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Abstract

Jicama root applications have focused on their nutraceutical properties without
clearly specifying which compounds are related to this effect. Thus, the aim of the
present study was to identify the changes in polysaccharides of nutraceutical inter-
est in two commercial jicama roots (YS - Yellow Seed; PS - Purple Seed) during four
stages of maturation, focusing on starch, fructooligosaccharides, and pectin (via ga-
lacturonic acid), and on their glycemic index, with the goal of determining, if pos-
sible, the best cost-effectiveness between jicama growing stages and nutraceutical
effect. Both materials (YS, PS) presented similar growth rates (0.069 and 0.072 cm/
day) and final sizes (12.7 + 1.25, 12.3 + 1.63 cm). Changes in size were accompanied
by changes in protein, fiber, ashes, lipids, and carbohydrates, after 106 or 127 days
of growing. It was also found that fructose content was higher than glucose during
the maturing stages, possibly because of the hydrolysis of fructooligosaccharides or
sucrose for starch production. Concerning inulin, its levels decreased (<6.0%), after
the first days (YS: 13.4% + 0.7%; PS: 8.4% + 0.2%, 106 days); however, during de-
velopment, the presence of other fructooligosaccharides was observed (nystose-YS
106 days 15.8% + 0.9% and PS-106 days 18.5% + 0.1%), while galacturonic acid and
native starch levels increased, which must be related to the jicama's low glycemic
index found (<25%), and their nutraceutical properties. This work proves the pres-
ence of inulin in jicama roots by analytical methods, its dependence on root develop-
ment and classifies jicama as a low glycemic index food, supporting its nutraceutical

character.
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1 | INTRODUCTION

Pachyrhizus erosus, better known as jicama, is a tuberous legume
that belongs to the genus Pachyrhizus, which is cultivated around
the world due to its edible roots, mainly composed of water (87%),
starch (10.7%), protein (1.3%) and fiber (1.4%) (Sorensen, 1996), and
commonly used as food, cosmetic (Wathoni et al., 2018) or for med-
ical purposes (Lim, 2016a, 2016b).

Jicama root studies have been reported by different authors,
citing results about their nutraceutical properties (Buckman
et al.,2018; Gonzalez et al., 2018; Khalid & Wan, 2015), includ-
ing prebiotics (Pulbutr et al., 2021) and dietary fiber (Santoso
et al.,, 2021). For example, a study carried out in murine mod-
els regarding the hypoglycemic effect of jicama aqueous extract
showed a decrement in blood glucose levels and body weight (Park
et al., 2016; Santoso et al., 2019). In other investigations, the role
of root phytoestrogens was analyzed by Nurrochmad et al. (2010),
who found that they can play a role in the prevention of osteo-
porosis. Similarly, another study in murine models, about how the
insoluble residue of jicama increased the absorption of zinc and iron
was carried out by Hayashi et al. (2001). More recently, Baroroh
et al. (2021) demonstrated that jicama root extract (soluble fiber)
could activate the adaptive immune response by improving the pro-
duction of cytokines and immunoglobulins (IL-6, IL-10, TNF-a, IgA
and IgG) by B cells, while Pulbutr et al. (2021) established that yam
bean tuber extract, used as a prebiotic, enhanced the growth of
Lactobacillus L. plantarum. In 2020 and 2021, Santoso et al. reported
that jicama fiber prevents type 2 diabetes mellitus, considering it as
areliable supplement for counteracting the development of this dis-
ease. Most of these studies have been carried out in murine models.

Despite the nutraceutical advantages of this root, few works
have focused on the specific components that could be related to
the aforementioned functional properties (Fernandez et al., 1997),
citing polysaccharides, mainly fibers, as the possible source, or just
presenting the proximate analysis of the samples, including simple
sugars detected by HPLC (Sarkar et al., 2021), and reducing and
nonreducing sugar contents (Santoso et al., 2020), without a deeper
evaluation to clearly establish what types of polysaccharides are
present in the jicama root.

Jicama polysaccharides include starch (Buckman et al., 2018;
Gonzalez et al., 2018; Melo et al., 2003), pectin, cellulose, xyloglu-
cans, heteromannans, heteroxylans (Klockeman et al., 1991; Noman
et al., 2007; Ramos de la Pefa et al., 2013) and, in much lower quanti-
ties, inulin (Stevenson et al., 2007), which could be the fiber material
that has been related to the nutraceutical beneficial effects. There
are just a few recent studies confirming the presence of fructooli-
gosaccharides: Sarkar et al. (2021) cited its presence in jicama pow-
der, confirmed through its fructose and glucose content. However,
we did not find any investigations that present an HPLC method-
ology for inulin or fructooligosaccharides detection. Jicama roots
are consumed at different stages of development, probably having
different polysaccharide composition, data that have not been yet
reported. Also, this information could be useful for the selection

process of raw materials, as the relative amounts of the different
types of carbohydrates are dependent on the maturity of the plant
tissue (Ramos de la Pefa et al., 2013). In this sense, carbohydrate
synthesis, including structural and nonstructural components, is re-
lated to the root growth process, of which it has been established
that tubers are the main sink of carbon produced during photosyn-
thesis, promoting the formation of starch, glucose, fructose, and
sucrose (Vaillant & Desfontaines, 1995), in proportions that could
result in products with different glycemic indexes. Thus, the aim of
the present study was to identify the changes in polysaccharides of
nutraceutical interest in two commercial jicama roots (YS - Yellow
Seed; PS - Purple Seed) during four stages of maturation, focusing
on starch, fructooligosaccharides, and pectin (via galacturonic acid),
and on their glycemic index, with the goal of determining, if possi-
ble, the best cost-effectiveness between jicama growing stages and

nutraceutical effect.

2 | MATERIALS AND METHODS

2.1 | Materials

Two types of jicama root commercial materials (Yellow Seed, YS and
Purple Seed, PS) developed up to four different growing stages (106,
127, 160, and 190 days) were harvested (two to four roots per sam-
ple) at Apaseo el Grande (2019, Guanajuato, Mexico, 20°29'32.7"'N
100°43'32.5""W). Jicama tubers were produced following commer-
cial practices: seeds were planted at a density of 30 kg/Ha, one seed
at 20 cm intervals; watering 10-12 times depending on the season;
no fertilizers were added; manual weeding was done twice during
the first three months; chemical deflowering. At the time of sample
collection all materials were weighed, washed, and allowed to dry at
room temperature (25°C) for 24 hr. These were then cut (MIGSA/
AH-HLC300) into 2 mm-thick slices and dried (AFOS MINI KLIN) at
30°C for 72 h. Finally, the jicama was ground in an IKA mill (IKA®
A11, basic) for 10 min in 30 s lapses and sieved through a 0.5 mm

mesh.

2.2 | Jicama's diameter and growth rate

The growth of the jicama was evaluated by measuring, with a cali-
per, the diameter of the tuberous roots along their equatorial axis
(Figure 1). The growth rate was calculated from the slope of the root
diameter versus harvesting time graph. This analysis was performed
in the two independent samples (YS, PS) by triplicate, at each har-
vesting time.

2.3 | Proximate chemical composition

Moisture was determined on a moisture analyzer (OHAUS MB45)
following the manufacturer's methodology. Fresh jicama (1 g) was
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FIGURE 1 Jicama equatorial axis (diameter)

placed in the thermobalance (108°C, 10 min), directly measuring
the humidity percentage of the sample. Ash content was deter-
mined according to the AOAC 942.05 methodology while protein
content (N x 6.25) was measured with an automated Kjeltec 8200
(FOSS), where 20 mg of sample was weighed, subjected to diges-
tion at 400°C for 30 min, and distilled for 5 min. Titration was car-
ried out with 0.1 N hydrochloric acid (HCI). Lipids were analyzed
following the method of Noman et al. (2007) with modifications.
The lipids were extracted with petroleum ether at 60°C in a Soxhlet
extractor, quantified gravimetrically, and reported as a percentage
of lipids.

Neutral detergent fiber (NDF) was determined using a 122
Fibertec™ system (FOSS) following the manufacturer methodology:
the sample (0.5 g) was weighed in crucibles to which thermostable
a-amylase was added (100 ul, Sigma-Aldrich, A3306). The a-amylase
was previously dissolved in 50 ml of neutral detergent solution.
This solution was prepared by mixing 18.61 g of EDTA disodium salt
(Sigma Aldrich E4884), 6.81 g of sodium borate decahydrate (Sigma
Aldrich S9640), 30 g of sodium lauryl sulfate (Sigma Aldrich L4509),
10 ml of triethylene glycol (Sigma Aldrich 95,126), 4.56 g of sodium
acid phosphate (Sigma Aldrich S3139) in 1000 ml of distilled water.
The sample-enzyme mixture was boiled for 1 hr, filtered and then
dried at 100°C for 5 hr. After drying, the crucible containing the solid
residue was placed in a muffle (5 hr, 525°C). The NDF was reported
as percentage.

The carbohydrate percentage was calculated by the difference
between the previous percentages. All these analyses were per-

formed in triplicate.

2.4 | Carbohydrate analyses

241 | Total and reducing sugars

The total sugar content was determined using the Phenol-Sulfuric
methodology (Dubois et al., 1956). Briefly, 1 ml of sample was mixed
(in dark conditions) with 0.6 ml of 5% phenol (Sigma-Aldrich 33517)
using a vortex (Barnstead Thermolyne Maxi-Mix ii). Subsequently,

3.6 ml of concentrated H,SO, (Merck 100,731) was added to the
tubes, shaking, and allowing to stand for 30 min. At the end of this
period, they were placed in a cold-water bath to stop the reaction.
The sample was read in a spectrophotometer (Thermo Scientific-
Genesys Uv) at a wavelength of 490 nm. The concentration of
total sugars was determined through a glucose calibration curve
(5-60 pg/ml).

The quantification of reducing sugars was carried out with the
3.5 dinitrosalicylic acid methodology (DNS) (Miller, 1959); DNS
was prepared by dissolving 0.8 g of NaOH (JT Baker 1310-73-2) in
water and mixing with 15 g of tetrahydrate sodium-potassium tar-
trate (JT Baker 6381-59-5) and 0.5 g of DNS (3.5-dinitrosalysilic
acid, Sigma Aldrich D0550), making up the solution to 50 ml in
a volumetric flask. A glucose calibration curve (50-500 pg/ml)
was prepared. The DNS reagent (1 ml) was added to the sample,
and it was placed in boiling water for 10 min. It was allowed to
stand at room temperature for 15 min, and the absorbance was
read in a spectrophotometer (Thermo Scientific-Genesys Uv) at
a wavelength of 540 nm. The concentration of reducing sugars
was determined by interpolation of the absorbance reading in the

calibration curve.

2.4.2 | Starch and fiber evaluation

Total starch

The percentage of total starch was determined using the
Megazyme K-TSTA kit (Megazyme International Ireland Ltd.). The
samples were weighed (100 mg), 0.2 ml of 80% ethanol added
and homogenized in a vortex (Barnstead Thermolyne Maxi-Mix ii).
Immediately, 3 ml of thermostable a-amylase was added, heating
to the boiling point, and stirring every 2 min for a total of 6 min, and
then cooling in a water bath until reaching 50°C. Amyloglucosidase
(0.1 ml) was added, vortexing and incubating for 30 min. The enzy-
matic hydrolyzed sample solution was poured into a 100 ml volu-
metric flask, and an aliquot of 25 ml was taken and centrifuged
(Dynamic Velocity 18R, Metrix®) at 3420 x g for 10 min, extracting
0.1 ml of the supernatant (by duplicate) to continue the analysis.
Simultaneously, a control sample (blank) was run from the begin-
ning of the analysis, and a glucose standard was run starting at this
point. The four tubes (sample duplicates, blank, glucose standard)
were added with glucose oxidase/peroxidase solution (3 ml) and
placed in a water bath at 50 °C for 20 min. Finally, the absorb-
ance of the sample was read at 510 nm (Genesys 10UV Scanning,
ThermoScientific, USA). The percentage of total starch was ob-

tained applying Equation (1),
% total starch = AA x % x VF x 0.9 (1)

where AA is the sample absorbance versus blank absorbance, W is the
weight of the sample in milligrams, F is the factor (100 pg of glucose
standard / Absorbance of glucose standard), and FV is the final volume
(100 ml).
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Total dietary fiber

Total dietary fiber (TDF) was determined using a Sigma-Aldrich kit
(Sigma Aldrich, TDF-100A). Samples were weighed in quadrupli-
cates (0.5 g-W1) and placed in beakers; then 50 ml of phosphate
buffer (pH 6) and 50 pl of thermostable a-amylase (pH 6.0-Sigma
Aldrich A3306) were added, heating the mixture at 95°C for
15 min. The sample-amylase solution was cooled to room temper-
ature, and its pH adjusted to 7.5 by adding 5 ml of 0.275 N NaOH
solution. A recently prepared 50 mg/ml protease solution (Sigma
Aldrich P3910) in phosphate buffer (pH 7.5) was prepared and 50
ul of the enzyme solution was poured into each beaker, covering
with an aluminum foil, heating at 60°C for 30 min, and allowing the
reaction to cool down to room temperature. The pH was adjusted
to 4 (0.325 M HCI, 10 ml), and 50 ul of amyloglucosidase (Sigma
Aldrich A9913) was added, incubating the sample for 30 min at
60°C. Ethanol 96% (260 ml) was added and left overnight at room
temperature to allow for total precipitation to occur. The sedi-
ment was quantitatively recovered in a celite (0.25 mg) prepared
crucible by filtering the solution. The residues in the beaker were
washed with three portions of 10 ml of 78% ethanol, two portions
of 5 ml of 96% ethanol, and two portions of 5 ml acetone. The
crucibles were left overnight in an oven at 105°C, allowed to cool
in a desiccator, and weighed (W2). Two crucibles were taken for
the determination of protein (nitrogen Kjeldahl-6.25), while the
remaining crucibles were incinerated for 5 h at 525°C, allowed to
cool in a desiccator, and the weight (W3) was taken to determine

the ash weight. Total dietary fiber content (TDF) was calculated

as follows.
Residualweight = W, — W, (2)
Ashweight = W, — W, (3)
Rsample - Psample - Asample -B
0 = 4
%TDF W % 100 (4)

where R is the average weight of the residue (mg), P is the mean pro-
tein weight (mg), A is the average ash weight (mg), SW is the average
sample weight (mg), W1 is the Celite + crucible weight, W2 is the
Residue + Celite + crucible weight and W3 is the ash + celite + cru-
cible weight.

2.5 | Identification of sugars by HPLC

2.5.1 | Sample preparation

Dry sample (0.5 g) was suspended in 40 ml of hot water (60°C,
6.5 < pH < 8). After 2 min of manual mixing, the solution was
brought to a final volume of 50 ml. The pH was controlled in each
step to maintain the solution within the desired value range (6.5-8).
The sample was then centrifuged at 1,008 x g for 10 min (Metrix
Lab Dynamica). After centrifugation, an aliquot of the supernatant

(1.5 ml) was filtered through a 0.45-um acrodisc nylon membrane
(Millex®) and then through 0.2-um nylon filters (Millex®).

2.5.2 | Standard preparation

A kit of monosaccharides consisting of D (-)Fructose, D (+)Glucose,
(Sigma-Aldrich, 47267), as well as a solution of D-(+)-galacturonic
acid monohydrated (Sigma-Aldrich, 48280-5G-F, 297.0%), sucrose
(Sigma-Aldrich, 47289) and inulin from chicory (Sigma-Aldrich,
12255-10G), at a concentration of 10 mg/ml in water, was used.
Before analyses, standards were filtered through 0.2-um nylon fil-
ters (Millex).

2.5.3 | Chromatography

Chromatographic equipment consisted of a 1200 Infinity System
quaternary pump (Agilent); data were obtained from the refrac-
tive index detector (RID, 1260, Agilent). An Agilent Hi-Plex H
column (7.7 x 300 mm, 8 um, PL1170-6830) was used for the de-
termination of pectin (galacturonic acid), and a Hamilton Ca column
(7.8 x 305 mm, 8 um, 79436) was used for the detection of inulin,
sucrose, glucose, and fructose. The chromatographic separation of
galacturonic acid was performed with 0.01 M H,SO, as a mobile
phase, at a 0.4 ml/min flow rate, 20 pl injection volume, and a column
and detector temperature of 55°C. The detection of inulin, nystose,
sucrose, glucose, and fructose was carried out with water as a mo-
bile phase, at 0.4 ml/min flow rate, 20 ul injection volume, column
temperature of 85°C, and detector temperature of 55°C.

2.6 | Invitro digestion of starch (glycemic index)
The glycemic index was measured following the methods of Salgado-
Cruz et al. (2017), and Goni et al. (1997) with some modifications.
The jicama samples were weighed (10 mg), mixed with 2 ml of HCI-
KClI buffer (pH 1.5), and added with 0.04 ml of pepsin (1 g of pepsin,
Merk 107185/10 ml of HCI-KCI buffer). Samples were kept in an in-
cubator shaker (Barnstead International-SHKA4000-7 IOWA, EUA)
at40°Cfor 1 h.

After incubation, 5 ml of tris-maleate buffer (pH 6.9) was poured
to adjust pH (6.75-7.10) of the sample solution followed by the ad-
dition of 1 ml of tris-maleate buffer containing 2.6 U of a-amylase
from porcine pancreas (A -3176, Sigma-Aldrich Inc.); the sample was
incubated at 37°C. Aliquots of 0.5 ml were taken every 30 min from
0 to 180 min. To inactivate the enzyme (x-amylase), these aliquots
were heated to 100°C and kept at this temperature for 5 min while
shaking. Then, 0.6 ml of 0.4 M sodium acetate buffer (pH 4.75) and
12 ul of Aspergillus niger amyloglucosidase (A7420, Sigma-Aldrich
Inc.) were added; these samples were incubated at 60°C for 45 min.

Finally, glucose concentration was measured with the glucose
oxidase-peroxidase kit (GAGO20, Sigma-Aldrich Inc.). The kinetics
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of in vitro starch digestion was followed by a nonlinear model. The
results were multiplied by 0.9 (stoichiometric glucose/starch con-
version factor) to convert glucose to starch, as Salgado-Cruz
et al. (2017) reported. The glycemic index was calculated using the
area under hydrolysis curve (AUC), which was obtained by fitting
the experimental data to a two-parameter exponential model. The
(Equation 5) applied was:

C=C,(1-e™) (5)
where Cis the percentage of hydrolyzed starch at time t. C__ is the per-
centage at equilibrium of hydrolyzed starch, normally after 180 min,
k is the kinetic constant, and t is the time (min). The parameters C,
and k were estimated using the software SIGMAPLOT version 11
for MS Office and an exponential model was used to calculate AUC

(Equation 6):
AUC =C, (t—to) — (=) [1 - e —k (t — to)] )

where, “t,” is the final time (180 min), “t,” is the initial time (O min). The
hydrolysis index (HI) was expressed as the ratio of the area under the
hydrolysis curve (AUC) of the sample to the AUC of the white fresh
bread. Then, the estimated glycemic index (eGl) was calculated by
using the equation reported by Granfeldt et al. (1992).

eGl = 8.189 + (0.862 « HI) (7)

2.7 | Statistical analysis

Data are presented as the mean + SD. Statistical analyses were per-
formed using Sigma-Plot software (v.14, SYSTAT) with a probability
value p <.05 considered significant. The differences between the
groups were assessed using ANOVA-Tukey's test. Also, a Pearson

correlation text was carried out, using the same software.

3 | RESULTS AND DISCUSSION

3.1 | Root diameter and growing rate
The tuberous roots harvested at different times (106, 127, 160,
190 days) presented different diameters, ranging from 6.7 to 12.7 cm
for YS and from 6.39 to 12.33 cm for PS (Figure 2).

Figure 2 shows that root diameters change during maturation
and as expected, their size increased as time passed. Based on the
statistical analysis, it can be said that development of the root be-
tween both materials (YS and PS) was similar as they reached the
same diameters (p >.05) at the end of the maturation period. The
development of roots has been explained by different authors
(Chaweewan & Taylor, 2015; Mehdi et al., 2019; Wang et al., 2016;
Zierer et al., 2021), citing that during growing, the root swells, the ex-
pansion of central xylem pushes the cells into the intact endodermis
and, as time goes on, the enlarged roots, formed almost exclusively

GONZALEZ-VAZQUEZ €T AL.
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FIGURE 2 Changes injicama's diameter during development.
YS: Yellow seed; PS: Purple seed. The growth rate was evaluated
from the slope of the diameter - days curve. Values with different
letters in each group (YS or PS) are significant different (p <.05)

by parenchymal xylem cells, accumulate starch. It has also been re-
ported that roots almost double in size (measure as root diameter)
during a 16-week period of growth (Fernandez et al., 1997), behavior
that is similar to the one observed in our work.

3.2 | Changes in jicama chemical composition
The changes in the chemical composition of the two jicama materials
at different stages of growth are presented in Figure 3a-e.

When analyzing the protein content (Figure 3a), it decreases
from 11.6 + 0.48 to 7.61% + 0.29% for YS and from 12.7 + 0.51 to
10.5% + 0.43% for PS up to 127 days of growing, remaining statis-
tically invariable (p >.05) for both samples for the rest of the ma-
turing period. It can also be observed from these results that the
PS path follows the same behavior as YS. This behavior agrees with
that reported by Nursandi et al. (2015), where the protein content
decreased over time until reaching commercial maturity. The protein
values cited by Nursandi et al. (2015) are lower than those obtained
in our research. These differences are related to the seed's geno-
type and the tuber development stage. The decrement of protein
up to a constant value reached at 127 days for both materials, could
be related to the protein function in the root. Forsyth and Shewry
(2002) published that Pachyrhizus is a perennial crop, in which the tu-
berous roots act as storage organs for carbohydrates rather than as
propagules, showing a strictly controlled low protein accumulation
adjusted to the availability of resources (Fernie & Willmitzer, 2001;
Shalit et al., 2009).

In Figure 3-b, the crude fiber contents had their highest signif-
icant values at 127 days in both materials, decreasing thereafter.
When comparing the YS and PS materials at the same maturity
stage, no statistically significant difference (p =.05) was found for
this component at most of the development stages. For YS, the
values ranged from 18.6 + 0.01 to 16.6% + 0.02% and for PS from
19.4 + 0.11 to 18.2% + 0.06%. These results can be compared with
those reported for yacén at different growing times, varying from
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13.38% to 28.49% (Silva et al., 2018). Huang et al. (2007) reported
that the crude fiber content is higher in “immature” tubers than in
“mature” ones. This situation can be related to the early stages of
root development, where the xylem and phloem start growing and
conclude with the formation of the cell wall structure.

The ash levels for YS were 5.7% + 0.001% at the beginning
of growth, and during development, their concentrations were
stable from 127 to 160 days; despite this, in the end, a decrease
was observed (4.7% + 0.09%). Concerning PS, this material did
not present a homogeneous content, as shown in Figure 3c; PS
at 106 days has a level of 6.5% + 0.11%, and at 190 days, a value
of 6.3% + 0.25%. This behavior had already been reported by
Tréche and Agbor-Egbe (1996) in two varieties of yam, where the
ash content did not show uniform or orderly changes with growth.
The changes in the ash content during tuberous root development
can be related to pH conditions, root variety, water supply, cli-
mate, and seasonal variations, as well as to agronomic practices.
The ashes indicate the minerals available for proper root growth
(Leterme et al., 2006).

106 127 160 190 106 127 160 190

YS PS
Days

Regarding lipids (Figure 3d), a decrease during root growth was
observed for both materials; for YS, it ranged from 3.02% + 0.14%
to 1.5% + 0.02% and in PS from 3.2% + 0.05% to 1.3% + 0.04%.
This observation is similar to those reported during the potato tu-
berization process (Berkeley & Galliard, 1974). Lipids are precursors
of phytohormones that are responsible for cell division, formation,
and enlargement at the beginning of the tuberization process. It is
expected that these parameters will decrease until they reach their
full development and continue with the widening of the root (stor-
age of starch) (Sarkar, 2008).

Carbohydrate content (Figure 3e) showed a slight increase during
root growth for both materials, with a variation of 61.1% + 0.33% to
69.5% + 0.38% and 58.2% + 0.47% to 64% + 0.32%, respectively,
being the most notable change, for both samples, after 127 days of
growing. The tuberous roots are storage organs, and carbohydrates
play a fundamental role during the tuberization process, since as the
root grows, they increase to satisfy the different physiological re-
quirements of the plant. In this sense, Gregory and Wojciechowski
(2020) and Cérantola et al. (2004) reported that sucrose is one of
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the main inducers for root development in the synthesis of differ-
ent polysaccharides. Additionally, during the tuberization process,
a massive accumulation of starch occurs in the tuber, which rep-
resents a high demand for carbohydrates, requiring the presence of
sugars such as glucose and fructose (Morales et al., 2018) for their
synthesis.

The functional relationship between these mechanisms inter-
venes in the productivity and quality of the tubers. Any stress that
negatively affects these processes can mainly inhibit tuberization
and tuber growth (Dahal et al., 2019). The principal abiotic stresses,
such as high temperatures, drought, soil salinity, and nutrient
stresses, negatively affect these processes and substantially reduce
plant growth, tuberization and increase in the volume of tubers and,
therefore, the yield and quality of tubers (Minhas, 2012; Wang-
Pruski & Schofield, 2012).

However, the loss of yield due to stress depends on the plant's
age, severity of stress, and growth stage. Early stress is more detri-
mental to tuberization, increased volume and yield of tubers due to
reduced carbon assimilation rate and decreased assimilated partition
in tubers (Dahal et al., 2019).

3.3 | Carbohydrate analyses: Reducing and non-
reducing sugars, soluble fiber, and starch

The values obtained for sugars (reducing, non-reducing), soluble
fiber, and starch in this study are observed in Figure 4. It is noticed
that carbohydrates increased in concentration during the different
harvest stages.
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Regarding reducing sugars (Figure 4a), YS showed differences
during root development with a 13.2% + 0.9% content at the begin-
ning of tuberization and 28.0% + 0.2% at the end of the period; for
PS, 13.9% + 0.2% was recorded at the beginning of tuberization and
37.9% + 0.3% at the end. Regarding nonreducing sugars, all the roots
had values higher than 30%, with few changes during development
(p >.05) and with no statistical differences between the samples (YS
vs. PS). This same behavior has been reported for the ahipa species
by Leonel et al. (2005) and even in other tubers, such as potatoes.
This behavior can be attributed to the inhibition of the enzymatic hy-
drolysis of sucrose, which is the principal nonreducing sugar, during
the development of tuberization. As the root grows and the foliage
dies (during harvest, induced or naturally), the enzymatic activity
converts the nonreducing sugars into reducing sugars, maintaining
the levels throughout root development (Sowokinos, 2007).

Soluble fiber (Figure 4c) content increased during root growth,
peaking at 160 days of development for YS (4.72% + 0.10%) and at
190 for PS (6.56% + 0.22% YS). This change may be related to the
fact that part of the soluble fiber is composed of cell wall polysaccha-
rides, such as pectic polysaccharides, where its presence indicates
that the wall development cycle has been completed (Wennberg
et al., 2002). Tréche and Agbor-Egbe (1996) and Afoakwa and Sefa-
Dedeh (2001) reported a similar pathway in yam species.

Concerning starch, YS samples
34.8% + 0.74% at the beginning of tuberization (Figure 4d), which
reached42.7% +0.80%at 190days. PSsamplesfollowedasimilar path
presenting the lowest starch content at 106 days (31.4% + 0.69%),
reaching the highest value at 190 days (43.7% + 0.65%). Similar be-
havior was reported for cassava roots (Wang et al., 2016), where the

showed a content of
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FIGURE 4 Carbohydrate composition
(% db- dry base) of two jicama materials
(YS and PS) in different growing stages;
YS: Yellow seed; PS: Purple seed; (a) %
Reducing Sugar; (b) % Nonreducing Sugar;
(c) % Soluble Fiber; (d) % Starch. Bars with
PS different small letters are significantly
different inside the group (YS or PS)
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highest accumulation of starch occurred at the end of development.
These results are related to plant growth, during which starch accu-
mulates in the leaves through the day, degrading in the same way at
night; this pattern is modified by a wide range of parameters, such as
the magnitude of irradiation, length of days, CO, concentration, and
water supply (Stitt & Zeeman, 2012). From these results, it is clear
that the main carbohydrate in jicama solids is starch, followed by

fiber, where soluble fiber represents less than 10%.

3.4 | Identification of sugars by HPLC
Jicama samples were analyzed by HPLC, confirming the presence of
fructooligosaccharides, sucrose, glucose, and fructose (Figure 5), as

well as pectin (Figure 6).

The highest proportion of inulin was detected at the beginning
of the root sampling (106 days), observing in this period a maximum
of 13.4% + 0.69% for YS and 8.4% + 0.18% for PS. The lowest inulin
values (5.1% + 0.10% and 3.1% + 0.09%) were noticed in both sam-
ples (YS and PS, respectively) at 190 days, having almost half of the
maximum content. YS showed higher levels of inulin than PS most
of the time. This behavior has also been reported in artichoke and in
cultivated and wild thistle (Mellido & Raccuia, 2007).

Inulin is used as a reserve carbohydrate in plants for regrowth
after defoliation and germination in Spring. It is also related to plant
protection during drought or cold seasons and when growing in sa-
line soils (Mellido & Raccuia, 2007).

Nystose, a linear fructooligosaccharide made up of one glucose
and three fructose molecules (Mingruo, 2009), was also identified

in the samples. The highest percentage for YS was observed at the
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end of root development (190 days 16.1% + 0.1%), while for PS at
127 days (19.8%), without having, any of the materials, a homoge-
neous behavior. These types of fluctuations have been reported
for yacon (Smallanthus sonchifolius) and burdock root (Arctium
lappa L) (Imahori et al., 2010; Lim, 2016b) and explained as the hy-
drolysis of an excess of sucrose produced during photosynthesis
(Mohammadi et al., 2021). Once sucrose reaches a specific thresh-
old, fructans are synthesized by the activity of fucosyltransferase
(Mohammadi et al., 2021), and stored in sinking organs; during the
flowering stage, these carbohydrates are degraded, and sucrose is
transported to flowers as new sink organs (Gupta & Kaur, 2000).
Fructooligosaccharides degradation and fructose release result
in low DP (degree of polymerization) fructooligosaccharides (Van
Laere & Van den Ende, 2002), information that is in accordance with
our results, as inulin and nystose decrease.

This is an important finding since the fructooligosaccharides
present as part of jicama components, although mentioned in some
reports, had not been chemically or chromatography analyzed.
Fructooligosaccharides have attracted attention in the food indus-
try due to their beneficial effect on the health of those who consume
them, as they are considered a prebiotic (Romero et al., 2015).

The proportion of sucrose (Figure 5) was different in all growth
stages, with significant differences in the development of the roots

in both samples, with YS showing the highest values most of the
time, reaching 33% at 160 days. It has been reported that sucrose is
an essential component in the tuberization process, and any stress-
ing condition (temperature, stress, climate, and water) promotes a
decrease in this component, resulting in massive rearrangements
of tuber metabolism (Fernie & Willmitzer, 2001). It has also been
cited that when measuring sucrose in different cassava tissues, its
content did not show uniform or ordered changes with growth,
possibly because it could be dynamically interconverted into starch
(Li et al., 2016) or another plant storage component, as it is the
primary sugar transported in the phloem of most plants (Stein &
Granot, 2019).

Glucose content (Figure 5) showed significant differences
throughout root growth, increasing in concentration from
12.1% + 1.0% to 27.2% + 0.04% for YS and from 11.2% + 0.04% to
36.1% + 0.44% for PS, while fructose percentage between materials
showed fewer variations. The fructose content for all samples was
higher (23.3% + 1.08% to 41.9% + 0.11% for YS; 32.3% + 0.06% to
40.5% + 0.77% for PS) than glucose. This result could be related
to fructooligosaccharide hydrolysis into fructans with a lower de-
gree of polymerization during root development, rendering sucrose
and fructose (Baert, 1997). Furthermore, it is essential to mention
that in storage tissues that actively synthesize starch, most of the
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FIGURE 6 Galacturonic acid (GalA) detection by HPLC (RT: 14.1 + 0.3 min) on two jicama materials (YS and PS) at different growing
stages. YS: Yellow seed; PS: Purple seed; RT: retention time. Determination on Agilent HI-PLEX-H column
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incoming sucrose is divided by sucrose synthase into UDP-glucose
and fructose, and another portion by invertase to produce glucose
and fructose. UDP-glucose can be integrated into the synthesis of
starch (and structural polysaccharides). Additionally, developing po-
tato tubers possess an efficient pathway for utilizing fructose as a
starch precursor. The preferential action of hexokinase toward fruc-
tose compared to glucose may provide an important checkpoint for
the rapid turnover of fructose derived from the action of sucrose
synthase and explains the high glucose: fructose ratio that is found
in tubers in development (Davies & Oparka, 1985).

Another component seldom reported for jicama and detected
in the YS and PS roots in a small proportion was galacturonic acid
(Figure 6), which is kindred to pectin, along with xylose and arab-
inose, sugars not evaluated in this work, but possibly present in
Figure 5 (peak between 17 and 21 min) and overlap by glucose and
fructose in Figure 6 (elution time =16 min) as has been reported in
Hamilton (2021).

The pectin behavior may be possibly related to the fact that
pectic polysaccharides within the fiber elongation period increase
in the initial stage of development and decrease throughout the cell
wall thickening stage (Tokumoto et al., 2002). Besides, in jicama, the
presence of pectinolytic enzymes (i.e., polygalacturonase, pecti-
nases, and rhamnogalacturonan) has been reported (Pressey, 1993;
Ramos de la Pefia et al., 2013).

It is essential to mention that dietary pectin has various biolog-
ical activities related to the reduction of lipid, insulin, glucose lev-
els, and immunomodulatory effects by increasing the levels of the
proinflammatory cytokines IL-17, IFN-y, and TNF-« levels (Merheb
et al., 2019). Furthermore, pectin forms a physical barrier that pro-
tects the epithelium against opportunistic microbial invasion during
stress (Wikiera et al., 2014).

From these chemical composition results, the aforementioned
nutraceutical properties cited by different authors, and specifi-
cally the hypoglycemic effect, can be considered to be related to
the presence of pectin and fructooligosaccharides, as well as to the
native starch, acting as fiber (Bertolini, 2010; Kendall et al., 2010),

which must give to the jicama a low glycemic index.

3.5 | Estimation of the glycemic index
The Gl values for YS and PS samples are presented in Figure 7.

The yellow seed variant showed a statistically significant differ-
ence (p <.05) during the maturation times, where the highest value
was observed at 106 days (eGl = 22.2), with a tendency to decrease
through development stages (190 days, IG = 20.1). PS did not show
a statistically significant difference (p >.05) in its Gl values during
root growth. When comparing materials, the Gl between the jicama
samples (YS and PS) was only statistically different (p <.05) for YS at
106 days of growth. However, all measurements were very close to
each other. This behavior agrees with the proportion of nutraceutical
polysaccharides (fructooligosaccharides, pectin, native starch) found
in the jicama samples, and in their maturation stages. In this regard,
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FIGURE 7 Estimated glycemic index (elG) in jicama during
different growing stages. The mean value +SD is presented. Bars
with different small letters are significantly different inside the
group (YS or PS). Bars with different capital letters are significantly
different between the same developmental stage

Jenkins et al. (1981) expressed that the Gl of foods is mostly related
to the nature of the starch and the amount of fiber, among others
(Thorne et al., 1983). In other works, Bertolini (2010) and Douzals
et al. (1996) cited that the native starch is less susceptible to the enzy-
matic action, and since jicama is mostly consumed as a raw product,
its starch remains in its native form, even during the digestion process.

Based on our results, jicama can be classified as a low glycemic
index (Gl) food, taking into consideration the Atkinson et al. (2008)
Gl classification report, which cites that those foods with Gl values
lower than or equal to 55 are classified as low. In addition, they also
described the Gl of fried or cooked tuberous roots with Gl values
between 87 and 53.

It is important to mention that the consumption of low Gl foods
like jicama minimizes the rate of glucose absorption, which in turn
decreases inulin production and circulating lipids. This results in
a low postprandial glucose response, as glucose absorption in the
small intestine is reduced, leading to better glycemic control (Kendall
et al., 2010). This makes jicama a potential functional food. However,
more studies are needed to understand the carbohydrate digestion
process in jicama.

Finally, through a Pearson's correlation, the root development
(days) was correlated for YS with root diameter (R = 0.999, p =.001)
and nonreducing sugars (R =0.982, p =.0185), which could be associ-
ated with the production of starch. Additionally, nystose and sucrose
showed a high correlation (R = 0.999, p =.01), with the value of nys-
tose decreasing at higher sucrose concentrations. PS was correlated
with diameter (R = 0.973, p =.026) and inulin (R = -0.978, p =.02),
where the larger the root, the lower the inulin concentration. This
could mean that inulin is used in the early stages of development as
an energetically cheaper way to have initial reserve materials before
giving way to starch build-up.
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4 | CONCLUSIONS

The jicama carbohydrates of nutraceutical interest are related to
the state of maturity of the root, being inulin the first to be used,
decreasing their content to almost 39% of its initial value during de-
velopment and generating nystose, a fructooligosaccharide of lower
DP (degree of polymerization). Starch content increased throughout
the whole period, varying from 34% to 43% in both materials (YS,
PS). The chemical composition was related to the jicama variety, hav-
ing PS the higher sucrose final content (1.5%-7.0%) and the lower
final pectin (galacturonic acid) concentration (1.9%-0.7%). Based
on simple sugar (fructose, glucose and sucrose) proportions, the
sweeter product was YS at 160 days. These results provide exten-
sive knowledge about jicama since it was possible to identify fruc-
tooligosaccharides, pectin, and sucrose and observe the changes in
carbohydrates composition during the tuberization. Furthermore,
this research shows that jicama is a food with a low glycemic index;
this information will help establish the right time to harvest and the

benefits of jicama. More studies are needed in this area.

ACKNOWLEDGEMENTS

Marcela Gonzélez Vazquez thanks CONACYT and BEIFI-IPN for schol-
arships provided. This research was funded through projects: 20195957,
20201679, 20201695 and 20211381, from the Instituto Politécnico
Nacional (IPN, Mexico), 1668, 255741 and 189302 from CONACYT.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS

Marcela Gonzalez-Vazquez: Conceptualization (equal); Data curation
(equal); Formal analysis (equal); Investigation (equal); Writing - origi-
nal draft (equal). Georgina Calderén-Dominguez: Conceptualization
(equal); Funding acquisition (equal); Investigation (equal); Project ad-
ministration (equal); Resources (equal); Supervision (equal); Validation
(equal); Visualization (equal); Writing - review & editing (equal).
Rosalva Mora-Escobedo: Conceptualization (equal); Methodology
(equal); Project administration (equal); Resources (equal); Supervision
(equal); Validation (equal); Writing - review & editing (equal). Ma de
la Paz Salgado-Cruz: Conceptualization (equal); Data curation (equal);
Methodology (equal). José Honorato Arreguin-Centeno: Formal
analysis (equal); Methodology (equal); Resources (equal). Ricardo

Monterrubio-Lépez: Resources (equal); Software (equal).

ETHICAL APPROVAL
Ethics approval was not required for this research.

DATA AVAILABILITY STATEMENT

Research data are shared on request.

ORCID

Georgina Calderén-Dominguez
org/0000-0001-6468-5289
https://orcid.org/0000-0003-3197-1187

https://orcid.

Rosalva Mora-Escobedo

REFERENCES

Afoakwa, E. O., & Sefa-Dedeh, S. (2001). Chemical composition and
quality changes occurring in Dioscorea dumetorum pax tuber after
harvest. Food Chemistry, 75, 85-91.

Atkinson, F. S., Foster-Powell, K., & Brand-Miller, J. (2008). International
tables of glycemic index and glycemic load values: 2008. Diabetes
Care, 31(12), 2281-2283.

Baert, J. R. A. (1997). The effect of sowing and harvest date and culti-
var on inulin yield and composition of chicory (Cichorium intybus
L.) roots. Industrial Crops and Products and International Journal, 6,
195-199.

Baroroh, H. N., Nugroho, A. E., Lukitaningsi, E., & Nurrochmad, A.
(2021). Inmune-enhancing effect of bengkoang (Pachyrhizus ero-
sus L. urban) fiber fractions on mouse peritoneal macrophages,
lymphocytes, and cytokines. Journal of Natural Science, Biology and
Medicine, 12(1), 84-92.

Berkeley, H. D., & Galliard, T. (1974). Lipids of potato tuber. Ill. Effect of
growth and storage on lipid content of the potato tuber. Journal of
the Science of Food and Agriculture, 25, 861-867.

Bertolini, A. C. (2010). Starches: Characterization, properties, and applica-
tions. CRC Press/Taylor & Francis Group.

Buckman, E.S., Oduro, I., Plahar, W. A., & Tortoe, C. (2018). Determination
of the chemical and functional properties of yam bean (Pachyrhizus
erosus (L.) Urban) flour for food systems. Food Science & Nutrition,
6,457-463.

Cérantola, S., Kervarec, N., Pichon, R., Magné, C., Bessieres, M. A., &
Deslandes, E. (2004). NMR characterisation of inulin-type fruc-
tooligosaccarides as the major water-soluble carbohydrates from
Matricaria maritima. Carbohydrate Research, 339, 2445-2449.

Chaweewan, Y., & Taylor, N. (2015). Anatomical assessment of root
formation and tuberization in cassava (Manihot esculenta Crantz).
Tropical Plant Biology, 8, 1-8.

Dahal, K., Li, X., Tai, H. H., Creelman, A., & Bizimungu, B. (2019).
Improving potato stress tolerance and tuber yield under a climate
change scenario - a current overview. Frontiers in Plant Science, 10,
563. https://doi.org/10.3389/fpls.2019.00563

Davies, H. V., & Oparka, K. J. (1985). Hexose metabolism in developing
tubers of potato (Solanum tuberosum L.) cv Maris Piper. Journal Plant
Physiological, 119, 311-316.

Douzals, J. P, Marechal, P. A,, Coquille, J. C., & Gervais, P. (1996).
Microscopic study of starch gelatinization under high hydrostatic
pressure. Journal of Agriculture and Food Chemistry, 44, 1403-1408.

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. J. A.
C. (1956). Phenol sulphuric acid method for total carbohydrate.
Analytical Chemistry, 26, 350.

Fernandez, M. V., Ward, W. A., Loaiza, J. M., & Montiel, A. (1997).
Developmental patterns of jicama (Pachyrhizus erosus (L.) Urban)
plant and the chemical constituents of roots grown in Sonora,
Mexico. Plant Foods for Human Nutrition, 50, 279-286.

Fernie, A. R., & Willmitzer, L. (2001). Molecular and biochemical triggers
of potato tuber development. Plant Physiological, 127, 1459-1465.

Forsyth, J. L., & Shewry, P. R. (2002). Characterization of the major
proteins of tubers of yam bean (Pachyrhizus ahipa). Journal of
Agricultural and Food Chemistry, 50(7), 1939-1944.

Goii, |., Garcia-Alonso, A., & Saura-Calixto, F. (1997). A starch hydrolysis
procedure to estimate glycemic index. Nutrition Research, 17, 427-
437. https://doi.org/10.1016/50271-5317(97)00010-9

Gonzélez, L., Calderén, G., Salgado, M. P., Diaz, M., Ramirez, M.,
Chanona, J. J., Gemes, N., & Farrera, R. R. (2018). Ultrasound-
assisted extraction of starch from frozen jicama (P. erosus) roots:
Effect on yield, structural characteristics and thermal properties.
CYTA-Journal of Food, 16(1), 738-746.

Granfeldt, Y., Bjorck, I., Drews, A., & Tovar, J. (1992). An in vitro proce-
dure based on chewing to predict metabolic responses to starch in
cereal and legume products. European Journal of Clinical Nutrition,
46, 649660.


https://orcid.org/0000-0001-6468-5289
https://orcid.org/0000-0001-6468-5289
https://orcid.org/0000-0001-6468-5289
https://orcid.org/0000-0003-3197-1187
https://orcid.org/0000-0003-3197-1187
https://doi.org/10.3389/fpls.2019.00563
https://doi.org/10.1016/S0271-5317(97)00010-9

GONZALEZ-VAZQUEZ €T AL.

Gregory, P. J., & Wojciechowski, T. (2020). Root systems of major tropical
root and tuber crops: Root architecture, size, and growth and initia-
tion of storage organs. In D. Sparks (Ed.). Advance in agronomy (Vol.
161, pp. 1-25), Academic Press.

Gupta, K., & Kaur, N. (2000). Fructan metabolism in Jerusalem artichoke
and chicory. Developments in Crop Science, 26(C), 223-248.

Hamilton (2021, August 27). Plant cell wall hydrolysates in calcium HC-
75 305 x 7.8mm, P / N 79436 application n° 123. https://www.
hamiltoncompany.com/laboratory-products/hplc-applicatio
ns/plant-cell-wall-hydrolysates-on-305-x-7-8-mm-hc-75-calci
um-form-p-n-79436

Hayashi, K., Hara, H., Asvarujanon, P., Aoyama, Y., & Luangpituksa, P.
(2001). Ingestion of insoluble dietary fibre increased zinc and iron
absorption and restored growth rate and zinc absorption sup-
pressed by dietary phytate in rats. British Journal of Nutrition, 86,
443-451.

Huang, C. C., Chiang, P. Y., Chen, Y. Y., & Wang, C. C. (2007). Chemical
compositions and enzyme activity changes occurring in yam
(Dioscorea alata L.) tubers during growth. Food Science and
Technology, 40, 1498-1506.

Imahori, Y., Kitamura, N., Kobayashi, S., Takiha, T., Ose, K., & Ueda, Y.
(2010). Changes in fructooligosaccaride composition and related
enzyme activities of burdock root during low-temperature storage.
Postharvest Biology and Technology, 55(1), 15-20.

Jenkins, D. J., Wolever, T. M., Taylor, R. H., Barker, H., Fielden, H.,
Baldwin, J. M., Bowling, A. C., Newman, H. C., Jenkins, A. L., & Goff,
D. V. (1981). Glycemic index of foods: A physiological basis for car-
bohydrate exchange. American Journal of Clinical Nutrition, 34(3),
362-366.

Kendall, C. W. C., Esfahani, A., & Jenkins, D. J. A.(2010). The link between
dietary fibre and human health. Food Hydrocolloids, 24, 42-48.
Khalid, S. E., & Wan, W. B. (2015). Starch-based edible film and coating

from local Pachyrhizus erosus. Jurnal Teknologi, 77(31), 51-54.

Klockeman, D. M., Pressey, R., & Jen, J. J. (1991). Characterization of cell
wall polysaccharides of jicama (Pachyrhizus erosus) and Chinese
water chestnut (Eleocharis dulicis). Journal of Food Biochemistry, 15,
317-329.

Leonel, M., Bortolucci, T., Bruder, S., & Alvares, M. (2005). Planting time,
developmental stages and characteristics of roots and starch of
Pachyrhizus ahipa. Science Agriculture, 62(6), 528-533.

Leterme, P., Buldgen, A., Estrada, F., & London, A. M. (2006).
Mineral content of tropical fruits and unconventional foods of
the Andes and the rain forest of Colombia. Food Chemistry, 95,
644-652.

Li,Y.-Z., Zhao, J.-Y., Wu, S.-M., Fan, X.-W., Luo, X.-L., & Chen, B.-S. (2016).
Characters related to higher starch accumulation in cassava storage
roots. Scientific Reports, 6, 19823.

Lim, T. K. (2016a). Smallanthus sonchifolius. In Edible Medicinal and Non-
Medicinal Plants: Modified Stems, Roots, Bulbs (vol. 9, pp. 717-734).
Springer.

Lim, T. K. (2016b). Pachyrhizus erosus. In Edible Medicinal and Non-
Medicinal Plants: Modified Stems, Roots, Bulbs (vol. 10, pp. 465-481).
Springer.

Mehdi, R., Lamm, C. E., Bodampalli Anjanappa, R., Miidsam, C., Saeed,
M., Klima, J., Kraner, M. E., Ludewig, F., Knoblauch, M., Gruissem,
W., Sonnewald, U., & Zierer, W. (2019). Symplasmic phloem unload-
ing and radial post-phloem transport via vascular rays in tuberous
roots of Manihot esculenta. Journal of Experimental Botany, 70(20),
5559-5573.

Mellido, M. G., & Raccuia, S. A. (2007). Inulin and water-soluble sugar
variations in Cynara roots during the biological cycle. Acta
Horticulturae, 730, 475-481.

Melo, E. A., Stamford, T. L. M,, Silva, M. P. C,, Krieger, N., & Stamford,
N. P. (2003). Funcional propieries of yam bean (Pachyrhizus erosus)
starch. Bioresource Technology, 89, 103-106.

—Wl LEYJE

Merheb, R., Abdel-Massih, R. M., & Karam, M. C. (2019).
Immunomodulatory effects of natural and modified Citrus pec-
tin on cytokine levels in the spleen of BALB/c mice. International
Journal of Biological Macromolecules, 121, 1-5.

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination
of reducing sugar. Analytical Chemistry, 31(3), 426-428. https://doi.
org/10.1021/ac60147a030

Mingruo, G. (2009). Prebiotics and probiotics. In M. Guo (Ed.). Funcional
food, principles and technology (Vol. 4, pp. 113-160). Woodhead
Publishing.

Minhas, J. S. (2012). Potato: Production strategies under abiotic stress.
In N. Tuteja, S. S. Gill, A. F. Tiburcio, & R. Tuteja Weinheim (Eds.).
Improving crop resistance to abiotic stress (pp. 1155-1167). Wiley-
VCH Verlag GmbH & Co. KGaA.

Mohammadi, F., Naghavi, M. R., Peighambari, S. A., Dehaghi, N. K., Nasiri,
J., Khaldari, I., Bravi, E., Sileoni, V., Marconi, O., & Perretti, G. (2021).
Comparison of carbohydrate partitioning and expression patterns
of some genes involved in carbohydrate biosynthesis pathways in
annual and biennial species of Cichorium spp. Phytochemistry, 183,
112620. https://doi.org/10.1016/j.phytochem.2020.112620

Morales, S. D., Mora, R., Salinas, Y., Rodriguez, J., Colinas, M. T., & Lozoya,
H. (2018). Growth and sugar content of potato tubers in four ma-
turity stages under greenhouse conditions. Revista Chapingo Serie
Horticultura, 24(1), 53-67.

Noman, A. S. M., Hoque, M. A,, Haque, H. H., Pervin, F., & Karim, M. R.
(2007). Nutritional and anti-nutritional components in Pachyrhizus
erosus L. tuber. Food Chemistry, 102, 1112-1118.

Nurrochmad, A., Leviana, F., Govita, C., & Lukitaningsih, E. (2010).
Phytoestrogens of Pachyrhizus erosus prevent bone loss in an
ovariectomized rar model of osteoporosis. International Journal of
Phytomedicine, 2, 363-372.

Nursandi, F., Machmudi, M., & Santoso, U. (2015). Studies yam harvest
(Pachyrhizus erosus) against flour and starch production by double
cropping system. Proc. of the Annual Forum of National Development
of Science and Innovation, 2088-2645, 309-315.

Park, C. J, Lee, H. A,, & Han, J. S. (2016). Jicama (Pachyrhizus erosus)
extract increases insulin sensitivity and regulates hepatic glu-
cose in C57BL/Ksj-db/db mice. Journal of Clinical Biochemistry and
Nutrition, 58(1), 56-63.

Pressey, R. (1993). Cell wall composition and enzymes of potato, jicama
and Chinese water chestnuts. Journal of Food Biochemistry, 17,
85-95.

Pulbutr, P., Phaluek, S., Sinsang, P., & Rattanakiat, S. (2021). Investigation
of the prebiotic properties of the yam bean (Pachyrhizus erosus (I.)
Urban) tuber extract. Tropical Journal of Natural Product Research,
5(7), 1250-1254.

Ramos de la Pefia, A. M., Renard, C., Wicker, L., & Contreras, J. C. (2013).
Advances and perspectives of Pachyrhizus spp. in food science and
biotechnology. Trends in Food Science and Technology, 29, 44-54.

Romero, M. R., Osorio, P., Flores, A., Robledo, N., & Mora, R. (2015).
Chemical composition, antioxidant capacity and prebiotic effect
of aguamiel (agave atrovirens) during in vitro fermentation. Revista
Mexicana De Ingenieria Quimica, 14(2), 281-292.

Salgado-Cruz, M. P., Ramirez-Miranda, M., Dias-Ramires, M., Alamilla-
Beltran, L., & Calderén-Domingues, G. (2017). Microstructural
characterization and glycemic index evaluation of pita bread en-
riched with chia mucilage. Food Hydrocolloids, 69, 141-149.

Santoso, P., Amelia, R., & Rahayu, R. (2019). Jicama (Pachyrhizus erosus)
fiber prevents excessive blood glucose and body weight increase
without affecting food intake in mice fed with high-sugar diet.
Journal of Advanced Veterinary and Animal Research, 6(2), 222-230.

Santoso, P., Maliza, R., Fadhilah, Q., & Insani, S. J. (2020). Beneficial ef-
fect of pachyrhizus erosus fiber as a supplemental diet to counteract
high sugar-induced fatty liver disease in mice. Romanian Journal of
Diabetes, Nutrition and Metabolic Diseases, 26(4), 353-360.


https://www.hamiltoncompany.com/laboratory-products/hplc-applications/plant-cell-wall-hydrolysates-on-305-x-7-8-mm-hc-75-calcium-form-p-n-79436
https://www.hamiltoncompany.com/laboratory-products/hplc-applications/plant-cell-wall-hydrolysates-on-305-x-7-8-mm-hc-75-calcium-form-p-n-79436
https://www.hamiltoncompany.com/laboratory-products/hplc-applications/plant-cell-wall-hydrolysates-on-305-x-7-8-mm-hc-75-calcium-form-p-n-79436
https://www.hamiltoncompany.com/laboratory-products/hplc-applications/plant-cell-wall-hydrolysates-on-305-x-7-8-mm-hc-75-calcium-form-p-n-79436
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1016/j.phytochem.2020.112620

GONZALEZ-VAZQUEZ €T AL.

1158
—I—WI LEY-

Santoso, P., Maliza, R., Insani, S. J., Fadhila, Q., & Rahayu, R. (2021).
Preventive effect of jicama (pachyrhizus erosus) fiber against dia-
betes development in mice fed with high-fat diet. Journal of Applied
Pharmaceutical Science, 11(1), 137-143.

Santoso, P.,, Maliza, R., Rahayu, R., & Amelia, A. (2020). Pancreoprotective
effect of jicama (pachyrhizus erosus, fabaceae) fiber against high-
sugar diet in mice. Open Access Macedonian. Journal of Medical
Sciences, 8(A), 326-332. https://doi.org/10.3889/0amjms.2020.
4528

Sarkar, D. (2008). The signal transduction pathways controlling in planta
tuberization in potato: An emerging synthesis. Plan Cell Report, 27,
1-8.

Sarkar, R., Bhowmik, A., Kundu, A., Dutta, A., Nain, L., Chawla, G., & Saha,
S. (2021). Inulin from pachyrhizus erosus root and its production in-
tensification using evolutionary algorithm approach and response
surface methodology. Carbohydrate Polymers, 251, 117042. https://
doi.org/10.1016/j.carbpol.2020.117042

Shalit, A., Rozman, A., Goldshmidt, A., Alvarez, J. P,,Bowman, J. L., Eshed,
Y., & Lifschitz, E. (2009). The flowering hormone florigen func-
tions as a general systemic regulator of growth and termination.
Proceedings of the National Academy of Sciences of the United States
of America, 106(20), 8392-8397.

Silva, D. M. N, Lima, R. R., Oliveira, F. L., Teixeira, L. J. Q., & Machado,
L. C. A. (2018). Physical and chemical characterization of yacon tu-
berous roots at different altitudes and planting time. Horticultura
Brasileira, 36, 199-204.

Sorensen, M. (1996). Yam bean (Pachyrhizus DC), Institute of plant genetics
and crop plant research, Gatersleben (pp. 55-57). International plant
genetic resources institute.

Sowokinos, J. R. (2007). Internal physiological disorders and nutritional
and compositional factors that affect market quality. Potato Biology
and Biotechnology: Advances and Perspectives, 23, 501-523.

Stein, O., & Granot, D. (2019). An overview of sucrose synthases in
plants. Frontiers in Plant Science, 10, 1-14.

Stevenson, D. G, Jane, J. L., & Inglett, G. E. (2007). Characterization
of jicama (Mexican Potato) (Pachyrhizus erosus L. Urban) Starch
from taproots grown in USA and Mexico. Stach/Stdrke, 59,
132-140.

Stitt, M., & Zeeman, S. C. (2012). Starch turnover: Pathways, regula-
tion and role in growth. Current Opinion in Plant Biology, 15(3),
282-292.

Thorne, M. J., Thompson, L. U., & Jenkins, D. J. (1983). Factors affect-
ing starch digestibility and the glycemic response with special
reference to legumes. American Journal of Clinical Nutrition, 38(3),
481-488.

Tokumoto, H., Wakabayashi, K., Kamisake, S., & Hoson, T. (2002).
Changes in the sugar composition and molecular mass distribution
of matrix polysaccharides during cotton fiber development. Plan
Cell Physiological, 43(4), 411-418.

Tréche, S., & Agbor-Egbe, T. (1996). Biochemical changes occurring
during growth and storage of two yam species. Internacional Journal
of Food Sciences and Nutrion, 47, 93-102.

Vaillant, V., & Desfontaines, L. (1995). Assimilate partitioning in
Pachyrhizus erosus tubers under short days. Physiologia Plantarum,
93(3), 558-562.

Van Laere, A., & Van Den Ende, W. (2002). Inulin metabolism in dicots:
Chicory as a model system. Plan, Cell and Environment, 25, 803-813.

Wang, X., Chang, L., Tong, Z., Wang, D., Yin, Q., Wang, D., Jin, X., Yang,
Q., Wang, L., Sun, Y., Huang, Q., Guo, A., & Peng, M. (2016).
Proteomics profiling reveals carbohydrate metabolic enzymes and
14-3-3 proteins play important roles for starch accumulation during
cassava root tuberization. Scientific Reports, 6, 19643. https://doi.
org/10.1038/srep19643

Wang-Pruski, G., & Schofield, A. (2012). Potato: Improving crop pro-
ductivity and abiotic stress tolerance. In N. Tuteja, S. S. Gill, A. F.
Tiburcio, & R. Tuteja (Eds.). Improving crop resistance to abiotic stress
(1121-11583). Wiley-VCH Verlag GmbH &Co. KGaA.

Wathoni, N., Haerani, A., Yuniarsih, N., & Haryanti, R. (2018). A review
on herbal cosmetics in Indonesia. International Journal of Applied
Pharmaceutics, 10(5), 13-16.

Wennberg, M., Engqvist, G., & Nyman, M. (2002). Effects of harvest time
and storage on dietary fibre components in various cultivars of
white cabbage (Brassica oleracea var capitta). Journal of the Science
of Food and Agriculture, 82, 1405-1411.

Wikiera, A, Irla, M., & Mika, M. (2014). Health-promoting properties of
pectin. Postepy Higieny i Medycyny Doswiadczalne, 68, 590-596.

Zierer, W., Ruscher, D., Sonnewald, U., & Sonnewald, S. (2021). Tuber
and tuberous root development. Annual Review of Plant Biology, 72,
551-580.

How to cite this article: Gonzalez-Vazquez, M., Calderén-
Dominguez, G., Mora-Escobedo, R., Salgado-Cruz, M. P,,
Arreguin-Centeno, J. H., & Monterrubio-Lépez, R. (2022).
Polysaccharides of nutritional interest in jicama (Pachyrhizus
erosus) during root development. Food Science & Nutrition, 10,
1146-1158. https://doi.org/10.1002/fsn3.2746



https://doi.org/10.3889/oamjms.2020.4528
https://doi.org/10.3889/oamjms.2020.4528
https://doi.org/10.1016/j.carbpol.2020.117042
https://doi.org/10.1016/j.carbpol.2020.117042
https://doi.org/10.1038/srep19643
https://doi.org/10.1038/srep19643
https://doi.org/10.1002/fsn3.2746

