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Abstract  
In developing 21st Century learning skills, at Panama’s Instituto Bilingüe Andrés Bello we have 
established a program called “Integrated Learning Scenarios” in which, for one month each 
schoolyear, classrooms are adapted to study a specific topic of interest proposed by the students 
themselves. This gives rise to a host of activities, research projects, and workshops, which integrate 
various subjects around the chosen area of interest.  

Here we recount an ILS experience with an 11th grade Bachelor of Science class on the topic of 
nutritional content of commercially available pastuerized milk in comparison to that of fresh, whole 
non-pastuerized milk. In particular, students wondered whether pasteurization affects the levels of 
various nutrients present in milk. 

This ILS required us to improvise a laboratory in the classroom, in order to verify the presence of 
proteins, lipids, fats, and lactose in the milk, as well as determine its acidity. Biuret Reagent and 
Sudan iii were used to detect proteins and lipids, respectively. Fat levels were measured via 
centrifugation. Meanwhile, a similar experience was conducted at another school, the IPT 
Agropecuario Gil Betegón, using raw whole milk instead of pasteurized milk. Subsequently, a virtual 
conference was held where students from both schools were able to compare and discuss their 
results.  

Thus, they confirmed that the changes milk suffers as a result of pasteurization and/or storage can 
produce changes in its pH level. The also verified that acidity can be affected by certain adulterations. 
In particular, watering and neutralization lower pH considerably, whereas skimming and serum adition 
also change it.   

In addition to conducting the lab tests, students designed a web page where their results were 
published, and a scientific magazine was created to foster in-class experiments. Students furthermore 
learned to represent their results in graphs, which were exhibited in the school’s auditorium for the 
benefit of the entire school community.   

With this project, we succeeded in placing the students at the center of the learning process, 
beginning with their interests, and preparing them in a holistic manner for the scientific and social 
challenges ahead of them.  
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1 INTRODUCTION  
Milk is humans first nourishment. Thanks to milk, a human baby can double his or her weight in six 
months. Milk aids in the formation of all kinds of tissues and is the best source of readily assimilated 
calcium that exists.Though its large-scale consumption is fairly recent, milk and dairy products have 
become basic staples of our diet. By their own admission, prior to the experience reported in this 
paper, students at the Instituto Bilingüe Andrés Bello had very little knowledge about the protein 
content of the milk we drink daily.   

That realization gave rise to the following question: Does the commercial milk we consume at our 
school maintain, after being subjected to industrial pasteurization, the essential natural proteins 
(casein) that make it a highly nutritious food product? This question originated with an inquiry project, 
in which students we asked to pose questions about things they were curious to know more about. 
One of these questions was then selected to be further researched by the class.  Applying their global 
skills, such as use of information and communication technologies, creativity, and experimentation, 
students set out to find answers to their question regarding the nutritional content of commercial milk. 
This also allowed the teacher to create, aided by his students, an integrated learning scenario, where 
learning could take place holistically within an interactive, horizontally organized environment, ideal for 
sharing knowledge and negotiating meanings.   [1] 
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Milk is a very delicate foodstuff because its composition - rich in fats, vitamins, minerals, and proteins -  
is an excellent culture medium for germs. For this reason, industrial processing of milk requires 
precise techniques that ensure the complete elimination of pathogens.  

Pasteurization is the process by which germs present in the milk are destroyed. This process involves 
heating milk to a temperature of 63°C, maintaining it at this temperature for an hour, and then slowly 
cooling it to a temperature not lower than 13°C. Pasteurization also keeps milk from becoming sour. 
[2] 

Undoubtedly it is desirable to eliminate dangerous germs. However, pasteurization does not only kill 
harmfull pathogens. The high temperatures to which it is subjected also destroy beneficial bacteria, 
and valuable nutrients like vitamin C present in raw milk.  Additionally, the pasteurization process 
transforms the sugars present in milk, known as lactose, into beta-lactose, which is much more 
soluble and so is absorbed more quickly. This makes a child feel hungry sooner. 

Pasteurization is probably the worst process to which milk is subjected, since it renders insoluble a 
large portion of the calcium contained in milk. Calcium is vital for children’s healthy growth, and its 
absence leads to rickets, tooth decay, and nervous problems. [2] 

Moreover, the loss of phosphorous associated with the calcium is likely to cause problems in bone and 
brain formation. Pasteurization also destroys around 20% of the iodine present in raw milk, resulting in 
constipation.  

"Integrated Learning Scenarios: What are we drinking?” is a project whose objective is for 
students to learn about the protein content of pasteurized milk in order to make an educated choice 
when buying this product.  

At the Instituto Bilingüe Andrés Bello, students can often be seen drinking commercial milk in cartons 
sold at school cafeteria. After conducting a routine laboratory experiment on the Nutrient Test for food 
items consumed on a daily basis, the need arose to confirm the presence of proteins in milk. To this 
end we posed the question: Will the Protein Test for samples of milk from the school cafeteria yield 
positive results? To carry out the chemical test for the presence of proteins two tests could be carried 
out: the Biuret test and the xanthoproteic test. Both can be performed quite readily in the school lab, 
since they are colorimetric assays. We chose to do the former (Biuret test), since this was the reagent 
that was available in our lab, and is a basic test applied generally to all food products. [3] 

2 METHODOLOGY 

2.1 Stage 1 
A learning scenario was created in the biology class based on students’ interest to know the real 
nutritional value of the commercial milk sold at the school cafeteria. This involved conducting an 
inquiry workshop in order to arrive at a consensus formulation of a hypothesis regarding the nutritional 
content of the milk.  

The resulting hypothesis was as follows: “Milk loses part of its protein content during the 
pasteurization process.” A laboratory involving colorimetric tests was then designed to detect the 
presence or absence of protein in pasteurized milk versus whole raw milk. [3] 

  
Figure 1. Instituto Bilingüe Andrés Bello students formulating their research hypothesis. 
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2.2 Stage 2 
Students proceeded to select the brands of commercial whole milk products which were to be 
compared against the witness, that is, the fresh whole raw milk (Grade type B), manually milked from 
a cow of a local farm. 

Table 1.  Milk samples used 

Sample Product  Condition 

Witness Freshly milked whole milk Unpasteurized (raw) milk 

1 Bonlac Commercial product. Pasteurized milk. 

2 Estrella Azul Commercial product. Pasteurized milk. 

3 Nevada Commercial product. Pasteurized milk. 

4 La Chiricana Commercial product. Pasteurized milk. 

2.3 Stage 3. Experimentation. Detecting presence of protein in milk. 
• The class was divided into 4 lab groups each of which had its own workbench. Each group was 

to perform the experiment independently, and then compare their results with those of the other 
groups.  

• Every group placed 5 test tubes, numbered to represent each of the milk samples (witness plus 
4 brands), on a wooden laboratory rack. 

• Test tube 1 contained the raw milk (witness), test tube 2 the Bonlac sample, test tube 3 the 
Estrella Azul sample, test tube 4 the Nevada sample, and test tube 5 the La Chiricana sample  

• 12 drops of Biuret reagent were added to each test tube. 

• The test tubes were then centrifuged for a minute. 

• Those samples which turned violet with the Biuret reagent indicate presence of protein in the 
milk.  

• Results were noted on each test tube. [4] 

2.4 Stage 4. Measuring milk pH 
• A litmus paper methodology was employed. 

• One drop of milk taken from each sample prior to addition of the Biuret reagent and 
centrifugation, was placed on litmus paper to determine the samples’ pH values.  

• A pH value for each sample was assigned in accordance with the intensity of coloration. [5] 

2.5 Stage 5. Publishing and collaborating 
• Each group documented their results and published them on a Web page of their own design.  

• Different groups interacted via their Web pages, in order to view and examine the results of 
other groups. 

• A conference was held at the school where teams were able to exhibit their results to the rest of 
the student body.  

3 RESULTS 

3.1 Detecting presence of protein in milk  

3.1.1 Biuret reagent 
After adding 12 drops of Biuret reagent to each milk sample in the test tubes, students took note of the 
coloration it adopted. The following tables give the results for each workbench.  
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Table 2.  . Workbench #1 

Sample Product Condition Color Reaction 

Witness Freshly milked whole milk Unpasteurized Pure violet Positive 

1 Bonlac Commercial product. 
Pasteurized milk. 

Violet Positive 

2 Estrella Azul Commercial product. 
Pasteurized milk. 

Pale violet Positive 

3 Nevada Commercial product. 
Pasteurized milk. 

Violet Positive 

4 La Chiricana Commercial product. 
Pasteurized milk. 

Pale violet Positive 

Table 3.  . Workbench #2 

Sample Product Condition Color Reaction 

Witness Freshly milked whole milk Unpasteurized Pure violet Positive 

1 Bonlac Commercial product. 
Pasteurized milk. 

Violet Positive 

2 Estrella Azul Commercial product. 
Pasteurized milk. 

Pale violet Positive 

3 Nevada Commercial product. 
Pasteurized milk. 

Violet Positive 

4 La Chiricana Commercial product. 
Pasteurized milk. 

Violet  Positive 

Table 4.  Workbench #3 

Sample Product Condition Color Reaction 

Witness Freshly milked whole milk Unpasteurized Pure violet Positive 

1 Bonlac Commercial product. 
Pasteurized milk. 

Violet Positive 

2 Estrella Azul Commercial product. 
Pasteurized milk. 

Pale violet Positive 

3 Nevada Commercial product. 
Pasteurized milk. 

Violet Positive 

4 La Chiricana Commercial product. 
Pasteurized milk. 

Pale violet Positive 

Table 5.  Workbench #4 

Sample Product Condition Color Reaction 

Witness Freshly milked whole milk Unpasteurized Pure violet Positive 

1 Bonlac Commercial product. 
Pasteurized milk. 

Violet Positive 

2 Estrella Azul Commercial product. 
Pasteurized milk. 

Pale violet Positive 

3 Nevada Commercial product. 
Pasteurized milk. 

Violet Positive 

4 La Chiricana Commercial product. 
Pasteurized milk. 

Violet Positive 

1429



Despite the slight variation in the intensity of the violet coloration produced by the reaction with the 
Biuret reagent, the results for all the tested commercial pasteurized milk products were positive for 
protein content. The more intense violet coloration of the unpasteurized whole milk (witness) suggests 
that it contains a greater quantity of protein.    

3.2 Detecting pH levels in the milk samples   
After conducting the pH test using Litmus paper, the results for each group were as shown in the 
following tables: 

Table 6.  Workbench #1 

Sample Product  pH Comments 

Witness Freshly milked whole milk 6,5 Ideal pH 

1 Bonlac 6,3 Not ideal pH  

2 Estrella Azul 6,3 Not ideal pH 

3 Nevada 6,1 Not ideal pH  

4 La Chiricana 6,2 Not ideal pH  

Table 7.  Workbench #2 

Sample Product  pH Comments 

Witness Freshly milked whole milk 6,4 Ideal pH 

1 Bonlac 6,3 Not ideal pH  

2 Estrella Azul 6,2 Not ideal pH 

3 Nevada 6,1 Not ideal pH  

4 La Chiricana 6,2 Not ideal pH  

Table 8.  Workbench #3 

Sample Product  pH Comments 

Witness Freshly milked whole milk 6,5 Ideal pH 

1 Bonlac 6,2 Not ideal pH  

2 Estrella Azul 6,2 Not ideal pH 

3 Nevada 6,2 Not ideal pH  

4 La Chiricana 6,2 Not ideal pH  

Table 9.  Workbench #4 

Sample Product  pH Comments 

Witness Freshly milked whole milk 6,5 Ideal pH 

1 Bonlac 6,3 Not ideal pH  

2 Estrella Azul 6,4 Not ideal pH 

3 Nevada 6,2 Not ideal pH  

4 La Chiricana 6,2 Not ideal pH  

As the above results show, the results for all groups are in agreement that the ideal pH for milk is 
close to 6,5. All commercial samples, however, are below this value, which proves that pasteurization 
has the effect of lowering pH levels, that is, increasing milk’s acidity (See Fig. 2). 

1430



 
Figure 2. Acidity level of various milk brands 

4 CONCLUSIONS 
The experiment described in this paper allowed students to conclude that when milk is pasteurized it 
loses nutritional properties, and its optimal acidity level is affected. Fresh, unpasteurized (raw) milk 
maintains optimal protein and pH levels. Hence, in answer to the original question, Are there proteins 
present in commercial products containing pasteurized milk?, it was shown that they do contain 
proteins, however, other properties important to human nutrition are lost as a result of pasteurization.  
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