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ABSTRACT

The starches obtained from two different yam ressgduwvhich were treated with alkali(starch-A) or yme
(starch-E), were studied and compared with yam cétaisolated using ordinary method (starch-O) for
morphological, crystalline pattern, thermal, andstiag properties. The results revealed that thelasgycontent of
three starches ranged from 19.47 to 22.17%. Thagemsurfaces of starch-A and starch-E were as $mase that

of starch-O. The crystalline pattern of the thré@reshes was a C-type. The transition temperatuigsT, and T)
varied from 70.11 to 73.64, 79.23 to 81.74, and840 86.65 °Crespectively. The starch-E showed the highest
AHge,, followed by the starch-A, while it was lowest the starch-O. According to the viscosity measuréme
starch-O had the lowest pasting temperature, higheak viscosity and breakdown viscosity, whichewsmtrary

to those of starch-E.
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INTRODUCTION In recent years, more and more attention has been
paid on the activity and extraction process of the
Yam (Dioscorea oppositaThunb.) is widely active substances contained in yam. Zhao gt al
distributed in China and has been used as dR003) studied the structure and antitumor activity
important invigorant in traditional Chinese of RDPS-I polysaccharide from yam. Zhao et al
medicine for many years. It has been used fd2009) reported the extraction technology of
nourishing liver and kidney, promoting the water-soluble components in yammsing alkali
production of the body fluids and benefiting theproteinase. However, the starch which accounted
lung and invigorating the kidney and spleen (Zudor 20~60% of total biomass of yam was ignored
and Tang, 2003). Yam contains many chemicand wasted during the isolation and separation of
components such as mannan, allantoin, dopaminéie low molecular weight bioactive ingredients,
batatasine, phytic acid, abscisin 1l, amino-acidgiesulting in the waste of resources and
glucoprotein, choline, cholesterol, ergosterolcontamination of the environment.
campesterol, saponins, starch, non-starchtarch, an important carbohydrate in higher plants,
polysaccharide etc (Nie et.all993; Zhao et gl is widely used in food, pharmacy and other
2003). industry such as thickening and gelling agent as
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well as pharmaceutical excipient (Demiate e} al sifter. After depositing, the supernatant was
2001; Judith et al, 2005), deserves detailed removed by suction and the settled starch layer
investigation to understand better its structural a was resuspended in distilled water. After seven or
functional characteristics. The physicochemicalgight cycles of depositing and resuspending
morphological, thermal and crystal properties ofepeatedly, the slurry containing starch was
starch obtained from yam using ordinary methoaentrifuged at 3000 r/min for 20 min. The
have been reported (Waeg al, 2006). However, supernatant was discarded and the upper non-
the properties of starch obtained from the yamvhite layer was removed. Ethanol (70%) was
residues, which have been produced during thedded in order to remove the low molecular
isolation of bioactive ingredients by severalweight compounds. The white layer was
methods, have been not full investigated yet. Toesuspended in distilled water and recentrifuged
fully use the source of medicinal plant and protec8~5 times. The white layer obtained was dried in a
the environment, the properties of starch in theonvection oven at 50 °C until weight constancy.
yam residue deserves deep study. The dried material was milled and sieved with a 75
The purpose of this study was to investigate them screen to get the starch flour.
properties of starch obtained from the yam
residues which were treated with alkali andPreparation of starch isolated from the yam
enzyme treatments and compared with that of yamesidue treated with alkali (starch-A)
starch isolated with ordinary method. TheAt first, the yam flours were treated according to
properties of starch samples were obtained usinthe modified method described byaba et al,
scanning electron microscope (SEM), x-ray(2005). One hundred grandsied yam flours was
powder diffractometer (XRD), differential suspended in 1 L distilled water in a reaction pot
scanning calorimeter (DSC) and Brabendeand the pH value was adjusted with 0.1 M NaOH
viscograph. With the obtained results, it would béo about 9.0. Then the starch suspension was
possible to precisely evaluate the availability andhcubated in a water bath at 40 °C with a working
provide sufficient parameters to make full use othurn and kept at constant temperature for 4 h.
yam residue. After that, the suspension was centrifuged at 3000
r/min for 10 min. The supernatant was spilled and
the solid layer was resuspended in distilled water.
MATERIAL AND METHODS The following steps were the same as the method
mentioned in the preparation of starch-O.
Reagents and materials
The yam flours were received from WanxiPreparation of starch isolated from the yam
Medicine Co., Ltd. (Henan, China), which wereresidue treated with enzyme (starch-E)
made by milling the dried yam slices with aAt first, the dried yam flours were treated
hammer mill and then sieving under laboratoryfollowing the method described by Zhao et al.,
sieve of 60Qum aperture size. (2009). One hundred granisied yam flour and
For yam residues treated with alkali, the proximat@000 U alkali proteinase were suspended in 1 L
composition % on dry weight basis was found tdlistilled water in a reaction pot and the pH value
be 92.0 starch, 2.6 protein, 0.6 fat, 2.5 fiber an#vas adjusted with 1 M N&GO; to 9.5. Then the
2.3 ash. For the yam residues treated with enzymgyspension was incubated in a water bath at 45 °C
the proximate composition on % dry weight basigvith a working churn and kept at constant
was as follows: 93.3 starch, 1.4 protein, 0.528, temperature for 1.5 h. After that, the suspension
fiber and 2.5 ash. was centrifuged at 3000 r/min for 15 min. The
The alkaline proteinase (140000 U/g) wassupernatant was spilled and the solid layer was

provided by Novozymes Enzyme Co. (Tianjin,resuspended in distilled water. The following steps
China). were the same as the method mentioned in the

preparation of starch-O.
Preparation of yam starch using ordinary
method (starch-O) Determination of amylose content
The native starch was isolated following theThe apparent amylose contents were determined
method described by Warg al (2006). The yam by the amylose—iodine complex procedure with
flour was washed and sieved with a 160 mesh modification (Fathaet al, 1999). The results were
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obtained using a spectrophotometer (ShimadzMorphological Properties
UV-1700, Tokyo, Japan). The starch sample oThe dried yam starch samples were mounted on a
0.1000 g was suspended in a solution containingdlass board covered with double-side tape and
mL 99% (v/v) ethanol and 9 mL of 1 M NaOH andgilded with gold in a Polaron E-5200 coating unit
heated in a water bath of 95 °C for 10 min. TherfPolaron equipment, Watford, England). Then the
the starch solution was diluted with deionizedprepared starch granule morphology was studied
water to 100 mL. Five milliliter of the solution using Philips XL-30 ESEM scanning electron
was transferred into 100 mL flask, and 50 mLmicroscope (Philips, Eindhoven, Holland). These
deionized water and 1 mL iodine solution wasmages of samples were received at 20.0 kV
transferred at the same time. After that the volumaccelerating voltage and magnified 500 times.
was made up to 100 mL with deionized water.
Five milliliter of 0.09 M NaOH solution was X-ray diffractometry
transferred into another flask as a blank. Then th&he structures of starch samples were carried out
value of absorbance was obtained at 620 nm. Th&sing wide-angle X-ray diffraction. They were
experiments were performed in triplicate. recorded with a Rigaku D/max 2500 X-ray powder

diffractometer (Rigaku, Tokyo, Japan). These
Determination of water-binding capacity dried powder samples were scanned using Gu K
(WBC) radiation § = 1.54056A) at 40 kV and 150 mA.
WBC of samples was determined using thé&he scanning region of the angle$)(#%as from 3
method of Yamazaki (1953), as modified byto 50° at a scanning speed of 6 °/min. The scan
Medcalf and Gilles (1965). A suspension of 5 gsteps size of 0.02 were used with a dwell time of
starch (dry weight) in 75 mL distilled water was0.2 s. The degree of crystallinity of the samples
agitated at 25 °C for 1 h and centrifuged at 300@vas quantitatively estimated following the method
r/min for 10 min. The free water was removedof Nara and Komiy (1983).
from wet starch, drained for 10 min and wet starch
was weighed. DSC

Thermal characteristics of starch samples were
Determination of swelling power and solubility ~ studied by using a differential scanning
The value of swelling power and solubility werecalorimeter (NETZSCH, Germany) equipped with
determined according to the method of Yeaml, a thermal analysis station. Each of the starch
(2007). Fifty milliliter of 2% (w/w) starch (dry samples (3.5 mg, dry weight) was loaded into an
basis) suspension was prepared and measurg@iminium pan (Mettler, ME-27331) and distilled
exactly. Then the starch suspension was incubateghter was added with the help of a Hamilton
in a water bath at different temperatures fromd5 tmicrosyringe to achieve a starch—water suspension
95 °C with a working churn and kept at constantontaining 70% water. These pans were
temperature for 30 min. Subsequently, the samplgermetically sealed, equilibrated at room
was cooled at room temperature and put inteemperature for 1 h and heated from 20 to 120 °C
centrifuge tubes with cap. Then these tubes weegt a heating rate of 10 °C/min. The melting
centrifuged at 3000 r/min for 20 min. The enthalpy and the temperature axis were calibrated
supernatant was dried at a convection oven &ith indium. Each test was carried out with an
50 °C, and then the sediment weight and soli@gmpty pan as a reference and the onset
content of the supernatant were weighed. Thgemperature of gelatinizationT4), the peak
equations of solubility and swelling power are asemperatureT;), the gelatinization temperature at

fellows: conclusion Ty, and melting enthalpyAH) were
Solubility (S) (%) A 1000 recorded. The range of gelatinization temperature
w Px100 b (R) was computed a3 {- T,) and the peak height
Swelli % = i i
welling power ( O)EW(100— S) w- %00) index (PHI) was calculated as the ratidH/

(Tp - To) (Krueger et al, 1987; Vasanthan and

WhereA refers to solid content of the supernatantBhatty’ 1996).

W refers to the dry weight of starch samplPs;
refers to the sediment weight.
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Determination of Pasting Properties ordinary method and starches separated from the
The pasting properties of the samples wergam residues were obtained by using a
measured using a Brabender Viscograph-Epectrophotometer. Significant differences in the
Measurement and Control Systems (Brabendemmylose contents were observed (Table 1). On dry
OHG, Duisburg, Germany). Thirty grams (dryweight basis, the starch-O had the highest apparent
basis) of starch sample and 470 mL of distillecamylose content (22.17%) while the starch-E had
water (6%) were mixed and transferred into theéhe lowest apparent amylose content (19.47%).
cup of Brabender viscograph. The starchThe lower amylose content of the starches
suspension was heated from 35 to 95 °C atbtained from alkali and enzyme treated residues
1.5 °C /min and kept for 30 min at 95 °C, then itcould be due to the mild hydrolysis of amylose in
was cooled down to 50 °C at a rate of 1.5 °C /mirthe solutions of high pH value.
and held at 50 °C for 30 min. Then pasting cures
were evaluated for the peak viscosity (PV), hoWater-Binding Capacity (WBC)
paste viscosity at 95 °C (HPV), viscosity at 50 °CTable 1 showed that the WBC of starch samples
(CPV), breakdown viscosity (BV) and setbackwas slightly different, lowest for the starch-E and
viscosity (SV). highest for the starch-O. High WBC of starches
could be attributed to the involvement of a less
proportion of the hydroxyl groups in forming the

RESULTS AND DISCUSSION hydrogen and covalent bonds between starch
chains than with water (Hoover and Sosulski,
Amylose content 1986).

The amylose contents of yam starch obtained with

Table 1- Water-binding capacity, amylose content, and ee@f crystallinity of starch-O, starch-A and stake

Samples WBC (%) Amylose content (%) Degree of cryallinity (%)
Starch-O 129.37+2.31 22.17+0.63 23.70+£1.64
Starch-A 126.14+1.87 20.76+0.47 26.88+1.76
Starch-E 117.43£2.79 19.47+0.72 27.12+2.21
Swelling Power and Solubility to 80 °C, whereas the starch-O dissolved best from

Fig. 1 showed that the swelling power of three85 to 95 °C. The swelling power and solubility of
different samples were slightly different and thesamples increased obviously as the temperature
starch-O always had the highest swelling powelincreased, but the differences among different
followed by the starch-A. The swelling power ofsamples in the same temperature were
starch has been reported to depend on the waténdistinctive. This indicated that two different
binding capacity of starch molecules by hydrogertreatments had little influence on yam starch due
bonding (Lee and Osman, 1991). Fig. 2 showetb its stable granule structure.

that the starch-A had the highest solubility frobn 6
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Figure 1 - Swelling power profiles of native yam starch, dilk@ated starch and enzyme treated starch.
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Figure 2 - Solubility profiles of native yam starch, alk&ieated starch and enzyme treated starch.

Starch Granule Morphology the Fig. 4, the peaks at around the 5.6 and 17.0° o
The granule shape, size and morphology 026 were characteristic of B-type pattern. The other
samples are shown in Fig. 3. The SEMs of threwo peaks at 14.8 and 23.1° df @ere indicative
starch samples showed the presence of staroi the A-type pattern. Thus, the three starches
granules, from small to large and round orseparated from the yam with different treatments
cuboidal to oval or irregular, with diameter rangesvere classified as C-type, which was a mixture of
between 5~20 and 20~5%0n for small and large A and B types.

granules, respectively. Also, the surface of th&he degrees of crystallinity of three starch samsple
starch granules of three samples all appeared to bee shown in Table 1. Generally speaking, the
smooth with no evidence of any fissures. Thiglegree of crystallinity of starch is depending tn i
indicated that the alkali and enzyme treatmentamylose content. The higher the amylose content,
had little impact on the granule surface of yanthe lower is the degree of crystallinity of starch.

starch. The starch-O had the highest amylose content and
the lowest degree of crystallinity while the starch
X-ray diffractometry E showed the lowest amylose content and highest

The crystal characterizations of starch granuledegree of crystallinity.

have often been carried out using X-ray diffraction

patterns, which have been classified as A, B or Oifferential Scanning Calorimetry

pattern. According to the current models of starclstarch gelatinization was characterized by DSC
granule, parallel double amylopectin moleculedbecause of its accuracy. As known from the
result in the formation of crystalline regions, lehi literature (Biliaderiset al, 1980), starch granule is
amylose molecules result in the formation ofa semi-crystalline entity. When heated with steam
amorphous regions in the starch structur@ swells and an endothermic process is noted. At
(Cheetham and Tao, 1998). The X-raythe same time, the order of crystallinity becomes
diffractograms of the three starch samples ardisordered. The results of DSC analysis of starch
presented in Fig. 4. The corresponding degree shimples are summarized in Table 2. The transition
crystallinity calculated from the ratio of diffragh  temperatures T,, T,, and T, range T.To),
peak area and total diffraction area are shown ienthalpies of gelatinizatiomHgye) and peak height
Table 1. The diffraction spectra showed fourindices (PHI) of starches isolated with the three
strong diffraction peaks at 5.6, 14.8, 17.0 andiifferent methods differed significantly.

23.1° of B. Of all the diffraction peaks showed in
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Figure 3 - Scanning electron micrographs of three starchpsesn(a) native starch, (b) alkali treated
starch, and (c) enzyme treated starch.
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Figure 4 - X-ray diffraction of the three starch samples) i(ative starch, (b) alkali treated starch,
and (c) enzyme treated starch.

Table 2 -Thermal properties of native yam starch, alkaktee starch and enzyme treated starch.

Samples T,2(°C) T,°(°C) T.°(°C)  AHge (/) PHI® R
Native starch 70.11 79.23 84.30 10.54 1.16 14.19
Alkali treated starch 72.57 81.74 85.42 11.96 1.30 12.85
Enzyme treated starch 73.64 81.13 86.65 12.04 1.61 13.01

*T,= onset temperatur@l’p = peak temperatur€&l, = conclusion temperatun’émHga = gelatinization enthalpyPHI = peak
height indexAHge/(T—To). 'R = range of gelatinization temperatute-{T,)
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Compared with other starches, the starch-Hetermined by Brabender Viscograph are
showed the highest gelatinization temperatlie ( presented in Table 3. The pasting temperature
T, To) what indicated that it had a higher level of(PT), peak viscosity (PV), hot-pasting viscosity
crystallinity, while the starch-O had the lowest(HPV), cool-pasting viscosity (CPV), setback
gelatinization temperature which could be due tweiscosity (SV) and breakdown viscosity (BV) of
the lowest degree of crystallinity of its granulesthe three starches differed significantly. The
(Tester and Morrison, 1990). The starch-E showestarch-E had the highest PT (83.6 °C) and the
the highestAHy, value (12.04 J/g), followed by lowest PV (119 BU), while the starch-O had the
the starch-A (11.96 J/g), while it was lower foe th lowest PT (81.1 °C) and the highest PV (221 BU).
starch-O (10.54 J/g). Previous study has postulatéithe higher degree of crystallinity of starch-E was
that the increasingAHg, value indicates the probably responsible for the higher PT. The
decreasing amylose content of the three starchescosity of starch-O decreased from 221 to 175
(louchi et al, 1984). The starch-O had the highesBU during the holding period, whereas the other
R value, while the starch-A had the minimumstarch samples did not display much shear
value. The differences in R value among the starchinning. The CPVs increased after cooling down
samples could be due to the presence of crystalliand the increased CPVs indicated that the paste
regions of different strength in the granules (Bankcould be more resistant to shearing and could form
and Greenwood, 1975). PHI is a measure o more rigid gel (Zhanget al, 2005), which
uniformity in gelatinization and is the ratio of suggested a  pronounced tendency to
AHge to the gelatinization temperatures range. PHietrogradation. Setback is defined as the degree of
of starch-E was the highest, whereas that of starche-association between the starch molecules
A was the lowest. These different thermalinvolving amylose (Charlest al, 2004). The SVs
properties could be attributed to the effect obllk of starch-O, starch-A and starch-E were 26 BU, 29
and enzyme treatments on the amylopectiBU and 28 BU, respectively, being slightly
content, the degree of crystallinity and thedifferent. The starch-O showed the highest BV (46
presence of crystalline regions of different stteng BU), followed by the starch-A (6 BU), while it
in the granules of starch samples (Singh andas lower for the starch-E. Higher BV suggests

Singh, 2001). that the sample has undergone a higher degree of
swelling and subsequent disintegration (Abera and

Determination of pasting properties Sudip, 2003), and the evidence is received from

The pasting properties of starch sampleshe highest swelling power of native starch (Fig.
1).

Table 3 - Pasting properties of native yam starch, alikekited starch and enzyme treated starch.

Sample PT(°C) PV*(BU) HPV‘(BU) CPV®(BU) SV (BU) BV?(BU)
Native starch 81.1 221 175 202 26 46
Alkali treated starch 82.4 127 121 150 29 6
Enzyme treated starch 83.6 119 115 144 28 4

A/alues were means of three determinations (n =°R). = pasting temperaturéPV = peak viscosity"HPV = hot-paste

viscosity.°CPV = cool-paste viscosit{SV = setback viscosityBV = breakdown viscosity.
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CONCLUSIONS Banks, W. and Greenwood, C. T. (197S)arch and its
componentsEdinburgh University Press, Edinburgh,

. . K.
The sarche_s separated from Chinese yam r_e_S|d %aderis, C. G., Maurice, T. J. and Vose, J. Ra§0),
after the d_lfferent tr_eatment_s showed S|gn|f|_can Starch  gelatinization phenomena  studied by
changes in physicochemical, morphological, gifterential scanning calorimetrydournal of Food
thermal, crystal and pasting properties. The starchsgience4s, 1669-1674.
O had the highest amylose content, while th&harles, A. L., Chang, Y. H.; Ko, W. C., Sriroth, &d
starch-E had the lowest level of amylose. TheHuang, T. C. (2004), Some physical and chemical
three different starch samples showed differentproperties of starch isolates of Cassava genotypes.
water-binding capacities, swelling powers and Starch/Starke56, 413-418. _
solubility. The surfaces of the starch-A and starchCheetham, N. W. H. and Tao, L. (1998), Solid state
E were as smooth as starch-O granules. Thid\MR s.tudles on the strL_JcturaI and conformational
indicated that the yam starch isolated from yamproperues of natural maize starche&arbohydrate

id Id also b d terial of Polymers 36, 277-284.
residue could also be used as a material or ma that, I. A. Tunde, O. and Roger, N. J. (1999),

products such as porous starch. The starch-E hagyaracterization of starches from West African Yam.
the higher degree of crystallinity as well as the journal of the Science of Food and Agricultu7®,
higher gelatinization temperature and enthalpy.2106-2111.

However, the starch-O had the lower degree dfiaba, P. F., Ding, X. L. and Zhang, L. F. (2005),
crystallinity as well as the lower gelatinization Protein concentrate and starch from polished rice:
temperatures and enthalpy. The crystal type of thepreparation and characterizatidhood Research and
three starches was a C-type pattern. BrabendepPevelopment26, 12-15.

viscosities showed that the peak viscosity an§l00Ver. R. and Sosulski, F. (1986), Effect of cross
breakdown viscosity of starches obtained from thel"King on functionalproperties of legume starches.

. ) . Starch/Starke38, 149-155.
yam residues treated with alkali and enzyme werg ."'\ ciover D. V Sugimoto, Y. and Fuwa, H

lower than those of native starch. The pasting(19g4), Developmental changes in starch propesfies
temperatures of starch-O, starch-A and starch-Eseyeral endosperm mutants of maigarch/Starke
were 81.1, 824 and 83.6 °C, respectively.36, 8-12.

Although many properties of starches obtaine®emiate, I. M., Oetterer, M., Wosiacki, G.(2001),
from two different yam residues showed Characterization of Chestnut (Castanea sativa,) Mill
significant differences to the native starch, the Starch for Industrial UtilizationBrazilian Archives of
basic structure of starch granules was not changedBiology and Technologyt4, 69-78.

which indicated that these starches could also H%\‘/’eger’ B. R., Knutson, C. A, Inglett, G. E., and

used instead of native yam starch available /2K C. E. (1987), A differential canning
commercially. calorimetry study on the effect of annealing on

gelatinization behavior of corn starclaurnal of Food
Scienceb52, 715-718.
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