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Abstract: The growing global demand for healthy, gluten-free snacks has driven the food industry
to explore innovative products that fit consumer preferences. This study focused on developing
a gluten-free, energy-dense, and crunchy snack called Quispiño, made from quinoa (Chenopodium
quinoa Willd.), an ancient crop native to the Andes and particularly significant in Puno, Peru. Natural
and desaponified quinoa samples were compared, revealing decreased carbohydrate content (69.75 g
to 64.02 g per 100 g) and protein content (13.27 g to 12.90 g per 100 g) after desaponification. Moisture
remained around 11.5%, while fiber content significantly decreased in the desaponified quinoa (from
4.39 g to 2.76 g per 100 g). The extrusion process influenced the color of the extrudates, reducing the
L* value (from 75.28 to a range of 63.70–69.12), indicating darkening due to the Maillard reaction.
Moisture in the extrudates ranged from 3.08% to 6.12%, while firmness varied between 7.25 N and
25.86 N, significantly influencing extrusion temperature. The water solubility index (WSI) ranged
from 0.17% to 71.61%, with high values attributed to starch dextrinization during extrusion. The water
absorption index (WAI) showed a significant increase, highlighting the physical changes induced by
extrusion. The sectional expansion index (SEI) also varied considerably, ranging from 7.33 to 13.08,
reflecting the impact of the extrusion process on the final product structure. The optimal sample
was identified and subjected to an acceptability test with an untrained panel of 45 evaluators who
assessed flavor, color, odor, appearance, and texture. The best-performing treatment was further
analyzed for proximate composition, calcium, and iron content to compare with the raw material.
The results demonstrate the potential of quinoa as a key ingredient in developing new, expanded,
gluten-free snacks that meet the growing demand for nutritious and appealing food products in the
global market.

Keywords: quinoa; ancient crop; gluten-free-snack; extrusion; quispiño; lime and calcium

1. Introduction

Native to the Andes highlands of South America, quinoa is an ancient crop with
great potential as an additive in various culinary products due to its exceptionally high
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nutritional content [1–3]. Quinoa (Chenopodium quinoa Willd.) is a plant belonging to
the Chenopodiaceae family that originated in the Andes and is cultivated in a variety of
soil types and climates [4,5]. It was valued by pre-Columbian Andean civilizations and
was considered by the Incas to be a divine gift [6] due to its multiple health benefits and
high nutritional value. It contains between 15 and 23 percent protein, mainly albumins
and globulins [7], and a broader essential amino acid profile than cereals and legumes,
with amino acids such as lysine, isoleucine, methionine, phenylalanine, threonine, valine,
leucine, histidine, arginine, alanine, and glycine [8]. Consequently, it is an excellent source
of protein and essential nutrients. Quinoa grains contain unsaturated fatty acids and
important vitamins and minerals, such as calcium, iron, zinc, and phosphorus, necessary
for various physiological and biochemical functions [9–11]. Quinoa is especially rich in
calcium, which makes it beneficial for the healing of broken bones [12]. Its content varies
according to the variety and the region in which it is grown; according to the US National
Institute of Health, one cup (185 g) of cooked quinoa contains about 31 mg of calcium,
which represents about three percent of the recommended daily value for an average adult.
The fiber and B vitamins in quinoa are of high quality compared to other cereals such as
barley, oats, rice, corn, or wheat [13,14]. On the other hand, quinoa produces a low glycemic
response, which makes it ideal for people who require a special diet, such as those with
diabetes, celiac disease, and autism. In addition, it is a versatile food consumed daily in the
Andes in the form of quispiño, pesque, grained quinoa, soup, and other dishes [15].

Quispiño is a traditional Andean food from the Puno region, made from quinoa flour.
Although it is not well known outside the area, its preparation is an artisanal process that
requires time and skill [16,17]. To prepare quispiño, the toasted quinoa is ground in a stone
fuller and kneaded with lime and salt to taste. Once kneaded, oil is added and it is shaped
with the hands before being placed in a clay pot for cooking. Quispiño is traditionally
served with chuño or boiled potato, corn, and other ingredients, and cheese, meat, or salads
can be added for flavor [18]. Lime is mainly calcium hydroxide, which produces heat when
reacted with water to an exothermic reaction [19]. This white, odorless, microcrystalline
powder is added to quispiño to give it its characteristic color acidity regulator. Lime can
neutralize some of the saponin, a natural substance that contributes to the bitter taste of
quinoa. An ethnographic study in the southern Salar de Uyuni states that a considerable
amount of quinoa is also kept in the region for self-consumption [20].

The extrusion technique is versatile, prolific, energy efficient, and environmentally
friendly, with no effluents [21]. It has been widely used worldwide to produce expanded
foods, breakfast cereals, and pet foods [21–23]. This process has many advantages compared
to other food technologies due to its short processing time and continuous nature [24]. Phys-
ical and chemical changes brought about by the extrusion process include the denaturation
of proteins and the gelatinization of starch, as well as improvements in sensory qualities,
nutritional bioavailability, and the inactivation of heat-sensitive toxins and enzymes [25].
Some variables can alter important system response parameters such as mechanical and
thermal energy input [26]. Still, the extrusion of quinoa enhances the phenolic compounds’
extractability [27]. The optimal temperature for freeing bound phenols is 160 ◦C. [28]. Two
crucial variables affecting these chemicals’ alteration are the grain and the degree of heat
treatment; this research demonstrated that quinoa can be successfully used for extruded
feed production. Despite the popularity of extrusion processes in food and feed production,
data on raw materials and extrusion conditions for some products are still lacking [29].

The main objective of this study is to revalue the consumption of traditional quispiño
by creating an energetic and crunchy snack using extrusion technology, to seek and provide
new opportunities for quinoa producers to improve their economic income and, conse-
quently, their quality of life. It will accomplish this by (1) developing an extruded quispiño
from quinoa; (2) determining the moisture content of the quinoa grain before extrusion and
the amount of lime used; (3) analyzing the physical characteristics of the quispiño-type
snack, such as its color, moisture, hardness, gelatinization degree, sectional expansion
index, solubility index, water retention, and bulk density; and (4) evaluating the acceptance
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of the quispiño-type snack by selected consumers, as well as its nutritional content and
other relevant sensory properties.

2. Materials and Methods

The analyses of the quinoa grains and lime were carried out in food analysis laborato-
ries. The conditioning, mixing, extrusion, cooling, and packaging stages were carried out
at the Agroindustrial Moquegua plant, Ilo, Moquegua, Peru. Final product analysis was
carried out at the research and packaging laboratories of the Faculty of Food Industries of
the Universidad Nacional Agraria La Molina, Lima, Peru. On the other hand, the accept-
ability test was carried out at the Universidad Nacional del Altiplano Puno, Peru, using
panelists from the Professional School of Agroindustrial Engineering.

2.1. Row Materials

Between 2019 and 2020, quinoa of the Salcedo variety was grown in the seed fields of
the Instituto Nacional de Innovación Agraria (INIA) at the Agrarian Experimental Station
(ILLPA) Puno located in (15◦52′56.6′′ S, 70◦00′08.9′′ W). After harvesting, the grains were
cleaned of impurities such as leaves, perigonium, stem fragments, and foreign seeds. The
quinoa, of certified category and lot code ILL1-015-19, had a varietal purity of 99.7% and
a germination percentage of 93%, stored in 25 kg bags. The kernels were scarified (dry
de-stoned) and manually washed with potable water to remove the contained saponin [30].
Then, they were dried naturally at an ambient temperature of 20 ◦C for several days until
a humidity of 11% was reached. Finally, they were stored in airtight bags (zip-lock) at a
temperature of 20 ± 2 ◦C for further processing and analysis.

2.2. Methods and Procedures of Analysis
2.2.1. Proximal Chemical

A proximate chemical analysis of two quinoa samples (grain and pearl) was carried
out according to test reports No. 1-08081/22 and No. 0675/21-L conducted at laboratory
CERPER SA. Analyses were performed following standardized methods: humidity was
determined using NTP 205.002:2021; total protein by the Kjeldahl method according to
NTP 205.005:2018; total fat according to NTP 205.006:2017/Technical Corrigendum 1 2018;
crude fiber with NTP 205.003:2016/Technical Corrigendum 1 2018; and ash according to
NTP 205.004:2017 conducted at the laboratory World Survey Services Perú S.A.C. Total
carbohydrates were calculated by difference, applying the formula: CHO = 100 − (water
+ protein + fat + crude fiber + ash). In addition, these same methodologies were used to
perform a proximate analysis of the final extruded quispiño product, ensuring consistency
and comparability of results between quinoa samples and the final product.

2.2.2. Minerals

The calcium (Ca) and iron (Fe) content was determined in two quinoa samples, in
grain and pearl, using the AOAC 985.35 Online 2005 method. This analysis was performed
by the Intertek laboratory in 2021, and the results were documented in the certificate of
analysis No. 01945/21, expressed in mg/100 g of sample. For the determination of calcium
in powdered lime samples used in the research, the AACC 40-70.01 11th 2009 method was
used, according to Test Report No. 1-06882/22, performed by Laboratorios CERPER SA in
2022. The results of this analysis were expressed in g/100 g of sample. Additionally, the
same CERPER SA laboratory analyzed the calcium and iron content in samples of extruded
quispiño, again using the AOAC 985.35 Online 2005 method. The results obtained were
also expressed in mg/100 g of sample, thus ensuring the consistency and comparability of
the analyses between the different samples and products investigated.

2.2.3. Amino Acid Profile in Salcedo Quinoa, Scarified, Washed, and Dried

The amino acid profile in the raw material was developed by a laboratory accredited
by INACAL in the SAC SLAB chemical analysis and services system, using the Agilent 1260
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Infinity II HPLC system manufactured by Agilent Technologies in Santa Clara, California,
USA. The HPLC UV-VIS assay method is used to determine the amino acid content,
quantify it, and identify the limiting factors. In addition, the results were compared with
FAO/WHO/UNU (1985) estimates for adults in mg/kg/day [31].

2.2.4. Starch, Amylopectin, and Particle Size Determination

The starch and amylopectin content of scarified, washed, and dried quinoa grains
was determined by two different laboratories. The CERPER SA laboratory determined the
starch content, according to Test Report No. 1-06883/22, applying the agricultural chemical
analysis method, and the results were expressed in g/100 g of sample. On the other hand,
the amylopectin content was determined by the laboratory World Survey Services Peru
S.A.C., according to Test Report N◦ 0904/22-L, using the UV-visible spectrophotometry test
method, and the results were expressed as a percentage. In addition, the particle size of the
Salcedo quinoa grains was determined, where the particle size was defined following the
methodology described in the Ecuadorian Technical Standard [32], expressing the data in
percentage retention versus sieve number.

2.2.5. Instrumental Texture or Hardness (N)

The texture of the quispiño-type extrudates was measured as indicated by [33] with
the Instron 5965 texturometer manufactured by Instron Corporation in Norwood, MA,
USA. A Warner-Bratzler cutting blade with a V-shaped probe was used, and the test speed
was four mm/s. The sample was placed at the base of the Warner-Bratzler fixture, which
has a slot through which the cutting blade passes. The cut was made perpendicular to the
central axis of the extrudates until it was completely broken. Time, distance, and force
were recorded using Bluehill 3 Software. The hardness or cutting force was determined as
the maximum force required to cut the extrudate completely, and the shear strength was
calculated by dividing the hardness by the average cross-sectional area of the extrudate
material expressed in Newton [34,35].

2.2.6. Net Color Variation (∆E)

Net color variation (∆E) was carried out using a spectrophotometer-colorimeter. The
CIELAB system was used for the determination of the laboratory parameters (L*, a*, b*),
where L will represent lightness with 0 for dark and 100 for bright, a will describe the extent
of green color in the range 100 to 0 and red in the range 0 to 100, b will quantify blue color
in the range 100 to 0 and yellow in the range 0 to 100, chromaticity (0–100 percent) and
hue angle (0–360◦). Hue angle (◦H) is the angular representation of color, often described
as “red”, “blue”, etc., while chromaticity (C*) describes the purity (saturation) of the color.
Reference values for ◦H are 0/360◦, 90◦, 180◦, and 270◦ for magenta red, yellow, blue-green,
and blue colors, respectively [36]. The color of quinoa, salt, anise, raw and cooked quispiño
dough, and extruded samples was measured in triplicate using a Minolta chroma meter to
determine the color change due to the effect of lime and the extrusion process and to find
the color numerically. The data were expressed with the following Equation (1):

∆E =

√
(∆L)2 + (∆a)2 + (∆b)2 (1)

where:
∆E = net color variation.
∆L = L − Lo, ∆a= a − ao, and ∆b = b − bo.
Lo, ao, and bo represent the product’s color used before extrusion at the corresponding

moisture levels.

2.2.7. Sectional Expansion Index (SEI)

The sectional expansion index (SEI) was expressed as the ratio of the diameter of the
extrudate to the die diameter D0. Ten extruded samples were randomly selected, and one
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reading was taken per part [37]. The diameter of the extrudates D was measured with a
vernier electronic digital caliper Stainless Hardened 0–150 mm. The D0 was 5 mm, which
the equipment supplier gave. One bag was sampled using Equation (2).

SEI = (
D
D0

)
2

(2)

2.2.8. Bulk Density (BD)

Bulk density (BD) (g/cm3) was determined from 10 measurements for each treatment
using Equation (3) [38].

BD = 4∗ W
π ∗ D2∗T

(3)

where BD = bulk density (g/cm3), T = thickness (cm), D = diameter (cm), and W = mass of
each extruded sample (g). Ten replicates of extrudates were randomly selected, and the
arithmetic mean X was calculated [37].

2.2.9. Degree of Starch Gelatinization (DSG)

The determination of the starch gelatinization (DSG) degree was based on forming a
blue iodine complex with amylose released during gelatinization. Grinding and sieving
were performed at No. 80 ASTM mesh (particle size of 180 µm) to the starch obtained
from cooked quinoa. A total of 50 mg of samples were added to 50 mL of 0.05 M KOH
solution [39]. The suspension was then centrifuged for 10 min at 4000 rpm, and 1 mL
aliquots of the supernatant was added to 1 mL of 0.05 M HCL and made up to 10 mL
with deionized water. Then, 0.1 mL of iodine reagent (1 g iodine and 4 g KI per 100 mL
deionized water) was added. After mixing, the absorbance was measured at 600 nm
(Jenway UV/Vis 6850 spectrophotometer, and it is located in Stone, Staffordshire, United
Kingdom) against an unsampled reagent blank. In the control group, KOH (0.05 M) and
HCl (0.05 M) were replaced by 0.5 M KOH and 0.5 M HCl. The reference blank was
prepared with 10 mL of distilled water and 0.1 mL of the iodine reagent. The calculation of
the degree of gelatinization was performed using the following Equation (4):

DSG (%) = 100 ∗ (A1

A2
) (4)

where:
A1: The absorbance of the test group is 600 nm.
A2: Absorbance of the control group.
The degree of starch gelatinization was determined to evaluate the functional charac-

teristics of the quispiño type extrudate.

2.2.10. Water Absorption Index (WAI) and Water Solubility Index (WSI)

The water absorption index (WAI) and water solubility index (WSI) were determined
according to the methods described by [40], with some modifications. The extrudate was
ground to less than 300 µm, and one gram of flour was mixed with 15 mL of distilled water
and agitated in a vortex for 30 min at room temperature, then centrifuged at 3000× g for
15 min. The supernatant was carefully poured into a Petri dish and dried at 105 ◦C to a
constant weight. The sedimented gel remaining from the centrifugation was weighed. The
WSI was the weight of dry solids in the supernatant divided by the number of samples in
the gel. Calculations were performed using Equations (5) and (6).

WAI (%) =
Weight of dried supernatant

Initial sample weight
× 100 (5)

WSI (g/g) =
Weight of sedimented gel

Initial sample weight x (1 − WAI)
× 100 (6)
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2.2.11. Wetting

Water was sprinkled on the quinoa grains, making a good mixture so that all the
particles would absorb the water homogeneously. This conditioning must be carried out
for a prudent period to ensure all the water is absorbed. Moisture content adjustment was
performed based on a matter balance [41], bringing the product to a final humidity of 12.5%
and 13.5%. The balance was performed according to the following expression:

M water = m1∗ (h2 − h1)

(100 − h2)
(7)

where:
M water = mass of water to be added; m1 = initial mass of product; h1 = initial product

moisture; and h2 = final product moisture content.

2.2.12. Sensory Evaluation of the Extruded

The product obtained was evaluated by applying a general acceptability test to both
men and women, where they were asked to eat the extruded quispiño and give their
opinion about the taste, color, smell, appearance, and texture. A linear scale of 10 cm was
used, having as extremes “I dislike it very much”, “I like it very much”, and the central
point, “I neither dislike it nor like it” [42]. The survey model was applied to a total of
45 untrained panelists, and the marks were expressed as scores on a scale from 0 to 10. A
radar and multivariate design were applied to interpret the results with the help of RStudio
software (https://posit.co/download/rstudio-desktop/).

2.3. Experimental Methodology
2.3.1. Pearled Quinoa

A total of 500 g of pearled quinoa was used to make extruded quispiño. Proximal
chemical analyses of the Salcedo quinoa grains were carried out to evaluate moisture,
protein, fat, crude fiber, ash, carbohydrates, total energy, calcium, iron, diameter, color, and
amino acid profile to compare them with other varieties. In addition, the lime used was
characterized by determining its calcium content, color, and particle size according to the
ASTM mesh. The particle size and color of the lime, salt, and anise used in the formulation
were also analyzed.

2.3.2. Moisture Adjustment of Quinoa Grains

Initially, the moisture content of the grains was measured, and the amount of water to
be added was calculated using a material balance. Water addition was carried out using a
manual spray, ensuring uniform distribution over the grains, which were carefully mixed to
ensure homogeneous absorption. After adding water, the samples were stored for 4 h, thus
allowing the moisture to become uniform throughout the grains. During this conditioning
stage, the necessary measurements and adjustments were made to achieve the optimum
moisture required for the extrusion tests. Simultaneously, the other ingredients, such as
salt, lime, and anise, which would be added to the extruded material later, were weighed,
ensuring accuracy in the preparation of the mixture before extrusion [41].

2.3.3. Mixing of Ingredients

The treatments under study (Table 1) were placed in a stainless-steel mixer model
VH-8 powder mixer J514P-M, with a capacity of 1 kg, for 15 min at a constant speed to
homogenize the mixture conveniently, using a 500 g capacity ladle and a stainless-steel
boil.

https://posit.co/download/rstudio-desktop/
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Table 1. Physicochemical composition of quinoa Salcedo before and after processing.

Component Quinoa Grains (g/100 g) Quinoa Scarified Washed and Dried (g/100 g)

Carbohydrates (g/100 g) 62.97 ± 0.06 64.02 ± 0.22
Starch (g/100 g) NR 60.7 ± 0.02 4

Amylopectin (%) NR 20.65
Protein (g/100 g) 13.27 ± 0.06 12.90 ± 0.10

Moisture content (%) 11.2 ± 0.01 11.81 ± 0.03
Fiber (g/100 g) 4.39 ± 0.01 2.76 ± 0.14
Fat (g/100 g) 5.53 ± 0.01 6.18 ± 0.03

Ash (g/100 g. dry basis) 2.66 ± 0.01 2.34 ± 0.03
Energy (kJ/100 g) 1485.31 ± 0.38 1520.55 ± 1.80

Calcium (mg/100 g) NR 9.49 ± 0.01 3

Iron (mg/100 g) NR 2.26 ± 0.01 3

2.3.4. Extrusion Process

We worked with pearled grains free of saponins. The quinoa snacks were made in
a Yhoma Ingenieros SAC DGP series multifunction snack extruder with a single screw
of 37.73 mm diameter. The total length of the extruder cylinder was 380.43 mm, giving a
length-to-diameter (L/D) ratio of 10.08. A 5 mm diameter outlet nozzle was used for all
extrusion tests. The moisture content of the quinoa was 11.5%. The batch was 500 g. The
extruder capacity was 50 kg/h. The feed rate of the quinoa grains, lime, salt, and anise was
set at 1.61 kg/h. The quinoa seeds were moistened to two moisture levels of 12.5 and 13.5%
by spraying the amount of water and mixing in a stainless steel boil continuously with a
capacity of 3 kg. The samples were packed in polyethylene bags and stored for four hours at
room temperature to equilibrate the moisture. The extruder consisted of three temperature
zones; the average temperature profile corresponded to 26.7 ◦C (ambient temperature) for
the feed zone. The conveying temperature (or friction temperature) ranged from 50–80 ◦C,
and the shear or discharge zone temperature was 90–120 ◦C; the latter was considered the
extrudates’ firing temperature. The extruder screw rotational speed was 420 rpm and the
feed rate was 26.8 g/min (1.61 kg/h). The shear radius was maintained at 1.75. Only one
temperature sensor, one electrical resistor, one cutter speed controller, one feeder speed
controller, and one temperature controller were available. Similar conditions were applied
by [43].

2.3.5. Cooling of Extrudates, Packaging and Storage

The extrudates were cooled to room temperature inside a stainless steel container with
square wheels. Once cooled, the snacks were packed at room temperature using a stainless
steel spoon with a 500 g capacity. The snacks were placed inside kraft paper bags with a
capacity of 150 g and an airtight seal. The bags, previously tared with their empty weight,
were weighed on an electric balance, filled individually, and placed on a stainless steel table.
Finally, the extrudates were stored on pallets under stable conditions at room temperature
in a clean, dry, ventilated area. The bags were hermetically sealed and conveniently labeled,
following procedures similar to those applied by [16] for storing fresh quispiños, ensuring
that the samples were ready for further analysis and study.

2.3.6. Evaluation and Optimization of the Extrusion of Quinoa, Lime, Salt, Anise, and
Vegetable Oil

To produce quispiño-type extrudates, a process flow detailed in (Figure 1) was used.
Extrusion and optimization were conducted using Response Surface Methodology (RSM)
with a Central Composite Design (CCD) 3 × 3, involving nine treatments with three
repetitions. Quinoa moisture levels of 11.5%, 12.5%, and 13.5% were used as independent
variables, while lime levels in the mixture were set at 0.5%, 0.7%, and 0.9% based on
preliminary tests. Salt and anise were measured at 0.4% and 0.2%, respectively, for all
treatments, and lime powder was weighed in three amounts. Vegetable oil was used
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to grease the metal cylindrical screw in the extruder. The textures of the quispiño-type
extrudates were compared to those of a commercially available extrudate of Angel cereals
with a similar presentation using an Instron texture analyzer.
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To test the research hypothesis and determine the existence of a significant or no signif-
icant difference, a screening design with central points in the analysis of variance ANOVA
was used, with a 95% confidence level, after verifying the assumptions of normality, homo-
geneity, independence, and significant interaction. Assumptions of normality, homogeneity,
independence, and significant interaction were verified. In the Central Composite Design
(CCD), thirteen experimental runs were performed, which included four factorial runs,
four axial runs, and five center points.

For the statistical model, the following Equation (8) was applied:

y = β0 +
k

∑
i=1

βixi +
k

∑
i=1

βiix2
i +

k

∑
i=1

k

∑
J=i+1

βijxixj + ε (8)

where:
y = response variable; β0 = constant term or the intercept of the model; βi = linear

coefficients associated with the factors xi; βii = quadratic coefficients related to the factors xi,
explaining the curvature of the factor x2

i ; βij = interaction coefficients between the factors
xi and xj; xi = levels of the factors; and ε = error term.
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The central composite design (CCD) for mixture experiments is used to explore the
relationship between the factors and the response in an experimental design where the
levels of the factors are varied within a central range. It allows the evaluation of both linear
and quadratic effects and the interaction effects of the factors on the response “y”. The
coefficients “β” are estimated from the experimental data to analyze the influence of the
factors and their interactions on the response variable.

3. Results and Discussion
3.1. Physicochemical Composition of Quinoa and Extrudates

Salcedo quinoa exhibits significant variations in its physicochemical composition,
depending on whether it is in its natural or de-saponified state. Regarding carbohydrate
content, unprocessed quinoa contains 69.75 g per 100 g, while de-saponified quinoa con-
tains 64.02 g per 100 g. This reduction of 5.73 g can be attributed to (Table 1) to the
processes of de-saponification and soaking, which reduce mineral and nutritional con-
tent [44]. The starch content in de-saponified quinoa is 60.07 g per 100 g, suggesting a
high extrusion capacity essential in producing extruded foods such as cereals and snacks.
This value is consistent with previous studies highlighting the importance of starch and
amylopectin in the extrusion process, with de-saponified quinoa containing 20.65 g of
amylopectin per 100 g [45,46].

Regarding protein content, natural quinoa has 13.27 g per 100 g, while de-saponified
quinoa contains 12.90 g per 100 g, representing a decrease of 0.37 g (Table 1). This slight
reduction may be related to the selection of quinoa plants to evaluate the heritability of
saponin content [47]. Moisture content levels vary slightly, with natural quinoa exhibiting
11.2 g per 100 g and de-saponified quinoa containing 11.81 g per 100 g. The average used in
the experiment was 11.5 g, meeting the maximum moisture requirement of 12.5% according
to NTP 205.062 [2]. Salcedo quinoa grain’s water activity (Aw) was 0.5, classifying it as
a food with intermediate moisture content. The fiber content in natural quinoa is 4.39 g
per 100 g, compared to 2.76 g in de-saponified quinoa, indicating a significant reduction.
In terms of total fat content, an increase from 5.53 g to 6.18 g per 100 g is observed in
scarified quinoa. This variation can affect derived products’ nutritional properties and
organoleptic characteristics [48].

The ash content decreases from 2.66 g to 2.34 g per 100 g in de-saponified quinoa (Table 1).
Ash reflects the amount of minerals and inorganic elements present in foods, and this variation
may be due to differences in mineral composition or extraction processes [49,50]. In terms
of energy, natural quinoa provides 1485.31 kJ/100 g, while de-saponified quinoa provides
1520.55 kJ/100 g. These differences may be related to plant genetics, growth conditions, and
processing methods [48]. Finally, de-saponified quinoa contains 9.49 g of calcium and 2.26
g of iron per 100 g. These minerals are crucial for bone health and red blood cell formation,
making quinoa a vital source of these essential nutrients [51].

According to the results presented in Table 2, it has been observed that the Salcedo
quinoa variety, after the saponification process, contains 18 of the 20 known amino acids.
Notably, Salcedo quinoa includes all nine essential amino acids required by the human
diet which are nutritionally essential (valine, isoleucine, leucine, lysine, methionine, pheny-
lalanine, threonine, tryptophan, and histidine). When comparing these findings with the
estimates by [31] regarding amino acid requirements at different life stages, it can be con-
cluded that Salcedo quinoa not only meets but also exceeds the daily amino acid needs in
milligrams per kilogram per day (mg/kg/day) for an adult.
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Table 2. Comprenhensive amino acid profile in pearled quinoa salcedo.

Parameters g/100 g of Proteins mg/kg 1 mg/kg/day

Glutamic Ac. 13.02 130,200 -
Arginine 8.14 81,400 -

Aspartic acid 7.78 77,800 -
Leucine 6.52 65,200 14

Phenylalanine and Tyrosine 6.45 64,500 14
Isoleucine 5.94 59,400 10

Lysine 5.88 58,800 12
Glycine 4.92 49,200 -

Methionine ** and Cystine 4.51 45,100 13
Alanine 3.91 39,100 -
Serine 3.72 37,200 -

Threonine 3.51 35,100 7
Valine 3.45 34,500 10
Proline 3.26 32,600 -

Histidine 2.82 28,200 -
Tryptophan 1.24 12,400 3.5

The saponin content in scarified, washed, and naturally dried quinoa was 0.02 ± 0.01%.
This minimal content meets the requirements established by [52], which stipulates that
high-quality quinoa grains should have no detectable saponin content. It indicates that the
processes applied during preparation were optimal and effective in reducing or eliminating
saponin in quinoa, ensuring its suitability for human consumption. According to [53],
10 mg/100 g or 0.01% saponin content in polished quinoa is considered very low and
neither antinutritional nor toxic. Experiments by [54] tested five different pearling times
(0, 2, 4, 6, 7, and 8 min) using a locally made pearling machine. The results revealed that
a pearling duration of just two minutes significantly reduced the total saponin content.
For the Puno variety, the reduction was from 0.49% to 0.09%; for the Titicaca variety, it
decreased from 0.37% to 0.07%; and for the ICBA-Q5 variety, it reduced from 0.57% to 0.1%.

During the conditioning phase, the initial moisture content of quinoa grains was
measured at 11.5%. Each batch consisted of 2000 g, with the final moisture adjusted to
12.5% and 13.5%. It was observed that as the product mass increases, the required amount
of water also rises. The precise water quantity was determined using a mass balance and
then uniformly distributed over the quinoa grains utilizing a sprayer. The grains were
carefully mixed to ensure even water absorption, with the conditioning process extending
for the necessary time to provide adequate water uptake (Table 3).

Table 3. Water mass is required for final moisture.

Moisture Content 12.5 (%) 13.5 (%)

ml (g) Mass of Water (g) Mass of Water (g)

1000 0.1001 0.2003
2000 0.2003 0.4005
4000 0.4005 0.8011
6000 0.6008 1.2016

3.2. Evaluating the Physical Characteristics of Net Variation of the Extruded Quispiño

The effect of varying percentages of lime and initial humidity of quinoa grains can be
observed in the extruded quispiño (Figure 2).
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Figure 2. Percentages of lime and initial moisture content of extruded quinoa quispiño. 
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Figure 2. Percentages of lime and initial moisture content of extruded quinoa quispiño.

3.2.1. The Color of the Extruded Quispiño

Represented by the parameters L*, a*, and b*, significantly differs from that of the
quinoa grain. The L* value significantly decreased, dropping from 75.28 to 63.70–69.12
(Table 4). This reduction in L* indicates darkening attributable to the lime content and
the extrusion process. Similar results were observed in extruded kañihua, where the L*
value decreased from 80.4 to a range of 44.5–52.1 [55]. This pattern was also reported for
A. cruentus, where the L* value decreased from 79.9 to 58.7 [56], as well as in rice and
amaranth blends. The influence of the extrusion process on product darkening can be
attributed to caramelization or the Maillard reaction. Lysine and other amino acids likely
react with reducing sugars during this process. The darkening increased with higher lime
and moisture content, while temperature had the opposite effect (Table 5). The reduction in
darkening associated with higher temperatures is explained by the degradation of pigments
and a higher Sectional Expansion Index (SEI), resulting in a more open cellular structure
and, therefore, a lighter color [57]. In the case of extruded kiwicha, it was observed that L*
values (44.5–52.1) were lower than those measured after grinding the extruded samples
(71.1–75.0), suggesting that color change primarily occurs on the surface of the extrudate.
The color variation of extrudates (∆E) of kiwicha ranged between 28.5 and 36.3; a higher
∆E value (24) calculated from L*, a*, and b* for A. cruentus extrudate was reported by [56].
Additionally, it was observed that the initial lime and moisture content of quinoa positively
affected the ∆E* value, which increased from 6.54 to 12.20. Higher values were recorded
for extruded kiwicha, ranging from 28.5 to 36.3.

Table 4. Color parameters of extruded quispiño and salcedo quinoa grains values are the mean ±
standard deviation. L* = lightness, a* = yellow, b* = green, C* = chroma and ◦H = hue angle.

Run
Extrusion Parameters Color Parameters

Lime (%) Moisture (%) L* a* b* C* ◦H

1 0.5 11.5 69.12 ± 0.64 4.52 ± 0.09 23.80 ± 0.86 24.23 ± 0.83 79.23 ± 0.59
2 0.7 11.5 68.84 ± 0.28 4.97 ± 0.21 23.77 ± 0.84 24.29 ± 0.86 78.19 ± 0.08
3 0.9 11.5 67.36 ± 0.35 4.45 ± 0.20 24.69 ± 0.52 25.09 ± 0.54 79.78 ± 0.33
4 0.5 12.5 66.66 ± 0.50 5.38 ± 0.02 23.98 ± 0.30 24.57 ± 0.29 77.34 ± 0.15
5 0.7 12.5 67.53 ± 0.71 4.16 ± 0.43 24.54 ± 0.82 24.90 ± 0.77 80.37 ± 1.18
6 0.9 12.5 63.70 ± 0.65 5.21 ± 0.10 25.34 ± 0.80 25.87 ± 0.80 78.37 ± 0.23
7 0.5 13.5 66.96 ± 1.31 5.79 ± 0.17 24.92 ± 0.23 25.59 ± 0.20 76.92 ± 0.46
8 0.7 13.5 63.82 ± 0.74 6.35 ± 0.15 24.55 ± 0.64 25.36 ± 0.63 75.50 ± 0.39
9 0.9 13.5 64.17 ± 0.26 7.59 ± 0.29 24.55 ± 0.63 25.69 ± 0.69 72.81 ± 0.24

Unextruded quinoa grains 75.28 ± 0.43 3.41 ± 0.16 22.09 ± 0.26 22.35 ± 0.23 81.23 ± 0.50



AgriEngineering 2024, 6 3942

Table 5. Physical characteristics of extruded quispiño values are the mean ± standard deviation.

Run Extrusion
Parameters Physical Characteristics

Lime
(%)

Moisture
(%) ∆E Hf (%) Hardness (N) DG WSI (%) WAI (g/g) SEI AD (g/cm3)

1 0.5 11.5 6.54 ± 0.89 4.51 ± 0.02 11.60 ± 3.06 47 ± 41.68 28.06 ± 7.27 3.73 ± 0.63 13.08 ±3.92 0.13 ± 0.03
2 0.7 11.5 6.90 ± 0.41 3.08 ± 0.03 9.94 ± 2.03 237 ± 21.51 27.33 ± 2.71 4.68 ± 0.98 11.41 ± 2.97 0.11 ± 0.06
3 0.9 11.5 8.41 ± 0.88 3.33 ± 0.06 12.42 ± 2.64 247 ± 33.73 60.73 ± 4.64 66.62 ± 0.07 9.00 ± 2.43 0.17 ± 0.07
4 0.5 12.5 9.07 ± 0.84 6.12 ± 0.13 13.25 ± 2.95 22 ± 3.54 8.94 ± 0.11 6.94 ± 0.64 8.41 ± 1.73 0.16 ± 0.03
5 0.7 12.5 8.24 ± 0.84 6.12 ± 0.16 13.16 ± 4.20 84 ± 7.07 8.70 ± 0.43 6.35 ± 0.39 9.20 ± 2.00 0.15 ± 0.09
6 0.9 12.5 12.20 ± 0.24 6.00 ± 0.06 25.86 ± 8.85 69 ± 15.41 31.83 ± 17.25 66.89 ± 0.03 8.24 ± 1.62 0.16 ± 0.07
7 0.5 13.5 9.14 ± 1.47 5.66 ± 0.15 7.25 ± 1.60 133 ± 103.62 28.29 ± 1.28 4.18 ± 0.51 9.27 ± 2.14 0.09 ± 0.06
8 0.7 13.5 12.12 ± 0.93 5.04 ± 0.09 9.97 ± 2.46 137 ± 62.85 71.61 ± 9.60 66.51 ± 0.06 9.43 ± 2.70 0.12 ± 0.06
9 0.9 13.5 12.14 ± 0.22 4.63 ± 0.06 11.92 ± 2.99 102 ± 49.50 47.09 ± 16.39 66.65 ± 0.26 7.33 ± 1.23 0.17 ± 0.09

Quinoa flour - - - 4 ± 3.54 0.17 ± 7.88 - - -
Extruded chocolate-flavored corn 11.65 ± 0.47

3.2.2. The Moisture of the Extrudates

A critical factor in the quality of the final product was meticulously analyzed and
recorded in a range from a minimum of 3.08% to a maximum of 6.12% (Table 5). This wide
range of values reflects variability in processing conditions and formulation used in produc-
ing extrudates, which can significantly impact the final product’s characteristics, including
texture, flavor, and stability. Accuracy in moisture measurement is essential to ensure
uniformity and consistency in production and meet quality and food safety standards.

3.2.3. Hardness

The firmness of the extruded products varied notably, ranging from 7.25 to 25.86 N
(Table 5). In the case of extruded kiwicha, firmness values ranged from 20.0 to 37.72 N,
showing an apparent influence of extrusion temperature (p < 0.05). Specifically, an increase
in firmness was observed with increasing extrusion temperature from 160 to 175 ◦C, while
a decrease occurred when the temperature increased from 175 to 190 ◦C. This same trend
has been observed in the case of extruded defatted amaranth [58]. In contrast, firmness
was not influenced by the initial moisture level, which contrasts with what was reported
for a maize and amaranth blend extrudate [59]. The cutting resistance (CR), obtained by
dividing the firmness by the sectional area of the extrudate, varied widely from 4.7 × 105 to
16.5 × 105 N/m2. This range is higher than the CR of 1.3–5.9 × 105 N/m2 reported for rice
and amaranth blend extrudates. It is noteworthy that initial moisture did not significantly
affect the cutting resistance. However, it was observed that cutting resistance decreased
with increasing initial moisture at an extrusion temperature of 160 ◦C but increased with
initial moisture at 175 and 190 ◦C. This behavior is attributed to the influence of initial
humidity content on the Specific Expansion Index (SEI), which affects cutting resistance.

3.2.4. Degree of Gelatinization

The gelatinization degree (DG) was determined using spectrophotometry in quinoa
flour and extruded quispiño. It was observed that the DG for extruded quispiño varied
significantly, ranging from 4% to a remarkable 22.47% of the original quinoa flour. Follow-
ing the previous kiwicha, DG values ranged from 51.0% to 99.5% for the extruded study.
Additionally, a progressive increase in DG was noted with increasing extrusion temper-
ature, and this phenomenon was influenced by the initial moisture content, consistent
with the research [60]. It is worth noting that the DG reported for extruded quispiño was
higher than the DSG for extruded kiwicha. However, an inverse pattern was observed
for non-extruded kiwicha. Despite these differences, a strong correlation was established
between the DG values obtained by spectrophotometry and those determined by Differ-
ential Scanning Calorimetry (DSC), with a correlation coefficient of r = 0.97, indicating a
high consistency between both techniques (p < 0.01). Similar results have been reported
in comparisons between DG measured by DSC and enzymatic methods, supporting the
validity and accuracy of the obtained results [61].
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3.2.5. Water Solubility Index

The water solubility index (WSI) ranged from 0.17% to 71.61% (Table 5). Similar
increases in WSI have been recorded during the extrusion of amaranth, from 14.8% to
54.1% and 11% to 61%, according to Robin et al. [62]. Elevated WSI values have also
been documented for maize extrudates with 20% amaranth, ranging from 35.2% to 32.1%,
according to Ramos-Diaz et al. [63]. The high WSI observed in extruded quispiño (Table 5)
is likely due to a lower resistance in its endosperm, leading to greater dextrinization of
starch during the extrusion process, as noted by Gonzales et al. [64]. Temperature has been
shown to positively and significantly impact WSI (p < 0.01). Multiple R-squared: 0.8898,
adjusted R-squared: 0.8111, F-statistic: 11.3 on 5 and 7 DF, p-value: 0.003016

Furthermore, the effect of initial moisture on WSI is influenced by extrusion tempera-
ture. In mild extrusion conditions characterized by low temperatures and high humidity,
the increase in WSI is primarily attributed to the dispersion of amylose and amylopectin
induced by gelatinization, which is enhanced by higher initial moisture. In contrast, under
more severe conditions with high temperatures and low humidity, the increase in WSI
is associated with the presence of lower molecular weight compounds. It is essential to
highlight that water acts as a lubricant, reducing mechanical shear, so initial moisture levels
harm WSI.

3.2.6. Water Absorption Index

The water absorption index (WAI) changed from 3.76 to 66.89 in the case of extruded
quispiño (Table 5). Compared to other food materials, this variation can be considered to
be high.

3.2.7. Sectional Expansion Index

The sectional expansion index (SEI) of extruded quispiño changed, ranging from 7.33
to 13.08 (Table 5). Similar studies of extruded kiwicha report SEI values ranging from
1.79 to 7.31. It is relevant to highlight that the WSI of extruded quispiño varied from
8.70% to 71.61%. This latter value significantly exceeds the WSI of non-extruded quinoa
flour, which is 0.17. Similar findings have been observed for extruded kiwicha, with WSI
ranging from 24.4% to 60.6%. These differences can be explained by the fact that gelatinized
starch becomes more susceptible to dissolution, and vigorous mechanical shear during
extrusion leads to the dextrinization of starch, reducing its molecular weight and increasing
its solubility [59].

In contrast, higher values (6.2–22.8) have been recorded for extruded rice and amaranth
flour blends, while for extruded whole wheat, SEI values have been observed to range from
1.06 to 6.20. The results indicate that SEI is influenced by both extrusion temperature and
initial moisture (p < 0.05). It is important to note that the extrusion temperature conditions
the effect of initial moisture content on SEI. In the evaluated extrusion process, the transport
temperature varied between 50–80 ◦C and the shear zone temperature was 90–120 ◦C. This
behavior aligns with what has been reported for the extrusion of maize, amaranth blends,
and whole grain wheat [65]. Increasing water content in the molten mass results in greater
flexibility in the amylopectin network, reducing elasticity and, consequently, SEI. Therefore,
the maximum IES for the extrusion of quispiño was achieved with a low initial moisture
content and a high extrusion temperature. It is worth mentioning that the IES found for
extruded quispiño (Table 4) differs from that of extruded cereals such as maize and rice,
which is related to the high protein (12.90%) and fat (6.18%) content of quinoa quispiño
affecting the properties of the molten mass during extrusion, thus decreasing SEI. Protein
hardens the mass, while fat acts as a lubricant, reducing viscosity, mechanical energy, and
the amount of gelatinized starch and SEI.

3.2.8. Apparent Density

The apparent density (AD), indicating expansion in all directions, ranged from 0.09 to
0.17 g/cm3 in extruded quispiño (Table 6). These values are similar to those reported for
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extruded blends of amaranth and rice (0.099–0.226 g/cm3) [35]. It is essential to highlight
that extrusion temperature significantly negatively impacted AD (p < 0.01).

Table 6. Consumer acceptability score of extruded quispiño with 0.7% lime and 12.5% initial moisture.

Aspects Taste Color Appearance Odor Texture

Average 7 ± 2.06 8 ± 3.00 6 ± 2.59 4 ± 3.29 6 ± 3.19
Coefficient of variation 27.74 39.86 42.73 86.69 57.53

3.3. Optimization of Extruded Quispiño

The optimization was carried out using Response Surface Methodology (RSM) with a
Central Composite Design (CCD). The percentage of lime and the initial moisture of quinoa
were optimized to maximize the following response variables: color variation, initial mois-
ture, hardness, gelatinization, solubility index, expansion index, water absorption index,
and bulk density. The quadratic model was significant in estimating the response variables.

Color variation is shown in (Figure 3a), which presents a response surface diagram
based on the Central Composite Design. This diagram highlights the effects of lime content
and moisture levels on the color variation, showing how these two factors interact to
influence the final appearance of the extrudate. The obtained data reflect that the color
variation is significantly outside the ideal ranges, and this discrepancy is related to moisture
levels and the incorporation of lime during the process. Color plays a crucial role in
evaluating food products as it influences visual perception and consumer acceptance. In
this case, the color variation could suggest that some aspects of the extrusion process are
not functioning optimally. Lime (calcium hydroxide): Adding lime to the extrusion process
can affect the pH of the final product. A change in pH can influence the activity of certain
enzymes and chemical reactions that involve color. According to [66], lime is traditionally
used to produce corn tortillas to treat the corn and facilitate the removal of the husk. It also
changes the color of the corn kernels and, ultimately, the color of the tortillas. The statistical
analysis indicates no significant relationship between the variables or their interactions.
However, there is a possible connection that could exist. Still, since the p-value is more
critical than 0.05 (the p-value for the variable CAL2 is 0.05646), we have decided not to
consider it in this analysis. In other words, although the variables and their interactions
might be related somehow, the current statistical results do not provide sufficient evidence
to support that relationship as significant.
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Statistical techniques such as ANOVA and regression models were used to evaluate
the impact of lime quantity and initial moisture content on the final moisture content
of the extruded quispiño. This analysis provided insights into how variations in these
factors influence the product’s texture and quality, optimizing the extrusion process for a
more consistent and desirable result. As illustrated in Figure 3b, a 0.7% lime level and an
initial moisture content of 11.5% resulted in a low % moisture content of 3.08% across all
pretreated samples. Initial quinoa moisture is identified as a critical factor affecting the
extrusion process. The study confirms that moisture significantly influences the extrusion
process, highlighting the importance of monitoring and adjusting moisture levels for con-
sistent and desired outcomes. Increased moisture levels, ranging from 13% to 19%, led to a
reduced expansion ratio, water absorption index, and water solubility index while increas-
ing density and hardness [67,68]. Statistically, this value aligns with the extrusion context
and provides a basis for additional analyses and predictive modeling. The quadratic model,
with an intercept value of K = −3.23 and a minimum coefficient of 2.00445, demonstrates
high precision, achieving an R² of 91.38%, underscoring the model’s ability to represent the
process accurately. The average hardness, shown in Figure 3c, presents saddle plots illus-
trating how humidity and lime incorporation affect the average hardness of the quispiño
product. The data clearly show that the average hardness values are significantly deviated
from the optimal levels, with this discrepancy being directly related to moisture levels and
lime addition during the extrusion process. Average hardness is crucial in evaluating food
products, significantly impacting visual perception and consumer acceptance.

Figure 3d shows that the gelatinization effect does not demonstrate statistical sig-
nificance, as the error rate exceeds 1%. This error is 5% higher than the errors observed
in the previous analyses, suggesting that the variability in the data may be masking any
true effect of gelatinization. This degree of error cannot be dismissed. Additionally, the
average moisture does not seem related to gelatinization, even with a 5% margin of error.
Similarly, lime does not appear to influence gelatinization substantially, given that the mul-
tiple determination coefficient (R2) is relatively low, although sometimes tolerable up to an
additional 5%. Notably, the p-value of 0.0971, when compared with humidity and hardness,
is increasing, suggesting lower reliability in the results and more significant uncertainty.

The solubility index results (Figure 4a) show a significant increase from a technical
perspective. Moisture content plays a fundamental role, indicating that the degradation
would not occur without adequate moisture. This relationship extends to other character-
istics, such as hardness, gelatinization, and solubility, supporting previous findings. The
high determination coefficient (R2) of 0.88, almost reaching 90%, indicates that the model
can explain the variability in the data. Additionally, the minimal p-value of 0.003 confirms
the statistical significance of these variables concerning the doses studied. In summary,
these results support the critical importance of humidity and suggest that this model could
effectively estimate results under previously unexplored humidity conditions.

Statistically, the current model does not sufficiently explain the variability in water ab-
sorption, despite some significant indications suggesting it could still be a relevant factor to
consider. Therefore, exploring other value options related to this factor is recommended to
improve the model’s accuracy concerning this index (Figure 4b). In contrast, the situation is
not as discouraging when considering different levels of lime and moisture. Approximately
89% of the variability can be significantly explained, even with a 5% (or 0.05) margin of
error. Although the current equation is usable, it is crucial to recognize that there is room
for model optimization, and the choice of optimization will depend on how this model is
intended to be used in the future.
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Figure 4. Response surface and central composite design of the effect of lime and moisture on the
variation of (a) solubility index, (b) water absorption index, (c) index of expansion, and (d) bulk
density of the extruded quispiño.

The expansion index (Figure 4c) shows the optimization of the response surface and
central composite design of the effect of lime and moisture on the expansion index of
extruded quispiño, which presents a valley-shaped graph. The values available so far have
not been sufficient to support the inclusion of this factor in the model, as it does not fit
the final objective related to ISE. At least with the values we have used so far, it is evident
that different doses of moisture and lime need to be explored. Although the determination
coefficient R is 0.597, it is essential to note that the associated errors are considerably
high, and values below 0.05% have not been obtained. Finally, bulk density, caused by
the low doses of moisture and lime related to this factor, prevents the identification of
significant values. Different levels of humidity and lime need to be explored to gain a
clearer understanding. The graph does not show a clear optimum, leaving us uncertain
about the direction in which to find the optimal value (Figure 4d).

3.4. Sensory Evaluation of Extruded Quispiño

The lime content of 0.7% and the initial quinoa moisture of 12.5% significantly affected
(p ≤ 0.05) the attributes of extruded quispiño, resulting in consumer acceptability scores
(Table 6). The formulation of extruded quispiño was significantly (p ≤ 0.05) necessary and
acceptable; thus, it was selected for optimization. The acceptability of this formulation
could be attributed to the lime and moisture content, which improved the quality of
appearance, taste, and texture of the extruded quispiño. The radar chart (Figure 5) indicates
that most judges or individuals who tasted and rated the extruded quispiño snack noted
that it had a good appearance, texture, and flavor (receiving high ratings), meaning they
liked it very much. Conversely, the ratings for smell and color were neutral, with comments
indicating neither like nor dislike. Regarding smell, there was no consensus between men
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and women, showing relative discordance in the ratings. This discrepancy is also reflected
in the variability coefficient, which shows a value of 86.69%.
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Figure 5. Graph of the consumer acceptability score of extruded quispiño with 0.7% lime and 12.5%
initial humidity content.

3.5. Components of Acceptability of Extruded Quispiño

The principal component analysis related to the acceptability of extruded quispiño
indicates that the first two components explain 56.4% (x + y axis) of the data variability
associated with acceptability (Figure 6). In this context, the color variable stands out as
one of the most significant attributes, influencing how consumers perceive food quality
and playing a crucial role in its acceptance. Additionally, color can provide insights into
non-sensory characteristics such as moisture level, degree of processing, and presence
of pigments [69]. Similarly, the flavor variable shows an influence on data variability,
suggesting that flavor is a relevant factor in the acceptability of extruded quispiño. Overall,
the analysis underscores the importance of color and flavor in terms of their impact on
acceptability. Appearance, color, odor, and flavor are critical parameters for perceiving
quinoa quality, with the ideal being a light, slightly yellowish color and a distinctive field
fruit aroma and flavor characteristic of organic Andean quinoa.
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In Figure 6, the vector lengths indicate each variable’s contribution to data variability,
with longer vectors reflecting a higher impact. The proximity of variables in the biplot,
such as the near alignment of odor and color, suggests a positive correlation between
them, implying that as color intensity increases, so does the odor. Quinoa’s generally
neutral aroma and varying color, depending on the variety, add both visual appeal and
culinary versatility [70]. The analysis consistently shows that flavor (CP2) and color and
appearance (CP1) are the most influential factors in consumer ratings, accounting for 56.4%
of the variability in these ratings, with consistent patterns observed across both male and
female evaluators.

4. Conclusions

The conclusions of this study reveal notable changes in the physicochemical composi-
tion of Salcedo quinoa and its extruded products, primarily driven by the de-saponification
and extrusion processes. De-saponification led to a decrease in carbohydrates (from 69.75 g
to 64.02 g per 100 g) and proteins (from 13.27 g to 12.90 g per 100 g), while fiber content
significantly dropped (from 4.39 g to 2.76 g per 100 g). Meanwhile, the moisture content
remained relatively stable at around 11.5%. The extrusion process caused significant dark-
ening in the extruded products, with the L* value decreasing from 75.28 to a range of
63.70–69.12 due to the Maillard reaction. The moisture content of the extrudates ranged
between 3.08% and 6.12%, while firmness values varied from 7.25 N to 25.86 N, showing
the significant influence of extrusion temperature on texture.

The water solubility index (WSI) displayed a wide range, from 0.17% to 71.61%, sug-
gesting high starch dextrinization during extrusion. The water absorption index (WAI)
increased notably, indicating extrusion-induced physical changes. Additionally, the sec-
tional expansion index (SEI) ranged from 7.33 to 13.08, reflecting the impact of extrusion on
the final product’s structure.

Additionally, the study showcased the nutritional benefits of the optimized snack,
which featured higher levels of calcium and iron compared to the raw quinoa grains. This
research underscores the potential of ancient Andean crops, particularly quinoa from Puno,
Peru, to meet the growing global demand for healthy, gluten-free snacks. It provides a
strong foundation for further innovation in the food industry, highlighting the market
potential of these nutritious and culturally significant crops.
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