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Abstract: The present work studied a modified processing technique of a traditional aerobic
fermented cassava product called "Puba". Puba is a food process developed by Native Americans in
South America but made in microbiological hazard conditions. The process modification was
designed in an anaerobic environment obtained by pressing Puba in a glass jar and sealing then.
Changes in the nutritional composition and antioxidant capacity as vitamin C contents were
evaluated in the food products produced with cassava peels, cassava from conventional and cassava
from organic farming systems as raw materials. In addition, were researched microbiological safety,
the presence of lacteal bacteria, and paste properties of the products, named Puba 2.0. One-way
variance analysis, Student, and Tukey post hoc tests, with p < 0.05, evaluated the data. Results: The
organic cassava had a significantly higher vitamin C content and more beneficial bacterial growth
than that grown conventionally (t-test, p <0.05). The Puba 2 made with cassava peels showed protein
and insoluble and total dietary fiber contents significantly increased. Puba 2.0 fermentation promoted
the growth of bacteria with probiotic potential and resulted in good qualities for bakery products,
compared with Puba. Conclusions: Puba 2.0 fermentation is a simple and inexpensive technique with
nutritional, technological, and probiotic potential. This procedure showed the potential of cassava
peels use and the nutritional superiority of organic cassava as raw material. The cassava processing
made in an environmental temperature and no refrigeration, can be safely applied for human
consumption.

Keywords: Manihot esculenta; cassava; anaerobic fermentation; organic food; peel; paste properties

1. Introduction

The growth of the human population and climate change, alongside a greater consumption of
plant-based proteins, demand an increase in agro-industrial productivity and the search for
innovative agricultural systems that maintain a social, environmental, and ecological balance [9,28].
Agroforestry systems have gained a leading role in the search for innovative agriculture with high
productivity and environmental sustainability [39]. AFS is a variant of organic farming that associates
food crops with trees sustainably [56]. Organic farming minimizes the use of agricultural pesticides
and reduces cultivation costs [54]. Organic foods stand out for their low toxicity, increased shelf life,
and higher nutrient content when compared to foods grown by the conventional approach.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Cassava (Manihot esculenta Crantz), a proteic and starchy plant-based food, has been widely
consumed globally and cultivated in tropical America for over 5000 years [58]. Cassava grown in an
organic cultivation system has 10% to 20% more root yield and 28% more the net profit compared to
a conventional cultivation system (C). In organic cultivation, cassava, here identified as just cassava,
is of better quality, besides providing a higher dry matter, starch, crude protein, potassium, calcium,
and magnesium content [55]. Starch from its roots is beneficial in preparing bakery products and food
alternatives for individuals with gluten intolerance and those with celiac disease [2].

Unprocessed cassava has a maximum shelf life of 5 days due to deterioration reactions that begin
a few hours after harvest. Traditional cassava fermentation, a pre-Colombian indigenous technology,
increases the shelf life of the fermented product by up to a year [53]. In Brazil, traditional cassava
fermentation is called "pubagem" [13]. In this process, the peeled or whole cassava are soaked in
water and left to ferment for 24 to 96 h. This technique develops aroma and flavor characteristics, and
acidity in the product. With a longer fermentation time, the product's acidity will be higher [14].

Fermentation also decreases toxic substances present in some cassava varieties [1,8]. The
production process and the quality of traditional Puba have been widely studied in the past decades
and are well described in the literature [4,15,38,48]. The physicochemical and nutrient contents of the
product of anaerobic fermentation, "cassava silage" or as named here Puba 2, using the cassava cortex
to reduce the by-products of the process, and organic or conventional cultivation, have not yet been
studied. This process was first disclosed by the farmer and researcher Ernst Gétsch [5].

This study aimed to standardize and improve the Puba 2.0 technique as an inexpensive and
simple post-harvest cassava processing technique, to increase its shelf life in a resource-efficient
method, and to offer different gluten-free and starchy products with prebiotic potential, improving
and valuing traditional food habits

References should be numbered in order of appearance and indicated by a numeral or numerals
in square brackets—e.g., [1] or [2,3], or [4-6]. See the end of the document for further details on
references.

2. Materials and Methods

The variety of cassava used was "Cacau Amarela". Cassava roots were harvested from
conventional (CCFS) and organic (COFS) farming systems. CCES roots were acquired from a farm
located in Teresopolis, Goias, Brazil (16°29'13.9"S and 49°08'13.1"W). COFS roots were acquired from
a farm situated in Goianira, Goias, Brazil (16°29'04.9"S and 49°24'03.3"W).

The ensiling of the cassava mass was developed based on the principle of creating an anaerobic
environment, well-described for animal consumption known by animal sillage, that occurs on other
traditional foods like German Sauerkraut. The cassava roots were washed in fresh water, peeled, and
grated. The resulting mass was pressed to reduce water content, sifted, transferred to glass jars with
airtight lids, and fermented at room temperature (approximately 25 °C). The product resulting from
the anaerobic fermentation was called "Puba 2" (about the traditional fermented cassava mass known
as "puba"). The residues obtained at each stage were all weighed to calculate the yield of the Puba 2.0
processing technique. Figure 1 below presents a flowchart of the main steps used in producing Puba
2.0.

Initially, the stability point of fermentation (SPF) was determined, defined as the time required
for the pH of the mass to begin stabilizing. In this experience, CCFS roots were used with and without
cortex (CWC and CWOC, respectively), and subjected to 14 days of fermentation (Fto to Ftis). It was
conducted in a randomized design, in a 2 x 14 factorial arrangement, with three repetitions.

In another experiment, in a 23 factorial design, with three replicates, the levels of the factors
fermentation (fermented and non-fermented), cortex (with and without cortex), and cultivation
system (CCFS and COFS) were combined, to study the effects on the physicochemical,
microbiological, and paste characteristics of the Puba 2. Non-fermented treatments were named as
follows: T1 — conventional, with cortex, non-fermented (CWU); T2 — conventional, without cortex,
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non-fermented (CWOU); T3 — organic, with cortex, non-fermented (OWU); and T4 — organic, without
cortex, non-fermented (OWQOU).
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Figure 1. Puba 2 production flowchart.

The fermented treatments (Puba 2) were obtained after reaching the time of fermentation
stability for the respective masses of grated and pressed cassava (GCP), following the procedure
outlined in Figure 1. The samples were ensiled in 600 mL glass jars with screw caps, sealed to preserve
the final weight of all replicates. After fermentation, the samples were placed in low-density
polyethylene packaging and kept refrigerated at -20 °C for subsequent analysis of physicochemical,
microbiological, and paste properties. After fermentation, the treatments were named as follows: T5
- conventional, with cortex, fermented (CWF); T6 - conventional, without cortex, fermented (CWOF);
T7 - organic, with cortex, fermented (OWEF); and T8 - organic, without cortex, fermented (OWOF).

To express the efficiency of this technique, considering the conversion rate of raw cassava in
Puba 2, all the residues between steps were weighted. The fermentation yield was calculated after
the final product was obtained, compared with the amount of GCP initially ensiled in the jars. It was
measured from the mass of the liquid that overflowed through the lid during fermentation (Equation
1):

Puba 2 - Final product (g)

Fermentation yield (%) = x 100 (1)

mass of GCP initially ensiled in the jars (g)

To obtain the Puba 2 conversion rate, a calculation compared the total GCP received concerning
the initial weight of whole cassava, multiplied by the average fermentation yield (Equation 1) for
each treatment (Equation 2), as not all the GCP was ensiled.

GCP (g)
Whole cassava (g)

Puba 2 conversion rate (%) = x Fermentation Yield (%) (2)

The nutrtional composition was determined according to official methods. The moisture was
obtained by drying the sample at 105 °C until constant weight, method no. 935.29 [7]. The ash by
burning organic matter in an indirect flame and calcination in a muffle furnace at 525 °C, method no
923.03 [7]. The crude fat, using petroleum ether as the solvent, method no. 2003.05 [7]. The total
nitrogen by the micro—Kjeldahl method, with 5.75 as the nitrogen factor, to obtain the percentage of
protein, method no. 960.52 [7]. The reducing sugars by the Lane-Eynon procedure using Fehling A
and Fehling B reagents, method no. 923.09 [7]. The total sugars using acid hydrolysis and subsequent
Lane-Eynon procedure, method no. 958.06 [7]. The starch by strongly acidic hydrolysis and following
Lane-Eynon procedure, method no. 958.06 [7]. The soluble, insoluble, and total fiber according to the
enzymatic-gravimetric method no. 991.43 [7]. The available carbohydrate content was calculated by
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difference (100 — moisture, ash, protein, lipid, and insoluble fiber). The energetic value was calculated
considering Atwater factors, 4 kcal/g of available carbohydrate, 4 kcal/g of protein, 9 kcal/g of lipids,
and 2 kcal/g of soluble fiber. The ascorbic acid (vitamin C) levels were determined by titration using
the reagent 2,6-dichloroindophenol, method no. 967.21 [7].

Microbiological analyses were carried out by surface plating and incubation, according to official
methodologies. The Escherichia coli count was done using method ISO 991.14 [7]. The coagulase-
positive staphylococci, by method ISO 6888-1:1999 [30]. The presumptive Bacillus cereus, using
method ISO 7932:2004 [31]. The total lactic acid bacteria count, by method ISO 15214:1998 [29]. The
total count of molds and yeasts, using method no. 21527-2:2008 [32]. The detection of Salmonella sp.
using method ISO 6579-1:2017 [33]. The identification of lactic acid bacteria was carried out using the
methodology of High-sensitivity screening of the 16S rRNA gene, performed using a two-step PCR
[16]. To increase the accuracy of the results, the hypervariable V3-V4 region of the 165 rRNA gene
was amplified with standard DNA polymerase. All microbiological results were verified according
to RDC no. 331/2019 [11], a Brazilian norm for microbial food standards.

The samples were ground in a coffee grinder (Di Grano, Cadence, Balneario Pigarras, Brazil), up
to 250 um/60 mesh. The viscosity profile of the product was determined using RVA equipment (RVA
4500, Perten, Macquarie Park, Australia). The Standard Analysis 1 programming of the Thermocline
for Windows software version 3.0 performed the analysis. The sample (2.5 g) was suspended in
distilled water (25 mL) and the moisture content was corrected to 14% in an RVA container. From
the profile obtained by the RVA, pasting temperature, peak viscosity (maximum), breakdown
viscosity, final viscosity, and setback viscosity were evaluated.

SPF data were submitted to analysis of variance (ANOVA), at the level of 5% probability, to
verify the effects of cortex presence and fermentation time on the yield, pH, and titratable acidity of
Puba 2 processing. When the interaction cortex presence x fermentation time was significant,
regression analysis was applied to the third degree for fermentation time and the mean t-test for
cortex presence [49]. Pearson correlation analysis was applied between the variable's pH and
titratable acidity responses.

The results of physical-chemical, microbiological and paste characteristic in function of cassava
farming system, cortex presence, and fermentation were submitted to ANOVA, at the level of 5%
probability. When the interaction farming system x Cortex presence x fermentation was significant,
ANOVA was applied, followed by Duncan's test.

The results were evaluated with the aid of Statistica software for Windows version 12.0.

3. Results

3.1. pH Curve

The pH curves started at a value of 6.5 (Figure 2), followed by a decline to approximately 4.6
after the 4™ and 9% days for SCSE and SCCE, respectively, indicating the stability point of the
fermentation process. In this study, the ninth day was chosen to indicate the stability time of
fermentation for both samples, thus eliminating the fermentation time effect. The Puba 2.0 obtained
in this way exhibited pH and TTA (Total Titratable Acidity) values of 4.67+0.01 and 2.95+0.04 for
SCSE, and 4.63+0.00 and 2.21+0.04 for SCCE, respectively.
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Figure 2. Variation of titratable acidity and pH values of Puba 2 with and without cortex according to different

fermentation times. .

3.2. Yield of Puba 2.0 Production

As expected, the treatments without cortex presented lower yields than those without cortex. The
organic cultivar showed a higher yield, probably due to the lower moisture content caused by the
different soil, planting, and harvest time conditions between the two cultivation systems (Table 1).

Table 1. Weight (kg) at cassava processing steps and yield (%) of grated cassava pulp considering cortex

presence and farming system.

Process steps kg / (% yield)

CwW CWO ow OWO
Fresh cassava 12.15 (100) 11.99 (100) 11.13 (100) 10.09 (100)
Peeled 10.99 (90.45) 8.91 (74.31) 9.60 (86.25) 7.48 (74.13)
Pressed dough 9.31 (76.63) 7.58 (63.22) 9.18 (82.48) 6.38 (63.23)
Total GCP 8.53 (70.21) 7.07 (58.97) 8.69 (78.08) 6.05 (59.96)
Wastewater 2.20 (18.09) 1.37 (11.38) 0.92 (8.22) 0.53 (5.21)
Cassava starch 0.97 (8.00) 0.68 (5.67) 0.47 (4.22) 0.31 (3.07)

kg

Ensiled GCP 2.125 2.135 2.125 2.155
Puba 2 — product 1.904 1.995 1.995 2.045
Fermentation yield (%) 89.60 93.44 93.88 94.90
Puba 2 yield (%) 62.90 55.10 73.30 56.90

CW: Conventional with cortex; CWO: a conventional cultivar without cortex; OW: organic cultivar with cortex;

OWO: organic cultivar without cortex. GCP: grated cassava pulp.

3.3. Nutritonal Composition

In the general nutritional composition of Puba 2, the presence of cortex resulted in a significantly

higher starch, moisture, dietary fiber, and protein content. The cassava cortex presented a higher
content of insoluble fiber due to its starchy flesh, that is, the products without cortex offered a higher
soluble fiber content. The concentration of ash and crude fat was close to zero in all samples. As for
ash, the highest content was observed in the samples from the organic cultivation system (Table 2
and 3).
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Table 2. Proximal composition of grated cassava pulp (CWU, CWOU, OWUF, OWOU) and Puba 2 (CWF, CWOF, OWF, OWOF) elaborated from cassava cultivated in conventional and organic _i
systems, with and without cortex (wet basis). (Part 1). é
Treatment Moisture Ash Lipid Protein Total fiber Soluble fiber a’
g/100 g g/100 g g/100 g g/100 g g/100 g g/100 g é
CWU 53.1+04Pb 1.00 £0.02 ¢ 0.25+0.012 3.1+0.182 3.6+0.11"P 1.31+0.05P =
=z
(@)
_'
CWF 529 +0.1 be 099 +0.01¢ 0.17+0.014 23+0.04¢ 29+0.014 0.00 £0.00 ¢ r-ﬁ
D
)
CWOUF 55.5+0.62 1.08 £0.024 0.22 +0.00 " 2.6+0.06" 3.2+0.03¢ 1.12+0.02¢ g
m
=
CWOF 52.6+0.1¢ 1.01+£0.00¢ 0.22+0.00 1.8+0.064 25+0.02f 0.00 £0.00 ¢ (w)
S
OWUF 51.4+0.24 1.64+0.012 0.18 £0.01 4 3.0+0.032 3.8+0.054 1.05+0.04 ¢ %
o
N
OWF 51.0+0.04 1.55+0.01° 0.13+0.01¢ 24+0.06¢ 2.6+0.08¢ 0.00+0.00¢ <
=
OWOUF 496+0.1¢ 1.65+0.012 0.21+0.01" 24+0.08¢ 35+0.03° 1.48+0.082 <
S
&
OWOF 487 +0.1¢ 1.46 +£0.01 ¢ 0.20+0.01 ¢ 23+0.06¢ 22+0.028 0.00+0.00¢

Data expressed as triplicate mean + standard deviation. CWU and CWF: conventional system, with cortex, unfermented and fermented, respectively. CWOU and CWOF: conventional system
without cortex, unfermented and fermented, respectively. OWUF and OWEF: organic system with cortex, unfermented and fermented, respectively. OWOU and OWOF: organic system without

cortex, unfermented and fermented, respectively. Different letters in each column represent means with significant differences (Duncan test, p <0.05).
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Table 3. Proximal composition and energetic value of grated cassava pulp (CWU, CWOU, OWUF, OWOU) and Puba 2 (CWF, CWOF, OWF, OWOF) elaborated from cassava cultivated in
conventional and organic systems, with and without cortex (wet basis). (Part 2).

Treatment Insoluble fiber Carbohydrates Reducing sugars Starch Total sugars Energetic Ascorbic Acid
g/100 g g/100 g g/100 g g/100 g g/100 g Value mg/100g)
kcal/100 g

CWU 2.27£0.06 4 39.0+04f 0.77£0.02® 19.8+09¢ 2.7+0.062 17513 +1.64 82+03¢
CWF 2.89+0.012 40.7+0.24 0.36 £0.00 ¢ 26.4+1.03 1.2+0.05¢ 17191 +0.6¢ 11.7+0.3¢
CWOUF 211+0.01¢f 374+0.68 0.80+0.042 18.0+1.0¢ 24+0.02° 167.25+2.3f 91+04¢4
CWOF 2.51+0.024 419+0.1¢ 0.34+0.00 4 283+1.72 1.7+0.05¢ 17524 +0.5¢ 11.6+02¢<
OWUF 2.73+0.08" 40.0+02°¢ 0.46 +0.02 ¢ 255+1.0¢ 1.5+0.05 4 176.62 +0.5 < 51401°
OWF 2.60+0.08 ¢ 42.3+0.1 be 0.30+0.00¢ 282+1.02 1.3+0.01¢ 178.04 +0.3 ¢ 15.0+0.22
OWOUF 2.07+0.05f 426+0.1° 0.45+0.02 243+124 14+0.10¢ 189.27 +0.2° 20028
OWOF 2.16+0.02f 452+0.12 0.09+0.00 f 275+15¢2 04+0.01s 191.46 +0.4 2 13.0+0.4"

Data expressed as triplicate mean * standard deviation. CWU and CWEF: conventional system, with cortex, unfermented and fermented, respectively. CWOUF and CWOF: conventional system
without cortex, unfermented and fermented, respectively. OWU and OWF: organic system with cortex, unfermented and fermented, respectively. OWOU and OWOF: organic system without

cortex, unfermented and fermented, respectively. Different letters in each column represent means with significant differences (Duncan test, p < 0.05).
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In the present work, the ascorbic acid (vitamin C) content increased significantly after
fermentation with increments of more than 190% in organic cassava (Table 3),

The content of reducing sugars decreased after fermentation, as expected in any fermented
product. On the other hand, the starch content increased significantly after fermentation in all
treatments.

The increased of starch content observed in all treatmests was close to the levels observed in
pressed and crushed cassava before drying for flour production, the product most comparable to that
produced in the present study (37.12 g/100 g) (Fernandes et al., 2013). The most probable reason is
that the extravasation of liquid through the lid increased the starch concentration in the fermented
samples; added to that, lactic acid bacteria (LAB) have a low capacity to hydrolyze starch (Jasko et
al., 2011; Kostinek et al., 2005). Other studies that report the reduction of starch in fermented cassava
samples soaked the roots in fresh water, so the starch was probably carried out with the wastewater
as observed by Chisté and Cohen (2011) who reported the starch content of cassava before and after
fermenting as 26.84 and 19.26 g/100 g, respectively.

3.4. Identification of Isolated Bacteria

The strains Leuconostoc mesenteroides, Lactococcus lactis, and Lactococcus garvieae were identified
from GCP and Puba 2 samples (Table 4).

Table 4. Colony-forming units per gram of sample (CFU/g) of Salmonella spp., E. coli, coagulase-positive
staphylococci, B. cereus, molds and yeasts, Salmonella spp., and lactic acid bacteria (LAB), analyzed in grated

cassava pulp and Puba 2, elaborated with cassava grown in conventional and organic systems, with and without

cortex.
Treatment Salmonella spp. E.coli ~ Coagulase- B. cereus Molds and BAL
positive yeasts
Staphylococci

CWu N.d* <10 <10 2.7 x 101 <10 3.0 x 10!
CWF N.d <10 <10 1.0 x 101 <10 8.3 x 106
CWOUF N.d <10 <10 5.7 x 101 <10 7.0 x 101
CWOF Nd <10 <10 1.0 x 101 <10 1.1 x107
OWUF N.d <10 <10 1.6 x 102 <10 2.8 x 102
OWF N.d <10 <10 1.0 x 101 <10 1.8 x 107
OWOUF N.d <10 <10 5.0 x 104+ 4.0 x 10! 2.9 x 10
OWOF N.d <10 <10 1.0 x 10! <10 >3.0 x 107

*N.d: Not detected, ** Values above what is allowed by RDC no. 331, 2019 [11]. CWU and CWE: conventional
system, with cortex, unfermented and fermented, respectively. CWOUF and CWOEF: conventional system
without cortex, unfermented and fermented, respectively. OWUF and OWF: organic system with cortex,
unfermented and fermented, respectively. OWOUF and OWOF: organic system without cortex, unfermented

and fermented, respectively.
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3.5. Termal Pasting Propierties

Parameter CwU CwoU OwU OwoU CwF CwoF OwF OwoF
—'E:tm?enruu Peak

9000 — C:'oU 1100 Viscosity 6908.67 670400  6968.00 752333 546533 556500 5363,00 5600.67
— OowU (cP)

—— OwoU ini
wol 190 Minimum

Cur Viscosity 282933 268733 248367  2449.67  4160,67 422200 3567.67 345167

P

—~ 480 ~
P~
c) 1 § Breakdown 0033 401667 448433 507367 130467 134300 179533 214900
2 5000 Py (©P)
Z 1 170 2
& 4000 ] £ Final
2 ] 8 Viscosty 395300 358000 346300 304100 5868,00 5867,00 479833  4604,67
~ 3000 {60 & (cP)
1 =
2000 4 Setback (cP) 1123,67 892,67 98433 59133 170733 164500 123067 1153,00
1 50
1000 Peak
1 ) Viscosity 442 440 3,98 3,78 5,69 5,60 547 5,16
0 T 71171740 N
0 1 2 3 4 5 6 7 8 9 10 11 12 13 Time (min)
. . Pasting
Time (min) Temperature 62,30 62,93 6145 60,80 6350 6395 6315 6257

O

Figure 3. Viscoamylogram for grated cassava pulp and Puba 2 treatments with values of parameters obtained in
RVA analysis. CWU and CWE: conventional system, with cortex, unfermented and fermented, respectively.
CWOU and CWOF: conventional system without cortex, unfermented and fermented, respectively. OWU and
OWEF: organic system with cortex, unfermented and fermented, respectively. OWOU and OWOF: organic system

without cortex, unfermented and fermented, respectively.

4. Discussion

Gotsch qualitatively suggested the endpoint of fermentation for the development of Puba 2.0
(Vimio, 2021). The product was considered ready for consumption when the overflow of liquid from
the fermentation jar ceased. In the present study, this event occurred after the fifth day, where the
acidity curves intersected around 2 mL NaOH 0.1 N/100 g (Figure 2). However, it increased towards
the end of fermentation, with a higher value observed for SCCE (4 mL NaOH 0.1 N/100 g) compared
to SCSE (3 mL NaOH 0.1 N/100 g). From these observations, it can be inferred that TTA (Total
Titratable Acidity) is not a good indicator of stability, as the samples exhibit different acidity profiles
due to the nature of their constituents (with and without peel), forming different types of metabolites
generated by microbial activity during the fermentation of the cassava mass.

Based on these pH values, Puba 2.0 is classified as low-acidity food (JAY et al., 2005, FRANCO;
LANDGRAF, 2008, Ray, 2004), making it more susceptible to microbial growth and, therefore,
sensitive to spoilage. Therefore, it should be consumed on the same day or refrigerated for later
consumption.

Nutritonal composition

In previous studies with separate parts of cassava, it has been reported that the bark (cortex and
periderm) (1.05 g/100 g) has ten times the protein content of the starchy flesh (0.08 g/100 g), quadruple
that of pressed and washed cassava (0.25), and twice as much as whole cassava (0.56 g/100 g) [21].
The presence of cortex increases the nutritional value of the product because it contains higher levels
of protein and fiber, thus justifying its use and the reduction of solid residue.

The product may not be characterized as a "source of fiber"; nonetheless, its fiber content should
not be disregarded.

The content of reducing sugars decreased after fermentation, as expected in any fermented
product. Obi (2019), in his review, also confirmed this reduction in different substrates used in solid-
state fermentation.

About the mineral composition (The concentration of ash and crude fat was close to zero in all
samples. As for ash, the highest content, and therefore total minerals, was observed in the samples
from the organic cultivation system (Table 2 and 3). This may indicate that more favorable farming
conditions and soil management lead to a higher mineral concentration. The samples showed a
similar crude fat content to that of "puba flour" (0.5 g/100 g), cassava starch (0.3 g/100 g) [42], and
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fermented cassava dough used to produce "cassava stick", a traditional Gabonese food (studied in 15
samples, ranging from 0.44 to 0.43 g/100 g)[41].

In vitmain C increase afeter fermentation can be justified by the higher growth of BAL with
fermentation (Table 5).

The Puba 2 product has no standards in the Brazilian food legislation; however, in this work,
Normative Instruction No. 23 [10] was used to classify Puba 2 as belonging to "Group II - Tapioca,
Subgroup - Granulated — With no Type". This classification is important for further industrialization,
as is establishes microbiological and physicochemical standards to work with.

The only sample that presented results above the limit established by Brazilian legislation was
OWOUF, considering Bacillus cereus. The OWUF samples had a ten times greater development of B.
cereus than their equivalent without fermentation, although within the permitted legislation. Both
CWOUF and OWOUF showed higher counts of B. cereus colony-forming units (CFU). Bacteria are
concentrated more in the inner pulp of cassava due to the greater availability of carbohydrates, as
shown by higher counts for treatments without cortex. In addition, organic cultivation does not use
chemical pesticides, which produces an environment favorable to the development of these
microorganisms (Table 5).

It is noteworthy that all Puba 2 presented a lower microorganism count than equivalent grated
cassava pulp, except for the desirable BAL. From this, the Puba 2 technique effectively reduces the
count of B. cereus and molds and yeasts and is effective as a food preservative and pathogen control
in cassava processing (Table 5).

Fermented products showed less deterioration, but non-fermented products had higher Bacillus
cereus counts, which denotes greater contamination, which can be explained by transmission between
soil, environment and food.

Table 5

Isolateted bacterias

Te strains bacterias indentified in the PUBA 2,0, Leuconostoc mesenteroides, beides the
leucomostoc plantarium not indntifeid in Puba 2.0, were also also reported in "Gari", a fermented
cassava product from West Africa [40], one of the closest products to Puba 2 reported in the literature.

Fermentation, as expected, increased the BAL count, and it was higher in samples from the
organic system. The lower counts of pathogenic microorganisms in Puba 2 are probably related to
the use of good manufacturing practices throughout the process of elaboration of GCP and Puba but
also to the action of BAL that produces secondary metabolites such as hydrogen peroxide, diacetyl,
and bacteriocins that act as bio preservatives [47].

However, some of the genomic sequences of the BAL isolated could not be identified due to the
interference of MRS agar with the methodology used. There is a significant probability that these
non-identified sequences are Lactobacillus strains since they are the most common strains reported in
the literature for spontaneous cassava fermentation. Although the screening techniques on the 165
rRNA gene could not identify all genomic sequences in this case, it has been the most recently used
in similar researches [3,17,18,20,22,25,43].

Thermal starch proprieeties

It is possible to infer that the higher starch concentration which occurred in fermented samples
was responsible for the increase in the pasting temperature of Puba 2. The starch modification caused
by fermentation increased the peak viscosity, as also observed in lotus tubers [59] (Figure 3). In
addition, the paste temperature was higher for cassava produced in a conventional system and
fermented with and without shell than for the organic cassava with and without cortex, explained by
the higher starch content of these samples.

Figure 3

The reduction of peak viscosity after starch modification in an acidic environment and of the
values of the main parameters was also reported [19,50]. The reduction of breakdown and increased
setback of Puba 2, which was expected, was also observed and demonstrated that all starch
modifications significantly reduced breakdown [19].


https://doi.org/10.20944/preprints202501.1669.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2025 d0i:10.20944/preprints202501.1669.v1

11 of 15

These results indicate that Puba 2 has good characteristics as a baking ingredient; however, as
the products tend to set back when cooled, they should be consumed while still hot so that they do
not lose their viscoelasticity. This variable shows the potential of Puba 2 as an ingredient in the
formulation of products that will undergo heating before consumption or as a thickener in products
in which this setback characteristic is desirable.

5. Conclusions

The Puba 2 fermentation technique increased the acidity of the samples and reduced the pH,
and proportionally due the moisture alteration, the soluble fiber content, and reducing sugars. On
the other hand, it increased the content of vitamin C and starch. The samples with cortex had a
significantly higher proportional content of protein, fiber, and moisture, which justifies keeping it
while peeling cassava.

From a microbiological point of view, Puba 2 fermentation effectively reduced the count of
contaminant microorganisms in all samples. It significantly increased the presence of LAB, with
indicators of Lactococcus garvieae, Leuconostoc mesenteroides, and Lactococcus lactis strains, which have
been reported in the literature as having probiotic potential. Cassava cultivated in an organic system
presented higher BAL colonization, which resulted in more increased vitamin C biosynthesis.

Puba 2 fermentation also reduced peak viscosity, decreased the breakdown values, and
increased the setback of the starch granules. This results in a more stable product when heated, which
is desirable for bakery products and similar products. Increased retrogradation indicates that the
product should be consumed while still hot.

The described Puba 2 technique is easily replicable, can be performed in places without
electricity, and represents an effective way of preserving cassava. It does not require refrigeration or
drying while the jars are closed. In addition, it can be adapted to industrial-scale to develop new
fermented products with probiotic and prebiotic potential. This technique contributes to the food and
nutritional security of populations that consume and grow cassava worldwide, especially in
developing countries.
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