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Abstract
Due to the widespread use of antibiotics, the bad ecological situation, fermented milk drinks are gaining more and more popularity because of associating with an array of health benefits. Fermented milk products contain a
unique in its kind disaccharide of animal origin lactose, which has the ability
to stimulate the development of lactic acid microorganisms that suppress the
vital activity of pathogenic microflora in the human intestine, promoting the
absorption of calcium, magnesium and phosphorus. A significant part of the
world’s population suffers from lactose intolerance, linked to a genetically
determined deficiency of the β-galactosidase enzyme, which is one of the
main reasons for the decrease in demand for dairy products among consumers suffering from primary or acquired intolerance to milk sugar. Lactose is a
natural disaccharide contained in dairy products. Lactase deficiency is a variant of fermentopathy caused by the inability to break down lactose due to
the activity decrease of lactase—the parietal digestion enzyme in the small intestine. Lactose intolerance in the gastrointestinal tract of a person suffering
from hypo- and alactasia leads to dispersion, diarrhea and other undesirable
phenomena. For the successful prevention and treatment of these diseases, it
is necessary to reduce or completely eliminate the lactose intake. A technology for lactose-free milk production was developed using fermentation technology. On the basis of lactose-free milk, a range of lactose-free yoghurts was
developed of animal origin of the following types: natural, enriched and fortified. Flax seeds, sesame seeds and chia seeds, which are rich in vitamins, were
used to produce a range of enriched yogurts. To obtain fortified yoghurts, the
mineral iron was used, which prevent the development of anemia and oncological pathologies. Experimental assortment of lactose-free yoghurts was assessed by physicochemical and organoleptic methods. All developed samples
meet the standards of technical documentation for this type of food product.
The organoleptic characteristics were highly appreciated. Developed lactosefree products are an opportunity for many people to return to a normal healthy
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1. Introduction
Milk is an essential component of the diet of ~6 billion people. World milk production reaches 730 million tones/year [1]. Even though mammals produce milk
to feed their offspring, in many parts of the world humans continue to consume
milk throughout their lives. Currently, lactose intolerance is widespread throughout the world and a large part of the population does not benefit from the positive effects of milk.
Many dairy products such as yogurt, kefir, etc., have their production origins
and have been consumed since ancient times. Various studies state that milk is
very healthy, that it is the best source of calcium and that it prevents osteoporosis, promoting it as a real superfood. This is mostly due to its composition; the
milk of any mammal has exactly the amount of protein, calcium and vitamins
needed for the growth and development of their young. No other food provides
all the necessary nutrients, in an ideal ratio for the body of the chicks, than milk
[2].
In the years 2015-2020, the American food guides claimed that the principles
of a healthy diet are based on the consumption of fat free or low-fat dairy products (1%), including milk, yogurt, cheese, etc. However, there are people who for
health reasons or based on their food preferences cannot consume dairy products. These people need to ensure their intake of nutrients (protein, calcium, potassium, magnesium, vitamin D, and vitamin A) from products with similar compositions such as fortified products [3] [4].
Dairy products are the best source of calcium for humans. Calcium in milk
and dairy products is absorbed in a higher percentage than in products of plant
origin, containing certain favorable factors, such as lactose, casein and vitamin D
(in the case of fortified products), thus dairy products should still be considered
the superior sources of calcium [5].
Yogurt is a popular food product, appreciated for its health benefits. Since its
discovery, extensive research has been conducted to understand and improve its
texture, taste and properties. Consumption of yogurt has been associated in particular with the improvement of intestinal health and the immune system [6]. Today’s consumers benefit from a wide variety of yoghurts available on the market
[7]. Consumption of yogurt per capita has steadily increased in recent decades in
most countries around the world. In the last 5 years, most developed countries
have reported an increase of over 10% in sales volume [8].
Yogurt enjoys a high popularity among consumers due to the fact that it conDOI: 10.4236/fns.2021.1211082
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tains both Lactobacillus bulgaricus and Streptococcus thermophilus, and it is also known to contain nutrients (calcium, vitamin D and potassium) that are missing from the traditional diet [9]. Recent studies have associated the consumption
of yogurt with several benefits for human health and the assimilation of certain
nutrients, improved bone mineral intake, weight management, heart health, metabolic health and digestive and immune health [10]. Beneficial and special cultures can be added to yogurt and offer additional health benefits [11]. The properties of yogurt and fermented dairy products were initially investigated by Metchnikoff and highlighted their influence on human longevity, especially due to
the positive effect on the intestinal flora [12].
Lactose is the main sugar in milk and dairy products, being an important source
of energy for the body, but also involved in the absorption of important minerals, such as calcium or magnesium. To be used, lactose must be processed in the
intestine by an enzyme called lactase that cleaves this disaccharide into glucose
and galactose monomers [13]. Lactase activity is especially important during infancy, when milk is the main source of nutrition. From the eighth month of pregnancy, lactase activity can be detected on the surface of the intestinal mucosa.
The activity increases until the 34th week, and at birth the lactase expression
reaches its peak [14] [15]. Numerous studies have demonstrated that the ability
to digest lactose during the period of breast-feeding is essential for the infant’s
health in order to avoid the congenital lactase deficiency that is extremely rare
and fatal if not recognized very early after birth. Congenital lactose intolerance
occurs when the newborn lacks the genes for lactose secretion. Missing genes
appear due to defective mutations. Finally, it causes a lifelong intolerance to all
types of milk, including breast milk. Physiologically, lactase has an increased activity in newborns, and its concentration will decrease over time, resulting in the
primary deficiency of adult lactase (hypolactasia or non-persistence of lactase), a
situation encountered in most individuals around the world. As we age, there is
a progressive physiological reduction in lactase activity in the intestinal cells. It is
estimated that 75% of adults worldwide suffer from a decrease in the amount of
lactase produced by the body in adulthood—which is actually the normal course
[16]. It has been shown that the descendants of populations that traditionally
practice cattle domestication are an exception to this rule, having the ability to
digest milk and other dairy products into adulthood. Figure 1 shows the frequency of “lactase persistence trait”, this being higher in northern European populations, with a decreasing trend across southern Europe and the Middle East
and reduced in Asia and most of Africa [17].
As a result of lactase deficiency lactose is not absorbed in the intestinal tract
and leads to symptoms of lactose intolerance [18]. They are manifested by an
increase in the content of intestinal water, and lactose is easily fermented by the
colonic microbiome leading to the production of short-chain fatty acids and
gases (mainly hydrogen (H2), carbon dioxide (CO2) and methane (CH4)) [19]
[20].
DOI: 10.4236/fns.2021.1211082
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Figure 1. Lactose intolerance worldwide, % of total population.

Lactose intolerance is a medical problem that has a significant impact on the
lives of those affected. Patients report symptoms, including: abdominal pain, diarrhea, bloating, flatulence and abdominal cramps. Lactose maldigestion occurs
when the concentration of the enzyme lactase is reduced at the edge of the brush
of the mucosa of the small intestine. This usually occurs in early childhood. 75%
of the population is susceptible and sensitive to lactose [21]. In the Republic of
Moldova, it is estimated that up to 18% of people have the potential for lactose
intolerance [22] [23] [24]. Unfortunately, statistical data on consumer behavior
regarding the consumption of lactose-free products, at the moment, doesn’t exist
[25].
In case of lactose intolerance, doctors recommend consuming alternative sources
of calcium and vitamin D, either of animal origin (egg yolk, liver, fish—especially fatty), or of vegetable origin (dried beans, parsley, spinach, basil, arugula,
seaweed, broccoli, almonds, hazelnuts, soy). Special preparations of lactose free
milk are also recommended, as well as the consumption of calcium-rich mineral
waters. However, this advice carries a significant nutritional risk.
Studies conducted between 1967 and 2009 and analyzed by the United States
Department of Health and Human Services have elucidated the fact that low dietary milk and dairy intake was a risk factor for bone fracture, osteoporosis and
other adverse health outcomes [26]. The study showed that dietary calcium supplements did not consistently increase bone mineral density or reduce fracture
risk. Thus, research on stimulating dairy consumption while limiting the symptoms of intolerance is encouraged at international scientific forums [27]. In addition to health consequences, dairy avoidance weakens the immune system due
to lack of vitamin B12, also intestinal health may suffer because the body is deprived of good bacteria and probiotics that improve intestinal health and are
found in dairy products.
Studies have shown that children and adolescents who do not consume the
recommended quantities of milk and milk products fail to meet their needs in
DOI: 10.4236/fns.2021.1211082
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calcium, which also impedes them to reach the peak of required bone mass. Consumption of insufficient amounts of dairy products could increase at the same
time the risk of osteoporosis in elderly adults and lead to an increased risk of
pathological bone fractures [28]. It was established that a nutritional diet containing insufficient amounts of vitamin D increases blood pressure by activating
the renin-angiotensin-aldosterone system, which causes vasoconstriction as well
as sodium and water retention in the body [29] [30]. Other minerals contained
in dairy products, such as magnesium and potassium, might be able to regulate
blood pressure, but their individual contribution is difficult to be assessed since
both nutrients are usually in foods rich in calcium [31] [32]. Several studies have
shown that dairy products may prevent loss of muscle mass and strength that
occurs with age, as well as functional foods [33]. This phenomenon, called sarcopenia, could be prevented thanks to physical activity and a diet rich in dairy
products and vitamin D [34]. The recommendations are made by The International Osteoporosis Foundation and The Society on Sarcopenia and Cachexia [35]
and are based on the fact that regular use of milk products would have a positive
impact on muscles, increasing skeletal muscle mass and force [36] [37], improving trabecular structure and at the same time increasing bone mineral density
and bone mass [38].
As a solution for those who do not digest lactose would be the consumption of
lactose-free products, which actually has the same nutritional profile as regular
milk, so that they still get the same vitamins, minerals, calcium and protein,
without discomfort. Over the last decade, lactose-free milk and vegetable milk
have become commonplace in major supermarket chains. Sales of alternative
dairy products, worth $7.37 billion in 2016, are projected to grow to $14.13 billion in 2022, Dairy Reporter reports. As a consequence, lactose-free dairy is now
the fastest growing market in the dairy industry. Lactose-free foods are a chance
for several people to return to a traditional healthy diet [39]. Yogurts, fermented
dairy products with a high mass fraction of dry matter, are gaining special popularity among the population. Therefore, it is important to expand the range of
lactose-free fermented dairy products as well as animal and vegetable origin. The
main aim of this work is to develop a technology for lactose-free milk produced
using fermentation technology; to develop range of lactose-free yoghurts on the
basis of lactose-free milk of animal origin of the following types: natural, fortified and with additives.

2. Materials and Methods
The yogurt was obtained in laboratory conditions of Food and Nutrition Department, Food Technology Faculty, Technical University of Moldova during January-June 2021. For the samples preparation pasteurized cow’s and goat milk,
starter culture YO-MIX 207 LYO containing Streptococcus thermophilus, Lactobacillus delbrueckii ssp. Bulgaricus, Lactobusillus acid Bifidobacterium lactis,
Danisco, Denmark, enzyme lactase—“Lactazic Sperco” were used. Total number
DOI: 10.4236/fns.2021.1211082
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of microorganisms from the starter culture 1.5 × 108 cfu/ml product, number of
bifidobacteria—2.5 × 107 cfu/ml product were used. In order to obtain enriched
yogurt flax, sesame and chia seeds were used. Flax and sesame seeds were used as
flour, chia seeds were not processed and were used in a natural form. Fortified
yoghurt was obtained by mineral iron incorporation.
In the present research, the following samples of lactose-free yogurt were developed.
1) Lactose-free natural yogurt of animal origin
2) Lactose-free fortified yogurt
3) Lactose-free yogurt with additives.
Animal milk fermentation technology has been developed, which includes a
process for removing lactose from milk. In order to obtain lactose-free milk, the
enzyme lactase—“Lactazic Sperco” was used. Fermentation was carried out at a
temperature of 37˚C - 38˚C. Besides taste and aroma, proper appearance and
consistency are important properties. If the fermentation is prolonged or too
short, the taste may suffer and the consistency will be incorrect. After primary
fermentation it adds 0.5 ml of lactase enzyme and is mixing well. Complete fermentation reaches within 2 hours. The weight of the experimental samples was
200 g.
The technology of yogurt preparation of animal origin consists of the following steps:
1) Utensil’s sterilization;
2) Animal milk fermentation;
3) Milk pasteurization at f 80˚C;
4) Milk temperation to a temperature of 37˚С - 39˚С;
5) Sourdough preparation (sourdough is mixing with a small portion of milk
until completely dissolved);
6) The resulting starter culture is portion into milk and mixing until evenly
distributed;
7) Portion the resulting milk into jars, closing them with a lid and placing for
fermentation for 12 hours at a temperature of 38˚С - 42˚С;
8) Experimental samples of yoghurt we stored in the refrigerator for 3 - 5 days
at 4˚С.
Acidity
Acidity was determined by the titrimetric method. It is based on the titration
of the yogurt sample diluted with water, with 0.1 n sodium hydroxide in the presence of phenolphthalein as indicator.
pH measurements
The pH of the samples was measured potentiometrically at 20˚C using a pHmeter (HANNA 2211-02 pH/MV/C) bench meter with electrode holder.
Syneresis index
Syneresis index presents the serum separation from a clot. Whey isolation of
is a consequence of the unsatisfactory quality of raw materials, deviations from
DOI: 10.4236/fns.2021.1211082
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the normal mode of homogenization and milk pasteurization. Syneresis was performed by the filtration method and measuring the amount of serum released
when filtering 50 ml of yoghurt through a paper filter within 5 hours.
Protein, casein and peroxidase content
The protein, casein and peroxidase content were performed by standard methods for the dairy products. The obtained data were compared with the standards of the Codex Alimentarius “Milk and milk products” [40] [41].
Mass fraction of dry matter
Mass fraction of dry matter was determined using standard method. The sample
taken for determination is exposed to a source of heat up to a constant weight.
Weight loss, calculated as a percentage, represents the moisture content, and the
remaining residue—the dry matter.
The glycemic index
The glycemic index of the tested samples was determined in vivo by monitoring the blood glucose level of the experiment participants until and after the
consumption of the researched food products, according to ISO 26642: 2010
[42].
Sensory tests
The methodology for analyzing the sensory quality of food products is based
on the use of descriptors. This is the technical term used to define the characteristics that are perceived by the senses of taste and smell in the presence of certain compounds. Sensory tests were performed by a group of people who are
taste panel trained for identifying, differentiating, and quantifying the smells and
tastes. According to the objective pursued, there are four types of tests that were
performed by the taste panel. Descriptive tests, which objective is to identify and
quantify the descriptors of experimental samples of lactose-free yogurts; threshold flavor test, used to determine the threshold of flavor by diluting the sample
with flavor-free water until the minimum perceptible flavor is achieved; discriminating tests, that enable the detection of significant differences between samples or between them and a reference sample; and acceptance tests, where the
taste panel ranks or classifies the samples in terms of their preference or their
level of satisfaction upon tasting them [43].
Statistical Analyses
Assays were performed in triplicate, and the results were expressed as mean
values with standard deviations (SD). The significant differences represented by
letters were obtained by a one-way analysis of variance (ANOVA) followed by
Tukey’s honestly significant difference (HSD) post hoc test (p < 0.05). Correlations were established using Pearson’s correlation coefficient (r) in bivariate linear correlations (p < 0.01). These correlations were calculated using Microsoft
office Excel 2007 and SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).

3. Results and Discussions
Lactose free yogurt technology development
DOI: 10.4236/fns.2021.1211082
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Traditional yogurt making technology involved the use of boiled milk that was
concentrated to two thirds of the original volume. The traditional procedure has
several drawbacks: 1) the starter cultures successive inoculations tend to disorder
the balance between the S. thermophilus and L. bulgaricus; 2) the low incubation
temperature (room temperature) results in slow acidification of the milk that
can create conditions for undesirable side effects; 3) the method does not provide control over the lactic acid level. With improved methods of yogurt production these problems do not arise [44]. Modern technologies allow monitoring
of temperature, pH and acidity levels throughout the entire manufacturing process. Thus, the cooling of the mixture and the cessation of fermentation, respectively, is done when these parameters reach the desired values, thus allowing the
standardization of the yogurt quality [45].
The essential microflora of yogurt which is obtained from commercial starter
manufacturers or starter banks consists of the thermophilic lactic bacteria Streptococcus thermophilus and Lactobacillus delbrueckii ssp. Bulgaricus. In order
to form a satisfactory aroma, the two species must be in approximately equal
proportions, developing through protooperation (mutual stimulating influence)
[46].
Most often the classification of yogurt is made according to: 1) The used raw
material (cow’s milk; sheep’s milk; buffalo’s milk); 2) the fat content (Dietary
yogurt 0.1% - 1% fat; Fatty yogurt 1% - 3% fat; Extra yogurt 3% - 4.4% fat; Special yogurt 6% - 7% fat); and 3) the used flavor (natural yogurt, cereal, fruit: fruit
pulp or fruit flavor, vanilla, chocolate, etc.) [47]. This is not true everywhere, the
US has standards of identity that specify what ingredients can be used in yogurt.
The fat content classification is used in compositional standards to facilitate standardization of product and to protect the consumer [48]. In recent years, worldwide production of yogurt has increased greatly as a result of improved manufacturing technology, improved packaging conditions and diversification of presentation, as well as the manufacture of new assortments with different ingredients and flavors. All this makes the product more attractive, satisfying the different preferences of consumers [49]. Based on the manufacture technology and
physical structure of the coagulum there are two main types of yogurts are set
and stirred. Set yogurt is thermostated and cooled in packaging after dosing, on
the other hand stirred yogurt is coagulated in tanks and cooled before packing.
Fluid yogurt may be considered as stirred yogurt of low viscosity. However, traditionally, fluid yogurt is manufactured by m1xtng equal quantities of yogurt
and water and one of the main characteristics of such a product is the separation
of the solid and the whey phases. Hence, it is customary to shake the product
before consumption [50].
Lactose free natural, fortified and with additives yogurt technology development of animal origin
Due to the fact that the market segment is not very familiar with the assortment of lactose-free yoghurt and their assortment is minimal, a range of new lactose-free products was developed in order to familiarize and increase the range
DOI: 10.4236/fns.2021.1211082
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of these types of products.
For the study, 7 samples of yoghurts of animal origin were prepared in a laboratory condition, in the quality of control sample unfermented cow’s milk yogurt with lactose was used. The milk was warmed up to a temperature of 37˚С38˚С, the enzyme lactase (Lactazik) was added to remove lactose from the milk
and the starter culture. Recipes for experimental samples of lactose-free yogurts
are presented in Table 1.
Table 1. Recipes for experimental samples of lactose-free yogurts this should be in materials and methods.
Sample

Product code*

Milk, l

Enzyme, g

Additives, g

Ferment
lactase, ml

Photo

Natural yogurt
Unfermented
cow’s milk yogurt

Control sample CS

0.2

0.2

-

-

Lactose-free
cow’s milk yogurt

LFNC

0.2

0.2

-

0.5

Lactose-free
goat’s milk yogurt

LFNG

0.2

0.2

-

0.5

Enriched yogurts
Lactose-free cow’s milk
yogurt with flax seeds

LFEFS

0.2

0.2

25

0.5

Lactose-free cow’s milk
yogurt with sesame seeds

LFESS

0.2

0.2

25

0.5

Lactose-free cow’s milk
yogurt with chia seeds

LFECS

0.2

0.2

25

0.5

10

0.5

Fortified yogurt
Lactose-free cow’s milk
yogurt fortified with iron

LFFIR

0.2

0.2

*CS—control sample, LF—lactose free, N—natural, E—enriched, F—fortified, C—cow’s milk, G—goat milk, FS—flax seeds, SS—
sesame seeds, CS—chia seeds, IR—iron.
DOI: 10.4236/fns.2021.1211082
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Flax, sesame and chia seeds were used to obtain enriched yogurts. This assortment of seeds was not chosen by chance. These seeds are a reservoir of nutritional components with numerous beneficial effects along with health promotion in humans [51]. The seeds are rich in vital minerals, vitamins, phytosterols,
polyunsaturated fatty acids, tocopherols which are bioactive substances. It is worth
mentioning that they are an important source of plant protein, vitamin B1, dietary fiber, as well as an excellent source of phosphorus, iron, magnesium, calcium,
manganese, copper and zinc [52]. In addition to these important component’s
sesame seeds contain unique substances—sesame and sesamolin, which are dietary fiber from the group of lignans, which have a cholesterol-lowering effect,
prevent high blood pressure, increase the absorption of vitamin E [53]. Iron deficiency anemia is caused by low iron intake from the diet or certain physiological states of malnutrition of this element and the body does not produce enough
erythrocytes. This physiological condition rarely leads to death, but is linked to
several health problems. This disease is easily identified and treated, but is not
taken into account by doctors. Iron deficiency anemia has a significant impact
on health and affects large sections of the population in underdeveloped countries [54] [55].
Overall, the prevention and successful treatment for iron deficiency anemia
remains woefully insufficient worldwide, especially among underprivileged families, women and children, such an astringent problem of the Republic of Moldova.
The frequency of iron deficiency anemia in the Republic of Moldova is high,
being detected in certain population groups, such as women of childbearing age
(especially pregnant women), young children and adolescents. From the groups
of elderly people, vegetarians, people with a poor socio-economic level, as well as
and people suffering from certain chronic conditions. Studies conducted in the
Republic of Moldova show that in some population groups the range of products
used does not cover the physiological need of the body in iron. In this context it
is necessary to mention that the approached topic is extremely important. The
assortment of iron-fortified lactose-free dairy products in the Republic of Moldova generally does not exist.
Quality indices evaluation of the experimental assortment of lactose-free
yogurts
Experimental samples were subjected to research in terms of physicochemical
and organoleptic indicators. According to Codex Alimentarius “Milk and milk
products” yoghurt in terms of organoleptic and physicochemical indicators must
meet certain requirements [40] [41].
In this research of physicochemical parameters evaluation of lactose-free
yoghurts, the following parameters were investigated: titratable acidity, mass fraction of dry substances, mass fraction of protein, peroxidase, syneresis, pH. These
indicators are determining the quality of yoghurt. In terms of physical and chemical indicators, yoghurts must meet the standards specified in Table 2.
DOI: 10.4236/fns.2021.1211082
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Table 2. Physico-chemical quality indices standards of yogurt [40] [41].
Quality indicator

Normative

Protein content, %, not less than:
- for yoghurts without additives

3.2

- for enriched yoghurts

2.8*

Dry matter content,%, not less than:
- for yoghurts without additives

9.5

- for enriched yoghurts

8.5

Acidity, ˚Т

From 75 to 140

pH

4-5

Peroxidase

absent

The titratable acidity and pH of yogurt have a great sensory and prebiotic
importance—they directly influence the development and viability of probiotic
microorganisms. The evolution of titratable acidity and pH is correlated with the
intensity of lactic fermentation.
During fermentation, the reducing carbohydrates are fermented rapidly. As a
result, acid lactic accumulates. The process of lactic acid accumulation is accompanied by an increase in acidity [56].
Lactose degradation begins immediately after adding starter culture and continue during the thermostat period. Both the International Milk Federation and
the Technical Regulations of the Republic of Moldova “Milk and dairy products”
specifies a minimum acidity of 0.6% lactic acid in yogurt for sale [57]. The recommended value is found in all yogurt samples studied at the end of the thermostat period. The accumulation of lactic acid contributes to the formation of a
more pronounced flavor of yogurt. The dynamics of the acidity index in experimental yogurts of animal origin is shown in Figure 2.
Thus, in the experimental samples of lactose-free yogurt, the acidity was determined for 5 hours after preparation. Compared to the control sample, the acidity in lactose-free yogurts is higher, but in the acceptable range.
All the results were within the normal range. This is explained by the fact that
in the production of this yogurt, the technological process was followed and highquality raw materials were used. The highest titratable acidity was found in natural yogurt made from goat’s milk, which was 140 ˚T, this is explained by the
fact that lactic acid bacteria have the ability to ferment lactose into lactic acid,
which leads to an increase in titratable acidity.
The lowest indicative titratable acidity was found in fortified lactose-free yogurt from cow’s milk with chia seeds, which was 108 ˚T. Thus, natural yoghurt
samples showed the highest acidity values, and in enriched samples the acidity
decrease.
The pH evolution is correlated with the intensity of lactose fermentation and
the increase of titratable acidity, but it is also influenced by the buffers that are
DOI: 10.4236/fns.2021.1211082
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Figure 2. The acidity index evolution in experimental yogurts of animal origin.

found in added seeds or are formed during manufacture. Ph was determined in
fresh samples within 5 hours, Figure 3.
In the maturation process, in all samples of yogurts without lactose pH increased, but not significantly. By the end of the maturation process it reached
values of 4.0 - 4.37.
The structure and rheological properties of fermented dairy products are influenced by a number of factors: milk quality, pH, nature of bacterial cultures,
temperature, mechanical processing, fermentation time, the presence of additives. The rheological properties are characterized by the index of syneresis and
viscosity. Syneresis is a complex biochemical and physico-chemical phenomenon, and represents a thermodynamic property of gels which consists in the decrease of the gel volume, caused by the expulsion of a quantity of solvent with its
maturation [58]. The intensity and depth of the yoghurt syneresis depends largely
on the internal surface of the solid phase, the porosity (spaces occupied by the
whey) and the permeability of the gel.
The syneresis index was determined in the dynamics within 5 hours. The values of the syneresis index were determined by the method described by Merculov. The largest amount of serum is eliminated within 2 hours, and then the
amount of serum decreases. This can be explained by the fact that the hardness
of the clot decreases every hour, Figure 4.
Analyzing the dynamics of the syneresis index, it was found that the highest
amount of whey was released in yogurt from cow’s milk 6.5 ml, and the lowest
amount of goat’s milk 1 ml, this is explained by the fact that in yogurt in goat’s
milk the curd was harder than in cow’s milk yogurt. Compared to the control
sample, less serum was released in the lactose-free yogurt samples than in the
control sample, but all samples comply with the regulations. The release of serum up to 10 ml from the volume of the product is within the permissible limits
for those products.
Casein is protein, which together with whey is obtained from milk from
DOI: 10.4236/fns.2021.1211082
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Figure 3. The pH evolution of the lactose-free yogurt samples.
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Figure 4. The syneresis index dynamics.

mammals. Most people consume casein in the form of cow’s milk. It is an insoluble part of milk, which represents about 80% of milk proteins. The soluble part
of the milk and the remaining 20% is whey. In the present paper, the content of
protein, casein, peroxidase and dry matter in the experimental samples was determined, Table 3.
The determination of these parameters demonstrated an important protein
(in a range of 4.22 ± 0.08 g to 6.04 ± 0.12 g) and casein (in a range of 2.69 ± 0.05
g to 3.84 ± 0.08 g) content in the experimental samples. These demonstrate the
high quality of the yogurts obtained that can be recommended to patients with
lactose intolerance, but also to other categories of the population.
All yoghurt samples were tested for the presence of peroxidase in it. The determination of peroxidase determines the temperature of milk pasteurization
during preparation of the test samples of yoghurt. In all the studied samples of
yoghurt, the presence of peroxidase was not detected, which proves that all samples
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Table 3. Protein, casein, peroxidase and dry matter content in experimental samples of
lactose-free yogurt.
Sample

Protein, g

CS

Casein, g

Peroxidase

Dry matter content, %

4.63 ± 0.29

f

3.07 ± 0.19

absent

8.82 ± 0.52g

LFNC

4.53 ± 0.15b

3.01 ± 0.10d

absent

8.47 ± 0.21b

LFNG

6.04 ± 0.12a

3.84 ± 0.08a

absent

11.27 ± 0.25e

LFEFS

5.28 ± 0.10d

3.36 ± 0.07c

absent

11.15 ± 0.15g

LFESS

4.22 ± 0.08f

2.69 ± 0.05b

absent

14.20 ± 0.19c

LFECS

4.53 ± 0.09a

2.88 ± 0.06e

absent

12.38 ± 0.33d

LFFIR

4.53 ± 0.10g

2.88 ± 0.05c

absent

9.87 ± 0.51a

c

Note: a-g: in each column different letters mean significant differences (p < 0.05).

Glycemic index
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80
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20
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Glycemic index
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LFFIR Glucose

Figure 5. Glycemic index of experimental samples of lactose-free yogurts.

of yoghurt were subjected to pasteurization at a temperature not lower than
80˚C and the technological process was not disturbed. The dry matter content
varied in a range of 8.47% ± 0.21% to 14.20% ± 0.19%. Enriched yoghurts have
higher rates due to the seeds components.
Several studies have shown that a diet with a high glycemic index is associated
with an increased risk of developing type 2 diabetes, cardiovascular disease, some
cancers and others [59].
Experimental results showed that the glycemic index of the elaborated yogurts
are in the range of 28 - 30 and are quite close, Figure 5. The additives used in the
developed technology did not essentially influence the glycemic index due to the
fact that the raw materials used are with low glycemic index. Thus, according to
international data and recommendations in the field we can say that elaborated
yogurts can be included in the category of foods with low glycemic index and
can be recommended in diets that reduce the risk of type 2 diabetes, cardiovascular disease for people with lactose intolerance [60].
Quality control of food products is associated with the analysis of different
parameters, and organoleptic characteristics [61]. Experimental data of sensory
tests of elaborated samples of lactose-free yogurts are presented in Figure 6.
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Figure 6. Sensory tests of experimental samples of lactose-free yogurts.

All experimental samples showed the high organoleptic characteristics. Punctuation varying from 3.9 to 5.0. Samples have a characteristic milky taste without
foreign odors. The consistency corresponds to the given product.

4. Conclusions
As a result of physicochemical research of the developed lactose-free yogurt, it
was revealed that all parameters are in accordance with the regulatory documentation, is within acceptable limits for lactose-free yoghurts of animal origin.
It has been found that experimental samples are an important source of protein, especially casein, which demonstrates the high quality of obtained yogurts
that can be recommended to patients with lactose intolerance, but also to other
categories of the population. The glycemic index found after the consumption of
natural, fortified and yogurt with additive’s, denotes that these products fall into
the category of “dairy products with low glycemic index”.
It was obtained maximum score for organoleptic indices of experimental samples, which indicates that the developed products will be attractive to consumers.
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