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The food industry is interested in the study of sub-utilized plant species as a contribution to consumers' diet
diversification and the incorporation of materials with specific technological properties. Thus, the chemical
composition of Pachyrhizus ahipa roots belonging to different accessions was analyzed, focusing on compo-
nents that show nutritional and technological relevance and including the analyses of the main
anti-nutrients. Ahipa roots can be considered a good source of carbohydrates (sucrose and starch) and
total dietary fiber (TDF). They can also supply a good quantity of minerals, mainly magnesium and iron. Pro-
tein levels are considerably higher than the ones reported for other root and tuber crops. Ahipa accessions
Local and IRNAS 11 outstand for their high starch content (57 and 65% respectively), having a middle protein
level (9–10.5%). Their TDF (21–22%) and sodium content were the lowest ones. Likewise, Local and IRNAS 11
accessions showed the lowest contents of oxalates, phytic acid and tannins, which represent an advantage
from the nutritional point of view. Ahipa accessions exhibited differential solvent retention capacities and
thermal stability. Local and IRNAS 11 accessions showed interesting properties to be considered in a breeding
program since they had the highest starch content together with comparatively low content of anti-nutrients.

© 2013 Elsevier Ltd. All rights reserved.
1. Introduction

According to Opara (2003), root and tuber crops (R&T) encompass
plants of diverse generawhich are an important source of human carbo-
hydrate food intake, mainly represented by the starch accumulated in
their enlarged storage organs. These edible organs are from different
botanical origin and structure and they include roots, tubers, corms,
cormels, rhizomes, or bulbs.

Ahipa is the name that the Inca gave to the nutritious legume root
produced by the American yam bean (Pachyrhizus ahipa (Wedd.)
Parodi). The genus Pachyrhizus (Fabaceae) is native to Southern and
Central America. Nowadays, P. ahipa is grown only in a few pockets
of the Andean mountains of Bolivia and Peru, in the fertile valley
floors at 1500–3000 m high and in the “ceja de selva” zone (N.R.C.,
1989). It was also cultivated in Jujuy and Salta provinces in northern
Argentina. The cultivation of P. ahipa is currently relegated (Leidi,
Sarmiento, & Rodriguez Navarro, 2003). However, the plant is highly
suited to the needs of small farmers since it has an efficient nitrogen
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capturing root system and can be grown without nitrogen fertilizers
input.

Ahipa protein content on a dry matter basis is higher than that of
other R&T crops (N.R.C., 1989). Likewise, ahipa starch is easily digestible
and the roots can be considered a good source of potassium. The
crunchy roots are usually eaten raw in snacks and salads or it can also
be boiled and accompany dishes in a similar way than cassava or
sweet potato.

From the industrial point of view, themain interest in P. ahipa is the
starch extraction. This crop can be considered an alternative starch
source to other R&T produced for this purpose. In previous works,
some relevant technological properties of the starch and flours derived
from P. ahipa were studied (Doporto, Dini, Mugridge, Viña, & García,
2012; Doporto, Mugridge, García, & Viña, 2011; López et al., 2010).
However, the chemical composition as well as the nutritional and tech-
nological properties of ahipa roots belonging to different accessions has
not been fully investigated.

Among the minor components of plant tissues, some of them are
mentioned as anti-nutrients. According to Novak and Haslberger
(2000), somediscrepancy persists about the definition of plant inherent
toxicants and anti-nutrients. Anti-nutrients are usually understood as
substances that inhibit or block important pathways in themetabolism,
especially the digestion. They also reduce the maximum utilization of
nutrients and interfere with an optimal assimilation of the proteins,
vitamins or minerals present in a food, decreasing its nutritive value.
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mailto:soniavia@quimica.unlp.edu.ar
http://dx.doi.org/10.1016/j.foodres.2013.07.027
http://www.sciencedirect.com/science/journal/09639969


256 C. Dini et al. / Food Research International 54 (2013) 255–261
Most anti-nutrients are plant secondarymetabolites, which act as natural
chemical defense mechanisms, protecting plants from herbivores and
pathogenicmicroorganisms (Dini, Garcia, & Viña, 2012). They are usually
consumed in small amounts to cause severe or lethal effects, but in some
specific cases they can lead to life-threatening toxic reactions (Dini et al.,
2012). The works referred to the content of anti-nutrients present in
P. ahipa roots are rather scarce, particularly those studies concerning
different ahipa accessions.

The objective of the present work was to analyze the chemical com-
position of P. ahipa roots belonging to different accessions, focusing on
those components that show nutritional and technological relevance
and including the analyses of the main groups of anti-nutrients.

2. Materials and methods

2.1. Plant material

P. ahipa plants were grown at the EEA-INTA Montecarlo farm
(Misiones, Argentina). The accessions Local (originally from Perico,
Jujuy, Argentina) and IRNAS N° 4, 5, 9 and 11 (originally from Las
Cabezas, Sevilla, Spain) were studied. The lines used in this work were
selected according to their agronomic performance. Roots were
harvested in April 2010. They were received at the laboratory and
processed immediately. Wounded and unhealthy roots were removed.
Selected roots were thoroughly washed with tap water and they were
sanitized by immersion in NaClO solution (250 ppm of chlorine,
10 min). Subsequently, roots were dried at room temperature, sliced
and dried in an oven at 60 °C until constant weight was achieved. They
were grinded and kept into hermetically closed jars until analyses were
performed. This material corresponds to “partially dehydrated roots”.

2.2. Chemical composition of ahipa roots

2.2.1. Dry matter and total ash content
Residualwaterwas gravimetrically quantified by placing ahipa roots

samples (0.5 g) in an oven (San Jor H701P, Argentina) at 105 °C until
reaching constant weight. The results were expressed as percentage
(%) of the initial weight. Total ash quantification was also performed
gravimetrically after incineration in a muffle furnace (Indef 331,
Córdoba, Argentina) at 550 °C. The percentage (%) of total ash on a
dry basis was calculated.

2.2.2. Sodium, potassium, calcium, magnesium and iron content
The mineral analyses were performed by atomic absorption or

emission spectroscopy following the methods described by Doporto
et al. (2011). The final results were expressed as percentage (%) on
a dry basis.

2.2.3. Liposoluble fraction
Partially dehydrated roots (12 g) were extracted with hexane in a

Soxhlet apparatus until completing eight cycles of extraction. The
residue obtained in the flask after solvent recovery and evaporation
(total fat) was weighed. The results were expressed as percentage
(%) on a dry basis.

2.2.4. Crude protein
Partially dehydrated roots (0.8 g) were analyzed for total nitrogen

content by the Kjeldahl method (AOAC, 1990). The results were
expressed as percentage (%) on a dry basis.

2.2.5. Total starch (TS) and total dietary fiber (TDF)
The content of TS and TDF in partially dehydrated ahipa roots

samples were measured by the enzymatic kits K-TSTA 05/06 and
K-TDFR 05/12 Megazyme© (Ireland) respectively. The results were
expressed as percentage (%) on a dry basis.
2.2.6. Sugar content
Ahipa roots from different accessions were analyzed for their glucose,

fructose and sucrose content by the enzymatic kit K-SUFRG 12/05
Megazyme© (Ireland). Saccharides were extracted with distilled water
and the results were expressed as percentage (%) on a dry basis.
2.2.7. Radical scavenging activity (RSA)
The analysis of the RSA of ahipa roots was performed with the

2,2-diphenyl-1-picrylhydrazyl (DPPH•) stable radical, as reported by
Brand-Williams, Cuvelier, and Berset (1995), and with the radical
monocation of 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS•+) following the protocol of Re et al. (1999). In both cases, deter-
minations were carried out on fresh frozen root tissues from the IRNAS
11 and Local accessions, which were grinded and extracted with
ethanol 96%. The amount of frozen tissue needed to decrease by 50%
the initial DPPH• concentration was calculated and defined as EC50.
Results were expressed as EC50−1 (g−1). For RSA evaluation with
ABTS•+, Trolox was used as a standard (0–0.432 mg mL−1) and the
results were expressed as equivalent mg Trolox/100 g sample.
2.2.8. Anti-nutrient analyses
Phytate was extracted with HCl 3.5% and quantified following the

protocol described by Makkar, Siddhuraju, and Becker (2007). Separa-
tion was performed in an anionic exchange column (CG-400 Type I
chloride-saturated resin, 100-200 mesh, Rohm & Haas, Philadelphia B,
PA.) with 0.8 cm diameter and 9.5 cm height. Phytate quantification
was performed by the reaction with Wade's Reagent (Vaintraub &
Lapteva, 1988). Phytic acid was used as standard. Phytate contents
were expressed as mg phytic acid/g sample. Oxalate determination
was performed by extraction of grinded sample with 0.3 M HCl and
was quantified according to AOAC (1990). Results were expressed as
mg oxalate/100 g. Trypsin inhibition activity was calculated as
milligrams of pure trypsin inhibited per g of sample (mg/g) extracted
with 0.01 M NaOH following the protocol described in Makkar et al.
(2007); based on Kakade, Simons, and Liener (1969) and Smith, Van
Megen, Twaalfhoven, and Hitchcock (1980). Tannins and total pheno-
lics were extracted using aqueous acetone (70%) and the quantification
was performed using the Folin–Ciocalteu method described in Makkar
et al. (2007), based on Makkar, Blümmel, Borowy, and Becker (1993).
The results were expressed as mg tannic acid/g.

Likewise, the presence of cyanogenic glycosides was qualitatively
investigated from macerated ahipa root samples by the reduction of
sodium picrate to a red colored compound (Makkar et al., 2007).
2.3. Properties related to technological aspects

Solvent retention capacity (SRC) of partially dehydrated ahipa root
samples were analyzed following the AACC method 56-11.02 (Rosell,
Santos, & Collar, 2009). The solvents used were deionized water, su-
crose (50% w/w), Na2CO3 (5% w/w) and lactic acid (5% w/w) solutions.
SRC was calculated as follows and expressed as percentage (%):

% SRC ¼ Gelweight
Sampleweight

−1
� �

� 86
100−%Samplewatercontentð Þ

� �

� 100: ð1Þ

Thermal properties of partially dehydrated ahipa root samples or the
derived flours were determined according to Doporto et al. (2011)
using a Q100 DSC controlled by a TA 5000 module (TA Instruments,
New Castle, Delaware, USA) with a quench-cooling accessory, under a
N2 atmosphere (20 mL/min). For these analyses, ahipa flours were
obtained as described in a previous work (Doporto et al., 2011).
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2.4. Statistical analysis

A completely randomized experimental designwas used. Thewhole
experiments were performed in duplicate, being the replicated experi-
mental units a pool of at least 10 roots. Most analytical determinations
were carried out at least by triplicate. Analysis of variance (ANOVA)
and comparison of means with the Fisher's least significant difference
(LSD) test were conducted, at a significance level p = 0.05.

3. Results and discussion

3.1. Chemical composition of ahipa accessions

Moisture content of ahipa roots was 78.4–83.5% (Table 1), similar to
the values reported by Ørting et al. (1996) and Leonel, Sarmento,
Cereda, and Cãmara (2003). These moisture levels are similar to those
found in potato (Solanum tuberosum, 76–79%), and higher than the
ones reported for cassava (Manihot esculenta, 63–65%) (Dini et al.,
2012).

Ahipa total ash contentwas in the range 3.32–4.20% (Table 1). These
levels were higher than the ones reported for other R&T crops such as
yam (Dioscorea alata) (0.88–0.91%), taro (Colocasia esculenta) (0.73–
1.04%), cassava (M. esculenta) (1.15%) (Leterme, Buldgen, Estrada, &
Londoño, 2006) and sweet potato (Ipomoea batatas) (2.15–2.95%)
(Ahmed, Sorifa, & Eun, 2010). Ahipa total ash content was similar to
that reported for yacon (Smallanthus sonchifolius) according to Choque
Delgado, da Silva Cunha Tamashiro, Maróstica Junior, and Pastore
(2013). Ahipa accession IRNAS 5 outstands for its high total ash content.

Accessions Local and IRNAS 11 had higher starch content than the
others (Table 1). Cassava is richer than ahipa in starch content. How-
ever, ahipa showed good starch extraction yield (56.5% dry basis)
(López et al., 2010). An agronomic advantage of ahipa crop propaga-
tion is that it can be performed from the seeds instead of the roots,
unlike it occurs with cassava. This characteristic implies that a greater
proportion of roots can be destined to the starch extraction process in
an industrial scale.

Froma nutritional point of view, themost relevant feature of P. ahipa
compared to other R&T is its relatively high protein content. Accessions
Local and IRNAS 11 had a statistically (p N 0.05) similar protein content
and this level was higher than that of the accession IRNAS 9, but lower
than the one found in IRNAS 4 (Table 1). These protein values are
considerably higher than those found in other R&T such as cassava
(1–2%), potatoes (3–6%), sweet potato (1–10%), taro (0.6–2%), yams
(1–3%) (Shewry, 2003) or yacon (2.45–6.48%) (Choque Delgado et al.,
2013). Although ahipa is a rich source of protein, the study of the
amino acids profile of ahipa proteins becomes critical, in order to better
assess its nutritional quality.

Crude fat levels were within the range 0.43–0.63% (Table 1). This
low lipid content, which was similar to that reported for sweet potato
(Ahmed et al., 2010) and yacon (ChoqueDelgado et al., 2013), positions
ahipa as a possible ingredient for the production of low-fat foods.

Among the macrocomponents, total dietary fiber (TDF) was also
quantified. Dietary fiber is the collective name given to all components
of plant cell walls which are not hydrolysed by enzymes in the human
Table 1
Chemical composition (% w/w) of Pachyrhizus ahipa roots from different accessions.

Accession Dry matter content
(quantified at 60 °C)

Dry matter content
(quantified at 105 °C)

Total ash

Local 21.6 ± 0.3a 87.0 ± 0.3a 3.32 ± 0.07d

IRNAS N° 4 18.3 ± 1.2b 82.9 ± 0.3c 3.82 ± 0.00b

IRNAS N° 5 16.5 ± 1.5b 85.8 ± 0.5b 4.20 ± 0.04a

IRNAS N° 9 18.2 ± 0.9b 85.1 ± 0.1b 3.81 ± 0.02b,c

IRNAS N° 11 20.8 ± 0.9a 87.3 ± 0.3a 3.70 ± 0.05c

Note: Reported values correspond to the mean ± standard deviation. Results are expressed on
digestive tract. TDF has been recognized to produce beneficial effects
on the intestinal function regulation, preventing colonic disorders and
diverticula (Steinmetz & Potter, 1996). Ahipa roots contained TDFwithin
the range 20.8–25.9 g/100 g (dry basis). Roots from the accessions
IRNAS 11 and Local showed the lowest content (Table 1). Accessions
IRNAS 5 and 9 outstand for its high TDF levels. These results show
that ahipa roots can be considered a good source of TDF compared to
other R&T. For example, Castro, Céspedes, Carballo, Bergenståhl, and
Tornberg (2013) reported 10.4 g TDF/100 g in yacon. Taking into ac-
count that the dietary fiber intake should range 20–35 g/day for optimal
benefits (Dreher, 2001) 100 g of dehydrated ahipa roots almost supply
the daily requirement for fiber.

Table 2 shows themineral content of ahipa roots. In general,mineral
content varied significantly with ahipa accession. The samples from
accession IRNAS 5 exhibited the highest Na content while those from
accessions Local and IRNAS 11 presented the lowest values.

Sodium concentration in ahipa was higher than in cassava
(36–50 mg/100 g) (Charles, Sriroth, & Huang, 2005) or taro
(41.5 to 120.9 mg/100 g) (Lewu, Adebola, & Afolayan, 2010).
This is important because it is widely recognized that a high intake of
sodium is related to the onset of hypertension, increasing the risk of
heart attacks, strokes and kidney damage (Dini et al., 2012; Havas,
Roccella, & Lenfant, 2004). Taking this consideration into account, ac-
cession IRNAS 5 rootswould not be appropriate for low sodiumproduct
formulations.

Ahipa calcium content was similar to that reported for yacon roots
(Choque Delgado et al., 2013).

The values of Mg found in ahipa (Table 2) were higher than those
reported for cassava by Charles et al. (2005) (31–43 mg/100 g). It is
worth noting that an insufficient Mg intake has been associated with
the development of diabetes and insulin resistance as well as cardiovas-
cular complications (Ascherio et al., 1998; Saris, Mervaala, Karppanen,
Khawaja, & Lewenstam, 2000).

Daily recommended iron intake is in the range of 25–50 mg (Gurzau,
Neagu, & Gurzau, 2003). The contribution of Fe from ahipa (Table 2)
varies with the accession. The accession IRNAS 5 exhibited the highest
value respect to the others. The content of this mineral in the accession
IRNAS 4 (630 mg/100 g dry matter) was similar to that of sweet
potato (Eluagu & Onimawo, 2010). The contents of the other acces-
sions (126–173 mg/100 g) were considerably higher compared
with other R&T such as cassava (29–40 mg/100 g) (Charles et al.,
2005) or taro, whose values were below the detection limit of the
technique in seven accessions analyzed (Lewu et al., 2010).

Likewise, ahipa samples contained high sugar concentrations when
comparing with other R&T. In communities where the cultivation and
marketing of P. ahipa is a commonpractice, the root ismainly consumed
raw, since it resembles a fruit due to its high water content and sweet
taste. Table 3 shows the sugar content of ahipa roots. Ahipa accession
IRNAS 4 presented the highest values of sucrose while IRNAS 11
exhibited the lowest levels of glucose, fructose and sucrose. The average
values found for simple sugars in all the tested accessionswere between
14.1–25.1 g/100 g on dry basis. These values are close to those reported
for sweet potato: 17.17–20.76% (Ahmed et al., 2010), a product which
also has a characteristic of sweet taste. When comparing with other
Crude fat Crude protein Total starch content Total dietary fiber

0.48 ± 0.01b 10.5 ± 0.5a,b 56.8 ± 0.9a,b 22.4 ± 0.6c

0.43 ± 0.07b 11.5 ± 1.2a 53.9 ± 6.2b 24.4 ± 0.8b

0.63 ± 0.03a 9.6 ± 0.3b 54.1 ± 3.2b 25.2 ± 0.5a,b

0.62 ± 0.00a 7.9 ± 0.5c 43.7 ± 1.6c 25.9 ± 0.2a

0.47 ± 0.02b 9.0 ± 0.3b,c 65.0 ± 0.6a 20.8 ± 0.2d

dry basis. Different letters in the same column indicate significant differences (p b 0.05).



Table 2
Mineral content (mg/100 g) of Pachyrhizus ahipa roots from different accessions.

Accession Sodium Potassium Calcium Magnesium Iron

Local 754 ± 8d 129 ± 4c 415 ± 7d 531 ± 4c 173 ± 6c

IRNAS N° 4 917 ± 9c 172 ± 4b 573 ± 8b 164 ± 4e 630 ± 7b

IRNAS N° 5 1302 ± 10a 172 ± 5b 546 ± 9c 227 ± 5d 756 ± 8a

IRNAS N° 9 945 ± 9b 168 ± 4b 815 ± 8a 785 ± 4a 168 ± 7c

IRNAS N° 11 207 ± 9e 192 ± 4a 181 ± 8e 592 ± 4b 126 ± 7d

Note: Reported values correspond to themean ± standarddeviation. Results are expressed
on dry basis. Different letters in the same column indicate significant differences (p b 0.05).
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Andean crops such as maca (Lepidium meyenii), values are similar too
(17.57% of total sugars in maca roots), according to Rondán-Sanabria,
Valcarcel-Yamani, and Finardi-Filho (2012). Among the sugars present
in ahipa roots, sucrose was predominant (Table 3).
3.2. RSA and anti-nutrients factors

Ahipa Local accession showed significantly higher RSA (42.5 ±
0.7 mg Trolox/100 g) measured by the ABTS•+ method than the acces-
sion IRNAS 11 (28.6 ± 0.9 mg Trolox/100 g); these values were similar
to that information for sweet potato (25.03 ± 4.07 mg Trolox/100 g)
but lower than those of cassava (51.07 ± 7.10 mg Trolox/100 g) or the
ordinary yam (Typhonium trilobatum) (74.05 ± 10.20 mg Trolox/100 g)
(Sreeramulu & Raghunath, 2010).

DPPH• scavenging assays showed that the inactivation reaction took
6 h to reach the steady state, so ahipa root antioxidants could be included
into the group with slow reaction kinetics (Brand-Williams et al., 1995).
This would indicate a relatively low quantity of ascorbic acid as well as
a major contribution of phenolics to the antioxidant power. Several phe-
nolic compounds such as coumaric, ferulic, caffeic and gallic acid among
others, showed slow kinetic behavior for the inactivation of DPPH•
meanwhile ascorbic and isoascorbic acid brought about a rapid kinetic
behavior (Brand-Williams et al., 1995). The RSA exhibited by ahipa
roots against DPPH• was 2.73 ± 0.36 g−1 (EC50−1) for accession IRNAS
11 and 2.51 ± 0.37 g−1 for the Local one. Despite the antioxidant levels
of ahipa roots did not differ from those reported for other R&T, the incor-
poration of this tuberous root into the dietmay not represent a significant
antioxidant input, since other vegetables can provide markedly more
antioxidants than ahipa roots.

In the analysis of anti-nutrients factors, phytin was detected in all the
analyzed accessions. Values presented in Table 4 show phytate contents
ranging from1.0 to 1.7 mgphytic acid/g sample, similar to those reported
for cassava flour (0.9–1.4 mg/g) (Charles et al., 2005) and potato
(1.1–2.7 mg/g) (Phillippy, Lin, & Rasco, 2004) but lower than the
values found in legumes such as soybean (12.0–17.5 mg/g) and
peas (7.2–12.3 mg/g) (Hidvegi & Lasztity, 2002) and cereals such
as wheat (9.6–22.2 mg/g); maize (10.8 mg/g); rye (4.5–5.7 mg/g)
and rice (5.5–13.5 mg/g) (García-Estepa, Guerra-Hernández, &
García-Villanova, 1999; Kikunaga, Takahashi, & Huzisige, 1985; Wu,
Tian, Walker, & Wang, 2009). Phytate, released from phytic acid dis-
sociation, is typically related to a reduction in iron biodisponibility.
Table 3
Simple sugar content (g/100 g) of Pachyrhizus ahipa roots from different accessions.

Accession Glucose Fructose Sucrose

Local 1.67 ± 0.15b 5.41 ± 0.25b 11.44 ± 0.07b

IRNAS N° 4 1.77 ± 0.07b 6.29 ± 0.07a 17.01 ± 0.42a

IRNAS N° 5 1.57 ± 0.10b 5.34 ± 0.03b 7.82 ± 0.18d

IRNAS N° 9 2.81 ± 0.10a 6.33 ± 0.16a 10.23 ± 0.39c

IRNAS N° 11 0.74 ± 0.03c 4.51 ± 0.01c 8.89 ± 0.13d

Note: Reported values correspond to themean ± standarddeviation. Results are expressed
on dry basis. Different letters in the same column indicate significant differences (p b 0.05).
Besides iron, phytate can also precipitate magnesium, zinc, copper,
calcium and manganese and it is classified within the antimineral
compounds. Contrary to the adverse effects described, phytate has
been proven to have anticarcinogenic activity on K-562 and H-29
cells and on laboratory animals (rats and mice) (Harland & Morris,
1995) as well as an antioxidant capacity (Rimbach & Pallauf, 1998).
A linear correlation (r2 N 0.82) was found between calcium and
phytate content in partially dehydrated ahipa roots.

Concerning the quantification of phenolic compounds (Table 4), total
phenolic content in IRNAS 11 accession was significantly lower
(p b 0.05) than the one measured in IRNAS 4, 5, 9 and did not differ
(p N 0.05) from that registered for the Local accession. When comparing
to other R&T crops, reported values for total phenolic content (expressed
as gallic acid equivalents mg/100 g) are: 81.59 ± 21.03 for colocasia
(Colocasia antiquorum); 38.42 ± 0.62 for potato (S. tuberosum);
53.70 ± 3.44 for sweet potato (I. batatas); 137.55 ± 6.04 for cassava
(M. esculenta) and 54.92 ± 8.15 for ordinary yam (T. trilobatum)
(Sreeramulu & Raghunath, 2010). Ahipa accessions had tannin values be-
tween 1.6 and 2.0 mg of tannic acid/g sample, whichwere comparable to
those reported in cassava flour (1–2 mg/g) (Oboh & Akindahunsi, 2003)
and sweet potato (2.5 mg/g) (Eluagu & Onimawo, 2010), but lower than
those normally present in bean (Guzmán-Maldonado, Castellanos, & De
Mejía, 1996). The presence of tannins becomes relevant since they act
as inhibitors of digestive enzymes and can also reduce the palatability
of a food for producing astringency when combined with the salivary
proteins. On the other hand, certain types of tannins have been men-
tioned as reducing the risk of coronary heart disease (Dell'Agli, Busciala,
& Bosisio, 2004; Gresele et al., 2011). Tannins represented approximately
50% of the total phenolic compounds in the analysis of ahipa accessions
(Table 4).

Trypsin inhibitory activity of ahipa roots, expressed as trypsin inhib-
itor units (TIU), was found between 1.0 and 2.7 TIU/mg (Table 4), com-
parable to the values reported for legumeswith lowest trypsin inhibitor
activity such as chickpeas, lentils and lupins, and cereals such as maize,
which are generally between 1 and 20 TIU/mg. Soybeans may have
concentrations above 40 TIU/mg (Dini et al., 2012). Since assays were
carried out on partially dehydrated roots, it is important to stress that
the remaining activities of trypsin inhibitors were determined on ahipa
samples. Part of the total trypsin inhibition activity could have been
inactivated by the heating process. The Local and IRNAS 11 accessions
exhibited the highest values while those from accessions IRNAS 4, 5
and 9 presented similar and lower trypsin inhibitor contents.

Trypsin inhibitors can cause pancreatic hypertrophy and/or hyper-
plasia (Makkar et al., 2007). However, it has been reported that protease
inhibitors have anticarcinogenic effects (Dragsted, Strube, & Larsen,
1993; Schelp & Pongpaew, 1988; Steinmetz & Potter, 1996). Likewise,
in a controlled consumption, antiprotein activity of these substances
can be used to produce satiety in foods designed for weight reduction.

The oxalate content of the ahipa roots varied between 58 and
217 mg/100 g (Table 4). Huang, Chen, and Wang (2007) reported an
oxalate content of 234–411 mg/100 g in taro. Roots from accessions
IRNAS 4 and 9 showed statistically (p N 0.05) similar and higher oxalate
contents while those from the accessions Local and 11 showed the
lowest values and no significant differences (p N 0.05) were found
between them. Oxalates reduce the bioavailability of calcium, and the
insoluble complexes formed can also produce blockage of the renal
tubules and development of urinary calculi (Dini et al., 2012; Hang,
Vanhanen, & Savage, 2013; Sasaki et al., 2008). A linear correlation
(r2 N 0.75) was found between calcium and oxalate content in ahipa
roots.

Interestingly, ahipa roots from Local and IRNAS 11 accessions
presented the lowest contents of oxalates, phytic acid and tannin
within the ranges observed. Likewise, as stated in Materials and
methods section, the presence of cyanogenic glycosides was qualita-
tively investigated from macerated ahipa root samples and the
levels were not detectable.



Table 4
Anti-nutrient components and total phenolic compounds of partially dehydrated Pachyrhizus ahipa roots from different accessions.

Accession Tannins
(mg tannic acid/g)

Phytic acid
(mg/g)

Tripsin inhibition activity
(trypsin inhibitors units TIU/mg)

Oxalates
(mg/100 g)

Total phenolic compounds
(mg/g)

Local 1.70 ± 0.06b 1.03 ± 0.01b 2.73 ± 0.02a 74.34 ± 7.51c 3.21 ± 0.36b

IRNAS N° 4 1.92 ± 0.02a 1.27 ± 0.00b 1.05 ± 0.03c 217.39 ± 7.50a 3.77 ± 0.22a

IRNAS N° 5 2.03 ± 0.05a 1.33 ± 0.27b 1.02 ± 0.01c 176.43 ± 5.63b 3.79 ± 0.30a

IRNAS N° 9 1.94 ± 0.00a 1.73 ± 0.02a 1.01 ± 0.10c 209.86 ± 3.76a 3.73 ± 0.06a

IRNAS N° 11 1.59 ± 0.01b 1.05 ± 0.02b 2.26 ± 0.12b 58.37 ± 7.50c 3.03 ± 0.06b

Note: Reported values correspond to the mean ± standard deviation. Different letters in the same column indicate significant differences (p b 0.05).
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3.3. Solvent retention capacity (SRC)

Fig. 1 shows SRC of partially dehydrated roots from different ahipa
accessions. In general, accession IRNAS 4 exhibited the highest reten-
tion capacity for the solvents testedwhile accession IRNAS 11presented
the lowest values.

Sodium Carbonate SRC (SCRC) is believed to be related to the dam-
aged starch content of the flour, since a 5% (w/w) sodium carbonate
solution elevates the pH above 11 (Gaines, 2000) where starch hydroxyl
groups begin to ionize and starch is hence negatively charged
(Duyvejonck, Lagrain, Pareyt, Courtin, & Delcour, 2011). Ahipa
roots from accessions IRNAS 9 and 5 could contain a similar content
of damaged starch since their SCRC did not differ significantly
(p N 0.05) (Fig. 1).

In general, Lactic Acid SRC (LARC) is associated with glutenin net-
work formation and the gluten strength of flour, because a pH below
7 favors swelling and network formation by gluten polymers relative
to polysaccharides (Duyvejonck et al., 2011). Since ahipa is a gluten
free product, LARC can be associated to the protein capacity to develop
a network. Thus, although IRNAS 11 and Local accessions exhibited
higher protein content quantified by the Kjeldahl method (Table 1)
they would not be suitable for protein network formation. This is of pri-
mary importance in the development of products for celiac population,
since dough characteristics of ahipa-based products should be en-
hanced by the incorporation of hydrocolloids and specific additives.

A strong linear correlation (r2 N 0.84) between TDF and water re-
tention capacity (WRC) was observed. A similar trend was reported
for wheat flour (Colombo, Pérez, Ribotta, & León, 2008; Duyvejonck,
Lagrain, Dornez, Delcour, & Courtin, 2012; Duyvejonck et al., 2011).

Partially dehydrated roots from IRNAS 11 and Local accessions
showed lower sucrose retention capacity (SuRC), which is associated to
water-soluble pentosan content, quantified as soluble fiber. These find-
ings suggest that these accessions would contain higher proportions of
insoluble fiber with the health benefits that this entails. Besides, SuRC
also correlated with TDF (r2 N 0.77).

The SRC tests are commonly used to establish flour quality and
practical functionality profile which is useful for predicting its perfor-
mance in specific baking applications. Thus, both partially dehydrated
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Fig. 1. Solvent retention capacity of P. ahipa partially dehydrated roots from different
accessions.
root and flour SRC assays were conducted. The results showed that
SRC of partially dehydrated roots were higher than those of ahipa
flours from different accessions. The comparison is shown in Fig. 2
for Local ahipa accession as an example. Since partially dehydrated
samples include the root peel whichmakes an important contribution
of TDF, their WRC was significantly (p b 0.05) higher than the corre-
sponding flour. A similar trend was observed for SCRC, indicating a
lower damaged starch in the flour. The higher SuRC in partially
dehydrated roots would suggest a higher proportion of components
related to soluble dietary fiber. With regard to LARC, the flour
obtained by the whole ahipa root processing would led to enhance
its baking quality since the development of the protein network
would be favored, which constitutes a technological improvement.

3.4. Thermal properties

In general, partially dehydrated ahipa root aqueous suspensions
exhibited a wide transition mainly associated to starch gelatinization
and protein denaturalization, being both cooperative processes
(Fig. 3). The Table inset in Fig. 3 shows that a similar trend was
followed by the onset peak temperature. Partially dehydrated ahipa
roots from accessions Local and IRNAS 11 did not differ statistically
(p N 0.05) while differences between other accessions were signifi-
cant (p b 0.05). Accessions Local and IRNAS 11, with high starch and
protein contents (Table 1), exhibited the highest enthalpy values.
Likewise, accession IRNAS 4 with the highest sucrose content
(Table 3) presented the highest peak temperature; it is well known
that sugars shift the peak temperature of starch gelatinization and
also affect the protein denaturalization process due to water availabil-
ity reduction.

Fig. 4 compares the thermal behavior of partially dehydrated roots
and the derived flour for Local ahipa accession; a similar trend was
observed in the onset peak temperature as well as the enthalpy asso-
ciated. Likewise, the thermal parameters of ahipa flour and starch
from Local ahipa accession were previously studied (Doporto et al.,
2011). Peak temperature corresponding to flour was higher than
that of the derived starch (Table inset in Fig. 4). A similar trend was
Fig. 2. Solvent retention capacity of P. ahipa partially dehydrated roots and flour from
Local accession.



Fig. 3. DSC thermograms and thermal parameters of P. ahipa partially dehydrated roots
from different accessions.

Fig. 4. DSC thermograms and thermal parameters of P. ahipa partially dehydrated roots
and flour from Local accession.

260 C. Dini et al. / Food Research International 54 (2013) 255–261
observed in other works performed on cassava and ahipa (Aboubakar,
Njintang, Scher, & Mbofung, 2008; Doporto et al., 2011, 2012; López
et al., 2010).
4. Conclusions

Several processed food products obtained from Pachyrhizus roots
have been mentioned, such as flour, stirred yogurt with dietary fiber,
juice, fermented beverages, etc. (Ramos-de-la-Peña, Renard, Wicker,
& Contreras-Esquivel, 2013) that evidences a growing perspective of
use. Thus, the characterization of ahipa accessions will provide
useful information for the development of food derivatives and
ingredients.

The chemical composition of ahipa roots varied with the acces-
sion of origin. Although ahipa water content is relatively high, the
roots can be considered a good source of carbohydrates (sucrose
and starch) and TDF. They can also supply a good quantity of min-
erals, mainly magnesium and iron. Protein levels are considerably
higher than the ones reported by other R&T crops. However, future
research demands the analyses of the aminoacid profile of ahipa
protein. Ahipa accessions Local and IRNAS 11 outstand for their
high starch content, presenting a middle protein level. The TDF
and Na content of both accessions were the lowest ones. Likewise,
Local and IRNAS 11 accessions showed the lowest contents of oxa-
lates, phytic acid and tannins, which represent an advantage from
the nutritional point of view. IRNAS 11 had the lowest values of
SRC and the LARC values in particular would indicate that proteins
present in these materials would not be suitable for protein network
formation. This is a technological aspect that should be improved when
designing raw materials and ingredients for food production for celiac
patients from ahipa roots. When analyzing thermal properties, the ac-
cessions Local and IRNAS 11 exhibited the highest enthalpy values.
Thus, both materials showed interesting properties to be considered
in a breeding program.
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