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Abstract: Food waste and by-products are intricately linked to sustainable food production, as
reducing waste can play a significant role in achieving a more sustainable and efficient food system.
Sustainable utilization and recovery of by-products can significantly contribute by creating strategies
that can lead to cost savings and increased efficiency across the food supply chain. Worldwide, more
than 40% of whey from cheese production is discarded, resulting in the loss of valuable nutrients
and potentially polluting the environment. Effective use of whey reduces environmental impact
and enhances manufacturing sustainability. Thus, a circular approach to food waste management
in the dairy industry supports sustainability goals and creates opportunities for innovation. Whey
contains most of the soluble components of milk, including a large number of serum proteins and all
the essential amino acids, making it suitable for producing beverages with high nutritional value.
This study aims to produce whey-based beverages with different additions to obtain dairy products
with high nutritional value. Three different ingredients, sea buckthorn, ginger, and cinnamon, were
chosen for their numerous health benefits to the consumer. Six samples were prepared utilizing both
unmodified and deproteinized whey in a 75% proportion, with the addition of 25% sea buckthorn
juice, 0.75% ginger juice, and 0.2% cinnamon powder. The resultant samples were packaged in 200 mL
bottles and maintained at a controlled temperature of 6 ◦C to ensure optimal preservation. Given the
paramount importance of consumer acceptability in novel beverage development, a comprehensive
evaluation was conducted to assess the sensory properties of the formulated beverages. In addition,
physico-chemical properties and their evolution over 14 days of storage were examined. The sample
containing whey, sea buckthorn juice, ginger juice, and cinnamon powder received the highest marks
from the tasters. The values of the physico-chemical parameters varied depending on the type
of whey used and the storage period. Thus, a pH of approximately 5 and an acidity between 30
and 80 ◦T were recorded. The average lactose content was 4%, the average protein content was
2.5%, and the total soluble solids content was 11.5 ◦Brix. The beverages developed in this study
represent viable alternatives for diversifying food production through sustainable, environmentally
friendly technological variants. By applying circular economy principles, these products contribute
to reducing food waste in the dairy industry.

Keywords: circular economy; whey valorization; whey; sea buckthorn; ginger; cinnamon

1. Introduction

According to the Food and Agriculture Organization (FAO), 33% of global food
production is lost during the supply and consumption processes [1]. Because food waste
affects the environment and resources, it is a big concern in the food sector [2]. By adopting
practices related to the circular economy, regarding the reduction, reuse, and recycling
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of food waste [3], companies can transform these by-products into valuable resources [4].
Therefore, a responsible approach to food waste management is essential for promoting
sustainable food production and environmental conservation [5,6]. Sustainable utilization
and recovery of by-products can significantly contribute by creating strategies [7] that can
lead to cost savings and increased efficiency across the food supply chain [8,9].

In the dairy industry, the responsible management of food waste is of particular
importance in the context of the circular economy [10]. This industry generates a wide
range of waste, with whey from cheese production being a notable example [11]. Recycling
and reusing whey in other food products or other industries, as well as turning it into
valuable resources, are essential to reduce the impact on the environment and to promote
sustainability throughout the production chain [12]. This approach creates opportunities for
innovation [13] and industry-wide growth [14]. However, the circular economy encourages
the valorization of these materials, transforming them into valuable products with higher
economic and nutritional value [15,16]. Whey, for example, is rich in proteins and can be
processed into whey protein concentrate or isolate, which is widely used in the food and
beverage industry, particularly in sports nutrition. Similarly, lactose, a by-product of whey,
can be purified and used in the pharmaceutical industry.

Whey is a by-product resulting from the manufacture of cheeses, as a result of coagu-
lation with rennet, with other enzymes, or through natural fermentation. Its appearance is
a greenish-yellowish liquid. Because whey removal raises environmental concerns, whey
usage is a beneficial approach that deserves more consideration [12]. Worldwide, more than
40% of whey from cheese production is discarded, leading to the loss of valuable nutrients
and potentially polluting the environment [13]. Whey disposal is a complex environmental
problem due to the high organic load (biological oxygen demand: 35–45 kg/m3; chemical
oxygen demand: 60–80 kg/m3), fat content, salinity, and other suspended solids present
in whey [17]. Whey plays an important role in promoting the circular economy, as this
by-product of the dairy production process can be valorized and turned into a valuable
resource in other food industries [18]. Through its efficient valorization, it is possible to
obtain high-quality biosurfactants that can be used in the production of fermented milk.
Also, the biosurfactants obtained show a protective effect on the lactobacilli population
during storage, contributing to the increased shelf-life of dairy products [19]. Integrating
them into food production processes helps reduce the amount of food waste, contributing
to sustainability goals and saving resources [20]. Additionally, whey proteins have several
qualities that make them invaluable in the development of functional foods [12].

The raw material, type, and technology used to produce cheese influence the chemical
composition of the resulting whey [21]. The main component is lactose. The proteins
found in the composition are albumin (α-lactalbumin, serum albumin [22]), globulin
(β-lactoglobulins, immunoglobulins [22]), and a small proportion of casein [23,24]. Whey
protein is also called fast protein because it reaches the muscles quickly [25,26]. The mineral
salts (calcium, magnesium, phosphorus [22]) and vitamins in milk are found in whey,
increasing its nutritional value [23,24]. Vitamins present in whey are vitamin C (ascorbic
acid), vitamin B2 (riboflavin [22]), vitamin B6 (adermin), vitamin B1(thiamine [22]), and
vitamin H (p-amino benzoic acid) [27].

By reusing whey, the dairy industry reduces its environmental footprint. Whey,
when improperly disposed of, can contribute to water pollution and greenhouse gas
emissions. However, when it is processed and used in products such as animal feed [28],
biofuels [29,30], or biodegradable plastics [31], the environmental impact is significantly
reduced [12]. Furthermore, using whey in these ways helps to reduce the demand for
other resources, such as petroleum for plastics or land for animal feed production, thereby
conserving natural resources.

In the food industry, whey and its protein concentrate serve as valuable ingredients,
prized for their foaming and emulsifying properties [32]. In addition, whey protein provides
an excellent way to fortify foods, increasing the nutritional quality of cheese, dairy products,
bakery products, etc. [33–35].
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Whey can be used for ethanol production because it has a high lactose content (74%)
and other nutrients necessary for microbial growth (protein 10–12%, minerals 8%, and
fat 3%) [36]. Studies have shown that whey possesses buffering capacity due to protein,
and deproteinized whey is widely used to avoid protein interference [17]. Deproteinized
whey also has a higher lipid content, while untreated whey has a high cell biomass [37].
After deproteinization, whey contains 4.8% lactose, 0.66% ash, 0.46% fat, and 0.40% protein
adjusted to pH 6.4 [38].

Sea buckthorn (Hippophae rhamnoides L.), also known in some parts as river sea buck-
thorn is a very branched and thorny shrub that grows in Romania, starting from the coastal
sands and gravels to the mountainous region, sometimes forming rather extensive groves
and bushes. Vitamin C content in sea buckthorn is ten times higher than in citrus fruits
and double that of rose hips. Over 400–800 mg is present in ripe fruits for every 100 g of
fresh juice [39]. The fruit of the sea buckthorn plant is high in bioactive compounds such as
flavonoids, steroids, pro-anthocyanidins, triterpenes, tannins, and 5-hydroxytryptamine,
as well as nutrients like proteins, amino acids, vitamins, trace elements, and polysaccha-
rides [40]. It has anti-inflammatory, antioxidant, antimicrobial, anticancer, and immune
system-stimulating properties due to being rich in active substances [41].

Ginger (Zingiber officinale) is the name given to a herbaceous plant from tropical regions,
with an aromatic rhizome rich in essential oils. It is a perennial species that needs a high and
constant temperature as well as permanent humidity to develop properly [42]. Numerous
phytochemicals, including essential oils and phenolic compounds, as well as carbohydrates,
amino acids and proteins, vitamins, minerals, fatty acids, and lipids, are all present in
ginger. Ginger also offers a host of other advantageous qualities, such as anticancer
properties [43], anti-inflammatory properties [44], immunomodulatory properties [45],
antioxidant properties [46], antibacterial properties [47], and antidiabetic properties [48,49].

Cinnamon (Cinnamomum verum) is a spice that is derived from the inner bark of
many Cinnamomum tree species. In many different types of food, including sweet and
savory dishes, breakfast cereals, snacks, bagels, teas, hot chocolate, and traditional foods,
cinnamon is mostly employed as an aromatic spice and flavoring addition. The primary
ingredient and essential oil of cinnamon, cinnamaldehyde, as well as a variety of additional
ingredients, such as eugenol, are responsible for the flavor and aroma of cinnamon [50,51].
Traditional medicine uses cinnamon bark to treat a variety of conditions, such as respiratory
tract infections, diabetes, and digestive issues [52]. However, the medicinal qualities
of cinnamon have been researched over time. Studies show that cinnamon possesses
antioxidant activities [53], antibacterial properties [54], and antimicrobial properties [55,56].

Whey beverages with fruit additions have been studied a lot lately, because they can
offer an alternative to classic soft beverages, and more than that, they can meet consumer
expectations for quality and healthy food choices due to the functional and nutritional
characteristics that whey and fruit possess [57]. There are whey soft beverages on the
market, non-alcoholic beverages made from deproteinized whey (Lactone, Milone), alco-
holic beverages made from deproteinized whey (a beer made from whey, wine made from
whey), and beverages made from deproteinized whey with added cultures: Saccharomyces
cerevisiae (sherry), kefir culture (Lactrone), Str. Lactis, Str. Diacetylactis, Str. Fragellis (diet
drink) [58]. These types of whey beverages are known and consumed especially abroad; in
Romania, they are known to a smaller group of consumers. Other researchers have studied
the development of whey beverages by mixing them with carrot juice and other ingredients
(sugar, ginger, etc.) [59]. Beverages based on whey–pineapple [60], whey–grape juice [61],
and whey–orange juice [62] can also be formulated.

The purpose of this research is to make soft beverages from whey and deproteinized
whey with different additions of fruits and spices. To achieve this purpose, it was decided to
add in different amounts of three ingredients that bring high nutritional value, namely sea
buckthorn, ginger, and cinnamon. Six samples were prepared from whey and deproteinized
whey in a proportion of 75% with the addition of 25% sea buckthorn juice, 0.75% ginger
juice, and 0.2% cinnamon powder. The samples obtained were packaged in 200 mL bottles
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and stored at a temperature of 6 ◦C. To test the degree of acceptability of the obtained
samples, a sensory analysis was carried out during 14 days of storage. The obtained results
were statistically processed using a non-numerical method. Additionally, the influence
of the additives on physico-chemical properties and their evolution during storage was
examined by determining acidity, pH, lactose content, protein titer, and total solids content
(TSS).

2. Results and Discussion
2.1. Sensory Analysis

The first step involved calculating the negation of the importance levels of the criteria
using Formula (1). The results of these calculations, representing the denial of criteria
importance, are presented in Table 1.

Table 1. Negating the importance level of the criteria.

The Importance Level of the Criteria Negating the Importance Level of the Criteria

Criterion 1 Very high Criterion 1 Very low
Criterion 2 High Criterion 2 Low
Criterion 3 I neither like nor dislike Criterion 3 I neither like nor dislike
Criterion 4 Low Criterion 4 High
Criterion 5 Very low Criterion 5 Very high

All the sensory assessments for each person are in Table 2.

Table 2. The sensory assessment for each person.

Person

A
lternative

Evaluation Criteria

Appearance Consistency
Uniformity Color Taste Odor

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

P1

A1 LM LM LM LM LS LS LM LS LM LS LM LM LS LS LS
A2 NT LS LS NT NT NT NT LS LS NT LS LS NT LS LS
A3 LM LM LM LM LM LM NT NT LS LS LS LS NT NT NT
A4 NT LS LS DS NT NT DS NT NT DM NT NT NT NT NT
A5 LM LM LM LS LS NT LS LM LM LM LM LM LS LM LM
A6 NT LS LS DS DS NT LS LM LM NT LS LS LS LM LM

P2

A1 LS LS LS LS LS LS LM LM LS LS LM LM NT NT NT
A2 DS NT NT DS NT LS LS NT LS LS LS LM NT NT NT
A3 LS LS NT NT LS LS NT NT DS DM LS NT NT LS LS
A4 NT NT LS DS NT DS NT DS DS DM DS DS DS NT LS
A5 LM LM LM LS NT NT LS LS LM LS LM LV LS LV LM
A6 DS DS NT DS NT NT LS LS LM LS LS LM LS LV LM

P3

A1 LM LM LM LS LS LS LM LS LS LS LM LS LS NT NT
A2 DS LS LS DS NT NT NT LS LS NT LM LS NT NT NT
A3 LM LM LM LS LM LM LS NT NT LS NT NT LS LS LS
A4 DS LS LS DS NT NT NT NT LS NT DS DS NT LS LS
A5 LM LM LM DS NT LS LM LM LM LM LV LV LS LV LV
A6 NT LS LS NT NT NT LS LM LM LS LM LM LS LV LV

P4

A1 LM LM LM LS LS LS LS LV LV LS LS LM LS LS LS
A2 NT LS LS DS NT NT NT LS LS NT LS LS LS LS LS
A3 LM LS LS LS LM LM NT NT NT LS NT NT LS LS LS
A4 NT NT LS DS NT NT NT NT NT NT DS NT NT NT LS
A5 LM LS LM DS LS LS LS LM LM LM LV LV LS LV LV
A6 NT LS NT NT NT NT LS LM LM LS LM LV LS LV LV
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Table 2. Cont.

Person

A
lternative

Evaluation Criteria

Appearance Consistency
Uniformity Color Taste Odor

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

D
ay

1

D
ay

7

D
ay

14

P5

A1 LS LM LM LM LM LM LS LS LS LS LM LM LS LS LS
A2 LS LS LS LS NT LS LS LS LS NT LM LM LS LS LS
A3 LS LM LS NT LM LS NT NT DS NT NT NT DS NT LS
A4 DS NT NT DS NT NT NT NT DS DM DS NT DS NT LS
A5 LS LM LM NT LS NT LS LM LM LM LV LV LS LV LV
A6 NT LS LS DM DS NT LM LM LM LS LV LV LS LV LV

Note: A1 = whey drink with sea buckthorn. A2 = deproteinized whey drink with sea buckthorn. A3 = whey
drink with sea buckthorn and ginger. A4 = deproteinized whey drink with sea buckthorn and ginger. A5 = whey
drink with sea buckthorn, ginger, and cinnamon. A6 = deproteinized whey drink with sea buckthorn, ginger,
and cinnamon.

2.1.1. Criteria of Aggregation

The aggregation criteria for each alternative were calculated using Formula (2). The
approval criteria for each alternative on each day of storage can be seen in Table 3.

Table 3. The approval criteria for each alternative.

Day of
Storage Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6

Day 1 LS, LS, LM, LS,
NT

DM, NT, NT,
NT, NT

LS, NT, NT,
DM, NT

NT, DS, DS,
DM, DM

LM, NT, LS, LS,
LS

DM, DS, LS, NT,
LS

Day 7 LS, LS, LS, LM,
NT

NT, NT, NT, LS,
NT

LS, LS, NT, NT,
NT

NT, NT, DM,
DM, NT

LM, NT, LS,
LM, LM

DM, DS, LS, LS,
LM

Day 14 LS, LS, LS, LS,
NT

NT, NT, LS, LM,
NT

NT, LS, DM,
NT, NT

LS, DM, DM,
DM, NT

LM, NT, LM,
LM, LM

NT, NT, LM, LS,
LM

2.1.2. Person Aggregation

The value weights were calculated using Formula (3). The following results were
obtained: Q1 = DM; Q2 = NT; Q3 = LM; Q4 = LV; Q5 = LV.

Formula (4) was used to calculate the person aggregation for each alternative. The
results can be seen in Table 4.

Table 4. The person aggregation for each alternative.

The Outcome of the Person Aggregation for the Alternatives

Day of Storage Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6

Day 1 LS (Like
slightly)

NT (Neither
like nor dislike)

LS (Like
slightly)

NT (Neither
like nor dislike)

LM (Like
moderately)

LS (Like
slightly)

Day 7 LS (Like
slightly)

NT (Neither
like nor dislike)

LS (Like
slightly)

NT (Neither
like nor dislike)

LM (Like
moderately)

LS (Like
slightly)

Day 14 LS (Like
slightly)

LS (Like
slightly)

LS (Like
slightly)

LS (Like
slightly)

LM (Like
moderately)

LM (Like
moderately)

According to research in the field [63] of sensory and textural analysis of whey, it has
been shown that whey as is has a disagreeable taste and texture. The relatively high lactose–
glucose ratio and excessive acidity are factors that influence the development of methods
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to improve sensory attributes. As can be seen in Table 4, Alternative 5 yielded the most
favorable results, indicating that the most appreciated beverage is composed of normal-
composition whey, sea buckthorn, ginger, and cinnamon. This formulation consistently
scored “Like moderately” on all three days of analysis. Samples with deproteinized whey
generally received lower ratings compared to those with normal-composition whey, which
implies that the protein content influences the sensory analysis of the samples. The samples
with whey and deproteinized whey with sea buckthorn and ginger obtained a similar
acceptance rate to those with whey and deproteinized whey with sea buckthorn, referring
to the same product category, indicating that the addition of ginger does not influence the
tasters’ perception of such products.

The combination of ginger and cinnamon is highly regarded by consumers and has
been a prized mixture since medieval France [64]. This can also be seen in the case of the two
beverages containing this mixture, which are more appreciated by tasters compared to the
others. The positive impact of whey preparations was also highlighted by Królczyk et al.,
who demonstrated that whey enhances the sensory properties of ice cream by providing a
mild, sweet, and milky flavor. An important benefit of these types of preparations is that
they are compatible with flavoring additives [65].

In a study by Reis et al., it was concluded that the most popular whey-based drink
with added mangaba pulp was the one containing the highest amount of whey (50% of
milk and 50% of whey). Thus, it was concluded that the use of whey in such beverages
is an excellent alternative because it is accessible and inexpensive and provides mineral
and protein intake [66]. Tkachenko et al. demonstrated that by adding 0.2% citric acid, the
organoleptic properties of a drink based on cheese whey, marigold flower extract, and a
strawberry filler were improved because at that content, the product scored highest for
taste and aroma, while a higher amount of citric acid gave an excessive acidity feel [67].
In 2019, Schoina et al. analyzed the influence of Pistacia terebinthus resin on whey-based
beverages from a sensory point of view, observing a significant improvement in flavor for
samples containing the resin compared to a control. This result underlines the potential
for valorizing whey as a by-product through the incorporation of aromatic resins [68]. In
another investigation, Larinov et al. found that the organoleptic qualities of their product
were significantly impacted when more mint was added to 1 L of whey. As a result, the
sample with 1 g of mint and 1 L of whey produced the greatest results because it tasted
refreshingly sour and sweet and had a mild scent. The flavor and fragrance of the sample
containing 2 g of mint to 1 L of whey were equally nice, but the sample containing 3 g of
mint to 1 L of whey had an overpowering stench [69].

2.2. Physico-Chemical Analyses
2.2.1. pH

The pH evolution of the six beverages during the storage period is depicted in Figure 1.
Monitoring pH and acidity is essential for maintaining viable cells during a fermentation
process [66]. A decrease in pH was recorded during the storage period for all samples. The
highest value for pH was recorded for the DWD sample followed by the deproteinized
whey samples, DWDgc and then WD. Regarding the deproteinized whey drink samples,
on the first day of analysis and the seventh, approximately equal values were obtained
for the three types of samples. On the fourteenth day, there was a greater decrease for the
WDg sample, which obtained the lowest pH value on this day. Thus, it can be concluded
that the decrease is statistically significant. One plausible explanation for the observed pH
reduction concomitant with increasing acidity is the conversion of lactose to lactic acid [70].
In addition, the acidic nature of the three additions may also contribute to the increase in
acidity during storage.
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While whey beverages were being stored, other writers also noticed a drop in pH.
Mango–whey beverages achieved a decrease in pH with an increasing percentage of mango
juice in the drink [57]. Ahmed et al. reported a decrease in pH and an increase in acidity
for mango–whey beverages during 25-day storage [71]. Other authors also observed a
decrease in pH and an increase in acidity in stored carrot juice-added whey beverages [59].
Research by Sady et al. showed that during the 28 days of storage, the pH of samples of
whey and fruit drinks decreased slightly, with the highest values for those with added
apple and orange juice [72].

2.2.2. Titratable Acidity

The evolution of acidity in beverages made from whey and deproteinized whey with
the addition of sea buckthorn, ginger, and cinnamon is depicted in Figure 2. An increase in
the value of acidity can be observed during the storage period of the samples; the results
obtained are inversely proportional to those obtained for pH. Acidity determines the flavor
of the product and is influenced by the additional ingredients added [72].
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An increase in the acidity of whey beverages has also been reported by other authors
for mango and whey beverages [71], whey and mint beverages [73], and whey and orange
juice [62]. An increase in acidity during 60 days of storage of whey drink samples with
added fructooligosaccharides was reported by Yasmin et al. [70].

The acidity of whey products is achieved by lactic acid fermentation [74], and the
preservation of lactic acid levels can result from the fermentation process’s decrease in
lactose [66]. An inversely proportional reduction in pH and an increase in acidity may
result from the breakdown of lactose and proteins during storage, which produces amino
acids and organic acids [71]. The higher values obtained by deproteinized whey beverages
may be because these products have a lower content of protein available to be broken down.

2.2.3. Lactose Content

The influence of the storage period on the lactose content of the whey beverage
samples is presented in Table 5. Whey retains almost all the macro- and microelements
from milk, particularly lactose and water-soluble vitamins [67]. A consistent decrease in
lactose content was observed for all six products during storage, likely due to consumption
by live probiotic microorganisms [68]. The lowest values for lactose were obtained for the
samples with sea buckthorn and ginger (DWDg and WDg), both with normal-composition
whey and with deproteinized whey, on analysis days seven and 14. Because lactose does
not greatly contribute to the appropriate sweetness, goods with high whey content may
have a high calorie content. This means that additional sugars must be added to reach an
acceptable flavor profile [74]. Schoina et al. also validated the decrease in lactose content
throughout 30 days of storage in a study on whey beverages containing probiotic cells
immobilized on Pistacia terebinthus resin [68].

Table 5. Evolution of lactose, protein titer, and TSS in whey samples during the storage period.

Item Samples
Storage Period [Days]

1 7 14

Lactose
[%]

DWD 4.57 ± 0.014 c,A 4.22 ± 0.005 b,D 3.76 ± 0.008 a,D

DWDg 4.63 ± 0.013 c,B 3.54 ± 0.007 b,B 3.16 ± 0.008 a,A

DWDgc 4.53 ± 0.015 c,A 4.16 ± 0.008 b,C 3.26 ± 0.016 a,B

WD 4.66 ± 0.010 c,C 4.21 ± 0.016 b,D 3.86 ± 0.014 a,E

WDg 4.64 ± 0.008 c,B 3.66 ± 0.008 b,A 3.16 ± 0.011 a,A

WDgc 4.70 ± 0.013 c,D 4.16 ± 0.011 b,C 3.54 ± 0.011 a,C

Protein titer
[%]

DWD 2.93 ± 0.013 b,BC 2.51 ± 0.011 a,B 2.50 ± 0.008 a,E

DWDg 2.86 ± 0.011 c,B 2.51 ± 0.008 b,B 1.18 ± 0.008 a,A

DWDgc 2.72 ± 0.013 c,A 2.51 ± 0.008 b,B 1.52 ± 0.015 a,E

WD 3.26 ± 0.010 c,D 2.46 ± 0.008 b,A 2.39 ± 0.008 a,D

WDg 3.01 ± 0.011 c,C 2.53 ± 0.008 b,BC 1.43 ± 0.007 a,B

WDgc 2.90 ± 0.008 c,B 2.52 ± 0.007 b,C 1.57 ± 0.008 a,C

Total soluble solids
content (TSS)

[◦Brix]

DWD 11.12 ± 0.012 b,A 11.12 ± 0.008 b,A 11.11 ± 0.008 a,A

DWDg 11.25 ± 0.007 b,B 11.25 ± 0.005 b,B 11.24 ± 0.010 a,B

DWDgc 11.76 ± 0.011 a,C 11.76 ± 0.013 a,C 11.76 ± 0.016 a,C

WD 12.15 ± 0.008 a,D 12.15 ± 0.008 a,D 12.15 ± 0.005 a,D

WDg 12.28 ± 0.011 b,E 12.27 ± 0.007 a,E 12.27 ± 0.010 a,E

WDgc 12.58 ± 0.013 b,F 12.57 ± 0.008 a,F 12.57 ± 0.010 a,F

Results are presented in the form of mean ± standard deviation (n = 5). In each column and row, values with
different lowercase and uppercase letters, respectively, are significantly different (p < 0.05).

2.2.4. Protein Titer

Table 5 also illustrates the influence of the storage period on the protein titer of the six
whey drink formulations. Whey is a valuable source of high-quality protein [74], minerals,
vitamins, and lactose [68,72]. It can be seen that for the WD and DWD samples, the variation
in protein titer differs due to the degradation of protein substances, which is more visible
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in the case of deproteinized whey. These products go through a stagnation period on the
7th and 14th day of storage because their hydrolysis is very slow.

The addition of ginger in these products influences the values obtained for protein
titer. It is observed that the DWDg sample shows a lower value (2.86 ± 0.011%) due to the
addition of ginger compared to the DWD product (2.93 ± 0.013%). For untreated whey
samples, the effect of ginger is evident with WDg at 3.01 ± 0.011% and WD at 3.26 ± 0.010%.
The stagnation period on days 7 and 14 of storage is not recorded for ginger samples. Thus,
we can conclude that it influences protein hydrolysis.

The lowest protein titers were recorded for cinnamon-containing samples. The sample
containing deproteinized whey has 2.72 ± 0.013% protein and the sample with untreated
whey has 2.90 ± 0.008% protein. As with the ginger samples, the addition of cinnamon
influences protein hydrolysis. This is because between day 7 and day 14 of storage, the
protein content does not stagnate as in the DWD and WD samples. Whey proteins promote
plasma amino acid concentrations and are readily digested. Numerous whey amino
acids [67] function as direct secretors of insulin [70]. The research by Yasmin et al. on whey
drink samples containing fructooligosaccharides likewise comes to the conclusion that the
protein content decreases after storage [70]. In the study by de Matos Reis et al., it was
shown that the 70% milk and 30% whey sample had a higher content than the 50% milk
and 50% whey sample, but it was concluded that both variants developed provided an
important protein and mineral intake [66].

2.2.5. Total Soluble Solids Content (TSS)

Table 5 illustrates the influence of the storage period on the total soluble solids content.
The data reveal that samples with deproteinized whey obtained lower values compared to
the samples with untreated whey. As for the addition of ginger, it slightly raised the TSS
content, and the addition of cinnamon increased the TSS content even more. Whey has a
comparatively high total solids content, which is further increased by the added sugar in
whey-based beverages [74].

The samples’ TSS content drops throughout storage. Compared to the specialized
literature, the same things were observed by other authors in whey and fruit juice-based
beverages [57,59,71]. A slight decrease over time in total soluble solids content during
60 days of storage was evidenced by Yasmin et al. in samples of whey drinks with fruc-
tooligosaccharides [70].

3. Materials and Methods
3.1. Materials

The research was carried out in the laboratory of the CCBIA (Research Center for
Biotechnology and Food Engineering) research center within the faculty, by using whey
purchased from a local cheese producer using organic cow’s milk from Sibiu County. The
fresh ginger and powdered cinnamon were purchased from a company specialized in the
production and marketing of spices, and the sea buckthorn fruits were from a producer
and processor of these fruits, well known on the Romanian market.

3.1.1. Preparation of Sea Buckthorn Juice

The selected fruits were washed using warm water, and the fruit juice was extracted
using a cold-pressing juicer. The obtained juice was filtered using filter paper and stored at
refrigeration temperature until use.

3.1.2. Preparation of Ginger Extract

Fresh ginger was washed and peeled. Then, using a cold pressing juicer, it was
chopped into little pieces to extract the juice. The obtained juice was filtered using filter
paper and stored at refrigeration temperature until use.
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3.1.3. Preparation of Whey Beverages

The whey beverages were made as follows: the whey was filtered and heated at 50 ◦C
for 5 min, then it was cooled and mixed with the ingredients according to Table 6. The
packaging was made in 200 mL glass bottles with metal caps that were properly labeled.

Table 6. List of ingredients added to whey-based beverages.

Sample Code Whey [%] Deproteinized
Whey [%]

Sea Buckthorn
Juice [%]

Ginger Juice
[g/100 g]

Cinnamon
Powder
[g/100 g]

WD 75 - 25 - -

WDg 75 - 25 0.75 -

WDgc 75 - 25 0.75 0.2

DWD - 75 25 - -

DWDg - 75 25 0.75 -

DWDgc - 75 25 0.75 0.2
Note: WD = whey drink with sea buckthorn; WDg = whey drink with sea buckthorn and ginger; WDgc = whey
drink with sea buckthorn, ginger, and cinnamon; DWD = deproteinized whey drink with sea buckthorn;
DWDg = deproteinized whey drink with sea buckthorn and ginger; DWDgc = deproteinized whey drink with sea
buckthorn, ginger, and cinnamon.

A heat treatment method was used to deproteinize whey. The whey was heated to a
temperature of 75 ◦C for 10 min. The precipitated proteins were separated by centrifugation
followed by filtration through filter paper. The deproteinized whey was cooled to 25 ◦C
and the rest of the ingredients were added. Properly packaged and labeled bottles were
stored at 6 ◦C for 14 days.

3.2. Methods
3.2.1. Sensory Analysis

A group of five amateur tasters conducted the tasting, which took place on the first,
seventh, and fourteenth days after storage. A non-numerical multi-criteria multi-personal
agreement method as suggested by Fadhil et al. was employed to conduct the sensory
analysis [75].

The evaluated characteristics were the appearance of the drink in natural light, consis-
tency when pouring from one glass to another, the smell, the color, and the taste. Table 7
shows the evaluation scale used, and in Table 8, the level of importance of the criteria based
on the scale is illustrated.

Table 7. Linguistic assessment scale [75].

Scale Description Abbreviation

1 Like very much LV

2 Like moderately LM

3 Like slightly LS

4 I neither like nor dislike NT

5 Dislike slightly DS

6 Dislike moderately DS

7 Dislike very much DV
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Table 8. Criteria importance level [75].

Scale Description Abbreviation

1 Very high LV

2 High LM

3 I neither like nor dislike NT

4 Low DM

5 Very low DV

Formula (1) was used to calculate the negation of the importance level of the criteria [75].

Neg(Wk) =
(

Wq−k+1

)
(1)

Neg (Wk)—score negation of criteria k;
k—index;
q—scale amount.

The process of aggregation of the criteria relied on Formula (2) [75].

Vij = min
[
Neg (Wak) ∨ Vij(ak)

]
(2)

Vij—the score of alternative i by person j;
Vij (ak)—the score of alternative i by person j on criteria k;
k—1, 2, . . .., m.

We determined the score using Formula (3) [75].

Qk = Int [ 1 + (k ∗ (q − 1)/r)] (3)

Qk—the score k;
Int—integer;
R—the number of assessors.

The aggregation process for a person (assessor) was calculated using Formula (4) [75].

Vi = f (Vi )max
[
Qj ∧ bj

]
(4)

Vi—the total value for alternative i;
Qj—score j;
j—1, 2, . . ., m;
bj—order from the biggest alternative score i from alternative score j.

3.2.2. Physico-Chemical Analyses

The pH was monitored using the ORION 2 STAR digital pH meter. The pH meter was
calibrated and then, it was introduced into 30 mL of homogenized sample and the pH was
recorded [76].

Titratable acidity: By titrating 10 mL of sample combined with 10 mL of distilled
water titrated with 0.1 n NaOH in the presence of phenolphthalein until the color turned
pale pink and remained that way for 30 s, titratable acidity was ascertained [77]. Formula (5)
was used to compute the acidity, which is measured in degrees Thörner.

Titratable Acidity [◦T] = (V ∗ 10)/m (5)

V = volume of 0,1 n sodium hydroxide solution, used for titration, in mL;
10 = volume of sample taken;
m = mass of the analyzed sample, in g [77].
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Determination of lactose: Following the deproteinization process, the filtrate was
polarized, and Formula 6 was used to calculate the proportion of lactose in the examined
sample based on the rotation measurement [78].

Lactose[%] =
α ∗ 100

[α]20
n ∗ 2

(6)

a = the angle read at the polarimeter;
[α]20

n = lactose-specific rotation, equal to +52.53;
2 = wavelength of the polarimetric tube, dm [78].

Protein titer: Briefly, 25 cm2 of sample to be analyzed, 0.25 cm2 of phenolphthalein
solution, and 1 cm2 of sodium hydroxide solution were mixed using a burette with a
division value of 0.05 cm2 until a color identical to that of the comparison solution was
obtained. The comparison solution was obtained by mixing 25 cm2 of the sample with
1 cm2 of potassium oxalate solution and 0.5 cm2 of cobalt sulfate solution. A 5 cm2 amount
of formic aldehyde was added to the sample to be analyzed and thus neutralized, and
after 1 min, it was titrated again with a sodium hydroxide solution until the coloration was
identical to that of the comparison solution [78].

The volume of the 0.143 n sodium hydroxide solution, in cm2, used in the second
titration represents the protein titer, expressed as a percentage.

Protein titer % = V ∗ f (7)

V—volume of 0.143 n sodium hydroxide solution, in cm2, used in the second titration;
f—factor of the 0.143 n sodium hydroxide solution used for titration [78].

Total solids content (TSS) was determined using the refractometer, and the results
were expressed in ◦Brix. A drop of the homogenized sample at a temperature of 20 ◦C was
placed on the prism of a pre-calibrated refractometer and a reading was taken [79].

3.3. Statistical Analysis

Minitab software version 14 was utilized for statistical processing of the data derived
from titratable acidity, pH, lactose concentration, protein titer, and TSS measurements.
The mean values were compared and the outcomes were evaluated using ANOVA and
Duncan’s multiple range test, both used at the 5% level of significance (p < 0.05) [80]. Five
measurements were made for each.

4. Conclusions

The dairy industry’s adoption of circular economy principles, particularly through
the utilization of whey, represents a significant shift towards sustainability. By recognizing
the value of whey and other by-products, the industry has transitioned from a linear,
wasteful model to a more sustainable and resource-efficient system. This transformation
not only benefits the environment by reducing waste and conserving resources but also
offers economic and social advantages, fostering new markets, driving innovation, and
contributing to the overall well-being of society. As the dairy industry continues to innovate
and expand the use of whey and other by-products, it sets a powerful example of how the
circular economy can drive sustainable growth and create a more resilient future for all.

Whey recovery is a beneficial choice because its disposal poses significant environmen-
tal problems. A significant proportion of the whey from cheese production is discarded,
leading to a loss of valuable nutrients. This study aimed to explore the potential of whey
valorization through the development of innovative whey-based beverages with different
additions. Six samples were prepared from whey and deproteinized whey in a propor-
tion of 75% with the addition of 25% sea buckthorn juice, 0.75% ginger juice, and 0.2%
cinnamon powder.

Sensory evaluation revealed a clear preference for untreated whey beverages, with
the WDgc sample (whey with ginger and cinnamon) receiving the highest scores for taste,
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color, and aroma. The physico-chemical analysis demonstrated an inverse relationship
between acidity and pH during storage. One explanation for the pH drop that occurs when
acidity increases is the conversion of lactose to lactic acid. Lactose levels decrease over time
due to consumption by live probiotic microorganisms. In the WD and DWD samples, the
variation in protein titer is different because degradation of protein substances takes place,
which is more visible in deproteinized whey. Whey has a comparatively high total solids
content. Deproteinized whey samples have a lower TSS content compared to untreated
whey samples. As for the addition of ginger, it slightly raised the TSS content, and the
addition of cinnamon increased the TSS content even more.

The resulting beverages, thoroughly discussed and analyzed in this study, present
viable alternatives for diversifying food production by developing sustainable technological
variants, friendly to the environment.

Future research should explore additional whey-based beverage formulations, as they
offer a versatile solution for maximizing whey utilization and creating consumer-friendly,
nutritious beverages.
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