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ABSTRACT 

 

The Hazard Analysis and Critical Control Point (HACCP) system was founded in the 

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

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

quality and hygiene of the food destined to the space program. HACCP guidelines are 

being increasingly included into legislation of many countries, becoming a key element for 

food quality control standardization and assurance practices. In the first half of this paper is 

described the basic principles of the implementation of this system, and the revision and 

improvement of the HACCP system of a bakery company, 

Processes display intrinsic variability and it cannot be controlled. Yet at any given 

moment the process can suffer a sudden variation which leads to unwanted results. 

Statistical Process Control (SPC) is composed by several tools which are essential for 

monitoring and reducing the variability of the process. Based on these tools, especially  

X̅ − s control charts, two case studies were developed, for two products of the company. 

From the sample data, control limits for the quality characteristics were determined and 

compared to the defined specifications. The results obtained were very similar for the two 

products. It was concluded that the product weight is not under statistical control, and that 

value of the product characteristics standard deviation is low, moving the control limits 

closer to the central line of the X̅ chart. 
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1. HAZARD ANALYSIS AND CRITICAL 

CONTROL POINT 

The Hazard Analysis and Critical Control 

Point (HACCP) system is vital to ensure the 

food safety. 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. [1] 
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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. 

Biological hazards are associated to 

microorganisms, such as bacteria, viruses, 

parasites and prions, that if they occur in food 

may cause illness in humans, either by 

infection or intoxication. Chemical hazards can 

occur at any moment during harvesting of raw 

materials, transportation, storage or process 

and are dangerous to humans when the 

chemicals present in foods reach high 

concentration levels. Pesticides, heavy metals, 

dioxins and melamine are some examples of 

chemical hazards. The physical hazards can 

be classified in 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. Possible examples of non-metallic 

contaminants are wood chips, packaging 

fragments of raw materials and fragments of 

acrylics and plastics from the facilities. [2 - 3] 

A fully implemented HACCP system: [4] 

• raises awareness of specific hazards 

throughout the line production to 

employees; 

• increases consumers’ confidence; 

• reduces barriers to international trade; 

• reduces operational and waste costs; 

• increases resources efficiency. 

 

1.1. HACCP PRINCIPLES 

The HACCP principles are applied on all 

stages of food production and are based upon 

the Codex Alimentarius, which uses scientific 

and technical principals on food production 

and manipulation. [5] 

The system is based on seven 

fundamental principles, defined by the National 

Advisory Committee on Microbiological Criteria 

for Foods: [2] 

Principle 1: Conduct a Hazard Analysis 

Hazard Analysis involves two stages: 

Hazard Identification and Hazard Evaluation. 

The first focus on the identification of 

biological, chemical and physical hazards for 

each step of the process. The second stage, it 

is identified the severity and probability of each 

hazard identified. Severity is defined as the 

gravity of the harmful effect of a hazard and 

probability is defined the likelihood of the 

hazard occur. 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. 

Principle 2: Determine the Critical 

Control Points (CCPs) 

A CCP can be defined as a point 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. Each CCP identified must be 

wisely described and fully documented. 

Principle 3: Establish critical limits for 

each CCP 

The critical limits must be well-defined and 

validated to clearly identify when a process is 
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out of control. Typically, measurements, for 

example temperature, time, humidity, can be 

used as a criterion for the critical limits, 

depending on the type of process. 

Principle 4: Establish monitoring 

procedures 

Monitoring consists in the observation and 

measurements of parameters to verify if critical 

limits are under control. Continuous monitoring 

gives full information regarding a CCP. 

Adjustments can be performed to avoid the 

loss of control of a CCP. When it is not 

feasible, intermittent monitoring could be used 

and its frequency well defined, to ensure that a 

CCP is within the critical limits. 

Principle 5: Establish corrective actions 

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 again under control 

and must be documented. Each CCP should 

have its own corrective actions. 

Principle 6: Establish verification 

procedures 

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 includes internal and external audits, 

sampling, customer and authorities’ 

complaints.  

Principle 7: Establish documentation 

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. 

Before the implementation of the HACCP 

principles, five other stages must be 

completed. Namely the creation of a 

multidisciplinary team to develop the HACCP 

system, a complete description of all products 

as well as its intended used, and the 

construction and on-site verification of the 

product flow diagram. 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 

are Good Manufacturing Practices (GMP) and 

Good Hygienic Practices (GHP). 

1.2. REVISION OF THE HACCP MANUAL 

The focus of the work developed was 

based on the revision and improvement of 

HACCP system of a bakery company, for all 

production lines. Each line has his own 

HACCP manual, which is annually 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 as well as an important 

step for food safety certification by IFS Food 

standard (International Feature Standard). 

In Table 1 is summarized the HACCP 

manuals revision, which is divided in eight 

chapters and one annex. 
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Table 1 – Revision of the company’s HACCP manuals and modification in each chapter. 

Chapter Modifications 

Chapter 1 – Introduction Acquisition of the company leading brands by a food organization in 2016.  

Chapter 2 – HACCP 

description, legislative 

and bibliography 

references 

Full revision of the HACCP concepts was done. The legislative and bibliography 

references were updated, due to new publications, either national or 

international. 

Chapter 3 – Content and 

scope 

Description of the scope for each line of production remained unchanged. 

Modification on the list of products was done.   

Chapter 4 – HACCP team 
The HACCP team is composed by members from the Quality, Production and 

Maintenance departments. One member was substituted. 

Chapter 5 – Product 

description 

A full description and revision of the products was done due to new products 

were released to the market and some products were discontinued.  

The intended use of the product has remained unchanged. 

Chapter 6 – Operational 

flowchart and flow 

diagrams 

All the process flow diagrams where confirmed on-site and changes were made 

to validate the documentation and reflect the reality of the factory unit. 

Chapter 7 – Methodology 

for determination of 

hazard analysis 

The methodology for determination of hazard analysis remains unchanged.  

Chapter 8 – Hazard 

Analysis and Critical 

Control Points 

A systematic approach was taken to independently identify if every hazard the 

hazards could be considered as a control point (CP) or as controlled by 

prerequisite programs. The control measures and limits were also established, 

as well as corrective actions, according to the documentation on hygiene and 

process instructions and on equipment specification. CCPs control limits were 

revised. 

Annex 1 – Pre-requisites 

HACCP 
Documentation in pre-requisite programs remains unchanged. 

 

2. STATISTICAL PROCESS CONTROL 

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. 

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 passed by Deming led Japan to 

be a strong global competitor. Modern quality 

improvement truly started after Deming’s work 

in Japan and the SPC techniques were further 

evolved from there. These techniques are 

applied to several types of industries, such as 

automobile, chemical or food industry, where 

manufacturing processes are used. [6] 

The bakery company has the goal to 

manufacture their products with the desired 

characteristics (color, dimensions…) and 

consequently, increase customer satisfaction. 

It was noticed by the Quality Department that 

the weight of the referred products was above 
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of the specified values. Therefore, the 

company’s profit decreases because 

customers pay less for more quantity of 

product. A control was carried out, based on 

the tools of Statistical Process Control (SPC). 

2.1. METHODS 

Sampling was carried out 20 times (20 

independent productions) for hot-dogs and 23 

times for burgers, according to the production 

schedule. 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. 

For each case, the same statistical tools 

were used. For the overall data the sample 

distribution was known with the histogram 

construction, and the product weight loss 

resulting from the fermentation and cooking 

processes was determined by the linear 

relationship between weight before and after 

these processes. The second analysis 

consisted in determinate the control limits of 

each quality characteristic and compared them 

to the specified values. Data was divided in 

subgroups, each containing 69 samples (an 

independent 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. So, for 

the Hotdog case study data was divided in 20 

subgroups, while in the Burger case study data 

was divided in 23 subgroups. 

For the construction of histograms, it was 

used the Sturgis Rule for defining the class 

interval (C): [7] 

C =
R

1 + 3.322 ∙ log(n)
                  (1) 

Control charts allows the visualization of a 

quality characteristic measure, obtained by 

successively collecting product samples over 

time. The control chart used for defining the 

control limits was the X̅ − s chart since it is 

appropriate to control the product quality 

characteristics, as the standard deviation is a 

more accurate measurement for variability, 

and it is used for larger sample sizes. The 

control limits for the s chart are: [8] 

{
 
 

 
 

UCL = B4 ∙ s̅
 

CL = s̅ = ∑
si
m

m

i=1 
LCL = B3 ∙ s̅

                     (2) 

Where m is the number of sub-groups. 

Knowing the average standard deviation is 

now possible to define the X̅ control chart: [8] 

{
 
 

 
 
UCL = x̿ + A3 ∙ s̅

 

CL = x̿ = ∑
x̅i
m

m

i=1 
LCL = x̿ − A3 ∙ s̅

                     (3) 

B3, B4 and A3 are tabulated constants 

used for defining the control chart limits. 
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2.2. RESULTS AND DISCUSSION 

From the raw data histograms were built to 

verify its distribution. For the hot-dog case the 

data follows a normal distribution while the 

burger follows a Poisson distribution (Figure 1 

and Figure 2). Due confidentiality reasons, 

weight values are not shown. It is possible to 

observe a wide dispersion of the weight data 

which is cause by four main reasons: [9] 

• Process: Different types 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. 

• Human error: human error cannot be 

prevented, and mistakes are sure to 

happen. 

• Material: The raw materials also pose 

a factor for variability, since its 

parameters vary from lot to lot. 

• Equipment: equipment placed in line is 

old. If maintenance is not conducted, it 

poses a major cause for variation.

 

Figure 1 – Hot-dog weight data distribuition. The orange line represents the cumulative percentage and the red lines the 
specification limits. 

 

 

Figure 2 – Burguer weight data distribuition. The orange line represents the cumulative percentage and the red lines the 
specification limits. 
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Only 36% of the hot-dog weight data is 

within the specification, while in the burger 

case study the value is 31%. 

The final analysis using the raw data was 

to determinate the weight loss of these 

products after the fermentation and cooking 

processes. It was observed an average weight 

loss of 15% on the hot-dogs and 11% on the 

burgers. 

For the second analysis, X̅ − s control 

charts were built. It will only be represented 

control charts for the weight (Figure 3 and 

Figure 4) and one quality characteristic (Figure 

5 and Figure 6) of the hot-dog case study. The 

specification limits are represented in solid 

lines and the control limits are represented in 

dashed lines, for a better comprehension of the 

data. 

 

 

Figure 3 – Hot-dog weight 𝐗 control chart (prior to fermentation). 

 

Figure 4 – Hot-dog weight s control chart (prior to fermentation). 
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that the next value will be between 1.194 g and 

3.491 g, with a long-term mean of 2.342 g. 

The X̅ − s control chart represented next 

the length of the hot-dog. 

 

 
 

Figure 5 – Hot-dog length 𝐗 control chart. 

 
Figure 6 – Hot-dog length s control chart. 
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Amplitude
variation (%)

=
(UCL − LCL) − (USL − LSL)

(USL − LSL)
× 100 (3) 

 
Center
line (%)

=
CL − CS

CS
× 100                 (4) 

 

Where USL, LSL and CS are the upper 

specification limit, lower specification limit and 

center line specification, respectively. 

 
Table 2 - Amplitude and center line percentage variations 

for hot-dog case study. 

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 

 

Table 3 – Amplitude and center line percentage variations 
for burger case study. 

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 

    

Amplitude variations for both product 

quality characteristics are large. Negative 

values indicate that the amplitude was reduced 

while positive values increase the amplitude 

from the original specification. For product size 

measures, the observed amplitude reduction is 

due to the low average standard deviation 

values obtained. By observation of equation 3, 

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. 

The center lines which were significantly 

changed are for the burger smaller diameter 

and height. It was observed that the smaller 

diameter center line is closely to the lower 

specification limit. For the burger height the 

opposite was observer, where this height center 

line is near to the upper specification limit. 

A similar behavior was observed in the 

burger weight and height X̅ chart control. 

Although a relation can be found between these 

quality characteristics, the height 

measurements does not include the demolding 

step (after the cooking process), in which the 

demolding plate uniformizes the product final 

height.  

 

3. CONCLUSIONS 

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 a requirement for food certification a 

systematic approach was taken to 

independently identify if every hazard the 

hazards could be considered as a control point 

or as controlled by prerequisite programs. The 

control measures and limits were also 

established, as well as corrective actions, 

according to the documentation on hygiene and 

process instructions and on equipment 

specification. All the process flow diagrams 

where confirmed on-site and changes were 

made to validate the documentation and reflect 

the reality of the factory unit. 

From the statistical control study made, 

data distribution and weight loss resulting from 

the fermentation and cooking processes were 

known, for both products. 

For product size weight control charts, it 

was only observed a similar behavior between 



 
10 

the weight and height, for the burger study 

case. Although a relation can be found between 

these quality characteristics, the height 

measurements does not include the demolding 

step (after the cooking process), 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, for both 

products. 

For product size control charts, the mean 

standard deviation value contributes for the 

definition of the X̅ control chart limits, which 

leads these limits to be very close to its center 

line. It was verified that the hot-dog’s sizes are 

in statistical control, being the control limits 

within the specifications. For the burger study 

case, only the larger diameter was found in 

statistical control.  

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. 

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 also 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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