
Érica Daiutoa

Marney Ceredaa

Silene Sarmentob

Olivier Vilpouxc

a FCA/UNESP, Botucatu – SP,
Brazil

b ESALQ/USP – Piracicaba – SP,
Brazil

c NGO – Raízes – Botucatu – SP,
Brazil

Effects of Extraction Methods on Yam
(Dioscorea alata) Starch Characteristics

Starch extraction from roots and tubers uses grating with water and sieves to separate
the starch slurry from residual mass. The starch is recovered by decantation or cen-
trifugation. The yam starch extraction is difficult due to high viscosity of the slurry
caused by non-starch polysaccharides (NSP). The establishment of an efficient
extraction process may turn yam into a competitive raw material. In this paper Dios-
corea alata starch extracted by four methods was characterized in order to establish
the impact of treatments. When the tubers were digested with an aqueous oxalic acid/
ammonium oxalate (OA/AO) 1/1 solution, it was easier to separate the starch slurry
from residual mass, because viscosity was reduced. For all the others methods tested,
the viscosity remained almost the same. The nitrogen present in yam tubers was
removed during the different extractions to a different extent. The largest nitrogen
reduction was observed with OA/AO followed by the control (water). The spectrum of
starch granules sizes obtained also varied according to the treatment. Results proved
that NSP carries small starch granules over to the waste water. The smaller starch
granules diameter varied from 1.9 mm (OA/AO extraction) to 13.5 mm (water and pecti-
nase extractions). The larger diameter varied from 41.0 mm (NaOH treatment) to
67.7 mm (OA/AO). All starches extracted showed a RVA behavior in agreement with
literature for yam starch, but with small differences due to the influence of methods.
OA/AO extraction showed the best recovery (18 g of starch/100 g tuber yam) and
granular variation but it interfered with the rheological behavior of starch.
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1 Introduction

Starch is an important product with many industrial appli-
cations. The world production of starch reaches approx.
486106 t. In Europe and the USA, main raw materials for
the extraction of commercial starches are corn, wheat
and potato. Other raw materials are used in Asia, as cas-
sava, rice, canna [1], sweet potato, arrowroot and yam.

Almost 70% of starch is used in the food industry world-
wide [2]. Canna starch, which is not considered commer-
cial, is extracted in large quantities in China. All canna
starch is used directly for preparation of noodles and is
not mentioned in official statistics [1].

The starch extraction process from roots and tubers
consists in grating the raw material, in order to break
vegetal cells and release the starch. This step is followed
by passing the fiber through sieves of different mesh sizes
and subsequent slurry concentration by decantation or
centrifugation [1].

The relevance to use yam as a raw material for starch
extraction in Brazil had been proposed by Cereda [3] as a
possibility for the crop valorization.

Taro and yam accumulate non-starch polysaccharides
(NSP) in their tubers. Characteristics of taro and yam
starch have been tested. Dufour et al. [4] mentioned that
32 plants were tested for extraction and showed different
starch contents and ease of extraction. All the yam and
taro species tested by the authors were classified as
having average starch content and being difficult to
extract.

Moorthy [5] reports that for the genus Dioscorea, the
mucilage increases viscosity, hinders the sieving pro-
cesses and increases decantation times. Aqueous
ammonia solution (0.03 M) was tested by the author to
extract starch from several tuber crops by decantation.
There was noticeable improvement in the yield of starch
from Dioscorea and Colocasia, while yields decreased in
sweet potato starch and remained almost the same with
the other starches [5]. The author does not give any
explanation why an ammonia solution can improve starch
extraction of Dioscorea alata, D. rotundata and D. escu-
lenta.
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Other authors mention extraction at high temperatures
[6], a treatment that may alter the starch properties.

An article published by Chu and Ribeiro [7] was aimed at
studying NSP extraction from yam using oxalic acid and
ammonium oxalate solutions, to eliminate the pectin from
hemicelluloses polysaccharides of this tuber.

The purpose of this article was to evaluate the effects of
four extraction methods in the characteristics of D. alata
starch.

2 Materials and Methods

2.1 Materials

Pectinex was provided by Novozyme (Bagsvaerd, Den-
mark), HCl, NaOH, oxalic acid, ammonium oxalate were
all purchased from Merck (PA, USA).

The Dioscorea alata tubers were purchased in the local
market in their maximum physiologic development stage,
corresponding to the commercial harvest which generally
is with tubers of 10 to 11 months [5]. The moisture content
of raw material was 76.1%.

2.2 Methods

2.2.1 Analytical methods

Acidity, pH, moisture (dry matter), nitrogen and fiber con-
tent were determined according to AOAC methods [8].
Starch content was analyzed by enzymatic hydrolysis [9],
followed by determination of reducing sugars [10], with
three repetitions for each sample.

2.2.2 Sample preparation

Tubers were washed, peeled and chopped into smaller
pieces to facilitate grating. In the four treatments per-
formed, distilled water and a kitchen blender were used.
Chopped tubers were used for starch extraction in a ratio
of 1:2 with water or other extraction solution. The de-
canted starch was dried. The different extraction tests
were performed as follow:

Water (control): tuber pieces were triturated in water, the
tuber:water ratio being 1:2. Then the triturated suspen-
sion was passed through a 0.250 mm sieve. The resulting
starch slurry was kept in a cold chamber (27C) for 8 h for
decantation. The upper layer was discarded and the pre-
cipitated mass passed through a 0.075 mm sieve. The
slurry was again allowed to stand for another 8 h and the

supernatant liquid was discarded. The total time for set-
ting was 16 h. The pH of the extracted starch corre-
sponded to the natural of yam tubers.

Pectinase: pieces of tubers were triturated with pectinase
solution at a 1:2 ratio (tuber:water). A Pectinex con-
centration of 8 mg/kg of tuber was used, according to
[11]. The pH was not adjusted because the ground yam
tubers had a pH very close to 5.6, the pH recommended
by Novozyme. The ground material was agitated at 457C
for 2 h. The resulting starch slurry was kept in a cold
chamber (27C) for 8 h for decantation. The upper layer
was discarded and the precipitate passed through a
0.075 mm sieve. The slurry was again allowed to stand for
another 8 h and the supernatant liquid was discarded.
The total time for setting was 16 h and the total time for
starch extraction was 18 h.

Sodium hydroxide: small pieces of tubers were soaked for
1 h in an 0.03 M aqueous NaOH solution. Afterwards the
solution was discarded and the tubers ground in a blen-
der with an 0.03 M aqueous NaOH solution [12] (1:2 ratio
tuber:solution). The pH of the slurry was close to 11.0. To
avoid alteration of the starch fraction, the pH of the sus-
pension was adjusted with 0.1 M HCl to about 6.0. The
resulting starch slurry was kept in a cold chamber (27C) for
8 h to achieve setting. The upper layer was discarded and
the precipitate passed through a 0.075 mm sieve. The
slurry was again allowed to stand for another 8 h and the
supernatant liquid was discarded. The total setting time
was 16 h and the total time for starch extraction was 17 h.

Oxalic acid/ammonium oxalate: these reagents were
selected following a publication by Chu and Ribeiro [7]. A
10% solution was prepared, proportion of reagents being
1:1. Tubers were ground in a blender with the solution,
ratio tuber:solution being 1:2. The slurry was first passed
through a 0.250 mm sieve, afterwards through a 0.075 mm
sieve. The pH of the slurry was 2.0 and remained at this
level for almost 30 min. To avoid the alteration of the
starch fraction, the suspension was neutralized with 0.1 M
aqueous NaOH to approx. pH 6.0. The resulting starch
slurry was kept in a cold chamber (27C) for 8 h for setting.
The upper layer was discarded and the precipitate pas-
sed through a 0.075 mm sieve. The slurry was again
allowed to stand for 8 h and the supernatant liquid was
discarded. The total time for setting was 16 h.

Drying: the decanted starch of the four treatments was
partially dried in a cold chamber at 4–57C overnight and
the drying completed in an air-circulation oven at 357C to
a final moisture content of 12%.

Characterization of yam tubers: Acidity, pH and initial
moisture content of the tubers were determined. Samples
were sliced and dried in an oven with air circulation at
607C, ground and stored for analysis.
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Extraction evaluation: The starch recovered or starch yield
in each treatment was expressed as: g starch (dry basis,
d. b.)/100 g tuber. To calculate the recovery in starch
extraction, moisture and starch content of the raw mate-
rial, residual mass and starch were analyzed.

Starch granules measurements: measuring of yam starch
granules were performed with an AXIOSKOPII-Zeiss light
microscope (Oberkochen, Germany) (magnification 1006)
using KS 300 software for image analysis, the method
being adapted from Schoch and Maywald [13]. 100 counts
were performed per slide, with 5 slides repetitions.

Starch apparent viscosity: Samples of each treatment
were analyzed in duplicate at their pH values. Pasting
properties were obtained using a Rapid Visco Analyser
(RVA), series 4, (Newport Scientific, Warriewood, Aus-
tralia) and Thermocline for Windows computer program.
For every run 2.5 g of sample (corrected to 14% moisture)
and 25 g of distilled water was used, following the opera-
tion programming s Standard 2 [14]. The viscosity was
measured in RVA units [RVU], pasting temperature, max-
imum viscosity (peak), peak time, breakdown, final vis-
cosity and setback were obtained from the graph.

3 Results and Discussion

The yam tuber had average moisture contents of 76.0%,
the starch content in the dry matter was 80.0%.

Treatments with 0.03 M NaOH and pectinase did not
reduce NSP viscosity, and the same difficulties in extrac-
tion were encountered as in the control treatment with
water. The recovery was about 10% (g of dry starch per
100 g of fresh tuber) for the control, treatment with pecti-
nase and with NaOH. Oxalic acid/ammonium oxalate
(AO/AC) treatment gave a better recovery of 18%. This
recovery was larger that the 16% obtained by Moorthy [5]
with ammoniacal solution. Raw material, residual mass
and starch were characterized.

Tab.1. Effect of treatment on the extraction rate of yam
starch.

Treatments % Starch recovered in raw material
[100%]

Extracted Retained
in mass

Lost1

Water 43.64 0.39 55.97
NaOH 42.73 28.04 29.23
Pectinase 42.59 32.69 24.72
Oxalate 62.92 26.82 10.26

1 by calculation.

NSP strongly increases the viscosity of the extraction
water, hindering decantation of starch. Tab. 1 show that
low extraction rates found for treatments with water,
NaOH and pectinase may be explained mainly by the
great losses of starch into the aqueous phase. These
losses may be caused by the presence of the viscous
water soluble NSP that carried starch granules over into
the water. In the treatment with NaOH and pectinase,
even if extraction rates were similar to control, the char-
acteristic NSP viscosity of yam was reduced, explaining
the lower losses in waste water.

Tab. 2 shows the effect of treatment on acidity and pH
content. The yam tubers had an acidity of 6.24 mL of 1 M
NaOH for 100 g of fresh weight (FW) with a 6.12 pH value.
Starch extracted with water showed an acidity of 0.2 mL,
thus a lower acidity than the raw material because tuber’s
acidity was removed with water. pH and acidity after
treatment with pectinase were similar to those of water
extraction. The neutralization of the slurry in the NaOH
treatment results in a starch acidity and pH similar to
control. Treatment with oxalic acid/ammonium oxalate
showed a starch with high acidity.

Tab. 3 indicates nitrogen content of starch, residual mass
and water (by calculation) for each treatment. The raw
material presented 2.53 g nitrogen per 100 g dry matter,
nitrogen contents decreased in the sequence of treat-
ments with NaOH, control and pectinase. Treatment with
OA/AO retained the highest nitrogen content, both in
residual mass and starch and less nitrogen was lost in the
water. This may be due to the loss of NSP, which enabled
protein to be fixed on starch and residual mass, instead of
being removed with water as in the other extractions.

Starches were subjected to granulometry analysis to ver-
ify if the particles size distribution was influenced by the
treatments, because NSP may transfer granules of smal-
ler size into the aqueous phase. Histograms for distribu-
tion of granules with smaller and larger diameters and of
granule areas, respectively, are given in Figs. 1–3. These
figures indicate that the distributions for smaller and lar-
ger diameters and granule area had a normal pattern for
all treatments. Histograms show small variations for the
size and area of granules in treatments.

Also Tab. 4 shows that the size distribution values of yam
starch granules extracted with water follows a normal
distribution pattern. With 511 measures, the smaller di-
ameters vary from a minimum of 10.3 to a maximum of
45.8 mm, whereas the larger diameters varied from 13.52
to 66.10 mm, therefore granules from such extractions
were slightly flat. The area varied from a minimum of 97.2
to a maximum of 2,231.4 m2.
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Tab. 2. Acidity and pH values in raw material, starch and in residual mass after treatments.

Samples Water NaOH Pectinase Oxalic Ac./Oxalate

pH Acidity1 pH Acidity1 pH Acidity1 pH Acidity1

Raw material 6.1 6.24 6.1 6.24 6.1 6.24 6.1 6.24
Starch 7.5 0.20 7.5 0.10 7.2 0.59 5.4 3.72
Fibers 8.0 4.31 7.8 0.49 6.5 2.59 5.3 4.54

1 acidity expressed in % of NaOH (N/100g fresh weight).

Tab. 3. Effect of treatments on nitrogen content expressed in dry matter samples.

Samples Nitrogen content in [%] dry matter

Water NaOH Pectinase Oxalic Ac./Oxalate

Raw material 2.53 2.53 2.53 2.53
Starch 0.06 0.02 0.20 0.67
Residual mass 0.76 0.69 0.72 2.21
Water 21 1.71 1.81 1.61 0.35

21 by calculation

Fig. 1. Size distribution of smaller
diameter granules of yam starch
extracted with water (A), pectinase (C),
NaOH (B) and oxalic acid/oxalate (D).
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Fig. 2. Size distribution of larger
diameter granules of yam starch
extracted with water (A), pectinase (C),
NaOH (B) and oxalic acid/oxalate (D).

Fig. 3. Size distribution of granule
area of yam starch granules extracted
with water (A), pectinase (C), NaOH (B)
and oxalic acid/oxalate (D).
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Tab. 4. Variation of diameter [mm] of yam starch granules extracted with different treatments.

Smaller diameter [�m] Larger diameter [�m]

Water Pectinase NaOH OA/AO Water Pectinase NaOH OA/AO

No. of
measurements 511 503 506 500 511 503 506 500

Minimum 10.30 4.86 9.58 1.94 13.52 8.29 13.03 4.85

Maximum 45.80 51.44 40.95 67.68 66.10 92.22 67.82 87.07

Average 26.75 26.79 24.82 23.73 35.07 36.97 33.05 31.23

S. Deviation 5.747 6.042 6.105 6.401 8.068 9.184 9.29 8.97

The size distribution of yam granules extracted with pecti-
nase also follows a normal distribution pattern (Figs. 1–3),
with very similar average and median values. However,
values were different, with greater variations in the extrac-
tion with pectinase than with water (Tab. 4).

Thus, it can be concluded that with pectinase a larger
range of granules was extracted than with water, or rather,
that during extraction with water more granules were lost,
which may have been carried over to the aqueous phase
by NSP. However, the area did not show a corresponding
variation.

In case of the extraction with NaOH, larger and smaller
diameter and area values for starch granules did not differ
significantly from those from treatment with water. The
506 measurements were adequate with low variability.

The results for yam starch granules extracted with oxalic
acid and ammonium oxalate were very different from the
other treatments. Smaller granules showed a variation
from 1.94 to 67.68 mm, these measurement values being
smaller than those found with other treatments for the first
one and higher with the second one. Larger diameters
also showed lower minimum values, of 4.85 mm, whereas
higher values were similar to those obtained with pecti-
nase treatment, which were the highest. As a con-
sequence, the variation of diameter for yam starch gran-
ules was more pronounced for extraction with oxalic acid/
ammonium oxalate. This method of extraction enabled to
recover a higher quantity of smaller granules than treat-
ments with pectinase and NaOH.

An important parameter in determining quality and in
indicating the uses of starches is its viscosity. Viscosity
profiles of starch extracted with the different treatments
are plotted in Fig. 4 and the pasting properties in Tab. 5.
Viscosity may be considered a measure of the integrity of
starch granules; those which underwent chemical and
microbial damages show alterations in these values. Vis-

cosity also measures internal associative forces of starch
granules. With the aid of Tab. 5 it is possible to compare
the effect of the four extraction methods on the RVA vis-
cosity of the starch. Extraction with water was used as
reference for testing alterations introduced by other
extraction methods. It should also be taken into account
that the treatments with water and with pectinase were
the only ones that kept the natural pH of yam. However,
pectinase extraction submitted starch to a higher tem-
perature during more than half an hour.

Yam starch extracted with water has a viscographic be-
havior in agreement with literature data, where pastes are
described with good resistance to mechanical disin-
tegration (stability) during gelatinization and high setback
values. Such a profile makes this starch suitable for use in

Fig. 4. RVA viscograms of yam starch extracted with
water, NaOH, pectinase and oxalic acid/oxalate.
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Tab. 5. Pasting properties (RVA) of yam starches extracted by different treatments.

Pasting
tempera-
ture [7C]

Peak
time
[min]

Viscosity [RVU]

Peak Breakdown Final Setback

Water 75.5 7.5 193 39 283 130
Pectinase 78.4 9.0 152 8 230 87
NaOH 75.9 8.6 204 30 322 148
Oxalic ac/oxalate 77.6 12.3 182 19 282 119

heat-processed food, however, restricts its use in food to
be kept refrigerated. For yam starch, Dufour et al. [4]
found a high viscosity (Brabender), especially in acid
environments and under sterilization, though low resis-
tance to syneresis compared to other starchy tubers.

Our results agree with literature data although the extrac-
tion methods were different. The pasting profiles of starch
extracted in the presence of chemicals, however, when
compared to the curve obtained for the starch extracted
only with water, showed interference in the viscosity pat-
tern. The viscosity profile of starch obtained with water
presented a rather sharp peak (193 RVU), showing that
internal binding forces are very uniform. Starches
obtained by treatments with NaOH and pectinase had
marked differences compared to others treatments.

The alkali treatment, even with pH neutralization and
successive washing, may have cleaved bonds in the inner
structure of the granules and, consequently, the viscosity
peak of 204 RVU was higher than that of control. Besides,
this starch seemed more stable to viscosity breakdown,
and presents a higher retrogradation tendency.

Treatment with pectinase reduced the starch’s potential
to expansion (lower viscosity values) in comparison to
other treatments. Treatment with OA/AO affected the vis-
cographic behavior of starches. The peak occurred after a
longer time than that of starches obtained by other
extraction treatments and show a slight decrease in vis-
cosity. Alterations of viscosity in this sample may be
associated to the acidity effect, which the granules were
exposed to. However, with the cooling of pastes, viscosity
values were very similar to control starch.

Gelatinization temperatures of yam starch vary slightly
with treatments, from 75.5 to 78.47C (Tab. 5), comparable
or even lower than values mentioned in literature for
Dioscorea by Franco et al. [15]. The lowest temperatures
were found in starches extracted with water and sodium
hydroxide, the highest temperatures in those treated with
pectinase. Starch with higher pasting temperatures pro-

vided the lowest viscosity peaks and the highest resis-
tance to rupture, evidencing internal binding forces more
intense in granules.

Starch with the highest viscosity peaks showed the high-
est viscosity breakdown under heat and agitation, which
is considered a normal behavior. The setback values
observed were high for all treatments and followed the
same profile of viscosity peak and viscosity breakdown.

4 Conclusions

Results will enable to obtain the following conclusions:

– Extraction of yam starch with ammonium oxalate/oxa-
lic acid showed the best result, with instantaneous loss
of mucilage viscosity upon triturating the tuber. Extrac-
tion was facilitated and considerably faster, providing a
recovery of 18%, the highest among the tested meth-
ods.

– The raw material had 2.53 g of nitrogen per 100 g dry
matter. Most of the nitrogen was eliminated in water in
all treatments, probably carrying over starch and
resulting in a lower recovery. An exception was the
extraction with ammonium oxalate/oxalic acid, where
nitrogen could be detected in the residual mass and in
the extracted starch.

– The size for the smaller diameter of starch yam granules
varied from 1.94 mm (extraction with OA/AO) to 10.30 mm
(water). For the larger diameter, the variation was from
66.10 mm (water) to 92.22 mm (pectinase). The area of
granules reflects these variations, and the extraction
with OA/AO showed the two extremes, the lowest area
of 4.72 mm2 and the highest of 3,454.14 mm2. Treatments
influenced granulometry of starch showing that NSP
may interfere in extraction or in decantation, so that in
the treatment with loss of mucilage viscosity it was
possible to find the smallest granules such as the big-
gest range of variation in granules size.
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– Viscograms of extracted starch showed small differ-
ences among themselves in terms of shape and values,
though they agree with literature, where pastes are
described with good stability at higher temperatures
and high setback. Pasting temperatures of yam starch
varied with treatments, from 75 to 787C.

– Treatment with sodium hydroxide showed the highest
viscosity values, next to those with water. Treatment
with pectinase has affected the internal granular struc-
ture of starch, generating a less pronounced viscosity
peak and lower values. Extraction with OA/AO, of
higher recovery, generated starch granules with a dif-
ferent behavior; however, upon finishing the program-
ming of the viscosimeter, the starch recovers the same
viscosity levels as that obtained by extraction with
water.
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