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ABSTRACT. In Mexico, the production of sodas and non-alcoholic beverages had an annual 
average growth of 7.5% in 2015. Drinks with real flavors are being positioned in the market. 
Microwaves treatments stand out among the emerging technologies in the treatment of foods, due 
to its high energy efficiency, sustainability and reduction of times and costs. Microwaves have been 
effective in retention of sensory properties of diverse thermo-labile drinks, such as coconut water 
and guava fruit nectar. The objective of this study is to develop a microwave treatment for 
pasteurization of a tamarind beverage. Batches of 480 g of the natural tamarind beverage (pH=2.73 
and total soluble solids and 12.36°Bx) were packed in glass bottles and treated in a microwave 
conventional oven (490 W, 2450 MHz) until the target temperature of 90ºC. This temperature was 
held 12 s for enzyme inactivation. After the treatment, the natural tamarind beverages were closed 
and placed in a cold bath at 4°C for 10 min, then stored during 12 days at 4°C. Heating time was 
280 s. Results showed an enzyme inactivation for microwave-treated samples for the target 
temperature (90°C). After the microwave pasteurization, there were not significant changes in pH, 
total soluble solids and sensory acceptance of samples in comparison with the untreated control 
sample (p>0.05), and neither in color (∆E* = 0.95). 

Keywords: Pasteurization, microwaves, natural tamarind beverage, enzyme inactivation, sensory 
acceptance. 
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INTRODUCTION. The beverage industry in Mexico, particularly the manufacture of soft drinks 
and non-alcoholic beverages, has an annual average growth of 7.5% (INEGI, 2014); records that 
today do not include the countless beverage producers with the typical flavors of each region of the 
country (SIAP, 2015). 

The unique organoleptic properties of tamarind (Tamarindus indica) have always been widely 
accepted around the world, with presence in more than 53 countries in all continents (El-Siddig et 
al., 2006). They emphasize its medicinal and pharmacological uses since ancient times (Khanzada 
et al., 2008), in addition to their contribution of essential aminoacids (Siddhuraju et al., 1995), 
mineral content as K, Ca, Mg and P (Khanzada et al., 2008), qualities as a natural thickener and 
the use of pulp for multiple industrial applications (Leakey, 1999; Zhao et al., 2005). Mexico is the 
fourth largest producer of tamarind in the world only behind India, Costa Rica and Thailand (SIAP, 
2015). The tamarind has been used extensively for the production of fresh waters since colonial 
times, constituting thus an important input for the national gastronomy (Nieto, 2008). 

Pasteurization is a process that prolongs the shelf life of foodstuffs; prevents or slows the growth of 
microorganisms, inactivates pathogens, bacterial spores or enzymes, which endanger the quality 
and safety of the final product. Despite its wide reliability, it also has important implications such as 
sensory, physicochemical and organoleptic changes associated with the high temperatures that are 
used in most treatments (Barbosa-Cánovas & Bermúdez-Aguirre, 2010), as well as the cost-benefit 
that on occasions, specially to the small producers, forces them to sacrifice the quality of their 
products, so new alternatives have been sought to replace the traditional pasteurization processes 
(Cardello et al., 2007). Among the emerging technologies are the high hydrostatic pressure (HHP), 
irradiation, electric fields (PEF) and microwaves (Wan et al., 2009; FDA, 2016; García et al., 2004; 
Sosa-Morales et al., 2010). 

Microwaves has been extensively studied mainly in fluid foods such as guava nectar (Salazar-
González et al., 2011a), orange juice (Cinquanta et al., 2010) and coconut water (Franco et al., 
2015); in purees like tomato (Pérez-Tejeda et al., 2016), mango (Rodríguez-Salinas et al., 2011), 
apple (Picouet et al., 2009) and potato (Seyhun et al., 2009), to name a few. Its use offers benefits 
such as: sustainability, reduction of heating times, high efficiency and energy saving (Salazar-
González et al., 2011b). These advantages would provide artisanal producers an easy way to 
preserve the quality of their beverages, even with a conventional (home) microwave oven. 

In order to efficiently apply a microwave assisted treatment, the dielectric properties of the material 
to be processed must be known, since they are particular to each food and they will determine the 
conditions at which the waves will penetrate it to reach its specific objective (Datta et al., 2005; 
Sosa-Morales et al., 2010). Therefore, the objective of this study is to pasteurize a natural tamarind 
beverage with microwaves and to evaluate its physicochemical properties (pH, total soluble solids 
and color) and sensory properties, before and after the proposed treatment. 

 

MATERIALS AND METHODS 

Beverages preparation. The preparation of the natural tamarind beverage (Tamarindus indica) 
was carried out in the physical properties laboratory of the Department of Food of the University of 
Guanajuato, Mexico, under the hygiene and sanitation practices recommended for food processing 
according to the current Mexican legislation (NOM-120-SSA1-1994). The preparation was carried 
out in batches of 500 mL, for this a pulp tamarind concentrate was prepared, weighing 350 g of the 
fresh fruit without shell and strands, manually removed previously, obtained from a local market of 
the municipality of Irapuato, Gto., later placed in a vessel with 1 L of water, slowly incorporating 200 
g of standard sugar, simmering for 20 min until boiling. After this it was allowed to cool to room 
temperature for 30 min and was manually ground to incorporate the pulp into the mixture and 
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remove the stiff components and leftover seeds; was closed and stored in refrigeration (4°C). 
Finally, the corresponding amounts of sugar and pulp were weighed for each of the four 
formulations (Table 1), affording with 500 mL of purified water for each one.  

Storage. The final product was placed separately in glass bottles with lid (250 mL), sealed and 
labeled appropriately. The bottles were stored under refrigeration at 4°C. Samples were taken for 
the corresponding physicochemical (total solids, pH and color) and sensory analyzes. 
Formulations design. Four different formulations were designed for the natural beverage of 
tamarind (Table 1), starting from a standard formulation (F1) and designing the others according of 
tamarind pulp and sugar content, F2 with higher pulp and lower sugar content, F3 with less pulp 
and less sugar and F4 with lower pulp and higher sugar content. 

Table 1. Design of formulations to prepare the natural tamarind beverage. 

 
   
 
 
 
 

 *F = formulation; F1 = standard; F2 = +P/-A; F3 = -P/-A; F4 = -P/+A. 
  P = tamarind pulp; A = sugar; + = higher content; - = lower content. 
 
Microwave assisted pasteurization process by batch system. Processing of the natural 
tamarind beverage was carried out by heating in a microwave system with a conventional 
microwave oven (LG® MS-0745V, South Korea) at 100% power (490 W, 2450 MHz). Two glass 
bottles with 250 mL capacity were used, which were filled with 240 mL of beverage each, i.e., 
batches of 480 g were pasteurized. The flasks were placed in the center of the furnace cavity, that 
initial temperature was recorded and then monitored every 20 s, stopping the oven operation and 
taking the reading with a digital thermometer until reaching the target temperature of enzyme 
pectinmethylesterase inactivation (90°C), with a holding time of 12 s. 

At the end of the treatment, the flasks were immediately closed and cooled in an ice bath (4°C) to 
promote the thermal shock, it generates vacuum and a hermetic seal, also registering the 
temperature drop to 10°C. With the temperature records obtained, the complete protocol of 
pasteurization (heating, holding and cooling) was elaborated. Figure 1 shows the scheme designed 
for the microwave assisted pasteurization process, which includes a conventional microwave oven, 
digital thermometer and ice bath. Treatments were carried out by triplicate for each sample. 

 

 

 

 

 

 

 

 

Figure 1. Scheme of the microwave assisted pasteurization protocol designed for the natural 
tamarind beverage. 

Component F1 (g)  F2 (g) F3 (g) F4 (g) 
Tamarind pulp 100 120 80 80 
Sugar 40 30 30 40 
Purified water (mL) 500 500 500 500 
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Physicochemical analysis. Physicochemical analyzes were performed for the natural tamarind 
beverage before and after the proposed microwave assisted pasteurization treatment. All 
physicochemical analyzes were performed by triplicate for each sample. 
pH and acidity determinations. pH values were measured using a pH meter by Hanna 
instruments® HI 2550 pH/ORP & EC/TDS/NaCl Meter, Spain, for each sample according to 
Mexican standard (NMX-AA-008-SCFI-2011). Titratable acidity (expressed as percentage of tartaric 
acid) was calculated titrating 20 mL of beverage with NaOH 0.1 N (AOAC, 2000). 
Total soluble solids. Total solids were measured using a digital refractometer (HI 96801, Hanna 
Instruments, Romania), using one drop of each sample per analysis according to current Mexican 
standard (NMX-F-103-1982).  

Color. Measurements were carried out with a HunterLab® ColorFlex EZ colorimeter, U.S.A, with 
the color scale L*a*b*. The colorimeter was calibrated using the black and white tiles. The color 
was measured in reflectance mode on 20 mL samples. The final color difference was determined 
through the equation (Minolta, 1998):        

                                                  ∆𝐸∗ = (∆𝐿∗)( + (∆𝑎∗)( + (∆𝑏∗)(                                                (1) 

Where ∆𝐸∗ indicates the net color difference, ∆𝐿∗ the difference in lightness, ∆𝑎∗ the difference from 
green to red and ∆𝑏∗ the difference from blue to yellow. These differences were calculated taking 
the parameters before and after the treatment.  

Sensory evaluation. A sensory panel for the evaluation of the processed natural beverage was 
carried out, a preference test was applied to a panel of 20 untrained judges aged between 23 and 
30 years to know the acceptability of the pasteurized beverages. A test with a hedonic scale of 9 
points was used (Larmond, 1982). 

Statistical analysis. Results were analyzed statistically by a one-way analysis of variance 
(ANOVA) to determine if there were significant differences, with a confidence level of 95% (p<0.05) 
using the statistical software StatGraphics®. When the analysis of variance showed significant 
differences between the samples, the Tukey test (p<0.05) was applied as a multiple comparison 
method to validate the differences between the means if they existed. 

RESULTS AND DISCUSSION 
Sensory evaluation for election of formulation. Four formulations were designed and 
evaluated to make the natural tamarind beverage (Figure 2), varying the formulations as a function 
of the tamarind pulp and sugar content, previously mentioned in Table 1. 
The statistical results of the sensory evaluation highlight the preference of the panel for formulation 
1 (standard) compared to the rest (p> 0.05), although without significant differences with respect to 
formulation 2, but when compared with formulations 3 and 4 (Table 2). 

                                          

         

 

 

                                                      [A]              [B]               [C]                 [D] 

Figure 2. Natural tamarind beverages. [A] Formulation 1 (standard). [B] Formulation 2 (+P/-A). [C] 
Formulation 3 (-P/-A). [D] Formulation 4 (-P/+A). 
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The standard formulation (F1) was chosen to standardize the process of the natural tamarind 
beverage due to the preference it had by the sensory panel in terms of its organoleptic 
characteristics in general, although, compared against the formulation 2 (more pulp, less sugar) did 
not present statistically significant differences with the Tukey method (p>0.05); in the end, a raw 
material cost balance was considered, where the higher content of tamarind pulp (F2) would 
increase the production cost of the beverage for micro-enterprises, in addition to the subsequent 
analysis of this research, situations that were avoided. 
Table 2. ANOVA of sensory evaluation of the formulations for the natural tamarind beverage. 

 

 

 

 

Microwave assisted pasteurization process by batch system. Figure 3 shows the thermal 
images before [A] and after [B] the proposed pasteurization protocol of the natural tamarind 
beverage. 
  

 

 

 
 

                                                                   [A]                                                           [B]                 

Figure 3. Thermal images before [A] and after [B] the proposed pasteurization protocol of the 
natural tamarind beverage. 
The next (Figure 4) represents the complete pasteurization protocol (heating, holding and cooling) 
of the natural tamarind beverage, where it is observed that the time required to reach 90°C was 
4.67 min (280 s) with 12 s of holding time.  

 

 

 

 

 

 

 

 

 

Figure 4. Microwave assisted pasteurization protocol for the natural tamarind beverage (batch: 
480g). 

Formulation      Number of judges     General acceptance 
1 20 7.95 ± 0.83a 

2 20 7.25 ± 1.29ab 

4 20 6.85 ± 1.09b 

3 20 6.80 ± 1.40b 



 
 

6 

 

This result was relatively high compared to what has been reported so far for some fluid foods. For 
example, Rodríguez-Salinas et al. (2011) reported 1.1 min (66 s) for the pasteurization of batches 
of 280 g of mango puree up to 72°C (950 W). This could be explained due to the batch size, since 
the microwave heating is proportional to the amount of material inside the oven cavity. Another 
critical reason is the target inactivation temperature of the enzyme, because it is clear that the 
higher the temperature reached, the longer the exposure time to the waves inside the oven. 

Other authors such as Pérez-Tejeda et al. (2016), reported 2.67 min (160 s) for the pasteurization 
of tomato puree in batches of 400 g, reaching a maximum temperature of 88.2°C (950 W). The 
maximum time they needed Cañumir et al. (2002) to pasteurize natural apple juice (900 W) was 1.5 
min (90 s). Cinquanta et al. (2010) submitted orange juice at 70, 75 and 85°C, with times obtained 
from 2.5 (150 s), 2 (120 s) and 1 min (60 s), respectively; While Guzmán-Gerónimo et al. (2008) 
reported 30 s for batches of 20 g avocado puree (633 W). In addition to the reasons already 
mentioned, the initial temperatures of the samples before applying the treatment also necessary 
should be considered, as well as the power (W) of the oven used. It is estimated that the high 
content of tamarind pulp and sugar in the beverage make it harder to raise the temperature. This 
can be explained by the high content of minerals and, above all, long chain polysaccharides 
(natural thickeners) reviewed by Leakey (1999), whose complex structures create a strong 
microscopic network of carbohydrates. 

The results of the decrease of temperature are also higher than those reported by Pérez-Tejeda et 
al. (2016) to decrease the temperature up to 25°C of the tomato puree pasteurized with 
microwaves and with a conventional method, by immersing the bottles in cold water at 10°C 
(88.2°C, 20 min and 93.3°C, 27 min, respectively), compared to decreasing from 83°C to 10°C after 
24.33 min (1460 s) with an ice bath (4°C) for the natural tamarind beverage (Figure 4). They also 
differ from those reported by Rodríguez-Salinas et al. (2011) in mango puree of 15 min immersed 
also in cold water (10°C) from 72°C. Always taking into account the total volume of the batch 
cooled in the bottle, as well as the temperature from which it descended. 

Physicochemical analysis 
Acidity, pH and total soluble solids. Triplicate analyzes were performed on all formulations of the 
natural tamarind beverage prior to microwave treatment, and only on formulation 1 (most accepted) 
after treatment. Table 3 shows the results obtained from the physicochemical properties (pH and 
TSS), that they were maintained with minimal variations and no significant differences were found 
in the two parameters for the four different formulations before treatment (p>0.05). 

Table 3. Results of pH and total solids of the natural beverage of tamarind before 
pasteurizing. 

 
 
 
 

 *F = formulation; F1 = standard; F2 = +P/-A; F3 = -P/-A; F4 = -P/+A. 
  P = tamarind pulp; A = sugar; + = higher content; - = lower content. 

The same physicochemical parameters, besides the acidity, were evaluated and compared in 
formulation 1 before and after the proposed pasteurization process, and this showed no significant 
changes as a result of the applied treatment as shown in below Table 4. 

 

 

Parameter *F1    F2     F3    F4 
pH 2.73 ± 0.08a 2.88 ± 0.02a 2.84 ± 0.01a 2.83 ± 0.01a 
TSS (°Bx) 12.36 ± 0.39a 10.83 ± 0.06a 9.70 ± 0.10a 10.73 ± 0.15a 
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Table 4. Comparison of the physicochemical properties (pH and total soluble solids) of the 
natural tamarind beverage before and after treatment. 

 

 

 

The results obtained with respect to the total solids are similar to those reported by several authors 
(Perez-Tejeda et al., 2016; Salazar-González et al., 2011a; Rodríguez-Salinas et al., 2011 and 
Cañumir et al., 2002), where nobody found statistically significant differences in microwave treated 
different fluid foods (p>0.05), nor in pH values, except Salazar-González et al. (2011a) who found a 
slight post-treatment increase in batches of 500 g of guava puree (90°C, 950 W) under very similar 
conditions. 

Color. Measurements of the colorimetric parameters in the natural tamarind beverage were carried 
out by triplicate with the L*a*b* color scale. The results obtained did not present statistically 
significant differences (p>0.05) in any of the colorimetric coordinates of the samples before and 
after pasteurizing as shows in Figure 5, with a total value of ΔE* = 0.95, where there are also slight 
decreases in color (darkening) in the L* and b* parameters of the pasteurized samples can be 
observed, similar to those reported by Rodríguez-Salinas et al. (2011) in mango puree, where they 
also showed these non-significant decreases (p>0.05) in those coordinates during storage at 4°C. 

 

 

 

  

  

   

  

 

 

Figure 5. Comparison of the colorimetric results of the natural tamarind beverage non-pasteurized 
and pasteurized microwave assisted. 

The results obtained were similar to those reported by Salazar-González et al. (2011a), Rodríguez-
Salinas et al. (2011), Perez-Tejeda et al. (2016), Guzman et al. (2002) and Cinquanta et al. (2010) 
to (70°C, 2.5 min), where nobody found statistically significant differences when evaluating the 
color of guava nectar, mango puree, tomato puree, avocado puree and orange juice, respectively. It 
should be noted that some of them evaluated the color both after treatment with microwaves and 
different storage times. The ΔE* = 0.95 is a result that represents the little decrease of the color 
with respect to the applied treatment. Color retention is one of the advantages generally presented 
by microwave treatments (Salazar-González et al., 2011b). 

CONCLUSION The standard formulation of the natural tamarind beverage (F1) was chosen to 
apply the microwave treatment, because it presented a statistically significant preference for the 
sensory panel with respect to the other three formulations (p<0.05). 

Tamarind beverage pH TSS (°Bx) Titratable acidity 
Before treatment 2.73 ± 0.08a 12.36 ± 0.39a 0.66 ± 0.03a 
After treatment 2.74 ± 0.07a 12.68 ± 0.71a 0.71 ± 0.04a 
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The optimum heating time for the inactivation of the enzyme pectinmethylesterase (90°C) in natural 
tamarind beverage was 4.67 min (280 s), with a holding time of 12 s. After the microwave assisted 
pasteurization treatment in the tamarind beverage, no significant differences were found (p>0.05) in 
total solids and pH, as compared to unpasteurized samples; in addition to a ΔE* = 0.95 which 
indicates a slight non-perceptible color loss. 

Acknowledgements. This research was supported by CONACYT, Mexico and the University of 
Guanajuato, Guanajuato, Mexico. 
 
REFERENCES 
AOAC. (2000). “Official methods of Analysis of AOAC International: Food Composition, Additives, 

Natural Contaminants”. Gaithersburg, Maryland. USA: AOAC Int. 
Barbosa-Cánovas, G., & Bermúdez-Aguirre, D. (2010). Nonthermal Processing of Food. Scientia 

Agropecuaria, 1(1), 81-93. 
Cañumir, J. A., Celis, J. E., de Bruijn, J., & Vidal, L. V. (2002). Pasteurisation of apple juice by using 

microwaves. LWT-Food Science and Technology, 35(5), 389-392. 
Cardello, A. V., Schutz, H. G., & Lesher, L. L. (2007). Consumer perceptions of foods processed by 

innovative and emerging technologies: A conjoint analytic study. Innovative Food Science & 
Emerging Technologies, 8(1), 73-83. 

Cinquanta, L., Albanese, D., Cuccurullo, G., & Di Matteo, M. (2010). Effect on Orange Juice of 
Batch Pasteurization in an Improved Pilot-Scale Microwave Oven. Journal of Food 
Science, 75(1), E46-E50. 

Datta, A. K., Summu, G., & Raghavan, G. S. (2005). Dielectric properties of foods. Engineering 
properties of foods, 501-566. 

de la Federación, D. O. (1982). NMX-F-103-1982, Alimentos. Fruits and derivatives. Determination 
of degrees Brix. Test method. 

de la Federación, D. O. (1994). NOM-120-SSA1-1994, Bienes y servicios. Practices of hygiene and 
sanity for the process of food, soft drinks and alcoholic. 

de la Federación, D. O. (2011). NMX-AA-008-SCFI-2011, Water analysis. Determination of pH. Test 
method.  

El-Siddig, K., Gunasena, H., Prasad, B., Pushpakumara, D., Ramana, K., Vijayanand, P., & 
Williams, J. (2006). Tamarind, Tamarindus indica. Southampton Centre for Underutilised Crops. 
Southampton, United Kingdom. 

Franco, A. P., Yamamoto, L. Y., Tadini, C. C., & Gut, J. A. (2015). Dielectric properties of green 
coconut water relevant to microwave processing: effect of temperature and field 
frequency. Journal of Food Engineering, 155, 69-78. 

García, Y., González, M. E., & Acosta, V. (2004). Uso de pulsos eléctricos en la conservación de 
alimentos. Alimentaria, (356), 17-20. 

Guzmán, G. R., Dorantes, A. L., Hernández, U. H., Hernández, S. H., Ortiz, A., & Mora, E. R. 
(2002). Effect of zinc and copper chloride on the color of avocado puree heated with 
microwaves. Innovative Food Science & Emerging Technologies, 3(1), 47-53. 

Guzmán-Gerónimo, R. I., López, M. G., & Dorantes-Alvarez, L. (2008). Microwave processing of 
avocado: Volatile flavor profiling and olfactometry. Innovative Food Science & Emerging 
Technologies, 9(4), 501-506. 

Instituto Nacional de Estadística y Geografía (2014). Banco de Información Económica (BIE), 
México, INEGI. [On line] Available in: http://www.inegi.org.mx/sistemas/bie/ [Retrieved on 
October 12, 2016]. 

Khanzada, S. K., Shaikh, W., Sofia, S., Kazi, T.G., Usmanghani, K., Kabir, A., & Sheerazi, T. H. 
(2008). Chemical constituents of Tamarindus Indica L. medicinal plant in Sindh. Pakistan Journal 
of Botany, 40(6), 2553-2559. 

Leakey, R. R. (1999). Potential for novel food products from agroforestry trees: a review. Food 



 
 

9 

 

Chemistry, 66(1), 1-14. 
Larmond, E. (1982). Laboratory methods for sensory evaluation of food. Publication No. 1637. 

Ottawa: Food Research Institute, Canada Department of Agriculture. 
Minolta, K. (1998). Konica Minolta Sensing, Inc. Precise color communication. Color control from 

perception to instrumentation. Daisennishimachi, Sakai. Osaka, Japan, 59. 
Nieto, G. P. (2008). La vida cotidiana de tres mujeres tabasqueñas en la finca “Las Mercedes” en la 

primera mitad del siglo XX. Contribuciones desde Coatepec, (14), 85-118. 
Pérez-Tejeda, G., Vergara-Balderas, F. T., López-Malo, A., Rojas-Laguna, R., Abraham-Juárez, M. 

D. R., & Sosa-Morales, M. E. (2016). Pasteurization treatments for tomato puree using 
conventional or microwave processes. Journal of Microwave Power and Electromagnetic Energy, 
1-8. 

Picouet, P. A., Landl, A., Abadias, M., Castellari, M., & Viñas, I. (2009). Minimal processing of a 
Granny Smith apple purée by microwave heating. Innovative Food Science & Emerging 
Technologies, 10(4), 545-550. 

Rodríguez-Salinas, C., Salazar-González, C. Sosa-Morales, M.E., & López-Malo, A. (2011). 
Pasteurization of mango puree using microwaves. 45th Annual Symposium of IMPI, 8-10 junio, 
Nueva Orleans, Louisiana. 2011 Proceedings. ISBN: 978-0-956274748. 

Salazar-González, C. Sosa-Morales, M.E., López-Malo, A., & San Martín-González, M.F. (2011a). 
Microwave heating as potential treatment for guava nectar. 45th Annual Symposium of IMPI, 8-
10 junio, Nueva Orleans, Louisiana. 2011 Proceedings. ISBN: 978-0-956274748. 

Salazar-González, C., San Martín-González, M., López-Malo, A., & Sosa-Morales, M. E. (2011b). 
Recent studies related to microwave processing of fluid foods. Food and Bioprocess Technology, 
5(1), 31-46. 

Servicio de Información Agroalimentaria y Pesquera. (2015). Anuario Estadístico de la Producción 
Agrícola, SIAP. [On line] Available in: http://infosiap.siap.gob.mx/ 
aagricola_siap_gb/ientidad/index.jsp [Retrieved on November 10, 2016]. 

Seyhun, N., Ramaswamy, H., Sumnu, G., Sahin, S., & Ahmed, J. (2009). Comparison and 
modeling of microwave tempering and infrared assisted microwave tempering of frozen potato 
puree. Journal of food engineering, 92(3), 339-344. 

Siddhuraja, P., Vijayakumari, K., & Janardhanan, K. (1995). Nutritional and antinutritional properties 
of the underexploited legumes cassia laevigata willd and Tamarindus indica L. Journal of Food 
Composition and Analysis, 8(4), 351-362. 

Sosa-Morales, M. E., Valerio-Junco, L., López-Malo, A., & García, H. S. (2010). Dielectric 
properties of foods: Reported data in the 21st century and their potential applications. LWT-Food 
Science and Technology, 43(8), 1169–1179. 

Wan, J., Coventry, J., Swiergon, P., Sanguansri, P., & Versteeg, C. (2009). Advances in innovative 
processing technologies for microbial inactivation and enhancement of food safety–pulsed 
electric field and low-temperature plasma. Trends in Food Science & Technology, 20(9), 414-424. 

Zhao, Y., Yang, S., & Li, K. (2005). Compressive utilization of Tamarindus indica Linn. Chemistry 
and Industry of Forest Products, 2, 029. 


