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Abstract. The relevance of this research is to provide the population with food products that, when 
consumed regularly or excessively for a long time, have not caused any health problems. Thus, the 
purpose of the work was to use beet syrup and beets in the technology of kinds of ketchup and 
sauces based on the principles of nutrition. Standard research methods were used to achieve the 
results. The practical value of the scientific work is the development of food products for healthy 
nutrition, environmentally and medico-biologically safe, high nutritional value with reduced sugar, 
salt, high fibre and protein content, and low energy value. The research substantiates the usage of 
beet syrup and beet in ketchup technology, and the advantages of the developed recipes for human 
health. In addition, the physicochemical composition of beet syrup, which contains 93.5% of dry 
matter, the composition and content of beet syrup sugars (glucose, fructose, sucrose, maltose), the 
total sugar content is 48.8 g/100 g, which is 50.2 g/100 g less than that of regular sugar. The ratio 
of prescription ingredients established by experimental experiments on organoleptic indicators 
is substantiated. The water activity index was explored, which is 0.92 for sample No. 2, 0.93 for 
sample No. 1, and 0.935 for the control sample, which will positively affect their shelf life. Studies 
of the chemical composition demonstrated that the protein content in sample No. 1 increased by 
33%, in sample No. 2 – by 56% compared to the control sample; sugar content decreased by 42.7% 
in sample No. 1 and by 50.6% in sample No. 2; vitamin C content increased, fibre content increased 
3 times, the developed products are enriched with iron, phosphorus, potassium. The Nutri-score 
calculation demonstrated that the developed samples according to recipes No. 1 and No. 2 belong 
to categories A and B and are more balanced and useful for human health, which indicates the high 
nutritional value of the products. The energy value of the developed samples exceeds the control 
one. The energy value (kcal/100 g) of sample No. 1 is 100, sample No. 2 – 89.5, control sample – 104
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Introduction

The subject of a healthy lifestyle and healthy 
eating is developing rapidly. The diet of a mod-
ern person is designed to ensure that foods 
have low-fat content, reduced sugar content, 
and minimal salt content, are enriched with fi-
bre, vitamins, and macro- and microelements, 
and have a reduced energy value.

Tomato ketchups and sauces are particu-
larly popular among consumers, namely for 
cooking fast “street” food, and at home, cater-
ing establishments, and restaurants they are 
widely used. 

Nowadays, before buying products, con-
sumers first pay attention to the composition 
of the product, which provides information 
about its quality and safety.

The population of Ukraine began to ac-
tively explore food ingredients, their benefits 
and properties, more closely monitor the cor-
rect diet and care about their health. There-
fore, the presence in food products of flavours, 
preservatives, artificial colours, substances 
with high-fat content, and carbohydrates does 
not attract a significant part of consumers. 
Despite the shortage of time of modern man, 
the search for products that belong to healthy 
food is a priority.

Nowadays, ketchup is one of the most pop-
ular sauces in the world. Ketchup, produced in-
dustrially, is a homogeneous sauce obtained ei-
ther from pure, fresh, ripe tomatoes, from which 
the skin and pips have been removed or from 
tomato derivatives, including concentrates, with 
the addition of vinegar, sugar, salt, aromatic 
ingredients and their extracts, such as onions, 
spices and permitted additives (Villas-Boas & 
Zhao, 2020; Zheplinska et al., 2020).

It is ingredients such as distilled vinegar, 
high fructose corn syrup, salt, onion powder, 
and artificial flavours, can cause some health 

problems if consumed in excess over a long 
period.

Classic ketchup contains almost 4 g (ap-
proximately 1 teaspoon) of free sugar, which is 
considered a significant amount that should be 
reduced. According to the current recommen-
dations for daily sugar intake, adults should 
get less than 5 per cent of their daily calories 
from sugar, which is almost 25 g but the sugar 
in ketchup is often even worse than table sugar 
(sucrose) as it is in the form of fructose and 
this can cause weight gain and insulin resis-
tance and result in obesity, diabetes, heart dis-
ease and weakened immune system, etc (WHO, 
2015; Zolfaghari et al., 2020).

1 tablespoon of ketchup contains 160 mg 
of sodium, which is 7% of the recommended 
daily value. This salt can cause conditions 
such as high blood pressure, mineral imbal-
ances in the body and toxicity to body systems. 
Tomato ketchup does not contain protein, fi-
bre, vitamins and minerals. Therefore, apart 
from its taste characteristics, this sauce has 
no health benefits (Nasir, Hussain and Jabbar, 
2015; Świąder et al., 2018).

Tomatoes are rich in citric and malic acid. 
When too much of these acids accumulate in 
the stomach, the body will be flooded with 
compounds that cause heartburn or acid re-
flux. People suffering from gastroesophageal 
reflux disease are not recommended to eat 
more tomatoes than the recommended dose 
per week (Villas-Boas & Zhao, 2020; Saric 
et al., 2016).

The classic recipe of ketchup has several 
drawbacks, which have an adverse effect on 
human health. Thus, the improvement of 
this recipe in social and technological terms 
should be based on the maximum satisfaction 
of consumers’ demands and the production of 
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high-quality healthy sauce of a new genera-
tion, environmentally and biologically safe. 

Beet syrup, as organic beet sugar, was de-
veloped in France and implemented in agro-in-
dustrial companies. Dark syrup with a good veg-
etable taste having a small caramel note is ideal 
for making sauces and marinades. It is charac-
terised by significant nutritional value and the 
number of mineral elements. In addition, the 
syrup is used to sweeten dairy products, des-
serts, organic gingerbread, and organic beer. 
The technology proposed in this work is being 
tested for the first time in Ukraine (Kryzhova & 
Deyak, 2021; Topchiy et al., 2020). 

The purpose of the research – to improve 
the technology of ketchups and sauces by us-
ing beet syrup and beets based on the princi-
ples of nutrition.

Materials and Methods

The determination of organoleptic, physico-
chemical, functional-technological, and struc-
tural-mechanical parameters of ketchup and 
sauce was performed using standard research 
methods. The humidity content was deter-
mined by the arbitration method, the active 
acidity (pH) was determined using the Combo 
pH meter, the sugar content in beet syrup and 
ketchup was determined by the high-perfor-
mance liquid chromatography (HPLC) method, 
the dry matter content was determined using 
the RHW25Brix/ATC refractometer, protein 
content was determined on the VELP Scienti-
fica (Italy) by the Kjeldahl method, fat content 
was determined on the SOX 406 fat analyser 
(China) by the Soxhlet method, water activity 
was determined on the Rotronic HygroPalm 
(Switzerland), vitamin C was determined 
on the spectrophotometer by the method of 
high-performance liquid chromatography at 
a wavelength of 265  nm, fibre content – on 

the FIWE Raw Fiber Extractor (Italy) by the 
Weende method, based on the dissolution of 
components other than cellulose in sulfuric 
acid and potassium hydroxide, colour deter-
mination – on the Cm-5 spectrophotometer 
Konica Minolta Sensing Europe, determina-
tion of consistency – by rheometer MR301, 
energy value – by calculation, Nutri-score – by 
calculation method on the analysis of 100 g of 
product, considering the content of nutrients 
and ingredients to be preferred or restricted.

Results

The development of beetroot ketchup and 
sauce will eliminate the deficiency of vitamins, 
micro- and macroelements and other essential 
substances, and establish new healthy food 
products with reduced sugar and salt content.

Ketchup according to the classical technol-
ogy belongs to the category “Extra” and is made 
from fresh tomatoes/tomato products, salt, sugar 
(or sweeteners/sugar substitutes), and aromatic 
components without the addition of fruit/‌vege-
table ingredients, oil and preservatives.

The process of making beet ketchup does 
not differ from tomato ketchup in terms of 
manufacturing technology. However, its devel-
opment considers the principles of nutrition: it 
contains a minimum amount of sugar, reduced 
salt content, and is enriched with nutrients. 

Modern trends in the nutrition of a per-
son seeking to have a healthy lifestyle and eat 
healthy food require the consumption of foods 
with reduced energy value, with a minimum 
amount of fat, sugar, salt, increased amount 
of protein, vitamins and minerals, fibre, which 
improve digestion, absorption and metabolism.

In the current economic and social situa-
tion, food companies are increasingly paying 
attention to using non-conventional sources of 
sugar, which is more beneficial for the health 
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of consumers. One such source is beet syrup – a 
by-product of beet processing into sugar. 

It is a viscous, dark-coloured syrup con-
sisting of fermented sugars (sucrose, glucose, 
fructose) and non-sugar substances originat-
ing from compounds that do not precipitate 
during the purification stage, and substances 
obtained as a result of chemical or enzymatic re-
actions during processing (Hobbs et al., 2012; 
Filipčev et al., 2010).

Beet syrup is characterised by a high dry 
matter content. The sugar-free part of beet 
syrup covers macronutrients and micronutri-
ents such as potassium, sodium, calcium, mag-
nesium, iron and copper and several important 
bioactive compounds (Gujral, Sharma & Singh, 
2002; Liliana & Oana-Viorela, 2020).

Beet syrup contains a significant amount 
of potassium (about 3.6%). Minerals in the 
syrup are dissolved and, thus, can be easily 
absorbed in the body. It is a source of antiox-
idants and an ingredient in functional foods 
(Dyakonova & Stepanova, 2015).

One of the most valuable compounds in 
beet syrup is betaine. It promotes proper homo-
cysteine metabolism and thus reduces the risk 

of several non-communicable diseases (Ljubiša 
et al., 2016; Ponder and Hallmann, 2018).

Beet syrup has a caramel taste, caramel 
smell and bitterness compared to other sug-
ars/‌sweeteners, less sweet than honey, sucrose, 
and inverted sugar. Only beetroot syrup con-
tains vitamins and small amounts of minerals.

Beet syrup is an alternative to artificial co-
lours, corn syrup, and sugar.

To achieve the purpose of the scientific 
work, the main ingredients of ketchup and syr-
up are tomatoes and beets, as a sweetener – beet 
syrup, to extend the shelf life – white vinegar, to 
enhance the aroma and taste of the product – 
salt, ginger and garlic.

Beetroot is an excellent source of vitamins 
A, K, C and E, and minerals, B vitamins, contain 
a group of highly bioactive pigments known as 
betalains, a source of phytochemicals, vitamin 
C and fibre, important minerals such as man-
ganese and potassium.

Functional and technological properties 
of the product depend on the physical and 
chemical parameters of the syrup, for which 
the moisture content, dry matter and pH were 
determined (Table 1).

Table 1. Physico-chemical parameters of beet syrup

The test sample Humidity content, % Dry substances content, % рН
Beet syrup 6.5 93.5 8-8.2

The obtained results of the dry matter 
content and the value of active acidity (pH) in 
beet syrup correspond to the provisions of the 

standard for it. The composition and sugar con-
tent in beet syrup was determined by high-perfor-
mance liquid chromatography (HPLC) (Table 2). 

Table 2. Composition and sugar content of beet syrup, g/100 g

Content
Fructose Glucose Sucrose Maltose

13.99 14.18 20.39 0.20

According to the research results, it was 
established that the main part of the sugar 

content is sucrose  – 20.39 g/100 g. Glucose 
and fructose contain almost the same amount. 
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Studies have demonstrated that the total sugar 
content is 48.8 g/100 g, which is 50.2 g/100 g 
less than regular sugar.

Establishing new recipes for healthy food, 
the ketchup in the “Extra” category was taken 
as a control sample, the recipe of which in-
cluded tomatoes, vinegar, water, salt, sugar, 
ginger, and garlic. The recipe of the developed 
sample No. 1 included the same ingredients, 
but sugar was replaced with beet syrup, sample 
No. 2 was made with a complete replacement 
of tomato with beet, and sugar with beet syrup. 

The ratio of recipe components for the ex-
plored samples 1 and 2 was chosen according to 
organoleptic parameters. Particular attention 
was devoted to the texture of ketchup. Accord-
ing to the consistency of the control sample, 
the added amount of tomatoes/beets, water and 
beet syrup in the test samples was adjusted. The 
developed samples differed significantly from 
the control sample in colour by using beets and 
beet syrup, which significantly changed it.

As a result, the established ratio of ingredi-
ents for the developed recipes was derived by ex-
perimental experiments and demonstrated the 
best combination with all other components of 

the recipe and the high consumer properties of 
the finished ketchup and sauce. 

Sample No. 1 according to the results of 
organoleptic indicators had a higher score than 
sample No. 2. Both samples acquired a darker 
colour due to the addition of beet syrup, and 
when using beet as the main raw material in 
sample number 2, it had a dark red colour and 
differed in its taste characteristics, but the 
sweet-sour taste inherent in the control sample 
was preserved in both samples. All three sam-
ples had the same consistency – a thick, homo-
geneous mass.

It is known that there is a correlation 
between the moisture content of food and 
its storage: more bound water is less able to 
support the processes that spoil food, namely 
the growth of microorganisms and hydrolytic 
chemical reactions. Other factors can have 
a stronger impact on product spoilage. It is 
such an indicator of water activity that can be 
measured and used to assess the condition of 
water in food and its influence on chemical 
changes. 

The explored water activity parameters of 
the samples are presented in Figure 1.

Figure 1. Water activity index of the tested samples

Studies have demonstrated that the water 
activity index in sample No. 2 is lower than in 
other samples, which gives grounds to assert 

that the sauce is more resistant to the devel-
opment of adverse chemical reactions in the 
product and will positively affect its shelf life. 
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Chemical composition and functional and 
technological indicators are significant for 

determining the value and quality of the prod-
uct (Fig. 2, 3). 

Figure 2. Chemical composition of the tested samples, g/100 g

Studies of the chemical composition demon-
strated that the content of protein and minerals 
in samples No. 1 and No. 2 is higher compared 
to the control sample, which confirms the cor-
rectness of the selected recipe ingredients and 
their ratio: the protein content in sample No. 1 
increased by 33% and in sample No. 2 by 56% 

compared to the control. And most significantly, 
the purpose of the work to reduce the sugar con-
tent in the developed samples by 42.7% in sample 
No. 1 and 50.6% in sample No. 2 was achieved.

To confirm other positive characteristics of 
the developed products, the content of vitamin 
C and fibre was explored (Table 3).
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Table 3. Vitamins and minerals, 100 g of product

Content Control Sample No. 1 Sample No. 2 Recommended daily 
amount 

Chrome 0.02 0.02 0.08 0.12
Mangan 0.00003 0.00003 0.00018 0.0003

Vitamin C, mg 0.006 0.007 0.008 0.012
Fibre, g 0.48 0.55 1.5 3.0

According to the recommended daily 
amounts of vitamins and minerals, their amount 
is significant in the chemical composition of 
ketchup and sauce. For quick recognition, at 
a glance, of the quality of food products, in 
European countries (France, Belgium, Spain, 

Germany), the front side of the package is 
marked with a colour scale and a letter.

Using such labelling on food packaging 
helps consumers easily switch to a healthier diet.

The formula for calculating the Nutri-score, 
based on the analysis of 100 g of product, 
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considers the nutrients for limited consump-
tion (the number of sugars, saturated fats, salt, 
low energy value) and useful substances (the 
amount of protein, fibre, vegetables, fruits, nuts, 
rapeseed, nut, olive oil). This additional labelling 
identifies the nutritional value of the product on 
a scale from A to E. In this case, the healthiest 
products are rated in categories A and B (dark 

green), and the least healthy products belong 
to categories D and E (dark red). Products in-
cluded in category C (light orange) have average 
nutritional value.

To classify the tested samples into five cate-
gories of food quality, indicated on a colour scale 
from dark green to dark red, together with the letter 
from A to E, Nutri-score was calculated (Table 4).

Table 4. Nutri-score for the tested samples

Sample Negative 
points Positive points Evaluation Colour Letter

Control 6 1 5 Light orange C
Sample No. 1 3 1 2 Green B
Sample No. 2 3 4 -1 Dark green А

According to the results obtained, it can be 
concluded that the Nutri-score of the tested 
samples, in which beet syrup and beet were 
added, is higher than the Nutri-score of ketch-
up, where the main raw materials are tomatoes 
and sugar.

According to the calculated Nutri-score, 
the formulations for samples No. 1 and No. 2 
are more balanced and beneficial for human 
health, as they belong to categories A and B. 
These two categories indicate a high nutritional 
value of the product and a significant amount 
of nutrients such as fibre and protein.

As for the control sample, it belongs to cat-
egory C, such a product should be consumed in 
moderation due to a significant amount of salt, 
sugar and insufficient protein and fibre. 

In addition, the energy value of the de-
veloped samples was calculated, which is, 
kcal/100 g of product: for sample No. 1 – 100, 
for sample No. 2 – 89.5, for the control sample – 
104, which confirms the advantage of the devel-
oped samples over the control sample.

Conclusions

According to the literature review, such in-
gredients as beet syrup and beetroot were 
chosen in the technology of ketchups for 
healthy eating.

1. Optimisation of the recipe allowed the 
development of experimental samples of beet 
ketchup and sauce with the addition of beet 
syrup in different amounts and the complete 
replacement of tomatoes with beets.

2. Studies have established that the devel-
oped samples are enriched with protein, fibre, 
phosphorus, potassium, iron and vitamin C, 
and have a lower sugar and salt content, which 
indicates a higher nutritional value compared 
to the control sample of classic ketchup. In ad-
dition, using beet syrup and beetroot provided a 
higher Nutri-score of the product, the formu-
lations for samples No. 1 and No. 2 belong to 
the category Nutri-score A and B. These two 
categories indicate a high nutritional value of 
the product and a significant amount of nu-
trients such as fibre and proteins.
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