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Abstract. The analysis of literary sources showed that the creation of products with reduced
glycemic load and functional properties are new ways of improving the technologies of ice cream
and frozen desserts. It has been proven that lowering the glycemic index is possible by replacing
sugar with fructose or other sugar substitutes. Provision of functional (prebiotic) properties is
expedient to be carried out at the expense of the introduction of lactulose. It has been proven that
the rational formulation of the mixture from the point of view of the properties of the obtained semi-
finished product should be considered formulations based on serum with the content of lactulose
1%, fructose 11%, stabilizer 0.4%, dry milk 8%. The optimal pasteurization process for the semi-
finished product was determined - at a temperature of 80..82°C for (5.8...6.2)x60"s. A
technological scheme for obtaining a semi-finished product for frozen desserts based on whey with
lactulose, fructose, stabilizer was developed. A set of data characterizing the quality of the
developed semi-finished product was obtained, and its high nutritional and biological value was
proven. Modes and terms of storage of semi-finished products are substantiated: temperature -
4...6°C, no more than 3 months, in unsealed form — no more than 48 hours.
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Introduction.

Production of ice cream and frozen desserts is one of the most promising
segments of the dairy industry. Ice cream is an affordable complete food product with
high digestibility and a valuable source of important functional nutrients. The
technologies of frozen dessert products allow adding additives that play the role of
functional and technological components to their composition. This makes it possible
to expand the range of targeted products for various types of food, taking into account
age, individual needs, national and social requests [1].

The analysis of modern nutrition shows its inconsistency with the requirements
of nutrition due to insufficient consumption of proteins, minerals, vitamins and an
overload of saturated fats and easily digestible carbohydrates. The modern diet needs
to improve the recipes of frozen products according to priority directions: increasing
the content of functional ingredients (sulfur-containing amino acids, dietary fibers)
against the background of reducing the content of fatty components and reducing the
sugar content. The modern approach to the creation of food products is definitely
related to the use of the concept of glycemic indices and glycemic load [2].

It 1s the presence of simple sugars in ice cream that determines its high glycemic
index, which forces consumers to significantly limit its consumption, and patients
with diabetes, cardiovascular diseases or obesity to exclude ice cream from their diets
altogether. Solving this problem is possible in two ways: making unsweetened ice
cream or using sweeteners or fructose instead of sugar [3]. By the way, unsweetened
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ice cream is extremely popular in European countries and in Japan, where they make
ice cream with the flavors of meat, seafood (shrimp, octopus, cuttlefish), seaweed,
beer, as well as vegetable ice cream — tomato, pumpkin, carrot, garlic, onion,
cucumber with spicy herbs, beet, potato, etc. However, such ice cream is not popular
in Ukraine and is not produced by any manufacturer. Ukrainians perceive ice cream
exclusively as a dessert. Therefore, today the problem of lowering the glycemic index
of ice cream can only be solved by using sweeteners or fructose [4]. Thus, the
scientific and practical task of creating a new generation of frozen desserts with
reduced glycemic load, enriched with functional ingredients, is relevant and timely.

The purpose of this work is the scientific substantiation and development of the
semi-finished product technology for frozen desserts based on whey with lactulose
and fructose.

In accordance with the set goal, the following tasks were to be solved:

e determine the rational ratio of components in the semi-finished product;

e to study the complex of physico-chemical and technological properties,

nutritional and biological value of the semi-finished product;

e draw up regulatory documentation, determine its consumer characteristics and

main areas of use in the production of culinary products;

e to develop recipes and technologies of ice cream and dessert products.

Main text.

Today, the food industry is rapidly developing new product platforms and
bringing new product categories to the market. The main goal of this activity is the
economic growth of economic entities, therefore, most types of food products contain
a large number of food additives that create the identical natural structure, taste, color
of the product, etc. But the majority of food additives have either a synthetic origin or
are subjected to deep physico-chemical influence during production, which
determines their harmful effect on human health.

In the segment of frozen dessert products, the distinguishing feature of which is
the multi-stage production process and the need to use special equipment, all modern
technologies involve the use of foam and structure-forming food additives for the
formation of a whipped and stable structure [5].

Experts in the dairy industry note that the direction of creating low-calorie ice
cream through the use of vegetable fat substitutes is quite developed, however,
numerous medical studies have proven the harm of such products to health, so more
and more consumers refuse such a dessert and prefer more healthy products.
However, unlike the countries of Europe, America and Asia, this segment of the
frozen products market is unfilled in Ukraine. Therefore, technologists face the
urgent problem of developing new technologies and adjusting the recipe composition
of ice cream and frozen desserts in order to increase the content of protein and dietary
fiber [6] against the background of reducing the amount of fat and sugar [7].

A promising way to solve this problem is to use low-fat dairy secondary raw
materials as a basis for ice cream, such as casein, whey, sour milk cheese, low-fat
goat milk, concentrated milk protein, etc. [8].

One of the ways to increase the dietary fiber content is the use of vegetable
(pumpkin, carrot, tomato), fruit (apple, quince, etc.) and berry purees as a filler for
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dairy products or as a base for ice cream [9]. At the same time, the researchers note
that due to the content of pectin substances and fiber, fruit and berry and vegetable
purees play the role of a moisture-retaining and emulsifying component in food
systems, and the presence of easily digestible sugars (mainly fructose and glucose)
allow to exclude or limit the amount of sugar [10].

A new approach to the use of unused natural properties of raw materials can
make it possible to maximize their functional properties, which will increase the
economic efficiency of technologies by reducing the use of food additives and sugar,
as well as increase the nutritional and biological value of finished products.

The analysis of the diet of Ukrainian citizens shows its non-compliance with the
requirements of nutrition due to insufficient consumption of proteins, minerals,
vitamins and an overload of simple carbohydrates. The modern diet requires
improvement in the production of products in priority directions: functional and low-
fat food products, with reduced sugar content or without sugar and with a low
glycemic index [11]. The assortment of ice cream with sugar substitutes in Ukraine is
insignificant, production volumes are limited to the production of ice cream with
xylitol and sorbitol. The modern approach to the creation of food products is
connected, in particular, with the use of the concept of glycemic indices and glycemic
load.

Consumer demand for healthier products is driving down the sugar content in
dairy products. Sugar plays an important role in ice cream not only for flavor, but
also for texture, color and viscosity. There are natural and artificial sweeteners
designed to reduce sugar levels [12]. However, there is little information on the effect
of high-intensity sweeteners and fat substitutes on the perception of sensory
properties of ice cream [13].

In recent years, in many scientific works of Ukrainian and foreign scientists
(A.M. Dorohovych, V.F. Dotsenko, N.A. Didukh, D. Richarda), considerable
attention has been paid to the production of food products with sugar substitutes.

It is proposed to solve the problem of reducing the glycemic index of ice cream
by using sugar substitutes (stevia, lactite, sorbitol, aspartame) [14] and fructose [15].

The technology of ice cream with fructose, prebiotic and sour milk cheese was
developed, which ensure the production of high-quality ice cream with reduced
glycemia and improved nutritional and biological value [16]. It was found that the
introduction of sugar substitutes — fructose and sorbitol into ice cream increases the
content of bound moisture by 4.2%, which improves the structure and consistency of
ice cream and reduces the glycemic index of the finished product by 8.75%.

At the current stage, many researchers will develop ice cream with prebiotics
(usually inulin or other non-starch oligosaccharides) [17] or probiotics [18, 19].

The effect of adding probiotics on the quality indicators of ice cream was
studied [20]. According to the authors, the whipped texture of ice cream was found to
improve the gastrointestinal tolerance of probiotics compared to natural yogurts and
fruit yogurts, as evidenced by an in vitro stomach survival study of probiotics (B.
animalis). In addition, it was determined that the addition of B. animalis decreased
the pH, but did not affect the physicochemical properties and melting of ice cream,
and obtained good sensory evaluations and satisfactory probiotic viability [21].
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Currently, a promising direction is the use of dairy processing products in the
production of ice cream — buttermilk, whey, sour milk cheese, yogurt [22, 23], which
is expedient from the point of view of manufacturability, high nutritional value, and
rational use of by-products of dairy production.

Considering the above, it can be concluded that dairy technologists are
conducting quite intensive scientific work to find new ways to improve recipes and
technologies of ice cream and frozen desserts in the direction of creating products
with a reduced glycemic index. Thus, the scientific substantiation and development of
the technology of frozen dessert products with a low glycemic index based on low-fat
dairy raw materials is relevant today.

The further aim of our work was to study the effect of different concentrations
of stabilizer and fructose on the foaming ability and foam stability of the control and
whey-based mixture. To do this, a certain amount of stabilizer and fructose was
measured, introduced into the serum and the mixture was mixed until the stabilizer
was completely dissolved. In a water bath, the system was brought to a temperature
of 70...75°C and held for (10...15):60 s'. Cooled to room temperature. Model
mixtures based on whey with a fructose content of 10-12% and a stabilizer content of
0.1...0.6% were subject to research. The study of the foaming ability and foam
stability of the samples was carried out according to the methods described in section
2. The results of the studies are presented in fig. 1-3.
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Figure 1 — Foaming capacity (FC) and foam stability (FS) of control (1) and
mixtures based on serum with a stabilizer content of 0.2; 0.4; 0.5 and 0.6% with
a fructose content of 10%.

The analysis of the obtained results allows us to draw the following
conclusions. With an increase in the concentration of the stabilizer in the system, its
foaming ability first increases to a maximum value, and then gradually decreases.
This regularity is characteristic of all nonionic surface-active substances, which, in
our opinion, can be explained as follows.
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Figure 2 — Foaming capacity (FC) and foam stability (FS) of control (1) and
mixtures based on serum with a stabilizer content of 0.2; 0.4; 0.5 and 0.6% with
a fructose content of 11%.
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Figure 3 — Foaming capacity (FC) and foam stability (FS) of control (1) and
mixtures based on serum with a stabilizer content of 0.2; 0.4; 0.5 and 0.6% with
a fructose content of 12%.

In the stabilizer concentration range of 0.4%, the foaming ability increases and
reaches maximum values. This interval corresponds to the critical concentration of
micelle formation, at which the formation of an adsorption layer with maximum
mechanical strength is completed, which prevents the coalescence of bubbles of the
gaseous dispersion phase. The decrease in the critical concentration of micelle
formation is explained by the presence of a synergistic effect during the interaction of
the stabilizer we have chosen with milk protein, the amount of which increases with
the increase in the concentration factor.

ISSN 2567-5273 56 www.moderntechno.de



Modern engineering and innovative technologies Issue 28 / Part 1 t‘j_‘.

A further increase in the concentration of the stabilizer (0.6%) above the
critical concentration of micelle formation leads to the fact that the rate of diffusion
of molecules to the surface layer decreases due to the increase in the micellar
concentration of the components of the stabilization system. At the same time, the
surface tension of the mixture practically does not change, and the foaming ability
gradually decreases. Thus, the most rational formulation of the mixture should be
considered formulations based on serum with a fructose content of 11.0%, stabilizer
0.4.

Based on a series of preliminary studies, a basic technological scheme for the
production of semi-finished products for frozen desserts was developed (fig. 4).
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Figure 4 — Basic technological diagram of a semi-finished product
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The semi-finished product technology substantiated in the previous sections is
low-waste, resource-saving and easy to implement. The production of the developed
semi-finished product can be carried out both at the enterprises of the dairy industry
and at the enterprises of the restaurant industry. However, since the main raw
material of the developed semi-finished product is inexpensive whey, its
transportation from dairy plants to restaurant enterprises can significantly increase the
cost of the semi-finished product. In connection with this, it is advisable to produce
the developed product at dairy plants, and then use it as a semi-finished product with
a high degree of readiness at restaurant enterprises.

During the study of the process of freezing desserts from a semi-finished
product, as well as those made according to traditional technology (a control sample),
it was found that during the preparation of soft ice cream based on a semi-finished
product, it is rational to carry out the freezing process for (6...7)-60's. The obtained
data were used during the development of a technological scheme for the preparation
of soft ice cream and frozen desserts based on semi-finished products (Fig. 5).
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Figure 5 — Schematic diagram of the production of frozen desserts
from semi-finished product
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Summary and conclusions.

The analysis of literary sources showed that the creation of products with
reduced glycemic load and functional properties are new ways of improving the
technologies of ice cream and frozen desserts. It has been proven that lowering the
glycemic index is possible by replacing sugar with fructose or other sugar substitutes.

Provision of functional (prebiotic) properties is expedient to be carried out at the
expense of the introduction of lactulose. It has been proven that the rational
formulation of the mixture from the point of view of the properties of the obtained
semi-finished product should be considered formulations based on serum with the
content of lactulose 1%, fructose 11%, stabilizer 0.4%, dry milk 8%. The optimal
pasteurization process for the semi-finished product was determined — at a
temperature of 80...82°C for (5.8...6.2)x60!s.

The whipping ability was 70+1.8%, the ability to form stable foams was
80+2.0%.

A technological scheme for obtaining a semi-finished product for frozen desserts
based on whey with lactulose, fructose, stabilizer was developed. A set of data
characterizing the quality of the developed semi-finished product was obtained, and
its high nutritional and biological value was proven. Modes and terms of storage of
semi-finished products are substantiated: temperature -4...6°C, no more than 3
months, in unsealed form — no more than 48 hours.

References:

1. Silva Junior, E., Caetano da Silva Lannes, S. (2011). Effect of different
sweetener blends and fat types on ice cream properties. Ciéncia e Tecnologia de
Alimentos, 31(1), 217-220. https://doi.org/10.1590/S0101-20612011000100033.

2. Nicholls, J. (2022). The glycemic index falls short as a carbohydrate food
quality indicator to improve diet quality. Frontiers in Nutrition, 9.
https://doi.org/10.3389/thut.2022.896333.

3. McCain, H.R., Kaliappan, S., & Drake, M.A. (2018). Invited review: Sugar
reduction in dairy products. Journal of Dairy Science, 101 (10), 8619-8640.
https://doi.org/10.3168/jds.2017-14347.

4. Singh, P., Ban, Y.G., Kashyap, L., Siraree, A., Singh, J. (2020). Sugar and
sugar substitutes: recent developments and future prospects. In: Mohan, N., Singh, P.
(eds) Sugar and Sugar Derivatives: Changing Consumer Preferences. Springer,
Singapore. https://doi.org/10.1007/978-981-15-6663-9 4.

5. Kurt, A., Atalar, 1. (2018). Effects of quince seed on the rheological,
structural and sensory characteristics ofice cream. Food Hydrocolloids, 2018, 82,
186-195. https://doi.org/10.1016/j.foodhyd.2018.04.011.

6. Daw, E., Hartel, RW. (2015). Fat destabilization and melt-down of ice
creams with increased protein content. International Dairy Journal, 43, 33-41.
https://doi.org/10.1016/j.idairy}.2014.12.001.

7. Akbary, M., Eskandary, M.H., Davoudi, Z. (2019). Application and function
of fat replacers in low fat ice cream: a review. Trends in Food Science and
Technology, 86, 34-40. https://doi.org/10.1016/5.tifs.2019.02.036.

8. Slashcheva, A., Popova, S., Nykyforov, R., Korenets, Yu. (2016). Rationale

ISSN 2567-5273 59 www.moderntechno.de


https://doi.org/10.1590/S0101-20612011000100033
https://doi.org/10.3389/fnut.2022.896333
https://doi.org/10.3168/jds.2017-14347
https://doi.org/10.1007/978-981-15-6663-9_4
https://www.sciencedirect.com/science/article/pii/S0268005X17320751
https://www.sciencedirect.com/science/article/pii/S0268005X17320751
https://www.sciencedirect.com/science/article/pii/S0268005X17320751
https://doi.org/10.1016/j.foodhyd.2018.04.011
http://www.sciencedirect.com/science/article/pii/S0958694614002507
http://www.sciencedirect.com/science/article/pii/S0958694614002507
http://www.sciencedirect.com/science/journal/09586946
https://doi.org/10.1016/j.idairyj.2014.12.001
https://doi.org/10.1016/j.idairyj.2014.12.001
https://doi.org/10.1016/j.tifs.2019.02.036
http://journals.uran.ua/eejet/article/view/65789

Al
Modern engineering and innovative technologies Issue 28 / Part 1 fj;{.

for the use of protein-carbohydrate mix in the technology of disperse products.
Technology = and  equipment  of  food  production, 11(80), 64-71.
https://doi.org/10.15587/1729-4061.2016.65789.

9. Balthazar, C.F., Silva, H.L.A., Celeguini, R.M.S., Santos,R., Pastore, G.M.,
Conte Junior, C.A., Freitas, M.Q.,Nogueira, L.C., Silva, M.C., Cruz, A.G. (2015).
Effect of galactooligosaccharide addition on the physical, optical, and sensory
acceptance of vanilla ice cream. International Dairy Journal, 98, 4266-4272.
https://dx.doi.org/10.3168/;ds.2014-9018.

10. Cadena, R.S., Cruz, A.G., Faria, J.A.F., Bolini, HM.A. (2012). Reduced fat
and sugar vanilla ice creams: sensory profiling and external preference mapping.
Journal of Dairy Science, 95 (9), 4842-4850. https://doi.org/10.3168/1ds.2012-5526.

11. McGhee, C.E., Gupta, B.P., Park, Y.W. (2015). Evaluation of total fatty acid
profiles of two types of low-fat goat milk ice creams. Open Journal of Animal
Sciences, 5,21-29. https://doi.org/10.4236/0jas.2015.51003.

12. McCain, H.R., Kaliappan, S., Drake, M.A. (2018). Invited review: Sugar
reduction in dairy products. Journal of Dairy Science, 2018, 101 (10), 8619—8640.
https://doi.org/10.3168/jds.2017-14347.

13. Gheisari, H. R., Heydari, S., & Basiril, S. (2020). The effect of date versus
sugar on sensory, physicochemical, and antioxidant properties of ice cream. lranian
Journal of Veterinary Research, 21(1), 9-14. PMID: 32368219; PMCID:
PMC7183376.

14. Alizadeh, M., Azizi-Lalabadi, M., Kheirouri, S. (2014). Impact of using
stevia on physicochemical, sensory, rheology and glycemic index of soft ice cream.
Food and Nutrition Sciences, 5, 390-396. https://doi.org/10.4236/fns.2014.54047.

15. Treciokiene, E., Sostakiene, 1. (2020). Effects of fructose and stevia on the
rheological, technological and sensory characteristics of ice cream. Food Science and
Applied Biotechnology, 3(1), 30-38. https://doi.org/10.30721/fsab2020.v3.11.90.

16. Akalin, A.S., Kesenkas, H., Dinkci, N., Unal, G., Ozer, E.,Kinik, O. (2018).
Enrichment of probiotic ice cream with different dietary fibers: structural
characteristics and culture viability. Journal of Dairy Science, 101 (1), 37-46.
https://doi.org/10.3168/jds.2017-13468.

17. Akbari, M., Hadi Eskandari, M., Bedeltavana, A., Niakosari, M. (2016). The
effect of inulin on the physicochemical properties and sensory attributes of low-fat
ice cream. International Dairy Journal, 57, 52-55.
https://doi.org/10.1016/j.idairyj.2016.02.040.

18. Cruz, A. G., Antunes, A. E. C., Sousa, A. L. O. P., Faria, J. A. F, Saad, S. M.
I. (2019). Ice-cream as a probiotic food carrier. Food Research International, 2019,
42 (9), 1233-1239. https://doi.org/10.1016/;.foodres.2019.03.020.

19. Ranadheera, S. C., Evans, C.A., Adams, M.C., Baines, S.K.(2012). In vitro
analysis of gastrointestinal tolerance and intestinal cell adhesion of probiotics in
goat's milk ice cream and yogurt. International Food Research, 49 (2), 619-625.
https://doi.org/10.1016/j.foodres.2012.09.007.

20. Rolon, M. L., Bakke, A. J., Coupland, J. N., Haye, J. E., Roberts, R. F.
(2017). Eftect of fat content on the physical properties and consumer acceptability of
vanilla ice cream. Journal of Dairy Science, 100 (7), 5217-5227.

ISSN 2567-5273 60 www.moderntechno.de


http://journals.uran.ua/eejet/article/view/65789
https://doi.org/10.15587/1729-4061.2016.65789
https://dx.doi.org/10.3168/jds.2014-9018
https://www.sciencedirect.com/science/article/pii/S0022030212004985#!
https://www.sciencedirect.com/science/article/pii/S0022030212004985#!
https://www.sciencedirect.com/science/article/pii/S0022030212004985#!
https://www.sciencedirect.com/science/article/pii/S0022030212004985#!
https://doi.org/10.3168/jds.2012-5526
https://doi.org/10.4236/ojas.2015.51003
https://doi.org/10.3168/jds.2017-14347
https://doi.org/10.4236/fns.2014.54047
https://doi.org/10.30721/fsab2020.v3.i1.90
https://www.sciencedirect.com/science/journal/00220302
https://doi.org/10.3168/jds.2017-13468
http://www.sciencedirect.com/science/article/pii/S0958694616300498
http://www.sciencedirect.com/science/article/pii/S0958694616300498
http://www.sciencedirect.com/science/article/pii/S0958694616300498
http://www.sciencedirect.com/science/article/pii/S0958694616300498
http://www.sciencedirect.com/science/journal/09586946
http://dx.doi.org/10.1016/j.idairyj.2016.02.040
http://dx.doi.org/10.1016/j.idairyj.2016.02.040
https://www.sciencedirect.com/science/article/abs/pii/S0963996909000908#!
https://www.sciencedirect.com/science/article/abs/pii/S0963996909000908#!
https://www.sciencedirect.com/science/article/abs/pii/S0963996909000908#!
https://www.sciencedirect.com/science/article/abs/pii/S0963996909000908#!
https://www.sciencedirect.com/science/article/abs/pii/S0963996909000908#!
https://doi.org/10.1016/j.foodres.2019.03.020
https://www.sciencedirect.com/science/article/pii/S0963996912003663#!
https://www.sciencedirect.com/science/article/pii/S0963996912003663#!
https://www.sciencedirect.com/science/article/pii/S0963996912003663#!
https://www.sciencedirect.com/science/article/pii/S0963996912003663#!
https://doi.org/10.1016/j.foodres.2012.09.007
https://www.sciencedirect.com/science/article/pii/S0022030217303594#!
https://www.sciencedirect.com/science/article/pii/S0022030217303594#!
https://www.sciencedirect.com/science/article/pii/S0022030217303594#!
https://www.sciencedirect.com/science/article/pii/S0022030217303594#!
https://www.sciencedirect.com/science/article/pii/S0022030217303594#!

Modern engineering and innovative technologies Issue 28 / Part 1

https://doi.org/10.3168/1ds.2016-12379.

21. Lima da Silva, P. D., Fatima Bezerra, M., Olbrich dos Santos, K. M., Pinto
Correia, R. T. (2015). Potentially probiotic ice cream from goat's milk:
characterization and cell viability during processing, storage and simulated
gastrointestinal conditions. Food Science and Technology, 62 (1), 452-457.
https://doi.org/10.1016/j.1wt.2014.02.055.

22. Hickey, C. D., O'Sullivan, M. G., Davis, J., Scholz, D., Kilcawley, K. N.,
Wilkinson, M. G., Sheehan, J. J. (2018). The effect of buttermilk or buttermilk
powder addition on functionality, textural, sensory and volatile characteristics of
Cheddar-style  cheese.  Food  Research  International, 103, 468-477.
https://doi.org/10.1016/j.foodres.2017.09.081.

23. Karaman, S., Toker, O.S., Yiiksel, F., Cam, M., Kayacier, A., Dogan, M.
(2014). Physicochemical, bioactive, and sensory properties of persimmon-based ice
cream: Technique for order reference by similarity to ideal solution to determine
optimum concentration. Journal ~ Dairy  Science, 97, 97-110.
https://dx.doi.org/10.3168/jds.2013-7111.

Article sent: 29.08.2023 r.
© Slashcheva A. V.

ISSN 2567-5273 61 www.moderntechno.de


https://doi.org/10.3168/jds.2016-12379
https://www.sciencedirect.com/science/article/pii/S0023643814001315#!
https://www.sciencedirect.com/science/article/pii/S0023643814001315#!
https://www.sciencedirect.com/science/article/pii/S0023643814001315#!
https://www.sciencedirect.com/science/article/pii/S0023643814001315#!
https://www.sciencedirect.com/science/article/pii/S0023643814001315#!
https://www.sciencedirect.com/science/article/pii/S0023643814001315#!
https://doi.org/10.1016/j.lwt.2014.02.055
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://www.sciencedirect.com/science/article/pii/S0963996917306683#!
https://doi.org/10.1016/j.foodres.2017.09.081
https://dx.doi.org/10.3168/jds.2013-7111

