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Effect of Hot Air Drying on Remaining Water Content 
and Total Phenolic Content of Three Morphotypes of 
Mashua (Tropaelum tuberosum Ruíz y Pav.)

Efecto del secado con aire caliente en la humedad libre y el 
contenido de fenólicos totales de tres morfotipos de mashua 
(Tropaelum tuberosum Ruíz y Pav.)
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ABSTRACT

Tropaeolum tuberosum Ruíz y Pav. (mashua) is a tuber cultivated in Andean zones as 
Huancavelica, with traditional use in food and functional potential due to its content 
of bioactive compounds. Due to its short fresh shelf life, its preservation is required. 
Hot air drying, an alternative to solar drying, can affect the stability of these compounds 
depending on the temperature applied. Therefore, the objective was to evaluate the effect 
of temperature (50, 60, 70 and 80 °C) of hot air drying on remaining water content (Y) 
and total phenolic content (TPC) in three morphotypes of mashua (Zapallo, Sangre de 
Cristo and Negra). The tubers were washed, disinfected with sodium hypochlorite (50 
ppm), cut (2.5 mm), and dried (150 g) for 16 h. Free moisture was determined in the 
dried samples. They were then ground (particles < 850 μm) and extracts (80% methanol, 
50 mg/mL) were prepared for TPC determination. Drying temperature significantly (p < 
0.05) influenced the TPC as it increased from 50 to 80 °C, and did not influence the Y. 
TPC ranged from 1608 ± 80.22 to 2069 ± 82.01, 1732 ± 59.43 to 2069 ± 30.32 and 5286 
±143.74 to 7929 ± 120.48 mg gallic acid equivalent/100 g dry mashua for Zapallo, Sangre 
de Cristo and Negra, respectively. These results indicate that hot air drying at 60 °C can 
be used to obtain dried mashua of the Sangre de Cristo and Negra varieties with higher 
TPC, while at 80 °C the TPC for the Zapallo variety is better preserved.
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RESUMEN

Tropaeolum tuberosum Ruíz & Pav. (mashua) es un tubérculo cultivado en zonas altoandinas 
como Huancavelica, con uso tradicional en la alimentación y potencial funcional por su 
contenido de compuestos bioactivos. Debido a su corta vida útil en fresco, se requiere 
su conservación. El secado por aire caliente, alternativa al secado solar, puede afectar la 
estabilidad de estos compuestos según la temperatura aplicada. Por tanto, el objetivo fue 
evaluar el efecto de la temperatura (50, 60, 70 y 80 °C) de secado con aire caliente en la 
humedad libre (Y) y el contenido de fenólicos totales (CFT) en tres morfotipos de mashua 
(Zapallo, Sangre de Cristo y Negra). Los tubérculos fueron lavados, desinfectados con 
hipoclorito de sodio (50 ppm), cortados (2,5 mm), y secados (150 g) durante 16 h. La 
humedad libre se determinó en las muestras secas. Luego, se molieron (partículas < 850 
μm) y se prepararon extractos (metanol al 80 %, 50 mg/mL) para la determinación del 
CFT. La temperatura de secado influyó significativamente (p < 0,05) en el CFT, a medida 
que se incrementó de 50 a 80 °C, y no influencio en la Y. El CFT variaron de 1608 ± 
80,22 a 2069 ± 82,01, 1732 ± 59,43 a 2069 ± 30,32 y 5286 ± 143,74 a 7929 ± 120,48 mg 
equivalente de ácido gálico/100 g mashua seca para la Zapallo, Sangre de Cristo y Negra, 
respectivamente. Estos resultados indican que el secado con aire caliente a 60 °C puede 
ser usado para obtener mashua seca de la variedad Sangre de Cristo y Negra con mayor 
CFT, mientras que a 80 °C se preserva mejor el CFT para la variedad Zapallo.

Palabras clave: Fenólicos, compuestos bioactivos, deshidratación, tubérculo andino, 
Huancavelica.

INTRODUCTION

	 Tropaeolum tuberosum Ruiz and 
Pavón, commonly known as mashua, has 
traditionally been used for both food and 
medicinal purposes across a broad Andean 
region extending from Colombia to nor-
thwestern Argentina. However, archaeo-
logical evidence from present-day Peru 
indicates that mashua was consumed by 
pre-Inca populations more than 7,500 years 
ago, and its presence has been documented 
in the ceramics of the Nasca and Chimú 
cultures. Today, this tuber is cultivated in 
Colombia, Ecuador, Peru, and Bolivia, and 
exhibits remarkable phenotypic variabili-
ty, expressed in external colorations such 
as orange, pale yellow, yellowish orange, 
deep yellow, grayish purple, dark purple, 

and reddish gray. Likewise, the color of the 
flesh ranges from yellow to orange and vio-
let. It also presents pigmented buds, which 
sometimes display purple or red streaks 
(Siqueira et al., 2023; Grau et al., 2025).

	 Mashua has been widely used in 
traditional medicine for its digestive, clean-
sing, wound-healing, and diuretic proper-
ties. It is also employed in the treatment 
of diseases such as diabetes, dengue, ma-
laria-related fever, and various postpartum 
conditions, particularly in the management 
of kidney disorders. Additionally, it is at-
tributed preventive effects against patho-
logies such as prostate hyperplasia, skin 
ulcers, gonorrhea, and tonsillitis. Its high 
glucosinolate content confers antibacterial, 
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antimutagenic, anticancer, and antifungal 
properties. Furthermore, its potent antioxi-
dant activity is associated with its high con-
centration of phenolic compounds (Grau et 
al., 2025; Luziatelli et al., 2023).

	 At present, mashua continues to 
be consumed by rural populations and has 
begun gaining wider acceptance in urban 
markets due to its versatility in food pre-
paration and its potential for industrial 
processing. Its applications include stews, 
creams, soups, porridges, panna cotta with 
milk, mashua in walnut sauce, cookies with 
rocoto caviar and avocado mayonnaise, co-
cido boyacense, bottled mashua–pineapple 
juice, black mashua jam, dehydrated mas-
hua, flour production, and second-genera-
tion snack development (Grau et al., 2025; 
Leidi et al., 2018; Luziatelli et al., 2023; 
Zambrano et al., 2025; Acurio et al., 2023).

	 Mashua is also notable for its high 
content of nutrients, phytochemicals, and 
natural pigments with antioxidant proper-
ties (Betalleluz-Pallardel et al., 2012; Cam-
pos et al., 2006; Costa et al., 2008; Warnier 
et al., 2008; Chirinos et al., 2006, 2015; Pa-
checo et al., 2019; Paucar-Menacho et al., 
2020), making it a functional ingredient of 
high commercial value. However, its high 
water content (between 74.51 and 92 g/100 
g fresh mashua) (Campos et al., 2006; Cas-
tañeta et al., 2024; Coloma et al., 2022) 
limits its shelf life, prompting interest in 
studying preservation methods and para-
meters that prolong it while minimizing 
impacts on bioactive compounds.

	 Dried mashua has been obtained 
using hot air at 60 °C for 6 to 24 hours and 
air velocities of 1.8 to 2 m/s in a convecti-
ve dryer as part of the production of dried 
mashua flour, flour for second-generation 
snacks (Acurio et al., 2023, 2025), or as a 
pretreatment for mashua characterization 

(Aguilar-Gálvez et al., 2022; Salazar et al., 
2021).

	 Drying is one of the most conso-
lidated and widely used methods for food 
preservation, enabling shelf-life exten-
sion and reduction of fresh-product waste 
(Berk, 2018; Onwude et al., 2022). This 
process is based on reducing water content 
to levels that ensure microbiological stabi-
lity. Drying also inhibits microbial growth 
and slows undesirable chemical reactions, 
while reducing storage and transportation 
costs by decreasing the weight and volume 
of the final product (Castillo-Zapata et al., 
2024).

	 Industries in developing coun-
tries still favor hot-air drying, considered 
a low-cost and simple operation in which 
solid foods are directly exposed to hot air 
in the drying chamber (Castillo-Zapata et 
al., 2024; Kerr, 2019). However, the total 
phenolic content (TPC) of foods may be 
affected by the drying temperature.

	 Multiple studies have used the colo-
rimetric Folin–Ciocalteu assay to evaluate 
TPC. Its preference over other methods is 
often justified by its recognized reliability, 
long history of use, and broad acceptance 
within the scientific community. Moreo-
ver, it is more economical than alternative 
analytical techniques, making it accessible 
for researchers with limited resources. Its 
simplicity and applicability have made it 
one of the most commonly used tools for 
analyzing phenolic compounds in the food 
industry (Li et al., 2025).

	 Several studies have reported TPC 
values in freeze-dried mashua (Behar et 
al, 2021; Campos et al., 2006; Castañeta 
et al., 2024; Costa et al., 2008; Campos et 
al., 2007; Warnier et al., 2008; Chirinos et 
al., 2006; Rogez et al., 2007; Choquecham-
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bi et al., 2019; Coloma et al., 2022; Jaco-
bo-Velázquez et al., 2022; Pacheco et al., 
2020) and in hot-air-dried mashua (Acurio 
et al., 2025; Salazar et al., 2021). However, 
no studies have reported the effects of dr-
ying temperature on mashua of the zapallo, 
Sangre de Cristo, and negra morphotypes. 
Therefore, the objective of this study was 
to evaluate the effect of drying temperature 
(50, 60, 70, 80, and 90 °C) using hot air on 

the free moisture content and total phenolic 
content of mashua of the zapallo, Sangre de 
Cristo, and negra morphotypes.

MATERIALS AND METHODS

Raw material

	 Mashua (Figure 1) was obtained 
from the rural community of Carpapata, 
Colcabamba district, Tayacaja, Huancave-
lica, Peru.

Figure 1. Whole and sliced mashua morphotypes: a) zapallo, b) Sangre de Cristo, and c) negra.

Preparation of the raw material

	 The three mashua morphotypes 
were washed with potable water and disin-
fected with a 50 ppm sodium hypochlorite 
solution. Residual hypochlorite was then 
removed by rinsing with potable water. Fi-
nally, the tubers were cut into slices 2.5 cm 
thick and placed on drying trays.

Drying of mashua

	 Slices of the three mashua morpho-
types were dried using a forced-air dehy-
drator (AISTAN, model ST04, China). Dr-
ying temperatures of 50, 60, 70, and 80 °C 
were evaluated based on previous studies 
conducted by our research group (Casti-
llo-Zapata et al., 2024). For each condition, 
approximately 150 g of fresh mashua slices 

were placed in the dehydrator and dried for 
16 hours at a constant air velocity of 2.5 
m/s. Each treatment was performed in tri-
plicate.

Grinding and sieving of dried mashua

	 The three morphotypes of mashua, 
previously dehydrated at different tempera-
tures, were ground individually for 3 minu-
tes using a blade mill. The pulverized mate-
rial was then sieved using an 850-μm mesh. 
Fractions passing through the sieve were 
stored in airtight bags until further use.

Preparation of mashua extracts

	 Extracts were obtained following 
the protocol described by Castillo-Zapata 
et al. (2024). Approximately 2 g of finely 
ground dried mashua were weighed and ex-
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tracted with 40 mL of 80% (v/v) methanol. 
The mixture was homogenized on a mag-
netic stirrer at 1,000 rpm for 20 minutes at 
room temperature. It was then centrifuged 
at 4,500 rpm for 20 minutes, and the super-
natant, corresponding to the extract contai-
ning solubilized compounds, was collected.

Determination of total phenolic content

	 The TPC was determined following 
the procedure described by Castillo-Zapa-
ta et al. (2024). In 10-mL test tubes, 1.364 
mL of distilled water, 300 μL of previously 
diluted extract, and 136 μL of Folin–Cio-
calteu reagent were mixed. The mixture 
was gently agitated and allowed to rest for 
8 minutes at room temperature, protected 
from light. Subsequently, 1.2 mL of a 7.5% 
(w/v) sodium carbonate (Na₂CO₃) solution 
was added, homogenized, and incubated 
for 2 hours under the same conditions.

	 Absorbance was measured at 760 
nm using a UV-Visible spectrophotometer 
(Genesys 150, Thermo Scientific, USA). 
Quantification of TPC was performed using 
a calibration curve prepared with gallic 
acid standard solutions at concentrations of 
10, 20, 30, 40, 50, and 60 μg/mL. Results 
were expressed as milligrams of gallic acid 
equivalents (mg GAE) per 100 g of dried 
mashua.

Statistical analysis

	 TPC was evaluated through an 
analysis of variance (ANOVA), followed 
by Tukey’s multiple comparison test, using 
a significance level of 5% (p < 0.05). Sta-
tistical analyses were performed using RS-
tudio (version 2021). Additionally, data 
related to free moisture and the standard 
curve were processed using Origin Pro 
2025 (SR1, v10.2.0.196).

RESULTS AND DISCUSSION

Effect of drying temperature on the free 
moisture content of mashua

	 Figure 2 shows the effect of drying 
temperature on the free moisture content 
(kg water/kg dry solid) of the three mas-
hua morphotypes: zapallo, Sangre de Cris-
to, and negra. Free moisture values ranged 
from 0.0228 to 0.0042, 0.0216 to 0.0066, 
and 0.0217 to 0.0076 kg water/kg dried 
mashua for zapallo, Sangre de Cristo, and 
negra, respectively, across the temperature 
range of 50 to 80 °C.

	 At 80 °C and 16 hours, the zapallo 
morphotype exhibited the lowest free mois-
ture content (0.0042 kg water/kg dry so-
lid), followed by Sangre de Cristo (0.0066 
kg water/kg dry solid) and negra (0.0076 
kg water/kg dry solid). At 60 and 70 °C, 
the three morphotypes showed similar be-
havior, whereas at 50 °C, zapallo showed 
a slightly higher value than the other two 
morphotypes (Figure 2).

	 It is important to note that in all ca-
ses, the final free moisture remained below 
the maximum limit allowed for dry pro-
ducts processed into flour (15%, equivalent 
to 0.1765 kg water/kg dry solid), as establi-
shed by the Codex Alimentarius (1985). 

	 For a 200g load of fresh mashua cut 
into 2.5 cm slices, a drying time of 16 hours 
and an air velocity of 2.5 m/s were suffi-
cient to reduce free moisture in all three 
morphotypes to levels compatible with de-
hydrated products, according to microbio-
logical stability and reduced degradation 
reaction criteria (Ibarz & Ribas, 2005). 
This also contributes to lowering storage 
and transportation costs (Bahnasawy & 
Shenana, 2004).
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	 Other studies have reported similar 
values. Acurio et al. (2025) observed a free 
moisture content of 0.064 kg water/kg dry 
solid in mashua slices (2 cm thick) dried at 
60 °C for 24 hours with an air velocity of 2 
m/s, comparable to results from this study 
under similar conditions. Differences likely 
relate to initial moisture content and mor-
photype.

	 In contrast, Salazar et al. (2021) 
reported a higher value (0.2326 kg water/
kg dry solid, equivalent to 18.87% mois-
ture) for 3 cm slices dried at 60 °C for 6 
hours, suggesting that slice thickness and 
drying time influenced moisture retention, 
and likely the air velocity also affected the 
drying process.

	 Fresh mashua moisture values were 
recorded as 88 ± 0.5% for zapallo and 90 ± 
0.5% for Sangre de Cristo and negra. The-
se values are slightly higher than those re-
ported by Coloma et al. (2022) for purple 
mashua (74.51–89.72%), yellow mashua 

(82.86–87.81%), and yellow-purple mas-
hua (76.11–83.48%); by Castañeta et al. 
(2024) for santo jonk’ori (81.5%), Achaka-
ni (83%), and ch’iyara (80.3%); and by 
Campos et al. (2006) for yellow–yellow 
(87–92%), purple–yellow (85–89%), pur-
ple–purple (87%), and yellow–purple–
purple (86%). This confirms that moisture 
content in fresh mashua is influenced by 
morphotype, genotype, and ecological con-
ditions of cultivation.

Effect of drying temperature on the total 
phenolic content of mashua

	 Table 1 shows the TPC results for 
zapallo, Sangre de Cristo, and negra mas-
hua morphotypes dried at 50, 60, 70, and 
80 °C. In the zapallo morphotype, TPC ran-
ged from 1,523 ± 61.83 to 2,069 ± 82.01 
mg GAE/100 g dried mashua. For San-
gre de Cristo, values ranged from 1,732 ± 
59.43 to 2,069 ± 30.32 mg GAE/100 g. The 
negra morphotype showed the highest va-
lues, ranging from 5,286 ± 143.74 to 7,929 

Figure 1. Effect of Drying Temperature on the Free Moisture Content (kg of water/kg of dry 
solid) of Zapallo, Sangre de Cristo, and Negra
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± 120.48 mg GAE/100 g depending on dr-
ying temperature (Table 1), mainly due to 
the anthocyanins found in black mashua 
(Coloma et al., 2022).

	 Significant differences (p < 0.05) 
were observed in TPC among the different 
mashua morphotypes. However, no signi-
ficant differences were observed between 
Sangre de Cristo and zapallo morphotypes 
at 50 and 80 °C.

	 Regarding temperature influence, 
significant differences (p < 0.05) were ob-
served in TPC among drying temperatures 
of 50, 60, 70, and 80 °C. For the negra mor-
photype, no significant differences were 
found between 60 and 70 °C, although di-
fferences were observed between 50, 60, or 

70 °C compared to 80 °C. For Sangre de 
Cristo, there was a significant difference 
between 50 and 60 °C, but no differences 
among 60, 70, and 80 °C, nor between 50, 
70, and 80 °C. In zapallo, significant diffe-
rences (p < 0.05) were found among tempe-
ratures, except between 50 and 70 °C, and 
between 60 and 70 °C, where no differen-
ces were detected.

	 In the negra and Sangre de Cristo 
morphotypes, an increase in TPC was ob-
served as drying temperature increased 
from 50 to 60 °C, likely due to a higher con-
centration of phenolic compounds resulting 
from water loss. Moreover, increasing tem-
perature may break covalent bonds, facili-
tating the release of bound phenolics from 
the cellular matrix (Onwude et al., 2022).

TPC (mgGAE/100g dried 
mashua)*Temperature (°C)Mashua 

Morphotypes

1792.4 ± 6.9B;b50

Zapallo
1523.3 ± 61.8C;c60
1607.6 ± 80.2C;bc70
2069.5 ± 82.0B;a80
1732.1 ± 59.4B;b50

Sangre de Cristo
2069.5 ± 30.3B;a60
1932.9 ± 96.6B;ab70
1932.9 ± 18.4B;ab80
5286.3 ± 143.7A;c50

Negra 
7928.9 ± 120.5A;a60
7768.3 ± 283.2A;a70
6543.4 ± 150.9A;b80

The data are presented as mean ± standard deviation. Identical superscript letters indicate that no significant differences exist (p < 0.05) according to Tukey’s test.

Table 1. 
Relevant Factors That Impacted Progress or Setbacks in Food Security
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	 However, at higher temperatures 
(70 and 80 °C), a slight reduction in TPC 
was observed in Sangre de Cristo and a 
more pronounced reduction in negra. This 
reduction is likely associated with thermal 
degradation of thermolabile phenolic com-
pounds, particularly anthocyanins in the 
negra morphotype.

	 In contrast, the zapallo morphoty-
pe showed a decrease in TPC from 50 to 
60 °C, which may be related to polyphenol 
oxidase activity, a thermostable enzyme 
that remains active up to temperatures close 
to 60 °C. This enzyme catalyzes oxidation 
of phenolics, reducing their concentration 
(Onwude et al., 2022). Once the enzyme 
is inactivated at temperatures above 60 °C, 
an increase in TPC was observed at 70 and 
80 °C, likely due to the release of phenolic 
compounds not degraded by enzymatic ac-
tion and the concentration of thermoresis-
tant phenolics.

	 Compared with the results obtai-
ned in the present study at 60 °C (Table 
1), lower TPC values have been reported 
for mashua dried at 60 °C for 24 h with an 
air velocity of 2 m/s (450 mg GAE/100 g) 
(Acurio et al., 2025), and for mashua dried 
at the same temperature for 6 h (6.8 mg 
GAE/100 g) (Salazar et al., 2021). These 
differences reflect not only the influence of 
drying conditions on the retention or degra-
dation of phenolic compounds, but also the 
impact of the crop’s origin and production 
characteristics. In particular, for the lowest 
reported value, factors such as the final 
moisture content of the product, air-flow 
velocity, and extraction method may have 
contributed to the reduction in TPC.

	 On the other hand, different TPC 
values have been reported for freeze-dried 
mashua compared with those obtained in 

this study. Jacobo-Velázquez et al. (2022) 
indicated that TPC in twenty-seven mor-
photypes of Peruvian mashua ranged from 
162.54 mg GAE/100 g (MAC 090 – white, 
Apurímac region) to 1,316.16 mg GAE/100 
g (MAC 092 – black, Ayacucho region).

	 Similarly, Coloma et al. (2022) re-
ported that TPC in purple mashua ranged 
from 385 to 1,143 mg GAE/100 g dry ma-
tter; in yellow mashua, from 182 to 405 
mg/100 g dry matter; and in yellow mashua 
with purple eyes, from 116 to 225 mg/100 
g dry matter.

	 Behar et al. (2021) reported TPC 
values in six fresh mashua accessions ran-
ging from 77.48 to 220.83 mg GAE/100 g, 
with Tt-19 (skin/flesh: yellow/yellow) and 
Tt-23 (skin/flesh: purple/purple) being the 
extreme accessions.

	 Likewise, Castañeta et al. (2024) 
reported TPC values of 260, 200, and 1,170 
μmol GAE/100 g fresh sample for the San-
to Jonk’ori, Achakani, and Ch’iyara varie-
ties, respectively.

	 Additionally, Choquechambi et 
al. (2019) reported the following TPC va-
lues, expressed as mg of chlorogenic acid 
equivalents (CAE)/100 g dry matter: Kellu 
(yellow), 790 mg; Chejchi (yellow, black 
eyes), 1,190 mg; Chiar (black), 2,230 mg; 
Kellu (yellow), 1,280 mg; Keni Kellu (ye-
llow-purple), 1,310 mg; Jachir (yellow, red 
stripes), 970 mg; and Asuthi (yellow, pur-
ple stripes), 800 mg, for mashua samples 
from Peru and Bolivia.

	 Different TPC values have also been 
reported for freeze-dried mashua compared 
with those obtained in the present study. 
Campos et al. (2006) found that TPC in ele-
ven fresh mashua genotypes ranged from 
92 to 337 mg GAE/100 g, with genotypes 
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ARB-5241 (337 mg GAE/100 g), DP-0224 
(305 mg GAE/100 g), and AGM-5109 (275 
mg GAE/100 g) presenting the highest va-
lues.

	 Similarly, Chirinos et al. (2006) re-
ported TPC values for genotypes ARB-5241 
(374.4 mg GAE/100 g), DP-0224 (131.9 
mg GAE/100 g), and AGM-5109 (45.5 mg 
GAE/100 g), all expressed on a fresh-wei-
ght basis. Rogez et al. (2007) reported 
maximum TPC values on a dry-weight ba-
sis for ARB-5241 (2,200 mg GAE/100 g) 
and DP-0224 (1,710 mg GAE/100 g).

	 Likewise, Campos et al. (2007) re-
ported TPC values ranging from 1,400 to 
2,400 mg GAE/100 g dry matter for cul-
tivars ARB-5241, DP-0224, and AGM-
5109. Later, Costa et al. (2008) reported 
TPC values in fresh mashua for genotypes 
ARB-5241 (skin/flesh, purple/yellow) with 
395 mg GAE/100 g, DP-0224 (skin/flesh, 
purple/purple) with 262 mg GAE/100 g, 
and ARB-5576 (skin/flesh, yellow/yellow) 
with 52.2 mg GAE/100 g.

	 Additionally, Warnier et al. (2008) 
reported the following TPC values in fresh 
mashua: ARB-5241 (323 mg GAE/100 
g; 83.4% moisture), DP-0224 (205 mg 
GAE/100 g; 84.2% moisture), AGM-5109 
(166 mg GAE/100 g; 87.0% moisture), and 
ARB-5576 (56.3 mg GAE/100 g; 87.1% 
moisture).

	 Finally, Campos et al. (2018) 
analyzed eighty-four mashua genotypes 
and found TPC values on a dry-weight ba-
sis ranging from 550 to 1,670 mg GAE/100 
g.

	 Overall, the results obtained in this 
study, as well as those reported by other 
authors, demonstrate that mashua morpho-
types with black, purple, or dark pigmenta-
tion tend to show higher TPC values than 

those with yellow or lighter bicolorations. 
Likewise, the cultivation area exerts a sig-
nificant influence on TPC, as demonstrated 
in mashua samples from different agroeco-
logical zones in the Puno region (Coloma 
et al., 2022). Furthermore, TPC values de-
pend on factors such as genotype, solvent 
type, pH level, solvent-to-water ratio, and 
extraction time (Rogez et al., 2007).

	 Compared with other plant species, 
the black mashua morphotype exhibits a 
TPC within the range of values reported 
for maqui (Aristotelia chilensis) (3,190 
mg/100 g dry matter) (Quispe-Fuentes et 
al., 2018), aronia (Aronia melanocarpa) 
(2,190 mg GAE/100 g fresh fruit and 9,400 
mg GAE/100 g dried fruit) (Kaloudi et 
al., 2022), and camu camu (12,798.80 mg 
GAE/100 g fresh fruit) (García-Chacón et 
al., 2023), species widely recognized for 
their high antioxidant capacity and classi-
fied as superfoods.

	 The black mashua used in this study 
exhibits morphological characteristics si-
milar in shape to the black mashua from 
the AGM-5118 collection (Lingán Gran-
de, Chota, Cajamarca) and in color to the 
mashua yana ojo from the CM DPA 02 24 
collection (Socorro, Ninacaca, Pasco). It is 
possible that this mashua represents a new 
collection, which aligns with the statement 
by Campos et al. (2018), who suggest that 
many more likely exist, given the consi-
derable genotypic variability in shape and 
color, variability that appears to correlate 
with the content of bioactive compounds. 

CONCLUSIONS

	 Drying mashua at temperatures be-
tween 50 and 80 °C for 16 h with an air 
velocity of 2.5 m/s reduced the free mois-
ture content of the zapallo, Sangre de Cris-
to, and black morphotypes to levels below 
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those established by the Codex Alimenta-
rius (0.1765 kg water/kg dry solid). The za-
pallo morphotype exhibited the lowest re-
maining water content (0.0042 kg/kg). The 
differences observed between morphotypes 
and in comparison with previous studies 
can be attributed to variables such as slice 
thickness, drying time and air velocity, as 
well as the tuber’s initial moisture content. 
Likewise, it was confirmed that moisture 
in fresh mashua is conditioned by morpho-
type, genotype, and agroecological condi-
tions, factors that must be considered when 
optimizing industrial drying processes.

	 Furthermore, TPC showed signi-
ficant variations according to morphotype 
and drying temperature. The black mor-
photype exhibited the highest TPC values, 
attributable to its elevated anthocyanin 

content. The drying temperature of 60 °C 
favored the concentration of phenolic com-
pounds in most morphotypes, whereas hi-
gher temperatures led to partial degradation 
of thermolabile compounds. The behavior 
of TPC was influenced by enzymatic acti-
vity, particularly polyphenol oxidase, and 
by the dehydration of the plant matrix.

	 Discrepancies with previous studies 
can be explained by variations in genoty-
pe, origin, drying conditions, and extrac-
tion methods. These results underscore the 
potential of the black morphotype as a rich 
source of phenolic compounds, with levels 
comparable to recognized superfoods, hi-
ghlighting the importance of continued re-
search on mashua for potential applications 
in nutraceuticals or functional food ingre-
dients.
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