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1 Introduction
Cheese is a well known and popular dairy food produced 

around the world, and cheese processing involves several steps, 
including the addition of rennet, lactic acid and/or lactic acid 
cultures, coagulation, cutting the curd, syneresis, and storage 
(Brighenti et al., 2018). Cheese consumption in Brazil corresponds 
to 5.9 kg/hab/year, with a growth of 68.8% in the last 6 years 
(Gomes et al., 2017). Despite the changes in eating habits and 
consumption trends of the population, Mozzarella, Prato cheese, 
Requeijão, and Minas cheese are the varieties most preferred 
by the Brazilian consumers, thus most produced in the country 
(Gomes et al., 2017). In this context, regardless of the type of 
cheese, a large amount of effluent has been generated by the 
cheese industry (Carvalho et al., 2013).

Cheese whey is the main by-product generated by the 
cheese industry and is called sweet whey when coming from 
rennet-coagulated cheese (pH 6-6.8) and acid whey when 
the coagulation is performed by both the addition of acids or 
fermentative processes (pH < 6) (Brasil, 2012; Yadav et al., 2015). 
The physicochemical composition of whey depends on several 
factors, including the cheese making processes, the type of milk 
used (bovine, goat, or sheep), environmental conditions (period 
of the year), and animals (nutrition and stage of lactation) (Kelly, 
2019a). The disposal of untreated whey in the environment can 
lead to high oxygen demand, waterproofing, eutrophication, and 
toxicity (Mann et al., 2019). It can be used for a variety of purposes, 
such as biological treatments (aerobic and anaerobic digestion), 
fermentation (ethanol, hydrogen or lactic acid), membrane 
separation (protein concentrates or lactose production), soil 
fertilization, among others (Ahmad et al., 2019; Kelly, 2019a, b; 

Uduwerella et al., 2018). The disposal in soil is a major cause 
for environmental concern, once it affects its physicochemical 
characteristics (Yadav  et  al., 2015). The noblest form of use 
of whey is as an ingredient in food and dairy products, as it 
is a low-cost and high-nutrient raw material (Smithers, 2015; 
Mann et al., 2019).

The use of cheese whey is of industrial interest, due to the 
large amount produced, availability of nutrients, besides being 
a potent environmental pollutant if discarded untreated in the 
environment (Guimarães et al., 2018, 2019). In this sense, this 
study aimed to perform a diagnosis of the use of cheese whey 
in the Brazilian dairy processors.

2 Materials and methods
The research method consisted of a combination of 

exploratory analysis and quantitative and qualitative analysis, 
involving the quality assurance sector belonging to 100 dairy 
industries from various regions of the country, registered in the 
Brazilian inspection systems (SIF, SIE, and SIM). The sample 
(n = 100) can be considered a convenience sample, which is 
used to understand a situation in general (Felicio et al., 2013). 
The research involved the following steps: (a) prior telephone 
contact with the production unit explaining the purpose of the 
study, which was discussed with the person responsible for the 
production sector; (b) providing a questionnaire to the dairy 
industry that agreed to participate in the research; and (c) returning 
the questionnaire with the responses. The industry anonymity 
was guaranteed.
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The questionnaire consisted of questions related to the 
production capacity (L/day), type of whey (sweet or acid), 
inspection regime (municipal, state, or federal) and information 
on the use of whey, including the volume used, main suppliers, 
quality control, destination (internal processing, sale, disposal 
and/or donation), and main distribution channels of the processed 
products (supermarkets, restaurants, industries, and others).

Data were analyzed using descriptive analysis, with numerical 
variables represented by the frequencies (absolute and relative to 
the total sample size) of the cases. Thus, the analysis consisted of 
organizing, summarizing, characterizing, and interpreting the 
numerical data collected, as also performed by Felicio et al. (2013).

3 Results and discussion
Of the 100 dairy industries studied, 80% were under federal 

supervision (SIF), 13% under state inspection (SIE), and 7% 
under municipal inspection (SIM), and located in the Southeast 
(55%), South (25%), Midwest (10%), Northeast (10%), and 
North (5%) of the country. Of the total volume of milk processed 
(28,207 thousand liters/day), 5,782 thousand liters of whey were 
generated per day.

Concerning the effluent treatment, 100% of the dairy 
industries claimed to have the operating system, that is, they 
were all adapted to comply with the environmental legislation. Of 
the total volume of milk processed (28,207 thousand liters/day), 
5,782 thousand liters of whey were generated per day.

Regarding the use of whey, 60% of the dairy industries 
mentioned that whey was fully utilized, 13% reported a partial 
use, and 27% mentioned not using whey to make new products, 
thus discarding the total whey produced (4,208 thousand liters 
per month) in the effluent treatment system or donating for 
animal feed.

Figure 1 presents the results of the questionnaire concerning 
the type of whey produced and the form of use. From the 100 dairy 
industries, 67% generated and/or used sweet whey, 27% acid 
whey, and 6% generated both types of whey (Figure 1) while 
the main distribution channels of whey-containing products 
reported were. to supermarkets (53%), food industry (20%), 
with 27% of whey is discarded (Figure 2).

Table  1 shows the main whey-containing products 
manufactured by the Dairy Industrues. Whey beverages is the 
most dairy product manufactured using whey (60%), followed 
by Ricotta cheese (20%) and whey concentrate (10%). A small 
portion (5%) reports the use of whey as ingredient for dairy 
mixture, composed of whey and milk power. Most of the dairy 
industries (60%) reported that whey produced or purchased from 
other dairy industry was used in its entirety. Of these, 70% used 
whey from their own manufacture to produce other products, 
while 30% reported purchasing whey from other suppliers. 
These reports represent 1,927 thousand liters of whey per day, 
which is purchased from other dairy industries and used for 
the development of new products.

This study aims to investigate the exploitation of cheese 
whey in Brazil through a questionnaire survey. Most of the 
dairy industries of the present study can commercialize their 

products throughout the national territory, once they were 
registered in the inspection and registration systems. Indeed, of 
total amount of cheese produced in Brazil, 68% are considered 
commodities, such as mozzarella, Prato cheese, and Requeijão 
processed cheese, mostly produced by enzymatic coagulation 
(Zoccal, 2016), corroborating the prevalence of sweet whey as 
a by-product.

A previous study has reported that about 40% whey produced 
in Brazil was inappropriately discarded, mainly by small and 
medium-sized companies (Marquardt et al., 2012), indicating 
an evolution in relation to this aspect. In fact, whey is a harmful 
waste to the environment and can cause great impact and damage 
to the fauna and flora, once its Biochemical Oxygen Demand 

Figure 1. Types of whey and forms of exploitation by the Brazilian 
dairy industry.

Figure 2. Distribution channels of the products with whey.

Table 1. Use of chese whey in dairy products by the Brazilian Dairy 
Industry.

Type of product %
Whey beverage 60
Ricota cheese 20
Whey concentrate 15
Dairy mixture (whey and milk powder) 5
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(BOD) is very high (Nunes et al., 2018). Our results suggest an 
improvement in awareness regarding the negative impact caused 
by the whey disposal in the environment. It was reported that 
relatively high volume of whey is discharged, that it can brings 
several environmental damages and depletion of the effluent 
treatment system if not treated properly (Nunes et al., 2018).

The use of whey in animal feed is more advantageous in 
monogastric (swine) animals and represents a form of use 
with little or no processing need, and it is a strategy to improve 
weight gain and reduce production costs (Palmieri et al., 2017; 
Lutz  et  al., 2017). The dairy industries with partial use of 
whey (13%) reported a number of reasons for not using this 
by-product, including the distance from the small production 
units to a dairy industry with a capacity for utilization, the cost 
of transportation, the care of small producers with the quality 
of whey generated, among others.

Cheese production in Brazil is characterized by the territorial 
dispersion and structural difference between the processing 
units (Chehadi & Vieira, 2004). There are processing units 
with a modern structure, which follow the international quality 
standards, and artisanal processing units. The great regional 
dispersion generates a high cost of reception, thus whey is 
usually treated as a waste and destined for less noble purposes. 
These factors may explain the reasons for the non-use of whey 
by all cheese producers.

Some dairy industries have been adapted for the reception and 
processing of this by-product from other producers. The results 
of this study reinforce that the dairy industries understand the 
importance of using whey to produce an added value product 
and/or minimize the environmental impacts caused by the 
inappropriate disposal of this by-product.

When questioned about the quality control of whey from other 
dairy industries, all of them claimed to perform physicochemical 
analyses at the reception, including pH, temperature, stability, 
density, fat, and fraud investigation, which suggests that there 
is care with regard to the quality of the raw material received 
at the production unit. In fact, for the use of whey, its quality 
should be attested through physicochemical and microbiological 
analyses, once the quality of the processed product depends 
on the hygiene conditions of the establishment, the process 
control, the care with the cheese processing, and the temperature 
conditions during the production and storage, among others.

Milk has a high microbial load, which can affect the dairy 
products. The use of lactic acid bacteria in the cheese manufacture 
can lead to high microbiological counts in cheese whey, thus 
justifying the need to investigate the quality before using whey 
in food formulations (Mendes & Souza, 2017), to maintain the 
quality and stability of the product. It was observed that the 
determinations reported in the questionnaires were not the 
same for all dairy industries, once some made more complete 
physicochemical and microbiological analyses while others 
performed basic analyses, which shows the lack of standardization 
among the different dairy industries.

The prevalence of sweet whey from dairy industry is 
intrinsically related to the type of product to be manufactured. 
Whereas acid whey can be used as a flavor enhancer in salad 

dressings, water retainer, emulsifier, among others, due to its 
more intense acidic and salty taste, sweet whey may be used in 
the preparation of bakery products, snack foods, ice creams and 
dairy desserts (Nishanthi et al., 2017; Fox et al., 2017).

In fact, whey dairy beverages are the products most related 
to the use of whey, which are considered refreshing and with a 
functional appeal (Guimarães et al., 2018; Mituniewicz–Małek et al., 
2019). This characteristic is due to the presence of whey proteins, 
recognized as sources of essential amino acids, bioactive peptides, 
antioxidants, and immunostimulants, conferring benefits to human 
health (Amaral et al., 2018). Whey beverages are considered 
an alternative to traditional yogurts, due to its lower costs 
(Cappato et al., 2018). The addition of whey to dairy beverage 
formulations results in healthy products with high acceptability, 
high nutritional value, flexibility in flavoring, low investment 
and high utilization with respect to the amount of whey that 
can be added (Kelly, 2019b). The ricotta cheese, which is a white 
cheese with low fat content and high nutritional value, is another 
alternative for dairy industries to reuse whey (Mendes & Souza, 
2017). The great production of ricotta is motivated by allowing 
to use the same equipment necessary for the manufacture of the 
common cheeses (Nunes et al., 2018). The production of whey 
concentrate has advantages concerning the product’s storage, once 
the product is preserved due to its low water activity, reducing 
storage costs. This ingredient is used in animal feed and in the 
preparation of confectionery as a partial or total substitute for 
milk powder. This substitution is advantageous due to its low fat 
and lactose levels, besides the improvements in the nutritional 
properties (Kelly, 2019a). However, it is an ingredient with a 
high cost of production, requiring great demand, production 
planning, and market strategies for compensation (Araque et al., 
2018; Fusaro et al., 2019). Therefore, supermarket chains are still 
the main routes for the commercialization of whey-containing 
products.

4 Conclusion
This study performed an interesting diagnosis of the use of 

cheese whey by Brazilian dairy processors, demonstrating that the 
dairy industries are aware of the benefits of the addition of whey 
in the manufacture of new products, for economic reasons and 
preservation of the environment. The types of cheese produced in 
the country give the direction of the possible forms of use, once 
most cheese is produced by enzymatic coagulation, with 67% 
of dairy industry generating sweet whey that can be used in the 
formulation of whey dairy beverages, ricotta, whey concentrate 
and milk blends (whey and milk powder) and destined primarily 
for supermarket chains (53%).

In addition, there is a market for the use of this by-product 
in the country, since 27% of dairy industries still do not use whey 
for the manufacture of other food products, resulting in less 
noble destinations (effluent treatment system or animal feed). 
Both the territorial dispersion of the dairy industries and the 
structural difference between the processing units impair the 
use of whey by the dairy industries. Although there is a concern 
about the quality of whey, once all dairy industries analyzed 
whey from other suppliers, there is still a need to standardize 
the determinations.
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