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Production scale-up and adjustments in the specifications of a new type of biscuit 

Inês Daniela Graça 

 

ABSTRACT 

New products development is a constant in the food industry. The biscuit S is a new kind of filled crunchy 

snack, so its production scale-up in Mem Martins plant is a challenge. We have tried to understand and 

discuss the issues found during the first industrial scale trials of biscuit S and what are their implications on 

this product specifications. 

It was shown that although the specifications defined during the pilot scale trials are a good starting point for 

the industrial scale trials, these are not unchangeable. During scale-up trials the product specifications have 

changed, aiming to overcome procedural issues or to simplify the process itself. The trials objectified the 

biscuit S production according to its specifications and the process stabilization. 

In order to better understand which factors influence the final product thickness we have made an analysis 

of variance with two factors and found out that when the dough is dockered, baked biscuit S thickness is 

reduced. 

It was also found that it is possible to meet the specifications established for the weight and water activity 

for the baked biscuit S, but the moisture content of the final product is not according its specification. Other 

specifications such as pH and the color of the final product should also be established, so that the biscuit S 

scale-up is still far from be concluded. 

 

INTRODUCTION 

A biscuit may be define as a product produced 

from cereal flour, sugar and fat, with a content of 

less than 5% of moistness, being, for this reason, 

a product with a longer shelf-life (1). Flour, sugar 

and fat are common ingredients to all recipes of 

biscuits, and water has a special relevance to the 

consistency of the dough (1). Countless other 

ingredients may be added to this 

macroingredients but in a lesser quantity 

(microingredients), in order to improve the 

performance of procedural ingredients, make the 

product more appealing, assign flavor, increase 

product quality and his stability (2). 

The semisweet biscuits are characterized by 

being produced from hard dough, and, therefore, 

having a well-developed gluten network. This 

dough has a low content of sugar and fat 

compared to the flour content, and may include 

chemical leavening, reducing and/or enzyme 

agents (3). 

The biscuit S, being the focus product in this 

work, is a crispy snack, stuffed, with a 

homemade aspect that provides textural 

complexity and satiation through a higher 

chewing period. It is intended that it can be 

presented in the form of four distinct products, 

with the filling being the only difference between 

them. 

 

MATERIALS AND METHODS 

During the scale-up trials, it is essential to 

analyze the product characteristics at all stages 

of the process in order to understand what 

adjustments to the equipment are needed to 
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meet the required specifications. During the 

second and third trials at industrial scale of 

biscuit S production process, we gave special 

attention to the operations comprised between 

the mixing and the baking. 

 

1. Analysis of biscuit characteristics  

1.1. Water activity  

Samples with about 7g were taken at the exit of 

the kneader and we made, at least, three repeats 

for its aw measurement, at a 20°C temperature, 

in an aw meter AquaLab from Decagon, with an 

accuracy of ± 0.001. The samples were weighed 

on a Sartorius from Acculab, with an accuracy of 

± 0.1 g. 

 

1.2. Biscuit weight 

We collect 10 biscuits composed only of raw 

dough, 10 full raw biscuits (mass, filling and 

covering of salt when applicable) and 10 baked 

biscuits. The raw biscuits were weighed together 

in Acculab Sartorius, with an accuracy of ± 0.1 g, 

while the cooked biscuits were weighed in a 

Sartorius Portable with an accuracy of ± 0.1 g. 

 

1.3. Dimensions of the baked biscuit 

For each collection of 10 baked biscuits, we 

measured the thickness, length and width of each 

one, using two calipers, depending on the 

availability of equipment, a digital caliper Mitutoyo 

model CD 15CPX, with a resolution of 0.01 mm 

and an accuracy of ± 0.02 mm, and a universal 

caliper Mitutoyo with an accuracy of ± 0.05 mm.  

For its thickness, there were three measurements 

per biscuit (at three different points: beginning, 

end and in the middle of the biscuit) and recorded 

the highest value, since it is the maximum 

thickness of the product that influence the 

packaging process. 

 

2. Analysis of variance (ANOVA) 

We used the ANOVA with two factors approach: 

the type of filling and drilling of the dough, to 

assess its influence on the dimensions of the 

baked biscuit (thickness, length and width). To 

perform this analysis it was found that the 

dimensions of this biscuit are normally distributed 

(1).  

ANOVA is a general method of analyzing data 

from designed experiments, having the objective 

of compare two or more group means. The t test 

is a special case of ANOVA in which only two 

means are compared.  

To perform this analysis, we calculated the 

means corresponding to each set of observations 

(data) from the combination of level i of factor A 

(with i = 1,2, ..., a) with the level j of factor B (with 

j = 1,2, ..., b),  x ̅_ (ij.) according to equation 1. 

Note that for every combination of levels, we 

made “n times” the measurement of the 

characteristic of interest. 

�̅�𝑖𝑗. =
1

𝑛
∑ 𝑥𝑖𝑗𝑘

𝑛

𝑘=1

 Eq.1 

Where 𝑥𝑖𝑗𝑘 are all the data that we intent to 

analyze. 

If we represent these means (x ̅_ (ij.)) in a graph, 

we can evaluate the interaction between these 

two factors. This interaction is the difference in a 

factor behavior in the different levels of the other 

factor, in respect to the characteristic of interest.  

If the lines are parallel, the interaction graph 

reveals that there is no significant interaction 

between the factors A and B, since the difference 

between mean values for any two levels of factor 

A is the same for all levels of factor B and vice 
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versa. If there is a difference between average 

values of a factor in relation to the other is 

possible that there is significant interaction 

between these, and, in this last case, it is not 

always possible to compare the levels of factor A 

without having to specify the level of factor B 

engaged and vice versa, which may make it 

difficult to interpret the isolated influence of each 

factor. A chart of main effects allows us to make 

this interpretation. For the construction of this 

type of chart, we need to calculate the averages 

corresponding to each level (i or j) by a factor (A 

or B, respectively) using equations 2 and 3 

(respectively): 

�̅�𝑖.. =
1

𝑛𝑏
∑ ∑ 𝑥𝑖𝑗𝑘

𝑛

𝑘=1

𝑏

𝑗=1

 Eq.2 

�̅�.𝑗. =
1

𝑛𝑎
∑ ∑ 𝑥𝑖𝑗𝑘

𝑛

𝑘=1

𝑎

𝑖=1

 Eq.3 

It’s clear that the interpretation of the main effects 

chart it’s always influenced by the interaction 

graph.  

In both graphs, and also to facilitate their 

interpretation, we can present the calculated 

averages with their respective standard deviation, 

s, (equation 4). 

𝑠 = √
∑(𝑥𝑖𝑗𝑘 − �̅�)

2

𝑛 − 1
 Eq.4 

Where 𝑥𝑖𝑗𝑘 are all the values of the replies that 

constitute the sample, n is the number of these 

replies and �̅� is the sample mean (it can be �̅�𝑖𝑗., 

�̅�𝑖.. or �̅�.𝑗.). 

Equation 5 allows us to calculate de general 

mean of the data, �̿�. This mean is the quotient of 

the sum of all values, by their total number.  

�̿� =
1

𝑛𝑎𝑏
∑ ∑ ∑ 𝑥𝑖𝑗𝑘

𝑛

𝑘=1

𝑏

𝑗=1

𝑎

𝑖=1

 Eq.5 

In an ANOVA model that considers the possible 

interaction between factors, the total variability of 

the data, which is called the total sum of squares 

(SST) is decomposed into four plots (equations 

6-10): variability due to factor A (SSA) and to 

factor B (SSB), variability due to interaction (SSI) 

and residual variability (SSE) that corresponds to 

interaction that the model can’t explain. 

𝑆𝑆𝑇 =  ∑ ∑ ∑(𝑥𝑖𝑗𝑘 − �̿�)
2

𝑛

𝑘=1

𝑏

𝑗=1

𝑎

𝑖=1

 Eq.6 

𝑆𝑆𝐴 = 𝑛𝑏 ∑(�̅�𝑖.. − �̿�)2

𝑎

𝑖=1

 Eq.7 

𝑆𝑆𝐵 =  𝑛𝑎 ∑(�̅�.𝑗. − �̿�)
2

𝑏

𝑗=1

 Eq.8 

𝑆𝑆𝐼 = 𝑛 ∑ ∑(�̅�𝑖𝑗. − �̅�𝑖.. − �̅�.𝑗. + �̿�)
2

𝑏

𝑗=1

𝑎

𝑖=1

 Eq.9 

𝑆𝑆𝐸 = ∑ ∑ ∑(𝑥𝑖𝑗𝑘 − �̿�)
2

𝑛

𝑘=1

𝑏

𝑗=1

𝑎

𝑖=1

 Eq.10 

Once we known the different portions of the total 

sum of squares, we can calculate the variance 

associated with factors A and B (MSA and MSB, 

respectively), associated with the interaction 

between factors (MSI) and residual (MSE). To 

calculate the variance (equation 11) is necessary 

to know the number of degrees of freedom (DF) 

associated with each tranche. The number of 

degrees of freedom of a sum of squares is the 

number of independent elements in this sum. 

 

𝑀𝑆 =
𝑆𝑆

𝐷𝐹
 Eq.11 

After these calculations, we can evaluate the 

effect of the interaction between factors with a 

hypothesis test. If the effect of the interaction it’s 
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not significant, the main effects of each factor 

(individual) are evaluated, also using an 

appropriate hypothesis testing.  

The F test, Snedecor, is a statistical test that has 

the purpose of comparing variance. It adopts a 

Snedecor F-distribution under the null hypothesis 

(H0). In the case of the model that is being 

considered (ANOVA with two factors), the null 

hypothesis (H0) that is being test correspond to 

no interaction between factors, and no significant 

influence of each factor on the characteristic of 

interest. To perform the test, it is calculated Fobs 

according to the equation 12 for each of the three 

null hypotheses. 

𝐹𝑜𝑏𝑠 =
𝑀𝑆

𝑀𝑆𝐸

 Eq.12 

It’s known that, under H0, we have: 

𝐹𝑐𝑟𝑖𝑡𝑖𝑐 = 𝐹𝑎𝑏(𝑛−1)
𝐷𝐹  Eq.13 

Therefore, knowing the value of Fcrític and defining 

a critical region for the F test (CR = {F ∈ ℜ+: F >

Fcrític}), we can compare the Fobs value and 

accept or deny the null hypothesis (H0). To 

accept H0, Fobs can’t be included in the critical 

region, this means that Fobs must be lower or 

equal to Fcrític. 

The F test allows us to inquire if at least two 

means differ among themselves, indicating only if 

there is a difference between averages and not 

between which or why. For this reason, if the test 

result is significant, it should be applied a test of 

mean comparison to determine which means is 

differing from another. The Tuckey method, or 

HSD test (honestly significant difference), it’s an 

example of a comparison test, and consist in 

defining the lower significant difference between 

the two means, using for this purpose, a 

Studentized Range distribution. This distribution 

is used in order to, at a significance level of α, 

determine what is the minimum difference to 

consider for the difference between averages to 

become significant. Thus, the null hypothesis 

(H0: r and s levels of factor A or B have equal 

means) is rejected when (respectively):  

|�̅�𝑟. − �̅�𝑠.| ≥ 𝑆𝑇(1−𝛼)√
𝑀𝑆𝐸

𝑛𝑏
 Eq.14 

|�̅�𝑟. − �̅�𝑠.| ≥ 𝑆𝑇(1−𝛼)√
𝑀𝑆𝐸

𝑛𝑎
 Eq.15 

Where r and s correspond to two levels of the 

factors A or B and 𝑆𝑇(1−𝛼) is the quantile of 

probability (1-α) of the Studentized Range 

distribution, with (a, ab(n-1)) degrees of freedom 

to test H0 for factor A or with (b, ab(n-1)) degrees 

of freedom to test H0 for factor B. 

 

RESULTS AND DISCUSSION 

The responsible team for the project 

development based their initial work on pilot 

scale trials to define some specifications for 

biscuit S. However, during tests at industrial 

scale, some specifications that were initially 

established needed to be changed, due to some 

new issues that appeared. Some of these 

modifications have been made to simplify the 

scale-up production of the product, compared to 

the production line where the tests were carried 

out and the operating parameters of the 

equipment. 

 

1. Biscuit S recipe and dough aw 

The real production process of biscuit S begins 

with the mixing. For this reason, this is an 

operation that has a great influence on the final 

characteristics of the product. In tests at industrial 

scale, we began to adopt the recipe used in pilot 

scale trials and then progressively, carried out 
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changes that make it more feasible for large-

scale production (Table 1). 

Table 1 shows that we decreased the number of 

phases in mixing (first we had four and we end 

up with two) and we also changed the velocity of 

the kneader’s blade in the initial phase of the 

process (from 40 r.p.m. to 20 r.p.m.). The amount 

of some ingredients has also been changed, 

being water, gelling agent 1, reducing agent and 

leaving agent 3 the ones that have changed the 

most. It’s important to achieve the pretended 

texture for the dough, because this will directly 

influence the texture of the final product. In an 

initial phase, we found out that, while mixing the 

ingredients with a velocity of 40 r.p.m. (fast), the 

resulting dough didn’t present the wanted texture, 

this being the reason for the decrease in the 

velocity of the kneader’s blade to 20 r.p.m. 

(slow). In a further phase, with the objective of 

simplify the mixing process, we decreased the 

mixing phases to a number of two: a first phase 

where we create an emulsion with sugar, water, 

invert sugar syrup, vegetable fat and some 

microingredients, and a second one where we 

join the flour and the remaining microingredients. 

Water is a macroingredient with an extreme 

importance in the dough, since its consistence 

depends a lot on the quantity of water and its 

temperature. The higher the temperature of the 

dough and the higher its water content, softer it 

is. This fact is due to the relevance of this 

macroingredient in the gluten tridimensional 

network forming process and to the solving 

function that it rolls in the dough. First, the water 

hydrates the starch granules and initiates the 

dough formation, and then the proteins begin to 

interact with some water molecules and form the 

three-dimensional network of gluten. As the water 

absorption by the protein is slower that the one 

by the starch granules (2) it is important that the 

phase of mixing after adding the flour last long 

enough for the gluten network to appropriate 

develop and to occur efficient diffusion and 

mixture of the remaining ingredients - note in 

Table 1, that we increased the duration of the 

second stage of mixing. In order to determine the 

 

Table 1 – Recipe’s evolution of the baked biscuit S throughout the trials at industrial scale: changes in 

the stages of mixing and formulation of dough. 
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appropriate amount of water in the recipe we 

analyzed the dough of biscuit S with a 

texturometer after it comes out of the kneader 

(data not shown). If the dough was too soft it was 

because the network structure of the gluten 

produced a more extensible and less elastic 

dough, if it was too rigid, it’s because it had a 

well-developed three-dimensional network of 

gluten and it is more extensible and less elastic. 

It is intended that the dough of biscuit S is 

extensible and to present a consistency that 

facilitates both the calibration process and the 

process of forming the biscuit. 

Water is also responsible for many biochemical 

reactions that occur within the dough. The most 

important, in the case of this biscuit, are the 

enzymatic reactions, and without the presence of 

this macroingredient these reactions would not 

occur. Another important factor for the enzymatic 

activity that contributes to the modification of the 

three-dimensional network of gluten is the final 

temperature of the dough. One way to control this 

parameter, that in the biscuit S case is intended 

to be inserted in the range of 40 to 43 °C, is 

through the temperature of the water introduced 

into the kneader, because, among all the 

ingredients, this is the one whose temperature is 

more easy to manipulate (through a heat 

exchanger, for example). The water temperature 

may be calculated based on different factors 

such as the temperature inside the kneader, the 

kneading time, and the type of dough, among 

others (data not shown). 

The gelling agent 1 used in the recipe is a type of 

pre-gelatinized starch from corn and is added to 

the recipe in order to improve the texture of the 

product, to give it crispness. Since it was found 

that the product at the exit of the oven didn’t have 

the desired texture, we increased the amount of 

this ingredient, in order to solve this problem. 

The biscuit S is produced from an extensible 

dough. For this reason, some shrinkage occurs in 

the length of the dough piece (and sometimes 

also in its width) during baking. These changes in 

the shape and size of the biscuit are primarily 

related to the quality of the flour and the 

consistency of the dough itself (3). Some 

adjustments to the length (which may also affect 

the width) may be performed by changing some 

parameters of operation of the rotating mold that 

forms the biscuit (rotation speed, which exerts 

pressure on the mass, etc.), however, if we 

increase the amount of the reducing agent in the 

dough formulation, we contribute to increase the 

extensibility of the dough, that will contract less 

after being cut by the rotating mold. Thus, we 

increased the amount of this agent. In the 

presence of a reducing agent, the forming gluten 

proteins suffer some chemical changes (broken 

disulfide bonds) that result in the weakening of 

this formed three-dimensional network. It is 

shown that the elastic properties of a gluten 

network is associated with 50% of the disulfide 

groups present in proteins, with the remaining 

disulfide groups contribute to the cohesiveness of 

the mass (4). An alternative to increasing the 

quantity of reducing agent could be to increase 

the amount of enzyme to modify the gluten 

quality after mixing (3). 
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The leavening agent 3, together with the other 

leavening agents, contributes to the formation of 

gas within the dough during baking, when in the 

presence of water, heat or acidity. In the case of 

biscuit S formation of gas bubbles and their 

expansion is extremely important to create a 

crispy snack with a pillow effect, so that during 

the third industrial trial (due to the inclusion of 

drilling in dough production process) has been 

increased the amount of this microingredient in 

the recipe, in an attempt to meet the initial 

product concept. 

Each trial tried to achieve a target formulation for 

the mass of biscuit S. In the second trial we gave 

more emphasis to obtain the correct consistency 

of the dough and during the third we objectified to 

obtain the product and its specifications as  

desired at the exit the oven. Until we came to the 

conclusion of which is the most appropriate 

formulation, at the end of each test (Table 1) we 

formulated numerous dough, each an attempt to 

adapt the recipe of biscuit S. The aw is an 

important parameter to predict product stability at 

different levels, and since the aw of the dough is 

directly related to aw in the final product, 

measurements were taken of this parameter 

during the test for each formulated dough (Figure 

1). Initially it was intended that the value of aw in 

dough was at most 0.85, since that for values 

higher than this reference, the production line 

should be cleaned every day (imposed by food 

safety standards). However, during the trial, and 

due to the formulation of the dough, it was noted 

that this was an impossible goal, so that priority 

was given to obtaining dough with properties 

suitable for the calibration process and leading to 

a final product with the desired characteristic. 

In figure 1 it can be seen that the value of aw 

showed an upward trend over the industrial scale 

trials, contrary to what one might wish from the 

point of view of stability and preservation of the 

final product. The points in gray (dark and light) 

on the graph represent the dough made until a 

final recipe for the dough in this test was 

obtained, that is, we see the changes that were 

gradually made. 

 

Figure 1 – Water activity for the baked biscuit S with different types of filling on third 

trial at industrial scale. 
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By increasing the amount of flour we increased 

the amount of protein and starch granules that 

interact and absorb water , respectively, so that 

this change lead to a decrease in the free water 

in the dough (and thus contribute to the reduction 

of aw). In addition, we decreased the amount of 

water and divided that macroingredient in a 

portion of cold water and another of hot water. 

Temperature has a great influence on the activity 

of water as well as in biochemical reactions and 

interactions that are established. However, the 

influence on aw on this case is difficult to 

determine and would require that we conduct a 

further study to draw conclusions. It can only be 

inferred that ingredients such as sugar or salt 

would dissolve more quickly in the hot water 

portion, because up to a certain limit, the higher 

the temperature, the higher the mobility of the 

molecules within the dough, whereby it is made 

easier to its dissolution. Another macroingredient 

whose amount was changed was the sugar. By 

reducing the amount of sugar we diminished the 

amount of water molecules necessary to solvate 

the sucrose molecules and it contributed to an 

increase in the dough aw. More than that, usually 

we use sugar or salt as a means of adjusting the 

value of aw in a product (5), although, in this 

case, the changes to the dough despise the 

effect that these would  have on the aw, we try to 

obtain a dough with the desired consistency and 

characteristics (as discussed above). 

The remaining changes were made to the 

quantities of microingredients. Since the gelling 

agent is one type of modified starch, increasing 

the amount of this ingredient diminished the 

amount of free or unbound water (contributing to 

the reduction of the aw) because the modified 

starch is produced from chemical or enzymatic 

action on starch or starch granules to partially 

degrade them, thus increasing its ability to 

absorb water (6). The reducing agent when 

mixed with water, releases a gas as the reaction 

product (3). Therefore, by doubling the amount of 

this agent, more water molecules will have to be 

mobilized to help on their reaction, and may 

therefore be inferred that this change contributes 

to a slight decrease in the value of the aw in 

dough. 

Finally, we decreased the amount of leavening 

agent 3 and we increased the amount of water to 

dissolve it before introducing it into the kneader. 

This agent in the presence of water, react with 

acids and releases carbon dioxide, decomposing 

in the respective salt and water (3). Due to the 

excess water that is added to the formulation 

dough of biscuit S and the fact that one of the 

possible reaction products of this compound is 

water, it can be inferred that both these changes 

contribute to an increase in the dough aw. 

In fact, after the changes, it was found that the 

water activity of in the dough of the biscuit S 

increased by about 2.3%. Once the biscuits are 

extremely complex foods from the point of view of 

molecular interactions that are established 

between their constituents and the reactions that 

may occur within it, is difficult to pinpoint a 

specific reason for this. It is concluded that the 

changes have led to structural and biochemical 

changes in dough that enabled it to have a higher 

amount of free water and thus a higher value aw. 
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2. Weight of the biscuit 

 Weight can affect color, moisture, dimensions 

and the organoleptic quality of the product (3). 

The weight of ten raw biscuits composed 

exclusively of dough or complete (with filling and 

cover, if applicable) and the weight of ten baked 

biscuits are product specifications. In the case of 

raw biscuits, if the weight does not achieve the 

expected, should be corrected the parameters of 

the calibrators and / or the filling machine until 

the specified value (iterative process) is reached. 

In the case of cooked biscuits do not have the 

specified weight, and making sure that the raw 

biscuits had the correct weight, you should 

correct the thermal profile of the oven (related to 

baking loss). Figure 2 shows the weight values of 

10 biscuits S obtained during the second and 

third trials on an industrial scale, in relation to the 

values specified for them. 

Data are represented in groups, and within each 

group, the samples were collected with about 

twenty to thirty minutes of difference. The graph 

shows that it is possible to put the weight of the 

cooked biscuit S under control during the 

production process, because in certain groups 

such as perforated biscuit S and with the A 

stuffing in the second trial and biscuit S 

perforated and with filling B on the third, we note 

that by adjusting some parameters on the 

production line we can get the product within the 

weight limits specified. One of the difficulties in 

scaling up production of a new product is 

precisely reconcile the parameters and operating 

conditions of the production line so that the 

product conforms to all defined specifications. 

3. Biscuit dimensions 

During baking several changes occur in dough 

piece formed, including on its dimensions. It is 

extremely important to ensure that the product is 

according to its specifications because otherwise 

it can compromise the efficiency of the packaging 

process and production costs. 

Given that, during tests at industrial scale is 

intended to stabilize the large-scale production as 

 

Figure 2 - Graphic representation of the weight of 10 baked biscuits S of various kinds against the maximum  

and minimum target specifications defined during tests  industrial scale. 
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the desired specifications (partly suggested by 

test pilot scale), it is important to understand the 

influence of various factors on the characteristics 

of the product in order to overcome any obstacles 

that may rise during the scale-up process. In this 

context, we used the method of the two-factor 

ANOVA to study the influence of the type of filling 

and drilling in the dimensions of the mass of the 

baked biscuit: thickness, length and width. We 

chose these two factors  to perform the analysis 

because, as already explained by theoretical 

foundations, they are the ones that could 

influence the most the size of the biscuit during 

baking in addition to the specific conditions inside 

of the oven - which are here considered as 

constant and equal for all samples. 

Figures 3 and 4 show graphs of interaction and 

main effects respectively, of the ANOVA 

performed to the thickness of the baked biscuit. 

The graph of Figure 3 indicates that it may be no 

interaction between the two factors being 

considered, since the mean thickness of the 

biscuit S, taking into account the standard 

deviation is always smaller either when the 

dough is perforated, regardless of the type of 

filling, either when the biscuit is not filled, 

regardless of the mass be or not be perforated. 

To help interpret whether there is or not, a 

significant interaction between the drilling of the 

mass and type of filling we performed a 

hypothesis test, the test F. The three null 

hypotheses considerate were not having 

interaction between the factors, and each factor 

does not affect the thickness. It was found, for a 

significance level (α) of 5%, that although there is 

interaction between the two factors considered, 

that is not significant and that both factors 

influence the thickness of the baked biscuit. 

The main effect graph (figure 4) confirmed that 

the perforation of the dough before being baked, 

results in less thickness, so that this factor has a 

significant influence on this dimension. It can also 

be seen that the type of filling factor may have a 

significant influence on thickness. 

To evaluate if the influence of each factor is 

significant or not, we used the Tukey’s method, 

which defines the smallest significant differences 

between means using the Studentized Range 

distribution and, comparing the levels in pairs of 

each factor, evaluates the null hypothesis: the 

levels of the factor have equal means. Of 

applying this method, we concluded that the 

perforation of the mass significantly influences 

the thickness, since the averages of the two 

levels of this factor are significantly different. 

Combining this finding with the analysis of the 

graph in Figure 4, we demonstrate that if the 

dough is perforated the biscuit thickness is 

reduced. This can be explained by the fact that 

the holes in the top of the wafer facilitate the 

migration of gases formed during the baking to 

the outside, thus preventing to form bubbles that 

could affect the product thickness. 
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On the other hand, it is found that, in the case 

of the type of filling factor, all the differences 

may or may not be significant when 

considering the standard deviation associated 

with each. The possibility of being significant 

can be explained, firstly, by the thickness of 

the filling layer itself that is adds to the biscuit, 

and second, by the possibility of some 

constituents of the filling substance itself (like 

water for instance) can contribute to the 

formation of gas bubbles inside the biscuit 

which result in increased localized  thickness.  

As mentioned, an ANOVA was performed 

considering the same factors in the influence 

both in the length or width of the baked biscuit, 

however, none of these analyzes was conclusive. 

CONCLUSIONS 

Tracking the second and third tests at 

industrial scale of the biscuit S revealed how 

complex the process of scaling up production 

to a new biscuit is. During the tests, several 

difficulties appeared, which shows that prior 

stabilization of pilot scale production, though 

useful, is not a guarantee that the large-scale 

production will run without problems. The 

specifications defined in the pilot scale served 

as a starting point, however, they have 

changed, result not only of the issues that 

arose during rehearsals for industrial as well as 

an attempt to simplify the process of scaling 

range. 

 

Figure 3 - Graph of interaction between the factors drilling dough and type of filling for the thickness of the 

baked biscuit S. 

 

Figure 4 - Graph of main effects: type of filling (left) and perforation of the mass (right). 



12 

 

The operating parameters of the production line 

must be adjusted so that the large-scale 

production is uniform and that the product meets 

the specifications. Adjustments were made, 

mainly based on empirical knowledge on the part 

of the team involved in the project. As the biscuit 

S is a new product and, therefore, never before 

produced in the production line of the Mem 

Martins’ factory, calibrations and adjustments 

made to the process were carried out in iterative 

mode, relying on empirical knowledge and 

immediate results that we obtained next to the 

line (such as the size and weight of the wafer). 

As all operations of the process are 

interconnected and are made sequentially, if 

there is a change of a parameter in an operation, 

it will have repercussions in all the following, so 

the solving of problems is never a linear 

operation - it is always necessary consider its 

implications. One evidence of this influence is 

that the perforation in the upper mantle dough 

(process occurring before the entry of the formed 

biscuit in the oven) has on the baked biscuit S: in 

the absence of the drilling operation the thickness 

of the biscuit becomes variable throughout it and 

superior to the one established. 

The biscuit S project is far from over. Much work 

is necessary during the trials in the production 

line. Many specifications are yet to be defined 

and others to adapt, as the pH and color of the 

biscuit. The definition of these parameters should 

take into account the fulfillment of other 

specifications or the stabilization of the operating 

conditions such as the thermal profile of the 

oven. 
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