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Abstract

The study aimed to characterize acai seeds and explore their potential for producing mannooligosaccharides (MOS) through
enzymatic hydrolysis. According to characterization tests by XRD, FTIR, and chemical analysis, acai seeds, a waste material
from acai fruit processing, contain significant hemicellulose content, with a main content based on mannan. The study utilized
Rohalase® GMP enzyme for hydrolysis and monitored reducing sugars and MOS production (8—10 g MOS/L) hydrolysate
with varying lengths, including di-, tri-, tetra-, and pentasaccharide over time. Results showed a concentration plateau of
reducing sugars at 13 h and increased MOS until hour nineteen. Mannobiose (M2) was the predominant MOS produced.
Comparative analysis with prior research indicated that the acai seed hydrolysate’s MOS content aligns with that from other
sources. Importantly, the study achieved % hydrolysis and MOS yield of 10.79 +£0.05% and 51.39 +0.11 g M2-M5/g man-
nan, respectively. Acai seed is a promising source to produce enzymes, biofuels, or thermal energy, as well as highly valued
chemical compounds in the industry. This work additionally demonstrates its potential as a sustainable source of valuable
MOS, suggesting applications as prebiotics and functional food additives, with implications for various industries seeking
eco-friendly alternatives.
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Abbreviations 1 Introduction

MOS Mannan-oligosaccharides

M2 Mannobiose The agai fruit (Euterpe Oleracea Mart.) stands as a well-
M3 Mannotriose recognized superfood, renowned for its multifaceted health
M4 Mannotetraose benefits, including high levels of antioxidants, anti-inflam-
M5 Mannopentaose matory agents, analgesics, antimicrobial compounds, and

even anti-cancer properties [1]. Widely consumed in the
form of frozen pulp, this fruit has also inspired the crea-
tion of diverse products such as atomized or freeze-dried
powders, ice creams, and chocolate additives. Furthermore,
the cosmetic industry has shown keen interest in harnessing
acai, incorporating it into items such as soaps, creams, and

perfumes, thus exploring its potential beyond the culinary
b4 Carlos E. Orrego domain [2].
ceorregoa@unal.edu.co

While Brazil remains the principal producer of agai,

Departamento de Ingenierfa Quimica, Instituto de Colombia has witnessed a surge in its production due to its

Biotecnologia y Agroindustria, Universidad Nacional de wild growth within the Amazon rainforest and the biogeo-
Colombia, 170003 Manizales, Caldas, Colombia graphical Choc6 region. This growth has provided economic

2 Departamento de Fisica y Quimica, Instituto de opportunities in areas that would otherwise be more vulner-
Biotecnologia y Agroindustria, Universidad Nacional de able [3, 4].

Colombia, 170003 Manizales, Caldas, Colombia
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Despite these benefits, acai pulp constitutes merely 15%
of the fruit’s weight, with the seeds representing the major-
ity of the volume, it is estimated that acai pulp production
generates over 1 million tons of waste. Improper disposal of
acaf seeds as waste in open landfills has led to environmen-
tal damage and public health concerns [5]. The acai seed is
described as a lignocellulosic material composed of a fibrous
layer and an endosperm that covers the embryo, whose pol-
ysaccharide-rich content serves as a promising renewable
source for the production of enzymes, biofuels, or thermal
energy, as well as highly valued chemical compounds in the
industry [6].

The Acai seed has been used as a renewable energy
source and to create various products in support of a cir-
cular economy. This approach promotes environmental
conservation. A study found that acai seeds can be used
to produce biofuels such as biogas and ethanol [7]. Other
investigation showed that utilizing acai seed-based biogas
production could provide over 40% of the energy needs of an
acai processing facility, resulting in a significant reduction
of its carbon footprint [8].The seeds have been utilized for
manufacturing activated carbon, which has facilitated soil
enhancement [9], and for producing biocomposite materials
like synthetic wood [10]. Additionally, their ashes have been
tested as a partial substitute for Portland cement in construc-
tion mortars [11]. The production of mannose, polyphenols,
and electricity through one-step oxalic acid hydrolysis in
biorefinery setups was found to be the most optimal option
in regards to economic and environmental benefits [12].

The research focused on Brazilian acai seeds has identi-
fied hemicellulose, primarily composed of linear mannan
chains (>50%), as a prominent component [13], rendering
these seeds a valuable source for mannan-based products
such as mannan oligosaccharides (MOS) or mannose-
derived sugars and prebiotics. Common sources of man-
nan or its derivatives, such as mannan oligosaccharides, are
agricultural, agroforestry, or agri-food residues like palm
kernel cake (PKC) or softwoods. However, these sources
often require robust purification processes due to their lower
mannan content (<35%) [12].

Mannooligosaccharides (MOS) derived from various
plant sources offer a spectrum of health benefits with appli-
cations spanning pharmaceutical and animal industries. The
balance of intestinal microorganisms profoundly affects host
health, and MOS contributes to this balance by enhancing
beneficial microbes and increasing short-chain fatty acid
production [14]. The reduction of pathogenic bacteria
through pH modulation and membrane alterations under-
scores the potential of MOS to enhance overall well-being.
The emerging role of plant-derived MOS as prebiotic agents
holds significant promise for gut health.

The production of mannan oligosaccharides involves
the partial hydrolysis of raw materials, achieved through
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acid/base additions, enzymatic systems, or environmentally
friendly processes like steam explosion, with the latter two
being more environmentally sustainable. The characteriza-
tion of waste is important to identify potential processes and
applications for them as raw materials. Furthermore, despite
extensive characterization efforts directed at Amazonian acgai
seeds, there is a paucity of reported information regarding
the structure and composition of seeds from regions dis-
tinct from the Amazon, such as the biogeographical Chocé
rainforest. Enhanced understanding of this primary resource
and the proposition of novel valorization alternatives offer a
potential avenue for enhancing the well-being of communi-
ties, as exemplified by small-scale biorefineries centered on
the adequate utilization of tropical forest fruits [15]. Thus,
it becomes pivotal to explore potential relationships and
differences in the seed composition of acai from already
characterized regions.

In this sense, this study aims to characterize the physico-
chemical and structural properties of acai seeds and present
preliminary outcomes on the production of mannan oligo-
saccharide-rich substrates through enzymatic hydrolysis of
acai seeds sourced from the Colombian Pacific region.

2 Methodology
2.1 Raw material

The seeds were obtained from Refrescos del Litoral Ltda., a
company located in Quibdé, Choc6-Colombia. They arrived
in resealable bags and were washed several times with dis-
tilled water to eliminate any remaining fruit particles and
external fiber layer. Following this, the seeds were kept in
sub-zero temperatures (below 0 °C) in the dark for no more
than 2 weeks before undergoing analysis and enzymatic
treatment.

2.2 Chemical and structural characterization
2.2.1 Compositional analysis

The seeds were bisected and subjected to a drying process at
a temperature of 70 °C for a duration of 24 h. Subsequently,
the dried seeds were ground using a 0.5-mm mesh knife mill
(Model TE-650/1 Tecnal, SP, Brazil) to obtain particles with
sizes below 0.4 mm, ensuring uniformity in particle size
distribution. The resulting dry powder samples were stored
in resealable bags under dry and light-free conditions.

The moisture content of the samples was determined
gravimetrically through vacuum drying, in accordance
with the AOAC 926.12 standard and their extractive
content was determined using water—ethanol solvents,
following the NREL/TP-510-42619 method [16]. The
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raw material devoid of extractives was used to quantify
holocellulose and cellulose, in accordance with ASTM
standard D-1104 and NREL/TP-510-42620 [17], respec-
tively. Hemicellulose content was indirectly measured as
the difference between holocellulose and cellulose. The
quantification of insoluble lignin followed the NREL/
TP-510-42618 standard [18]. Protein content was deter-
mined using the Kjeldahl method [19]. Ash content was
obtained in accordance with the NREL/TP-510-42622
standard [18], while fat content was determined using
n-hexane via reflux percolation in a Soxhlet apparatus
[20].

2.2.2 X-ray diffraction analysis

Crystalline nature of dehydrated and milled acai seeds was
analyzed through X-ray diffraction (XRD). The X-ray dif-
fraction spectra were acquired using a Rigaku Miniflex II
diffractometer with Cu Ka radiation (A=1.5406 A) operat-
ing at 15 mA. The measurements were taken within a 26
range of 5° to 50°, employing a scan speed of 1°/min and
a step size of 0.2°.

The crystallinity index (CI) was calculated using two
distinct methods [6]. The first method, as described in
Eq. 1, calculates the CI as the difference between the
maximum intensity of the crystalline peak (Ic) and the
minimum intensity of the amorphous peak (Iam), normal-
ized by the maximum intensity of the crystalline peak:

Cl=(I,-1,,) X100/, )

The second method, as described in Eq. 2, calculates
the CI as the ratio of the crystalline area of peaks to the
total peak area:

CI = crystalline area X 100/ (crystalline area + amorphous area)

(@)

In this calculation, the OriginPro 8.1 software was uti-

lized to determine the crystalline index, relying on the

proportion of the crystalline area of the peaks to the entire
peak area.

2.2.3 FTIR spectroscopy

The dehydrated and milled agai seeds spectrum was
measured using a NICOLET i5 FTIR spectrometer with a
DTGS detector, in a KBr pellet (5:95 ratio sample:KBr) at
20 °C and 62% humidity, scanning from 450 to 4000 cm™!
with a spectral resolution of 4 cm~!. The FTIR spectra
were analyzed by examining the positions of the spectral

bands to identify the main functional groups. This identi-
fication was based on comparisons with literature sources.

2.3 Enzymatic hydrolysis

The previously stored samples were ground and passed
through an 80-mesh sieve (180 pm) to achieve a homo-
geneous suspension in the enzymatic solutions. The pow-
dered seed underwent an enzymatic hydrolysis test using
Rohalase® GMP enzyme (1303 U/g enzyme for locust bean
substrate), which primarily contains mannanase at 50 °C
with an enzyme loading of 17.5 U/g substrate (dry seed) for
a period of 1 to 24 h. The hydrolysis test was repeated three
times. The operating conditions for enzymatic hydrolysis
were determined by aligning the enzyme technical data sheet
recommendations with the findings from preliminary experi-
ments conducted in this study.

The responses were analyzed for reducing sugars (RS)
using the 3,5-dinitrosalicylic acid (DNS) method and
mannan-oligosaccharides (MOS) content using high-per-
formance liquid chromatography. Aliquots (2 mL) were
extracted every 4 h after the initial hour of the reaction and
then centrifuged at 10 °C for 5 min at 13500 rpm, and the
analysis was performed on the supernatant.

2.3.1 Quantification of reducing sugars

The analysis of reducing sugars (RS) was conducted using
the DNS method as reported by Wood et al. (2012) [21],
with some modifications. Briefly, 40 uL of the sample was
mixed with 1960 uL of the DNS reagent and then heated at
100 °C for 5 min. Subsequently, the mixture was cooled in
water at 20 °C for 5 min. Finally, 1 mL of distilled water
was added, and the solution was transferred to a cuvette and
left to stand for 3 min before measuring the absorbance at
540 nm. The absorbance values were compared with a cali-
bration curve ranging from 5 to 30 gr/L, using b-mannose
as the standard.

2.3.2 Quantification of MOS content

To determine the mannooligosaccharide content in the
enzymatic hydrolysates, high-performance liquid chroma-
tography (HPLC) analysis was performed using a Shimadzu
Lachrom Elite L-2490/EZChrom Elite system equipped with
a refractive index detector. A Eurokat Ca column (10 pm,
300 x4 mm) with water as the eluent (0.15 ml/min) was used
for separation. The column and detector temperatures were
set at 65 °C and 35 °C, respectively.

Each mannooligosaccharide was calibrated using man-
nobiose (M2), mannotriose (M3), mannotetraose (M4), and
mannopentaose (M5) standards (Megazyme, Ireland). The
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mannooligosaccharide results are presented as the summa-
tion of M2 to MS5.

2.3.3 Hydrolysis yield

The calculation of the yield for all MOS (M2-M5), and
the hydrolysis ratio were performed with based by Li et al.
(2018) [22] with modifications employing the following
equations:

MOS yield = total mass of M2 — M5/100g dry basis seed

(3)

%Hydrolysis ratio = total mass of M2 — M5 x 100% /total mannan®

“)

The determination of the mannan content” for this calcu-

lation was established based on an averaged value derived

from literature sources [13, 23], which was then adjusted by

the determined hemicellulose content in the acai seeds in

this study. Thus, the mannan content is 0.1894 x dry basis
seed gr.

2.4 Statistical analysis

All statistical analyses were carried out by computer soft-
ware (SPSS version 16.0, Chicago, IL, USA) using one-way
analysis of variance (ANOVA). The differences between
mean values were considered significant at p <0.05. The
graphs were performed using Microsoft Excel 2020.3. Data
are reported as mean + SD of three independent experiments
(each experiment was conducted in triplicate).

3 Results and discussion
3.1 Chemical and structural characterization

Acquiring information on the seed’s chemical composition
is essential in developing the most suitable processing meth-
ods. Data published in the literature about the composition
of acaf seeds indicates significant variation in the propor-
tions of their components. Table 1 compares the results of
characterizing acai seeds in this study with those reported
by other authors. Before analysis, the seeds in each of the
three cases were dehydrated using hot air and subsequently
ground, following a similar method as utilized in this study.
The acai fruits in Table 1 were harvested from various
regions of the Brazilian Amazon during both winter and
summer seasons, which accounts for the significant varia-
tions in reported contents. Nevertheless, the Brazilian agai
seeds are predominately composed of lignocellulosic bio-
mass, primarily cellulose (34-53%), hemicellulose (6-18%),
lignin (3-25%), and protein (4—7%) [6]. The seeds studied in
this research have cellulose content lower than the reported

@ Springer

Table 1 Composition of acai seed powder

Component This work” Buratto etal.  Barros
(2021) [24] etal., 2021
[25]
Celullose 11.58+1.66 8.5 45.49
Hemicelullose 37.88+2.19 48.1 21.08
Lignin 1412+3.69 164 24.36

4.09+1.00 13.1 4.48
11.76 £3.46 0.9

Extractives (water)
Extractives (ethanol)

Fats 2.64+0.85 35 -
Moisture 7.55+0.05 - 7.17
Protein 3.67+0.05 9.3 -
Ash 1.57+0.06 0.96 1.01

*n =3 + standard deviation

ranges and higher hemicellulose content, consistent with
findings from Buratto et al. (2021) [24].

Sugars and oligosaccharides found in hemicellulose can
be released from plant cell walls through various methods,
including acid, thermal, enzymatic hydrolysis, or microbial
fermentation. Dilute inorganic acids that can hydrolyze
hemicelluloses containing xylan are not easily hydrolyzed
when they contain mannan. Releasing mannan oligosaccha-
rides and free mannose from mannan-rich residues could be
done by mannan-degrading enzymes. This process allows
for milder conditions that are less damaging to the environ-
ment [13].

The hemicellulose content discovered in this research
contradicts prior studies on Acai seed composition that have
identified cellulose as the primary polysaccharide [26, 27].
Nevertheless, the high concentration of mannan, as indicated
in several studies, is consistent with the hemicellulose con-
tent found in our research. De Lima et al. (2021) reported
a significant amount of carbohydrates in the cellular wall
of the agai seed endosperm, showing a total carbohydrate
content of 76%, with mannose identified as the primary con-
stituent, and a lignin content of 11%. Monteiro et al. (2019)
reported similar findings with 52.46 + 1.51% mannan con-
tent [13].

The high levels of water and ethanol extractives in acai
seeds are consistent with their high concentration of poly-
meric procyanidins. Both the aqueous and ethanolic extracts
of agai seeds are rich in polymeric procyanidins, which have
strong antioxidant properties [28].

Compared to the papers reviewed in Table 1, the mate-
rial analyzed has a lower lignin content. Typically, when
processing lignocellulosic biomass for biofuel production,
it is convenient to pre-treat the raw material to separate the
structural bonds between lignin and carbohydrates, includ-
ing cellulose and hemicellulose. This facilitates access to
the conversion of these materials for optimal total reducing
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sugar production, thereby improving the efficiency of biofuel
production. The objective of this research is to hydrolyze the
mannan of the seed, reducing the production of monomeric
sugars and increasing the production of mano-oligosaccha-
rides to achieve prebiotic properties of the hydrolysate. In
addition, the ash content reported in Table 1 could inhibit
B-mannanase, which is responsible for converting seed man-
nan to simple sugars and oligosaccharides. To prevent this
in lignocellulosic materials, a pretreatment consisting of
washing combined with steam explosion is usually used to
remove a good portion of the lignin and soluble ash cati-
ons. Since acai seeds have a lower lignin and ash content
than other lignocellulosic sources, it is worth investigating
whether the lignin and ash concentrations are sufficiently
low to eliminate the need for pretreatment, which would
result in economic and environmental benefits in seed
processing.

3.2 X-ray diffraction analysis

XRD analyses were conducted to confirm the presence of
cellulose and mannans in the ground acai seed samples. The
natural crystalline forms of cellulose comprise cellulose Ia
and Ib, collectively known as cellulose I [29]. The diffraction
pattern of cellulose I is commonly represented by two dis-
tinct 20 peaks at approximately 16.0° and 22.0°, respectively
[30]. The latter peak, attributed to the 200-cellulose crystal
plane, tends to be more intense than the former- which is due
to the 110 cellulose crystal plane.

The ground and dried samples of acai seeds display a
first peak at a 20 angle of 16.8° (Fig. 1), which is consistent
with the presence of cellulose in the material [31]. A low-
intensity second peak (19.4°) is associated with hexagonally
packed structures [32] and a moderate-intensity peak of the
200 cellulose crystal plane (20: 21.4°) is observed. Finally,
the peaks at 20: 25° and 26.8° are characteristic of type I

Fig. 1 X-ray diffraction pattern
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mannan, which comprises linear chains of p,1-4-linked
mannose units [33]. This confirms that cellulose is not the
primary polysaccharide found in acai seeds and is consist-
ent with the chemical characterization, which indicates that
hemicelluloses have a higher concentration than cellulose.
De Lima et al. (2021) [6] reported the absence of detect-
able cellulose peaks in the acai seed. Their diffractograms
revealed the presence of mannan in the material, which was
also noted in similar findings reported by Monteiro et al.
(2019) [13].

In this study, the crystallinity of acai seed material was
estimated to be 77.89% using Eq. 1 and 60.79% using Eq. 2.
These levels of crystallinity are comparable to those reported
by the authors referred in above paragraph. The crystallin-
ity index (CI) is a quantitative measure that describes the
amount of crystalline material present in a biopolymer. It has
been applied to various biopolymers, including cellulose,
chitosan, and glucomannan [34, 35]. In enzymatic hydroly-
sis, the digestibility of the material by the enzyme is influ-
enced by its degree of crystallinity (CI). The CI is related
to the accessibility of the enzyme to the microfibrils of the
biopolymer in the cell walls of the lignocellulosic mate-
rial. As such, Cl is a factor that would can affect the rate of
hydrolysis in the reaction [36]. According to reports, the sig-
nificant level of crystallinity obstructs the enzyme that gen-
erates mannose from reaching the polymer, thereby restrict-
ing the production of monosaccharides in the product [37].
Apparently, the enzyme’s access restrictions to areas of high
substrate crystallinity primarily affect the f-mannosidase in
the enzyme cocktail, responsible for mannose production.
Based on the hydrolysis tests conducted in this study, the
B-mannanase present in the enzymatic cocktail appears to
be capable of partially hydrolyzing the substrate despite
its high degree of crystallinity. The results suggest that the
-mannanase does not face any significant challenges in this
regard.

12 22 32 42 52
20
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3.3 FTIR analysis

The spectra carried out using FTIR spectroscopy allows for
the study of the chemical structure of agai seeds by identi-
fying the functional groups of the analyzed samples. The
results are plotted in Fig. 2 that presents the characteris-
tic signals related to lignocellulosic materials. The band at
3380 cm™! corresponds to the O—H stretching vibrations of
cellulose and hemicellulose in the material, with the C-H
stretching vibrations (2920 cm™) closely linked to it [38].
The band at 1635 cm™' represents the characteristic vibra-
tion of flexing hydroxyl groups of water absorbed in the
material. On the other hand, functional groups associated
with lignin are also observed.

The band at 1465 cm™! corresponds to C—H bending
vibrations, while the band at 1350 ¢m™" corresponds to
deformation and stretching of methyl (CH3) groups in aro-
matic rings. Additionally, the C-O stretching at 1261 cm™"
(guaiacyl ring) of lignin and the deformation planes of aro-
matic rings’ C—H (1102 cm™!) can be observed [39]. Fur-
thermore, the vibration at 1036 cm™! corresponds to the
C-0 bending related to cellulose presence, and vibrations at
815-872 cm™! correspond to the glucosidic bond vibrations
in the material, with the latter specifically related to f-b-
mannopyranose Furthermore, the intensities of the peaks
were compared to FTIR results for mannan in the literature,
which typically manifest at 3320 cm™! (OH vibrations),
2934 cm™! (CH, vibrations), 1635 cm™! (CO vibrations),
and 1022 cm™! (COC vibrations) [40]. Interestingly, values
closely resembling these were also discerned in the spec-
trum reported within this study. The prevalence of hydroxyl
groups suggests a greater concentration of cellulose and
hemicellulose in the material. Although lignin was detected
by the vibrations of the aromatic rings, its content is not sig-
nificantly higher than that of cellulose and hemicellulose in
Fig.2 FTIR spectra of acai seed 1000 /N
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the functional groups of the spectrum. This outcome is con-
nected to the physicochemical characterization. The arrange-
ment of these chemical groups in this context determines the
ease with which these materials can break down into smaller
sugars during hydrolysis processes. The low detected con-
tent and intensity of lignin suggest that the material is not
strongly safeguarded by lignin, indicating that the hydrolysis
process should not be significantly impacted. However, pos-
sible contamination with this material during the purification
process should be taken into account in subsequent steps.

In this context, this study also managed to detect char-
acterizations previously reported in the literature, linked to
the presence of mannans as a primary component of the acai
seed. This finding further validates its potential utility as a
source for the extraction of mannooligosaccharides (MOS)
and various other types of sugars typical in lignocellulosic
materials.

3.4 Enzymatic hydrolysis

Most methods for determining carbohydrase activity involve
analyzing the reducing sugars formed due to the enzymatic
cleavage of glycosidic bonds in the substrate. Although the
DNS assay does not provide stoichiometric data for oligo-
saccharides, typically yielding higher values than the actual
number of hemiacetal reducing groups, it is widely used
for measuring carbohydrase activities, such as amylases,
B-mannanases, pectinases, and xyloglucanases [41].

In the hydrolysis system with 100 g/L of agai seed pow-
der, the enzyme activity in the solution was 1.75 U/mL. The
time course of enzymatic hydrolysis of mannan in agaf seed
was monitored by quantifying the products of the reaction,
namely, reducing sugars and mannooligosaccharides (M2-
MS5). The concentration of reducing sugars (RS) reflected
the rate of hydrolysis of acai seed powder. By measuring
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the RS in the reaction media at each time point (Fig. 3), we
observed that the concentration of reducing sugars gener-
ated by hydrolysis remained within the range of 10.5-11 g/L,
with no significant differences observed in reducing sugar
formation from the tenth hour onwards (p > 0.05). In con-
trast, the concentrations of MOS continued to increase until
the nineteenth hour, after which no significant differences
in the total MOS concentration were evident (p > 0.05). The
differences between the quantification of MOS content and
reducing sugars lie in the variety of oligosaccharides of vari-
ous lengths produced in the hydrolysate, resulting in sugars
with different reducing potential [42]. Additionally, there is
an observable difference of almost 2 g/L between the con-
centration of reducing sugars and the MOS content. Mono-
meric sugars exhibit higher reducing power. The release of
glucose and mannose due to the presence of cellulases and
mannosidases in the enzymatic cocktail might also be affect-
ing the content of reducing sugars.

MOS are non-digestible oligosaccharides with a low
degree of polymerization (DP) of 2 to 20 monomers linked

Fig.3 Monitoring sugars and
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by O-glycosidic bonds [43]. Prebiotic anticancer and antioxi-
dant activities have been reported for oligosaccharides with
a DP of 2 (M2) to 6 (M6) [44]. This is the main reason for
our interest in focusing exclusively on M2 to M5 mannose
oligosaccharides.

The hydrolysis of agai seed produced the four different
types of mannooligosaccharides monitored: di-, tri-, tetra-,
and penta-saccharides from the first hour of the reaction.
Figure 4 shows the temporal distribution of the generation of
these oligomers, indicating an increase in mannobiose (M2)
production primarily and a decrease in the other three types
of MOS (M3-MS5). Consequently, it can be proposed that the
accumulation of M2 at an extended incubation time may be
attributed to the further hydrolysis of the oligosaccharides
from M3 to MS5. This observation explains the relatively
low increase in MOS content between the first and last hour
of monitoring, where the MOS concentration increases by
approximately 13%.

The concentration of MOS obtained was compared with
those observed in other studies using enzymatic hydrolysis
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to obtain MOS from agro-industrial residues. In the case
of copra meal, a concentration of 4.6 g of MOS per liter of
hydrolysate was reported by Ghosh et al. (2015) [45] while
spent coffee grounds showed a concentration of 25 g of
MOS per liter of hydrolysate, according to Chauhan et al.
(2014) [46]. The value obtained from the acai seed hydro-
lysate falls within the range of 8—10 g of MOS per liter
of hydrolysate reported for materials suitable for MOS
production. This comparison indicates that the enzymatic
hydrolysis of acai seeds offers a potential source of MOS
with a concentration appropriate for further applications.

Additionally, a comparable study explored the pro-
duction of oligosaccharides and low molecular weight
polysaccharides from konjac flour using -mannanase,
with varying substrate concentrations ranging from 50 to
200 g/L, pH 5.5, and 20 U/mL of p-mannanase in the reac-
tion media. In that study, the concentration of reducing
sugars was maintained in the range of 9—13 g/L. when the
Konjac flour concentration was 200 g/L, and the average
degree of polymerization of the released sugars was 9.78
during the 1- to 2-h reaction time. Notably, when konjac
flour was added at a concentration of 50 g/L, the hydroly-
sis process rapidly completed in a short period, result-
ing in a lower average degree of polymerization of the
polysaccharide. The authors concluded that achieving high
concentrations of konjac oligosaccharides and reducing
monosaccharides during the production process is possible
with a high substrate concentration, which reduces free
water within the reaction system, effectively controlling
the degree of polymerization and yielding high-quality
konjac oligosaccharides [47]. In this current study, we
employed similar substrate concentrations (100 g/L), and
it was observed that the oligosaccharides with the highest
molecular weight among those evaluated were obtained
within the first hour of reaction. This observation suggests
that further tests could be conducted within a narrower
range of reaction time (between 0 and 2 h), while main-
taining the other conditions of the reaction system, to ver-
ify if superior results can be achieved in this shorter time
frame, resulting in potential time and resource savings.

Finally, concerning the % hydrolysis and oligosac-
charide production yield, results of 10.79 +0.05% and
51.39+0.11 g M2-M5/g mannan were achieved, respec-
tively. This outcome was compared with findings from Li
et al. (2018) [22], who subjected PKC to steam explosion
pretreatment to obtain MOS. Their reported values for %
hydrolysis ranged between 10.5 and 19.7%, and the oligo-
saccharide yields of M2-M4 ranged from 24.1 to 45.7 g/g
mannan. Remarkably, these values closely resembled those
obtained in this study. However, it is worth noting that
the reported values from the comparative study appear
higher due to the exclusion of M5 oligomers from their
quantification.

@ Springer

4 Future prospects

Research on mannooligosaccharides (MOS) derived
from acai seeds should prioritize optimizing enzymatic
extraction and validating it against alternative hydrolysis
methods. Additionally, analytical validation of obtained
products, technoeconomic and environmental analysis of
production, and exploration of bioactive characteristics
are crucial.

Validation of alternate hydrolysis methods could
improve the efficiency and sustainability of MOS produc-
tion. Analytical validation, as well as techno-economic
and environmental assessments, would ensure their appli-
cability and feasibility. Investigating their prebiotic, anti-
oxidant, and anti-inflammatory properties presents new
perspectives on gastrointestinal health and overall well-
being, promoting their use in functional foods and phar-
maceuticals. Together, these interdisciplinary avenues
will facilitate the complete utilization of MOS’s potential
as healthful and beneficial agents in diverse applications
within the human and animal food industry.

Currently, MOS’s functional food additive status in
food applications is restricted to laboratory-scale trials
and necessitates expansion. In addition, greater emphasis
should be placed on efficiently implementing downstream
and upstream processing methods that are necessary for a
seamless and economical process.

5 Conclusions

The acai seeds studied from the Colombian Pacific region
have lower cellulose and lignin contents, as well as higher
hemicellulose contents, compared to the ranges reported
for acai seeds grown in Brazil. These characteristics indi-
cate that they can be utilized in enzymatic hydrolysis pro-
cesses to obtain sugars or mannooligosaccharides without
the necessity of customary pretreatments. This will result
in both economic and environmental benefits during the
seed processing. This finding further validates its potential
utility as a source for the extraction of MOS and various
other types of sugars typical in lignocellulosic materials.

The enzymatic hydrolysis of acai seed was found to
be a method for producing a mixture of mannooligosac-
charides, including di-, tri-, tetra-, and penta-saccharides.
Notably, there was a predominant accumulation of man-
nobiose (M2) during the hydrolysis process. Compar-
ing the MOS concentration with other studies, the acaf
seed hydrolysate fell within the range of MOS extracted
from other materials. These results underscore the poten-
tial of acaf seed as a sustainable and valuable source of
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mannooligosaccharides, offering promising prospects for
their application as prebiotics and functional food addi-
tives. Further exploration of these compounds from acai
seed could lead to significant advancements in various
industries seeking natural and eco-friendly alternatives.
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