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ABSTRACT

Starch was isolated from Cocoyam (Colocasia antigu) and it was acylated using succinic
anhydride to produce the starch succinate deriwatStarch succinate was prepared at various
succinic anhydride concentrations. Ash contenttg@roand amylose contents were reduced
following modification. No pronounced differenceswabserved between the X- ray pattern of
native starch and modified starch samples, andstmaples gave the characteristic B pattern of
tuber starches. Modification of the starch by sogldtion was confirmed by the presence of a
characteristic band at 1734.06  ¢nthis revealed that a carbonyl stretching vibratiof an
ester group is present in the succinylated cocogsanch but absent in the native cocoyam
starch. The granules were ellipsoid in shape wBhtd 140um in width and 25 to 19Qm in
height. Studies on the functional properties alewealed that both swelling capacity and
solubility increased with temperature increase. Tgasting temperature was reduced after
succinylation. Setback tendency of the native btaras increased after modification but
reduced with increase in concentration of succantiydride.
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INTRODUCTION

The high carbohydrate content of cocoyam and itgese of availability makes it a very good
source of starch for both domestic and industrgasuin tropical Africa. The source of starch
varies all over the world and it depends on thditi@an and prevalent climatic conditions

When aiming at functional properties in starch, mosmmercial companies examine the
characteristics of competitive starches in paréicapplications. For characteristics, which are
unattainable with native starches, the only altéveais to look towards some form of value-
addition or modification to achieve desired res{dis Modifications are carried out to improve
the functional and physicochemical parameters efstlarches in various industries, particularly
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where native starch itself cannot give optimal perfance [2-3]. .In recent times, many types of
chemically modified starches have been prepareaclu/hydrolysis, oxidation and etherification
[4].

In order to increase the water resistance of Istaifte hydrophobicity can be increased by
succinylation of the hydroxyl groups. The degresufstitution (DS) is expressed as the average
number of substituents per Anhydro Glucose Unit (AGThe AGU is the monomer unit of the
starch molecules.

Succinylation of starch is an esterification pracashieved by using succinic anhydride as the
esterifying reagent. It results in the introductmisuccinyl groups onto the polymeric chain of
starch.

The reaction produces starch esters that have fgond domestic and industrial applications.
The modification is also known to weaken the in&ktmonding that holds the granules together
[5]. In additional starch succinate offers very icldde properties such as low temperature
stability, high- thickening power, low gelatinizati temperature and reduced tendency to
retrograde. Succinylation is effected by treatiggeous starch slurry with succinic anhydride in
the presence of an alkali, this results in theoshiiction of succinyl group onto the starch
polymeric chain. This is known to weaken the intesxgllar bonds, thus making the resulting
modified starch easily dispersable in water. Sudation depends upon factors such as reactant
concentration, reaction time, pH and presence talyst.

The aim of this work was to modify starch isolatexin cocoyam by succinylation as means of
improving its properties. The long term objectigethat cocoyam a valuable source of starch
which often perishes as a result of lack of storghnology, particularly in Africa, would be
brought to full industrial utilization.

MATERIALS AND METHODS

Materials
Cocoyam Colocasia antiquorumnwas purchased from a local market in Ogun Shéigeria. All
reagents used in this work were of analytical grade

Starch extraction from cocoyam

The method employed for starch isolation is outline Fig. 1. Peeled cocoyam (15Kg) was
washed thoroughly and used for starch extractiomdthrch obtained was air dried for 48h at
30°C, after which it was ground to fine powder usingartar and pestle, and then sieved.

Starch succinylation

The method of sathe and salunkhe [6] was usedrct5{d00g) was dispersed in 300ml of

distilled water and stirred magnetically for 1hhelpH of the slurry was adjusted to pH 9.0
using 1M NaOH. Different amount of succinic anhyeri(3, 4, 7, 9 and 14g) were used to treat
the starch suspension (to obtain starch succirfdigeodifferent degrees of substitution) over a

period of 2 h while maintaining a pH range of 8.0.8. At the end of the reaction the pH of the
slurry was adjusted to pH 6.0 using 0.5M HCI. Thgtare was filtered, and the modified starch

washed six times with distilled water and ovendifier 24hr at 56C.
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O
NaOH + Starch-OH + (C¥C0),0 ———» starch” \
C——CH,——CH,—

/O:O

|C|) O Na" + H,0

Scheme 1. Synthesis of Starch Succinate

Determination of degree of modification

The method of alkali sapanification as described3@nung and Mallatt [7] was employed for
the determination of succinyl content. A sample) {ilgs weighed into a conical flask, 50mL of
75% EtOH was added, and the mixture was reflure@®min while maintaining a temperature
of 50°C. After cooling to room temperature, 40mL of 0.3AOH was added. The flask was
covered with aluminium foil and allowed to stannd@m temperature for 72h with occasional
shaking. Saponification occurred with the additioh NaOH, and the excess alkali was
determined by titrating with 0.5M HCI using phenatipalein indicator. Native starch was treated
in the same manner to obtain a value for the bldile percentage of succinyl group and the
degree of substitution of the samples calculaiethg Eq 1and 2 respectively.

. (Blank titre—sample tire) x 0.1 X molarity of acid X 100
% Succinyl = ik Yo 1
Weight of the sample

. _ 162 x % succinyl
Degree of substitution (DS) 7000 (99 x% succinyl)

Proximate analysis
Standard Association of Official Analytical Chennst methods [8],were adopted for
estimating moisture, ash, protein and amylose conte

FT — IR spectroscopy

The IR spectra of starches were run as KBr peltetsimpact 330 Nicolet Avatar FT-IR
spectrometer in the frequency range 4000 — 65batmCentral University Research Laboratory,
Ladoke Akintola University of Technology, Ogbomoshiigeria.

Physicochemical properties

Wide-angle X-ray diffraction of starch granules

X-ray diffraction measurement of the powder samplesre performed on the MD-10
minidiffractometer at Center for Energy Researchd dbevelopment (CERD), Obafemi
Awolowo University lle — Ife, Nigeria.

The powder sample was ground manually, sieved @amtkel in glass capillaries (sample cuvette)
of 0.3mm diameter. A photon wavelength of 1.54Aswsed. The scanning region of the
diffraction angle (8) was from 18to 70.

Starch granule morphology

To determine the granule morphology of the natimel guccinylated starches, each starch
granule were taken and dusted onto a carbon stittlen coated with gold using a sputter coater
( Balzers Union, FL- 9496 ) for 30 min. Images wereorded using INCAPentaFEd 3 SEM
fitted with Oxford ISIS EDS.
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Oil and water absorption capacity

The method of Beuchat [9] was used to determinkanai water absorption capacity of starch.
Distilled water (10mL) or oil (Kuok oils and PTE}Xd, Lagos, Nigeria, density 0.9g/mL) was
added to 1g of sample. The mixture was mixed thginbufor 60s and allowed to stand for
30mins, after which time the volume of the supeanttvas recorded.

Gelation studies

Starch dispersion (2-18%w/v) were prepared inttéss with distilled water (5ml). The starch
suspensions were thoroughly mixed for 5 min. tisé tigbes were heated for 30min af@on a
water bath, followed by rapid cooling under runniogid tap water for 2hr. Least gelation
concentration was determined as lowest concentrativzen the sample from the inverted test
tube did not fall down or slip.

Effect of temperature on swelling power and solubity

Effect of temperature on swelling power and soltipwas evaluated using the method of Leach.
McCowen and Scoch [10]. 1.0g of starch sample wasirately weighed and quantitatively
transferred into a clean dried test tube and weidié). The starch was then dispersed in 10ml
of distilled water.

The resultant slurry was heated afGp60C, 70C, 80C and 98C respectively for 30min in
water bath. The mixture was cooled and centrifuggegDOrpm for 15min. Approximately 5mL
of the supernatant were dried to a constant weightl0C. The residue obtained after drying
the supernatant represented the amount of stalcbilsced in water. Swelling power was
calculated as g per g of starch on dry weight basis

The residue obtained from the above experimener(@intrifugal) with water it retained was
guantitatively transferred to the clean dried tebe used earlier and weighed )W

. w2-w1
Swelling of starch =——— 3
Weight of starch

Determination of the blue value and colour of sucaylated starch — iodine complex

The samples were prepared according to the metho@ilbert and Spragg [11]. 0.1gram
succinylated starch was weighed into a boiling tdl@en| of distiled water added and heated in
a boiling water bath for about 10minutes to solabithe starch. This was brought down, cooled
and quantitatively transferred into a 100ml staddariumetric flask and the volume made up to
mark with distilled water.

5ml of the starch solution was taken in a 100mhd#ad flask, 1ml of 1M acetic acid added
followed by 2ml of stock iodine (0.2g/2.0g KI/2100ml) and the solution made up to markwi
distilled water. The resulting colour was left f@0minutes to fully develop before the
absorbance reading was monitored at 620mm withrkirPEImer Lambda 3B double beam
UV/visible spectrophotometer. lodine solution ofmgaconcentration as above but without starch
sample was used in the reference cell.

The colour of the succinylated starch — iodine clexpvas also monitored visually. The blue
value was calculated according to the method dfésiland Spragg, using the formula:

Absorbance X4 4

Blue value Concentration (mg/dl)
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Paste viscocity determination
Paste viscosity was determined using the Rapib\Asialyzer (RVA). The RVAisa heating

and cooling viscometer configured especially fostitey starch based and other products
requiring precise control of temperature and shelaris ideal for measuring the viscosity of

cooked pastes of starch based products since heanand cool samples rapidly in a controlled
manner.Starch {3g} was dispersed in 25mL distilleater and quantitatively transferred into the

canister.

L

Sha Starch susp ensinn{

Grind

Sluarrv + 10L

distillad water

gpeat twice

Fig 1: Schematic diagram for extraction of cocoyan(colocasia antiquorum).

RESULTS AND DISCUSSION

Degree of modification
The results of the degree of modification of thew@gised starches are presented in Table 1. The

results indicate that % succinylation increasedhwitcrease in concentration of succinic
anhydride.
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This suggests that increase in concentration otisiecanhydride favours the production of

starch succinate. This observation might be asaltref increases in reaction contact between
the starch and the acylating agent, which facddaormation of starch derivatives with higher

degree of substitution [12 -13].

Proximate analysis

The results of the proximate analysis of derivatiaed native white cocoyam starch presented in
Table 2. The result indicates increase in moistooatent with increased in degree of
succinylation [14].Protein, ash and amylase costemduced with increase in degree of
succinylation following succinylation.

Introduction of succinyl groups enhanced hydropbaaipacities of derivatised starches, and this
probably facilitated increases observed in the %stace level. The increase in moisture content
after succinylation has been reported [15]. Radnadn ash, protein and amylose contents are
due to structural disintegration that took placerirdy chemical modification processes.
Functional properties of starches depend on thelam®ycontent to a large extent. Amylose
(25.45%) content of native starch is in agreemaitit vanges of values reported for other tuber
starches, 25.49% for potato, and 22.8%, 21.6% fal&a and D.cayesis, respectively [16].

Oil and water absorption capacity

Oil and water-absorption capacity of native andvdgised starches are presented in Figure 2.
The results indicate that all the starches had water absorption capacities than oil absorption
capacities. This result also indicate that starabcisylation facilitated increased in water
absorption capacity.

The introduction of bulky functional groups and ithelectrostatic repulsion facilitated
percolation and absorption of water within the dtamatrices. Increase in water absorption
capacities following esterification reaction haweb reported in the literature [13].

Gelation studies

In Table 3, gelation properties of native and sugaited starches are presented. The results
indicate a reduction in gelation properties of thaive starch after succinylation. The least
gelation concentration (LGC) increased from 6 (reasitarch) to 14 (SN;J. The succinyl group
substitution on starch molecules affected the gmaular force interactions. During
succinylation some of the hydroxyl hydrogen of #i@ch molecule is replaced by the succinyl
groups, thus interferes with the strength of hydrogonding resulting in the formation of weak
gels in succinylated starch [17] It is reasonalid® @hat intermolecular electrostatic repulsion
after introduction of succinyl group reduced gehesion.

Swelling power and solubility

Result of the effect of temperature on swelling poand solubility presented in Figure 3 and 4,
respectively.The results indicate that both swgllpower and solubility were temperature
dependent, and values increased with increasenmperature [18]. The succinylated starches
were more water soluble than the native stardk.dtso reasonable that as the temperature of the
medium increases, starch molecules become morandldgnamically activated, and the
resulting increase in granular mobility enhancesepmtion of water which facilitates improved
swelling capacities. Similar observations havenbegorted earlier for starches of rice [16].
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Blue value and colour of starch-iodine complex

The blue value and colour of starch-iodine compkexyresented in Table 4. The blue value
decreases with increase in DS. When starch is atesed there is a change in the molecular
organisation within the granules, and since stastlogradation is a phenomenon primarily
associated with amylose molecule, the effectivengha must have been those associated with
amylose units.

Starch reacts with iodine to form a blue color.d##s on starch fractions have shown that the
blue colour observed with iodine is due to therstay of amylose. Amylopection itself is stained
violet-red with iodine.

Wide-angle X-ray diffraction of starch granules
The wide angle X-ray diffraction of a native cocoyatarch and representative’s succinylated
starch (SNT and SNT) is presented in Figure 5, 6 and 7 respectively.

The diffractogram of the native starch is the Betypypical of tuber starches. Generally, tuber
starches have been shown to exhibit a ‘B’ type Xpattern having diffraction peaks at 5.5%.6
14.1°,16.¢, 17.0, 19.7, and 24 20angles. ‘A’ type starches mainly cereals exhibfietions at
15.3,17.0, 18.0, 20.0 and 23.4 20angles.[19-20].

All the samples gave the characteristic ‘B’ pattefizocoyam starch with strong peaks at 1%.13
16.28, 16.35, 17.22, 17.43, 17.44 and 19.880, @

No pronounced difference was observed between thayXpattern of the unmodified and
modified starches apart from increased peak iniessn the succinylated starches.

Infrared spectra

Infrared spectra of native and succinylated bescre presented in Figure 8. The broad band
between 3600cthand 3000cn1 is assigned to 0-H stretching and it is due torbgen bonding
involving the hydroxyl groups on the starch molesulThe band at 2963.28 Ciis assigned to
CH, symmetrical stretching vibrations. The succinydagtarch derivative shows new band at
1734.06crit. This new band indicates carbonyl stretching \ibra of the ester group i.e
evidence that succinylation has taken place.

Granule morphology

Scanning electron microscopy was used to investitfa¢ granule morphology of the native
starch as well as the developments in succinylgfiagure 9). Studies revealed that the native
cocoyam starch has shell and ellipsoid shapessigts ranging from 15 to 146n in width and

25 to 190um in height. As observed, the conditions of modifma significantly altered the
granular structure of the succinylated starch. alkaline environment during the succinylation
process accounts for the structural changes. EBigdtralso suggests that starch crystallinity was
altered and this allowed the estherifying agentsaee more access to the starch molecules for
succinylation processes.

Pasting characteristics

The pasting properties of native and derivatisadicht samples are presented in Table 5. After
succinylation, pasting temperature of native stascteduced. Reduction in pasting temperature
following succinylation reactions have been repbrie literature [15].Reduction in pasting
temperature following derivatization is a consedqeeof structural weakening and disintegration
during the modification process.

234
Pelagia Research Library



K. N. Awokoya et al Der Chemica Sinica, 2011, 2(6):228-244

When a starch granule is heated in excess watégadis to further granule swelling and this
results in formation of a viscous starch paste.weieer, increases were observed in the peak
viscosity value of native after succinylation. Tloilsservation lends credence to similar results
that have been reported.[21].

The results also indicate an increase in the bmakdvalue which is a measure of fragility of
the starch. Following modifications, the modifistdrches become partially degraded and as a
result could not maintain the integrity of the stargranule. This therefore accounts for the
higher breakdown value observed in modified stasche

The setback value, an index of retrogradation teoglen the starch paste was increased after
modification but reduced with increase in concerdraof succinic anhydride. Reduction in
setback value with increase in concentration ofcisuc anhydride could be attributed to
limitations caused by the succinyl group introducedhe starch molecules. Although in the
literature reduction in the setback values aftecswylation have been reported [15], increase in
setback values after modification might be as alted the starch source.

Table 1: Degree of modification of starch succinateshowing % succinyl groups

Sample| % succinyl DS
SNT; 0.25 0.04
SNT, 0.35 0.06
SNT; 0.65 0.11
SNT, 0.85 0.15
SNTs 1.25 0.23

Table 2: Proximate composition of native and succiflated cocoyam starch

Sample| % M. C| % Ash % Protein % Amylose contgnt
NT 7.77 1.09 0.458 25.45
SNT; 7.79 1.09 0.222 25.22
SNT, 8.84 1.08 0.197 25.08
SNT; 8.88 1.06 0.178 24.75
SNT, 9.35 1.04 0.125 24.55
SNTs 9.50 1.02 0.101 23.65

Means within columns with different letter are sfipantly different {p< 0.05}
All values are means of triplicate determinationsr+— standard deviation.

Table 3: Gelation properties of native and succingted cocoyam starch derivatives

Cogzevc}\r/‘;‘“on NT SNT, SNT, SNT, SNT, SNT,
2 - Liquid - Liquid - Liquid - Liquid - Liquid - Lguid
4 - Viscous - Liquid - Liquid - Liquid - Liquid - lquid
6 + Gel - Liquid - Viscous - Liquid - Liquid - Liqd
8 + Gel + Gel - Viscous - Liquid - Liquid - Liquid
10 + Firm gel + Gel + Gel - Liquid - Viscous - Liigu
12 + Firm gel + Gel + Gel + Gel - Viscous - Viscous
14 + Very firm gel + Firm gel + Gel + Gel + Gel 15
16 + Very firm gel + Firm gel + Firm gel + Gel +rFi gel + Firm gel
18 + Very firm gel| + Veryfirmgel +Firmgel + Frgel| + Veryfirmgel| + Very firm ge

LGC 6 8 10 12 14 14

LGC: Least Gelation Concentration
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Table 4: Blue value and colour of native and succyfated starch-iodine complex

Sample| DS| Absorbance Blue Value Colour of stardm®complex
NT 0.465 0.372 Blue black

SNT; | 0.04 0.439 0.351 Blue black

SNT, | 0.06 0.420 0.336 Blue black

SNT; | 0.11 0.395 0.316 Blue black

SNT, | 0.15 0.350 0.280 Blue black

SNT; | 0.23 0.345 0.276 Blue black

Means within columns with different letter are sfgantly different {p< 0.05}

All values are means of triplicate determinationsr~— standard deviation.

Table 5: Pasting properties of native and represeatives of succinylated starch derivatives

Sample Peak Trough Breakdown Final Visc Setback Peak Time | Pasting Temp
P (RVA) (RVA) (RVA) (RVA) (min) (°0)

NT 231.92 164.17 67.75 216.67 52.50 4.27 85.60
SNT 1 246.25 174.25 72.00 273.25 99.00 4.80 83.80
SNT 2 262.58 163.25 99.33 260.17 96.92 4.47 83.15
SNT 3 313.33 181.92 131.42 273.08 91.17 4.20 83.15

WAC

AC
~ S0
p——y ]
Rl
30
B 20
10

0
NT SNT, SNT: SNT: SNTy SNT:
Fig 2: Water and Oil absorption capacity of nativeand succinylated starch cocoyam.
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Fig 3: Effect of temperature on swelling power of ative and succinylated starch cocoyam
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Fig 4: Effect of temperature on solubility of native and succinylated starch cocoyam
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Fig. 8 Infrared spectra of native (A) and a repreentative succinylated cocoyam starch (B)
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Fig. 9 (A) The scanning electron micrographs of rtéave cocoyam starch. (B) A representative succinytad
cocoyam starch

CONCLUSION

The interest concerns investigations on relativdlgap but under-explored starch resources as
well as modifying them for valued-added techniqagdlecations.

The study revealed that % sucinylation increaseth wicrease in concentration of succinic
anhydride. In the present investigation, to beigest; from the results obtained in Table 3, it can
be established that there is a reduction in gelafooperties of the native starch after
succinylation. Modification of starch is indeed yeiseful; this is obvious from the results of the
analysis of the modified and native starches.

Succinylation improved the functional propertiesaafative cocoyam starch; these properties are
very invaluable in many industrial applications.
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