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Abstract. The paper is a review of the importance of expanding the lactose-free dairy segment
to give consumers the opportunity to consume milk and dairy products if they suffer from
lactose intolerance. When there is a lactase deficiency in the body, in the small intestine
lactose is not hydrolyzed, the volume increases and the fluidity of the intestinal contents
increases, allowing lactose to reach the colon where it is fermented by colonic bacteria.
Lactose intolerance is a condition that depending on the form developed will show different
symptoms and consumers suffering from this disease may ingest amounts between 12-24 g
of lactose consumed during a day, taking into account certain recommendations, compared
to allergy to milk proteins, where the consumption of dairy products is prohibited. Due to the
rich intake of important macro and micronutrients in human nutrition, dairy products cannot
be missing from the daily diet. In this context, methods are proposed, in particular
ultrafiltration, for obtain free lactose milk that does not affect its composition and properties.
Consumers suffering from lactose intolerance should be properly informed about the lactose
content in manufactured lactose-free dairy products. This can be done after using high-
performance instrumental methods of analysis that can detect the lowest values of lactose
content in dairy products.

Key words: free lactose milk, lactose, lactose intolerance, milk, milk allergy.

Rezumat. Lucrarea prezinta o trecere in revista a importantei extinderii segmentului de
lactate fara lactoza pentru a oferi consumatorilor posibilitatea de a consuma lapte si produse
lactate chiar daca sufera de intolerantd la lactoza. Atunci cand exista un deficit de lactaza in
organism, in intestinul subtire lactoza nu este hidrolizatd, volumul creste si fluiditatea
continutului intestinal creste, permitand lactozei sa ajunga in colon unde este fermentata de
bacteriile colonice. Intoleranta la lactoza este o afectiune care, in functie de forma dezvoltata,
va prezenta simptome diferite. Consumatorii care sufera de aceasta boala pot ingera cantitati
cuprinse intre 12-24 g de lactoza consumate pe parcursul unei zile, tinand cont de anumite
recomandari, spre deosebire de alergia la proteinele din lapte, unde este interzis consumul
de produse lactate. Datorita aportului bogat de macro si micronutrientii importanti pentru
alimentatia umand, produsele lactate nu pot lipsi din alimentatia zilnica. In acest context,
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sunt propuse metode, in special ultrafiltrarea, pentru obtinerea laptelui fara lactoza.
Consumatorii care sufera de intoleranta la lactoza ar trebui sd fie informati in mod
corespunzator cu privire la continutul de lactoza din produsele lactate, fabricate fara lactoza.
Acest lucru se poate face dupa utilizarea unor metode instrumentale de analiza performante
care pot detecta valorile reale ale continutului de lactoza din produsele lactate.

Cuvinte cheie: lapte fdrd lactozd, lactozd, intolerantd la lactozd, lapte, alergie la lapte.

Lactose provinience

Lactose is a naturally disaccharide of milk (Figure 1) (it is less contained in cow's milk
compared to breast milk) [1, 2]. Is a disaccharide that must be cleaved by enzyme lactase,
into glucose and galactose [3, 4].
The body then absorbs these simpler sugars into the bloodstream.

Galactose Glucose Lactose Water

Figure 1. Lactose formation by a condensation reaction between glucose and galactose.

Lactose is an important component of the carbohydrates group important in the diet
from an early age, due to the fact that it is a good source of energy [2, 5]. Studies by various
scientists show that lactose promotes better absorption of calcium, magnesium, zinc,
manganese and other minerals. Lactose promotes the development of beneficial bacteria in
the intestinal tract and prevents the development of pathogenic ones [5].

Intolerance to lactose

Lactose intolerance is manifested in people whose body lacks lactase or is in small
amounts. [6]. Lactase that is present in the intestinal epithelium breaks down lactose into
glucose and galactose.

The symptoms of lactose intolerance (Figure 2) are specific to each individual, and
their manifestation depends very much on the amount of lactose ingested and lactase
reserves in the consumer’s body. [7].

Lactase is located in the microvilli of the small intestine. When the lactase enzyme is
deficient, the amount of unhydrolyzed lactose reaches the colon. Under the action of the
microflora in the colon, lactose is fermented, and as a result a certain amount of lactic acid
and hydrogen is formed, a process that leads to the formation of gases in the colon (Figure
3). Lactase deficiency is not always associated with lactose intolerance. Only about 50% of
lactase activity is required for efficient digestion of lactose [1, 9].

Lactose intolerance exists of several types, depending on the amount of lactase
formed in the body and the severity of symptoms.
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Figure 2. Manifestations of lactose intolerance, [8].

The primary lactase deficiency is specific to the partial or total lack of lactase that can
develop in childhood at different ages, being a common cause of malabsorption or lactose
intolerance. The primary lactase deficiency is recognized as: adult hypolactasia, lactase
deficiency or hereditary lactase deficiency. Primary lactase deficiency manifests about 70%
of the world's population.
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Figure 3. Lactose digestion in the colon [10].

Secondary lactase deficiency is the lactase deficiency that results from lesions of the
small intestine (acute gastroenteritis, diarrhea) is defined as secondary deficiency, which can

occur at any age even from the youngest.

Congenital lactase deficiency is very rare in patients. In this case lactose is practically
absent from the small intestine.
Developing lactase deficiency manifests itself as a time-consuming condition, more
often seen in premature babies, which usually disappears with the growth of children [1, 11].
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Lactose intolerance is a condition that is not dangerous to the health of the consumer
[9,12,13].

Milk is an indispensable food product in human nutrition, especially in children’s
nutrition, a hypothesis supported by EFSA. That is why recommending a lactose-free diet is a
very delicate issue. In this context, in order to confirm the presence of this condition, it is
recommended that patients take recognized lactose tolerance tests.

Research shows that consuming a maximum 12 g of lactose in the case of people with
lactose intolerance results in no minor symptoms. Larger amounts of lactose can also be
tolerated if they are properly distributed between meals.

Table 1

Domination of primary lactase deficiency, [11]
Groups of people where the incidence of total or partial lactose deficiency is 60 - 100%
Examples: Arabs, Greek Cypriots, Thais, Indonesians, Chinese, Koreans, South Nigerians,
Hausa, black Americans, Latinas, Eskimos, Canadian and American Indians, Chami Indians,
etc.
Groups of people where the incidence of total or partial lactose deficiency is 2 - 30%
Examples: Northern Europeans, Hima, Nomadic Fulani, individuals from Punjab and New
Delhi, etc.

Among the European adult population, the incidence of lactose intolerance is between
4% and 56%. The lowest rate (4-5%) was recorded among the population of Northern Europe,
(Table 1) [14].

Lactose intolerance and milk protein allergy.

Allergy is a disease of the immune system caused by some food / environmental
agents, causing serious health problems to people.

The major food groups considered allergic are: peanuts, cow's milk, eggs, nuts, fish,
shellfish, soy and wheat. In the case of cow’'s milk, the major allergic component is considered
casein and alpha lactoalbumin and beta lactoblobulin. The symptoms of milk protein allergy
can manifest immediately after ingesting the food or even after 72 hours, manifesting some
of the following symptoms: hives, swelling, nausea and wheezing [12, 14].

Lactose intolerance is related to milk sugar which is found naturally in milk.

The lack of a proper and correct process of hydrolysis of lactose in the small intestine leads
to the appearance of symptoms specific to lactose intolerance, which in the case of a correct
consultation cannot be associated with allergy to milk proteins.

People who show symptoms specific to allergy to milk components are advised to
remove dairy products from the diet, while in case of lactose intolerance they are advised to
keep under strict record the amount of lactose consumed in a single intake (during or at the
end of the meal), which must not exceed 12 g of lactose.

People with lactose intolerance are allowed to consume dairy products where the
amount of lactose has decreased due to the process of lactic fermentation that occurred in
the manufacture of those products: yogurt, matured cheeses, fresh cheese, [9, 13, 14].
Unlike cow's milk protein allergy, lactose intolerance is not a disease. (Table 2).
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Table 2
Lactose intolerance vis-a-vis an allergy to cow's milk protein, [1, 3, 4, 15, 16]
Allergy to cow's milk protein
(casein and whey protein)

Cause Lactose Intolerance

Predominance

(EV) Between 4-56 % 1 % - in children, 0.5 % in adults
Bloating, flatulence and abdominal urticarial, vomits, acute
Symptoms . o
pain, diarrhea dermatitis and so on
. . Lactose intolerance test, Hydrogen Skin prick and blood tests for
Diagnosis . . o
breath test, Intestinal biopsies antibodies
It can evolve as temporary or 50% of cases progress and are
Prognosis permanent. Most people with LI treated by the age of 12 months;

tolerate small amounts of lactose.  90% - up to the age of 3 years.
Based on the type of lactose
intolerance, the amount of lactose
(milk and dairy products) that can

Management be consumed is determined.
Fermented dairy products can be
consumed by patients with lactose
intolerance.

Milk or Dairy exclusion (medical
and nutritional supervision)

Lactose present in milk and dairy products

The production of lactose-free or low-lactose milk / dairy products has an upward
trend, which makes it possible to consume dairy products among people suffering from
lactose intolerance without showing any symptoms of this condition [17].

People with lactose intolerance can tolerate up to 12 g of lactose in a single serving
[18]. The tolerance level of people with lactose intolerance actually appreciates the amount
of lactose that can be consumed daily, however it is allowed to consume different dairy
products in small quantities and correctly distributed per day [2, 14, 19, 20].

According to EFSA (European Food Safety Authority) yogurt is a product indicated in
the diet of lactose intolerant people because the beneficial bacteria in yogurt (Lactobacillus
delbrueckii susp. Bulgaricus and Streptococcus thermophiles) in amounts of 10® cfu / gram,
improve lactose digestion [21]. Consumption of dairy products is very important for people,
because it ensures the assimilation of macro and micronutrients essential to health, mainly
calcium intake. For example, a 30 g serving of cheese or 250 g of yogurt or 250 ml of milk
contains about 300 mg of calcium. The same amount of calcium can be covered by eating 3
kg of fruit or 750 g of vegetables, (Table 3) [22].

Preventive strategy to maintain good health regarding lactose intolerance includes:
« general hygiene conditions

- Hygiene in food and water

- Proper hand washing

« Diets (advices) (Table 4)

- Well-balanced diet

- Introduction of fiber in the diet

Journal of Social Sciences December, 2021, Vol. 4



124

V. Bulgaru, L. Popescu, R. Siminiuc

Table 3

Lactose Content of Common Foods [11, 23, 24, 25, 26, 27, 28, 29]

Dairy Products

Lactose Content, g/100g

Yogurt

Milk

Skim milk

Cream

Butter

Edam, Gauda cheese
Parmiggiano cheese
Cheddar

Cottage

Mozzarella

Cheese (goat)

Ice cream

Kefir

Condensed milk
Evaporated milk
Whey

4
4
4,3-5,7
0,1
0,8
>0,5
>0,4
0,09-0,5
1,0-3,1
0,1-1,59
2,2
3,6-8,4
~40
9,9-14,0
10-11
51

- Avoidance / exclusion of processed foods from the diet
- Choosing a low tempo for food consumption
- Beware of consuming products that cause allergies
- Drinking of lot of fluids (non-sugar based)

e Maintenance of healthy gut microbiota

- Introduction of probiotics and prebiotics in the daily diet

- Maintenance of hygiene rules

» Avoidance / exclusion of harmful substances that can reach the intestine

- Smoking

- Drugs which damages intestinal mucosa,

- Alcohol
* Preserving the integrity of the epithelium,
» Maintenance of enterocytes, [30].

Table 4

Foods allowed / prohibited in lactose intolerance, [1, 31]

Food - to be avoided

Food - to be allowed

o Milk: whole, low-fat, nonfat, cream, powdered,
condensed and evaporated

e Chocolate-containing milk

e Butter, cottage cheese, ice cream,
creamy/cheesy sauces, cream cheeses, soft
cheese and mozzarella

e Cream

e Milk, bread, crackers

o Muffin, waffle, pancake, biscuit

e Bakery products

o Lactose-free milk, soy milk
e Lactose-free milk and dairy products, hard

cheeses

e Yogurts containing live cultures

o Kefir
e Fruits

e Vegetables

e Legumes
e Cereals

e Meat, fish, eggs
e Vegetable fats
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Development of lactose-free foods

Given that nowadays the consumer is well informed about the food composition to be
consumed and how it can influence his health, there is a rising demand for healthy products
[32], even more serious in choosing the right foods are consumers suffering from any health
conditions / diseases. Also today, people with lactose intolerance are offered a rich
assortment of milk without lactose of nonlactic origin. Following a strict lactose-free diet can
lead to serious immune or colon health problems [33], due to deficiencies in some macro or
micronutrients. Of course, the easiest way to avoid lactose in the daily diet of a person
suffering from lactose intolerance is to eliminate dairy products from the diet [34], but the
patient must keep in mind that milk and dairy products are foods that come with a very
important intake of nutrients for the consumer health, first of all being a rich source of
calcium, (Table 5) [20].

Table 5
Calcium content in low lactose milk, [8]
Sources Calcium, ppm
Soy milk 3.90
Rice milk 1,5-1,6
Coconut milk 9,40
Lactose hidrolysed milk 112,7-120

Dairy products, such as cheese, yogurt, can meet the calcium requirement of people
with lactose intolerance [35] and at the same time keep the lactose intake within the
recommended limit.

For these reasons the focus should be on expanding the range of lactose-free foods in
the dairy group.

Dekker et al. (2019) emphasized that for all milk production, low-lactose products
ensure market expansion by mobilizing groups of consumers who do not attended common
dairy products [36].

The growth of the lactose-free dairy market is impressive, showing the fastest growth
in the field. By 2022, an increase of 7.3% is expected compared to 2.3% we have today,
reaching the figure of 9 billion euros, data extracted from a Euromonitor analysis (Figure 4)
[37]. In the Republic of Moldova, no lactose-free dairy products are produced, these being
provided only for import.

In the category of lactose-free milk and dairy products, the production and
consumption of lactose-free milk comes first, followed by acidic dairy products, namely
yogurt (Figure 4), [38].

At the industrial scale, several methods are used to break down lactose into raw milk,
depending on the facilities and infrastructure of the factory.

The use of lactase (B-galactosidase) for the breakdown of lactose is considered the
basic method in the manufacture of lactose free dairy products.

B-galactosidase, the enzyme responsible for the hydrolysis of lactose, is widely used
in the dairy industry for the hydrolysis of lactose in milk and whey. B-Galactosidase is an
enzyme that can be found in plants, animal organs and microorganisms.

For the hydrolysis of milk lactose, yeast enzymes are usually used, which have an
optimal neutral pH, and for the hydrolysis of whey lactose, fungal galactosidases (Aspergillus
sp.) With optimal acid pH are used [39 - 41].
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Figure 4. Growth rate of the lactose-free dairy market segment for the period 2017-2022
[37, 38].

At the industrial scale 2 methods are used: pre-hydrolysis or batch process and post
hydrolysis or aseptic process.

The stages of the pre-hydrolysis process are:

a. introduction of neutral lactase into milk;

b. cooling the milk to 4-8 ° C and maintaining it at this temperature throughout the
process;

c. incubating the milk for 24 hours, with continuous stirring

d. classical pasteurization of milk;

e. classical homogenization of milk;

f. milk packaging.

Milk is heat treated, which reduces residual enzyme activity to a minimum which is an
advantage of regulation and labeling in some countries [38].

Stages of the post-hydrolysis process are:

a. heat treatment of milk by UHT technique;

b. introduction of the sterile lactase into milk;

c. milk packaging;

Lactase hydrolysis occurs in the package, during the storage of milk at the enterprise, for 3
days at ambient temperature. This period is sufficient for lactose to be bound to
monosaccharides. The milk is then distributed for sale [38].

The breakdown of the total amount of lactose in milk (approximately 4.8%) into
glucose and galactose can lead to a lactose-free product with a higher degree of sweetness
(Table 6) and specific flavor compared to normal milk. These defects in the finished product
are considered major challenges for operators in the lactose-free dairy industry, [42]. An
alternative to avoid the appearance of sweet taste in milk is to use different filtration methods
such as microfiltration, nanofiltration, ultrafiltration and reverse osmosis, through filtration
membranes a part of lactose is separated, after which the classical process continues (Figure
5), or chromatography techniques (combined with the hydrolysis of the remaining lactose)
are used [43, 44].
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Figure 5. Production of lactose free products, [42].

Table 6
Comparative characteristics of lactose-free and whole milk [45]
. . Lactose-free milk  Milk with a low lactose content .
Characteristics ] R ) Milk
(ultrafiltration) (Lactose enzymatic hydrolysis)
Lactose <0,01% <1% 4.8%
content
Taste Natural taste Sweet taste Natural taste

Carbohydrate 35% less carbs, 20%  Identical content to natural

content fewer calories milk Natural

The result is excellent quality milk that tastes almost identical to regular milk [6].

Carbohydrates have a great influence on the quality indices of dairy products [46] and
in their category can be not only glucose and galactose resulting from the breakdown of
lactose, could form significant amounts of lactulose, formed by isomerization of lactose at
high temperatures. The amount of lactulose present in lactose-free milk is an important
analytical indicator of the milk heat treatment it has undergone. Checking the severity of the
heat treatment performed by analyzing the lactulose content allows to detect fraud and
distinguish the type of heat treatment applied [47].

There are different types of lactose-free cheeses on the market [6]. Lactose from
cheese is separated at different stages of the technological manufacturing process: whey
separation and bacteria fermentation [48].

Lactose-free cheeses are made by incubating milk with lactase before the
technological operations specific to the cheese-making process, a technique applied in
particular to the manufacture of fresh cheeses, which have a higher whey content and are not
fully matured and therefore in which could remain a higher lactose content without the use
of lactase [38, 49].

While in matured cheeses the lactose content can be reduced to a minimum and
without incubating the milk with lactose, because the manufacturing process of matured
cheeses requires the elimination of a larger amount of whey from the cheese during ripening
(30, 60, 180 days). lactic acid bacteria consume virtually all the lactose present in cheese. The
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more a cheese has been ripened, the less lactose remains in the final product; therefore, the
concentration of lactose in hard (highly ripe) cheeses is low and can be easily tolerated by
most people with primary lactose intolerance [6].

Yogurt is a fermented dairy product that has in its composition bacteria (L. delbrueckii
subsp. Bulgaricus and S. thermophilus), introduced with the starter culture. Due to these
bacteria that produce B-galactosidase in yogurt and produce lactose digestion in vivo, people
with lactose intolerance can consume yogurt without having any symptoms of the given
condition [6, 49].

Studies show that after fermentation of yogurt, a large amount of lactose remains in
the product. When consuming yogurt, the microorganisms in yogurt, which contain
intracellular B-galactosidase, retain their viability to the small intestine where they release
B-galactosidase into the lumen [50], which participates in the hydrolysis of lactose.

However, several research results say that the capabilities of these microorganisms
may vary in the process of digesting lactose [50, 51, 52, 53]. The European Food Safety
Authority (EFSA) has examined human clinical trials evaluating the efficacy of yogurt in
improving lactose digestion [21]. According to the expert group, there is sufficient evidence
that there is a cause-and-effect association between yogurt consumption and improved
lactose digestion when consuming yogurt with a microbial load of at least 108 cfu / gram [21].

Instrumental analysis of sugar content in lactose-free dairy products

The correct choice of lactose-free dairy products by consumers suffering from lactose
intolerance is guided by the correct labeling of these products. Declarations indicating the
absence or reduced presence of lactose in food should be regulated under Regulation no.
1169/2011 (EU, European Union) [54], and minimum / maximum limits for lactose intolerance
to lactose and galactosemia [14, 55].

To be labeled 'lactose-free’, milk must contain <0.01% (w/w) lactose. Identifying the
low amount of lactose is usually a very difficult process that can only be achieved by using
sensitive and accurate methods. Until there is not a standardized method for determining the
lactose content that allows the identification of low amounts of lactose in lactose-free dairy
products [56]. According to the literature, there are innovative methods for quantifying
lactose at low milk levels (Table 7).

Table 7
Sensitive and specific methods for the determination of residual lactose content
- Lt
Instrumef\ tal Extraction Technique LOD-LOQ (m? L Products Reference
Analysis or mg-kg™)
. . whole milk,
Liquid extraction,
filtration, purification by lactose-free
HPAEC-PAD Thermo Scientific Dionex MD";V(;:;O n ;”'Lkr’t [58]
OnGuard IIA, 2.5 cc yogurt,
. lactose-free
cartridge
cheese
Heated microwave
extraction by water,
HPAEC-PAD sonication, filtration, LOD: 1.4-2.5 LOQ: hard cheese (59]

extraction, filtration, SPE 2.6-4.1
sulfonic acid bonding
column, filtration
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Continuation Table 7

milk, yoghurt,

chocolate
drink,
whipped
cream,
vanilla
custard,
HPAEC-PAD Dilution, cgntrifugation, LOO: 10 cream (62]
ultrafiltration. cheese,
margarine,
firm cheese,
whipped
cream,
chocolate
hazelnut
cream
milk,
Incubation, clarification fermented
HPAEC-ECD . ’ LOD: 100 milk and [60]
filtration
lactose-free
milk products
Defatting, clarification, LOD: 0.023-0.050 UHT milk
UHPLC-MS/MS dilution LOQ: 0.123-0.157 [61]
raw, whole,
. . semi-
HILIC-MS/MS Liquid extraction, LOQ: 15 skimmedand  [63]
filtration .
skimmed
milk
low-lactose
and lactose-
free milk,
LactoSensR Homogenization, dilution milk
Amperometry biosensor ass,ay it ’ LOQ: 50-80 products, [64]
Method products
containing
dairy
ingredients
LOD 0.79 LOQ low-lactose
. 2.65 for liquid and lactose-
Extraction, glucose .
. samples free milk and
Lactulose Assay Kit removal pre-treatment, .
Enzymatic method  spectrophotometry at 340 LoD 0.13 dairy [6]
LOQ 0.44 products
nm . .
for solid or semi-
solid samples.
Freezing point ) low-lactose
depression - and lactose- [56]
free milk
LOD: Limit of Detection, LOQ: Limit of Quantification, MDL: Method Detection Limit.
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Impressive limit of detections (LODs) were achieved with high-performance anion-
exchange chromatography with pulsed amperometric detection (HPAEC-PAD) [58, 59, 62],
ultra-high performance chromatography coupled to tandem mass spectrometry (UHPLC-
MS/MS) [61], hydrophilic interaction liquid chromatography to tandem mass spectrometry
(HILIC- MS/MS) [63]. Some enzymatic methods have undergone improved modifications to
more accurately determine the amount of lactose and to reduce their interference with other
lactose-free milk sugars [65]. Cryoscopy can also be used for this purpose, by measuring the
decrease of the freezing point due to the enzymatic hydrolysis of lactose [56]. Biosensors are
of interest for this purpose due to their high specificity and their ability to translate the
detection of the analyte into an amperometric or potentiometric signal [64].

Conclusions

Lactose is an important component of milk in terms of nutritional and energy value,
but for people suffering from lactose intolerance this component becomes problematic.
Lactose intolerance is a globally widespread issue affecting a very high percent-age of the
population, which greatly influences the habits of people with this condition. Lactose
intolerance is not a disease but the symptoms are very acute and uncomfortable.

For these reasons, people suffering from lactose intolerance should have a special
diet. In the context that dairy products cannot be excluded from the diet, being a category of
foods indispensable in the diet of humans, even people with lactose intolerance, modern
methods of obtaining lactose-free milk are implemented on an industrial scale. In the future,
we expect to see many different new product launches in this rapidly expanding segment of
the dairy industry.

The development of analytical methods based on innovative technologies is of major
importance, they allow the correct quantification of lactose content in lactose-free milk,
which allows the correct identification of the nutritional properties of lactose-free products
and their correct labeling.

Acknowledgements: The research was funded by State Project 20.80009.5107.10, nr.
PS-62 “Personalized nutrition and intelligent technologies for my well-being”, running at
Technical University of Moldova.
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