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Abstract: Brazil is one of the world´s leaders in the production and processing of cashew chestnut and 100% of these 
cashew chestnut processing industries are located in the northeastern region of the country. For the maintenance and 
enlargement of the cashew chestnut market it is necessary to have a guarantee of the product quality by means of controlling 
the productive process. In this case, the application of DOE (Design of Experiments) is suggested in the beneficiation process 
of the cashew chestnut, notably in the stage of decortication, where the chestnuts are being cut in bands, by a mechanical 
means. For this process, a fractionated factorial experiment planning was used and evaluated response variable in the 
experiment was the quality of the almond in the final stage of production, measured by the percentage of whole almonds after 
the separation from the barks. The chosen process factors were the almonds size, the humidification of the environment, the 
temperature of the environment before the decorticator and the velocity of the decorticator. At the end of the experiment, it was 
observed that DOE showed to be an applicable tool that indicates which factors showed to be more influential, as well as, their 
levels of adjustment. It was observed that the variables related to the size of the almonds, the velocity in decortication are the 
influential factors of production in this process, apart from a strong noise being identified in this process, observed by the 
strong variance in the experiment data, especially that of the response variable. 

Keywords: Design of Experiments, Fractionated Factorial Planning, Beneficiation of the Cashew Chestnut 

 

1. Introduction 

According to [1], Brazil is one of the world´s leaders in the 
production and processing of cashew chestnut, recognized by 
the quality of its almonds and reliability of its suppliers. 
Besides that, 100% of these cashew chestnut processing 
industries are located in the northeastern region of the 
country. 

The chestnuts without bark, the almonds, are obtained by a 
mechanical means, but in most of the companies are obtained 
by manual breaking, and can be sold with or without skin. 

These almonds have a strong demand in the national and 
international market, and are very well appreciated 
internationally. 

Besides these almonds, various by-products can be 
extracted from the cashew chestnut e and can be taken 
advantage of in diverse industrial fields. [2] Identifies as by-
product, for example, the liquid from the bark of cashew 
chestnut (LCC) which is widely used in the chemical 
industries for the production of plastic materials, isolators 
and polishes. Besides that, the oil obtained from the chestnut 
possesses wide applications in the cosmetic industry and the 
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chestnuts with bark can be sold dehydrated, semi-dehydrated 
or in bulk (without beneficiation). It is still possible to quote 
the by-product called pie, which is a resulting residue of the 
crushing and extraction of the oil that presents numerous 
possibilities of application, with the aim of enriching a great 
variety of food groups like: panification products, drinks, 
flours, milks, cereals, snacks, sweets, ice creams, chocolates, 
biscuits, candies and many others. 

Due to the irregular format of the chestnut, the manual 
process of separating the almonds’ bark possesses a big 
percentage of breaking, reaching approximately 10%. Studies 
show that on average only 60% of the chestnuts are perfect 
and the utilization of this quantity as part of the production in 
the form of by product, is an alternative for taking a better 
advantage of the prime materials of high value agribusiness 
[2]. 

For the maintenance and enlargement of the cashew 
chestnut market it is necessary to have a guarantee of the 
product quality by means of controlling the production 
process, especially for obtaining a high level of the almonds’ 
quality produced. In this sense, the application of DOE 
(Design of Experiments) is suggested, the beneficiation 
process of the cashew chestnut, in order to achieve a robust 
productive process and a superior quality of chestnut. 

The objective of this work is to describe the application of 
DOE in a productive stage of the beneficiation process of the 
cashew chestnut: a stage called decortication, where the 
chestnuts are being cut in bands, by a mechanical means. The 
stage determines the quality of the final product, given that 
only the whole almonds are considered the ones with the best 
quality. 

The concepts of a design project are discussed initially in 
this article (section 2), that permits the identification of a 
more adequate model for the set of problems observed in the 
company; in sequence the company is characterized, as well 
as its production process (section 3) so that the process 
characteristics will be well comprehended; afterwards the 
method utilized in this work is described (section 4) so that 
the methodological process chosen for the accomplishment 
of this work can be observed, and finally, the achieved results 
are discussed (section 5) and the final consideration are 
explained to the light of production process and the theory of 
DOE (section 6). 

2. Design of Experiments 

In the theory of optimization, an experiment is a series of 
tests in which the input variables are being altered according 
to a determined rule, in order to identify interference of these 
variables on the output response [3]. 

[4] and [5] explain that Design of Experiments- DOE is a 
systematic method used to investigate the process variables 
in order to determine which parameters exercise influence on 
the products quality. 

The Design of Experiments, according to [6] starts from 
the visualization of a productive system like being a set of 
operations, machines, methods, people and other resources 

that transform inputs and outputs that can have one or more 
response variables observed by the means of an experiment. 
These response variables are the characteristics tested in the 
experiment, from the change of controllable factors of the 
process. 

To achieve outputs with the planned requirements, it is 
necessary to have a domination over the controllable factors. 
Thus, it is necessary to have the knowledge of the influence 
of the controllable and the uncontrollable factors about the 
process. Because, for being an influence on the quality and 
the system productivity, these factors should be adjusted in 
order to maximize the yielding process. 

[6] indicates that to project/control a better functioning of 
a process it is important to identify the controllable and the 
uncontrollable variables and to test their influences on the 
response variable, tested in the experiment. This is guiding 
principle of experiments. 

In this sense the author [7] affirms that the Design of 
Experiments is a scientific approach of planning e 
accomplishment of experiments to generate, analyze and 
interpret the datas in a way that conclusions can be used to 
design a process more efficient and economic. [8] adds that 
the DOE involves a set of carefully programmed testes where 
the operational parameters of the experimental test are 
personalized, in a way to reduce the time and cost of the 
experimentation. 

Thus, in general, it is concluded that the DOE is a tool 
used to evaluate the relationship of cause and effect of a 
determined process by means of series of testes in which 
intentional changes are accomplished on the input variables, 
reflecting in identifiable modifications in its response 
variables [6, 9, 10]. 

[3] clarifies that the delimitations experiments has its 
initial basics, in 1920, in the works developed by Ronald 
Aylmer Fisher, a statistician that created the basics for 
modern statistics. In sequence, an experimental project of 
Box and Wilson, in 1951, applied the DOE idea in an 
industrial environments. In addition to these, the important 
contribution of Taguchi in 1980, is worth mentioning. 
Besides to have been very controversial, his contribution had 
a significant impact in the use of experimental delimitation in 
the making of management decision, especially in the aspects 
of quality improvement. 

[6] indicates that the way of application of DOE must start 
with an identification and selection of the factors that can 
contribute to the variation of the tested response variables. 
Next, a model that includes the chosen factors must be 
selected followed by a planned efficient experiment to 
estimate its effects. Once the experiments have been 
accomplished the analysis to estimate the effect of the 
included factors in the model using adequate statistical 
method, culminating in the interference, interpretation and 
discussion of the results, recommending improvements, when 
necessary must proceed. 

The ideal adjustment of the process parameters can result 
in a solution of low cost and the minimization of the 
occurrence of products out of specification. The statistical 
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analysis of the method are useful in the identification and 
control of the critical variables, in other words, those that 
possesses a greater influence on the process, if adjusted 
inadequately, can cause deviations that affect the quality and 
efficiency of the product/process [7]. 

In view of this [11] and [12] indicate that the Design of 
Experiments is very adequate for studying various process 
factors and the complexity of their interactions, in order to 
provide solutions to problems through statistical analysis. 
Corroborating with this view [13] indicates that by means of 
Design of Experiments it is possible to evaluate a set of 
informations that will facilitate decision-making regarding 
the design and control of the process / product. 

Thus, it is affirmed that, the Design of Experiments assists 
in the determination of the process variables that have more 
influence on the response variable; in the determination of 
the adjustment levels of controllable factors so that the 
variability on the response variable value will be the least, 
and finally, in the determination of the adjustment levels of 
controllable factors so that the effect of the controllable 
factors will be minimized. 

For all these possibilities, the DOE is a powerful tool for 
the improvement of quality and productivity in various 
productive processes [14, 15], that is why it is widely applied 
in various industrial contexts, assisting in the determination 
of parameters and control of process quality. 

In this aspect, many examples of the application of DOE in 
various industrial sectors problems are identified. Examples 
of works applied in the food industries can be quoted like in 
the works of [13, 16, 17, 18]; works applied in the 
pharmaceutical industry and biotechnology like it was 
demonstrated in the works of [19, 20, 21]; and works in 
mechanical, metallurgical and chemical processes such as 
those presented by [22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 
33]. 

It is worth noting that the applications of the DOE are not 
restricted to the manufacturing process problems. [14] 
presents some benefits of the use of DOE in service 
organizations based on the response of questionnaires by 
business representatives. Another example is the work of [34] 
that evaluated the calculation method of the fixation of tariff 
for the consumption of electrical energy in order to identify 
the main elements of tariff cost and their respective impacts. 
Special technics from the assay of Plackett-Burman were 
therefore used, technics that identify the variables that had a 
significant impact on the process. 

It is still verified that the application of the DOE in 
management problems, like those in the work of [35] that 
presented a method of application of the DOE whose 
objective was to select production control strategies like 
kanban and conwip or a hybrid of both. 

For it to be applicable in this problem diversity it is 
necessary to define adequately the characteristics of the 
experiment and meditate the necessity and difficulty in 
accomplishing the experiment. About this, [6] emphasizes 
that as the number of process factors grows linearly, the 
number of experiments necessary to verify this process grows 

geometrically. In this way, to experiment a great number of 
variables can make the accomplishment of an experiment not 
viable due to the complexity and costs involved. 

This fact occurs because to execute a complete planning it 
is common to test each factor individually while the others 
remain fixed. According to [36] this type of planning is 
called full factorial experiment 2k that uses k factors of two 
levels each, low level and high level. In this type of 
experiment, a complete replica requires 2 x 2 x 2 x 2 = 2k ...... 
observations, or 2! that is why it is called full factorial 
planning. 

With an elevated number of factors a full factorial 
planning can become very onerous, because it requires many 
experiments [5]. Due to this circumstance the fractional 
factorial planning was idealized, where it is possible to 
execute only a subset of the full factorial experiments. This is 
done by considering mainly the interactions of the main 
factors, disregarding partly interactions between factors. The 
factorial notation of this type of fractionated experimental 
planning is 2k-q. 

[3] explains that one fractionated factorial experiment 
corresponds to half of a complete factorial experiment. This 
way, a minor quantity of experiments is necessary to evaluate 
a determined process. 

The reduction of the quantity of experiments to be 
performed is regarded as a very important characteristic for 
the sake of economizing resources for the accomplishment of 
experiments. However, it is important to note that in this 
reduction the identification of the influence of interactions 
between factors can be lost, giving privilege to the individual 
influence of independent variables of the experiment 

Despite this [36] point that interactions have small values 
and are dismissed of any practical importance. As in the 
series expansion of a function, the main effects (i.e., first 
order) tend to be larger than the interactions of two factors 
(second order), which in turn are more important than the 
interaction of three factors, and so on. Thus, the 
accomplishment of a fractionated factorial experiment is 
justifiable when the number of factors in the trial is elevated. 

Due to these practical questions, in this article it will be 
assumed that the type of experiment applied in the 
beneficiation of chestnut business of the Brazilian northeast 
region will be the fractionated factorial experiment. This way 
the influence of the main effects will be verified, without 
considering the interactions between factors. 

To understand the phenomenon that will be evaluated by 
means of the DOE, a description of the company and the 
productive process is accompanied in a way that is possible 
to understand the specifications of the process, the effects 
influencing the process as well as which response variable 
that is desired to have a higher yield. 

3. Case Description 

The company where the application of the DOE was made 
is a solid company that was founded, with a personal capital, 
in 1979, acting in the market as an exporter of almond and 
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cashew chestnut liquid (LCC). He exports to countries from 
all continents, including the world's most demanding 
consumers. He has 800 employees and annual revenues of R 
$ 20,000,000.00. 

Several times awarded for performance and quality, the 
company uses fully automated processes and maintains 
internal program of total quality and prevention of 
environmental pollution, with gas treatment and industrial 
waste. Usibras possesses an adequate structure that attends 
the requirements of GMP - Good Manufacturing Practices 
HACCP - Hazard Analysis and Critical Points of Control and 
Quality Systems ISO, which make up the Integrated Quality 
Management System. 

An analysis and research laboratory fully computerized 
gives support to the strict control of quality from the 
reception of the prime materials to the shipment, thus 
ensuring a 100% pure product, preserving its visual and 
nutritional characteristics. 

The whole almonds, crushed or in piece, are available in 
29 versions, adapted to the most diverse industrial and 
culinary applications, properly packaged for retail or 
wholesale. The following are technical informations about 
the product, its composition and productive process for its 
beneficiation. 

3.1. Description of the Productive Process 

The productive process for the beneficiation of the cashew 
chestnut, for the commercialization of almonds, is 
accomplished in an automated way, even though in most 
small businesses there are still manual activities. 

The process starts with the arrival of the prime material in 
raffia sacks and its weighing is carried out on a weighing 
machine. The Quality Control removes a sample for standard 
analysis of this material. After the approval of the Quality 
Control, drying of the chestnut in an open and airy shed is 
performed the chestnut remains at this location until reaches 
a humidity of 8% to 10%.Then the chestnuts are stored in 
burlap sacks in the warehouse of prime material (DPM) for a 
period of approximately 1 year. This storage prevents the 
lack of prime material for the process, because cashew is a 
seasonal product, having strong variations in supply during 
the year. 

The classification of the chestnut is then performed 
mechanically through cylindrical drums in five granulometric 
types. At this stage there is already a partial removal of 
impurities coming from the field (mineral and vegetable 
waste). After this classification, the washing of the chestnuts 
is made in a continuous tank with water at room temperature. 
The objective of this washing is the total removal of mineral 
and vegetable waste adhered or mixed with the chestnuts. 
The chestnuts are then humidified in silos with water at room 
temperature, where thry remains submerged for a period of 
time about 60 hours. After this period of submersion, the 
water is removed from the silos and the humid chestnuts stay 
in rest waiting for the next stage. 

In the next stage, the humid chestnuts are cooked in 
average temperature 190 to 220, avoiding it getting burnt, 
with its own LCC oil over a period of time not exceeding 
three minutes of cooking. With this heating, there is the 
removal of the chestnut’s oil and the excess is removed by 
means of a centrifuge. At the end of this phase, the chestnuts 
remain in silos for cooling. After cooling the toasted 
chestnuts advance to the stage called decortication, where the 
almonds are removed from its bark. 

The decortication stage is performed by cutting discs, 
where the nuts fall and are cut into bands. In this stage the 
barks are separated from the almonds. The removed barks are 
separated, because they will be used as fuel for boilers and 
furnaces. The almonds are directed to the dehydration 
process in green houses where, through moist air circulation 
in a temperature of 80 ° C over a period of 12 to 14 hours, 
the almonds lose moisture and are toasted. After this period 
of dehydration, it is necessary that the almonds rest for 10 to 
12 hours. 

Soon after this rest, it is the removal of the almonds’ skin 
by the process of “despeliculamento”. This removal is made 
mechanically by means of compressed air. After this removal 
the almonds pass through selectors photo machines, 
conveyors and separators (pneumatic) for mechanical, 
electronic and manual cleaning. The whole almonds that still 
have small amounts of skins are scraped, this way keeping 
the almonds on a level of high quality. This is most desired in 
the market. 

Finally the almonds are classified visually among 1st, 2nd 
and 3rd quality, pieces, mash, band, etc.., where part of this 
classification is taken for grating and the other part is taken 
for revision. The rest goes directly for packaging. The 
almonds are packaged through a vacuum system with a CO2 
injection giving a total guarantee of quality and absence of 
possible infestations in the process. 

This productive process is described graphically on figure 
01 diagram presented below. 

The points of control (PC) and the points of critical control 
(PCC) are in blue and red, respectively. 

One of the controlling points in the process of chestnuts 
beneficiation is the decortication process, which is the phase 
that consist of the separation of the bark and the almond. In 
this process the chestnuts go on a vibrating conveyor up to a 
cooler, remaining there for an average of 2 hours until the 
beginning of the decortication process or the breaking of the 
chestnuts, which is performed through centrifugation, casting 
them against a metallic surface. 

This stage is important for the determination of the quality 
of the final product, because the whole almonds (without 
breakings) and without skin are classified as the product of 
1st quality, which in this case can be sold with the highest 
price in the market and also in the international market. 

Due to this, the application of the DOE was chosen so as 
to reduce the rate of breakings and keeping the final product 
on a superior quality. 
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Figure 01. Diagram of the productive process

4. The Experiment Description

At first visits to companies were made so as to examine 
the possibility of application of the DOE. Unstructured 
interviews were therefore carried out, that allowed the 
outlining of the experiment project with the management of 
the company, where the choice of 
decortication was made for the application of 
experiment described in this work. 

For this stage, the response variable was defined as being 
the percentage of breakings of the almonds. Thus, in this case, 
the interpretation of the response variable is
percentage of broken almonds the better. 

After the determination of the stage where the
experiment will be applied, just like the response variable 
was defined, the process factors to be tested were determined. 
The determination of these factors was oriented by the 
process management and by perception, the factors that will 
exert the most influence on the decortication process were 
given. 

The following process factors were defined: the size
almond, humidification of the environment, room 
temperature before decorticator, velocity of the decorticator. 
For each of these factors a level zone that should orient the 
design of experiment was determined. The levels of each 
experiment are described on table 01. 
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agram of the productive process of the improvement of the cashew chestnut

. The Experiment Description 

At first visits to companies were made so as to examine 
the possibility of application of the DOE. Unstructured 
interviews were therefore carried out, that allowed the 
outlining of the experiment project with the management of 

of the stage called 
decortication was made for the application of the design of 

For this stage, the response variable was defined as being 
the percentage of breakings of the almonds. Thus, in this case, 

interpretation of the response variable is; the lower the 

After the determination of the stage where the design of 
will be applied, just like the response variable 

ested were determined. 
The determination of these factors was oriented by the 

the factors that will 
exert the most influence on the decortication process were 

The following process factors were defined: the size of the 
almond, humidification of the environment, room 
temperature before decorticator, velocity of the decorticator. 

a level zone that should orient the 
The levels of each 

Table 01. Factors and tested levels in experiment

Factors 

A – size of the almond (mm) 
B - humidification of the environment (%)
C – Temperature before decorticator (°C)
D – Velocity of the decorticator (rpm) 

After the definition of the response variable of the factors 
and process levels that will be tested, the experiment project
to be executed, was outlined. For this 
the fractionated factorial with eight types of experiment was
chosen. 

The choice of the fractionated factorial was made, because 
it sought in principle, the determination of the individual 
factor influence on the response variable, without bei
objective, in this moment verifies the interrelationship 
between the factors, which would be possible by the 
application of a complete factorial experiment, for example.

The accomplishment of eight experiment was projected
For this, it was necessary to do a confounding between the 
levels of the factors A and B for the generation of the levels 
of factor D. the characteristics of the levels of all the factors 
that should orient the accomplishment of the eight 
experiment are presented in Table 02.

It is possible to observe that the eight experiments to be 

The Design of Experiment Application (DOE) in the Beneficiation of Cashew Chestnut in  

 
of the improvement of the cashew chestnut. 

Factors and tested levels in experiment. 

Lowlevel 

(-) 

High level 

(+) 

18 to 21 23 to 28 
humidification of the environment (%) < 10,7 ≥ 10,7 

before decorticator (°C) <33 ≥ 33 
 <45 ≥45 

After the definition of the response variable of the factors 
and process levels that will be tested, the experiment project, 
to be executed, was outlined. For this design of experiment, 

factorial with eight types of experiment was 

The choice of the fractionated factorial was made, because 
it sought in principle, the determination of the individual 

tor influence on the response variable, without being 
in this moment verifies the interrelationship 

between the factors, which would be possible by the 
application of a complete factorial experiment, for example. 

The accomplishment of eight experiment was projected. 
do a confounding between the 

and B for the generation of the levels 
of factor D. the characteristics of the levels of all the factors 
that should orient the accomplishment of the eight 
experiment are presented in Table 02. 

ssible to observe that the eight experiments to be 
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accomplished should follow the levels as is shown in this 
Table 2. Thus, for example, the experiment N°1 should be 
accomplished with calibrated factors with the following 
levels; Size of the almond (low), humidification of the 
environment (low), temperature before decorticator (low) and 
velocity of decorticator (high). 

Following the orientations presented in table 02, the 
execution of the experiments and accompaniment of the 
response variable, follows. This permits the identification of 
which of the factors is most influent and to which level the 
process should be calibrated. The description of the attained 
result with the application of experiment study is presented in 
section 5. 

Table 02. Levels of the projected fractionated factorial. 

Experiment 
Factors 

A B C D (A*B) 

1 - - - + 
2 + - - - 
3 - + - - 
4 + + - + 
5 - - + + 
6 + - + - 
7 - + + - 
8 + + + + 

It is possible to observe that the eight experiments to be 
accomplished should follow the levels as is shown in this 
Table 2. Thus, for example, the experiment n°1 should be 
accomplished with calibrated factors with the following 
levels; Size of the almond (low), humidification of the 
environment (low), temperature before decorticator (low) and 
velocity of decorticator (high). 

Following the orientations presented in table 02, the 
execution of the experiments and accompaniment of the 
response variable, follows. This permits the identification of 
which of the factors is most influent and to which level the 
process should be calibrated. The description of the attained 
result with the application of experiment study is presented in 
section 5. 

5. Discussion of the Results 

Five replicas were made for each of the eight experiment. 
After the collection of experimental datas, the average and 
the variance of the response variable were calculated, this is 
the percentage of broken almonds at the end of decortication. 
The table 03 presents a set of collected datas. 

Table 03. Datas of the accomplished experiment. 

N° of 

exper. 

Factors Repetitions % of breakings 

A B C D (A*B) µ Si² 

1 - - - + 18,49 0,429 
2 + - - - 19,77 22,87 
3 - + - - 21,71 15,11 
4 + + - + 18,57 33,23 
5 - - + + 15,28 26,22 
6 + - + - 23,74 6,50 
7 - + + - 17,77 25,78 
8 + + + + 18,53 3,66 

For these presented datas on table 03, the rates of effect for 
each of the factors were calculated. The values of effects for 
each factor were 1,84, -0,18, -0,81 e -3,03, respectively for 
the factors of A, B, C, and D. analyzing the individual effects 
factors, it can be seen that the factors A and D appear to be 
more significant in absolute values. 

For a more consistent analysis, a comparison of the values 
calculated effects of individual factors with the critical value 
of the Student t curve. Proceeding with the calculation of the 
“t” value calculated for each factor, the values of 0,45; 0,043; 
0,197 and 0,74 were obtained for the calculated t of factors A, 
B, C and D respectively. 

Comparing these values with the tabled critical “t” of 1,69, 
considering a reliability of 90%, it is seen that non of the 
factors is in a critical zone. Besides this, the A and D factors , 
that corresponds to the size of the almonds (mm) and the 
velocity of the decorticator (rpm) are identified, respectively, 
showing that they can be more expressive in comparation to 
the other factors and, therefore, deserves attention and 
adjustment to attain a better quality of the process. 

Thus, it can be affirmed that the size of the almond (factor 
A) and velocity of the decorticator (factor B) have a great 
influence to the breaking rate of the almonds. The small sizes 
of the almonds (18 to 21mm) and the high velocity of the 
decorticator (>45 rpm), therefore, would be the most 
adequate configuration for the process of decortication, 
because, it would be the adjustment of the factors considered 
to be ideal for the maximum range of the quality of this 
process. 

If the values of table 03 are observed, it will be seen that 
the experiments 1 and 5, are the ones that present the best 
performance, in other words, are the ones that possess the 
best average of response variable. Thus are the experiments 
that obtained the lowest rate of breakings of the almonds 
after the decortication process. 

It is worth noting that the size of the almond depends on 
the characteristics of the prime material provided by the rural 
producers of the region, whom are the main suppliers to the 
company. As the company in question acquires inputs from 
multiple suppliers, this causes the chestnuts to have a broad 
range of sizes, making it difficult for the company to control 
this specific factor. 

Thus The characteristics of the almonds that will be 
processed are intrinsically related to the availability of stocks. 
So it can be said in a way that the factor A is not fully 
controllable by administrators. 

Given this fact, it would be interesting to analyze the ideal 
levels of the factors for the size of each almond (18, 21, 23, 
25 and 28 mm) in order to determine with more specificity 
the most adequate adjustment for this factor. In this work, 
only the analysis for the size of 21 mm (table 04) will be 
presented. But the presented calculations can be extrapolated 
for the other dimensions. 

For the accomplishment of this experiment a complete 
factorial experiment with three replicas for each experiment 
was idealized. Based on the datas of this new experiment, the 
effects of the factors B, C and D, that were 0,20, -1,70, 
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respectively, can be calculated.  

Table 04. Experiment data considering the adjustment for Factor A (21 mm). 

N° of exper 
Factors Repetitions % of breakings 

A B C µ Si² 

1 - - - 17,10 6,71 
2 + - - 17,86 24,10 
3 - + - 17,35 5,66 
4 + + - 17,13 12,63 
5 - - + 18,67 0,72 
6 + - + 16,75 4,70 
7 - + + 14,52 8,93 
8 + + + 16,70 7,02 

As occurred in the previous experiment analysis, it is seen 
that none of the factors can be considered very influential, 
making an individual and comparative analysis. Making an 
analysis, according to the Student curve, it is seen that the 
temperature before the decorticator, factor C, shows to be the 
most influential in relation to others. 

By this statement, observing the data in Table 4, it is 
identified that the response variable, rate of breakings of 
almonds in percentage, has the best result when the 
temperature was calibrated to the high level, > 33 ° C. 

Thus, considering the possibility of controlling the size of 
the almond in 21 mm, the second experiment indicates that 
the temperature before the decorticator exerts moderate 
influence on the rate of broken almonds in the process. 

However, it is worth noting that in both experiments, there 
are no factors that can be considered very influential. But, it 
was found that some factors exert an influence on the 
response variable, and can therefore be calibrated to provide 
a superior quality process. 

This fact can be explained by the large variance observed 
in the process. This can be observed in the datas of the 
accomplished experiment and presented in the tables 3 and 4. 
This great variance in the data of the experiments can be 
explained by the presence of "noise" that were not identified 
during this accomplished experiment project. 

Thus, by the low influence that was observed from the 
tested factors on the process, it can be inferred that such 
noise can exert an intense influence on the response variable. 
Therefore, it is suggested to identify such noises using the 
model of Taguchi for the experiments project for future 
works. 

6. Final Considerations 

The objective of this work was to develop a design of 
experiment for the process of beneficiation of chestnuts in a 
company of the Northeast of Brazil, especially the process of 
decortication where the separation of the barks and the 
almonds occurs. 

It was noticed that, the DOE identified that some factors 
can be considered less influential in this process, because an 
elevated variance in the experiment datas that suggests that 
too many noise interfere in the process, was observed. 
Besides the great variance of the response variable, the main 
factors and their respective levels for the process were 

outlined. 
It is important to pay a special attention to the “noises” in 

this case, because they can have a significant influence and, 
besides that, proceed with tests to determine the best 
arrangement of the factors for the various sizes of almonds 
because this factor is not entirely controllable by the 
company. 

A justification for the great influence of noise in this 
process is the fact that this design of experiments are being 
accomplished in an industrial environment, and not in a 
laboratory environment where the levels and adjustments are 
more easily controlled and the influence of noise is lower. 

In general, the accomplishment an experiment design in an 
industrial environment has proven to be a very difficult task, 
because the company has its production demands during the 
execution of the experiment and is not always possible to 
calibrate the process in order to collect the datas according to 
the instruction of the designed experiment. 

Besides that, in an industrial environment, there is a lot of 
possibility of noise that can interfere with this process, from 
variables like environmental comfort variables up to 
organizational characteristics can interfere with a process 
where the level of mechanization is not absolute. 

Nevertheless, the application of the Taguchi method, as a 
tool for the design of experiments so as to identify these 
noises and their influence in this process, is suggested. 

 

References 

[1] SILVA, S. F. C et al. Implantação do controle estatístico de 
processos em uma indústria de beneficiamento de castanhas 
de caju. XXXII Encontro Nacional de Engenharia de 
Producão. Bento Gonçalves, RS, Brasil, 2012. 

[2] SEBRAE, available em: 
<http://www.sebrae.com.br/setor/fruticultura/o-setor/frutas-de-
a-a-f>, acessado em 02 de janeiro de 2014. 

[3] CAVAZZUTI, M. Optimization Methods: from theory to 
Design, Springer, Verlag Berlin Heidelberg, 2013. 

[4] TOSELLO, G. et al. Study of process parameters effect on the 
filling phase of micro-injection moulding using weld lines as 
flow markers. Int J Adv Manuf Technol. 47:81–97. 2010. 

[5] ABELLAN-NEBOT, Jose Vicente e SUBIRÓN, Fernando 
Romero. A review of machining monitoring systems based on 
artificial intelligence process models. Int J Adv Manuf 
Technol. 47: 237–257. 2010. 

[6] MONTGOMERY, D. C. Design and analysis of experiments. 
6th edition. Arizona: John Wiley & Sons, Inc., 2005. 

[7] PALANISAMY et al. Prediction of tool wear using regression 
and ANN models in end-milling operation. Int J Adv Manuf 
Technol 37:29–41. 2007. 

[8] BESSERIS, George J. Profiling effects in industrial data 
mining by non-parametric DOE methods: An application on 
screening check weighing systems in packaging operations. 
European Journal of Operational Research. 147–161. 2012. 

[9] ATKINSON, A. C., et al. Optimum Experimental Designs, 
with SAS. Oxford: Oxford University Press. 2007. 



 American Journal of Theoretical and Applied Statistics 2015; 4(1): 6-14  13 
 

[10] BELL, G. H. ET AL. A. Plackett-Burman Experiment to 
Increase Supermarket Sales of a National Magazine. 
Interfaces. V. 39, n. 2, p. 145–158. 2009. 

[11] LIMA, V. B. S.; BALESTRASSI, P. P.; PAIVA, A. P. 
Otimização do desempenho de amplificadores de radio 
frequência banda larga: uma abordagem experimental, 
Produção, v. 21, n. 1, p. 118-131, jan/mar, 2011. 

[12] GRANATO, D.; BRANCO, G. F.; CALADO, V. M. A. 
Experimental design and application of response surface 
methodology for process modelling and optimization: A 
review, Food Research International, v.1, p. 0-14, 2011. 

[13] GENTILINI, M. M. Otimização das características da 
qualidade brix e carbonação no processo de fabricação de 
refrigerantes através da utilização de projeto de experimentos. 
XXXI Encontro Nacional de Engenharia de Producão. Belo 
Horizonte, MG, Brasil, 2011. 

[14] ANTONY, J. et al. Design of experiments for non-
manufacturing processes: benefits, challenges and some 
examples. Proceedings of the Institution of Mechanical 
Engineers, Part B: Journal of Engineering Manufacture, pp. 
2078-2087, 2011. 

[15] TONG, Lee-Ing et al. Determining the optimal re-sampling 
strategy for a classification model with imbalanced data using 
design of experiments and response surface methodologies. 
Expert Systems with Applications. 4222–4227. 2011. 

[16] GOUJOT, Daniel.; MEYER, Xuân.; COURTOIS, Francis. 
Identification of a rice drying model with an improved 
sequential optimal design of experiments. Journal of Process 
Control. 22 (2012) 95– 107. 

[17] NANDAKUMAR, Vivek. BISHOP, Daniel. ALONAS, Eric. 
LABELLE, Jeffrey. JOSHI, Lokesh. ALFORD, Terry L. A 
Low-Cost Electrochemical Biosensor for Rapid Bacterial 
Detection. IEEE Sensors Journal, v. 11, n. 1, pp. 210 - 216, 
2011.  

[18] FEKETE, Veronika. DECONINCK, Eric. BOLLE, Fabien. 
Van LOCO, Joris. Modelling aluminium leaching into food 
from different foodware materials with multi-level factorial 
design of experiments. Food Additives and Contaminants. Vol. 
29, No. 8, pp. 1322–1333, August, 2012. 

[19] MERZ, J. Zorn, BURGHOFF. H. and, SCHEMBECKER, G. 
Purification of a fungal cutinase by adsorptive bubble 
separation: A statistical approach. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects. 382, 2011. 

[20] GURUNATHAN, Baskar. SAHADEVAN, Renganathan. 
Design of Experiments and Artificial Neural Network Linked 
Genetic Algorithm for Modeling and Optimization of L-
asparaginase Production by Aspergillus terreus MTCC 1782. 
Biotechnology and Bioprocess Engineering. 16: 50-58 2011. 

[21] SOUZA, H. J. C. de; MOYSES, C. B. ; PONTES, Fabrício J. ; 
DUARTE, Roberto N.; SANCHES DA SILVA, Carlos 
Eduardo ; ALBERTO, Fernando Lopes ; FERREIRA, 
Ubirajara R. ; SILVA, M. B. . Molecular Assay optimized by 
Taguchi Experimental Design Method for Venous 
Thromboembolism Investigation. Molecular and Cellular 
Probes. v. 25, p. 1-8, 2011. 

[22] LIAO, Hsin-Te. SHIE, Jie-Ren. YANG, Yung-Kuang. 
Applications of Taguchi and design of experiments methods in 
optimization of chemical mechanical polishing process 
parameters. International Journal Advanced Manufacture 

Technology 38:674–682, 2008. 

[23] KARNIK, S. R.; GAITONDE, V. N.; DAVIM, J. P. A 
comparative study of the ANN and RSM modeling approaches 
for predicting burr size in drilling. International Journal of 
Advanced Manufacture Technology 38:868–883. 2008. 

[24] KIM, Hong Seok. A combined FEA and design of experiments 
approach for the design and analysis of warm forming of 
aluminum sheet alloys. International Journal of Advanced 
Manufacture Technology 51:1–14, 2010. 

[25] PALANISAMY, P. RAJENDRAN, I. 
SHANMUGASUNDARAM, S. Prediction of tool wear using 
regression and ANN models in end-milling operation. 
International Journal on Advanced Manufacture Technology 
37:29–41.2008. 

[26] HARIDY, S. GOUDA, S. A. WU, Z. An integrated framework 
of statistical process control and design of experiments for 
optimizing wire electrochemical turning process. International 
Journal Advanced Manufacture Technology, 53:191–207, 
2011. 

[27] PAWADE, Raju Shrihari. JOSHI, Suhas S. Multi-objective 
optimization of surface roughness and cutting forces in high-
speed turning of Inconel 718 using Taguchi grey relational 
analysis (TGRA). International Journal Advanced 
Manufacture Technology 56:47–62. 2011. 

[28] PIMENTA, Cristie Diego. SILVA, Messias Borges. RIBEIRO, 
Rosinei Batista. CLARO, Fernando Antonio Elias. 
Planejamento de experimentos em blocos aplicado às 
propriedades mecânicas de arames de aço para molas. Revista 
Produção. 2014. 

[29] SILVA, S. F. C et al. Implantação do controle estatístico de 
processos em uma indústria de beneficiamento de castanhas 
de caju. XXXII Encontro Nacional de Engenharia de 
Producão. Bento Gonçalves, RS, Brasil, 2012. 

[30] GUIMARÃES, Oswaldo Luiz Cobra ; VILELA FILHO, 
Darcy Nunes; Siqueira, A.F.; IZÁRIO FILHO, Hélcio José; 
SILVA, M. B.. Optimization of the azo dyes decoloration 
process through neural networks: Determination of the H2O2 
addition critical point. Chemical Engineering Journal, v. 141, 
p. 35-41, 2008. 

[31] GUIMARÃES, Oswaldo Luiz Cobra ; SILVA, M. B. . Hybrid 
Neural Model for decoloration by UV/H2O2 involving 
process variables and structural parameters characteristics to 
azo dyes. Chemical Engineering and Processing. Holanda, n 
46, pp. 45-51, 2007. 

[32] PONTES F. J.; FERREIRA, João Roberto; SILVA, M. B.; 
PAIVA, A. P.; BALESTRASSI, Pedro Paulo. Artificial neural 
networks for machining processes surface roughness modeling. 
International Journal of Advanced Manufacturing Technology, 
vol 49, p. 879-902, 2010. 

[33] MOUTTA, R. O. ; CHANDEL, Anuj K. ; RODRIGUES, R. C. 
L. B. ; SILVA, M. B. ; ROCHA, G. J. M. ; SILVA, S. S. . 
Statistical Optimization of Sugarcane Leaves Hydrolysis into 
Simple Sugars by Dilute Sulfuric Acid Catalyzed Process. 
Sugar Tech, v. 14, p. 1-8, 2012. 

[34] RIBEIRO JÚNIOR, Hugo J.; MOTA, Rodrigo Luiz Mendes.; 
LEME, Rafael Coradi.; SANTOS, Paulo Eduardo Steele. 
Ensaios Plackett-Burman para identificação de elementos de 
custo tarifário de energia elétrica. Anais do XXXIII Encontro 
Nacional de Engenharia de Produção, 2013. 



14 Miriam Karla Rocha et al.:  The Design of Experiment Application (DOE) in the Beneficiation of Cashew Chestnut in  
Northeastern Brazil 

[35] LAVOIE, P. GHARBI, A. KENNE, J.P. A comparative study 
of pull control mechanisms for unreliable homogenous 
transfer lines. International Journal of Production Economics. 
n 124, pp. 241–251. 2010. 

[36] BARROS NETO, B.; SCARMINIO, I. S.; BRUNS, R. E. 
Como fazer experimentos: Pesquisa e Desenvolvimento na 
Ciência e na Indústria, 3ª edição, editora Unicamp, 480 p. 
2007. 

 

View publication statsView publication stats

https://www.researchgate.net/publication/275334803

