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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to evaluate thermosonication as an alternative method for the pasteurization of pulque
Pulque in order to improve its shelf life and retain its quality parameters.

Thermosonication Thermosonication was carried out at 50 °C using amplitudes of 75% (for 6 and for 9 min), 85% (for 4 and for
Shelf life

6 min), and 95% (for 3 and for 5 min). These were the optimal conditions found for processing pulque by
thermosonication. Physicochemical (acidity, color, alcohol content, and sensory analysis) and microbiological
(lactic acid bacteria and yeasts) parameters were determined during 30 days for storage at 4 + 1 °C.
Conventional pasteurization (63 °C, 30 min) and raw pulque were used as controls. According to the results, the
shelf life of pulque was extended up to 24 days storage at 4 °C. After this time, the quality of beverage decreased,
due that the microbial load increases. Thermosonication treatments at 75% and 85% showed a higher content of
LAB (6.58-6.77 log CFU/mL) and yeasts (7.08-7.27 log CFU/mL) than conventional pasteurization (3.64 log
CFU/mL of LAB and 3.97 log CFU/mL of yeasts) at 24 days of storage. Raw pulque demonstrated up to 7.77 log
CFU/mL of yeasts and 7.51 log CFU/mL of LAB. Pulque processed by thermosonication exhibited greater
lightness, sensory acceptance, a maximal acidity of 0.83 g/lactic acid, and an alcohol content of 4.48-4.95% v/v.
The thermosonication process preserves sensory and physicochemical properties better than conventional pas-
teurization. Lactic acid bacteria such as Lactobacillus kefiri, Lactobacillus acidophilus, and Lactobacillus hilgardii
and yeasts such as Saccharomyces cereviasiae were identified in thermosonicated pulque.

Physicochemical properties
Sensory quality

processing, ultrasonic energy propagates in the liquid food, generating
pressure variations that form bubbles. These collapse violently in suc-

1. Introduction

The Conventional pasteurization (CP) method has long been used
for microbial inactivation to ensure the safety and extended shelf life of
a variety of foods and beverages [1,2]. Many investigations have de-
monstrated that CP adversely affects the sensory quality (flavor, tex-
ture, aroma, and color) and nutritional values of processed foods [3,4].
Due to consumer demand for high-quality foods, new safe and effective
techniques have been developed and tested for food processing and
preservation [5]. An alternative method for processing beverages and
foods is Ultrasound high intensity (UHI).

Ultrasound waves result from the conversion of electrical into me-
chanical energy by means of piezoelectric materials [6,7]. During
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ceeding cycles of compression, resulting in regions of high temperature
and pressure, this phenomenon known as cavitation [8]. When UHI is
combined with heat (temperatures = 50 °C), it is known as Thermo-
sonication (TS) [9]. This process has been considered a potential
method for the inactivation of microorganisms in aqueous solutions and
liquid food, due that there is a synergistic effect of both the heat and the
sound waves [10,11]. These act simultaneously and consequently, high
sensitivity in the cell wall occurs, causing the death of the bacteria
[12,13]. Therefore, to ensure the effectiveness of the thermosonication
treatment it is necessary to consider variables such as the pH of the
product, and the frequency, amplitude, temperature, and time of the

E-mail addresses: alejandra.alcantara@cinvestav.mx (A.E. Alcdntara-Zavala), jfigueroa@cinvestav.mx (J.d.D. Figueroa-Cérdenas),
jfperez@cinvestav.mx (J.F. Pérez-Robles), garambula@cinvestav.mx (G. Arambula-Villa), emc_as10@hotmail.com (D.E. Miranda-Castilleja).

https://doi.org/10.1016/j.ultsonch.2020.105290

Received 24 April 2020; Received in revised form 16 July 2020; Accepted 25 July 2020

Available online 30 July 2020
1350-4177/ © 2020 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/13504177
https://www.elsevier.com/locate/ultson
https://doi.org/10.1016/j.ultsonch.2020.105290
https://doi.org/10.1016/j.ultsonch.2020.105290
mailto:alejandra.alcantara@cinvestav.mx
mailto:jfigueroa@cinvestav.mx
mailto:jfperez@cinvestav.mx
mailto:garambula@cinvestav.mx
mailto:emc_as10@hotmail.com
https://doi.org/10.1016/j.ultsonch.2020.105290
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ultsonch.2020.105290&domain=pdf

A.E. Alcdntara-Zavala, et al.

treatment [14,15]. Normally, frequencies ranging from 20 to 100 kHz
are used for processing [7]. The thermosonication method has been
utilized in order to extend shelf life, the pasteurization and the homo-
genization of many products and, the same time the method retains its
nutritive and sensory properties [7,16]. Particularly in fermented bev-
erages, these products generally have a short shelf life due to their high
microbial content. Interest in non-dairy fermented beverages has in-
creased in recent times, because these products are free of fats, milk
allergens, and cholesterol [17,18]. A non-dairy, fermented, and alco-
holic beverage possessing interesting properties has been produced and
consumed in Mexico since Olmec times [19,20]. This beverage is known
as pulque.

Pulque is produced by the fermentation of a fresh sap known as
aguamiel, which is extracted from different species of Agave (maguey),
such as Agave americana, A. atrovirens, A. mapisaga, and A. salmiana
[21,22]. For the production of pulque, it is necessary to collect of fresh
aguamiel in open barrels and to add a portion of previously elaborated
pulque [21]. Then, the fermentation process takes place at room tem-
perature during 3-8 h; after this time, pulque is obtained. Lactic acid
bacteria (LAB), Acetic acid bacteria (AAB), and yeasts are the main
microorganisms that participate in the biochemical changes during the
fermentation process. As a result, pulque is slightly acidic, white, vis-
cous, and with an alcohol content ranging from 4 to 9% v/v [21]. The
metabolites produced by microbial activity include organic acids, such
as lactic and acetic, produced by LAB and AAB (Gluconobacter and
Acetobacter), respectively. Ethanol is produced by Saccharomyces cere-
visiae and Zymomonas mobilis [20].

Microorganisms such as lactic acid bacteria and yeasts are very
important in pulque, due that they contribute to its physicochemical,
sensory, and microbiological properties [19-23]. According to [23],
parameters that determine quality in pulque are its acidity, alcohol
content, flavor, color, and aroma.

Pulque is an important source of protein (6%), vitamins (riboflavin,
24%; niacin, 23%; thiamine, 10%, and vitamin C, 48%), and minerals
such as calcium (8%) and iron (51% not associated with hemoglobin)
[21]. In addition, some species of LAB isolated from pulque have de-
monstrated probiotic activity, such as Leuconostoc mesenteroides, L. ci-
treum, L. kimchi, and Lactobacillus acidophilus [19-22]. These confer
protection against gastrointestinal infections caused by pathogenic
microorganisms [22]. However, pulque entails the technological pro-
blem of having a short shelf life of at least 3 days under refrigeration.
This is caused by its higher microbial load that generates rapid de-
composition [23]. As a result, it minimizes its distribution and com-
mercialization. Some investigations have reported the use of different
methods for preserving the beverage, such as conventional pasteuriza-
tion; if preservatives and filtration are added to the process, its sensory
and microbiological properties are reduced [19]. Pulque is a beverage
with relevant properties and there is a need to test emerging technol-
ogies to preserve its quality. Therefore, the objective of this study was
to evaluate thermosonication as an alternative method for processing
pulque in order to extend its shelf life, conserve its sensory, physico-
chemical, and microbiological properties during storage, and compare
these effects with those of samples prepared with conventional pas-
teurization and samples that are unprocessed.

2. Materials and methods
2.1. Samples and treatments

A fresh batch of pulque was obtained from a rural producer at
“Hacienda La Palmita” located in San Miguel de Allende, Guanajuato,
Mexico. Samples were transported at 4 °C and collected in a sterile
container.

The experimental strategy was followed as proposed by [23].
Treatments of thermosonication were performed at 50 +* 2 °C in
500 W high-intensity ultrasound equipment (Hielscher, Inc., NJ., USA).
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An ice bath was employed to control the temperature and thermo-
coupling to measure the latter. At first, optimal pasteurization condi-
tions by thermosonication were determined in 150 mL of pulque by
applying the following amplitudes and times: at 65% for 5, 7, 10, 13,
and 17 min; at 75% for 3, 6, 9, 12, and 15 min; at 85% for 2, 4, 6, 8, and
10 min, and at 95% for 1, 3, 5, 7, and 9 min. The conditions at 75% (for
6 and 9 min), at 85% (for 4 and 6 min), and at 95% (3 and 5 min) were
selected as optimal for the pasteurization of pulque. These conditions
were utilized to conduct studies of the shelf life of pulque, processing 1L
samples for each treatment.

On the other hand, under sterile conditions, the thermal
Conventional pasteurization (CP) treatment was applied at 63 °C for
30 min in 1 L of pulque. Then, cooling was carried out to cause thermal
shock. Samples processed both the Conventional pasteurization and
Thermosonication methods, including raw pulque, were stored in a
sterile container at 4 + 1 °C for 30 days. Microbiological and physi-
cochemical parameters were monitored every 72 h for each treatment.
All conditions were evaluated by triplicate.

2.2. Microbial analysis

The spread-plate method was employed to determine LAB and
yeasts. Samples were diluted several times (10™! to 107°) in sterile
buffered peptone water 0.1% w/v (Difco, Co., Tacuba, Mexico City,
Mexico). Then, a 1 mL volume of several diluted samples were mixed
with 15 mL Man, Rogosa, and Sharp agar (Sigma Aldrich Co., St. Louis,
MO, USA) for determining LAB. Previously, this agar was supplemented
with 100 mg/L of cycloheximide (Sigma Aldrich Co., St. Louis, MO,
USA) and the plates were incubated at 37 °C for 48 h [25]. Potato
dextrose agar (Dibico Co., Cuauhtitlan Izcalli, Edo. de México, Mexico)
was used for the enumeration of yeasts, and incubation was carried out
at 27 °C for 5 days. All analyses were performed in triplicate.

2.3. Identification of microorganisms

Isolation and identification of LAB and yeasts strains from raw and
thermosonicated pulque was conducted following the method reported
by [23]. Subsequently, the colonies that tested positive for biochemical
tests were subjected to molecular identification. In order to identify the
yeasts, a PCR was performed to amplify the D1/D2 dominion of the
gene that codes for subunit 23S of the rRNA using the following pri-
mers: NL1 (5-GCATATCAATAAGCGGAGGAAAAG-3) and NL4 (
5’-GGTCCGTGTTTCAAGACGG-3). For lactic acid bacteria, the subunit
16S of rRNA was amplified. Then, the primers used were pA (5’-AGA
GTTTGATCCTGGCTCAG-3’) and pH (5-AAGGAGGTGATCCAGCC
GCA-3’). Total genomic DNA extraction became a pre-treatment to re-
move lipids, salts, and proteins, obtaining the cell pellet. Cells were
subjected to lysis by heat, and DNA was purified with phenol-chloro-
form and ethanol precipitation [24]. The products obtained were sent
to the Macrogen Laboratory (Geumcheon-gu, Seoul, South Korea) for
sequencing. Microorganisms were identified using the BLAST database
(Basic Local Alignment Search Tool) (http://www.ncbi.nlm.nih.gov/
BLAST/).

2.4. Scanning Electron Microscope (SEM) analysis

SEM was carried out to observe the damage of the thermosonication
on the morphology of the lactic acid bacteria and yeasts. The culture
and incubation of these microorganisms were performed as mentioned
in Section 2.2; these were isolated previously from pulque. Each mi-
croorganism sample was coated with gold and observed with the high
resolution microscope, coupled with Electron Backscatter Diffraction
(JEOL, Ltd., Tokyo, Japan). The LAB and yeasts of raw pulque were
employed as a control.
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2.5. Physicochemical analysis

2.5.1. Titratable acidity

Titratable acidity (TA) was determined in a 20 mL sample and ti-
trated with a 0.1 N NaOH standard [25]. Phenolphthalein was utilized
as an indicator. The volume of NaOH was converted into g of lactic acid
per 100 mL of sample applying the following formula:

volume of NaOH (mL) X 0.1 N NaOH x 0.090 X 100
mL sample

TA =

(€Y

2.5.2. Lightness determination

Color in samples of pulque was determined with a Hunter-Lab model
45/0-L colorimeter (Hunter Associates Laboratory, Inc., Reston, VA,
USA). Color value was expressed as Lightness (L*) on a scale from 0
(darkness) to 100 (lightness) [23].

2.5.3. Alcoholic content

Pulque samples of 200 mL were distilled and alcohol content was
determined in a pycnometer at 15 °C following methods 942.08,
957.03, and 26.1.08 described in [26]. The alcoholic content was ex-
pressed as a percentage (% v/v) of ethanol.

2.6. Sensory analysis

Sensory analysis was evaluated as described by [23] with some
modifications. Samples of raw and thermosonicated pulque were eval-
uated at 1, 24, and 30 storage days at 4 = 1 °C by a Panel of 10 judges.
The analysis consisted of an evaluation of three sensory attributes, in-
cluding color, flavor, and odor, following the hedonic scale: 1 = Dislike
extremely; 2 = Dislike very much; 3 = Dislike moderately; 4 = Dislike
slightly; 5 = Neither like or dislike; 6 = Like slightly; 7 = Like mod-
erately; 8 = Like very much, and 9 = Like extremely, according to
[27]. In addition, the intensity of the acidity and alcohol perception was
measured using the following scale: 1 very weak; 2 weak;
3 = intermediate; 4 = strong, and 5 = very strong.

2.7. Statistical analyses

ANOVA and TUKEY tests were applied to determine statistically
significant differences among the treatments, considering ap < 0.05
significance level. All statistical analyses were performed with JMP®
ver. 8.0 statistical software.

Log UFC/mL

10

Time (min)

12 14 16 18

Log CFU/mL
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3. Results and discussion

3.1. Determination of optimal pasteurization conditions for pulque
processed by thermosonication

Lactic acid bacteria and yeasts were selected for determining op-
timal conditions because they represent two of more important species
of pulque. These microorganisms confer physicochemical and micro-
biological properties that determine beverage quality. Samples of raw
pulque were processed by TS at different conditions in order to obtain
survival curves of the microbial reduction of LAB (Fig. 1A) and yeasts
(Fig. 1B). In the case of LAB, survival curves conducted at 65% barely
showed a 0.91 log CFU/mL reduction during 5 min, while increases in
the processing time ranging from 7 to 17 min reductions from 1.22 to
3.14 log CFU/mL were achieved (Fig. 1A). This means that conditions
at 65% allowed higher LAB survival. A higher content of LAB in pulque
could generate faster decomposition and reduce shelf life [23]. Con-
trariwise, the results obtained when an amplitude of 75% was em-
ployed exhibited major reductions from 1.89, 2.86, 4.22, and 5.20 log
CFU/mL for 6, 9, 12, and 15 min, respectively (Fig. 1A); in other words,
the number of surviving cells was lower than 65%. Treatments tested
with higher amplitudes, such as 85% and 95%, exhibited higher mi-
crobial reduction than treatments at 65% and 75%. For example, at
85% during 6, 8, and 10 min, maximal microbial reduction ranged from
3.12 to 5.59 log CFU/mL, while at 95% for 3 up to 9 min, reductions
were achieved that ranged from 2.34 to 5.85 log CFU/mL. As expected,
the microbial reduction of LAB was found to that depend on the am-
plitude and processing times and the higher amplitude the used, the
more cells are inactivated. Therefore, the survival curves decrease lin-
early with time. Similar behavior has been reported by [15] in En-
terobacter aerogenes. When yeasts were thermosonicated at 65% for 10,
13, and 17 min, reductions of 2.49, 3.67, and 4.94 log CFU/mL were
achieved (Fig. 1B). As for LAB, these conditions allowed high yeast
survival and poor inactivation, and the shelf life of pulque could be
reduced, due that a yeast content of 5-7 log CFU/mL could cause de-
terioration of the pulque and a high production of ethanol [23]. Treat-
ments at 85% during 4-10 min demonstrated reductions of 3.47 up to
5.90 Log CFU/mL. Similar reductions were reported by [4] in Saccar-
omyces cerevisiae when TS treatments were applied 50 °C for 10 min.
They suggest that the action of the temperature and of the ultrasound
waves increased the sensitivity of the yeasts. Treatment at 95% during 3
and 5 min exhibited reductions of 3.59 and 7.21 log CFU/mL of the
yeasts. These conditions revealed a higher reduction of LAB. However,
this suggests that pulque could present alterations in flavor and aroma.
Therefore, these treatments are considered lethal; they reduce

10

Time (min)

12 14 16 18

Fig. 1. Survival curves of Lactic Acid Bacteria (A) and yeasts (B) in pulque processed by thermosonication at 50 °C and different amplitudes of 65%, 75%, 85%, and

95%. Each value is expressed as mean = standard deviation.
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significant amounts of yeasts and LAB. Treatments at 75% and 85%
exhibited reductions that could be considered sub-lethal. As a result, the
sensory and physicochemical properties could be being retained. Ac-
cording to the results of the survival curves for LAB and yeasts, it is
considered that optimal treatments to process the pulque comprised
amplitudes at 75% (for 6 and 9 min) and at 85% (for 4 and 6 min).

3.2. LAB and microbial yeast growth during storage in processed pulque

Optimal conditions for pulque processing by TS were evaluated for
30 days, finding which treatments at 75% for 6 and 9 min exhibited a
LAB load ranging from 6.30 to 6.91 log CFU/mL on days 21 and 30 of
storage at 4 °C (Fig. 2A). The growing total microbial load under these
conditions was 2.47 and 2.49 log CFU/mL, respectively. Pulque pro-
cessed at 85% for 4 and 6 min showed a maximal growth from day 24
up to day 30 with counts of 6.62-6.78 log CFU/mL for both conditions
(Fig. 2B). The growth of LAB obtained by treatments at 75% and 85%
was greater than that reported by [15] in samples of ayran (< 1 log
CFU/mL) processed by TS for 30 days of storage.

Conventional pasteurization demonstrated a LAB growth of
3.64-3.81 log CFU/mL from day 24 to day 30 of storage (Fig. 2). In
contrast, the treatment with the highest amplitude was applied at 95%
for 3 and for 5 min (Fig. 2C). These conditions exhibited a higher
content (5.16-5.61 log CFU/mL) of LAB than conventional pasteur-
ization. It could be suggested that conventional pasteurization did not
conserve the LAB and, because the latter was more lethal, the physi-
cochemical quality could be affected as a result. Raw pulque showed the
highest LAB content (7.77 log CFU/mL) of all treatments tested, at day
30 of storage. [23] It was observed that, at a range of 6-7 log CFU/mL
the quality parameters of LAB (acidity, sensory, and microbiological)
could be conserved in pulque during storage. These counts were ob-
tained in the treatments at 75% and 85%. Regarding the development
of yeasts, these play an important role in the production of ethanol in
pulque and contribute to its flavor, odor, and sensory properties [28]. A
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similar development of yeasts occurred during day 30 of storage in
thermosonication treatments at 75%, 85%, and 95%. On day 24,
amounts ranging from 6.87 to 7.27 log CFU/mL were obtained under
these conditions at 50 °C (Fig. 2D, 2E, and 2F). The pulque processed by
conventional pasteurization (Fig. 2) demonstrated the lowest develop-
ment (3.97-4.64 log CFU/mL) of yeasts, while the raw pulque had the
highest content of all of the evaluated treatments (Fig. 2). A high
content of yeast generates very fast fermentation, causing a high pro-
duction of ethanol and shortening the shelf life of the pulque [19]. In
general, conventional pasteurization showed microbial stability during
storage period, with lower counts of yeasts and LAB. Microbial control
is necessary in fermented beverages in order to maintain the stability of
the product during storage, due that physicochemical parameters are
directly related to the microbial content [15]. Of the three Thermo-
sonication amplitudes evaluated, the best were at 75% and 85%; counts
were lower at 95%. Pulque processed by TS revealed adequate microbial
stability at day 24 of storage. After this time, the pulque could undergo
altered sensory qualities. Therefore, thermosonication proves to be a
suitable technology to process pulque in less than 9 min at 50 °C. This is
more efficient than conventional pasteurization, which used (30 min,
60 °C).

3.3. Microorganisms identified in the processed pulque

The identified microorganisms in raw and thermosonicated pulque
were Lactobacillus kefiri, L. acidophilus, and L. hilgardii. The yeast iden-
tified was Saccaromyces cerevisiae, which is recognized as the main
ethanol production on pulque and provides sensory properties [19,23].
Lactocabillus in pulque processed by TS could provide benefits for the
health of the consumer. L. kefiri possesses a strong ability to modulate
gut microbiotic composition, leading to a reduction of several bacterial
genera directly involved in the onset of the proinflammatory response
and gastrointestinal diseases [30], while L. acidophilus enhances the
immune response, improves lactose digestion, minimizes the effect of
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Fig. 3. SEM micrographs of Lactic Acid Bacteria and yeasts in raw (A and D) and processed pulque by thermosonication at 85% for 6 min (B and E) and at 95% for

5 min (C and F).

antibiotics on normal bacterial flora, inflammatory syndrome bowel is
reduced [31], and L. hilgardii is used for technological purposes [32].

3.4. Morphological analysis of SEM

SEM is a technique utilized to visualize the morphology of single
bacteria cell. SEM images of lactic acid bacteria and yeasts of raw and
processed pulque by thermosonication are shown in Fig. 3. The SEM
image of microorganism on raw pulque (control) confirms that LAB are
short, plump rods that can present in chains or palisades (Fig. 3A).
Yeasts are elongated or spherical (Fig. 3D). It can also be clearly ob-
served that LAB and yeasts processed by thermosonication exerted a
considerable effect on their morphology. At 85% for 6 min, LAB and
yeasts demonstrated roughness, slight elongation, and pore formation
(Fig. 3B and E). Mainly in the treatment at 95% during 5 min, it ex-
hibited greater damage, such as greater elongation of the cell body,
larger pores, and greater roughness (Fig. 3C and F). Similar changes in
the morphology of microorganisms processed by TS were observed by

[33]. These authors reported modification, erosion, and the perforation
of cell membranes; in consequence, this causes inactivation of the mi-
crobial load. When the conditions are lethal, microorganisms do not
possess the ability to multiply and regenerate; in contrast, when the
damage is sub-lethal, bacteria could multiply again. Therefore, the
thermosonication treatment at 85% during 6 min gave rise to less
morphological damage than the treatment at 95% for 5 min. Therefore,
this is relevant in terms of conserving the LAB and yeasts, because are
charged with conferring the physicochemical and sensory properties on
the beverage.

3.5. Physicochemical parameters of pulque during storage

3.5.1. Titratable acidity

Acidity affects the storage stability and quality of pulque. The
Titratable acidity (TA) values in pulque samples during storage are
presented in Fig. 4. The control sample (raw pulque) had the highest
titratable acidity on day 30 of storage, which might have resulted from
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the high microbial counts. There were significant differences
(p < 0.05) in titratable acidity among raw pulque, thermosonication
treatments, and conventional pasteurization. As expected, because
thermosonication and conventional pasteurization samples had a lower
microbial load of LAB during storage. These bacteria are responsible for
the production of lactic acid. A similar behavior was reported by [23] in
pulque processed by ohmic heating. The values of titratable acidity of
raw pulque ranged from 0.36 up to 1.32 g of lactic acid/100 mL during
30 storage days. At the same time, the values of titratable acidity in TS
samples at 75%, 85%, and 95% were 0.28-0.93 g lactic acid/100 mL
(Fig. 4A, B, and C). According to [34], Mexican standard NMX-V-037-
1972, titratable acidity in pulque must be 0.75 g lactic acid/100 mL
sample. This parameter was close to being achieved on days 21
(0.68-0.78 g lactic acid/100 mL) and 24 (0.71-0.83 g lactic acid/
100 mL) of storage. However, what determines the acceptance of the
beverage will be the sensory analysis. Titratable acidity values reported
by [35,36] on yogurt were ranged from 0.6 up to 1.10 g lactic acid/
100 mL; these are higher than those found in thermosonicated pulque.
The titratable acidity values during the storage period increased in
thermosonication treatments, similarly to in the samples processed by
conventional pasteurization, which exhibited titratable acidity values
ranging from 0.28 to 0.74 g lactic acid/100 mL. On days 21 and 24,
these values were 0.64 and 0.69 g lactic acid/100 mL, respectively.
Conventional pasteurization exhibited lower values of titratable acidity
than those of thermosonication treatments. This could be due to that a
result of lower microbial growth during the storage period is due to that
conventional pasteurization causes a lethal effect on bacteria, while
thermosonication treatments have a sub-lethal effect (Fig. 2). The
acidity levels of fermented beverages are directly associated with mi-
crobial load and activity conditions [36]. Parameters such as acidity
and the microbial load of LAB determine the quality of pulque; there-
fore, the conditions tested for thermosonication have demonstrated to
conserve both of these parameters.

3.5.2. Alcoholic content

The ethanol content in pulque is important because the latter is
considered an alcoholic beverage. Table 1 shows the alcohol content
during storage in raw and pulque processed by thermosonication and
conventional pasteurization. On day 1 values of the alcohol content
(ethanol % v/v) did not show significant changes (p < 0.05) between
the raw pulque and thermosonication treatments. All treatments ex-
hibited an increase in alcohol content during the storage period, but
lowest ethanol values were found in samples processed by conventional
pasteurization (4.34 *= 0.03% v/v on day 24 and 4.38 * 0.03% v/v
on day 30 of storage). Instead, thermosonication treatments with the
highest alcohol content were at 75% (for 6 and 9 min) and 85% (for 4
and 6 min), demonstrating values ranging from 4.75 to 4.95% v/v at
day 24 of storage. At day 30, these values increased from 4.89 to 5.14%

1 °C. Each value is expressed as mean =+

standard deviation.

v/v of ethanol. A similar alcohol content ranging from 4 to 5% v/v was
reported by [28] in the burukutu alcoholic beverage. Samples processed
at 95% during 3 and 5 min exhibited an alcohol content ranging from
4.61 = 0.03% v/v-4.48 = 0.02% v/v at day 24 of storage, while at
day 30 of storage, these increased up to 4.75 = 0.04% v/
v-4.60 = 0.02% v/v. The alcohol content in fermented beverages is
directly related to the multiplication of yeasts during the storage period
[37]. The treatment that showed greater development of yeasts was
thermosonication compared to conventional pasteurization (Fig. 2D-F).
However, both treatments, that is, conventional pasteurization and
thermosonication, complied with Mexican standard NMX-V-037-1972
for commercial pulque, which establishes an alcohol content ranging
from 4.0 to 6.0% v/v. The experimental results demonstrated that
thermosonication treatments did not affect the alcohol content of the
beverage, which was conserved up to 24 storage days.

3.5.3. Lightness (L*)

The lightness value or the whiteness is an important quality para-
meter of pulque, and a high value is desired for conservation during
storage. Untreated pulque revealed an initial L* value of 38.73 = 0.01;
as storage elapses, lightness decreases to 23.76 =+ 0.06 and
18.20 =+ 0.01 on days 24 and 30 of storage, respectively (Table 2). It is
clear that, during storage, there was a loss of lightness in all treatments,
but this loss was greater in conventional pasteurization. Thermo-
sonication treatments exhibited values of lightness in ranging from
31.93 to 33.69 at 24 storage days, while conventional pasteurization
had a value of 27.18. This suggests that microorganisms and enzymes
could cause degradation of carbohydrates and changes in color. Similar
behavior was obtained by [23] in pulque processed by ohmic heating.
However, [29] reported that the phenomenon of cavitation may induce
changes in color due to the acceleration of chemical reactions, the rise
of the diffusion rate, dispersion, the formation of aggregates, and par-
ticle breakdown. Thermosonication treatments up to 24 storage days
conserved the lightness; after this time, the values decreased sig-
nificantly (p < 0.05). On the other hand, conventional pasteurization
did not conserve the lightness after 15 storage days. Therefore, ther-
mosonication demonstrated that it could comprise an appropriate
technology for processing pulque and for conserving its color and phy-
sicochemical parameters.

3.6. Sensory analysis

Changes in sensory properties in raw and processed pulque are
shown in Table 3. On day 1 of storage, there were no significant dif-
ferences (p < 0.05) between the thermosonication and conventional
pasteurization treatments of raw pulque in the parameters of aroma and
color. After conventional pasteurization, flavors revealed a significant
difference (p < 0.05) with respect to the raw pulque. On day 24 of
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Table 1
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Alcoholic content in raw and processed pulque by thermosonication and conventional pasteurization stored for 30 days at 4 = 1 °C.

Alcoholic content (% V/V)

Storage days 1 8 15 24 30

Treatment

Raw pulque 3.37 = 0.02Ad 6.18 + 0.01Ac 6.93 + 0.02Ab 7.16 + 0.04Aa 6.86 + 0.03Ab

'cp 3.33 = 0.03Ad 3.93 + 0.01Fc 4.26 = 0.01Eb 4.34 = 0.03Fab 4.38 + 0.02Fa

75%, 6 min 3.37 = 0.02Ae 4.59 + 0.007Bd 4.80 = 0.01Bc 4.95 + 0.001Bb 5.14 = 0.04Ba

75%, 9 min 3.34 = 0.02Ad 4.52 + 0.007Cc 4.67 = 0.02Cb 4.75 + 0.02Cb 4.93 + 0.07Ca

85%, 4 min 3.36 = 0.04Ad 4.42 = 0.007Dc 4.74 + 0.02BCb 4.88 + 0.03Ba 491 = 0.04Ca

85%, 6 min 3.33 = 0.03Ad 4.39 = 0.00Dc 4.68 = 0.01Cb 4.75 = 0.04Cb 4.89 = 0.03CDa
95%, 3 min 3.36 + 0.007Ad 4.31 += 0.02Ec 4.53 = 0.03Db 4.61 += 0.03Db 4.75 + 0.04DEa
95%, 5 min 3.34 + 0.02Ad 4.29 + 0.007Ec 4.33 + 0.020Ec 4.48 = 0.02Eb 4.60 = 0.02Ea

The results are expressed as the mean (n = 2) + SD of two independent experiments. Different uppercase by columns (treatments) and lowercase letters by rows

(storage days) indicate significant difference (p < 0.05) using the Tukey test.
1 Conventional pasteurized (63 °C/30 min).

Table 2
Color in raw and processed pulque by thermosonication and conventional pasteurization stored for 30 days at 4 + 1 °C.
L*

Storage days 1 15 24 30
Treatment
Raw pulque 38.73 *= 0.0la 34.17 + 0.06d 23.76 = 0.06 g 18.20 *= 0.01f
'cp 37.85 + 0.05d 34.10 = 0.03d 27.18 * 0.02f 24.17 + 0.06e
75%, 6 min 38.63 = 0.03ab 35.83 = 0.09a 33.69 *= 0.05a 26.88 + 0.05d
75%, 9 min 38.66 * 0.0lab 35.34 + 0.15ab 33.49 =+ 0.05ab 27.74 £ 0.04c
85%, 4 min 38.58 + 0.02bc 34.90 *= 0.03bc 32.68 + 0.04c 29.00 = 0.02b
85%, 6 min 37.96 = 0.04d 34.50 = 0.21 cd 33.31 = 0.14b 28.30 + 0.04b
95%, 3 min 38.48 = 0.03c 35.93 = 0.07a 31.98 *= 0.04d 28.19 + 0.07b
95%, 5 min 38.61 + 0.01b 34.99 * 0.17bc 31.93 + 0.07e 29.16 + 0.0la

L*: lightness value.

Each value is expressed as mean + standard deviation (n = 2). Means in the same column followed by different lowercase letters represent significant differences

(@ < 0.05).
1 : Conventional pasteurized.

storage, raw pulque presented the lowest acceptability with a score of
1.0 (Dislike extremely) in the parameters of flavor, aroma, and color.
According to [21,23], after day 3 of storage at 4 °C, the sensory quality
of raw pulque is seriously affected. Regarding the intensity of acidity
and the perception of alcohol at day 24 of storage, these were very
strong for raw pulque, resulting in its not being suitable for consump-
tion. Samples processed by thermosonication up to day 24 of storage at
4 °C were evaluated as “Like moderately” in flavor, aroma, and color.
The highest score of acceptance was obtained in these parameters in the

samples thermosonicated at 85% during 4 and 6 min. Thermosonication
treatments had a better acceptance on a scale of —intermediate- in-
tensity of acidity and alcohol perception. Similar results were reported
by [23] on pulque processed by ohmic heating. These authors reported
that the sensory properties were conserved up to day 22.

On the other hand, at day 30 of storage raw and processed pulque by
conventional pasteurization and thermosonication exhibited a loss of
sensory parameters and a higher intensity of acidity and alcohol per-
ception. Similar results were reported by [37] in thermosonicated beer

Table 3

Sensory analysis in raw and processed pulque by thermosonication and conventional pasteurization stored for 1, 24, and 30 days at 4 + 1 °C.
Storage days Day 1 Day 24 Day 30
Parameter/ Flavor =~ Aroma Color “Acidity “Alcohol Flavor  Aroma Color “Acidity “Alcohol Flavor Aroma Color “Acidity “Alcohol
Treatments perception perception perception
Raw pulque 8.05bc 8.05a 8.10a 2.30a 2.90a 1.00e 1.00d 1.00e 5.00a 5.00a 1.00c 1.00d 1.00e 5.00a 5.00a
'cp 6.80e 7.95a 7.90a 1.45c 2.05b 6.55d 6.30c  5.50d 2.50c¢ 2.25¢ 1.30c  4.20b 2.90bc  3.75d 2.35d
75%, 6 min 7.35de 8.15a 8.10a 2.00ab 2.85a 7.10cd 7.35ab 7.15bc  3.35b 3.10b 4.30a 2.70c  2.90bc 4.10cd 4.25b
75%, 9 min 8.35abc 8.05a 8.15a 2.00ab  2.95a 7.50abc  7.45ab 7.40abc 3.20b 3.35b 2.65b 2.75¢  2.75bcd 4.60b 4.20bc
85%, 4 min 8.60ab 8.10a 8.05a 2.05ab  2.90a 8.20a 7.65ab 7.85ab  3.15b 3.40b 4.25a 3.95b 2.95b 4.15¢ 4.0bc
85%, 6 min 8.75a 8.20a 8.20a 2.00ab 2.95a 8.05ab  7.85a  7.90a 3.50b 3.30b 3.05b 4.85a 3.70a 4.20c 4.20bc
95%, 3 min 7.90cd 8.10a 8.15a 1.90abc 2.85a 7.35bc  6.90bc 7.65ab  3.15b 3.20b 2.70b 3.75b 2.40cd 3.85cd 4.15bc
95%, 5 min 8.00c 8.05a 8.05a 1.80f 2.90a 6.80 cd 7.10ab 6.80c 3.45b 3.10b 2.75b 3.75b  2.30d 4.0 cd 3.85¢

Means in the same column followed by different lowercase letters represent significant differences (p < 0.05).
Sensory code: 1 = Dislike extremely; 2 = Dislike very much; 3 = Dislike moderately; 4 = Dislike slightly; 5 = Neither like or dislike; 6 = Like slightly; 7 = Like

moderately; 8 = Like very much; 9 = Like extremely
1 CP: Conventional pasteurization (63 °C, 30 min).

2 Intensity scale: 1 = very weak; 2 = weak; 3 = Intermediate; 4 = strong; 5

very strong.
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that, at day 30 days of storage, showed alterations in sensory proper-
ties. The maximal duration of the sensory aroma of pulque was 24
storage days at 4 °C. After this time, no treatment preserved the sensory
properties. Sensory analysis of parameters of flavor and aroma were
carried out to detect metallic notes during 1, 8, 15, 24, and 30 storage
days (data not shown). In the obtained results, the metallic note was not
detected in any of the pulque samples processed by thermosonication.
Even the samples of raw and processed pulque by CP demonstrated the
absence of metallic notes at the same storage time. Similar results were
obtained by [38] in fruit juices processed by ultrasound high intensity;
these authors did not find a metallic taste. In general, the sensory at-
tributes of thermosonicated pulque exhibited greater acceptance than
those of pulque processed by conventional pasteurization. This could
suggest that thermosonication is a viable technology for processing
pulque and preserving its sensory properties up to day 24 at 4 °C.

4. Conclusions

The optimal conditions found for processing pulque by thermo-
sonication were at 75% for 6 and 9 min and 85% for 4 and 6 min. These
conditions allowed the survival of lactic acid bacteria and yeasts that
can develop during storage and that can preserve the quality of pulque.
Thermosonication achieves the extension of the shelf life of pulque up to
day 24 of storage at 4 °C. At the same time, sensory and physico-
chemical properties such as color, alcohol content, and acidity were
conserved. Conventional pasteurization revealed a lower growth rate of
LAB and yeasts during the storage period as a result; it retains some
parameters, such as acidity and alcohol content, but not color and
sensory quality. Therefore, conventional pasteurization could extend
the shelf life in pulque up to day 24 of storage, but does no retain all of
the quality parameters, which are important for acceptance of the
beverage by the consumer. The LAB identified were L. kefiri, L. acid-
ophilus, and L. hilgardii. These strains could have some applications on
the food industry. The process times applied by thermosonication were
less than 9 min, which are more efficient than those of the conventional
pasteurization process (63 °C for 30 min), further saving energy. In
other words, thermosonication can be utilized as an alternative method
for processing pulque and preserving its quality during storage.
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