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Abstract

We have compiled rheological models, which are, in our opin-
ion, the most important in the food industry. We affirm that rheo-
logical models from elementary to the most complicated possible 
ones have been found during the search. Under the conditions of 
concentration (15°Brix) and process temperatures, tomato sauce 
(Solanum Lycopersicon) rheologically behaves according to the 
Herschel-Buckley model and the Standard Error of Estimate (SEE) 
for the consistency coefficient (K1) and the melt flow index (n) were 
0.3556 and 0.0587. The rheological models work according to the 
wide range of foods and their different difficulties. In addition, the 
rheological models depend on the types of food, mainly solid, pseu-
doplastic, and liquid foods. Within each food group, there are other 
subgroups describing different and more complicated rheological 
models than the first ones. There are predetermined models de-
fined for each food.  However, when the food undergoes a slight 
variation, it rheologically changes and therefore its rheological 
model too; this situation is present in tomato sauce (Solanum ly-
copersicon). Eventually, the purpose of the research has been sat-
isfactorily fulfilled, at the conditions of the study, determining that 
the rheological model of tomato sauce (Solanum lycopersicon) is 
a non-Newtonian and Herschel-Buckley type, considering appre-
ciable initial shear stress for flow to occur, in which the rheological 
model is more functional describing the behavior and particulate 
states in the tomato sauce, fitting, as mentioned, very well to the 
Herschel-Buckley model.

Keywords: Compilation; Food engineering Rheological model

Introduction

One of the most commonly used and generally applied 
models to fix experimental data and quantitatively express the 
flow behavior of the inelastic time-independent fluids is the 
model proposed by Herschel Buckley given by the expression 

; depending on the values of the constants, the 
model can be represented as non-Newtonian behavior, Bing-
ham plastic, pseudoplastic or dilatant fluids [1]. Kleopatra et 
al., (2015) mention that rheological properties of wheat gluten 
have been evaluated with a rotational viscometer and so the 
rheological model is the one described by Ostwald which obeys 
Power Law by the expression [2]. It’s also known that 

if a material gets deformed and has no flow when stress is ap-
plied, a solid material is obtained; if the material flows when 
a little stress is applied (in Mathematical terms: differential 
stress) so it’s a fluid [3]. Cueto (2019) mentions that, in the 
rheology of the hydrocolloid of Ratanya (Triumfetta semitriloba 
jacq.) the evaluation of the behavior of time-dependent flow re-
veals a different tender getting a little thixotropy at low concen-
trations prevailed [4]. This tender is replaced by a remarkable 
anti-thixotropic behavior at intermediate concentrations (0.10 
to 0.20%) to finally converge on a thixotropy fluid at higher con-
centrations than 0.2 % or between 12 and 18 °Brix, following 
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a rheological model of Herschel-Buckley [5]. Gums and hydro-
colloids are a unique category of food additives that provide a 
great number of desirable functional properties and important 
characteristics to the foods. These properties include soft tex-
tures, consistent rheological characteristics, stability of the fin-
ished product and possible heat reduction and modulation of 
the intestinal microflora [6]. Cardona-Palacio (2016) mentions 
that foods, apart from providing characteristic odor, color and 
flavor, show a specific mechanical behavior reacting in a certain 
way when it’s intended to get them deformed. Moreover, they 
can be hard or tender, consistent or easily broken, gummy or 
breakable, uniform or fibrous texture and many other physical 
and chemical forms of presentation [7]. The results of different 
research suggest that some physicochemical properties, rheo-
logical factors such as the yield index and consistency factor 
of fruit juices, nectars, sauces and fruit syrups can be closely 
related to each other. Phinney, et al. (2017) mention that one 
of the foods mechanical behaviors consists of touching, squeez-
ing, biting or chewing the food and describing the rheological 
sensations: sensorial method (physiological, psychological) so 
the ideas change from one analyst to another requiring a sta-
tistical and/or objective treatment [8]. The comparison of the 
rheological models based only on the Standard Error of Esti-
mate (SEE) is not necessarily the best one as the SEE is relative 
to the magnitude of the values themselves, that is to say, the 
density, specific heat, thermal conductivity, viscosity and other 
thermophysical properties. To correct this, a relative standard 
value as percentage (%) can be found and medium values of 
coefficients in the individual expression turn into in coefficients 
in the models that have the standard error (%) of each model 
[9]. To solve the difficulty offered by the diversity of products 
(the almost infinite diversity of these that also have different 
properties), the rheologist takes reference points (patterns) 
constituted by ideal substances as the solids (steel, glass, rocks) 
that exhibit some proper characteristics of the liquids except 
one, the ideal solid that, by definition, lacks these properties; 
as well as there is a liquid that also lacks, by definition, any of 
the typical properties of the solids; the ideal liquid [5,10]. The 
viscosity is a transport property used in design and optimiza-
tion of chemical and petrochemical processes that involve fluid 
transport, agitation, mixture, filtration, heat exchange and con-
centration [9]. The viscosity is a fundamental attribute to deter-
mine the quality of many foods both liquids and semisolids and, 
in some foods like ketchup, it is the most important attribute as 
it defines the acceptance by the consumer. Moreover, among 
the parameters that contribute to flow properties of ketchup, 
the quality of the raw material (maturity and variety of the fruit) 
and the conditions of elaboration processes stand out [10]. The 
non-Newtonian liquid is defined as the one for which the rep-
resentation of the shear stress according to strain rate (or shear 
rate) is not necessarily a straight line [11]. For practical purpos-
es, if the Déborah number is far less than the unit, it is a fluid; 
and if the Déborah number is much more than the unit, it is a 
solid [12]. Between the ideal solid and fluid there is an interme-
diate region where some materials behave as solids under cer-
tain conditions, but fluids under others (under the same pres-
sure and temperature conditions) so the time when the process 
occur varies, materials are classified as viscoelastic and present 
a Déborah number of 0.6 order [13]. Regarding non-Newtonian 
liquids, it is said that in the apparent viscosity, flow is described 
by the equation , which means that tangential stress 
is not the same as shear stress. The representation of  vs 

 is a straight line that generally passes through the origin 
and the slope of this line is represented by . As  is a con-

stant, a determination is enough to completely characterize 
the behavior in the liquid flow. Ángeles (2018) mentions that in 
the food processing such as juices and nectars, as well as mar-
malades, sauces and syrups elaborated from fruits. The nutri-
tional and sensorial properties are quite important, and among 
these, there are the rheological properties that correspond to 
an appropriate texture motivating the consumer to get inter-
ested and contributing the acceptance of the product [14,15]. 
The most used materials in the biodegradable sheets are the 
protein polysaccharides and lipids including starch, cellulose, 
alginate, gums, chitosan, pectin, casein, zein, gluten, keratin, 
albumin, wax and mineral oils; materials that alter the rheol-
ogy of the products [16]. Marín-Machuca et al., (2021) mention 
that the rheology is defined as the study of the deformation 
and flow of matter; but this definition can be also expressed as 
the study of the relationship between the stress applied to a 
material and the deformation suffered by that material (for in-
stance food materials) [17]. Identical techniques to the applied 
ones can be used sometimes for the rheological study of solid 
products, but it is evident that very low stress must be used for 
the study of the elastic behavior using the concentric cylindrical 
viscometer that allows to obtain the elastic modules and high 
viscosity values. Whorlow (2002) mentions that, in rheological 
terms, a plastic product flows when the stress exceeds a limit 
value, this elastic limit is denominated as stress of plastic de-
formation, ; and that the ideal plastic product is the Bingham 
model where, for practical purposes, plastic substances are dis-
tinguished from the liquids as they do not flow when gravity is 
applied on them only [18]. Kobus et al., (2019) mention that the 
behavior of the non-Newtonian time-independent fluid can be 
better fixed to a plastic fluid of Bingham and that the rheologi-
cal character of the liquid foods depends on several parameters 
such as the clarity, the content of soluble solids and extraction 
and preservation method such is the case with tomato sauce 
(Solanum lycopersicon) [19].

Materials and Methods

Procedure

All the rheological models are useful for the rheological char-
acterization of the fluid products and all kind of foods. They can 
be performed and done based on mathematical models that ex-
press  the relationship between the shear stress 
and ( ) and the velocity gradient ( . The procedure consists 
of separating or classifying the foods into: 1) time-independent 
fluids which can be Newtonian fluids, non-Newtonian plastic 
fluids and non-Newtonian non-plastic fluids; and 2) time-de-
pendent fluids which can be thixotropic and rheopectic.

Sample

Tomato sauce (Solanum lycopersicon) was obtained by col-
lecting the raw material. The tomato was weighed and trans-
ported to a tray to get it washed. The process was performed ac-
cording to the necessary requirements removing strange bodies 
(twigs, soil, leaves, etc.). The tomato was deposited in hampers 
from which it was taken to milling process putting in the whole 
tomato giving pieces not so small as a result. Afterwards, the 
pieces of tomato were taken to the pulper machine removing 
its seeds and rind obtaining tomato pulp. The pulp is taken to 
a weighing scale to measure the weight; then the evaporation 
process is performed concentrating tomato sauce. This concen-
tration is measured in BRIX grades or Soluble Solid % (%S. S). 
In this opportunity, it was necessary to eliminate the excess of 
water through evaporation. Immediately, tomato sauce is trans-
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ferred to marmite where sugar, salt and spices were added and 
mixed to obtain the expected characteristics according to the 
Royal Decree-Law 858 (1984). At the same time, pasteurization 
process was performed at 80 °C approximately for 20 minutes 
to avoid the proliferation of bacteria. Tomato sauce was packed 
in glass jars (previously sterilized) at 80°C being immediately 
closed and letting it get cold to create a vacuum environment 
which makes the product last longer. Tomato sauce (15 °Brix) 
(Solanum lycopersicon) was used by it is a nutritionally and 
functionally rich diet, as well as it allows to prevent illnesses 
such as cancer with almost exclusive substances mainly lyco-
pene and other nutraceutical and even protein components. 
The benefits of the lycopene, carotenoid responsible for the red 
color of tomato, has attracted the attention due to its biologi-
cal and physicochemical properties regarding the prevention of 
other chronic, cardiovascular, neurodegenerative illnesses and 
hypertension among others.

According to the Spanish Royal Decree-Law 858 (1984) it is 
understood that sauces are those food preparations because of 
the combination of different edible ingredients that, subjected 
to the convenient culinary treatment, are used to accompany 
food or food preparations. The sauce can be from liquid to 
smash in which elaboration, apart from raw matters that are 
specified in the definitions of each type of sauce, these can 
be used: sugars, starch, glucose syrup, gelatins, garlic, onion, 
and other vegetables, or its natural extracts, protein hydroly-
sates, vegetable proteins, eggs, ovoproducts, milk, vegetable 
oils, lemon juice, wine, vinegar, diverse spices and aromatic 
substances and any other ingredient authorized by “Dirección 
General de Salud Pública (General Direction of Public Health)” 
as this list has no restrictive condition.

 Instruments, Equipment and Accessories. Among the 
equipment and instruments, we have those which only allow 
to obtain values of this relation . The Haake Viscotester 
iQ Rheometer, Thermo Scientific Brand, Mooney – Ewart geom-
etry (equipment used in this study). The capillary viscometer, 
consisting of a deposit, generally a U-shaped tube, where the 
fluid is poured. It is intended to measure the time a fluid takes 
to go through a determined capillary space. This time will be in-
versely proportional to the density and directly proportional to 
the viscosity. The constant of the instrument can be determined 
using fluids of known viscosities and so the size of the capillary 
tube must be selected according to the kind of fluid. If the capil-
lary tube is too wide, the flow will be very fast and turbulent. 
If the capillary tube is too tight, the determinations will be very 
long, but quite accurate. [9] (709-711) Periods from 100 to 500 
seconds offer a reasonable relationship between velocity and 
stress. The temperature must be controlled to be constant all 
time, as well as the verticality of the equipment and the strange 
bodies in the fluid that can affect the velocity of the fall. There 
are also rotational viscometers of infinite fluid (where there is 
a long distance between the recipient walls containing the fluid 
and the rotating rod), the tube viscometers and the rheome-
ters. To measure °Brix of tomato sauce (Solanum lycopersicon), 
the MyBrix hand refractometer was used determining 15°Brix 
for the studied sample. This equipment is considered as perfect 
to measure any food and drink sample.

Characteristics and Specifications of the Product to be Elab-
orated

The determined rheological models are important to com-
prehend and understand the food raw matters as in the case of 
tomato sauce (Solanum lycopersicon).  The obtained rheologi-

cal models are valuably useful to comprehend the behavior of 
a food at the beginning, during and at the end of the techno-
logical process, and also in the final product. The rheological 
model obtained for tomato sauce (product obtained by partial 
evaporation of water restrained in the pulp and 15 °Brix) is a 
typical model of a non-Newtonian fluid in which the stress ex-
perimented by tomato sauce is related to the deformation of a 
complicated and non-linear way cauterizing, in this model, the 
consistency ( ), the melt flow index ( ) and yield stress ( ).

Results and Discussion

1. Having compiled the rheological models, which are de-
scribed below, mentioning that they are the most important and 
for appliance to the rheological behavior of the foods, the fol-
lowing ones are listed:Casson Model.  

2. Modified Casson Model.  

3. Ellis Model. 

4. Herschel-Buckley General Model. 

5. Vocadlo and Parzonka.  

6. Potencies series Model of Whorlow.  

7. Carreau Model.  

8. Cross Model.  

9. Van Wazer Model.  

10. Powell and Eyring Model.  

11. Reiner Philippoff Model. 

For all these rheological models, , ,  y  and  are 
arbitrary constants and power index respectively, all data is ob-
tained in an experimental way.

Other rheological models can be described and applied

1. Tiu and Boger Model  

Where  and  are the rheological constants that are de-
termined at 0 time. It is said that the term  is a parameter 
of structural rupture, function of the applied gradient velocity 
which depends on the time according to the kinetic equation of 
second order.

 

That, finding  in the previous equation, deriving and replac-
ing in the kinetic equation, the following equation is obtained: 

 

Where  is related to . From the data  experimental to 
gradient of constant velocity, representing  to , the 
value of  can be obtained and allows to predict the value of  
at a given flow time.

1. Figoni and Shoemacker Model. These authors consider 
the simultaneous action of various structural fracture mecha-
nisms of first order with different constants of velocity ( ). At 
a constant of velocity gradient, the variation of yield stress ac-
cording to time is given by the following

 equation: 

In practice, the equation is applied with two terms of the 
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summation being fixed to experimental data through non-linear 
fixing. The great mathematical correlation among the param-
eters complicates the analysis of the influence of gradient ve-
locity on them.

Application

The rheological data (measured by Haake Viscotester iQ Rhe-
ometer) for tomato sauce (Solanum lycopersicon) are plotted in 
Table 1. The behavior of the rheological data of tomato sauce 
(Solanum lycopersicon) according to the temperature is shown 
below (Figure 1). Plotting the experimental data and observ-
ing the behavior of the experimental data, it is concluded that 
the experience follows the general model of Herschel-Buckley, 
whose expression is this: ; where  is the elas-
tic limit,  is the consistency coefficient and  is the melt flow 
index. Evaluating the rheological parameters correspondent to 
each temperature, the following rheological models (Herschel-
Buckley) are obtained:

• For :    with 

• For :    with 

• For :    with 

• For :    with 

• For :    with 

• For :    with 

• For :    with 

Whereby the values of the consistency coefficient ( ) and 
the melt flow index ( ) are respectively obtained and summa-
rized in the Table 2.

Figures, Tables and Schemes 

The standard Error of Estimate (SEE) for the consistency coef-
ficient (K1) and the melt flow index (n) were respectively 0.3556 
and 0.0587 whose relative standard value and the individual co-
efficients of the models turn into constituent coefficients with 
the standard error of each model agreeing with Phinney, et al. 
(2017). The obtained results regarding the melt flow index (ca-
pacity of a liquid food to displace in laminate state 

after heat and pressure submission) and consistency coef-
ficient (that is the strength per surface unit required to move 
a fluid at a stablished cutting speedy or minimum required 
strength to move a fluid) satisfactorily agree with the one re-
ported by Alvis et al. (2016). The rheological behavior of tomato 
sauce (Solanum lycopersicon) follows the Herschel-Buckley rhe-
ological model agreeing with Kokini (1992), Marín-Machuca et 
al. (2021), Cueto (2019) and Rydzak et al., (2020). The values of 
the elastic limit graphically evaluated are not significantly differ-
ent from the ones evaluated by the statistical or mathematical 
model according to Whorlow R. W. (2002) y Rydzak et al. (2020).

Conclusion

It is concluded that the tomato sauce (15 °Brix) presents a 
strong structure and thixotropic behavior and that the structur-
al parameters allow inferring the incidence of the composition 
and the shear rate on the structure of the sauce. It is concluded 
that the rheological models are quite important and versatile in 
the foods and the food processes describing variable behaviors. 
They are as complex as can be imagined. Likewise, the rheo-
logical models have to be meticulously and firmly treated which 
requires an advanced Statistics and Mathematics. Many of the 
rheological models require topological and tensor concepts, 

Figure 1: Plot of the experimental rheological data of tomato 
sauce (Solanum lycopersicon).

Table 1: Rheological data for tomato sauce (Solanum lycopersicon) 
according to the temperature.

TEMPERATURE

5°C 10°C 20°C 30°C 40°C 50°C 60°C

D

25 72.96 48.02 35.58 21.02 11.92 6.14 4.00

50 81.22 56.08 42.80 26.30 15.18 6.67 5.58

100 95.70 69.55 54.6 35.54 21.20 13.20 8.40

150 108.91 81.30 64.2 43.92 26.85 17.40 10.97

200 121.10 92.04 73.52 51.80 32.27 21.37 13.42

300 144.09 111.66 89.52 66.51 42.65 28.90 18.05

400 165.65 129.62 104.00 80.30 52.61 35.10 22.50

500 186.19 146.43 118.02 93.45 62.30 43.01 26.60

600 205.96 162.39 130.30 106.10 71.70 49.72 30.62

700 225.11 177.67 142.40 118.36 80.93 56.26 34.42

800 243.75 192.39 153.92 130.29 90.01 62.67 38.41

900 261.96 206.64 165.04 142 98.95 68.94 42.20

: ( ); : (dina )
Table 2 :

Temperature, T (°C) Consistency Coefficient, K1 Melt Flow Index, n

5 0.80727 0.810331

10 1.10930 0.740300

20 1.22636 0.69755

30 0.51421 0.80100

40 0.23106 0.878400

50 0.20366 0.849700

60 0.13566 0.836600

Data of the consistency coefficient ( ) and the melt flow index ( ).
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analysis of matter deformation, food elasticity, among other 
disciplines. To evaluate rheological parameters of the food and 
other substances or food materials, it is required to design so-
phisticated equipment and instruments of measurement. We 
proposed the pertinent recommendations (to understand and 
predict the rheological behavior of the foods) such as being fully 
informed about advanced Mathematics and Statistics, experi-
mental models in processes and differential equations. Pref-
erably, it is necessary that the equipment and instruments of 
measurement be calibrated as well as evaluate the parameters 
or tests as much carefully as possible and the temperature and 
concentration which the experiences are at must be constant 
through all the measurement process. The applications that can 
be performed are diverse and multiple in the liquid foods indus-
try. We can mention the tropical fruit-based yogurt, wild fruit-
based nectars and shakes based on ovine milk, etc.

Author Statements

Conflict of Interests

The authors declare that they have no conflicts of interest.

References

1. Rydzak L, Kobus Z, Nadulski R, Wilczyński K, Pecyna A, Santoro 
F, et al. Analysis of selected physicochemical properties of com-
mercial apple juices. Processes. 2020; 8: 1457.

2. Kleopatra T, Maria P, Ioanna M. Rheological, physical, and senso-
ry attributes of gluten-free rice cakes containing resistant starch. 
J Food Sci. 2015; 80: 341-8.

3. Abdullah S, Pradhan RC, Pradhan D, Mishra S. Modeling and op-
timization of pectinase assisted low temperature extraction of 
cashew apple juice using artificial neural network coupled with 
genetic algorithm. Food Chem. 2021; 339: 127862.

4. Cueto R, César R. Reología del hidrocoloide de Ratanya (Trium-
fetta semitriloba jacq.): efecto de la concentración y tempera-
tura [tesis] para optar al grado académico de Maestro. Huánuco, 
Perú: Universidad Nacional Agraria de la Selva. 2019.

5. Clemens RA, Pressman P. Food gums: an overview. Nutr Today. 
2017; 52: 41-3.

6. Kokini JL. Rheological properties of foods. En: Handbook of food 
engineering, Editorial. New York: Marcel Dekker. 1992.

7. Cardona-Palacio LF. Cálculo de la viscosidad de hidrocarburos a 
partir de la ecuación cúbica de estado de Jarrahian-Heidaryan. 
Rev. Mexicana de Ingeniería Química. 2016; 15: 1019-25.

8. Constenla DT, Lozano JE, Crapiste GH. Thermophysical proper-
ties of clarified apple juice as a function of concentration and 
temperature. J Food Sci. 1989; 54: 663-8.

9. Alvis A, Hernández E, García-Mogollón C. Técnicas de análisis de 
viscosidad en Cátsup. Interciencia. 2016; 41: 709-12.

10. Jiménez-Gonzales A, Vargas García V, Lizardi-Jimenes MA, Me-
dina-Moreno SA. Evaluación de coeficientes volumétricos de 
transferencia de hidrocarburos poliaromáticos y oxígeno en 
sistemas multifásicos (líquido-líquido y líquido-líquido-gas): 
efecto de la carga volumétrica de solventes Biocompatibles. Rev. 
mexicana de ingeniería química. 2015; 14: 723-34.

11. Khan SU, Tlili I. Significance of activation energy and effective 
Prandtl number in accelerated flow of Jeffrey nanoparticles with 
gyrotactic microorganisms. J Energy Resour Technol. 2020; 142: 
112101.

12. Andia CL. Caracterización reológica y modelamiento matemáti-
co del jarabe de stevia (stevia rebaudiana bertoni) [tesis] para 
optar el grado académico de maestra en ciencia y tecnología de 
alimentos. Perú: Universidad Nacional de San Agustín de Areq-
uipa. 2019.

13. Wu X, Li C, Jia W. An improved viscosity model based on Peng-
Robinson equation of state for light hydrocarbon liquids and 
gases. Fluid Phase Equilib. 2014; 380: 147-51.

14. Cortez-Vega WR, Pizato S, de Souza JTA, Prentice C. Using ed-
ible coatings from whitemouth croaker (Micropogonias furnieri) 
protein isolate and organo clay nanocomposite for improve the 
conservation properties of fresh-cut Formosa papaya. Innov 
Food Sci Emerg Technol. 2014; 22: 197-202.

15. Diéguez MCV, Pelissari FP, Sobral PA, Menegalli FC. Effect of 
process conditions on the production of nanocomposite films 
based on amaranth flour and montmorillonite. LWT Food Sci 
Technol. 2015; 61: 70-9.

16. Marín-Machuca O, Iannacone J, Alvarado-Zambrano FA, 
Vásquez-Aranda AO, Candela-Diaz JE, Quispe-Quispe A. Reología 
fisicoquímica del jarabe de fruta (miel) para turrón. Biotempo. 
2021; 18: 101-8.

17. Méndez-Sanchez A, Pérez-Trejo L, Paniagua A. Determinación 
de la viscosidad de fluidos newtonianos y no newtonianos (una 
revisión del viscosímetro de Couette). Lat Am J Physis Educ. 
2017; 4: 237-53.

18. Whorlow RW. Rheological techniques. Tercera edition. [Editado 
por Jhon W. Mason]. Scientific and technical consultant. Chich-
ester. Sussex: West, PO19 1EB. England, 2002.

19. Kobus Z, Nadulski R, Wilczyński K, Starek A, Zawiślak K, Rydzak 
L, et al. Modeling of rheological properties of cloudy apple juice 
using master curve. CyTA J Food. 2019; 17: 648-55.

20. Kokini JL. Rheological properties of foods. En: Handbook of food 
engineering, Editorial. New York: Marcel Dekker. 1992.

21. Costell E, Durán L, Fisicoquímica de los Zumos R, de Fruta P. Rev 
Agroquímica Tecnol Aliment. 1982; 22: 381-93.

22. Cheftel J, Cheftel H, Besancon P. Introducción a la Bioquímica y 
Tecnología de los Alimentos. Zaragoza. Vol. II. Editorial Acribia. 
España. 1985.

23. Flores Candia JL. Relación entre la Concentración y las Propie-
dades Reológicas de los Zumos y Purés de Fruta y Hortalizas. Rev 
Agroquim Tecnol Aliment. 1998; 20: 71-7.

24. Tabilo-Munizaga G, Barbosa-Cánovas GV. Rheology for the food 
industry. J Food Eng. 2005; 67: 147-56.

https://www.mdpi.com/2227-9717/8/11/1457
https://www.mdpi.com/2227-9717/8/11/1457
https://www.mdpi.com/2227-9717/8/11/1457
https://pubmed.ncbi.nlm.nih.gov/25604540/
https://pubmed.ncbi.nlm.nih.gov/25604540/
https://pubmed.ncbi.nlm.nih.gov/25604540/
https://pubmed.ncbi.nlm.nih.gov/32860998/
https://pubmed.ncbi.nlm.nih.gov/32860998/
https://pubmed.ncbi.nlm.nih.gov/32860998/
https://pubmed.ncbi.nlm.nih.gov/32860998/
https://www.researchgate.net/publication/316507439_Food_Gums_An_Overview
https://www.researchgate.net/publication/316507439_Food_Gums_An_Overview
https://www.redalyc.org/pdf/620/62048168030.pdf
https://www.redalyc.org/pdf/620/62048168030.pdf
https://www.redalyc.org/pdf/620/62048168030.pdf
https://www.researchgate.net/publication/229755315_Thermophysical_Properties_of_Clarified_Apple_Juice_as_a_Function_of_Concentration_and_Temperature
https://www.researchgate.net/publication/229755315_Thermophysical_Properties_of_Clarified_Apple_Juice_as_a_Function_of_Concentration_and_Temperature
https://www.researchgate.net/publication/229755315_Thermophysical_Properties_of_Clarified_Apple_Juice_as_a_Function_of_Concentration_and_Temperature
https://www.interciencia.net/wp-content/uploads/2017/10/709-HERNANDEZ-41-10.pdf
https://www.interciencia.net/wp-content/uploads/2017/10/709-HERNANDEZ-41-10.pdf
https://www.redalyc.org/pdf/620/62043088013.pdf
https://www.redalyc.org/pdf/620/62043088013.pdf
https://www.redalyc.org/pdf/620/62043088013.pdf
https://www.redalyc.org/pdf/620/62043088013.pdf
https://www.redalyc.org/pdf/620/62043088013.pdf
https://www.redalyc.org/pdf/620/62043088013.pdf
https://asmedigitalcollection.asme.org/energyresources/article-abstract/142/11/112101/1083925/Significance-of-Activation-Energy-and-Effective?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/energyresources/article-abstract/142/11/112101/1083925/Significance-of-Activation-Energy-and-Effective?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/energyresources/article-abstract/142/11/112101/1083925/Significance-of-Activation-Energy-and-Effective?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/energyresources/article-abstract/142/11/112101/1083925/Significance-of-Activation-Energy-and-Effective?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0378381214004361
https://www.sciencedirect.com/science/article/abs/pii/S0378381214004361
https://www.sciencedirect.com/science/article/abs/pii/S0378381214004361
https://www.sciencedirect.com/science/article/abs/pii/S1466856413002051
https://www.sciencedirect.com/science/article/abs/pii/S1466856413002051
https://www.sciencedirect.com/science/article/abs/pii/S1466856413002051
https://www.sciencedirect.com/science/article/abs/pii/S1466856413002051
https://www.sciencedirect.com/science/article/abs/pii/S1466856413002051
https://revistas.urp.edu.pe/index.php/Biotempo/article/view/3932
https://revistas.urp.edu.pe/index.php/Biotempo/article/view/3932
https://revistas.urp.edu.pe/index.php/Biotempo/article/view/3932
https://revistas.urp.edu.pe/index.php/Biotempo/article/view/3932
https://www.tandfonline.com/doi/full/10.1080/19476337.2019.1630484
https://www.tandfonline.com/doi/full/10.1080/19476337.2019.1630484
https://www.tandfonline.com/doi/full/10.1080/19476337.2019.1630484
https://www.sciencedirect.com/science/article/abs/pii/S0260877404003401
https://www.sciencedirect.com/science/article/abs/pii/S0260877404003401

	Abstract
	Introduction
	Materials and Methods 
	Procedure
	Sample

	Results and Discussion 
	Conclusion
	Author Statements 
	References
	Table 1
	Table 2
	Figure 1

