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The need for starch to meet the ever-increasing industrial applications and its inherent problems in the native
state have led to researches into unconventional starch sources and starch modifications, respectively. In this
study, starch was isolated from African breadfruit kernels and modified to produce acetylated, AC, oxidized,
OX, and acid-thinned, AT, starches. The effects of modifications on the native starch, NA, were examined through
physicochemical, pasting, morphological and thermal properties. Modifications caused significant (p b .05) re-
ductions in the NA starch moisture, ash, crude protein, crude fat, and crude fibre compositions. Swelling power
had direct relationshipwith increase in temperature. Followingmodifications, OX starch showed themost signif-
icant increase in oil absorption capacity while NA had better water absorption capacity than the modified
starches. Acid-thinning significantly improved the gelation and reduced the pasting properties of NA starch.Mor-
phological study using scanning electronmicrograph, revealed oblong and oval granules with rough surfaces for
all the starches with no significant differences. Thermogravimetry of the starches showed single-step decompo-
sition with increased thermal stability of African breadfruit kernel starch following modifications. DSC study
showed that gelatinisation transition temperature of NA reduced following modification. The study showed
that modification improved African breadfruit kernel starch properties.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Starch, a naturally abundant polymer of plant origin, is an important
raw material with versatile industrial applications. It shows different
functionalities and it is the most regularly applied hydrocolloid. Its use
in its native form however, has limitations [1] such as inability to dis-
solve in cold water, changing gelling power and viscosity after cooking,
syneresis, a consequence of retrogradation [2], thermal decomposition
and low shear resistance among others. To overcome these limitations,
starch modifications are usually done to introduce desirable alterations
in the starch structure with a resultant ability to predict and control
starch behavior [3].

Starchmodifications are achieved by physical, chemical and biotech-
nological means. Derivatives obtained have varied uses in pharmaceuti-
cal/biomedical, food and non-food industries as binders, disintegrants,
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lubricants [4], blood plasma expanders, cryoprotective agents for eryth-
rocytes, fat replacers, flavor stabilisers, thickeners, gelling agents, salad
dressing, water purification scavengers, flocculants, sizing agents and
improvers of printing dyes in textile industry, sanitary product manu-
facture, binders in insulation offibreglass, resins of adhesive in plywood,
fluid loss control in subterranean drilling [5], floatation and sedimenta-
tion agents in ore mining [6], etc.

The diverse use of starch derivatives and the attendant over-
dependence on conventional sources such as corn, wheat, rice, sor-
ghum, potato, tapioca, etc., which serve as major staple foods in devel-
oping countries, necessitated the search for alternative sources of
starch to meet the ever-increasing demands of the insatiable starch in-
dustry. These resulted in researches into new sources of starch from
unconventional/under-utilised sources such as mucuna beans [7],
Cyperus sedge [8], cocoyam [9], bambara groundnut [10].

African Breadfruit is a tropical plant that is rich in carbohydrate
(73%) [11]. It grows well in the Western and Eastern regions of
Nigeria. It is a rain-forest plant, about 40 m high and with 30–50 fruits
produced annually with weights in the range of 30 and 40 kg. The use
of its kernel is limited to thickening of soup, making cookies, breadfruit
cakes and various snacks [12,13]. However, the use of this kernel as
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source of starch is an unacknowledged potential. With the dearth of re-
port on its use as starch source, it is reasonable to explore this virgin
starch source with the view to maximizing its use as raw material par-
ticularly, as alternative source of starch for industrial applications. The
optimum employment of African breadfruit starch is however, hinged
on its modifications by various methods aforementioned, knowing full
well that its potentials in the native states, like every other native starch,
are limited. The objective of this work was to determine the effects of
acetylation, oxidation and acid-thinning on the physicochemical, past-
ing, morphological and thermal properties of African breadfruit kernel
starch with the view to improving its functional properties and maxi-
mizing its potential for industrial applications.

2. Materials and methods

2.1. Materials

Unprocessed African breadfruit was bought from Afigwe Main Mar-
ket, Anambra State, Nigeria. The seedswere sun-dried for 4 days and the
defective ones screened by hand-picking. The seeds were manually
dehulled, dried, milled in a grinder (Marlex Excella, KIL, Daman, India)
and kept in LDPE bag until required. Chemicals used were of analytical
grade apart from sodium hypochlorite which was reagent grade.

2.2. Isolation and purification of starch

Isolation and purification of starch from African breadfruit kernel
was done by the method of Lawal and Adebowale [14] with modifica-
tions. A 1000 g weight of the African breadfruit flour was suspended
in 4000 mL of distilled water and the pH was adjusted to 8.0 using
NaOH solution (0.2%w/v) at room temperature for 4 h with continuous
stirring. The suspension obtained was centrifuged at 4500 rpm and the
supernatant discarded. The pellet was suspended in 4 L distilled water,
screened using muslin cloth and centrifuged for 30 min at 4500 rpm.
(ROTANTA 460 R, Hettich GmbH & Co. KG, Tuttlingen, Germany). The
starch obtained was washed twice before drying in the air for 48 h at
30 ± 2 °C. The native starch was labelled as NA.

2.3. Starch modification

2.3.1. Oxidation of starch
Oxidation of NAwas done by the Forssel et al. method as reported by

Lawal [9]withmodifications. A 250 gweight of starchwas suspended in
2500mL of distilled water. The suspension pHwasmade 9.5with 8%w/
v NaOH. NaOCl (10 g, 4%w/w active chlorine) was added to the suspen-
sion at the rate of 0.33 g/min at a pH range of 9–9.5 while stirring con-
tinuously at room temperature. Additional 10 min was allowed for the
reaction after adding the NaOCl. The reaction medium pHwas adjusted
to 7 using 1.0MHCl solution. The starch suspensionwas centrifuged, re-
peatedly washed with distilled water (four times) and centrifuged after
each washing. The recovered oxidized starch was air-dried at room
temperature for 2 days and labelled OX.

2.3.2. Acetylation of starch
Native starch was acetylated using the method of Sathe and

Salunkhe described by Lawal [9]. A 20% w/v starch suspension in 0.5 L
was made in distilled water. The pH of the suspension was adjusted to
8 using 4%w/vNaOH aftermagnetically stirring for 20min. Acetic anhy-
dride ((CH3CO)2, 10.2 g) was added at the rate of 0.17 g/min at a pH of
8–8.5. Additional 5 min was allowed for the reaction after adding the
(CH3CO)2. The reaction medium pH was adjusted to 4.5 using 1.0 M
HCl solution. The starch suspensionwas centrifuged, repeatedlywashed
with distilled water four times and centrifuged after each washing. The
recovered acetylated starch was air-dried at room temperature for
2 days and labelled AC.
2.3.3. Acid-thinned starch
Starch thinningwas done by Lawalmethod [9]. A 100 gweight of NA

was suspended in 0.5 L of HCl (0.15M). The starch suspensionwasmag-
netically stirred for 8 h at 50 °C. The modified starch was centrifuged at
4500 rpm (Rotanta 460 R, Hettich GmbH & Co. KG, Tuttlingen,
Germany) for 10 min. The pellet recovered was washed repeatedly
with distilled water four times and centrifuged after each washing.
The recovered acid-thinned starch was air-dried at room temperature
for 2 days and labelled AT.

2.4. Physicochemical, pasting, morphological and thermal properties

2.4.1. Physicochemical properties
Nwinuka et al. [15] method was used for determining the moisture,

ash, crude fibre, crude protein and crude fat contents of the native and
derivatised starches.

The carboxyl and carbonyl contents of OX were determined by the
method of Lawal [9]. For the carboxyl content, about 8%w/v starch sam-
ple in 25mL of 0.1 MHCI was prepared. The starch slurry was occasion-
ally swirled for 30 min and then filtered using suction through a
sintered glass funnel of medium porosity. It was washed with 0.4 L of
distilled water and the starch was transferred into a 0.5 L beaker. The
volume of the starch slurry was adjusted to 0.3 L with distilled water
and it was heated with constant stirring over a period of 15 min for
gelatinisation in a boiling water bath (Memmert W270, MEMMERT
GmbH+Co.KG, Schwabach, Germany). The volume of the suspension
of hot starch was then made up to 0.45 L using distilled water and ti-
trated with 0.01 M NaOH to pH 8.3. NA was used for blank test.
Eq. (1) was used to calculate the carboxyl group content.

Percent carboxyl

¼ ST−BTð ÞmL� NaOH concentration� 0:045� 100
S gð Þ ð1Þ

where ST= Titre value of oxidized sample; BT= Titre value of NA; S=
sample mass.

To determine the carbonyl content of oxidized starch, 25% w/v hy-
droxylamine hydrochloride in 0.5 M NaOH was prepared. The solution
was then diluted to 0.5 L with distilled water. 100 mL of 4% w/v starch
sample was put in a 0.5 mL conical flask. The starch dispersion was
heated for 20 min in a thermostated water bath (Memmert W270,
MEMMERT GmbH+Co.KG, Schwabach, Germany) to attain
gelatinisation. It was cooled to 40 °C, and the pH adjusted to 3.2 using
0.1MHCl. This was followed by the addition of 15mL of hydroxylamine
reagent. A rubber bungwas used to stopper theflask and heated at 40 °C
for 4 h in a thermostated water bath stirring slowly. Excess hydroxyl-
amine content of the suspension was determined by swiftly titrating
the mixture with standard 0.1 M HCl to a pH value of 3.2. Hydroxyl-
amine reagent only was used to perform blank determination following
the same procedure. Eq. (2) was used to calculate the carbonyl content
of OX.

Carbonyl C ¼ Oð Þ content %ð Þ
¼ BT−STð ÞmL� HC1 concentration Mð Þ � 0:028� 100

S gð Þ ð2Þ

where BT= Titre value of NA, ST= Titre value of oxidized sample; S=
sample mass.

The percentage acetyl group content of AC and the degree of substi-
tution were determined using the method of Smith as described by
Lawal [9]. A 5 g weight of AC was added to 50 mL distilled water in a
0.25 L conical flask and thoroughly mixed. The suspension was titrated
with 0.1 M NaOH to obtain a permanent phenolphthalein pink end-
point. 0.45 M NaOH (25 mL) was added and the conical flask tightly
stoppered with a rubber bung. It was vigorously shaken for a period of
30min afterwhich the bungwas removed, rinsed into the flask together
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with the flask walls using distilled water. The mixture, with its excess
NaOH,was titratedwith 0.2MHCl solution to a colourless phenolphtha-
lein indicator colour. NA was subjected to the same treatment for a
blank titre. Acetyl content (%) and the degree of acetyl substitution
were calculated using Eqs. (3) and (4), respectively.

Acetyl content %ð Þ
¼ BT−STð ÞmL� HC1 Concentration Mð Þ � 0:043� 100

S gð Þ ð3Þ

where BT=Titre value of NA, ST=Titre value of acetylaed sample; S=
sample mass.

Degree of substitution DSð Þ ¼ 162A
4300−42A

ð4Þ

where A = acetyl content (%).
The effect of temperature variation on swelling power and solubility

was carried out, at 55–95 °C, as reported by Lawal [9] withmodification.
1 g of starch sample was weighed and transferred quantitatively into a
clean dry test tube and weighed. 10 mL of distilled water was added
to the test tube and the starch suspension was thoroughly mixed for
30 s and heated at the chosen temperatures (55–95 °C) for 30 min on
a thermostated water bath (Memmert W270, MEMMERT GmbH+Co.
KG, Schwabach, Germany). The mixture was cooled to 27 ± 2 °C and
centrifuged for 15 min at 4500 rpm (Centrifuge 80-3 Union Laborato-
ries, England). The starch pellet after centrifugation and the test tube
was weighed. Swelling power (g/100 g) at the chosen temperature
was calculated using Eq. (5)

Swelling of Starch ¼ W2−W1

Weight of Starch
ð5Þ

whereW1 =mass of dry test tube + dry starch; W2 =mass of dry test
tube + wet starch; S = mass of dry starch sample.

A 5 mL aliquot of the centrifugation supernatant was oven-dried
(OV/125, Genlab Limited, Cheshire, England) at 110 °C to a constant
weight. The residue obtained (%) was quantified and represents the ex-
tent of solubilisation of starch in water per 100 g of starch sample at the
chosen temperature.

The method of Beuchat as reported by Lawal [16] was used for the
determination of starchwater and oil absorption capacities. Starch sam-
ple (1 g) in 10 mL water or oil (Power oil, Nigeria) was prepared and
thoroughly mixed for 30 s. It was then allowed to stand for 30 min.
The volume of the water or oil absorbed was then calculated as the dif-
ference between the initial volume and the final volume after allowing
30 min. The mass of oil or water absorbed was expressed as g/100 g
starch on a dry weight basis.

Gelation studies were performed by the method of Lawal [16].
Starch samples (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 g) were
suspended in 5 mL of distilled water in test tubes. The starch suspen-
sions were mixed thoroughly for 5 min and heated at 90 °C for 30 min
in thermostated water bath. That was followed by cooling rapidly at
the cold water tap and refrigeration for 2 h at 4 °C. The lowest concen-
tration at which the sample in the inverted tube did not slip was
taken as the least gelation concentration.
Table 1
Native (NA), acetylated (AC), oxidized (OX) and acid-thinned (AT) starches of African breadfru

Sample Yield (%) Moisture (%) Ash (%)

NA 69.56 ± 1.32 11.44 ± 0.26a 0.38 ± 0.31a

AC 94.71 ± 0.54 9.52 ± 0.48b 0.24 ± 0.07b

OX 96.75 ± 0.98 10.45 ± 0.04c 0.31 ± 0.38c

AT 93.41 ± 0.05 9.05 ± 0.11b 0.29 ± 0.29c

⁎ Means± SDof triplicate determinations. Yield of native starch, NA,was based on drymatte
Meanswithin columnswith different superscripts are significantly different at 95% confidence in
glucose unit; AC: percent acetyl substituent = 1.84%.
Fourier transform infrared (FTIR) spectroscopy was done using a
Spectrum 100™ FTIR instrument (Perkin-Elmer, USA) equipped with
an ATR accessory. All the spectra were the average of 16 scans from
4000 cm−1 to 650 cm−1 and were acquired at a resolution of 4 cm−1.
Tablets were prepared from a mixture of the sample with KBr at a
ratio of 1:100 (starch:KBr)

2.4.2. Pasting properties
Pasting properties of starches were determined using Rapid Visco-

Analyser (RVA-4 Newport Scientific, Australia). A 10% w/v starch sus-
pension was prepared in distilled water. The slurry was subjected to
measured heating-and-cooling cycle at constant shear where it was
maintained for 1min at 50 °C, heated from50 to 95 °Cwith temperature
variation of 12 °C/min and the samplewas then held at 95 °C for 2.5min,
followed by 50 °C for 5min. The final viscosity, maximumgelatinisation
temperature, peak viscosity, breakdown, set back and holding strength
were determined.

2.4.3. Morphological characteristic
The morphologies of the starch granules were examined using a

scanning electron microscope (Phenom Pro Desktop SEM, Thermo
Fisher Scientific). All of the samples were observed at an acceleration
voltage of 25 kV.

2.4.4. Thermogravimetric properties
Starch sample thermal decomposition was determined using a

Pyris-1 TGA apparatus (Perkin–Elmer, Shelton, USA). Samples were
heated between 30 and 650 °C at a rate of 10 °C/min in an inert atmo-
sphere of nitrogen flowing at 20 mL/min.

2.4.5. Differential scanning calorimetry
Gelatinisation properties of native and modified starches were de-

termined by differential scanning calorimeter (DSC3, Mettler Toledo
Co., Switzerland) using the method of Xu et al. [17] with modifications.
Starch suspension was prepared bymixing starch and distilled water at
a ratio of 1:3 (g/mL), whichwas sealed in an aluminium pan and placed
at room temperature for 24 h to equilibrate. Samples were heated from
30 to 120 °C at a heating rate of 10 °C/min in a nitrogen flow rate of
50 mL/ min. An empty pan was used as reference. The onset tempera-
ture (To), peak temperature (Tp), conclusion temperature (Tc) and
gelatinisation enthalpy (ΔH) were obtained by data analysis software
STARe Software 16.10.

3. Results and discussion

3.1. Physicochemical properties

The results of chemical compositions of native and modified African
breadfruit kernel starches are presented in Table 1. Significant (p b .05)
reductions were observed in the percent moisture, ash, crude protein,
crude fat and crude fibre following starch modifications. These reduc-
tions may be attributed to the degradative and eroding abilities of the
oxidant and acid used for hydrolysis and loss of degraded molecules
with wash water. Similar observations were made by other workers
for hybrid maize [18], new cocoyam [9], jack bean [19] and white
it kernel chemical compositions⁎.

Crude protein (%) Crude fat (%) Crude fibre (%)

0.97 ± 0.44a 0.72 ± 0.08a 0.76 ± 0.37a

0.55 ± 0.38b 0.58 ± 0.57b 0.46 ± 0.41b

0.34 ± 0.23c 0.48 ± 0.47c 0.49 ± 0.19b

0.52 ± 0.26b 0.42 ± 0.20d 0.55 ± 0.28c

r of African breadfruit kernel. Yields of derivatives are based on recovery aftermodification.
terval. OX: COOH=0.35 per 100 anhydrous glucose unit; CHO=0.19 per 100 anhydrous



Fig. 1. FTIR spectra of native (NA), acetylated (AC), acid-thinned (AT), and oxidized (OX) African breadfruit kernel starches.
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sorghum [20] starches. The range of values of moisture contents in na-
tive and modified starches are desirable for prolonged shelf life and
are similar to those obtained by Olayinka et al. [20]. Low fat and protein
contents establish the level of purity of the starch isolates. Similar values
were obtained by [21] for breadfruit starch.

Fig. 1 presents the FTIR spectra of native, acetylated, oxidized and
acid-thinned African breadfruit kernel starches. Native and modified
starches showed strong absorption bands at various regions, depending
on the starch type. Significant bands included those at
3277–3287 cm−1, 2927–2932 cm−1, 1733–1739 cm−1,
1635–1642 cm−1, 1150–1076 cm−1, 1100–990 cm−1, and
928–861 cm−1 regions. The broad absorption bands in the
3277–3287 cm−1 region are characteristic of hydrogen bonded\\OH
stretching vibration [22]. The intensities of absorption however de-
creased following modification, especially in AC and OX starches, as a
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Fig. 2.Mean swelling power of native (NA), acetylated (AC), acid-thinned (AT), and oxidized (O
deviations of triplicate determinations are used for error bars.
result of introduction of acetyl and carbonyl/carboxyl functional groups,
respectively. This observation is similar to the findings of Rahim et al.
[23] andDao et al. [24]. Absorption peaks at 2927–2932 cm−1 are attrib-
utable to\\CH2 stretching vibration while the presence of C_O sym-
metric perturbation are evident in OX and AC starches as shown by
the sharp bands at 1733–1739 cm−1 which are absent in the native
starch [22–24]. 1635–1642 cm−1 bands are characteristic of H2O bend-
ing vibration as a result of water absorbed from bonding of hydrogen to
the starch molecule \\OH groups. The absorbance at 1150 and
1076 cm−1 are the coupling of C\\C, C\\O and O\\H bond bending,
stretching, and asymmetric stretching of the C\\O\\C glycosidic linkage
and absorbance at 928 and 861 cm−1 are assigned both for C\\H bend-
ing [23].

Figs. 2 and 3 showhow temperature variation affects swellingpower
and solubility of native and derivatised African breadfruit kernel
rature (
o
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Fig. 3.Mean solubility of native (NA), acetylated (AC), acid-thinned (AT), and oxidized (OX) African breadfruit kernel starches with temperature variation from 55 to 95 °C. Standard de-
viations of triplicate determinations are used for error bars.

Table 2
Gelation properties of native (NA), acetylated (AC), acid-thinned (AT) and oxidized (OX)
starches of African breadfruit kernel.

Concentration (% w/v) NA AC AT OX

2 L L L L
4 L L V L
6 V V G V
8 G G G V
10 G G G G
12 G G G G
14 G G G G
16 G G G G
LGC 8 8 6 10

LGC= Least Gelation Concentration; L = liquid; V = viscous; G = gel.
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starches, respectively. Swelling power and solubility of all starches are
directly related to temperature and increased with increase in temper-
ature. Similar trends of gradual increase in swelling power and starches
solubility with temperature were reported by other workers for
Canavalia ensiformis [19,25], Kyllinga nemoralis [8], Araucaria brasiliensis
[26] Artocarpus artilis [21], Artocarpus heterophyllus cultivars [27], coco-
yam and cassava [28] and corn [29]. Increase in swelling power was
gradual from 55 to 65 °C (1.93–4.18 g/g). However, a sharp rise in swell-
ing powerwas observed between 65 and 75 °C for all starches except AT
starch. Solubility increase with temperature, on the other hand, was
gradual for all starches. Luo et al. [30] reported a similar jump in swell-
ing power between 65 and 74 °C for crosslinked waxy potato starch
while Adebowale et al. [10] reported noticeably high swellingpower be-
tween 75 and 95 °C for unmodified bambara groundnut starch. NA
starch had a significantly (p b .05) higher increase in swellingwith tem-
perature, reaching 11.60 ± 0.13 g/g at 95 °C. That was followed by AC
and OX starches with 9.98 ± 0.27 and 9.15 ± 1.79 g/g, respectively.
The least swelling power was exhibited by AT starch. High swelling
power with increase in temperature has been attributed to weakening
of the bindings in intra-granular starches, which facilitated unrestricted
swelling as temperature increased. Higher swelling power by native
starches over modified starches were also reported by Remya et al.
[31], Adebowale and Lawal [7] and Liu et al. [32] for modified lentil
and banana, mucuna and common buckwheat starches. On the con-
trary, Singh and Adedeji [33] and Adebowale et al. [21] reported in-
crease in swelling power of acid-modified and acetylated, oxidized
and heat–moisture-treated breadfruit starches over their native coun-
terparts, respectively. Increase in swelling power of AC starch could be
attribued to introduction of bulky functional groups in the starch
chainwhich facilitated entrance ofwater into the granules of starch. Ox-
idation of starch has been reported to reduce swelling power due to
possible chain scission which disrupts structure of granules and hence
ability to hold water. AT starch had lower swelling power similar to
the reports of previous workers. Sandhu et al. [34] reported that acid-
thinning reduced swelling power of normal and waxy maize starches.
Similar reports were given by Lawal [9] after oxidation and acid-
thinning of new cocoyam starch at varying temperatures and Xiao
et al. [35] for oxidized rice starch. All the modifications, but acid-
thinning, reduced African breadfruit native starch solubility signifi-
cantly (p b .05). Significant increase in solubility of starch following
acid-thinning was observed (10.33 ± 0.58–56.67 ± 1.16 g/100 g). Dey
and Sit [36], Sandhu et al. [34], and Lawal et al. [18] all reported increase
in solubility of starches following acid-thinning. This increased solubil-
ity can be attributed to erosion of the amorphous amylose content of
starch which is leached into the medium of suspension.

Table 2 shows the results of gelation properties of native and modi-
fied African breadfruit starches. A measure of gelation ability, the least
gelation concentration, LGC, represents the minimum concentration of
starch suspension inwater that produced gel. From the results obtained,
gelation tendency increasedwith increase in the concentration of starch
suspension in water. LGC ranged from 6 to 10% w/v with acid-thinning
reducing LGC (6% w/v) of native starch among the modifications while
oxidation increased gelation concentration (10%w/v). Similar reduction
of LGC by acid-thinning has been reported for corn, potato and rice and
jack bean [25,37]. Reduced LGC can be attributed to molecular
reordering of starch granules after imbibition of water and swelling
due to bridging of intergranular binding forces among starchmolecules
[18]. Increase in LGC of OXmay be attributed to fragmentation andmo-
lecular disintegration [38] and the introduction of carbonyl and car-
boxyl groups on the starch chain which reduced hydrogen bonding
required for gelation [25]. NA and AC had 8% w/v LGC, a value similar
to that reported for jack bean by Lawal and Adebowale [25].
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Results of oil andwater absorption capacities of native andmodified
African breadfruit starches are presented in Fig. 4. Oil andwater absorp-
tion capacities ranged from 39.20 ± 0.43–117.60 ± 0.09 g/100 g and
163.33 ± 0.58–220.00 ± 0.20 g/100 g, respectively. Modifications led
to increase in oil absorption capacity (OAC) of native African breadfruit
kernel starch with significant increase (p b .05) recorded by OX. Similar
observation of increase in OAC following oxidation has been reported
for bambara groundnut starch [10] and jack bean starch [25]. OAC of
AT (68.6 ± 0.32 g/100 g) was higher than that observed for NA
(39.20 ± 0.43 g/100 g). This was contrary to the observation of Alimi
andWorkneh [39] who reported decrease in OAC of citric acid modified
acha and iburu starches aftermodification. Native starchhowever, had a
betterwater absorption capacity (WAC)whichwas significantly greater
than that of AT. LowWAC by AT is attributable to eroded amylose con-
tent following acid treatment. This gives credence to its low swelling
power.

3.2. Pasting properties

Significant differences in pasting properties of native and modified
African breadfruit starches were observed (Table 3). Pasting properties
are affected by starch molecular structure and composition [40]. Peak
viscosities of the modified starches, except for OX (2962.5 ±
181.73 cP at 87.3 ± 0.0 °C in 5.3 ± 0.19 min), were lower than that ob-
tained for NA (1677± 85.56 cP at 85.7± 1.2 °C in 4.9± 0.09min)with
significant reduction observed in AT. High peak viscosity for oxidized
new cocoyam starch has been reported by Lawal [9]. High peak viscosity
reflects the extent to which starch is damaged [41]. Final viscosities of
AC andOXwere greater than the viscosity obtained forNAwithOX hav-
ing the highest (5092.5 ± 197.28 cP) of the two. It is obvious that thin-
ning greatly decreased the pasting properties of NA. Similar
Table 3
Pasting properties of native (NA), acetylated (AC), oxidized (OX) and acid-thinned (AT), starch

Sample PeV (cP) TrV (cP) BrV (cP)

NA 1677.5 ± 85.56a 1136.5 ± 102.53a 541 ± 16.97a

AC 1490.0 ± 29.70a 1256 ± 28.28a 234 ± 1.41b

AT −16.5 ± 2.12b −24 ± 1.41b 7.5 ± 0.71c

OX 2962.5 ± 181.73c 2387.5 ± 173.24c 575 ± 8.49a

Means± SD of triplicate determinations. Columnswith different alphabets are significantly diff
FnV = Final viscosity; SeV = Setback viscosity; PeT = Peak Time; PaT = Pasting Temperature
observations have been made by Zhang et al. [42] and Khan et al. [43].
The significantly reduced pasting ability of AT might be attributed to
stiff granules not breaking up easily after erosion of the amorphous am-
ylose layer making the movement of molecules of water into the starch
granules slow, consequently preventing swelling of granules [44]. Also,
acid hydrolysis caused an apparent breaking of the α-1,4-glycosidic
linkages of the amylopectin chains, with consequential lowering of vis-
cosity. Apart fromAT, AChad the utmost thermal andmechanical shear-
ing stability at 95 °C holding temperature as shown by reduced
breakdownviscosity (234±1.41 cP) because higher breakdown viscos-
ity implies lower ability in withstanding stress from heating and shear-
ing [41]. Similar reduction in breakdown viscosity following
modification has been observed by Xiao et al. [45] for cross-linked oxi-
dized potato starch. Breakdown reductionmight be credited to the rear-
rangement in the altered starch granules [29]. The pasting temperature
of OX was highest (87.3 ± 00 °C). On the contrary, Xiao [45] reported
reduction in pasting temperature following oxidation of rice, maize
and potato starches. Reduced pasting temperature of AC is similar to
that reviewed by Golachowski et al. [46]. Retrogradation tendencies of
African breadfruit starch increased following oxidation and acetylation.
OX has higher tendency to retrogradation with a setback viscosity of
2705.0 ± 24.04 cP. Acid-thinning significantly increased resistance to
retrogradation as a result of shorter amylose chain following acid-
thinning and debranching of amylopectin chains [47]. Adebowale and
Lawal [38] reported lowered setback viscosity following starch
modifications.

3.3. Morphological characteristics

Fig. 5 presents the SEM of native and modified African breadfruit
kernel starches. All the starches have diameters of about 10 μm similar
es of African breadfruit kernel.

FnV (cP) SeV (cP) PeT (min) PaT (°C)

1872.5 ± 101.12a 736.0 ± 1.41a 4.9 ± 0.09a 85.7 ± 1.20a

2626.5 ± 12.02b 1370.5 ± 40.31b 5.1 ± 0.19a 85.2 ± 0.60a

−17.0 ± 1.41c 7.0 ± 00c 5.6 ± 0.47b 0.0 ± 00b

5092.5 ± 197.28d 2705.0 ± 24.04d 5.3 ± 0.19a 87.3 ± 00a

erent (p b .05); PeV=Peak Viscosity; TrV=Trough viscosity; BrV=Breakdown viscosity;
.
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Fig. 5. Scanning Electron Micrograph of native (NA), acetylated (AC), oxidized (OX) and acid-thinned (AT) African breadfruit kernel starches.
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to those reported by Zabot et al. [48] for annatto seeds. Oblong and oval
particles with rough surfaces characterised all the starches. No signifi-
cant morphological difference appeared on starch particle surfaces fol-
lowing oxidation, acetylation and acid-thinning. Unchanged surface
morphology of OX is similar to the reports of Sangseethong et al. [49]
for hypochlorite oxidized cassava starch, Kuakpetoon and Wang [50]
for potato, corn and rice starches and Halal et al. [51] for barley starches
but contrary to the report of Sukhija et al. [52] for elephant foot yam
starch and Vanier et al. [53] for bean starch. Vanier et al. [53] also re-
ported that acid hydrolysis at a mineral acid concentration of 3.16M re-
sulted in exo-erosion of starch granule surface.

3.4. Thermal properties

The thermograms of the TGA of native and modified African bread-
fruit kernel starches are shown in Fig. 6. All the starches showed single
step decomposition with about 291.90 °C, 298.60 °C, 291.53 °C and
291.90 °C on-set decomposition for NA, AC, OX and AT, respectively.
The initial loss in weight is attributable to desorption of bonded water
molecules from starch granules. This occurred around 86–118 °C. Fifty
percent weight loss for the starches occurred around 336.33 °C,
346.00 °C, 344.50 °C and 337.17 °C for NA, AC, OX and AT, respectively.
Comparing themodified starcheswith the native, complete decomposi-
tion of AC, OX and AT occurred at 540.09 °C, 566.50 °C and 538.17 °C,
respectively. These correspond to increase in thermal stability of
African breadfruit kernel starch following modification. NA had signifi-
cantly lower complete decomposition temperature of 369.50 °C. Aziz
et al. [54] and Emeje et al. [55], reported increase in thermal stability
of acetylated corn, pea and sweet potato, and acha starches, respec-
tively. Reduction in thermal stability following oxidation was reported
by Zhang et al. [22] and was attributed to starch polymer chain scission
following oxidation while Tanetrungroj and Prachayawarakorn [56] re-
ported lowered thermal stability for oxidized cassava starch.

The results of the gelatinisation properties of the native and modi-
fied African breadfruit kernel starches are presented in Table 4. The
gelatinisation onset temperature, peak temperature, conclusion tem-
perature and enthalpy ranged from 73.7–79.3 °C, 80.2–84.7 °C,
83.8–89.4 °C, and 11.8–15.7 J/g, respectively. The gelatinisation transi-
tion temperatures of all the starch derivatives reduced than that of the
native starch. These reductions can be attributed to structural weaken-
ing following starch modification as a result of acetyl and carbonyl/car-
boxyl groups introduced into the AC and OX, respectively, which
enhanced water absorption, leaching of amylose, and hydration [49].
Other workers have reported similar decrease in gelatinisation temper-
atures following acetylation [38,57] and oxidation [49,57]. As a result of
weakening caused by the introduced functional groups, early rupture of
amylopectin double helices and consequent reductions in the
gelatinisation enthalpies, ΔH, of acetylated and oxidized starches were
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Fig. 6. TGA curves of Native (NA), acetylated (AC), oxidized (OX) and acid-thinned (AT) African breadfruit kernel starches.
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observed [38] in a manner similar to those observed by Adebowale and
Lawal [38] for mucuna bean, Lawal and Adebowale [25] for jack bean,
and Nur and Purwiyatno [58] for corn starches. Reduced onset
gelatinisation temperature in AT on the other hand can be adduced to
reduced amylopectin chain length [59]. Increased enthalpy of
gelatinisation was observed in AT due to the rigid crystalline amylopec-
tin constituent left after erosion of the amorphous amylose layer by acid
hydrolysis [60].
4. Conclusion

Acetylated, oxidized and acid-thinned starches were produced from
African breadfruit kernel native starch. The physicochemical properties
of native starch were significantly affected by modification. The FTIR
spectroscopy revealed that hydroxyl contents of native starch reduced
following acetylation and oxidation and new functional groupswere in-
troduced in the acetylated and oxidized starches. Improved solubility
and gelation ability and reduced pasting properties were observed in
acid-thinned starch. Starchmorphology remained unchanged following
modifications. Modification improved starch thermal stability. The na-
tive starch is a potentially good thickener for reducing water contents
of preparations owing to its high, water absorption capacity while the
oxidizedAfrican breadfruit kernel starch can function asflavor retention
agent. The acid-thinned starch has the potential of usage in gelling, in
quick-cook preparations with low viscosity, and frozen products with
low tendency to syneresis.
Table 4
Gelatinisation properties of native (NA), acetylated (AC), oxidized (OX) and acid-thinned
(AT), starches of African breadfruit kernel.

Sample To (°C) Tp (°C) Tc (°C) Tc – To (°C) ΔH (J/g)

NA 79.3 84.7 89.4 10.1 14.1
AC 76.5 81.9 85.6 9.1 11.8
AT 73.7 80.2 87.6 13.9 15.7
OX 74.3 82.4 83.8 9.5 12.9

To = onset temperature; Tp = peak temperature; Tc = conclusion temperature; Tc –
To = gelatinisation temperature range; ΔH = enthalpy of gelatinisation.
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