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Abstract 
The process of cellular respiration and fermentation is one of the essential contents of the study in the 
programs of cellular biology, which has direct applicability in biotechnology in the field of fermentative 
processes. Several textbook references tell us extensively with this subject, but only at a theoretical 
level. Although bioreactor practices are relatively common in the curriculum of faculties, due to the 
excessive price and fragility of available commercial appliances, a single bioreactor it is usually used 
for all students, and is have used only at a demonstrative level. In a different way, certain simple 
assemblies based glass instruments are much more economical and allow for a greater number of 
devices, but even these systems are not feasible to provide one apparatus/pupil ratio, when teaching 
to large groups. In the present paper, we present the made of a simple 50 ml bioreactor easy to 
assemble with common laboratory materials (centrifuge tubes). This assembly is inexpensive, 
resistant and affordable to provide an apparatus to each student, allowing massive experiments in the 
large groups. The students test their sets of experimental conditions in his own bioreactors. The 
students work under the following teaching-learning activity context: they are a part of an R & D team 
that must optimize the fermentation process of an alcoholic beverage at an industrial level. It is a 
matter of obtaining a final product with certain parameters required of alcoholic content, residual 
sugars and time of fermentation. To do this deal, they are provided with several industrial strains of 
yeast, with very different fermentative properties, and a raw material (grape juice, honey, and barley or 
fruit juices). This project consists the industrial process optimization; therefore, the most important 
thing is carrying out the pilot tests in a small-scale research laboratory, in its individual 50ml 
bioreactors. For the first decision-making, which is consider by all members of the group, the whole 
class decides which conditions will be tested (yeast strains, starting sugars concentration, etc.) and 
which experimental variables will measure (alcohol content, Rate of CO2 production, pH, etc.). The 
common work plan is defined, consisting of the conditions that individual students will test in their 
fermenter, and once collected the data are analysed and interpreted and decide which are the ideal 
conditions for the fermentation. Once the procedure is decided, it has recalculated for an industrial and 
scaled process. To do this, they will use a larger container (10 litres drum) in which they will prepare 
the alcoholic beverage chosen again. If the optimized conditions from the mass experiment with the 
individual bioreactors are correct, a product of the required characteristics must be achieving. We 
believe that the use of our individual bioreactor system greatly increases the motivation and 
effectiveness of learning, and allows activities within the methodology of Project-Based learning to be 
very useful for learning outcomes in the design, analysis and interpretation of experiments in the field 
of biotechnology and related fields. 
Keywords: Bioreactors, project-based learning, competencies in experimentation, large groups of 
students. 

1 INTRODUCTION 
Yeast alcoholic fermentations of sugars to prepare alcoholic beverages can be carried out on a small 
scale in the laboratory ([1], [2], [3]) and it is a classic biotechnology practice. It is attractive and 
motivating for the student. They involve diluting the starting product (vegetable grains, honey, fruit 
juices, or molasses) in the proportion suitable for fermenting an amount of alcohol sufficient to 
constitute an alcoholic beverage with a pleasant taste and preserving the product resulting from 
possible bacterial contamination. Strains of yeasts specifically selected for winemaking are used, 
which must grow and reproduce efficiently in the initial starting mixture. The concentrations of residual 
sugars in the final product, the proportion of water and honey or must, the amount of yeast for the 
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initial inoculum, the time of fermentation, etc. have been found empirically and are widely found in 
various "recipes" in the literature dealing with how to make wines, beers or mead. Often these recipes 
require a certain optimization to achieve consistent results between different batches and a drink of 
sufficient alcoholic strength and pleasant taste. For example, in the preparation of mead, the different 
honeys, could be purchased on the market do not have the same proportions of sugars and behave 
the same in the fermentation. In this way, we also the different industrial yeast strains are very 
different in terms of resistance They possess the alcohol of the medium before death which will 
determine the alcoholic degree that can be obtained with that specific yeast) or the speed with which 
the fermentation takes place. Therefore, a standard recipe for the preparation of mead or other 
alcoholic beverage will require some adaptation to the starting materials that we use (especially the 
must or honey and the yeast strain). This adaptation could be carried out by trial and error or, at a 
more professional level, by well-designed experiments dedicated to the optimization of fermentation. 

Our proposal, however, is not a classic practice of alcoholic fermentation. The principle object of this 
activity is learning the experimental design and the representation. The second topic is the analysis 
the obtained results. It is a didactic methodology "learning based on projects". Based on the materials 
provided, each group of students should be able to find the right conditions for the preparation of an 
alcoholic beverage (mead) of the required characteristics. To do this, each student has one or more 
bioreactors in which to test the conditions of their experimental design. Each group of students 
designs their own optimization experiment and then performs it with the bioreactors provided to collect 
and graph data to infer the manufacturing conditions of the final product that have been required. The 
evaluation takes into account both the good design of the optimization experiment as well as the 
graphical representation and analysis of the resulting graphs. Optionally it could be evaluated that the 
final product obtained is as expected, constituting this point an important motivating element. 

The activity has been developed in the subject "cellular biology" of the first year of the degree in 
Biotechnology. The very interesting topic is the relationship with the theoretical contents of the subject, 
as it represents a practical biotechnological application of the knowledge acquired in the subject, 
specifically those related to cellular respiration and fermentation. This activity is complemented by a 
brief questionnaire with a series of questions that relate to some of the procedures learned in practice. 

The degree in Biotechnology, the sessions in the laboratory during two hours. The entire project 
requires three classroom sessions and two other laboratory sessions (even if it does not fully occupy 
the time available in the two-hour session). It is considered a "classroom workshop": group work 
sessions supervised by the teacher and with a "practical" character. 

The activity is to obtain an optimized formula of preparation for the manufacture of the type of mead 
that has been required in the activity. (Semi-dry, with an alcoholic graduation of 10-12 º and which 
ferments in a maximum time of one week). Experiment with a small individual bioreactor (50 ml) in 
which each student will rehearse their own particular conditions. These conditions will be agreed 
between all the students, designing a great common experiment. Organized in groups, each student 
will collect their own data by observing the evolution of their individual bioreactor. The raw data will be 
put in common using the Moodle virtual classroom associated with the subject. From the large number 
of data generated, students will discuss separately in their working groups appropriate ways of 
graphically representing the information obtained. It is a question of understanding how each variable 
influences the process of fermentation (data analysis). From these charts, each group will choose the 
conditions that seem appropriate (interpretation of data) to elaborate a mead of the required 
characteristics. Then, using a large drum as a bioreactor, each group will prepare 10 liters of product 
according to the conditions extrapolated from the previous analysis. For the final evaluation of the 
activity it will be considered that this optimized mead complies with the requested characteristics, the 
experimental design that delivered at the beginning of the activity, and the graphing, analysis and 
interpretation of the data carried out. The main objective of this activity is not learning the preparation 
of fermented beverages, but intends to introduce the student in scientific experimentation (selection of 
the appropriate variables, design of experiments and analysis and interpretation of data). 

2 METHODOLOGY 

2.1 Problem Statement 
The students are placed in the following context: they belong to the R&D team of a company 
dedicated to the manufacture of alcoholic beverages. His job is to find the optimal conditions to make 
an alcoholic beverage, mead, in a set time (10 days) and that reaches an alcoholic graduation of 10-
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12º and with a certain residual amount of sugar to have a slightly sweet taste (Semi-dry, 10-20 g/l of 
sugars). To do this they will be provided the individual 50 ml bioreactors and several yeast strains, 
with which they will design an optimization experiment. With the data resulting from this experiment, 
after their analysis and interpretation, they must change the scale and prepare a large quantity of 
mead (10 liters) of the required characteristics. 

2.2 Description of bioreactors 
The bioreactor is a 50 ml centrifuge tube with skirt that is connected by a silicone tube through a hole 
in its lid to another 10 ml transparent tube that acts as a gas trap (Fig. 1). Both tubes are connected by 
a flange at the bottom, and by a rubber elastic ring at the top. Before placing the flange between the 
two tubes, a small strip of 2 cm thick double-sided adhesive tape is placed at the base. A hypodermic 
syringe is inserted in the lid of the 50ml tube and is used for sampling. An adhesive strip thermometer 
is placed on one of the side walls of the main tube. The reactor as a whole must be stable in a vertical 
position when it is supported on a table. 

 
Figure 1. Schematic representation of the 50ml individual bioreactor. 

2.3 Needle for sampling 
A 0,8 mm caliber hypodermic needle perforates 50 ml tube top.  It is securely fastened and that it does 
not allow air to pass through, for which it is recommended that a small rectangular piece of plastic 0.5 
cm on the side be placed just below the point where the needle pierces the cap, also pierced by the 
needle. Thereafter, a strong adhesive is disposed between the plastic member and the cap pierced by 
the needle, the seal be firmly sealed. The needle must penetrate completely so that it is positioned as 
inland as possible, so that it is always below the level of the inner liquid, taking into account that as 
samples are taken at 1 ml this level will decrease. 

2.4 Gas trap 
A 10ml centrifuge tube drilled in its lid and filled to half with alcohol 70ºC will work as a gas trap. This 
tube must be transparent, so that the student can see and count the CO2 bubbles produced that allow 
following the course of the fermentation. It communicates with the 50 ml bioreactor using a silicone 
tube that will be submerged up to 2 cm away from the bottom. The holes that pierce the caps of the 
10ml and 50ml tubes should be somewhat smaller than the silicone tube that communicates them, to 
get a good seal and avoid the passage of air. 
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2.5 Adding a thermometer 
The adhesive digital thermometers are widely used in aquariums and it is representing a very 
economical way of providing a control over the ambient temperature in which we will place our 
bioreactor. They consist of a strip of adhesive plastic that adheres to a surface, the tube of 50 ml in 
our case, and which has a temperature scale printed in º C (usually in the range between 15 and 40 
ºC). The device displays the digits corresponding to the ambient temperature in a different color. The 
fermentation of the mead must take place between 18ºC and 25ºC, since lower or higher temperatures 
can induce the generation of metabolic by-products with unpleasant taste, altering the organoleptic 
characteristics of the mead. Although the temperature is not a variable to be considered in our project, 
the addition of the thermometer represents a certain form of control of the ambient temperature of the 
place where we will choose to place the bioreactor.  

2.6 Procedure for mounting the bioreactors 
1 The 50 ml and 10 ml container lids are pierced and communicated with a 20 cm x 0.5 cm 

diameter silicone tube 

2 Stick the adhesive thermometer on the side of the 50ml container 

3 The two containers are joined with the adhesive double-sided tape, on one side and on the 
underside; the union is completed by adjusting a plastic flange by the bottom 

4 Fasten the two containers with a rubber band on the top 

5 Drill the 50 ml container lid with the needle, sealing it with adhesive 

6 Fill with half alcohol with 70º the container of 10ml 
7 The two caps are screwed and the syringe is connected to the needle 

2.7 Sampling and associated measures 
The syringe is used to take samples of the interior of the bioreactor without opening it and avoiding 
contamination. To do this, we will have a broad-spectrum antibiotic solution and load the syringe with 
1ml of the suspension before inserting it into your needle. When it is necessary to take a sample, we 
will scrub 1ml of the inner liquid and disconnect the needle. Now we will discard the contents of the 
syringe (which will be 1ml of the aspirate plus 1ml of the antibiotic suspension), wash its interior by 
loading and emptying it 3 times with distilled water, and connect it to the needle of the bioreactor to 
take 1 ml of sample of the Fermented for our measurements. The syringe is charged again with 1 ml 
of antibiotic suspension and replaced on the bioreactor needle. Fluid arising from the top of the needle 
may become contaminated during sampling, but diffusion of the antibiotic from the syringe will remove 
contamination before accessing the liquid inside the bioreactor. 

The variables to be considered are CO2 production, pH, alcohol content and sugar content. 

• Fermentation can be followed by the production of CO2 by counting the number of bubbles 
produced per minute in the gas trap every day throughout the fermentation process 

• The pH is measured in the samples extracted using pH test strips, in our case we have used 
them with a measuring range of 2.0 - 9.0 (varying 0.5 pH units) although it is sufficient to use 
strips with a measurement range of 4.0 to 8.5 pH units 

• The alcoholic strength is measured by means of a vinometer, from the samples extracted during 
the fermentation 

• The sugar content is measured by a refractometer (during the initial common preparation of the 
mixtures) and by a common sugar measurement colorimetric method for the samples extracted 
throughout the fermentation, such as DNS method (3,5-Dinitrosalicylic acid). 

2.8 Design of the experiment 
The experiment is carried out jointly between all the students in the class, but the students are 
organized into groups of four students and will be evaluated by the work in their group. The procedure 
is the next: 
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• It is considered how many individual experiments can be performed, which will be equal to the 
number of participating students (in the example case of this article there are 68 students, 
organized in groups of 4, so 68 experiments can be performed with individual bioreactor) 

• The teacher gives a short introductory talk about what to consider when designing the 
experiment (whether it is wise to vary the amount of yeast, the type of honey, the amount of 
water, etc.) 

• The teacher raises the problem of reliability of the results due to the inevitable experimental 
error or to the possible loss of data by contamination of some bioreactor, etc.; We use this 
context to explain why experiments should be done in duplicate or triplicate and to consider 
what should be done in our case (if two or three replicates) 

• After this initial introduction, the student groups decide and write their experimental design 
separately with 68 bioreactors; this experimental design is given to the teacher and constitutes 
an evaluable item 

• All the groups in the class then present their designs and agree on the most appropriate 
experimental design, guided by the teacher. 

It is expected that these will be the conclusions reached by the students: 

• Honey has the same type and batch in all reactors because the different honeys have different 
composition (in particular the sugar content) and this would produce inconsistent results in the 
experiment if different brands or types of commercial honey were used in the Bioreactors 

• The amount of water and honey should not be considered separately because they are 
reallocated to the final fixed volume (50 ml), then the variable to be considered will be the 
"water: honey ratio" 

• There are three yeast strains available, and it is another essential variable to consider, the type 
of yeast 

• The amount of yeast from the initial inoculum can influence and should be considered 

• The problem of performing each experiment in triplicate is that it cuts too much of the 
possibilities in terms of the variables to consider, so it is more appropriate to duplicate them 

• A "starting point" should be chosen for the mead recipe, since it is not possible to test all 
possible variants, for which a standard recipe must be chosen from the literature and based on 
the experiment design of the Quantities indicated. 

From this starting point, the amount of ingredient "1X" can be varied considering the amounts 0.25X, 
0.5X, 1.5X and 2X. For example, in one of the recipes found in the literature use 180 mg of yeast per 
liter of mead. To prepare 50ml you would need 9mg, this would be the quantity that we call "1X". We 
can vary in the experiment the amount of yeast added using a quantity of 0.5X which would be 9/2 = 
4.5mg, and another 1.5X amount that would be 13.5mg. 

In the literature, we also find that because the different honeys have different proportions of sugar, the 
"Brix grades" are used instead of the mass of honey added to prepare the mead. For example, an 
amount found in standard recipes is 17ºbrix. We can design our optimization experiment by preparing 
solutions of water-honey of 17ºbrix (standard quantity), 14ºbrix, 20ºbrix and 24ºbrix. 

2.9 Preparation of fermentation 
This part of the project is done in the laboratory. Prepare 1 liter of a concentrated mixture of water and 
honey of 600g of honey per liter of water (twice the standard amount of a bibliography recipe). The 
Brix grades of this solution are measured with the refractometer and from this stock solution and using 
the formula C1xV1 = C2xV2 we prepare diluted solutions of 24, 20, 17 and 14ºBx. The mixture can be 
autoclaved or heated for 15 minutes in the microwave oven to kill any contaminating organism and 
yeasts naturally present in honey. We will also proceed to the yeast solution, preparing a concentrated 
suspension of 100mg / ml yeast, which will be dosed by volume appropriately to inoculate the required 
amounts of 4.5mg, 9mg or 13.5mg in the different bioreactors of the experiment. The concentrated 
yeast suspension is prepared in water added with sugar, or in grape must, to achieve the initial 
"activation" of the yeast. 
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Once the mixture of water: honey (45 ml) and yeast has been introduced, the lid of the main container 
is firmly closed and the container serving as a gas trap is filled up to two thirds of alcohol 70 °, closing 
in this case gently the plug to allow the gas generated to escape. The bioreactors are located 
somewhere where there are no strong oscillations in temperatures and these are preferably 
maintained in a range between 18° and 25 °C. 

In a second phase, the student groups will prepare a second batch of product in the same way in a 
drum and a larger volume (10 liters), according to the optimized conditions that have been decided for 
large-scale fermentation. 

3 RESULTS 
The text included in the sections or subsections must begin one line after the section or subsection 
title. Do not use hard tabs and limit the use of hard returns to one return at the end of a paragraph. 

3.1 Experimental design 
In our subject, we used bioreactors to prepare mead. Among the possible beverages that can be 
prepared in the fermenters, mead is very suitable because the starting product (honey) is affordable 
and easy to maintain, and fermentation is relatively fast against other products such as beers or 
wines. The simple chemical composition of honey (basically a concentrated solution of sugars in 
water) makes it much easier to get a good final product, even if it is inexperienced students in the 
production of fermented beverages. The following context of activity is proposed to the students: a 
suitable 12 mead of alcohol must be obtained (and prepared), which ferment in a period of 1 week, 
with a residual sugar concentration between 10-20 grams / liter (semi dry). 

Define abbreviations and acronyms the first time they are used in the text, even after they have been 
defined in the abstract. Do not use abbreviations in the title or heads unless they are unavoidable. 

3.2 Preparation 

3.2.1. Starting materials 
Students are given identical generic honey for all groups, one individual bioreactor for each student, 
and three different yeast strains. These industrial yeast strains are chosen because they have very 
different characteristics in terms of their behavior in the process. For example, one of the strains is 
characterized by its high speed in fermentation, while in another of the strains its special feature is that 
it withstands high alcoholic concentrations before dying and therefore allows to obtain a final product 
with a higher alcohol content. As a measuring instrument they are provided with a single common 
refractometer (for use in the preparation stage of the initial mixture water: honey), a vinometer per 
group (to measure the alcohol in the samples), pH test strips and tubes Eppendorf in which they will 
keep the samples to measure the residual sugars by the DNS method. 

3.2.2. Charging 
The students organize themselves the task of preparing water mixtures: honey and concentrated 
yeast suspension that will be common to all groups. Each group will test yeast conditions and strains, 
as previously agreed for the overall experiment. 

3.3 Development 

3.3.1 Data collection 
Over two weeks each student records daily the number of bubbles produced per minute in their 
individual bioreactor; And every two days the pH, the alcoholic strength and the sugars present in the 
solution. When the fermentation ends, the group of students sends the data to the common space 
arranged for this purpose in the virtual classroom Moodle of the subject. 
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Table 1.  Experimental design. 

 experiment sugar concentration yeast 
Block one  1 very low  

concentration 
(14ºBx) 

low inocule 
4,5 mg 

Block one 2 very low  
concentration 

(14ºBx) 

middle inocule 
9 mg 

Block one 3 very low  
concentration 

(14ºBx) 

high inocule 
13.5 mg 

Block two 4 low concentration 
(17ºBx) 

low inocule 
4,5 mg 

Block two 5 low concentration 
(17ºBx) 

middle inocule 
9 mg 

Block two 6 low concentration 
(17ºBx) 

high inocule 
13.5 mg 

Block two 7 middle concentration 
(20º Bx) 

low inocule 
4,5 mg 

Block two 8 middle concentration 
(20º Bx) 

middle inocule 
9 mg 

Block three 9 middle concentration 
(20º Bx) 

high inocule 
13.5 mg 

Block three 10 high concentration 
(24ºBx) 

low inocule 
4,5 mg 

Block three 11 high concentration 
(24ºBx) 

middle inocule 
9 mg 

Block three 12 high concentration 
(24ºBx) 

high inocule 
13.5 mg 

3.3.2 Analysis of the data 

Students must choose appropriate forms of presentation of the data that allow to contemplate the 
overall process of fermentation in the different conditions tested. 

3.3.3 Interpretation of the data and final report 
With the generated graphs or tables, the group decides what are the best conditions to obtain a 
beverage of the characteristics stipulated in the activity. They collect the data analysis and its 
conclusions in an evaluable report. In Fig. 2 illustrates by way of example the graphical representation 
of the data of two fermentations, performed with a high or low proportion of honey in the initial mixture. 

3.3.4 Preparation of large-scale meade 
The "recipe" agreed in the group in its final report to obtain a mead of the required characteristics will 
now be used to prepare in a larger container 10 liters of mead. If the resulting drink has the above 
characteristics, additional points will be earned for the final score of the activity. 
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Figure 2. Graphical representation of the evolution of the alcohol production in two 50ml individual 

fermentations, prepared with high (24ºBx) or low (17º Bx) sugar concentration. 

4 CONCLUSIONS 
The use of individual bioreactors is very motivating for students. Each apparatus is an individual and 
unique experiment that the student can keep with him for as long as necessary to complete the 
activity. Our bioreactor design, which uses simple materials available in any laboratory (50 and 10 ml 
centrifuge tubes, silicone tube, hypodermic syringe, etc.) allows this, in contrast to conventional 
practices using expensive and fragile bioreactors that must remain in the laboratory and are only used 
at the demonstration level because there are few devices available. 

Even the most economical bioreactors made with glass instruments, are limited to using only during 
the practice session. In the other way, the design of a simple and resistant device that we propose 
allows to lend it to the students, who can keep it with them for weeks or the time that they need to 
realize the experiments. This detail constitutes a big difference in motivation, as they consider it "their" 
bioreactor. The student can examine it daily, checking its evolution, and manipulate it as you wish 
throughout the time of duration of the activity. 

This project also represents a practical application of the contents learned in theoretical subjects, such 
as the subject of cellular biology of the degree in Biotechnology. A bioreactor should not allow oxygen 
to enter from the outside environment, as the fermentation leading to the production of the alcohol 
would be disrupt. The halting of mitochondrial oxidative phosphorylation, due to the absence of 
oxygen, is what induces the derivation of cellular metabolism to energy production through 
fermentative reactions rather than through mitochondrial oxidation. This simple concept constitutes 
one of the valuable lessons of the activity, since it directly links a theoretical concept to the 
achievement of a practical result in the form of a biotechnological product. Avoiding the “gap” or the 
habitual disconnection in the student who learns theory contents from the basic subjects but does not 
notice the way in which they should be using in professional practice. 

Another of the great didactic values of this activity is learning about the design of experiments. A well-
designed experiment will be able to establish which conditions should be using to obtain the desired 
product, but due to limiting the number of bioreactors available a proper planning of the experiment 
essential to obtain as much information as possible. 

The next learning provided by this project is the collection of data, its graphic representation and the 
analysis of the results obtained to decide based on them what optimal conditions will be used during 
the process when scale is changed and the final product is prepared. The fact that this final product 
was evaluated is very motivating for students, as well as completing the learning cycle on how the 
biotechnology professional tests processes, methods and protocols in the laboratory to subsequently 
use these results to design the optimized preparation to Industrial scale. The fact that this final product 
was evaluated is very motivating for students, as well as completing the learning cycle on how the 
biotechnology professional tests processes, methods and protocols in the laboratory to subsequently 
use these results to design the optimized preparation to Industrial scale. 
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