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Abstract

Growing demand boosts innovation in vegan and gluten-free biscuits. The Amazon, rich in biodiversity, offers underused
fruits like peach palm (PB), high in oleic acid, fiber, carotenoids, and phenolic compounds. Utilizing this fruit enhances local
income and forest conservation, spurring the development of peach palm biscuits. This study reports the physicochemical
and sensory characteristics as well as the stability of vegan and gluten-free peach palm biscuits with and without added
sugar. The results demonstrated that Amazonian peach palm biscuits, with sugar and maltitol, have advantageous
physicochemical characteristics as follows: low moisture (~1.6%), ideal Aw (0.22-0.27), proteins (8.7% and 8.5%), lipids
rich in unsaturated fatty acids (62%, of which 69% is oleic acid), and high dietary fiber (20% and 19%). The replacement of
sugar by maltitol did not significantly change the composition, suggesting an option for diabetics. Sensory tests indicated
good acceptance, although potential consumers in the Northern region appreciated the products more than those in
the Southeast region of Brazil. The relevant descriptors were soft to the bite, pleasant aftertaste, and crunchy. In the
stability study, although small changes in color, odor, and crispness occurred, without an increase in peroxides, the shelf
life of both products could be six months under the study conditions. This study demonstrated the high agroindustrial
potential of Amazonian peach palm biscuits, presenting satisfactory physical-chemical and sensory attributes, in addition
to stability for six months, constituting a functional, sustainable, and promising alternative for the market.

Keywords: Physical-chemical properties; Dietary fiber; Oleic acid; Maltitol; Sensory acceptance; Shelf life; Cookie.

Highlights

Vegan and gluten-free peach palm (Bactris gasipaes Kunth) biscuits have a high content of
fiber and omega-9

The product was well accepted, and the replacement of sugar by maltitol proved viable

The biscuits maintained their quality and stability for six months

This is an Open Access article distributed under the terms of the Creative Commons Attribution license (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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1 Introduction

Biscuits are consumed worldwide by all social classes and ages and comprise a wide selection of shapes, types and
flavors. The increasing demand for convenience, ready-to-eat snacks, easily storable food, availability in different types,
and affordability, coupled with the expansion of the urban population, particularly in established and emerging nations,
is driving the growth of the global biscuit market. The biscuit market size was valued at USD 108.9 billion in 2023.
The biscuits industry is projected to grow from USD 115.3 billion in 2024 to USD 172.3 billion by 2032, exhibiting a
Compound Annual Growth Rate (CAGR) of 5.90% during the forecast period (Gupta, 2024). In Brazil, the market value
of biscuits in 2023 was R$ 32.4 billion, and the volume produced was 1.5 million tons according to Brazilian Association
of Industries of Biscuits, Pasta, Breads and Industrialized Cakes (Associacao Brasileira das Industrias de Biscoitos, Massas
Alimenticias e Paes & Bolos Industrializados, 2023). Although the per capita quantity (7 kg/inhabitant, in 2019) is still
lower than in other countries, biscuits are widely consumed in Brazil, present in more than 90% of homes in the country
(Rego et al., 2020).

In recent years, there has been a significant increase in demand for gluten-free and more nutritious and functional
biscuits. Thus, this trend is driving the market CAGR and the biscuits have been formulated with the incorporation
of ingredients recognized by their positive health effects such as wholemeal flour, oats, chia, quinoa, pea, dried
fruits, spices, herbs, and others (Nabil et al., 2020; Alves et al., 2021; Starowicz et al., 2021; Saeed et al., 2022;
Aljutaily et al., 2022; Krajewska & Dziki, 2023; Gélinas & Théolier, 2024; Lazou, 2024; Tibaldi et al., 2025).
However, a crucial trend that is becoming increasingly popular in the market is product innovation.

The Amazon forest, considered one of the richest biodiversity of the world, has several native species of fruit plants
that have economic, technological, sensorial, and functional potential. Numerous species of fruit trees, although well
known regionally, are economically underutilized. Among these species, those from the Arecaceae family stand out,
to which the peach palm (Bactris gasipaes Kunth) belongs. The peach palm tree has, in principle, two edible parts, the
palm heart and fruit. In the South and Southeast of Brazil, the peach palm tree is almost exclusively cultivated for palm
heart purposes, and the fruits are considered waste. In the Brazilian Amazon, the peach palm tree is almost exclusively
cultivated for fruit production purposes (Spacki et al., 2022). In addition to its peculiar sensory characteristics and high
local consumption, peach palm fruit has different shapes (conical, ovoid, or ellipsoid) and the thin skin adhered to the
pulp has different colors, such as red, orange or yellow and green (Soares et al., 2022). There are at least three distinct
peach palm varieties, with different colors, flavors, and nutritional constituents (Pires et al., 2019; Costa et al., 2022).
The main criterion for classification of fruits is through the thickness of the pulp, separating the peach palm groups
into microcarp, mesocarp, and macrocarp. The microcarp race has small fruits, relatively little pulp compared to seed
volume, and the pulp is generally fibrous and oily. The mesocarp and macrocarp progressively have larger fruits, with a
higher pulp percentage in relation to microcarp, higher starch content and lower lipids (Costa et al., 2022). Studies that
correlate physical characterization and chemical composition data show that generally smaller fruits tend to be more
fibrous and oilier, while larger fruits tend to be rich in starch, with these two major components (starch and lipid) in an
inversely proportional ratio (Costa et al., 2022; Soares et al., 2022). Despite differences in the chemical composition
of the different eco-varieties, these fruits are characterized by the predominance of monounsaturated oleic acid in the
lipid fraction, rich in carotenoids with a predominance of -carotene, protein, fiber, and a wide variety of phenolic
compounds (Aratjo et al., 2021; Costa et al., 2022). Furthermore, it has been suggested that the full exploitation
of the peach palm tree. Residues from processing—such as the fibrous material from palm hearts and the peels and
seeds from fruit—can be upcycled into high-value products. These include prebiotics, enzymes, cellulose nanofibrils,
and high-fiber flours, which are crucial for stimulating the entire peach palm production chain (Pinheiro et al., 2022;
Spacki et al., 2022).

The fruit of the native peach palm tree is abundant in the state of Amazonas and serves as an important food source.
Considering the expected global food shortage and environmental challenges, the use of existing food resources is
a promising approach to global sustainability. The real use of this Amazon fruit is an important contribution to the
livelihoods of rural and peri-urban dwellers, generating opportunities and local income and consequently, wealth for
society and forest conservation. This rationale led to the start of the research to establish the technology for elaboration
of biscuits with peach palm, to add value to Amazon native fruits, and develop a new food product that takes into
account the market macrotrends.

Thus, in this paper, it is reported the chemical, physical, and sensory characteristics of vegan and gluten-free
biscuits elaborated with flour of peach palm as well as the study of stability to estimate the shelf life of peach palm
biscuits with and without added sugar.
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2 Materials and methods

2.1 Fruit flour preparation

Peach palm fruit from Careiro Castanho city, Amazonas, Brazil, was processed into flour as described by Oliveira et al.
(2024), with access registered (AF65CDO0) in SISGEN. SISGEN is a National System for the Management of Genetic
Heritage and Associated Traditional Knowledge, a Brazilian electronic platform that functions as a mandatory registration
for research activities involving genetic resources.

2.2 Biscuits preparation

Biscuits were prepared following Manley (2000), involving ingredient weighing, mixing (KitchenAid mixer), lamination
(Braslaer table), manual cutting, baking (Perfecta Turbo oven, Vipinho model) at 120 °C for 55 min, cooling, and packaging.
Ingredients included peach palm flour (36.5%), sucrose or maltitol (8.3%), Brazil nut flour (5.8%), oat flour (4.2%),
pea protein concentrate (3.5%), palm oil (7.3%), water (32.3%), monoglyceride emulsifier (1.0%), and baking powder
(1.0%). In the sugar-free version, sucrose was replaced with maltitol. Biscuits were packaged in a co-extruded multilayer
polyethylene film featuring dual-sided coloration, with a black outer surface and a white inner surface. The secondary
packaging (LillyPlas) was composed by PET/metallized PET film + PE with oxygen and water vapor transmission rates of
1.28 ml (STP).m?*/day (American Society for Testing and Materials, 2017) and 1.28 g water/m*/day (American Society for
Testing and Materials, 2020), respectively.

2.3 Chemical and physical characterization

2.3.1 Determination of water activity (Aw)

The Aw was measured using an Aqualab Decagon 4TEV equipment, which is based on the measurement of the “dew
point”, indicating the amount of free water in the sample, according to the Association of Official Analytical Chemists
(1978). Results are the mean and standard deviation of three readings.

2.3.2 Determination of proximate composition

The biscuit samples were homogenized in a PowerChop food processor (Philips/Walita). The proximate composition
was determined by the Association of Official Analytical Chemists (2012). The moisture and volatile content were
determined in a vacuum oven at 100 °C for 5 h until constant weight. The ash content was determined by incineration
in a muffle furnace at 550 °C. The protein was determined by the Kjeldahl method and factor 5.75, and total fats were
determined by quantification of petroleum ether soluble substances extracted in a Butt-type extractor. The total, soluble, and
insoluble dietary fiber was by the enzymatic-gravimetric method and MES-TRIS buffer. Carbohydrates were determined
by difference, considering 100 - (g/100 g moisture + g/100 g ash + g/100 g total fat + g/100 g protein + g/100 g total dietary
fiber (TDF)). The energy value was calculated by the sum of the percentages of protein and carbohydrates multiplied by a
factor of 4 (kcal/g), total fat multiplied by a factor of 9 (kcal/g), and soluble dietary fiber multiplied by a factor of 2 (kcal/g)
(Brasil, 2005).

2.3.3 Determination of sugars

The fructose, glucose, sucrose and maltose contents were determined by High Performance Liquid Chromatography
(HPLCQ), after extraction in aqueous medium, in an Agilent equipment, with RID detector and NH2 Phenomenex column. The
conditions used were column oven and detector temperature: 30 °C to 40 °C, Mobile phase acetonitrile: water (1 to 1.5 mL/min),
Luna column (NH2), 150 x 4.6 mm, 3 um SUGAR, 100 A. The peaks identification was by comparison with the retention
time of sugar standards under the same conditions, and results expressed in g/100 g (Bugner & Feinberg, 1992).

2.3.4 Determination of fatty acid composition

The lipid fraction was cold extracted with petroleum ether and stirred overnight. The lipid fraction was saponified
with a 2% NaOH solution in methanol, followed by esterification with ammonium chloride, sulfuric acid, and methanol,
according to Hartman & Lago (1973). The methyl esters were injected into a gas chromatograph equipped with a Flame
Ionization Detector (FID), automatic sampler, capillary column CP-Sil 88 (100 m, 0.25 mm internal diameter and 0.20 pm
film thickness), and hydrogen as carrier gas (flow rate of 0.9 mL/min). The column oven temperature was programmed at
130 °C/12 minutes, with a heating ramp from 130 °C to 230 °C (3 °C/min), and the temperature remained at 230 °C for
10 minutes. The injector was a split type, with a ratio of 1:75 and a temperature of 260 °C. The FID was maintained at
260 °C, with 30 mL/min for both the carrier gas and the make-up gas (nitrogen). The quantification was by area percentage,
and the results were expressed in g/100 g sample.
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2.3.5 Determination of the peroxide index

The lipid fraction used was mentioned in item 2.3.4. The titrimetric analysis used was according to the American Oil
Chemists Society (2017), and the results were expressed in milliequivalents of peroxides per kg of sample.

2.3.6 Determination of sodium

The samples were incinerated in a muffle furnace at 450 °C. The ashes were cooled and moistened with purified
water, added 37% hydrochloric acid and transferred to a 50 mL volumetric flask. The analytical blanks were prepared
following the same procedure. For sodium quantification, an ICP OES (5100 VDV, Agilent Technologies) equipped with
a 27 MHz radiofrequency (RF) source, with a simultaneous optical detector, radial view, peristaltic pump, double-pass
cyclonic nebulization chamber, 1.8 mm quartz torch, and seaspray nebulizer was used. The plasma gas was high-purity
liquid argon. The operating conditions were: plasma power, 1.20 kW; argon flow rate, 12.0 L/min; nebulization flow
rate, 0.7 L/min; stabilization and reading time, 12 s; wavelength, Na (589,592 nm). The analytical curve was prepared
from dilutions of analytical standards in the range of 0.041 to 41.0 mg/100 mL, with a correlation coefficient (r) greater
than 0.9999.

2.3.7 Determination of colorimetric parameters

The color parameters L*a*b*, as established by the Commission Internationale de L’Eclairage (CIE), were measured
by the Konica Minolta CM-5 spectrophotometer, software version 1.13.000, under the following conditions: Illuminant
D65, observation angle of 10°, mode reflectance, area: 8§ mm. Results are the mean and standard deviation of four readings.

2.3.8 Determination of texture parameters

The texture parameters were measured by Stable Micro Systems TA-XT2i texturometer using a 3-Point Bending Rig
probe (HDP/3PB) and HDP/90 platform, according to the method reported by Gomes-Ruffi (2011).

2.4 Microbiological analysis

It was performed the plate count of Bacillus cereus (U.S. Food and Drug Administration, 2012) and Molds and Yeasts
(U.S. Food and Drug Administration, 2001), detection of Salmonella sp. (International Organization for Standardization,
2017) and MPN of Escherichia coli (American Public Health Association, 2015).

2.5 Sensory consumer test

The test was performed by potential consumers, corresponding to 83 from the Southeast (SE) region (Campinas
city, Sdo Paulo, Brazil) and 84 from the Northern (N) region (Manaus city, Amazonas, Brazil). At the beginning of the
test, consumers answered questions about their biscuit consumption habits and personal characteristics according to the
Brazilian Economic Classification Criteria (Associagdo Brasileira de Empresas de Pesquisa, 2024). This research was
approved by the Ethics in Research Committee (CAAE 74414423.5.0000.8119) of the Institute Federal of Education,
Science and Technology of Amazonas (IFAM).

The biscuits were presented according to a monadic sequential balanced complete block design and identified by
random 3-digit codes. Between samples, the palate was cleaned with natural mineral water. A 20-second interval was set
between biscuit evaluations to avoid residual flavor effects. The identification of the fruit used to produce the biscuits was
provided because, as it is an innovative or non-traditional product, it was considered that knowledge of its origin would
be important for potential consumers. In the Southeast region, the test was performed at the Reference Laboratory Unit
for Physical and Sensory Analyses (Lafise) of the Food Science and Quality Center (Centro de Ciéncia e Qualidade de
Alimentos - CCQA) of the Food Technology Institute (/nstituto de Tecnologia de Alimentos - ITAL), in individual booths
with white light (daylight). The Compusense Cloud computerized system was used to analyze the data from both regions.
In the Northern region, potential consumers could choose to evaluate the biscuits using cards or directly on their cell
phones. The data from the cards were later transferred to the computerized system.

The biscuits were evaluated in terms of overall acceptability and, in particular, their appearance, aroma, texture, flavor
and sweetness, using a nine-point hedonic scale (9 = I liked it very much, 5 = I neither liked nor disliked it, and 1 =1
disliked it very much) according to the Brazilian Association of Technical Standards (Associacdo Brasileira de Normas
Técnicas, 2016b). They were also evaluated in terms of the intensity of the fruit flavor, using a Just-About-Right (JAR)
5-point ideal scale (5 = too much intense than I like it, 3 = just right, 1 = too little intense than I like it) and the purchase
intention, using a 5-point attitude scale (5 = I definitely would buy it; 3 = maybe I would, maybe I would not buy it; 1 =1
definitely would not buy it) (Meilgaard et al., 2007). The data obtained were subjected to analysis of variance and Student’s
test using the XLSTAT 2022 statistical program.
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The sensory profile of the product was evaluated using the Check-all-that-apply (CATA) method. Consumers were
presented with a list of 24 attributes and instructed to select all terms they found appropriate for describing the sample.
The descriptors/atributes used were orange color, brown color, weak fruit aroma, strong fruit aroma, strange aroma, aroma
reminiscent of chestnut, hard to bite, soft to bite, dry, greasy, grainy/sandy, crunchy, pleasant aftertaste, unpleasant/bad
aftertaste, did not feel any aftertaste, weak aftertaste, slightly sweet, slightly bitter, very bitter, slightly crunchy, very
crunchy, oat flavor, did not feel any bitterness, chestnut flavor. The frequency of mention for each attribute was analyzed
using the Cochran Q test (p < 0.05) to identify significant differences among the samples.

A penalty analysis was conducted on the JAR data to evaluate the impact on overall acceptability when the fruit flavor
intensity was rated as non-ideal (either below or above the ideal). This analysis was also applied to the CATA results to
determine the statistical impact of descriptors cited by at least 20% of consumers on the average overall acceptability, following
the methodology of Varela & Ares (2014). Additionally, purchase intention was presented graphically as response frequencies.

2.6 Stability study by sensory characterization and determination of peroxide value

To assess sensory characteristics over the 6-month period, the biscuits were stored in a chamber at 30 (+ 2) °C / 75
(£ 5) % relative humidity corresponding to zone IVB (hot and very humid), based on Guide for Determining Food Shelf
Life No. 16/2018 of the National Health Surveillance Agency (Brasil, 2024) and controlled by Testo model Saveris I
system. The products were evaluated at the initial period (freshly processed) and after 2, 4 and 6 months in the SE region.
The method consensus profile, according to the Brazilian Association of Technical Standards (Associagdo Brasileira de
Normas Técnicas, 2021), was used by a panel of five assessors from Lafise/CCQA/ITAL, selected for sensory acuity
based on the Associa¢do Brasileira de Normas Técnicas (ABNT) (Associacao Brasileira de Normas Técnicas, 2016a,
2017). The attributes of appearance, odor, flavor, and texture/mouthfeel were evaluated. A scale from 0 to 10 was used to
quantify the intensities of the main characteristics of the samples. On this scale, the value 0 corresponds to nonexistent or
weak, the value 5 to moderate and the value 10 corresponds to extremely strong. The mean values assigned by the panel
were presented in parentheses after the description of the respective attribute. At each evaluation period, samples of the
biscuits frozen immediately after processing were used as a reference for comparison of sensory characteristics, at room
temperature. Peroxide value of the biscuits was determined as mentioned in item 2.3.5. for three and six months.

3 Results and discussion

3.1 Chemical and physical characterization

The proximate composition of biscuits made with Amazonian peach palm flour with sugar (PB) and maltitol (PMB)
is shown in Table 1. The ingredients of the peach palm biscuits developed in this work were compared to those reported
by Ribeiro et al. (2021) for biscuits elaborated with two types of flour from peach palm fruits (whole fruit [pulp + peel]
and only pulp). Their formulation included 40% peach palm flour, 24% margarine, 24% refined sugar, and 12% egg. The
present study, aiming to produce a vegan biscuit, used a different formulation: 36.5% peach palm flour, 8.3% sucrose
or maltitol, 7.3% palm oil, 5.8% Brazil nut flour, 4.2% oat flour, 3.5% pea protein concentrate, and 32.3% water. These
distinct formulations resulted in notable differences in the proximate composition. Compared to the study by Ribeiro et al.
(2021), our biscuits presented lower moisture content and higher concentrations of protein and ash, while the carbohydrate
and total lipid contents were comparable. Although the final lipid content was similar, the fat sources were markedly
different. The reference study utilized 24% margarine as the sole primary lipid source. In contrast, our formulation used a
much lower quantity of palm oil (7.38%), with the final lipid content being supplemented by naturally occurring fats from
other ingredients, namely the Brazil nut and oat flours. Furthermore, the observed increase in protein and ash is directly
attributed to the inclusion of Brazil nut flour, oat flour, and pea protein concentrate as a substitute for egg.

To contextualize the chemical characterization findings, the proximate composition (Table 1) and fatty acid profile
(Table 2) of the biscuits were compared with data from other functional biscuit studies in the literature. The moisture content
of peach palm biscuits (1.62% and 1.53%) is lower than typical values reported in the literature. Cortat et al. (2015) cited
1.01% —2.14% for gluten-free biscuits with green banana flour, Arogundade et al. (2023) reported 2.33% — 3.87% for flour
blends and ginger-flavored biscuits, Ribeiro et al. (2021) found 4.9% - 6.26% for peach palm biscuits, Meenakumari et al.
(2023) found 5.63% — 6.33% for multigrain and sweet potato flour biscuits, and Rocha et al. (2020) reported 8.65% —10.75%
for biscuits with chia mucilage. The low moisture in peach palm biscuits may stem from the flour’s low water-holding
capacity, enhancing shelf life and stability. Their Aw values (0.22 and 0.27) also minimize lipid oxidation, which is optimal
in the 0.2-0.4 range (Labuza, 1980). The ash content (2.32% and 2.34%) of peach palm biscuits exceeds the values
reported by Ribeiro et al. (2021) for peach palm biscuits (1.24% and 1.34%), Rocha et al. (2020) for chia mucilage biscuits
(1.19%—-1.44%) and Ronoh et al. (2024) for wheat biscuits fortified with sorghum and grasshopper (0.76%-1.77%).
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It is also higher than the ash content in gluten-free rice flour biscuits (1.63%) reported by Saeed et al. (2022), though
similar or higher values (2.14%, 3.04%, 3.94%) were found in biscuits with blends of rice flour, Assyrian plum flour, and
date-pit flour. Protein content in peach palm biscuits was similar (8.73% in PB, 8.53% in PMB) and higher than values
reported by Ribeiro et al. (2021) for peach palm biscuits (6.33%—7.01%), Klerks et al. (2023) for biscuits from Germany,
the Netherlands, Spain, and the UK: 7.7% (6.8-8.4) for baby biscuits, 6.9% (5.8-7.8) for children’s biscuits, and 6.5%
(5.5-7.5) for adult biscuits. These findings highlight the nutritional advantage of Amazonian peach palm biscuits.

Table 1. Proximate composition (g/100 g) and water activity of peach palm biscuits.

Peach palm (PB) Peach palm maltitol (PMB)
Aw 0.22 + 0.004° 0.27 £ 0.004*
Moisture 1.62 +0.01° 1.53£0.02*
Ash 2.32 £0.04° 2.34 £0.02¢
Protein 8.73£0.10° 8.53+£0.08*
Lipids 24.61 +£0.03* 24.68 +0.18°
Soluble Fiber (SF) 6.23 £0.23* 3.88+0.01°
Insoluble Fiber (IF) 14.05 £ 0.35° 15.19 £0.26*
Total Dietary Fiber (TDF) 20.28 £ 0.80* 19.08 £ 0.31*
Carbohydrates 42.44+0.11° 43.84+0.19*
Fructose N.D. N.D.
Glucose N.D. N.D.
Maltose N.D. N.D.
Sucrose 13.98 £0.11 N.D.
Sodium (mg/100g) 167.93 +5.85° 180.61 + 3.44*
Energy value (kcal/100g) 439 439

Equal lowercase letters — samples did not differ from each other, in the same line, according to Student test (p < 0.05).

For lipids, a similar trend to protein content was observed, with both peach palm biscuits showing comparable values
(24.61% and 24.68%) due to the only difference in the formulation of both biscuits being the replacement of sugar with
maltitol. These values align with Ribeiro et al. (2021) for peach palm biscuits (25.0%—26.4%) and Ronoh et al. (2024) for
sorghum- and grasshopper-fortified wheat biscuits (20.97%-26.38%) but are higher than those reported by Saced et al.
(2022) for gluten-free biscuits (17.18%—-22.12%), Rocha et al. (2020) for chia mucilage biscuits (9.63%—12.55%),
Meenakumari et al. (2023) for sweet potato multigrain biscuits (21.04%-21.12%), and Klerks et al. (2023) for biscuits
with fat contents of 12.8% (baby), 20.0% (children), and 22.5% (adults). Conversely, higher fat content was found by
Bakar et al. (2022) in sweet potato peel biscuits (34.2%-34.8%) and by Arogundade et al. (2023) in ginger powder biscuits
(26.17%-27.50%).

The TDF in Amazonian peach palm biscuits (20.28% in PB, 19.08% in PMB) is high compared to literature values.
Masmoudi et al. (2021) reported lower TDF (10.91%—-15.01%) in wheat biscuits with jujube flour, and Gao et al. (2022)
found a similar TDF (19.1%) in pumpkin seed meal biscuits. Lower TDF values were observed in gluten-free biscuits with
date pit and Assyrian plum flours (3.88%—10.82%, Saeed et al. 2022), in biscuits for targeted populations (3.0%-3.1%,
Klerks et al. 2023), and in doum fruit fiber biscuits (3.87%—10.23%, Aboshora et al. 2019). The slightly lower TDF found
in PMB compared to PB may be attributed to the analytical interference of maltitol. In fiber determination methods,
polyols are known to interact with fiber in complex ways, altering its physical properties and chemical accessibility,
which can lead to inaccurate results. These interactions, whether non-covalent or covalent, can occur by complexing
with polyphenols or changing the water structure around the fiber, thus affecting its extraction and solubility during
analysis. To mitigate this, analytical methods integrating enzymatic-gravimetric procedures with liquid chromatography
are recommended for a more accurate measurement, as they are designed to correct for interferences from polyols and
oligosaccharides (McCleary & Prosky, 2001; McCleary & McLoughlin, 2023). Despite these analytical considerations,
the high fiber content is a key finding, as dietary fiber is increasingly used to enrich baked goods due to its nutritional,
functional, and technological properties (Taraseviciene et al., 2021; Bakar et al., 2022; Krajewska & Dziki, 2023).
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The consumption of dietary fiber is strongly associated with the prevention of diseases such as cardiovascular conditions,
cancer, and diabetes, as well as the promotion of gastrointestinal health, with its effects being dictated by physicochemical
properties like solubility, viscosity, and fermentability (Gill et al., 2021).

The carbohydrate contents for the two biscuit samples were very similar, which makes sense, since they were obtained
by calculation, and the values for ash, protein, total fat, and TDF were also very close. Gao et al. (2022) reported 59.2%
of carbohydrate content in pumpkin seed meal biscuits, a higher value when compared to both peach palm biscuits.
The energy value of the biscuits was the same, 439 kcal/100 g. Both the carbohydrate content and the caloric value are
completely dependent on the formulation of the products and each added ingredient. In the case of the biscuits studied, the
formulation was the same, except for the addition of sugar in one of them and maltitol in the other. Since these analytes
are already considered in the sum of carbohydrates for the calculation of the energy value, the data obtained for the two
samples are coherent and justify their composition.

Regarding sugar content, only one formulation used sucrose, yielding 13.98 g/100 g, as expected based on the biscuit’s
mass balance. The same applies to the maltitol formulation, which allows consumption by diabetics or those restricting
sugar. Sugars, the second major biscuit component, affect taste, flavor, and shelf life. Public health campaigns advocating
sugar reduction have popularized low-sugar biscuits, though this alters texture and sensory properties. European studies
report sugar reductions of 2—15 g/100 g in biscuits and cakes (Goubgou et al., 2021).

The sodium values (Table 1) were similar in both peach palm biscuits (167.9 mg/100 g and 180.6 mg/100 g), fall within
the variation coefficient for the method used, and are classified as low sodium, considering a 30 g portion according to
current legislation (Brasil, 2020). Klerks et al. (2023) reported median salt content of 0.21% (baby), 0.64% (children)
and 0.50% (adults) in biscuits targeted for different populations. Based on 40% sodium in the salt, the sodium content in
biscuits would be 84 mg/100 g, 240 mg/100 g, and 200 mg/100 g, respectively.

The energy value of peach palm biscuits was 439 kcal/100 g, similar to baby biscuits (434 kcal/100 g) reported by
Klerks et al. (2023), but lower than rice flour biscuits (483 kcal/100 g) and blends of rice with date pit or Assyrian plum
flours (410453 kcal/100 g) noted by Saced et al. (2022), demonstrating that addition of blend flours had higher nutritional
qualities with higher protein, ash, and fiber contents, and were lower in kcal. Rocha et al. (2020) found values of 404.13 to
422.07 kcal/100 g in biscuits with chia mucilage fat replacement and control formulations. Sugar-free quinoa flour biscuits
(432.68 kcal/100g) were reported by Nadian et al. (2021), and Arogundade et al. (2023) found higher energy values
(510.16 to 516.20 kcal/100 g) in wheat, bambara groundnut, and plantain flour blends.

The fatty acids composition of Amazonian peach palm biscuits, as well as that of peach palm flour used for biscuit
production, is demonstrated in Table 2. For peach palm flour, the unsaturated fatty acids (USFA) corresponded to 70%
and saturated fatty acids (SFA) to 30% of the total lipid content (13.20%), with oleic acid (6.59%) found in the highest
value, followed by palmitic acid (3.60%) and linoleic acid (1.02%). The flour total lipid content is in agreement with
the value (13%) reported by Rojas-Garbanzo et al. (2012) and within the range of lipid content from 5.39% to 17.30%
reported by Oliveira et al. (2024) for the peach palm flours elaborated with peach palm fruits from three different
geographical origins of Amazonas state. The proportion of USFA and SFA in the biscuits (Table 2) was different when
compared to the peach palm flour due to the addition of other ingredients in the formulation. In the biscuits, the
proportion of USFA (62%) was also higher than the proportion of SFA (38%), but the proportion of SFA was higher in
the biscuits than in the peach palm flour (30%) due to the addition of palm oil in the biscuits. Considering the proportion
of polyunsaturated fatty acids (PUFA), the highest proportion was found in the biscuits (17%) when compared to the
peach palm flour (10%) due to the addition of Brazil nut flour in the formulation, characterized by having a high content
of linoleic acid (Wadt et al., 2023). The biscuit’s fatty acid profile followed the same as that observed in the flour, with
the highest value for oleic acid, followed by palmitic acid and linoleic acid. The trans fatty acid content of 0.04 g/100 g
found in the biscuits is within the limits established by Agéncia Nacional de Vigilancia Sanitaria (Anvisa) (Brasil,
2020) in Normative Instruction 75, Annex IV, which establishes that trans fats less than or equal to 0.1 g per reference
portion, per 100 g or mL, and per individual package are considered insignificant quantities and in compliance with
Brazilian legislation. Because the biscuits contain percentages of mono- and polyunsaturated fats in their composition,
the formation of insignificant amounts of trans fatty acids was likely a result of the high temperature applied to the
products during baking, which can cause geometric isomerization of the double bonds. Of the total lipid content in the
biscuits, 62% consisted of USFA, of which 73% was monounsaturated fatty acids (MUFA), mainly oleic acid. Oleic
acid is a beneficial fatty acid that protects the skin, has antioxidant action, and helps to reduce the risk of cardiovascular
diseases. PUFAs were present in 27%, mainly linoleic acid, an essential fatty acid which appear to have a predominantly
protective role in reducing the risk of cardiovascular diseases, certain cancers, and all-cause mortality in the general
population (Sadeghi et al., 2025).
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Table 2. Fatty acids composition (g/100 g) of Amazonian peach palm biscuits (PB and PMB) and peach palm flour.

Fatty acid PB PMB Peach palm flour
C12:0 Lauric acid 0.03 +0.00? 0.03 £ 0.00? -
C 14:0 Myristic acid 0.11£0.01° 0.11 £0.01° 0.02 +0.00
C 15:0 Pentadecanoic acid - - 0.01 +0.00
C 16:0 Palmitic acid 7.54 +£0.02¢ 7.54 +0.06 3.60+0.01
C1le:1 Palmitoleic acid 0.54 +0.00° 0.54£0.01* 0.97£0.01
C17:0 Margaric acid 0.02 +0.00° 0.02 £ 0.00? -
C17:1 cis-1-heptadecanoic acid - - 0.01 £0.00
C 18:0 Stearic acid 1.20 + 0.00? 1.20+£0.01* 0.15 +0.00
C 18:1 omega 9 Oleic acid 10.01 £0.01° 10.06 £ 0.07° 6.59 +0.01
C 18:2 omega 6 t Trans Linoleic acid 0.04 +0.00° 0.04 +0.00* -
C 18:2 omega 6 Linoleic acid 3.81+£0.01* 3.83£0.03* 1.02 +0.00
C 20:0 Arachidic acid 0.06 + 0.00* 0.06 £ 0.00? 0.02 £ 0.00
C20:1 omega 9 cis-11- Eicosenoic acid 0.04 +0.00° 0.04 £ 0.00? 0.01 £0.00
C 18:3 omega3 a Linolenic acid 0.12 £ 0.00a* 0.12 +0.00* 0.19 +0.00
Total fatty acid (g/100 g)
Saturated 8.97 8.97 3.80
Monounsaturated 10.58 10.63 7.58
Polyunsaturated 3.93 3.95 1.21
- omega 3 0.12 0.12 0.19
- omega 6 3.81 3.83 1.02
trans 0.04 0.04 0.00
% SFA 38 38 30
% USFA 62 62 70

Equal lowercase letters — samples did not differ from each other, in the same line, according to Student test (p < 0.05).

The average texture parameters showed some variations between the products (Table 3), as expected, as well as alters
the sensory properties. The hardness values of both biscuits (PB and PMB) were lower than the hardness obtained by
Aboshora et al. (2019), Arogundade et al. (2023), and Masmoudi et al. (2021), who used fruit flours as a partial replacement
for wheat flour. In this study, the biscuits were formulated without wheat flour, therefore gluten-free, using peach palm
flour, which may have contributed to the lower hardness of the biscuits. The biscuit with maltitol showed greater hardness,
as did those obtained by Roze et al. (2021). Polyols can interfere with biscuit hardening during and after baking, affecting
protein denaturation and starch gelatinization temperatures, and may also present a lower expansion index compared to
the biscuit with sugar. Correlating instrumental results with sensory results, both biscuits presented a positive impact.
The selected panel, in the Southeast, perceived this from 0 to 4 months, and potential consumers evaluated the texture of

biscuits freshly processed with “liked it a lot” and “liked it” in both regions (Tables 5 and 6).

Table 3. Experimental texture parameters (hardness and fracturability), specific volume and expansion index of Amazonian fruit biscuits.

PB PMB
Specific volume (cm?/g) 1.10 £ 0.09° 1.41 £0.04*
Expansion index 7.00 £ 0.69° 6.79 +£0.35°
Hardness (g) 321.06 + 88.86" 406.68 + 77.06*
Fracturability (mm) 0.39 £0.10° 0.36 +0.08°

Equal lowercase letters — samples did not differ from each other, in the same line, according to Student test (p < 0.05).
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3.2 Microbiological analysis

The microbiological analyses (Table 4) showed no microbial growth, indicating good hygienic-sanitary quality of the
raw materials and good handling practices in the production of biscuits.

Table 4. Results of microbiological analyses performed on Amazonian fruit biscuits.

PB PMB
Bacillus cereus <10 <10
Escherichia coli <3 <3
Salmonella sp Absence Absence
Molds and Yeasts <10 <10

3.3 Sensory consumer test

A total of 167 potential consumers were recruited to evaluate the acceptability of the biscuits. The participants were
drawn from two regions: 84 from the Northern (N, Manaus city) and 83 from the Southeast (SE, Campinas city). The N
group included 51 women and 33 men, while the SE group was composed of 65 women and 18 men.

The characterization of the consumers is shown in Figure 1. The comparative analysis of biscuit consumers
revealed distinct profiles between the N and SE regions. In the N, there was a predominance of consumers from
classes C1 and B2 (60%) and young people (61%). In contrast, the SE region concentrated consumers from classes
A and B1 (58%), with a lower percentage of young people (38%). Chestnuts, buttery, and chocolate flavors were the
most consumed in the N (between 55% and 77%). In the SE, these flavors were also popular, but with the inclusion of
fruit biscuits, increasing the preference range to 67% to 88%. In the N region, the biscuits were primarily consumed
during afternoon coffee (58%), with a frequency described as ‘sometimes’ by 57% of consumers. In contrast,
consumption in the SE region was more varied and frequent, with peaks at both breakfast (63%) and afternoon coffee
(80%). Furthermore, 43% of participants in the Southeast consumed the biscuits more than once a week, indicating
more regular usage.

The results obtained in the acceptability of peach palm biscuits were evaluated considering the two regions together as
well as the regions separately (Table 5). In both regions together, peach palm and peach palm maltitol biscuits showed no
differences in appearance, aroma, and texture. For the flavor, sweetness, and overall liking attributes, a significant difference
was observed between the biscuits, and the peach palm biscuits were better evaluated between ‘like it moderately’ and
‘like it slightly’ than peach palm maltitol biscuits, perceived by the consumers with ‘like it slightly’. In the N region, both
peach palm biscuits did not differ significantly from each other in terms of appearance and aroma, but differed in texture,
flavor, sweetness, and overall liking, with peach palm biscuit being better evaluated between ’like it very much’ and ‘like it
moderately’. In the evaluation of the SE region, neither biscuit differed significantly from the other in terms of appearance,
aroma, texture, flavor, and overall liking; however, both differed from each other in terms of sweetness, with the peach
palm biscuit evaluated with ‘like it slightly’. The low score of the flavor, sweetness, and overall liking may be attributed
to the consumers’ unfamiliarity with peach palm. These facts were reflected in a higher score of acceptance of biscuits
by potential consumers in the N region than those in the SE region. The descriptors identified by Check-All-That-Apply
(CATA) evaluation (Figures 3 and 4) explained the acceptance differences, the classifications for fruit flavor intensity, and
the classification of purchase intention (Figure 2).

Classifications for fruit flavor intensity (above ideal: values 5 and 4, ideal: value 3, below ideal: values 2 and 1)
and the results of penalty analysis for overall acceptability are shown in Figure 2. Varela & Ares (2014) suggested
that 20% of responses above or below the ideal for an attribute indicate potential improvement needs. The peach
palm biscuit was rated as having just the right fruit flavor intensity by 63% and 53% of evaluators in the N and the
SE regions, respectively. It was rated as too low by 25% and 27%, reducing overall acceptability by 1.3 points. In the
SE, 20% found it too high, with a 2.8 points reduction. For the peach palm maltitol biscuit, 39% and 34% rated fruit
flavor as too low, reducing acceptability by 1.3 points. Too high ratings (25% and 24%) caused reductions of 1.2 and
2.0 points in N and SE, respectively. The fact that pupunha is a traditional food in the Amazonian diet, consumed
from breakfast to snacks, probably explains why the ideal fruit flavor intensity result was higher among consumers

in the N region.
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Figure 1. Characteristics of the group composed of 167 consumers, Northern (left) and Southeast (right) groups,
regarding age group, social class, types of biscuits consumed, and frequency of consumption, in percentage.
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Table 5. Results obtained in the acceptability assessment of Amazonian fruit biscuit samples carried out in the two regions together
and in each region.

Assessment of the two regions together

Appearance Aroma Texture Flavor Sweetness Overall liking
PB 70+1.6% 68+1.5% 74+14¢2 69+19* 65+20% 6.8+1.8%
PMB 6.8+1.6* 68+1.5% 7.1+1.5% 63+20°" 58+2.0°" 62+19°

Northern region

Appearance Aroma Texture Flavor Sweetness Overall liking
PB 74+14¢% 72+14¢% 79+1,0° 7.6+14% 72+1.6% 77+14¢%
PMB 72+14¢% 72+12¢% 75+1.1° 69+138" 6.7+1.7" 70+£1.6°

Southeast region

Appearance Aroma Texture Flavor Sweetness Overall liking
PB 6.7+1.7¢ 6.4+1.5% 7.0+1.6° 6.1+2.0° 58+2.1% 6.0+19?
PMB 65+1.8¢ 63+1.7% 6.7+1.8? 56202 49+20° 54+19¢%

Equal lowercase letters — samples did not differ from each other, in the same column and in each region, according to Student’s test (p < 0.05).

Fruit Intensity Flavor Purchase Intention
- Northern Southeast Northern Southeast
100
12
%0 25 20 24 90
1.2% 28* -20* 27
80 Gk 80 39
70 70 57
60 = 85 “
63 36 o 42
50 50
34
40 40
30 30 27
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) ) E .
,, . El
Peach palm  Peach palm maltitol ~ Peach palm  Peach palm maltitol Peach palm Peach palm maltitol  Peach palm Peach palm maltitol
= Too little JAR Too much u Negative intention Doubt Positive intention

Figure 2. Frequency (%) of ideal, above and below ideal classification for the fruit flavor intensity (left) and classification
of positive, maybe, and negative purchase intention (right) of biscuits in the evaluation of consumers in the Northern and
Southeast regions.

The percentages of classification of positive purchase intention (values 5 and 4), doubt (value 3), and negative purchase
intention (values 2 and 1) of the biscuits, in the N and the SE regions, are shown in Figure 2. The peach palm and peach
palm maltitol biscuits will certainly/probably be purchased by 85% and 57% of the evaluators from the N region and by
39% and 27% of the evaluators from the SE region, respectively. Possibly, the lack of knowledge or habit of consuming
fruits with these flavors in the SE region caused the low frequencies of positive purchase intention.

The potential consumers used the CATA method to select descriptors for each sample, as shown in the penalty analysis
for both biscuits and regions. Figure 3 illustrates how the penalty analyses calculate the impact (approximately 1.0 point)
on acceptability by comparing evaluations between groups that considered an attribute significant and those that did not.
A negative impact of 0.6 and 1.5 points on the acceptability of biscuits for dryness was observed in N and SE regions,
respectively. Conversely, positive impacts of 1.0 and 1.3 points in the N were noted for crunchiness and aftertaste,
respectively, while the SE showed a 1.7 points gain for aftertaste.
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Figure 3. CATA evaluation, by penalty analysis, for both biscuits, in the Northern and Southeast regions.

The frequency of attributes described by at least 20% of biscuit consumers in the N and the SE regions is shown in
Figure 4. In the Northern region, the perceived descriptors that impacted acceptability of the peach palm maltitol biscuit
were soft to the bite (0.7), pleasant aftertaste (1.4) and crunchy (1.0). For peach palm biscuit, the descriptors were orange
color (0.7), aroma reminiscent of chestnut (0.8), pleasant aftertaste (1.1), slightly sweet (-0.8), and very crunchy (1.0).
In the Southeast region, the perceived descriptors that impacted acceptability of the peach palm maltitol biscuit were soft
to the bite (1.4), dry (-1.4) and grainy/sandy (-1.0). For peach palm biscuit, the descriptors were aroma reminiscent of
chestnut (1.1), chestnut flavor (2.3), pleasant aftertaste (1.6), dry (-1.5), and did not feel bitterness (2.1).
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i |
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Figure 4. Frequency of citations for the CATA descriptors in relation to the biscuits, according to consumers.
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3.4 Stability study by sensory characterization and peroxide value

The sensory characteristics of Amazonian peach palm biscuits were carried out over six months by the panel of evaluators
with sensory acuity. In the first evaluation, the sensory characteristics of the samples were described in detail and, at the
other times, observations were made regarding changes in the intensity of each of these attributes. The characteristics not
mentioned did not undergo changes in relation to the previous time.

At the beginning of the study, the biscuit had an orange color (Figure 5), cereal odor and flavor, and in the peach palm
maltitol biscuit it was observed a less intense sweet taste and a slightly more intense salty taste (Table 6).

Figure 5. Biscuits with Amazonian peach palm (left) and peach palm maltitol (right) produced at the ITAL
Chocotec/Cereal pilot plant.

The CATA description by potential consumers (Figure 4) aligned with the acuity sensory panel’s evaluation conducted
post-processing (Table 6). Both matched the typical characteristics of biscuits, consistent with Sahin et al. (2023), comparing
wheat flour biscuits to fiber-enriched ones. Control and one fiber sample excelled in overall quality, featuring sweeter taste,
less residual flavor, softer texture, and no dryness differences among samples. The peach palm biscuit in this study showed
similar traits and slightly higher fiber content than its maltitol counterpart.

At two (2) months, a slight decrease in dryness was noted in both biscuits. At four (4) months, the peach palm maltitol
biscuits showed a slight reduction in orange color intensity, and both samples presented a less pronounced odor and flavor
characteristics, described as reduced freshness, along with slightly reduced crunchiness. At six (6) months, slight color
changes were observed (Table 6).
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Table 6. Characterization of biscuits at periods initial, 2, 4, and 6 months.

Period Biscuit/ Attribute PB PMB

Round biscuit with a diameter of 3.5 cm, with some dark spots and others of a more intense
orange color. Presence of cracks (shallow) with an appearance that resembles homemade biscuits.

Appearance Orange color.
Thickness ranging from 0.5 to 0.7 cm. Thickness ranging from 0.4 to 0.6 cm.
Initial Odor Reminiscent of cereal/cornmeal/corn (6). Free from foreign odors.
Texture Crunchy (8), dry (8), soft (4-5), presence of hard particles, crumbles easily when bitten.
Cereal/cornmeal/corn (6), sweet (4-5), salty (0-1). Cereal/cornmeal/corn (6), sweet (2-3), salty (2).
Flavor . .
Free from foreign flavors. Free from foreign flavors.
Appearance No changes in the period.
Odor No changes in the period.
2 months
Texture Dry (7-8).
Flavor No changes in the period.
Appearance No changes in the period. Slightly less intense orange color.
Odor Reduced freshness (1-2).
4 months
Texture Crunchy (7).
Flavor Reduced freshness (1-2).
Appearance Slightly less intense orange color with more visible dark particles.
Odor No changes in the period. Reduced freshness (2).
6 months
Texture Crunchy (6), dry (7). Crunchy (5-6), dry (6).
Flavor Reduced freshness (2). Reduced freshness (2-3).

The biscuits showed a slight drop in freshness. Both showed a small reduction in crispness and dry product texture, as
illustrated in Figure 6.

Peach Palm Biscuit Peach Palm Maltitol Biscuit
Odor: cereal Odor: cereal
8
Flavor: reduced Odor:; reduced Flavor: reduced $ Odor: reduced
freshness 6 freshness freshness freshness

Flavor: salty g ... Texture: crunchy Flavor: salty Texture: crunchy

Flavor: sweet < Texture: dry Flavor: sweet = Texture: dry

Flavor: cereal Texture: soft Flavor: cereal Texture: soft

w— |nitial time 2 months 4 months 6 months

Figure 6. Characteristics of biscuits throughout the 6-month storage study (30 °C / 75% RH).

Both biscuits showed slight changes in color, flavor, and texture, with reduced freshness and crispness. The peach
palm maltitol biscuit exhibited slightly greater changes, including a reduction in characteristic odor. Based on the acuity
sensory team’s evaluation, the shelf life of both products could be six months under the study conditions, but consumer
acceptability at the study’s end would better define acceptable changes.
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The colorimetric parameters of both biscuits analyzed over the six months are presented in Table 7.

Table 7. Instrumental color results of analyzed biscuits over 6 months.

Period (month) Biscuit L* a* b*
0 60.17 +0.50 B 17.40 £ 0.32 4 4331 +£0.884
2 60.55 +1.47 B 16.93 £0.59 A2 42.62+1.274
4 B 59.13+0.82 B 16.83 +0.42 4 41.56 +£0.28 4
6 63.07 +£0.42 4 15.15+£0.24 B 42.39 £0.60 A2
0 60.26 + 0.69 B 17.00 £ 0.21 4 43.16 £0.88 A
2 PMB 60.24 +0.24 B 16.99 £ 0.65 4 42.64+0.58 A
4 61.20 4+ 1.18 4B 16.03 +0.38 42.50 +£0.29 A2
6 61.83+£0.254° 15.51 £0.10 B 42.53+£0.334

Equal lowercase letters — samples did not differ from each other, in the same column and in the same period, according to Student’s-t test (p < 0.05). Equal capital
letters — samples did not differ from each other, in the same column and in the same product, according to Tukey ‘s test (p < 0.05).

At the sixth month, both biscuits showed significant variations in the L* (luminosity) and a* coordinates. However,
for the PMB biscuit, a significant change in the a* coordinate had already been detected at the fourth month, resulting in a
coloration described by the sensory team as less intense orange (Table 7).

Regarding the peroxide value, the results found for the biscuit formulations at periods initial, three, and six months
were below the method’s detection level, which is 0.07 meq/kg. Therefore, there was no oxidative change detected during
the study period.

4 Conclusion

This study highlights the potential of Amazonian peach palm (Bactris gasipaes Kunth) flour in the development
of innovative, vegan, and gluten-free biscuits that align with current market trends for functional foods. The findings
demonstrate that peach palm biscuits, both with sugar and maltitol, exhibit favorable chemical, physical, and sensory
properties, including high dietary fiber content, high lipid levels in USFA, and protein, which contribute to their nutritional
and functional value. The low moisture content and water activity give the product high shelf life stability. At the initial
period, sensory evaluation indicates broad consumer acceptance, particularly in the Northern part of Brazil. This result
is attributed to the perceived flavor of peach palm fruit, a fruit intrinsically linked to regional food culture. The biscuits
maintained overall quality and stability over six months of storage, with no oxidative deterioration detected.

The results suggest that peach palm biscuits can serve as a sustainable and innovative alternative to traditional snacks,
promoting the use of underutilized Amazonian fruits in the food industry. Although there are already peach palm production
chains in Amazonas, with producers supplying the fruit to markets and selling simple products such as the cooked and
packaged version, the development of more industrialized items remains a potential to be explored in the state. Future
research may explore strategies to optimize sensory attributes and further enhance consumer appeal across diverse regions.
These efforts could strengthen the value chain for Amazonian fruits, contributing to local economic development and
environmental conservation.

Data Availability Statement

All data generated or analyzed in this study are included in this published article.
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