must comply with the minimum requirements for water intended for 

human consumption, as defined by international and/or national legislation. Only potable water should 

be used in food processing and ice should be made from it. A facility for its storage, distribution and 

temperature control are required for ensuring the safety of the products. Separated distribution lines of 

water must be implemented for fire control, steam production and refrigeration. [3] 

3.3.2. Reception, storage and transportation 

Whenever raw materials are received, an inspection of the incoming vehicle must be taken to verify 

sources of contamination. Control measures are taken if pests, molds, strange smells are detected. After 

vehicle inspection, raw materials sampling is carried out to verify if the parameters are in conformity with 

the specifications. If a raw material is transported at a specific temperature range, the vehicle owner 

must provide the temperature registry of the transport container, indicating the moment when the raw 

material was loaded. All control measures and the results of raw materials should be documented. [24] 

Raw material storage must minimize the risk of cross contamination. If a raw material requires 

refrigeration, it must be stored in appropriate storage facilities, with temperature control. Stock rotation 

shall be in accordance with the principles of FIFO and FEFO, to prevent raw materials deterioration and 

spoilage. [24] 

Before product loading, transport vehicles must be cleaned and maintained in good conditions 

(absence of strange smells, dust, molds and pests), to protect the product from contamination. If different 

types of product are transported in the same vehicle, there must be an effective separation between 

products. Transport vehicles must be able to maintain, control and register the container  

temperature. [4] 

3.3.3. Equipment 

Equipment, utensils and surfaces in contact with food must be safe for operators, protect food from 

external contamination and not constitute itself a source of contamination. They should be cleaned and 

disinfected with a frequency to avoid the risk of contamination. [11] 

Equipment should be designed, constructed and installed in such a way as to promote proper 

maintenance, sanitation and inspection. The building materials must be resistant, non-toxic, hygienic 

and non-corrosive. They must control and maintain the defined parameters, such as temperature or 

humidity, to ensure the elimination of toxins and pathogens. [8] 

Equipment maintenance should be carried out to avoid the deterioration, which can result in a 

contamination. Records of the repair work should be kept. [4] 
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3.3.4. Personnel formation and hygiene 

The company must ensure that employees and those responsible for the development and 

maintenance of food safety systems have adequate training in hygiene and food safety. Training plans 

and supervision should be carry out to ensure the correct application of GMP’s and GHP’s. [5] 

Employees should maintain a high degree of personal hygiene and use appropriate, protective and 

clean clothing. They should fulfil tasks regarding the safety of food such as washing their hands at the 

start of food production, after using a sanitary facility or after handling a contaminated material. 

Behaviors such as smoking, eating or wearing personal belongings (watches, earrings...) near 

production area are prohibited since it can result in contamination. [24] 

In case of an easily transmissible disease (fever, vomiting, sore throat, among others), the 

employee is forbidden to manipulate the product and to enter production sites. [3] 

3.3.5. Pest control 

Pests are a potential source of contamination. The company should have a pest control system in 

which baits, traps and insect exterminators are fully functional and placed at locations that will not cause 

a contamination risk. Monitoring procedures like the inspection of incoming deliveries as well as good 

hygienic practices are essential to minimize the risk of infestations. [11] 

If an external company is employed a written contract for pest control should specify all the 

activities, chemicals, device location, corrective actions and maintenance procedures. [8] 

3.3.6. Traceability system 

A food recall occurs when a product on the market constitutes a serious risk to consumer health. A 

traceability system can halt the distribution and sale of the product while removing the unsafe product 

from the market. [24] 

The identification of product by lots provides information of all distributors that received the unsafe 

product as well as notify the consumers. Information from raw materials suppliers can also be obtained 

to identify the reason for the product recall. [5] 

The traceability system integrates all relevant receiving processing and distribution records. 

Traceability shall be ensured and documented until delivery to the customer. 

3.3.7. Allergen and additive control 

Allergens are substances that are responsible for causing allergic reactions to hypersensitive 

consumers. Raw materials that contains allergens must be correctly identified and labelled during 

inspection. [24] 
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The manufacturing procedures for allergen control must be implemented to minimize cross 

contamination. Containers and utensils exclusive for allergen use should be designated and labelled. [5] 

Products containing allergens must be labelled accordingly to the legal requirements and are based 

on hazard analysis and assessment of associate risks. [1] 

3.4.  Implementation of the HACCP System  

As initially stated, the HACCP system identifies the microbiological, chemical or physical properties 

that can adversely affect food safety and specifies measures to control them. In Annex A is represented 

an example of an HACCP worksheet. 

The system is based on seven fundamental principles, defined by the National Advisory Committee 

on Microbiological Criteria for Foods: [11] 

1. Conduct a hazard analysis; 

2. Determine the CCPs; 

3. Establish critical limits for each CCP; 

4. Establish a monitoring system to ensure control of CCPs by means of preventive 

measurements; 

5. Establish the corrective actions to be taken when monitoring indicates that a CCP is not under 

control; 

6. Establish procedures for verification to confirm that the HACCP system is working effectively; 

7. Establish documentation concerning all procedures and records appropriate to these principles 

and their application. 

In practice, however, the implementation of a HACCP system follows a methodology based on 

twelve sequential steps, which include the seven principles already presented. These steps are based 

on the Codex Alimentarius Guidelines [3] and it is represented in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

1. The HACCP team

2. Product description

3. Intented use of the product

4. Flow diagram elaboration

5. Flow diagram on-site verification

6. Conduction of a hazard analysis

7. CCPs determination

8. CCPs limits

9. CCPs monitorization

10. Corrective actions implementation

11. Verification of the HACCP system

12. Documentation/Record

Figure 4 – Implementation of the HACCP system. [3] 
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1. The HACCP team 

The first step is assembling the HACCP team. It should be multidisciplinary: the team members 

should be specialists in engineering, production, technology, quality, chemistry and microbiology. It 

should also be composed by personnel with product and process knowledge. With those skills they can 

conduct the hazard analysis, control and define the limits for the identified hazards, as well as to 

implement the corrective actions when deviations occur. In certain circumstances, external expert advice 

shall be obtained to identify other hazards that could compromise public health. [11] 

The team should revise the HACCP plans when new products are developed, change of suppliers, 

change of process operation, high number of reclamation or changes on legislation are made. It is also 

fundamental to delegate an internal team leader, a professional trained for the development, implement 

and maintenance of the HACCP system. [24] 

2. Product description 

A full description of the product with all relevant information on product safety should be completed, 

namely: [3] 

• Composition; 

• Physical, organoleptic, chemical and microbiological parameters (aW, pH, …); 

• Legal requirements for the food safety of the product; 

• Food preservation processes (freezing, heat-treatment, …); 

• Packaging; 

• Durability (shelf life); 

• Conditions for storage, methods for transportation and distribution. 

 

3. Intended use  

The intended use of the product describes the relation to the expected use of the product by the 

consumer. It takes in account if a product can be consumed for the overall population or its intended for 

vulnerable groups of consumers, such as children or the elderly. [3] 

4. Flow diagram elaboration 

One of the many tasks of the HACCP team is the flow diagram construction and updating. It is a 

simple and clear description of all operation stages, for each product or product group. The flow diagram 

can guide other people, such as inspectors, to help them understand the process. [3] 

The flow diagram should be updated in the event of any changes. 

5. Flow diagram on-site verification 

The HACCP team must validate the flow diagram, by on-site verification of all operation stages. 

Alterations to the diagram are made, when necessary, to reflect the actual reality of the company. [3] 
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6. Conduction of a hazard analysis (Principle 1) 

A hazard analysis should be available for all physical, chemical and biological hazards, including 

allergens, which may reasonably be expected. The hazard analysis should also consider the likely 

occurrence of hazards and severity of their adverse health effects, as described in Section 2.2. [3]  

7. Determination of critical control points (Principle 2) 

A CCP can be defined as a point in the process where control measures can be applied to prevent, 

reduce or eliminate a hazard at acceptable levels. The hazard analysis allows the identification of the 

CCPs of the process, however it is facilitated by the application of a decision tree, recommend by the 

Codex Alimentarius (Figure 5). [3] 

Figure 5 – Decision tree for CCPs identification. [3] 

8. Establish critical limits for CCP (Principle 3) 

A critical limit defines the limiting values for each CCP. They must be validated to clearly identify 

when a process is out of control. Typically, measurements such temperature, time, humidity, water 

activity, among others can be used as a criterion for the critical limits, depending on the type of process. 

9. CCPs monitoring procedures (Principle 4) 

In simple terms, monitoring is the observation and measurement of parameters (temperature, 

time…) to determine if critical limits are under control.  
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Continuous monitoring gives full information regarding a CCP. When it is not feasible, intermittent 

monitoring, under a well-defined frequency, could be used to ensure that a CCP is within the critical 

limits. Adjustments on equipment parameters can be performed to avoid the loss of control of a CCP.[11] 

Records of monitoring and control of each CCP must specify the person responsible of these 

procedures as well as the monitoring results.  

10. Establish corrective procedures (Principle 5) 

Monitoring can indicate occurrence of deviations, leading to a CCP that is not under control. 

Corrective actions shall be taken to ensure that the CCP is put again under control and must be 

documented. Each CCP should have its own corrective actions. [3] 

11. Establish verification procedures (Principle 6) 

To confirm that the HACCP system is effective procedures of verification should be implemented. 

Verification of the HACCP system should be performed frequently, at least once a year. Examples of 

verification activities include: [24] 

- Examination of the HACCP system; 

- Internal/external audits; 

- Sampling and analysis; 

- Complaints by authorities and customers. 

 

12. Documentation/Records (Principle 7) 

Maintaining documentation of all activities, procedures, processes, control measures and records 

are vital for the HACCP system. Documentation constitutes evidence if the organization in involved a 

foodborne illness. Records can be: [24] 

- records related to the prerequisite programs; 

- monitoring records; 

- corrective action records. 

 

3.5. Revision of the HACCP Manual 

The focus of the work developed was based on the revision and improvement of the bakery 

company’s HACCP system where the internship was carried out, in all lines of production. Each line has 

its own HACCP manual, which is regularly revised to assure that new raw materials, new processes and 

changes in the hazard evaluation are complemented. The revision of the manuals is very important to 

assure food quality and food safety in all process stages, from the reception of raw materials to storage 

of product in distribution centers. 
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The company follows IFS for food safety certification, recognized by Global Food Safety Initiative, 

which ensures the food safety and quality requirements in accordance to the applicable legislation. 

When compared to the ISO 22000:2005, IFS stand out by having exclusive prerequisite programs 

associated to costumer focus, genetically modified organisms, product packaging and others. It is more 

detailed than ISO in food safety and quality management system, formation and traceability. However, 

it is not exhaustive in the personnel hygiene, utilities, equipment and pest control prerequisites. Although 

the organization is certified by the IFS standard, it complements the ISO requirements as well for a more 

refined system of food safety and quality management. [28] 

The HACCP manuals are available in the informatic system and divided in 8 chapters and 1 annex: 

o Chapter 1 – Introduction; 

o Chapter 2 – HACCP description, legislative and bibliography references; 

o Chapter 3 – Content and scope: 

o Chapter 4 – HACCP team; 

o Chapter 5 – Product description; 

o Chapter 6 – Operational flow diagrams; 

o Chapter 7 – Methodology for determination of hazard analysis; 

o Chapter 8 – Hazard Analysis and Critical Control Points; 

o Annex 1 – Prerequisites HACCP. 

Chapter 1 presents the company’s history and its emblematic brands. Alterations in this chapter 

were done due to the acquisition of company’s leading brands by a food organization in 2016.  

In chapter 2 a full revision of the HACCP concepts was done. The legislative and bibliography 

references were updated, due to new publications, either national or international. Besides the Codex 

Alimentarius Guides, also conformance with Regulation (EC) No 852/2004 of the European Parliament 

and of the Council of 29 April 2004 and Decreto-Lei no. 113/2006 of June 12 is applied for 

implementation of the food safety system. Being a bakery facility, it must follow all requisites described 

in Decreto-Lei no. 33/87 of January 17, which regulates the activities in any bakery industry. 

Chapter 3 describes the scope, for each line of production. The list of products, the processes, 

hazards to consider and guarantee of product security is summarized. Changes on the list of products 

were done since new products were released to the market and some products were discontinued. 

Chapter 4 defines the HACCP team, composed by members from the Quality, Production and 

Maintenance departments. This chapter was revised since one member of the team was substituted. It 

corresponds to the first step of the implementation of the HACCP system, respectively (Figure 4). 

The second and third steps are documented in chapter 5. For each product, in the designated line, 

a full description is made regarding the following items: 
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• Name of the product; 

• Countries marketed and distribution 

method; 

• Legal requirements for product safety; 

• Important product characteristics; 

• Ingredients; 

• Allergens; 

• Net weight; 

• Kind of packaging; 

• Conditions of process; 

• Intended use and target consumer; 

• Shelf life; 

• Conservation conditions; 

• Product physical-chemical and 

microbiological specifications; 

• Raw materials specifications; 

• Packaging material specifications 

• Label text. 

 

This document was revised because:  

• New products were released to the market; 

• Some products have been discontinued; 

• Alterations in the referred items were made. 

The intended use of the product has remained unchanged since the products are designated for 

adults and children that are not sensitive to allergens mentioned in the description. The products are to 

be consumed directly without any previous treatment. 

In chapter 6 all operational flow diagrams are represented, for each production line (step four). 

They present a more detailed block diagram than that of Figure 2 (Section 1.1.3), with all the raw 

materials, packaging materials and utility entries and exits within the process. Flow diagrams for 

personnel, product (from raw materials to expedition), residues and raw materials and packaging 

materials are also represented in this chapter. All flow diagrams were confirmed on-site, and changes 

were made to validate the documentation and reflect the reality of the factory unit. The confirmation on-

site of the flow diagrams is the fifth step of the implementation of the HACCP system. 

Chapter 7 describes the methodology for determination of hazard analysis (step 6). This 

methodology is similar as described in Section 2.2, where a hazard risk level is determined by its 

probability and severity. After a meeting with the HACCP team it was decided to maintain unchanged 

the company’s probability and severity classifications as well as the risk matrix. 

Chapter 8 contemplates stages 7 to 10 and is the most important chapter since it compiles all the 

necessary information for controlling all hazards in each stage of production, indicating its respective 

risk level, PCC identification and corrective actions to be implemented. It is in an Excel file (for each line 

of production), similar as the table presented in Annex A, which facilitates the reading and alterations 

can be easily made when revision of the manual is in course. The company classifies the hazards in 

four types: Microbiological, Biological, Chemical and Physical. 
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Microbiological hazards refer to pathogenic microorganisms, such as Salmonella spp., fungi and 

molds. They are already described in Section 2.1.1. These hazards may be caused by inadequate 

transportation, storage or handling of raw materials, either by suppliers or employees. The inspection in 

raw material reception (Section 1.3.3), GMP and GHP application, temperature control, compliance to 

the sanitation plans and other prerequisite programs are important to minimize as much as possible this 

hazard. 

Biological hazards refer to rodents, insects and vectors that may be present. A pest control program 

is implemented to eliminate the occurrence of biological hazards. Being a bakery industry, enormous 

amounts of flour is processed. At the raw material reception, a visual control is made to identify if weevils 

and its eggs are present by sifting a sample. If these hazards are identified, then the raw material is 

immediately rejected. If not, and after verification for conformity of the flour parameters, the raw material 

is discharged into silos. Although the silos conditions are favorable for development of weevils, the high 

rotation of stocks does not allow it. Safety screens are placed at consumptions points to avoid product 

contamination. 

Chemical hazards (described in Section 2.1.2) include lubricants, refrigerants, dirtiness, allergens 

and traces of detergents in this category. All raw materials are controlled at reception, by verifying if the 

specifications are in accordance with the analysis certificate, analytical bulletins or other datasheet 

provided by the suppliers. There are two types of lubricants that are used in the equipment of this facility: 

one for occasional food contact, denominated as NSF H1, and the other when there is no food contact 

probability, known as NSF H2. During the revision of the manual it was confirmed that these lubricants 

are still used. Due to eventual pipe escapes, refrigerants can be in contact with the food product. The 

list of refrigerants used in production was updated and it is archived in the Maintenance department. 

Regarding dirtiness, allergens and trances of detergents, these hazards are minimized by the application 

of sanitation plans as well as GHPs, which remained unchanged. 

Physical hazards are classified in two types: metallic elements and non-metallic elements. The first 

results by incorporation of metallic elements of the equipment, for example screws, and the latter 

considers wood chips, plastic from packaging material, acrylic and rigid plastic coming from the unit 

itself. A metal detection stage is implemented to reject product contaminated with metallic elements, 

and the verification of non-metallic elements should be conducted at the start of production to minimize 

the risk of contamination. Glass is an element that is prohibited to be present inside the production area. 

Raw materials are also subject to inspection for the identification of this hazard. 

Because it is an IFS requirement for food certification, a systematic approach was taken to 

independently identify if every hazard could be considered as a control point or as controlled by 

prerequisite programs (CCPs were already fully described). This approach was applied to every stage 

of the process, from raw materials reception to distribution. Based on the risk level of each hazard 

(already defined), control measures, limits and frequency were established, as well as corrective actions 

to take, according to the documentation on hygiene and process instructions. Information of all 
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equipment specifications and maintenance schedule was retrieved from the Maintenance Department 

and included in this chapter. Two examples are explained below, for raw materials and water supply. 

For raw materials control measures, a sample is taken for verification of conformity of specifications 

when a raw material is received; Information on the hazard limits, namely specifications for physical-

chemical (concentration of heavy metals, dioxins, PCBs, melamine…) and microbiological (e.g. 

Salmonella colony-forming units’ maximum values). These specifications are filed at the Quality 

Laboratory; Corrective actions are based on the results of the conformity with the specifications, being 

rejected and sent back to the supplier if the hazards are not within the specified limits. 

For water supply, chlorine levels are checked by members of the Quality Department, to ensure its 

sanitary quality. A chlorination system is implemented which performs continuous monitoring and 

adjusts the chlorine levels. Decreto-Lei no. 306/2007 imposes that the chlorine level values must be 

between 0.2 and 0.6 mg/L. This system is periodically verified to assure its correct operation. 

Prerequisites implemented by the company are described in Annex 1 of the HACCP manual and 

remains unchanged. It considers the programs identified in Section 3.3. 

The stages of cooking and metal detection are identified as a CCP, according to the decision tree. 

For each CCP, the critical limits were revised based on interventions made by the Maintenance 

department, namely equipment calibrations. The frequency and corrective actions were also confirmed 

on site with the employees. 

In the cooking stage the hazard acknowledged was the survival of microorganisms due to 

insufficient cooking. As a control measure, the temperature in the product thermal center is verified at 

the exit of the oven. If the temperature is below to the established minimum temperature value that the 

product should have corrective actions are applied to quickly put the process under control, namely by 

regulating the belt speed. The referred minimum temperature is based on a study made by the company 

and ensures the product safety. 

The metal detection stage has the purpose 

to automatically reject product contaminated 

with metal elements. The organization follows 

the FDA Food Code which states that: “sharp or 

hard foreign objects of a length between 7 mm 

and 25 mm are dangerous and it is added that 

objects of a length of less than 7 mm can still 

cause injury to groups of risks such as children 

and the elderly.” [11] 

Due to this, the organization implement a 

control measure that uses test sticks (Figure 6). 

The test sticks contain a small sphere, that varies from 1.5 to 3.5 mm. Each line of production has three 

Figure 6 – Examples of test sticks for metal detection. [29] 
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test sticks: one for detection of ferrous elements, one for non-ferrous elements and one for stainless 

steel. The operator places individually the test sticks on the product and watches the correct rejection 

of the product. If the metal detector fails to reject, then all the product that may be unsafe is separated.  

The company has implemented a document listing all acrylics and rigid plastics for each line and 

other factory locations (warehouses, laboratories…). This list also specifies which is the type of material, 

its thickness and a risk evaluation (similarity to hazard risk level). Checklists are made based on the risk 

evaluation and are daily applied to ensure that no element can be incorporated in the production area. 

The list of acrylics and rigid plastics is reviewed after the revision of the HACCP manual. 
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4. STATISTICAL PROCESS CONTROL 

Processes display intrinsic variability which cannot be controlled. Yet, at any given moment, the 

processes can suffer a sudden variation leading to unwanted results. Statistical Process Control (SPC) 

is composed by several tools which are essential for quality and process control. They can be used to 

monitor, control and reduce the variability of processes. SPC can be used throughout a process or at 

the inspection of its final products. However, the first option is more advantageous since it reduces 

production costs and increases process quality. [30] 

Further on, in Section 4.4, two study cases using the SCP tools will be presented. They are used 

to verify if the weight specification of two products of the bakery company where the internship was 

carried out needed to be changed and how the quality characteristics are affected. 

4.1. SPC Implementation 

Statistical Process Control has become one of the most extensive intervention in quality 

improvement. It started in 1924, when Shewhart developed the statistical methods to control variability, 

namely the control chart. Shewhart is considered the pioneer for statistical quality control. The following 

years lead to World War II, where the use of SPC became crucial for production of high quality military 

equipment. Deming, a Shewhart disciple, helped the Japanese engineers to rebuild its country after war. 

The statistical methods and continuous improvement led Japan to be a strong global competitor. Modern 

quality improvement truly started after Deming’s work in Japan and the SPC techniques further evolved 

from there. [31 - 33] 

The overall objective of SPC is to continuously improve processes by reducing variation. Other 

related objectives, identified in Figure 7 can be met. 

 

Higher 
quailty

Increase 
customer 

satisfication 

Increase 
productivity

Cost 
reduction

More efficient 
data analysis

Increase 
market share

Figure 7 – Advantages resulting of the implementation of SPC techniques. [34] 
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However, some companies fail to correctly implement the SPC techniques by not understanding 

the concepts and its applicability within the company. The most common reason is the lack of 

commitment of top management since it is their responsibility to understand the SPC concepts and 

ensure the training of all members of the company. Therefore, for a successful implementation of SPC 

four criteria should be continuously improved: [34 - 35] 

1. Management: a full management commitment is necessary for training of the SPC concepts 

and process control; 

2. Engineering: understanding the benefits from the introduction and application of SPC and which 

process parameters are to be measure; 

3. Statistical skills: verification of the process statistical stability, correct interpretation of control 

charts and calculating its control limits; 

4. Teamwork: team training provides tools for a better handling of out-of-control situations and 

allows the understanding of the SPC throughout all levels of the human resources in a company. 

 

4.2. Variability Causes 

A production process must assure the reproducibility of the product quality characteristics with the 

minimum possible variation. SPC is a key tool for achieving good process stability and increasing 

capacity for variability reduction. However, process disturbances can occur and can be caused by 

several factors. 

Natural variability is unavoidable and will always exist, regardless of how efficient the SPC 

techniques are implemented or how well the equipment is maintained. This variability outcomes from 

the operation conditions and is very small, not affecting negatively the product quality characteristics. It 

is classified as common causes of variation. 

However, large and detectable variations 

in the process can occur. They are mainly 

caused by defective materials, human errors 

or bad adjustment of the equipment and lead 

the process to be out of statistical control. 

These disturbances are classified as 

assignable causes of variation. [30, 32]  

Figure 8 shows a visual representation of 

the differences between both causes of 

variation. 

 

 

Figure 8 – Behavior differences between common and special 
causes of variation. [36] 



28 
 

4.3. SPC Tools 

Just as initially stated, SPC is composed by several tools which are essential for quality and process 

control, namely for reducing the variability of the process and improving product quality. The seven 

major tools, often entitled as “the magnificent seven” capable of solving 95% of a company’s problems, 

according to Ishikawa, are: [37] 

 Histograms; 

 Check sheet; 

 Pareto chart; 

 Cause-and-effect diagram; 

 Defect concentration diagram; 

 Scatter diagram; 

 Control chart. 

Only histograms and control charts will be explained in detail since these tools were used for the 

statistical study in the present work (Section 4.4). 

 

4.3.1. Histogram 

The histogram allows the graphical representation of the frequency distribution of a characteristic 

in study. It also provides information on the product quality characteristic dispersion and how the central 

tendency is located when compared to the specification. 

For the construction of histograms several rules can be used for defining the class intervals or bins. 

For example, using the Sturgis Rule the class interval (C) is given by: [38] 

C =
R

1 + 3.322 ∙ log(n)
                                                                           (1) 

Where R is the sample quality characteristic amplitude (difference between the maximum and 

minimum values) and n the sample size. Then the number of classes (K) are calculated according to 

the following equation: 

K = 1 + 3.222 ∙ log(n)                                                                           (2) 
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4.3.2. Control chart 

Control charts (Figure 9) allows the visualization of 

a quality characteristic measure, obtained by 

successively collecting product samples over time. The 

chart is composed by three main lines: the center line 

(CL), the upper control limit (UCL) and the lower control 

limit (LCL). The CL represents the average value of the 

controlled quality characteristic and the sample points 

should be within the control limits. In this case, the 

process is in statistical control. If a sample point falls 

outside the control limits it is considered as out of 

statistical control. Procedures to identify the causes for 

variability and corrective action must be taken to return the process to under control.  

A control chart may indicate an out-of-control condition even that there are no points outside the 

control limits. The existence of systematic or non-random behavior may indicate an out-of-control 

situation. For this situation, one of the following behaviors can be observed (Figure 10): [30] 

 Cyclic patterns: caused systematic environmental changes, for example the temperature;  

 Mixing: caused by the overlap of at least 2 distributions, responsible for the process output;  

 Process level offset: may result from the introduction of new methods, raw materials…; 

 Trend: can occur due to deterioration of a working tool or may result from seasonal influences 

such as temperature. 

 

 

 

 

 

 

Figure 10 – Possible control chart patterns: A – Cyclic pattern; B – Mixing; C – Offset; D – Trend. 

Figure 9 – Example of a control chart. [30] 
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The control charts can be classified on variable control charts or attribute control charts. The first is 

used when the quality characteristic to be controlled is measurable and expressed numerically.  Attribute 

control charts are used if the quality characteristic is identified was conforming or nonconforming. [30, 39] 

The most common variable control charts used are the X̅ − R chart (Average-Range), X̅ − s 

(Average-Standard deviation) and individual control charts. For continuous industrial processes, the X̅ −

s chart is appropriate to control the product quality characteristics, as the standard deviation is a more 

accurate measurement for variability. Subgrouping the collected data is one of the most important 

concepts in this type of control chart, since it allows the observation of common causes of variation 

within subgroups and special causes of variation between subgroups. X̅ − s chart plots the sample 

average and sample standard deviation of each subgroup. [39] 

For the construction of this type of chart one assumption must be made in which the sample data 

follows a normal distribution. Considering that in one subgroup there are n samples, the average and 

standard deviation are determined by the following equations: [30] 

x̅ = ∑
xi
n

n

i=1
                                                                                     (3) 

s = √
∑ (xi − x̅)

2n
i=1

n − 1
                                                                              (4) 

The control limits for the s chart, assuming there are m subgroups (with the same number of 

samples), are: 

{
 
 

 
 

UCL = B4 ∙ s̅
 

CL = s̅ =∑
si
m

m

i=1 
LCL = B3 ∙ s̅

                                                                              (5) 

Knowing the average standard deviation is now possible to define the X̅ control chart: 

{
 
 

 
 
UCL = x̿ + A3 ∙ s̅

 

CL = x̿ =∑
x̅i
m

m

i=1 
LCL = x̿ − A3 ∙ s̅

                                                                              (6) 

The constants B3, B4 and A3 are tabulated for various values of n in Annex B. 

 

4.4. Case Study 

Quality is an essential part for products and services. The company, has the goal to manufacture 

their products with the desired characteristics (color, dimensions…) and consequently, increase 

customer satisfaction. In this section, the ICS (Indice de Calidad de Salida) of two products is studied, 
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namely the hot-dogs and the burgers. The ICS is a key performance indicator (KPI) used by the Quality 

Department to evaluate and control the final product characteristics as well as to validate that these are 

in accordance with the established specifications. 

The Quality Department noticed that the weight of the referred products was above of the specified 

values. Therefore, the company’s profit decreases because customers pay less for more quantity of 

product. To face this problem a control was done, based on the tools of Statistical Process Control 

(SPC), and data was collected on the weight (prior fermentation and after the cooking process) and on 

the product quality characteristics (length, width, height for hot-dogs and larger diameter, smaller 

diameter and height for burgers).  

This statistical study is not related to the HACCP system, that is they are two independent works 

developed during the internship.  

4.4.1. Methodology 

Sampling was carried out 20 times (20 independent productions) for hot-dogs and 23 times for 

burgers, according to the production schedule and throughout 3 months. For each production followed 

and for both cases, three consecutive trays (23 dough units each) were collected from the production 

line (prior to the fermentation process), totalizing 69 samples. 

Every sample was weighted in the precision balance located in this production section and its value 

was registered. The trays were marked and placed again in the production line. 

After the cooking process, the marked trays were retrieved, and measures of the sample weight 

and sizes were taken and registered, in the Quality laboratory. 

4.4.2. Hot-dog 

In this case study, data was collected from 20 independent productions. A total of 1380 samples 

were collected and measurements on the weight prior to fermentation and after the cooking process 

were taken and registered, as well as the dimensions of the product (length, width and height). Due to 

confidentiality reasons, the values of the product characteristics are not shown. Two types of analysis 

were conducted: one with the overall data and another with subgroups for the construction of the control 

charts.  

For the overall data, the weight distribution of the product (prior fermentation) was verified and 

represented in Figure 11. This histogram was build based on the Sturgis rule (equation 1). 
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Figure 11 – Hot-dog weight data distribuition (prior fermentation). The orange line represents the cumulative percentage 
and the red lines the specification limits. 

The data follows a normal distribution. However, it represents a wide dispersion and its center is 

located slightly above the specification limits. More than 50% of the data is above the upper specification 

limit. From a continuous improvement project being carried out, it was found that this dispersion is 

caused by four main reasons: [40]  

• Process: equipment parameters need be manually checked and corrected periodically during 

production because the equipment placed in line is old. For example, if the cutting speed is 

reduced (translates in a higher hot-dog length and weight) the operator must correct this 

parameter. 

• Equipment: equipment placed in line is old. If maintenance is not conducted, it poses a major 

cause for variation.  

• People: human error cannot be prevented, and mistakes are sure to happen. 

• Material: the raw materials also pose a factor for variability: flour quality parameters (tenacity, 

extensibility and elasticity) are different from lot to lot, leading to different dough properties in 

the mixing process. Similarly, yeast activity varies from lot to lot. Yeast is a raw material used 

for dough rising, and if yeast activity has a higher value than the previous lot the product height 

will be higher. 

A second analysis was done with the overall data, which consisted in knowing the weight loss 

resulting from the fermentation and cooking process. The weight correlation is represented in Figure 12. 
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Figure 12 – Weight relationship. Specification limits are represented in red. 

Analyzing the results, it can be said that the weight is reduced, on average, about 15% from the 

initial state, with a coefficient of determination (R2) of 0.946. 

For the second analysis, the data was divided into 20 subgroups, each containing 69 samples. 

Each subgroup represents the data collected for a day of production. This arrangement is done because 

whenever a new production is started, operators must optimize the equipment and procedural 

conditions. However, due to factors extrinsic to the operator (for example temperature, characteristics 

of the kneading), the optimization operations are different when compared to another day of production. 

In all X̅ charts the specification limits (solid lines) are delineated for an easier comparison with the 

control limits (dashed lines), determined by equation 6. The control limits of the s chart are determined 

by equation 5. The values for B3, B4 and A3 are 0.510, 1.490 and 0.680, respectively (Annex B).  

Firstly, the control chart for the weight prior to fermentation is represented in Figure 13 and  

Figure 14.  
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Figure 13 – Hot-dog weight �̅� control chart (prior to fermentation). 

 

Figure 14 - Hot-dog weight s control chart (prior to fermentation). 

Regarding the X̅ control chart, more than half of the data is above of the specification limits, a fact 

that was noticed in Figure 11. Based on control limits determined, the process is out of statistical control 

since three data points are out of the control limits. The s chart is in statistical control, this means that 

the variation between the weights is consistent over time, being within 1.194 g and 3.491 g. A prediction 

will indicate that the next weight standard deviation data point will be between these values, with a long-

term average of 2.342 g. 

The study will be focused on the product quality characteristics: length, width and height. Like in 

the previous scenario, the same principles for the control chart construction were used. The X̅ − s control 

charts for the length of the hot-dogs are represented in Figure 15 and Figure 16. 
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Figure 15 – Hot-dog length �̅� control chart. 

 

Figure 16 – Hot-dog length s control chart. 

The construction of the X̅ control chart limits is dependent of the value of the mean standard 

deviation. Since this value is low (0.161 cm), the control limits are very close to the center line. Because 

of this, a few data points are outside of the control limits calculated. Yet, they meet the specifications. It 

is also possible to notice that the lower control limit calculated has the same value as the center 

specification. The s chart is in statistical control, with the variation ranging between 0.082 cm and  

0.240 cm. 

The width of the hot-dogs is represented in the next figures (Figure 17 and Figure 18).  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Le
n

gt
h

 (
cm

)

Subgroup

Length USL CS LSL UCL CL LCL

0

0.1

0.2

0.3

0.4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

St
an

d
ar

d
 d

e
vi

at
io

n
 (

cm
)

Subgroup

Std. deviation UCL LCL CL



36 
 

 

Figure 17 – Hot-dog width �̅� control chart. 

 

Figure 18 – Hot-dog width s control chart. 

For the width of the product, a similar conclusion can be taken from the previous study: the average 

standard deviation also has a low value (0.106 cm) and so the control limits are close to its center line 

for the X̅ chart. For both charts, all data is under statistical control. From the s chart the next value can 

be predicted to be between 0.054 cm and 0.158 cm, with a long-term average of 0.106 cm. 

Finally, the control charts for the height of the hot-dogs is represented (Figure 19 and Figure 20). 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

W
id

th
 (

cm
)

Subgroup

Width USL CS LSL UCL CL LCL

0

0.1

0.2

0.3

0.4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

St
an

d
ar

d
 d

e
vi

at
io

n
 (

cm
)

Subgroup

Std. deviation UCL CL LCL



37 
 

 

Figure 19 – Hot-dog height �̅� control chart. 

 

Figure 20 – Hot-dog height s control chart. 

During production the product is placed in trays after formation of the cake and is demolded from 

the trays after the cooking process. This is done with a plate with needles that grabs the product from 

the top, affecting and uniforming its height. The trays with samples were collected after the cooking 

process, which means that the product never undergoes the demolding from the plate. A higher 

variability results from the stated fact and is shown by the s chart. The value of the average standard 

deviation is 0.197 cm, which is higher when compared to the other two dimensions of the product. The 

s chart also demonstrates that the data is under statistical control, with the standard deviation ranging 

from 0.100 cm and 0.294 cm. 
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Table 3 summarizes the percentage variations of the control limits and center line to the original 

specifications for quality characteristics X̅ charts studied. These variations are calculated from the 

following equations: 

Amplitude
variation (%)

=
(UCL − LCL) − (USL − LSL)

(USL − LSL)
× 100                                                (7) 

Center
line (%)

=
CL − CS

CS
× 100                                                                        (8) 

Table 3 – Amplitude and center line percent variations for hot-dog. 

Quality  
characteristics 

Amplitude variation 
(%) 

Center line variation 
(%) 

Weight 60.0 2.1 

Length -83.3 0.63 

Width -75.0 -5.1 

Height -85.7 -4.1 

Amplitude variations for all product quality characteristic is large. Negative values indicate that the 

amplitude was reduced while positive values increase the amplitude from the original state. For product 

size measures, the observed amplitude reduction is due to the low average standard deviation values 

obtained. By observation of equation 7, which defines the X̅ chart control limits, low values of the average 

standard deviation lead to control limits being closely to its center line. The opposite is verified with the 

weight prior to fermentation, where a higher the average standard deviation was obtained and 

consequently increased the control limits amplitude. 

Regarding the center line variation, the length is the only characteristic which the center line is 

closer to the real specification. 

It can be concluded that the weight does not impact the product quality characteristics studied, 

since no relation was found between them. However, it may affect other product characteristics that 

weren’t studied, such as the product density or texture. 

4.4.3. Burger 

A similar case study was made for the Burgers, also manufactured in the same production line as 

Hot-dogs. For this study, data was collected throughout 23 days of production. The same number of 

samples were taken for each day (69 samples). 

The weights before and after the fermentation and cooking processes, as well as the product quality 

characteristics (larger and smaller diameter, and height) were measured. Like in the Hot-dog case study 

the values of the product characteristics are not shown, being confidential information. The same two 

types of analysis were conducted.  

For the overall data, the distribution of the initial weight and the weight relationship before and after 

the fermentation/cooking process are represented in Figure 21. 
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Figure 21 – Burger weight data distribuition. The orange line represents the cumulative percentage and the red lines the 
specification limits. 

The data starts to resemble a Poisson distribution. Based on the knowledge acquired from the 

production process, the major cause for variability, when compared with the results of the hot-dog study 

case, is related to equipment, since a different type of cutters are used for product forming. While in the 

hot-dog forming a single cut is made in the dough (assuring its length), in the burger two consecutive 

cuts are made to give the round format of the product. If the cut speed is higher, lower will be the weight. 

Identically to the previous case study, weight loss resulting from the fermentation and cooking 

process was determined (Figure 22). 

 

Figure 22 – Weight relationship. Specification limits are represented in red. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

100

200

300

400

500

%
 C

u
m

u
la

ti
ve

N
u

m
b

e
r 

o
f 

o
cc

o
re

n
ce

s

Weight classes (g)

y = 0.919x - 2.248
R² = 0.951

W
ig

h
t 

af
te

r 
co

o
ki

n
g 

p
ro

ce
ss

 (
g)

Weight prior fermentation (g)



40 
 

Analyzing the results, it can be said that the weight is reduced, on average, about 11% from the 

initial state, with a coefficient of determination (R2) of 0.951. 

For the second analysis, the same assumptions were used as for the Hot-dog study case and the 

data was divided into 23 subgroups, each containing 69 samples. Although the initial data doesn’t follow 

a normal distribution, the Central Limit Theorem states that the subgroup average values drawn from 

that population will tend towards a normal distribution with increase of the sample size. [30]  

Based on this theorem the same type of control chart could be used for all characteristics of the 

product. The values for B3, B4 and A3 are 0.545, 1.455 and 0.633, respectively (Annex B). Firstly, the 

product weight (prior to fermentation) is represented (Figure 23 and Figure 24). 

 

Figure 23 – Burger weight �̅� control chart (prior to fermentation). 

 

Figure 24 – Burger weight s control chart (prior to fermentation). 
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Regarding the X̅ control chart, almost 60% of the data is above the upper specification limit, while 

10% is below the lower specification limit. Based on control limits determined, the process is considered 

as out of statistical control since data points are found outside the control limits. The s chart is also out 

of statistical control (two data points are outside of the control limits).  

Now the study will be focused in terms of the product sizes: larger diameter, smaller diameter and 

height. The X̅ − s control charts for the larger diameter of the hot-dogs are represented in Figure 25 and 

Figure 26. 

 

Figure 25 – Burger larger diameter �̅� control chart. 

 

Figure 26 – Burger larger diameter s control chart. 
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Just as in the Hot-dog case study a low value for the mean standard deviation (0.177 cm) was 

obtained, which leads to control limits very close to the center line in the X̅ chart. Although control limits 

are within the specifications, the control chart limits are not suitable for the given data. The s chart is in 

statistical control, with the variation ranging between 0.097 cm and 0.258 cm. 

The smaller diameter control charts are represented in Figure 27 and Figure 28. Technically, the 

smaller diameter should be the same or very close to the larger diameter, since a burger is characterized 

by having a cylindrical shape. However, deviations occur due to bad forming or bad placement on the 

trays. 

 

Figure 27 – Burger smaller diameter �̅� control chart. 

 

Figure 28 –  Burger smaller diameter s control chart. 
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The same conclusions discussed for the larger diameter can be applied here. The s control chart 

is under statistical control, but by having a low average standard deviation (0.160 cm), the X̅ chart limits 

are affected. The lower control limit calculated has the same value as the lower specification limit. 

Lastly, height control charts for the burgers are represented (Figure 29 and Figure 30). 

 

Figure 29 – Burger height �̅� control chart. 

 

Figure 30 –  Burger height s control chart. 

Like the in the Hot-dog case, the height of the Burger is affected by the demolding plate. Since the 

trays containing the samples were taken after cooking process it is possible to observe the variability 

and compare it to the specification values. The s control chart is under statistical control. with the 

standard deviation oscillating from 0.129 cm and 0.343 cm, with a long-term average of 0.236 cm. 
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To conclude this case study, the percentage variations of the control limits and center line to the 

original specifications of all quality characteristics are summarized in Table 4. The referred variations 

are determined by equations 7 and 8. 

 

Table 4 – Amplitude and center line percent variations for burgers. 

Quality  
characteristics 

Amplitude variation 
(%) 

Center line variation 
(%) 

Weight 50.0 3.0 

Larger Diameter -85.7 -2.9 

Smaller Diameter -88.2 -7.3 

Height -84.6 12 

 

Just like for the hot-dog case study, high amplitude percent variations were obtained. A positive 

value translates in an amplitude increase while a negative value in an amplitude decrease, from the 

original amplitude specification. Since the X̅ chart control limits are determined using the average 

standard deviation. For the product weight, a higher value for the average standard deviation was 

obtained, consequently increasing the control limits amplitude from the original specification. For the 

product size measures, control limits are close to its center line due to low values of the referred 

parameter.  

The center lines which were significantly changed are for the product smaller diameter and height. 

By observation of Figure 27, the smaller diameter center line is closely to the lower specification limit. A 

similar observation can be taken for the height, in Figure 29, where this height center line is near to the 

upper specification limit. 

A similar behavior is observed in the weight and height X̅ chart control, by comparison of  

Figure 23 and Figure 29. Although a relation can be found between these quality characteristics, the 

height measurements does not include the demolding step, in which the demolding plate uniformizes 

the product final height. However, the weight may affect other product characteristics that weren’t 

studied, such as the product density or texture. 

 

4.4.4. Final remarks 

A meeting was held between the Quality and Marketing Departments to discuss product 

specification changes. Based on this statistical study and on consumers’ product concerns (hot-dog 

fitting in the bun, burger with a round shape), for both products the size specifications were slightly 

reduced from the original values. 
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Regarding the product weight, the weight specification prior to fermentation was also slightly 

reduced, since due to process adjustments a more accurate weight is obtained. However, it was decided 

to increase the product end weight specification, without changing the market price. 

With these decisions, process instructions must be changed to contemplate the specifications 

values, as well as the equipment parameter values (e.g. forming cutter speed) that guaranty the correct 

product sizes and weight.   
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5. CONCLUSIONS AND FUTURE WORK 

This internship allowed knowledge acquisition on food quality and in the implementation and 

monitoring of the HACCP plan throughout all process stages, as well as the use of the tools of Statistical 

Process Control for product control. The revision of the HACCP manuals for all productions lines is 

essential for the renewal of the company's food safety certification, which is audited yearly for 

renovation.  

Being an IFS requirement, a systematic approach was taken to independently identify if every 

hazard could be considered as a control point or as controlled by prerequisite programs. From the 

examination of all existing documentation (process, hygienic instructions, equipment specifications), 

control measures, control limits and corrective actions for every hazard were fully described. On-site 

verification allowed the correction of all the implemented flowchart, based on inconsistencies found by 

observation of the factory unit reality. 

In the framework of the present study, the Quality Department has also implemented a document 

containing a list of acrylics and rigid plastics for each line and other factory locations. Although this 

document is already part of the HACCP system, the revision of this list is accomplished by members of 

the Quality and Production Departments.  

Two statistical case studies were made to verify how the overweight of the weight (prior to 

fermentation) influenced the final product quality characteristics. The products studied were the hot-

dogs and the burgers. Samples were taken from several independent productions and measurements 

on the weight and the product characteristics were registered. With the obtained data, two types of 

analysis were made: one with the overall data and one with the data divided into subgroups. 

Overall data permitted to find out that the weight of the hot-dogs followed a normal distribution, 

while the burger weight followed a Poisson distribution. A possible reason for the different results is in 

the equipment, since different types of cutters are used, in the forming step. It was also found an average 

weight loss of 15% and 11% for hot-dogs and burgers, respectively. 

Data subgroups were established, each representing the data retrieved on one day of production. 

Operators must optimize the equipment and procedural conditions before starting production. However, 

this daily optimization is never the same every day, which leads to variability. X̅ − s control charts were 

constructed, and similar results were obtained for both products. Regarding the weight, the data fits 

better with the control limits determined than the original specification. However, even with these limits 

the weigh is out of statistical control. For the product size measures, the average standard deviation is 

low, and the s charts are all under statistical control. However, since this value contributes for the 

definition of the X̅ control chart limits, being these very close to its center line. 

Based on the statistical study and after a meeting between the Quality and Marketing Departments, 

it was decided to change both products end weight specification and slightly reduce the size 

specification.  
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APPENDIX 

 

 

 

Annex A – Example of an HACCP worksheet. [3] 
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Annex B – Factors for Constructing Variables Control Charts. [30] 


