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Abstract: To survive and succeed under a competitive environment, organisations are seeking ways to 

increase the value of their products and services, which is possible through continuous improvement. 

The work developed at Cerealto Sintra Foods plant in Mem Martins, Portugal, had as main goal the 

management and optimization of two biscuit production lines, denominated line 1 and line 5, through 

the application of lean six sigma methodologies. The tools used to achieve the proposed goal were the 

5S and the DMAIC cycle. The application of 5S allowed to reach organized and cleaned work areas, 

among other advantages. The DMAIC cycle was the strategy used to try to decrease the number of 

stops per hour of a critical equipment from the packaging zone of line 5, the cartoning machine. The fifth 

phase of the cycle (control) was not concluded; no significant improvements were observed to date; the 

number of stops per hour has not decreased as expected. 
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1. Framework 

1.1. Cerealto Sintra Foods 

Cerealto Sintra Foods was founded in 2012 but 

has more than 25 years of experience, thanks 

to Grupo Siro, a leader in the Spanish food 

industry. The company is a global food 

manufacturer, supplying products to large 

distribution chains and multinationals in the 

business-to-business sector. Cerealto 

produces more than 10 types of products, like 

baby food, crackers, gluten free products, 

breakfast cereals, bread, biscuits, snacks, 

cereal bars, pasta and pastries. 

The company innovates through i+dea, a world-

leading research and development centre. 

In 2016, Cerealto acquired the second factory in 

Portugal, in Mem Martins, for the production of 

biscuits [1]. 

 

 

 

 

1.2. Purpose of the Project 

The project described herein was developed in 

the framework of an academic internship of the 

author. 

The initial aim was to work on the management 

and optimization of line 1 of the company 

through the application of quality management 

techniques such as lean and six sigma and 

respective statistical quality tools. Later, the 

objective was extended to line 5 of the 

company. 

The first step involved the implementation of the 

5S methodology in line 1. At the end of the 

internship, suggestions were given to start 

implementing 5S in line 5. 

To meet the goal of optimizing part of the line 5, 

was used the DMAIC cycle, a lean six sigma 

methodology, focused on the new packaging 

zone of this line. 
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2. Introduction 

2.1. Biscuit Manufacturing 

In 1755, Dr Samuel Johnson published in his 

dictionary a primary definition for the word 

biscuit: ‘a kind of hard dry bread, made to be 

carried to sea’. The early biscuits were for 

mariners on long journeys and were formed 

from just flour, salt and water. Nowadays, they 

are still all made with flour and all have low 

moisture content and thereby long shelf life if 

protected from moisture and oxygen in the 

atmosphere. 

The word ‘biscuit’ is an all-embracing term: it 

includes crackers (a USA term for thin, non-

sweet, products that make a noise of cracking), 

hard sweet or semi-sweet biscuits, cookies and 

wafers [2]. 

Biscuits can be grouped based on: the name, 

e.g., biscuits, crackers and cookies, which are 

based on the texture and hardness; the method 

of forming of the dough and dough piece; or the 

enrichment of the recipe with fat and sugar. A 

secondary classification may be used to 

describe the secondary processing that the 

baked biscuit has undergone. 

The general biscuit production process is 

outlined in Figure 1. 

 

 

Figure 1. Diagram of a typical manufacturing 
process of biscuits. 

 

2.2. Total Quality Management 

In the 1920s, W. A. Shewhart developed the 

application of statistical methods to the 

management of quality. Shewhart’s work was 

later developed by Winston Edwards Deming. 

In the 1940s, Japanese industrial leaders 

invited Deming to learn how to produce 

innovative high quality products. 

In the 1950s, quality control and management 

developed quickly thanks to quality gurus such 

as Deming, Armand V. Feigenbaum, Joseph M. 

Juran e Philip B. Crosby. 

In the 1980s to the 1990s, a new phase of 

quality control and management began. This 

became known as Total Quality Management 

(TQM). 

TQM is a company culture characterized by 

increased customer satisfaction through 

continuous improvements, in which all 

employees actively participate [3]. 

 

2.2.1. Lean thinking 

Lean thinking was born in Japan, more 

specifically, at Toyota [3]. Lean is a set of 

principles and methodologies for improving 

quality through the elimination of waste (muda 

in Japanese). 

Lean thinking focus on the concepts of: 

1. Value; 

2. Value streams; 

3. Flow; 

4. Pull; 

5. Perfection. 

Lean includes a variety of tools, such as 5S and 

total productive maintenance (TPM). 

5S is a tool for organizing the workplace in a 

clean, efficient and safe manner to enhance the 

productivity, visual management and to ensure 

the introduction of standardized working. It is 

split into 5 phases, each named with a 
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Japanese term beginning with the letter “S”: 

seiri (sort), seiton (set in order), seiso (shine), 

seiketsu (standardize), and shitsuke (sustain) 

[4]. 

TPM is a maintenance philosophy that aims to 

achieve a perfect production: without stops and 

without defects. This philosophy requires the 

total participation of the workforce. One of the 

main aims of TPM is to reduce the six big 

losses: 

1. Breakdowns; 

2. Setup and adjustment losses; 

3. Idling and minor stoppages; 

4. Reduced speed; 

5. Defects and rework; 

6. Start-up losses. 

Overall equipment effectiveness (OEE) is 

calculated from data on these six losses and 

gives an overall picture of the efficiency of each 

individual machine or piece of equipment. This 

allows to focus the improvement efforts where 

they are needed most. 

 

2.2.2. Six sigma 

Six Sigma is a concept that was originated by 

Motorola Inc. in the USA in 1985. 

The word sigma is a statistical term that 

measures how far a given process deviates 

from perfection. The idea behind six sigma is 

that measuring how many defects exist in a 

process, one can systematically figure out how 

to eliminate them and get as close to "zero 

defects" as possible. To achieve six sigma 

quality, a process must produce no more than 

3.4 defects per million opportunities [5]. 

The DMAIC cycle is the core tool used to drive 

six sigma projects. DMAIC is an abbreviation of 

the five improvement steps it comprises: define, 

measure, analyze, improve and control. 

 

3. Methodology 

The first step was to implement the 5S 

methodology in line 1. First of all, several 

pictures were taken to the places where the 

program is to be conducted. Then, the five steps 

of 5S were followed in due order (see section 

2.2.1), and the program was started by 

organizing, arranging and cleaning everything. 

To implement the changes that were decided 

and approved by the production department, it 

was necessary to work as a team with the 

maintenance department. During this phase, 

the maintenance work was followed up and 

work instructions were created or revised. 

Finally, the areas that were the target of this 

implementation were photographed again, in 

order to show the improvements gained. Later, 

the implementation of 5S was started in line 5. 

In order to optimize line 5, namely the 

packaging area, the methodology followed was 

the DMAIC cycle. For this, the following five 

phases were followed: 

 

To define the problem, the 5W1H tool was used. 

The focus was one of the machines of the 

packaging zone, the cartoning machine, 

essential equipment to complete the production 

of soft cake and sandwich. 

The next step is measure. As the equipment is 

new and there is no data history, data collection 

Define
•Define the problem.

Measure
•Quantify the problem.

Analyze
• Identify the cause of the problem.

Improve
• Implement and verify the solution.

Control
•Maintain the solution.
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was necessary and relevant to the study. The 

data collected were stop times of the machine 

and motifs for stops. 

This is followed by a phase of analysis, in which 

the collected data should be analyzed. To 

analyze the data, the Pareto chart was used to 

highlight the most frequent motifs for stops. 

Then, the team created provided ideas to list the 

possible causes of machine stop time in a 

brainstorming session. These ideas were then 

organized into cause and effect diagrams. 

The fourth step is the improvement phase, 

which focuses on fully understanding the 

causes identified in the analyze phase to control 

or eliminate such causes. In the brainstorming 

session, a list of recommended actions to 

achieve the desired improvements was created 

and included in a failure mode and effect 

analysis (FMEA analysis). After performing 

some of the recommended actions, the 

machine stops were quantified again and the 

results obtained were compared with those 

obtained initially in order to evaluate whether or 

not the implemented actions improved the 

process.  

The last stage of the DMAIC cycle controls the 

improved process and sustains the changes 

made in the improvement phase to ensure long-

lasting results. This step was not reached. 

 

4. Results and Discussion 

4.1. Implementation of the 5S Program in 

Line 1 

The 5S program was implemented in three 

zones of line 1: the mixing zone, the formation 

zone and the packaging zone. 

The first two steps to be implemented were seiri 

and seiton, as mentioned before (see section 

2.2.1). 

In the mixing zone the proposed changes were: 

replace the plastic box where we can find all the 

tools by a panel; decrease the size of the 

working table and remove the vats; purchase 

and set a roll paper holder. These suggestions 

have brought the following advantages: 

reduced tool search time, ease to clean, 

clearance of spaces and, consequently, 

reduction of the risk of accidents. 

In the formation zone three accomplishments 

were made: after a survey of the necessary 

tools, these were organized in a panel; 

identification of the constituents of the bath 

system and of the rotary moulding machine; 

places for placing materials were defined and 

marked. 

In the packaging zone, to achieve the main goal 

of organize all the space, the excess materials 

have been removed and the locations for each 

metal hoop, pallet, among others were defined 

and marked. This organization allows to save 

time and to avoid unnecessary movements of 

the operators. 

For the third stage of the program, seiso, the 

management and organization of the cleaning 

tools was done in the same way across the line. 

The suggestions given were the following: 

improve the current identification of the places 

where the cleaning tools should be found; keep 

only two tool supports in each location, one for 

the broom and the other for the dustpan; in the 

packaging zone, after the survey of the places 

where a broom and a dustpan are necessary, 

holders for these locations were requested. 

These suggestions can bring advantages as 

prevent accidents, since operators could trip 

and fall on the cleaning tools if they are on the 

ground; easy access to cleaning tools which 

allows hygiene in the workplace, create a 

healthy, pleasant and safe work environment, 



5 
 

improve the image of the section, the company 

and, consequently, of its employees. 

For the fourth step of the 5S program, seiketsu, 

work instructions were created whenever 

requested and necessary. 

 

4.2. Implementation of the 5S Program in 

Line 5 

The 5S program was implemented in three 

zones of line 5: the mixing zone, the formation 

zone and, essentially, in the creams room. It 

was not possible to conclude the 

implementation of the 5S program in this line, 

since it began close to the end of the internship. 

Only suggestions were left, except the markings 

that came to be made on the floor of the factory 

and the identification of the equipment 

constituents. 

In the mixing and in the formation zones, the 

suggestions given were the following: define 

and mark the exact locations for pallets; 

identification of the constituents of the rotary 

moulding machine; purchase and set a roll 

paper holder in the formation zone; put the tools 

of the formation zone that are currently in a 

cabinet in a panel. 

The creams room is a new zone in the factory, 

for which several suggestions were given to 

organize and improve the space, such as: mark 

a location to put a pallet to place the used 

material; place a panel with all the tools 

necessary to make the creams; purchase a 

table with adequate height to write (desk); 

define and mark the locations for each metal 

hoop; purchase a container for placing paper 

bags; fix a holder for the roll paper; fix a holder 

for the refuse sacks; attach hangers to the wall 

at the entrance of the room to hang the gowns; 

set the location for the cleaning tools and 

purchase fixed holders for them. Once again, 

work instructions were also created, as new 

equipment was purchased and it was the 

beginning of the production of a new product. 

 

4.3. DMAIC 

As mentioned in section 3, the first step was to 

define the problem to be solved using the 5W1H 

tool. The result obtained is shown in Table 1. 

 

Table 1. Definition of the problem to be solved using 
the 5W1H tool. 

 

After collecting the stop times and the motifs for 

stops during approximately a week of soft cake 

production (between May 18 and 25), the data 

collected was analyzed. For that, a Pareto chart 

was built which allowed to conclude that the two 

main reasons for the machine to stop are the 

interlocking of cardboards inside the cartoning 

machine and the accumulation of cardboards 

after the cartoning machine. In order to 

understand the main causes of these stops, a 

brainstorm team was set up to generate a list of 

possible causes. The possible causes were 
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organized in cause and effect diagrams that are 

presented in Figure 2 and Figure 3. 

 

 

 

 

 

 

 

Figure 2. Cause and effect diagram for interlocking of cardboards inside the cartoning machine. 

 

 

Figure 3. Cause and effect diagram for accumulation of cardboards after the cartoning machine. 

 

In the improvement phase, with the aim of 

reducing or eliminating the various causes 

pointed out in Figures Figure 2 and Figure 3, a 

list of recommended actions was created, which 

were included in a FMEA analysis. The 

recommended actions were the following: do a 
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FMEA analysis of the cardboards formers; 

contact the robots supplier; avoid supplying 

cardboards manually during one shift and 

record the data obtained; set frequency of cell 

cleaning per shift; try various materials for the 

lower pieces of the cartoning machine, which 

are more resistant than the current ones to 

realize which is the most suitable and that 

breaks less frequently; always provide 

automatic glue filling; replace the guides and 

guide adjustment. Some of these 

recommended actions were implemented 

between two production cycles. In the next 

week of soft cake production (between June 20 

and 23), the cartoning machine was again 

analyzed. The stop times and the motifs for the 

stops were recorded and the data collected 

were analyzed. In this way, it was possible to 

compare the number of stops per hour of the 

machine before and after the implemented 

actions. The results obtained are in Figure 4. 

 

Figure 4. Bar chart of the number of stops per total 
observation time on each analyzed production day. 
Cartoning machine observed on days before (light 

blue) and after (dark blue) the FMEA analysis.  

Analyzing Figure 4, allows to conclude that the 

number of stops per hour has not decreased as 

expected. In addition to several problems that 

occurred on June 20 and 21, which lead to a 

high number of stops per hour, as the line has 

not produced during three weeks, the high 

number of stops per hour verified in the first two 

days may also be related to start-up and to 

changes implemented while the line was 

stopped and not tested in production 

beforehand. Something similar had already 

occurred in May, that is, a high number of stops 

per hour during the first days of production, 

which eventually diminished during the course 

of the week. In both productions there were 

several problems at the beginning of the week 

but, after resolution mainly by the maintenance 

department, the number of stops per hour 

decresed. 

It is possible to verify that there is no tendency 

in the stop frequencies, from day to day. Ideally, 

the machine should have been observed in 

operation for more days to obtain statistical 

validity. 

 

5. Conclusions and Future Work 

With this continuous improvement project, one 

of the conclusions that is drawn is that 

communication between departments and with 

operators and teamwork are fundamental to 

achieve the desired objectives. In addition, it 

would be advantageous to have a department 

or at least one person responsible for 

implementation of continuous improvement in 

the company, something that does not currently 

exist. 

In general, the implementation of the 5S 

program was successful as all the proposed 

suggestions were accepted. However, not all 

suggestions were implemented during the 

internship period. The use of this tool has 

resulted in more organized and clean work 

areas, which has several advantages, already 

mentioned in section 4.1. It was also possible to 

standardize procedures. All workplaces should 

contain work instructions and procedures for 

solving common problems, something that does 

not yet exist for all the lines. It would also be 

8,0
6,9

8,2

1,9

4,0

11,3 10,9

4,4 4,8

0,0

2,0

4,0

6,0

8,0

10,0

12,0

Fr
eq

u
en

cy
 (

h
-1

)

Day



8 
 

important to train operators on the 5S program 

for them to know the principles, the changes 

and the improvements that can be achieved 

with this tool. If training all the operators is not 

possible, at least this should be possible to the 

line coordinators who would pass on the 

principles of the 5S. 

Nowadays, regular internal audits of good 

manufacturing practices are carried out in the 

company to verify if the 5S program is being 

fulfilled, which mean that the fifth S (Shitsuke) is 

already implemented in the factory. The results 

of these internal audits are posted at the places 

where the audits are performed. However, most 

operators do not pay attention to what is affixed. 

It is suggested a biweekly or monthly meeting, 

with a maximum duration of 5 minutes, in which 

the results of the audits would be presented to 

the operators. 

The suggestions given and implemented in this 

work with the 5S program should be applied to 

all the lines of the factory, due to the importance 

of uniformity and organization in all workplaces. 

The 5S program, while relatively easy to apply 

in practice, is not a simple tool to implement. 

The problem is not in the physical organization 

of the work areas, but in workers' self-discipline. 

Regarding the optimization of the packaging 

zone of line 5, the DMAIC cycle was not 

successfully completed, as there was no 

significant decrease in the number of stops per 

hour of the cartoning machine. One possibility 

for the future is to study problems that occur 

prior to this machine, namely problems 

associated with cardboard formers and robots, 

in an attempt to minimize or eliminate some of 

the causes of the stops. It has been found that 

many of these causes are due to problems of 

other equipment and materials and not to the 

problems of the cartoning machine itself. 

Recommended actions that have not been 

implemented to date should also be 

implemented. In fact, one of the actions 

recommended in the FMEA analysis was to 

study the cardboards formers, which could not 

be achieved given the production plan and the 

duration of the internship. 
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