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ABSTRACT

African yambean native starch was acetylated in presence of increasing concentration of SO2, to prepare
different degrees of acetylated African yambean starches. Highly and slightly oxidized African yambean
starches were also prepared. The swelling, solubility,  gelating, pasting and gelatinization characteristics of the
starches were evaluated. Oxidation led to decrease in the swelling while acetylation caused an increase in the
swelling ability of the starch. Slightly oxidized starch had lower solubility than native starch while the highly
oxidized starch and all acetylated starches had higher solubility than the native African yambean starch. Least
gelation concentration decreased on acetylation and rigorous oxidation of the starch. Slight oxidation increased
the pasting temperature (Tp) and peak viscosity (Pv) while a more rigorous oxidation and acetylation reduced
the Tp and Pv as demonstrated by using the viscoAmylograph. The higher the degree of acetylation, the further
the reduction observed. Cold paste viscosity and setback values of all the modified starches were lower to that
of the native. Differential scanning calorimetry showed that slightly oxidized starch and acetylation had reduced
gelatinization temperature and enthalpy of gelatinization.
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Introduction

Researchers in academia and industry alike have focused their efforts in last 100 years towards unraveling
the mysteries of starch and enhancing its application with the help of chemical modification (Alavi, 2003) and
because of this, starch has ceased to be just a source of energy as it now finds various other applications in
both food and non food areas. Starch modification involves the alteration of the physical and chemical
characteristics of the native starch to improve its functional characteristics. Such modification can be used to
tailor starches to a particular process (Hermansson and Svegmark, 1996). Modified starches such as crosslinked
starch, substituted starch, acid hydrolysed starch and pregelatinised starch have several functional uses as
viscosity modifiers, thickeners, texture enhancement and flavour encapsulation agents, in a host of products
including sauces, bakery and diary products and confectionery.

African yambean is an underutilized legume that is commonly grown in mixed association with yam and
cassava in Nigeria. Past research efforts (Eke and Akbondu, 1993; Oshodi et al., 1995; Adeyeye, 1997) have
revealed that the flour of African yambean is composed mainly of 18-25% protein and 58-63% carbohydrate,
starch being the major carbohydrate reserve. In order to enhance the industrial utilization of African yambean
and hence increase cultivation of the legume, we have recently studied the composition and physicochemical
characteristics of the physically modified African yambean starch (Akintayo, Unpublished work). In this paper,
we shall be reporting the effect of some chemical modification (oxidation and acetylation) on the proximate
composition, swelling and solubility, gelation capacity, pasting properties and gelatinization properties of the
African yambean starch.



197Adv. in Nat. Appl. Sci., 3(2): 196-203, 2009

Materials and Methods

Collection of seeds:

White coat African yambean seeds were purchased from Erekesan market in Ado-Ekiti, Ekiti-state, Nigeria.
The seeds were screened to remove the defective ones and stones.

Isolation of Starch:

1kg of the non defective seeds was soaked overnight in 4L of 0.5% NaOH solution. The seeds were
dehulled manually. The softened dehulled seeds were wet milled in a Warring blender at low speed with ice
cold 1% NaOH. The slurry obtained was re-suspended in 5L of distilled water and pH was adjusted to 8.0
using 0.5M NaOH while stirring. The mixture was centrifuged, cake re-slurried in water and slurry screened
using 75µm screen to remove fibre. The starch obtained was washed twice with distilled water and air dried
at room temperature.

Preparation of Oxidized Starch:

Oxidized starch was prepared according to the method of Wang and Wang, (2003) with some
modifications. A 35% starch slurry was prepared by adding 186ml de-ionised water to 100g of starch (dry
basis) and the starch slurry was maintained at 350C and pH adjusted to 9.5 using 2M NaOH.

10g of sodium hypochlorite (1.0g active chlorine/100g of starch) equivalent to 0.5% active chlorine (w/w)
was slowly added to the slurry over a period of 30min while maintaining a pH range 9-9.5. After addition of
NaOCl, the pH of the slurry was maintained at 9.5 with 1M NaOH for additional 50min. The slurry was then
adjusted to pH 7.0 with 1M H2SO4, filtered by suction using Buchner Filter funnel (Whatman filter no 4),
washed with two fold volume de-ionised water and dried in a convection oven at 40C to constant weight.
Starch obtained was labeled oxAYBS*. The above procedure was repeated except that 30g of NaOCl (3.0g
active chlorine/100g starch) and equivalent to 1.5% active chlorine (w/w) was added. The starch obtained was
labeled oxAYBS**

Preparation of Acetylated Starch:

Different degrees of acetylated starch were prepared as described by Golachowski (2003), but with some
modifications. To three separate 1000ml beakers were added 500ml distilled, de-ionised water and 100g of
starch each. Mixture stirred to obtain smooth slurry. To two of the beakers was added 0.05 and0.2ml of 1M
sodium bisulphite solution respectively. Now to the three beakers separately, 26.2cm3 of acetic anhydride was
added at a constant rate of 1cm3/min while maintaining the pH of the slurry in the range 8.0-8.5 using 1M
NaOH. Stirring was continued for 10min after the addition of acetic anhydride. The pH of the slurry was then
adjusted to 5.5 using 0.5MHCl. The acetylated starch was separated on a funnel and washed with distilled
water so as to remove residues of the reagents. The starch was dried at room temperature. Starch acetylated
without sodium sulphite was labeled acAYBS+. Starch acetylated with addition of 0.05ml and 0.2ml 1M sodium
bisulphite were labeled acAYBS++ and acAYBS+++ respectively.

Determination of Carbonyl and Carboxyl Group Contents:

The carbonyl group and carboxyl group contents of the oxidized starch were determined as described by
Kuakpeton and Wang, (2001).

Determination of Percentage Acetylation:

10g of the acetylated starch was dispersed in 65ml of distilled water and mixture neutralized by adding
few drops of 0.01M NaOH in the presence of phenolphthalein indicator until a pale pink colour was
maintained for approximately 1 min. To this solution was added 25ml of 0.5M NaOH solution while stirring.
Solution stirred further for 30min after complete addition of NaOH. The resultant mixture was titrated with
0.5M HCl. The degree of acetylation was calculated according to Wurzbug, (1968); 

Degree of acetylation (%) = (25-x) 0.043 x 0.5 x 100
   ))))))))))))))))))

                                               a
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where x  = amount of 0.5M HCl used for titration of sample
        a  = weight of starch of starch (dry basis)

Proximate Composition:

Standard association of Official Analytical Chemists methods AOAC (1996) were adopted for estimating
the moisture, ash, crude fibre, protein and fat contents of the samples.

Functional Properties:
Swelling and Solubility:

The swelling and solubility patterns were determined as described by Sathe and Salunkhe, (1981). 40ml
of a 1% starch suspension (w/v) was prepared in a previously weighed tared 50ml centrifuge tube. A magnetic
agitator was placed in the tube and it was kept at constant temperature (60, 70, 80 or 900C) in a water bath
for 30min. The suspension was then centrifuged, the supernatant decanted and swollen granules weighed. 10ml
of the supernatant were dried in an air convection oven at 1200C. The residue obtained on drying the
supernatant represented the amount of starch solubilised in water.

Gelation Capacity:

Appropriate sample suspensions of 2,4,8,10,12 and 14 (w/v) were prepared in 5ml distilled water. The test
tubes containing these suspensions were heated for 1h in a boiling water bath followed by rapid cooling under
running cold tap water. The test tubes were then further cooled for 24h at 40C. The least gelation concentration
was determined as that concentration when sample from the inverted tube did not fall or slip.

DSC Measurements:
Thermal characteristics of the starches were studied using differential scanning calorimeter 821e (Mettler

Toledo, Switzerland) equipped with a thermal analysis data station. Starch (3.0mg dwb) was loaded into a 40µl
capacity aluminium pan (Mettler, ME 27331) and distilled water (11µl) was added with the help of Hermilton
syringe. Samples were hermetically sealed, reweighed and kept at 30 ± 20C for 24h to ensure equilibration of
starch sample and water. The samples were scanned at a rate of 100C from 20 to 1000C while using an empty
pan as reference. Onset temperature (To), peak temperature (Tp), conclusion temperature (Tc) and enthalpy of
gelatinization ( H, J/g) were determined. Each experiment was replicated in duplicate.

Pasting Properties:

A Brabender viscoAmylograph (model VA-V) equipped with a 700cm catridge was used to study pasting
properties. The aqueous starch suspension (8% starch solids) was heated from 500C to 950C, kept at this
temperature for 30 min, then cooled to 500C and held at this temperature for 1 minute. The speed of the rotor
was fixed at 75rpm and the heating as well as cooling rate was 1.5 min-1 throughout the range of heating,
holding and cooling stage.

Results and Discussion

Discussion:

Golachowski, (2003) observed  reduction in the degree of acetylation of native potato starch in the
presence of sodium bisulphite solution and had advised manufacturers of acetylated starch that, since sodium
bisulphite (a source of SO2) is usually added during technological process of native starch, it is important to
know the SO2 contents of such native starch, if it would be used further  in preparing acetylated starch and
that such SO2 treated starch milk should be washed with water in order to reduce its SO2 contents prior to
acetylation.

Rather than seeing the SO2 as a problem to the manufacturer of acetylated starches, we thought it might
be an advantage in preparation of acetylated starches with different degrees of acetyl groups. The usual method
of preparing different degrees of acetylated starch has been to increase the amount of acetic anhydride used
on the starch in a particular pH range and temperature (Wurzburg, 1964). In this work, we prepared three
kinds of acetylated starches by adding 0, 0.05 and 0.2ml 1M sodium bisulphite to 100g of native African
yambean starch prior to the addition of fixed quantity of acetic anhydride. The concentrations of sodium
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bisulphate added, expressed as mg SO2 per 100g of starch were 0, 320 and 1280 respectively. The percentage
acetyl group in the different acetylated starches was determined and found to be 3.8, 1.2 and 0.5 respectively.
Our results thus corroborate Golachowski, (2003) observation on potato starch that increase in concentration
of SO2 content in native starch decreases the extent of acetylation.

The carboxyl and carbonyl contents of the oxidized starches are indicated in Table1. The higher the active
chlorine concentration, the higher were the carbonyl and carboxyl content of the oxidized starches. The increase
was much higher for carboxyl content than carbonyl content because oxidation conducted in an alkaline
condition, pH 9.5 and by hypochlorite promoted the production of carboxyl groups (Wang and Wang, 2003).

Proximate Composition:

The proximate composition of the native, acetylated and oxidized starches is presented in Table 1.0.
Acetylation and oxidation did not cause significant changes in the derivatives composition compared with the
native starch. Moisture content reduced slightly on modification in the order nAYBS > acAYBS+ > acAYBS++

> acAYBS+++ > oxAYBS* > oxAYBS**. The small percentage ash content in the native starch was no longer
detectable in the modified starches. This may be due to the capability of the chemical reagents used in
modifying the starch to solubilize the minerals.

Physicochemical Properties:

Swelling power and solubility of the starches are presented in Fig 1. Increase in temperature caused an
increase in the swelling power and solubility of all the starches. This results agree with the previous
observations of Adebowale, etal., (2002); Gebre-mariam and Schmidt, (1996) and Lawal, O.S., (2004). The
swelling power of all the oxidized starches was lower than that of the native starch at all temperatures. This
reduction in swelling may be attributed to structural disintegration within the starch granules on oxidation.
oxAYBS** with higher carboxyl content i.e. higher degree of oxidation had lower swelling compared to
oxAYBS*. All the acetylated starches had higher swelling power than the native starch which in turn had
higher swelling power than the oxidized starch at all temperatures. The higher the percentage of acetyl groups
on the starch, the higher the percentage swelling observed. This result supports the fact that the introduction
of acetyl groups which are hydrophilic allow the retention of water molecules because of their ability to form
hydrogen bonds. This therefore ensures high retention of water that enters the granule thereby increasing the
swelling power (Betancour, et al., 1997). It may also be reasoned that introduction of acetyl groups into the
starch granules reduces intermolecular associations in the starch granules and this reduces structural limitations
against swelling.

The water solubility of oxAYBS* is lower than that of native starch at all temperatures while the solubility
of oxAYBS** is much higher than the native at all temperatures. Generally solubility of starch has been
reported to increase on oxidation due to oxidative degradation of the starch granules (Autio et al., 1992;
Parovuori, et al., 1995; Adebowale et al., 2002). The low water solubility of the oxAYBS* which is slightly
oxidized starch may be explained as due to the formation of crosslinks in slightly oxidized starch. Seib, (1997)
suggested that aldehyde groups initially generated by low levels of oxidant formed hemiacetal cross links in
oxidized starch, which stabilized the swelling of starch granules and also reduced its solubility as the crosslinks
would prevent the amylopectin molecules from leaching out (Wang and Wang, 2003). Similar results were
obtained for slightly oxidized potato starch (Wang and Wang, 2003). However at high level of oxidation the
oxAYBS** had much increased water solubility compared to the nAYBS, presumably due to depolymerization
of both amylose nd amylopectin and structural weakening of the starch granule as a whole. All the acetylated
starches had increased solubility over the native starch. This may be attributed to the increased hydrophillicity
of the starch on acetylation. The increase in solubility was most significant between 700C-900C. Similar results
have been reported for canavalia (Betancour-Ancona, etal., 1997), wheat (Whootton and Bamunuarachchi,
1979), and Great Northern bean (Sathe et al., 1981) starches.

Table 2 presents the results of the least gelation concentration of the native, oxidized and acetylated
starches. The lowest concentration for gelation (LGC) of the nAYBS was 6% (w/v). On oxidation and
acetylation, the LGC increased to higher concentrations. Introduction of carbonyl and acetyl groups would
cause inter-molecular repulsion in the starch gel and this accounts for the weaker gels observed on oxidation
and acetylation. The slightly oxidized starch, oxAYBS has the same LGC as the native starch presumably due
to the possibility of formation of crosslinks in the slightly oxidized starch.
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Fig. 1.0: Swelling power of native, oxidised and acetylated Africanyambean starches

Fig. 2.0: Solubility of native, oxidized and acetylated African yambean starches.

Table 1: Chemical composition of native, oxidized and acetylated African yambean starches
Starch Moisture Crude fat Crude fibre Crude protein Ash Amylose
nAYBS 10.50±1.02 0.08±0.04 0.09±0.01 0.54±0.10 0.17±0.11 35.0±1.0
AcAYBS+ 9.80±1.00 0.07±0.01 0.08±0.02 0.52±0.12 Nd 34.2±1.2
ACAYBS++ 9.58±1.00 0.07±0.01 0.08±0.02 0.50±0.10 Nd 33.8±1.2
acAYBS+++ 9.50±1.01 0.06±0.01 0.09±0.01 0.50±0.10 Nd 33.2±1.1
oxAYBS* 9.35±1.10 0.08±0.02 0.08±0.02 0.50±0.10 Nd 31.0±1.4
oxAYBS** 9.30±1.20 0.08±0.02 0.08±0.02 0.51±0.10 Nd 31.5±1.5
All values are means of duplicate determination ± standard deviation.
nAYBS, native African yambean starch; acAYBS, acetylated African yambean starch; oxAYBS, oxidised African yambean starch.
+   Percent acetylation = 3.8
++  Percent acetylation = 1.2
+++ Percent acetylation = 0.5
*   Percent carbonyl = 0.020 ; carboxyl = 0.15
** Percent carbonyl = 0.036 ; carbonyl = 0.15
Nd = not detected

Table 2: Gelation capacity of African yambean native, oxidised and acetylated starches
Sample concentration (%) nAYBS acAYBS+ acAYBS++ acAYBS+++ oxAYBS* oxAYBS**
2 -Viscous - Viscous -Viscous -Viscous -Viscous -Viscous
4 -Viscous -Viscous -Viscous -Viscous -Viscous -Viscous
6 + Gel -Viscous -Viscous -Viscous + Gel -Viscous
8 + Gel + Gel -Viscous -Viscous + Gel -Viscous
10 gel +Firm + Gel + Gel + Gel + Gel + Gel
12 gel +Firm  + Gel +Firm gel + Gel + Gel + Gel
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Table 3: Pasting properties of African yambean native, oxidised and acetylated starches
Tp(0C) Vp(BU) Hv(BU) Vr(BU) Ve(BU) Ve-Vr(BU) Ve-Vp(BU) Vp-Vr (BU)

nAYBS 75 240 220 190 340 150 100 50
acAYBS+ 74.2 255 245 210 302 92 47 45
acAYBS++ 73.4 250 238 210 303 93 53 40
acAYBS+++ 71.2 235 225 203 303 100 68 32
oxAYBS* 70 250 235 225 318 93 68 25
oxAYBS** 66 180 210 200 245 45 65 20
Tp: initial pasting temperature; Vp: peak viscosity; Hv: hot paste viscosity at 950C; Vr: viscosity after 30min holding at 950C; Ve: cold
paste viscosity at 500C; IG: index of gelatinization = Ve-Vr; SB: setback value = Ve-Vp; BD: breakdown = Vp-Vr;  
BU: Brabender Unit

Table 4: Thermal Properties of African yambean native, oxidised and acetylated starches.
 To (0C) Tp (0C) Tc (0C) Tc-To  H (J/g)

nAYBS     67     70     76     9   3.60
acAYBS+    65.8     68.0     74.2     8.4   3.5
acAYBS++    66.0     68.4     75.0     9.0   3.52
acAYBS+++    66.6     69.0     75.4     8.8   3.58
oxAYBS*    67.5     71     76.6     9.1   3.6
oxAYBS**    65     69.2     75.2    10.2   3.55
To: onset temperature; Tp: peak temperature; Tc: concluding temperature;  H: enthalpy of gelatinisation

Pasting Properties:

The pasting properties of the native, oxidised and acetylated starches are presented in Table 3. The initial
pasting temperatures (Tg) of the oxidized starches were lower (oxAYBS*, 700C and oxAYBS**, 660C) than
that of native starch (750C). Most native legume starches exhibit initial pasting temperature in the region 65-
870C (Hoover, et al.,1993) hence the Tg observed for nAYBS is comparable with those of other legumes.
Acetylation also reduced the Tg of nAYBS and the Tg diminished further as the percentage acetyl group
increased. The decreased Tg on modification of starch was due to weakening or scission of the D-glucosidic
bonds during the modification process. The carbonyl, carboxyl or acetyl groups by their voluminous nature
caused a disorganization of the intra-granular structure and caused a reduction of associative forces in the
amorphous regions of starch granules and disorganized the intra and inter-molecular hydrogen bonds that
stabilized the starch structure (Gonzalez and Perez, 2002).

The peak viscosities of oxAYBS** (180 BU) was lower than that of the native starch (240 BU). This
result agrees with previous reports, ( Potze and Hiemstra, 1963, Hebeish et al.,1989; Adebowale, et.al. 2002).
The observed decrease could be attributed to the partial cleavage of the glucosidic linkages due to extensive
oxidation. The partially degraded network was not resistant to shear, hence could not maintain the integrity
of  the starch granule which therefore resulted in lower viscosity. The peak viscosity of the slightly oxidized
starch however was higher (250 BU) than that of the native (240 BU). Farley and Hixon, (1942) rationalized
that slightly oxidized starch granules can swell to a higher degree than the unmodified starch because of their
higher hydration capacity from introduction of the carboxyl groups, resulting in a higher viscosity. This
observation also supports the decreased solubility observed for oxAYBS* which has been attributed to
formation of crosslinks by hemiacetals that may be formed by low levels of oxidants. Such crosslinks would
prevent leaching out of amylopectin and this may contribute to increased viscosity.

Normally acetylation of starch should lead to a reduction in paste viscosity (Jarowenko, 1986;  Rutenberg
& Solarek, 1984). Agboola, et al., (1991) also stated that the viscosity of acetylated starch can be increased
or decreased depending on the starch source and esterification method. In African yambean starch, acetylation
induced both a decrease and an increase in paste viscosity depending on the percentage of acetyl group in the
starch. At high degree of acetylation, paste viscosity of starch increased. This increase in viscosity has been
suggested to be due to the ability of the introduced acetyl groups to facilitate the capture and retention of water
molecules and the development of more organized structure which show higher resistance to deformation
(Betancour-Ancona et al., 1997). Similar results were observed by Sathe and Salunkhe, (1981), for Phaseolus
vulgaris L starch; Betancour.Ancona, et al., (1987) for canavalia starch and Agboola et al., (1991) for cassava
starch. At low degree of acetylation, (acAYBS+++); paste viscosity decreased. Acetylation has been recognized
to influence the interactions between starch chains through three possible mechanisms (i) by simple steric
hindrance preventing close association of chains to allow formation of hydrogen bonds (ii) by altering the
hydrophilicity of the starch and thus affecting bonding with water molecules or (iii) by participation of the
acetyl groups in improved hydrogen bonding with other starch chains (Liu, et al., 1997). The observed effect
of reduction in paste viscosity at low degree of acetylating is consistent with prevention of close association
of chains due to steric hindrance effect of the acetyl groups.
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On oxidation and acetylation of nAYBS, the setback values decreased. Setback is largely determined by
the affinity of the hydroxyl groups of one molecule to another. The amylose molecule being randomly
dispersed can orient themselves in parallel fashion to form aggregates of low solubility leading to gel
formation. On oxidation or acetylation of the native starch, carboxyl or acetyl substituent groups are introduced
and being bulkier than the hydroxyl group they replace in the amylose component, they sterically hinder the
tendency of the amylose to associate and retrograde. Considerable cold paste viscosity Ve was observed in all
the starches. This may be attributed to the association of colloidally dispersed or dissolved starch molecules
onto larger units as the starch solutions were cooled (Adebowale 2002).

DSC:

DSC results of native, oxidised and acetylated African yambean starches are presented in Table 4. Slightly
oxidized starch, oxAYBS*; had  higher gelatinization temperatures ( To, Tp and Tc) than the native, nAYBS.
Similar increase was observed by Wan and Wang (2003) for oxidized corn starch. They attributed the increase
in gelatinisations to the hydrolysis of the amorphous lamella which functions to destabilize the crystalline
lamella by increasing the hydration and swelling of crystallites. The slight increase in gelatinization
temperatures also confirm our observation of higher peak viscosity of oxAYBS* than nAYBS in the
viscoAmylograph, reasons of which was attributed to probable formation of crosslinks by hemiacetals that may
be formed by low levels of oxidants. Such crosslinks would stabilize the system and therefore more energy
would be required to disrupt the starch granules of oxAYBS* leading to increased gelatinization temperatures.

There was however no difference observed in the enthalpy of gelatinization of the nAYBS and oxAYBS*.
The highly oxidized starch oxAYBS** had reduced gelatinization temperatures and enthalpy resulting possibly
from degradation of crystalline lamellae. Acetylation also reduced the gelatinization temperature and enthalpy.
Since acetylation weakens the starch granular structure by introduction of bulky acetyl groups, the observed
changes in gelatinization temperature and enthalpy largely confirms the anticipated effects.

Conclusion:

The percentage acetylation achieved on treating native African yambean starch with acetic anhydride
decreased with increasing contents of SO2 in the starch mixture. Increasing the concentration of sodium
hypochlorite employed for oxidation also led to increased oxidation of native African yambean starch.

Gelatinisation temperatures and enthalpy reduced on acetylation and diminished further as the acetyl group
increased. Highly oxidized starch also had reduced gelatinization temperature and enthalpy. Such modified
starches could therefore be employed in processes where a thickening agent must gel at lower temperatures.
They are also advantageous as they reduce energy costs during the manufacture of products where these
derivatives are used. Slight oxidation of AYBS however led to increased swelling, increased initial pasting
temperature and peak viscosity and higher gelatinization temperature. Such starch may find application in deep
fried foods.
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