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CHAPTER 6

Improving the quality of dairy sauces  
by using condensed low-lactose milk whey

Yuliia Honchar
Victoriya Gnitsevych

Abstract
For optimal functioning of all organs and systems in the human body, nutrition 

must be complete and balanced. This is achieved by improving recipes and produc-
tion technologies of existing food products to preserve their nutritional properties 
or provide them with new properties. In the presence of associated diseases, espe-
cially food allergies, malabsorption or even intolerance to certain food substances, 
the existing range of food products should be expanded by developing technolo-
gies for special nutrition. Mayonnaise products, popular among consumers but not 
highly biologically valuable or balanced, cannot be included in the diet of individuals 
allergic to egg products. There have been efforts to replace egg ingredients in mayon-
naise with plant-based proteins, but whey proteins in mayonnaise products have 
not received enough attention. Although secondary dairy raw material – milk whey-  
is a valuable and cost-effective resource that must be processed, searching for its 
applications is ongoing. Additionally, mayonnaise products based on whey can not 
only expand the range of sauces for people allergic to eggs but also serve as a source 
of animal proteins for lactose-intolerant individuals after lactose removal. This new 
direction of its use is crucial because previous studies have shown that excluding 
lactose-containing foods from the diet or partially restricting them does not improve 
human health. This issue can be addressed using low-lactose protein-carbohydrate 
dairy raw materials – processed milk whey.

This chapter of the monograph presents research results on the possibility of 
using fermented mashed pumpkin pulp (FMPP) with a high content of pectin and 
condensed in vacuo low lactose milk whey (CLLW) in emulsion sauces similar to mayon-
naise. Rational oil emulsification parameters have been established, and the characte-
ristics of model samples using FMPP and CLLW in different ratios have been studied.  
The quality of sauces with an emulsified oil volume of 60 % has been evaluated.  
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To establish the rational ratio of main components in the semi-finished product, 
the rheological properties of model systems have been studied, including their in-
fluence on the formation of structuring indicators, such as emulsifying properties. 
The possibility of using a protein-carbohydrate semi-finished product  (SFLLW) 
based on CLLW and FMPP as a base for emulsion-type sauces like mayonnaise has  
been demonstrated.

Keywords
Sauce, emulsification, mayonnaise, egg-free sauce, milk whey, fermented mashed 

pumpkin pulp with a high content of pectin, condensed in vacuo low lactose milk 
whey, model of the system, lactose intolerance, lactose malabsorption.

6.1 Introduction

Nutrition is one of the most important factors in human life, directly influencing 
health, productivity, and physical and mental development. For optimal function-
ing of all organs and systems in the body, nutrition must be complete and balanced.

The issue of rational nutrition among the population holds significant social im-
portance. It plays a crucial role in ensuring the quality and longevity of human life 
and their health. In Ukraine, the most significant disruptions in the food system in-
clude excessive consumption of animal fats and carbohydrates, alongside a deficit of 
complete proteins of animal origin, polyunsaturated fatty acids, micronutrients, vita-
mins, and dietary fibers. Therefore, scientists are tasked with creating a range of new 
products with functional purposes that improve the nutritional status of individuals.

Global trends in nutrition are associated with creating an assortment of func-
tional products that contribute to strengthening public health and reducing the 
risk of nutrition-related diseases. This task is addressed by including functional  
ingredients in food products, positively affecting one or several physiological 
functions of the human body. The creation of functional food products is based on 
modifying traditional (classical) technologies, allowing for incorporating beneficial 
ingredients into the finished product within the physiological norms of their con-
sumption (10–50 % of the average daily requirement).

At the same time, the body may find it difficult to absorb nutrients in certain  
diseases. A common barrier to the complete or partial absorption of certain groups 
of nutrients is food allergy, intolerance, malabsorption or sensitivity to it. A food al-
lergy happens when the immune system overreacts to a specific protein. Unlike food 
allergies, food intolerances do not involve the immune system but are missing the en-
zymes that break down nutrients. The lighter form of intolerance is malabsorption, 
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when the concentration of enzymes isn't enough to break the nutrient completely. 
Non-disease sensitivity is a new syndrome of intolerance. Free from this specific nu-
trient, the diet leads to a complete regression of symptoms. Symptoms can range 
from mild (rashes, gasses, hives, swelling, itching, etc.) to severe (trouble breathing, 
loss of consciousness, etc.). More than 170 foods have been reported to cause aller-
gic reactions. The major food allergens are milk because of the lactose as a carbohy-
drate and egg because of the complex of proteins. Therefore, there is a demand for 
traditional products in which ingredients that may cause a negative reaction in the 
body are replaced. One type of such product is sauces. The main sauces and their de-
rivatives mainly contain products that can cause such reactions: milk, eggs, nuts, etc. 
Therefore, considering the prospects and directions for improving sauce production 
for special diets is worth considering.

Overall, the global market for food and beverage products aimed at improving 
health and overall well-being continues to grow at an average rate of 8 %. The num-
ber of people consuming functional food products and dietary supplements is con-
stantly increasing.

The international market for sauce products is diverse. However, all products in 
this category have the same significance, namely as a flavor enhancement for dishes. 
In this market, the success of launching new products depends on continuously mon-
itoring consumer preferences and analyzing competitive products.

The global mayonnaise market demonstrates steady growth rates, with a pro-
jected production increase of approximately 4 % over the next five years [1]. 

According to data from the State Statistics Service of Ukraine, the Ukrainian Cus-
toms Service, and the company "Pro-Consulting", the competition level in the Ukraine 
sauce market is high, primarily from domestic manufacturers. Mayonnaise produc-
tion holds the largest market share, accounting for 57 % of the market structure [2].

Mayonnaise is a popular condiment known for its creamy texture and tangy flavor. 
It is typically produced from a blend of oil, vinegar or lemon juice, egg yolks, and 
seasonings. The mixture is emulsified to create a smooth and stable sauce. Emul-
sified fat-containing products play a significant role in nutrition because when fats 
are consumed, the human body absorbs them only after they are converted into an 
emulsified state.

It is widely employed as a spread for sandwiches, burgers, and wraps and serves 
as a base for various dressings and sauces. Its versatility has made it a staple in culi-
nary applications in home kitchens and the commercial food industry. Additionally, 
it is known for enhancing the taste and mouthfeel of dishes, contributing a rich and 
satisfying element. Nowadays, it is incorporated into dips and marinades due to its 
creamy nature across the globe. 
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The growing food service industry primarily drives the market. In addition, the 
increasing number of products for convenient and easy meal alternatives, including 
wraps, salads, and sandwiches, is influencing the market growth. Also, the growing 
health awareness among consumers, the rising product demand in global culinary 
options, and the rising disposable incomes are augmenting the market growth. More-
over, introducing health-conscious product variations, including eggless, gluten-free, 
lactose-free, low-fat, vegan, and vegetarian mayoresses offerings, represents ano-
ther major growth-inducing factor. Besides this, the shift in consumer lifestyles and 
the widespread product integration within the food and beverage sector are pro-
pelling the market growth. The convenience of procuring products from various re-
tail outlets contributes to market growth. Furthermore, the growing recognition of 
mayonnaise's nutritional value and versatility creates a positive market outlook. This 
chapter explores the problems of improving the quality of sauces.

In Ukraine, the production of mayonnaise and mayonnaise-based sauces is reg-
ulated by the State Standard of Ukraine 4487:2015, "Mayonnaises and Mayonnaise 
Sauces. General Technical Conditions". According to section 3.1 of DSTU 4487:2015, 
mayonnaise is a finely dispersed homogeneous emulsified product with a fat con-
tent of not less than 50 %, made from oil, water, egg products, with or without the 
addition of processed milk products, food additives, and other food ingredients (ac-
cording to the recipe). Furthermore, according to section 5.4.4 of DSTU 4487:2015, 
mayonnaise produced under the traditional name "Provansal" must have a fat con-
tent of 67 % and an egg product content, including fermented ones, calculated on dry 
egg yolk of not less than 1.5 %. However, despite their functionality, eggless recipes 
in industrial production can only be called "a-la mayonnaise", indicating the imperfec-
tion and non-inclusivity of Ukrainian legislation. Nevertheless, the existing demand 
for such products must be met.

First and foremost, excluding egg raw materials from mayonnaise formulation 
meets the needs of individuals with egg allergies, which affects approximately  
1 in 10 adults [3], as well as vegetarians [4]. 

In their work, Nopparat Prabsangob and Sunsanee Udomrati used acid-mo-
dified pea protein isolate and okara cellulose crystal as a co-emulsifier to improve 
the phy sicochemical stability of fat-reduced eggless mayonnaise [5]. However, the 
resulting product had a drawback of a gelatinous consistency and a specific aroma. 
Miray Büyük, Ada Ata, and Ahmet Yemenicioğlu proposed using aquafaba as a source 
of mainly water-soluble proteins and carbohydrates, used in combination with citrus 
pectin and grape seed extract [6] as a co-emulsifier. The major benefit of this techno-
logy is related to the reduction of emulsion droplet size, but it still has short-term stor-
age, high risks of lost emulsion and additionally specific organoleptic characteristics.  
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Another work of innovative technology for developing egg-free mayonnaise was 
shown, which uses β-carotene and soy-protein binding but has an inappropriate in-
tensive yellow colour [7]. Another obvious disadvantage of this technology is the 
use of soy proteins since soy is an allergen. However, there are relatively few studies 
dedicated to using whey proteins for preparing mayonnaise recipes, and all of them 
are focused on creating recipes for low-fat sauces. The majority of studies also in-
volve the use of dried demineralized whey. However, no studies have been conduc-
ted regarding using an intermediate product of its production – condensed whey – 
including partial demineralization of about 40 % instead of 90 %. An essential point in 
this case is the necessity of prior lactose removal to prevent crystallization and make 
this product accessible to individuals with lactose intolerance and malabsorption. 
This is particularly important since the percentage of such individuals among the 
populations of Asian and African countries is 90 %, Southern Europe – 70 %, Austra-
lia, Northern Europe, and North America – up to 17 %. In Central Europe, it's 30 %; 
in Southern Europe – 70 %; and in Ukraine, 16 % of the population has been officially 
diagnosed and confirmed by laboratory tests with malabsorption, with many undi-
agnosed cases additionally [8]. Including low-lactose food products based on hydro-
lyzed protein-carbohydrate milk raw materials (PCM) in production will allow the 
development of a product suitable for consumption by a wide range of consumers.

Acid whey is cheap and a lot in sizes souse, the potential of which in Ukraine is 
not fully realized for food purposes. As of the first half of 2020, 735 thousand tons of 
whey were produced, with only 30.4 thousand tons subject to processing, while the 
rest was discarded as waste [9]. Therefore, the priority issue becomes the creation of 
technologies for low-lactose semi-finished products based on them for further use in 
special food product technologies.

Structuring agents are needed to develop emulsified sauce products based on 
whey proteins. Excellent structuring properties distinguish plant raw materials with 
a high content of pectin substances. Pumpkin pulp can be used as such raw mate rial, 
characterized by potential properties of structuring agents, structure stabi lizers, 
and regulators of sensory indicators of food products. However, in its untreated 
form, the amount of pectins is insufficient for use as structuring agents.

Based on previous research, a protein-carbohydrate semi-finished product 
based on low-lactose condensed whey and fermented pumpkin puree (SFLLW) was 
developed [10]. However, the issue of researching emulsified sauce products based 
on it was not fully explored.

Therefore, this monograph chapter is dedicated to investigating the quality of 
emulsified sauces, using mayonnaise as an example, with the utilization of semi- 
finished based on low lactose whey.
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6.2 Organization and research methods

An innovative strategy for developing emulsified sauce technology has been 
proposed to address physiological, raw material, environmental, technological, and 
economic issues.

In this regard, the main principles of mayonnaise sauce development and re-
quirements for its technological properties were formulated. It should:

1. Meet the needs for essential nutrients of individuals with malabsorption who 
have restrictions on lactose consumption and egg intolerance.

2. Be aggregate-stable immediately after production and during storage.
3. Be produced from locally available raw materials in Ukraine with the realiza-

tion of their food and functional-technological properties.
4. Reduce the volumes of secondary raw dairy materials (unused milk whey), 

which are potential environmental pollutants.
5. Make the technological process of sauce production based on SFLLW acces-

sible to both high-capacity productions, small craft manufactories and restaurant 
establishments.

Implementing these principles is possible only through reasoned and targeted 
influence on the selected dairy and plant raw materials to most fully utilize their 
technological properties.

Based on the provisions of the innovative development strategy, a working 
hypothesis was formulated, which suggests that the use of plant raw materials as  
a source of low-esterified pectin substances and fermented milk whey as a source 
of proteins, calcium, phosphorus, low-lactose, with directed regulation of functio-
nal-technological properties during fermentation and thickening, using a low- 
lactose semi-finished product based on whey, will allow obtaining functional emul-
sified sauce.

The aim of the work is to investigate the rheological properties of model sauce 
systems, based on SFLLW, condensed fermented whey with reduced lactose content, 
and fermented pumpkin puree with increased pectin content.

The object of the research is the technology of mayonnaise emulsion sauce based 
on SFLLW and its quality.

The subject of the research is SFLLW, functional-technological properties of 
model systems based on SFLLW, and the quality of the developed culinary products.

The properties of "Provansal with 67 % fat content" mayonnaise of the classic 
recipe were investigated as a control sample by own production.

The basis for SFLLW used in sauce production owes its excellent emulsifying 
properties to its composition.
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Model compositions of SFLLW with FMPP content exceeding 60 % and CLLW 
content lower than 40 % exhibited unsatisfactory organoleptic characteristics; there-
fore, they were not used for further research.

To produce SFLLW, pre-fermented milk whey is condensed under vacuum. The 
condensing process occurs at a reduced pressure of P = –0.1 Pa, at a constant tem-
perature of 50 ± 2 °C, for 6·3600 sec. The concentration factor is 10 [11]. As a result 
of condensation, the effective viscosity index increases, providing grounds for using 
condensed in vacuo low-lactose milk whey (CLLW) in viscoelastic systems. Adjusting 
the acidity of CLLW to neutral pH levels is achieved.

Simultaneously, preliminary hydrothermal treatment of pumpkin pulp was car-
ried out, followed by fermentation with enzyme preparation Vetom 1.1. The optimal 
parameters for the fermentation process in the production of fermented mashed 
pumpkin pulp (FMPP), which leads to the maximum accumulation of soluble pectin, 
are a temperature of 55 ± 3 °C, a duration of 15·3600 sec, and a concentration of en-
zyme preparation of 1.5 % [12].

A key issue in determining the functional-technological properties of the semi- 
finished product and its nutritional and biological value is establishing a rational ratio 
of system components.

One of the main requirements for sauce production based on SFLLW is the pre-
sence of the necessary texture and the ability to maintain structural characteristics. 
During the production of emulsion sauces, viscosity (η, Pa·sec) and stability (V, %) 
are the most indicative parameters during the emulsification stage. These parame-
ters are directly dependent on the pH values of the emulsion system, emulsification 
temperature (t, °C), oil dripping speed (ν, ml/sec), and the speed of rotation of the 
mixer's working element (V, 1/sec).

The SFLLW content in sauce model systems varied within 40…90 % with a step  
of 10 %. The mixture components were stirred at a temperature of 20 ± 1 °C for dura-
tion of 60 sec until homogeneity was achieved using the IKA Ultra-Turrax T18 basic 
homogenizer at V = 11200 RPM.

The oil droplet size of the emulsions was observed using a Biological digital mi-
croscope MICROmed XS-3330 LED, and the volume-weighted diameter (DS, nm) 
was recorded, where DSD shows the % number of particles with diameter di.  
The measurement was used to provide distribution patterns of the oil droplet sizes.

The effective viscosity was determined using the rotational viscometer BPN-0.2M.  
The working temperature in the thermostat was +23.3 ± 1.5 °C. Up to five rota-
tion period values were taken for a fixed voltage value, excluding gross errors, 
and the average value was calculated. The samples' shear stress limit (SSL) was 
determined by extrapolating the linear section of the curve τ = f(γ) at a shear  
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rate of 100 1/sec, corresponding to values during sensory evaluation during pro- 
duct  consumption.

The fat-binding capacity was determined by the amount of vegetable oil (sun-
flower) required to reach the inversion point. Determination of the phase inversion 
point to assess the emulsifying ability of model systems was carried out according 
to the method of O. M. Gurov [13]. Oil was emulsified using the DLH mechanical 
top-drive mixer with a dissolving attachment, mixing material from top to bottom 
and bottom to top under high turbulence and cross-force action for 25–35 min, 
depending on the component ratio. Emulsion stability (ES) was determined by the 
amount of unlayered emulsion. The emulsion type was determined by dilution in 
water. The phase inversion point value corresponded to the mass content of oil used 
in the process.

6.3  Investigation of the rheological properties of model emulsion  
sauce systems

Various interactions may occur in systems containing milk whey proteins and 
esterified pectin derived from fermented pumpkin puree. Depending on the tem-
perature, processing time, pH of the medium, ionic strength of the solution, and the 
ratio of proteins to pectin, complexes may form (intra-molecular, inter-molecular, 
electron-neutral, charged coacervates) [9]. Therefore, it is advisable to investigate 
the nature of the interaction between pectin-containing FMPP and whey proteins  
in CLLW. To assess the effectiveness of SFLLW application, model compositions were 
studied at different ratios of FMPP to CLLW and amounts of emulsified oil. 

The new mayonnaise composition was prepared using CLLW in combination with 
FMPP at different ratios as an emulsifier. Sample of mayonnaise by own production 
stabilized with egg yolk powder, was used as control for comparison. The dispersion 
characteristics were observed visually using a microscope, and the number of oil 
droplets of different sizes was counted. The results of the calculated average va lues 
of the size of emulsified oil droplets in different samples, taking into account the  
error, are shown in Fig. 6.1.

Lower stability was clearly observed for the control sample and the sample with 
a 90:10 ratio, as indicated by its higher average droplet size. Compared to these sam-
ples, those with ratios of 70:30, 60:40, and 50:50 had smaller average oil droplet sizes.  
This correlated with optical images of the emulsions. The results demonstrated the 
feasibility of using SFLLW as an emulsifier for preparing emulsion sauce, as expected 
from its strong emulsifying ability, as previously demonstrated [14]. 
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Fig. 6.1 Differences in oil droplet sizes (DS, nm) of emulsion depending on the nature 
composition of model systems

However, using FMPP in quantities of 30 % and 40 % of the SFLLW mass resul-
ted in smaller droplet sizes. Consequently, this explains the increased physical sta-
bility of freshly prepared mayonnaises in these model compositions. The addition of 
FMPP in quantities of 30 % and 40 % of the SFLLW mass is attributed to improved 
interfacial activity of whey proteins due to changes in hydrophilicity and hydropho-
bicity balance, as well as molecular flexibility in the presence of pectins.

For the control sample, a wide range of emulsion droplet sizes was obser-
ved  (Fig. 6.2), with the majority being large in size, indicating lower stability of the 
control sample.

In comparison to the control, samples with CLLW in the main component ratio of 
CLLW:FMPP in amounts of 70:30 and 60:40 not only had smaller oil droplets but also 
showed a denser grouping of sizes. There are sharp peaks in the curves shown in Fig. 6.2, 
indicating high homogeneity of the emulsified droplets in terms of size. However, for 
the sample with a CLLW:FMPP ratio of 50:50, the droplet size distribution curve was 
fragmented, indicating the presence of more homogeneous droplets in size and a small 
but significant number of large droplets. This indicates the reduced stability of such  
a system, which is consistent with optical images of the investigated emulsion sauces.

The rest of the samples showed significant variations in the ratio of droplet sizes.  
Although the average sizes of the 40:60 and 80:20 CLLW:FMPP samples were 
smaller than the control, these systems had significantly lower stability as they 
tended to separate more rapidly due to uneven droplet distribution. The obtained 
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results demonstrated the effectiveness of using SFLLW as an emulsifier for prepar-
ing egg-free mayonnaise, as could be expected from its powerful emulsifying ability, 
as shown in Fig. 6.1, 6.2. However, using CLLW:FMPP in ratios of 70:30 and 60:40 
resulted in smaller droplet sizes with a narrower size distribution structure. This 
trend corresponded to greater stability in these mayonnaise samples compared to 
the control sample.
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Fig. 6.2 Droplet size distribution patterns of sauce model systems

The interaction between whey proteins and pectin can be evaluated using rheo-
logical methods. Rheological methods of investigation can detect abnormal changes 
in viscosity and shear stress of systems, based on which it can be concluded whether 
substances interact or not. The results of effective viscosity studies of model sys-
tems are presented in Fig. 6.3.

As the FMPP content increased from 10 % to 60 %, the effective viscosity in-
creased by 3.1 times. Therefore, it can be concluded that there is no coacervation 
of protein-pectin complexes and no thermodynamic incompatibility of proteins with 
pectins at the studied component ratios. In such cases, the viscosity of the system 
would decrease. The obtained data indicate the interaction of whey proteins and pec-
tins with interpenetrating polymer network structures during micelle formation. This 
significantly affects the stability of the prepared emulsions. The obtained data were 
compared with the viscosity of the control sample prepared using a classic recipe. 



162

Food technology progressive solutions

A shear rate is constant and equal to 100 1/sec.
In a classic mayonnaise, the interaction between egg yolk proteins and oil drop-

lets plays a crucial role in forming a network to stabilize the mayonnaise system. The 
higher emulsification rate of the control sample could be due to its lower viscosity 
and larger size of oil droplets in the emulsion (Fig. 6.1, 6.2), which reduces the emul-
sion's dispersing ability.
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Fig. 6.3 Effective viscosity (η, Pa·sec) of model compositions on the CLLW: FMPP ratio

On the contrary, samples with CLLW:FMPP ratios of 40:60, 50:50, 60:40 ex-
hibited higher viscosity compared to the control. The use of CLLW in combination 
with FMPP additionally improved the viscosity of mayonnaises, especially at higher 
FMPP concentrations. These results can be explained by inter- and intramolecular 
interactions between adsorbed proteins and pectins on the surface of oil droplets, 
leading to the formation of hydrocolloid networks. Simultaneous or sequential for-
mation of interpenetrating polymeric mesh structures causes microphase separa-
tion of proteins and carbohydrates due to incompatibility arising from interchain 
nodes with subsequent oriented extrusion of pectin molecules onto the protein 
surface. Increased carbohydrate concentrations in microvolumes lead to enhanced 
self-association, hydrogen bonding, merging zones of pyranose pectin structures, 
resulting in faster viscosity growth. This process hampers pectin phase distribution, 
ensuring the necessary structuring of their structures and stabilizing the system's 
structure. Furthermore, water-soluble pectins with hydrophilic nature can effective-
ly interact with water, increasing emulsion viscosity. Enhanced viscosity of the water 
phase can limit oil droplet movement, restricting collision between droplets, leading 
to improved emulsion stability. Additionally, visible viscosity is closely related to 
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mouthfeel, indicating a velvety texture of food emulsions. Thus, increased mayon-
naise viscosity due to SFLLW usage can lead to improved textural characteristics  
of the product.

Determining the magnitude and dependence of the shear stress limit (SSL) on the 
component content allows for identifying the possible type of interaction and charac-
terizing the rheological behavior of the systems. It has been established that with an 
increase in the FMPP content, the shear stress limit also increases. It should be noted 
that the dependence of SSL on the puree content shows the presence of a breaking 
point on the curve for the sample with CLLW:FMPP ratios of 70:30 (Fig. 6.4).
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Fig. 6.4 Dependence of SSL (Pa) of systems on the CLLW:FMPP ratio

The break in the curve in Fig. 6.4 indicates a change in the interaction between 
proteins and pectins. An increase in the structure-forming ability was observed for 
the sample with CLLW:FMPP ratios of 70:30. Based on the obtained data, it can be 
stated that at this ratio of components, SFLLW achieves maximum realization of 
structure-forming properties during emulsification, and the systems are characte-
rized as visco-plastic. Further, an increase in SSL results from changes in the interac-
tion between whey proteins and pectin. This is evidenced by the SSL rate increase. 
Presumably, the solubility of complexes, molecular weight, and diffusion coefficient 
change, which is consistent with studies showing that with an increase in pectin con-
tent, the size of protein-pectin particles also increases.

The investigation of shear rate is useful for sensory evaluation of consistency and 
overall appearance of samples. Since the addition of SFLLW increases the viscosity 
of mayonnaise due to its high ability to bind free water and oil as stabilizers for the 
continuous phase. However, samples with CLLW:FMPP at a ratio of 40:60 quickly  
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transitioned from a stage of maximum viscosity to emulsion stratification, indicating 
insufficient strength of complexes with lower protein content.

It can be concluded that by incorporating SFLLW into the composition of mo-
del emulsion sauce systems, it is possible to regulate viscosity over a wide range as  
a stability factor. Since the effective viscosity opposes the oil emulsification process, 
leading to significant energy consumption, it is necessary to evaluate the emulsify-
ing capacity of the system. The emulsifying capacity of model systems was assessed  
by the phase inversion point (Fig. 6.5), i.e., conditions under which the system strati-
fies were determined.
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Fig. 6.5 Dependence of the emulsion inversion point (FC, %) of systems  
on the CLLW:FMPP ratio

To study the behavior of the system and determine the standard inversion point, 
an analysis of the recipe composition using SFLLW for different ratios of CLLW and 
FMPP, corresponding to different viscosities, was performed.

To determine the standard inversion point, each pre-balanced sample continued 
to be emulsified under unchanged system parameters: the stirring speed of the agi-
tator, ambient temperature, and oil dripping rate. The variable was the amount of 
emulsified oil at which the system stratified.

It has been established that the dependence of the inversion point on the com-
ponent ratio has an extreme character. In the interval of FMPP content of 0…30 % in 
SFLLW, the emulsifying capacity increases. A further increase to 40…60 % leads, on 
the contrary, to a decrease in the emulsifying capacity of the systems by 1.3 times.  
In systems using CLLW:FMPP at a ratio of 70:30, the phase inversion point of the 
emulsion corresponds to a fat content of 91…92 %. This is probably due to the  
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formation of complex protein-carbohydrate complexes, the maximum hydropho-
bicity of which is formed in systems with an FMPP content of 30 %.

With an FMPP content of more than 40 %, the hydrophilic-lipophilic balance may 
change, dimensional characteristics increase, and as a result, the diffusion coefficient 
decreases. This negatively affects the emulsifying capacity.

The conducted studies of emulsion stability during emulsification indicate that 
with an increase in oil content, the stability of the emulsion increases. However, an 
important factor is the influence of the oil dripping rate, which directly affects the sta-
bility of emulsions and the amount of emulsified oil. The optimal emulsification rate of 
the oil was determined under conditions of constant stirring speeds of the agitator and 
ambient temperature. The range of analyzed oil dripping rates was 0.09…0.11 ml/s.

As can be seen from Fig. 6.6, the effective viscosity index is directly proportion-
al to the oil dripping intensity during its emulsification process. The rational visco-
sity zone corresponds to effective viscosity indices in the range from 0.586 Pa·sec  
to 0.640 Pa·sec. These viscosity values corresponded to an oil dripping rate of 0.05 
and 0.1 ml/sec. Increasing the oil flow intensity to 0.2…0.4 ml/sec resulted in incom-
plete emulsification and accelerated the time to emulsion inversion. At the same 
time, reducing the flow intensity to 0.01 ml/sec led to stratification of the system 
already at 70 % of the added oil, which is explained by the non-uniform distribution 
of the oil phase under the established stirring regimes.

Therefore, a model system with CLLW:FMPP in a ratio of 70:30 and oil content  
of 60 %, with emulsion stability of 98 ± 2 %, is achieved, which meets the require-
ments of mayonnaise products according to regulatory documentation. 
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It is worth noting that in systems with an oil content of up to 60 % and FMPP con-
tent of 40…60 % in SFLLW, emulsion stability remains practically unchanged. How-
ever, the system's viscosity based on SFLLW increases in this range. Therefore, it 
can be assumed that different complexes are formed based on their surface activity 
and hydrodynamic properties (size, charge, molecular weight) at FMPP contents up  
to 30 % and at FMPP contents of 40…60 %. 

Based on the analysis of the absolute values of emulsifying capacity and emulsion 
stability, it is possible to recommend a rational ratio of components in model sys-
tems based on SFLLW for obtaining emulsion-type sauces, like mayonnaise without 
egg-products.

Thus, the provided data indicate that using SFLLW to acquire certain functio nal-
technological properties has several advantages. Firstly, this includes increasing the 
nutritional and biological value and providing products with therapeutic and prophy-
lactic characteristics. Secondly, FMPP is capable of retaining moisture in the product 
structure, increasing stability, and enhancing the viscosity of emulsion-type sauces  
with high oil content. Thirdly, in this case, FMPP acts as a colorant and CLLW as  
a flavor enhancer.

Conclusions

The proposed innovative model for producing emulsion sauces similar to mayon-
naise of the new generation involves the use of SFLLW as the main component, which 
acts as an emulsifier due to the presence of whey proteins and as a structure former 
due to its high content of soluble pectin. 

As a result of the conducted research, the range of values of rational parame-
ters for individual indicators of the technological process of preparing such emulsion 
sauces has been determined. Therefore, it is objectively justified to establish opti-
mal  values.

Studies of rheological and functional-technological properties have allowed to 
establish that with an increase in the FMPP content, the shear stress of model sys-
tems increases. Based on the obtained data, it is stated that with an FMPP content  
of 30 %, the maximum realization of structure-forming properties is achieved, and 
the systems are characterized as visco-plastic.

Based on the results of the research on rheological and functional-technological 
properties, a rational ratio of CLLW:FMPP as 70:30 and 60:40 is substantiated. Such 
a ratio exhibits high emulsifying and stabilizing properties, allowing to obtain emul-
sion systems with maximum stability at an oil content of 60 %.



167

Improving the quality of dairy sauces by using condensed  
low-lactose milk whey

Chapter 6

Conflict of interest

The authors declare that they have no conflict of interest in relation to this re-
search, whether financial, personal, authorship or otherwise, that could affect the 
research and its results presented in this paper.

References

1. Mayonnaise Market: Global Industry Trends, Share, Size, Growth, Opportunity 
and Forecast 2023–2028 (2022). Available at: https://www.imarcgroup.com/
prefeasibility-report-mayonnaise-manufacturing-plant

2. Pasport rynku sousnoi hrupy i plodovo-ovochevoi konservatsii v Ukraini. 2020 rik 
(2020). Available at: https://pro-consulting.ua/ua/issledovanie-rynka/pasport-ryn-
ka-sousnoj-gruppy-i-plodovoovoshnoj-konservacii-v-ukraine-2020-god

3. Cremonte, E. M., Galdi, E., Roncallo, C., Boni, E., Cremonte, L. G. (2021). Adult 
onset egg allergy: a case report. Clinical and Molecular Allergy, 19 (1). https://
doi.org/10.1186/s12948-021-00156-7

4. Kwiatkowska, I., Olszak, J., Formanowicz, P., Formanowicz, D. (2022). Nutritional 
Status and Habits among People on Vegan, Lacto/Ovo-Vegetarian, Pescatarian and 
Traditional Diets. Nutrients, 14 (21), 4591. https://doi.org/10.3390/nu14214591

5. Prabsangob, N., Udomrati, S. (2024). Acid-modified pea protein isolate and oka-
ra cellulose crystal: A co-emulsifier to improve physico-chemical stability of 
fat-reduced eggless mayonnaise. Future Foods, 9. https://doi.org/10.1016/j.fufo. 
2024.100298

6. Büyük, M., Ata, A., Yemenicioğlu, A. (2024). Application of pectin-grape seed poly-
phenol combination restores consistency and emulsion stability and enhances 
antioxidant capacity of reduced oil aquafaba vegan mayonnaise. Food and Bio-
products Processing, 144, 123–131. https://doi.org/10.1016/j.fbp.2024.01.010

7. Tian, T., Liu, S., Li, L., Wang, S., Cheng, L., Feng, J. et al. (2023). Soy protein fi-
brils–β-carotene interaction mechanisms: Toward high nutrient plant-based may-
onnaise. LWT, 184. https://doi.org/10.1016/j.lwt.2023.114870

8. Neperenosymist laktozy: symptomy i porady likaria (2019). Available at: https:// 
gazeta.ua/articles/health/_neperenosimist-laktozi-simptomi-i-poradi-likarya/ 
880477

9. Derzhavna sluzhba statystyky Ukrainy. Available at: http://www.ukrstat.gov.ua 
10. Honchar, Y., Gnitsevych, V. (2020). Rheological properties of model systems of 

semi-finished products based on condensed low-lactose whey. Food Science 



168

Food technology progressive solutions

and Applied Biotechnology, 3 (2), 204–211. https://doi.org/10.30721/fsab2020.
v3.i2.81

11. Hnitsevych, V. A., Honchar, Yu. M. (2018). Sposib vyrobnytstva zghushchenoi 
fermentovanoi molochnoi syrovatky zi znyzhenym vmistom laktozy. Rozvytok 
kharchovykh vyrobnytstv, restorannoho ta hotelnoho hospodarstv i torhivli: 
problemy, perspektyvy, efektyvnist. Kharkiv, 1, 120–121.

12. Hnitsevych, V. A., Honchar, Yu. M. (2018). Investigation the process of fermenta-
tion of pumpkin pulp. Naukovi pratsi NUKhT, 24 (2), 203–208.

13. DSTU 4487:2015 Maionezy ta maionezni sousy. Zahalni tekhnichni umovy (2015). 
Available at: https://online.budstandart.com/ua/catalog/doc-page?id_doc=84515

14. Gnitsevych, V. A., Honchar, Yu. M. (2022). Technology and properties of low-lac-
tose semi-finished product based on sweet milk whey. Innovative technologies and 
equipment: development prospects of the food and restaurant industries. Riga: 
«Baltija Publishing», 118–136. https://doi.org/10.30525/978-9934-26-205-0-6


