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Amylopectin molecular structure is a very important determinant of starch functional properties. The main purpose of
this study was to determine the strength of the relationship between the amylopectin structure of starches from
cassava varieties and their functional properties. TME14 had the highest (46.63%) proportion of A chains while
Bamunanika had the lowest 42.27%. Bamunanika had the highest (23.33%) proportlon of B3" chains while TME14 had
the lowest 19.66%. TME14 had the highest amylopectin molecular weight 2.74x10° g/mol while NASE10 had the lowest
2.42x10° g/mol. TME14 had a higher gelatinisation temperature 65.37°C compared to the other varieties. Bamunanika
had the highest final viscosity 2477.66 mPa s while NASE10 had the highest set back viscosity (494.50 mPa s). TME14
had the highest pasting temperature 67.80°C while NASE10 had the lowest 65.23°C. There was a significant negative
correlation between final viscosity and A chains (r = -0.64), pasting temperature and A chains (r = - 0.77), A, B1 chains
and gelatinisation temperature of retrograded starches (r = - 0.82, r = - 0.87), respectively, gyration radius and onset
temperature of gelatinisation for the retrograded starch (r -0.56) and a significant positive correlation between B2
chains and pasting temperature (r = 0.94), amylopectin molecular weight and percentage retrogradation (r = 0.66).
These findings revealed possible improvement through breeding for starch with desired qualities.
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INTRODUCTION

exploitation to benefit both cassava farmers and starch

Cassava (Manihot esculenta Crantz) is one of the most
important sources of commercial starch in tropical and
subtropical countries (Moorthy, 2004); it is widely used in
tropical Africa and in parts of Asia, particularly Indonesia and
Thailand (Ernesto et al., 2000). Uganda relies on imported
starches resulting in increased costs of production. Late
deliveries for imported starches has been a major challenge
affecting industrial productivity in Uganda compelling
producers to search for cheaper locally processed starch
alternatives (Graffham et al., 2000). The study, therefore
profiled starches from cassava varieties available in Uganda
to enable their full
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industries. Cassava varieties bred by the National Crops
Resources  Research Institute  (NaCRRI)  showed
considerable differences in their functional properties
(Nuwamanya et al., 2009). Bello-Perez et al. (1998) reported
that amylopectin molecular structure could be used to
indicate the possible uses of starches and predict their
behaviour when incorporated into the food system or other
industrial applications. Ramesh et al., (1999) and Patindol
and Wang (2002) suggested that there was a correlation
between amylopectin molecular structure and functional
properties of starchy materials. Ong and Blanshard (1995)
reported that rice with a higher amylose content and more
long chain amylopectin tended to be hard after cooking while
Mua and Jackson (1997) reported that molecular weight and
extent of molecular branching affected retrogradation.
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Starches isolated from 3 cassava varieties were analysed
to determine the variation in molecular structure among
these varieties and relationship of molecular structure
and the functional properties.

MATERIALS AND METHODS

Maize, LEB8004 and Kenya tapioca were commercial starches for
comparison with starch from Ugandan cassava varieties NASE10,
TME14 and Bamunanika. Field experiments were set up at the
national crops resources research institute (NaCRRI), Namulonge,
in central Uganda. The three varieties were selected because they
are representative of the cassava varieties grown in Uganda.
TME14 is a farmer preferred landrace from Nigeria; NASE10 is an
elite improved cassava variety and Bamunanika is a farmer
preferred Ugandan land race.

Harvesting and collection of root samples

The cassava roots were harvested at 12 months after planting. The
roots were prepared for starch extraction by peeling and washing
with distilled water.

Starch extraction

Native cassava starch extraction was carried out using a method
described by Benesi (2005) and Nuwamanya et al. (2009). The
starch was air dried on aluminium pans at room temperature for 24
to 36 h and stored in plastic air tight containers at room
temperature.

Moisture content of native starch

Moisture content (MC) was determined using 1.5 g starch according
to International Starch Institute (ISI) method, (1997) using the
formula;

MC% = 100 x (W1-W2) /W1

Where W1= Weight of starch sample before oven

drying W»= Weight of starch sample after oven drying

Determination of bound lipids

The bound lipids of the starch samples were determined using a
standard method by Helrich (1990) by extraction using a hexane
chloroform mixture (1:1 v/v). The residue was dried in an oven for 2
h at 105°C and it was weighed. The difference in weight of the
original and extracted sample was used to calculate the percentage
lipid content.

Determination of the ash content
The ash content was determined using a standard method by
Helrich, (1990). 1.0 g starch was heated in a furnace at 550°C for 8

h. The residue was weighed and the ash content was calculated as
the percentage difference.

Determination of amylose content

Amylose content was determined from 0.5 g starch (dry weight

basis) using the Megazyme amylose/amylopectin assay kit
(Megazyme International Ireland, Bray Business Park, Bray,
Ireland) by selective quantitative precipitation of amylopectin with
concanavalin A (Con A), quantitative estimation of amylose on
hydrolysis using amylase/amyloglucosidases and estimation of
glucose by glucose oxidase/peroxidase assay.

Gelatinization properties

The gelatinisation properties of starch were analysed using a
differential scanning calorimeter (DSC Q2000 V24.4 Build 116)
equipped with a thermal analysis data station. Starch (3 mg, dry
starch basis) was weighed in an aluminium pan then 6 pL of double
distilled water was added. Therefore the starch to water ratio was
1:2. The samples were hermetically sealed and allowed to
equilibrate overnight at room temperature. An empty sealed pan
was used as a reference. The scanning temperature range was 20
to 140°C and the heating rate was 10°C/min. Onset temperature
(To), peak temperature (Tp) and enthalpy change were given
directly by the DSC software.

Retrogradation properties

After storage at 4°C for 7 days, the previously gelatinised starch
samples were removed from the refrigerator and allowed to
equilibrate at room temperature for 1 h, then rescanned by DSC
using the same heating parameters as for the gelatinisation process
(The scanning temperature range was 20 to 140°C and the heating
rate was 10°C/min). Onset temperature (To), peak temperature (Tp)
and enthalpy change were given directly by the DSC software. The
reference was prepared the same way as described in the
gelatinisation section.

Pasting properties

The viscosity and pasting properties of the starch samples were
determined using a rapid visco analyser (RVA) (Series 4V, Newport
Scientific Pty. Ltd, Warriewood, Australia) using standard profile 1.
The samples were mixed with double distilled water in the canister
at a concentration of 7% (2 g db in 18 g total), for at least 30 s. After
placing the canister in the RVA, the sample was stirred for 60 s at
50°C, heated to 95°C at a rate of 13°C/3.8 min and finally held at
50°C for 2 min, all at a rotation speed of 160 rpm. Total running
time was 13 min. Duplicate analyses were performed on each
sample and the results were averaged.

Determination of Amylopectin branch chain distribution

Amylopectin branch chain distribution was determined using the
high performance liquid chromatography (HPLC) method. Starch
was solubilised according to Jane et al. (1992). Amylopectin was
debranched according to Lin et al. (2006). The mixture was passed
through a 0.45 pm nylon filter and then injected via a 50 pL (ca.
0.18 mg/mL) loop injector (Rheodyne 7125). Solvent (0.007M
ammonium sulphate/acetic acid buffer), pH 3, passed through a
0.45 pum Millipore filter was delivered to the column at a flow rate of

0.4 mL/min with a Varian 9012HPLC pump and the chromatogram was
recorded from the response of a refractive index detector ( Varian Star
9040, Gen Tech Scientific, Inc. Arcade, NY, USA). Data were collected
and analysed by Varian Galaxie chromatography workstation software
version 4.51. The number-average molar mass (M) was estimated from
calibration curve made with various molar mass pullulan standards
(5900, 11800, 22800, 47300, 112000 and 212000 g/mol) (polymer
Laboratories, Amherst, USA).



Table 1. Proximate composition of starches from Ugandan cassava varieties.

Sample % LC %AM % MC % AC
Bamunanika* 0.22°40.01 22.85°40.02 15.87%40.01 0.19°40.01
NASE 10* 0.28°+0.01 18.95' +0.01 15.75%40.01 0.24%+0.00
TME 14* 0.19%+0.01 24.67°£0.01 15.59%+0.01 0.22°+0.01
Kenya Tapioca 0.09°£0.00 20.35°+0.01 12.28"+0.16 0.19°40.01
LEB 8004 0.09%+0.00 21.44%+0.02 11.76%+0.25 0.19%+0.01
Maize 0.50%+0.00 28.55°40.01 11.67%£0.14 0.20°4£0.00
%CV 3.07 0.07 1.11 3.41
LSD (P< 0.05) 0.017 0.030 0.371 0.015

Uganda cassava varieties*, Values were calculated from two replicates; + standard deviation. Results followed by the same
superscript in a column were not significantly different at P<0.05. LC = Lipid content; AM = amylose content; MC = moisture

content; AC= ash content.

A regression coefficient (RZ) between log molar mass and retention
time of 0.991 was obtained. The chain lengths (DP,) of the
branches were calculated by dividing My, by 162.

Determination of amylopectin molecular weight, radius of
gyration and polydispersity

Amylopectin molecular weight, radius of gyration and polydispersity
were determined using the high performance size exclusion
chromatography (HPSEC-MALLS-RI) method. Starch was
solubilised according to Jane et al. (1992). The starch precipitate
was dried in a vacuum dessicator. 4 mL of double distilled water
was put into precipitate with a stir bar and heated in a boiling hot
water bath for 20 min with continuous stirring. The mixture was
passed through a 5 pm nylon filter then injected into the column
through a 200 pL loop injector (Rheodyne 7125, Cotati, CA, USA).
Fractionation of the starch components was made on a SEC
column (Sephacryl S-500 HR, dextran exclusion range Mr =

4.0x10%-2.0x10" g/mol, GE HEALTH SCIENCE). The solvent (water
with 0.02% sodium azide) used for elution was passed through a
0.1 pm Millipore filter, degassed and pumped (Shimadzu, LC-
10ATVP, Kyoto, Japan) isocratically to the column at a flow rate of
1.3 mL/min. The data collected from the response of an on-line
MALLS Laser photometer (DAWN DSP-F, wavelength 488.0 nm
with a K-5 flow cell) and DRI (Wyatt/Optilab 903) was analysed for
Mw, Mn, Pd, Rz by Astra for Windows software (version 5.3.4.14,
2008) (Wyatt Technology Corp., Santa Barbara, CA, USA).

Statistical analysis

Quantitative data was subjected to analysis of variance (ANOVA)
using the general linear model (GLM) procedures of SAS (SAS,
2003), (SAS Institute Inc., Cary, NC, USA). Means were calculated
for each of the starch parameter and the least significant difference
(LSD) was used to separate the means at P<0.05. Pearson
correlation coefficients were computed to establish the relationship
between the amylopectin molecular structure and starch functional
properties.

RESULTS AND DISCUSSION
Proximate composition of starch samples

The results for the proximate chemical composition of the

starch samples are presented in Table 1. The results
showed that starch moisture content for the cassava
varieties ranged from 15.59 to 15.87%, which was within
the 10 to 20% range recommended for commercial
starches (Soni et al., 1993). The ash content of cassava
starches ranged from 0.19 to 0.24%, well below the limit
of 0.5% recommended for grade A industrial starches
(Radley, 1976) and lipid content ranged from 0.19 to
0.28% which compared favourably with the previously
reported range of 0.11 to 0.2% for cassava starch
(Moorthy, 2002; Daramola and Osanynlusi, 2006). The
results clearly indicated that the cassava varieties had
starches of high purity and met the worldwide industrial
standards.

Functional properties
Gelatinisation properties

The results of gelatinisation properties determined by
differential scanning calorimetry (DSC) are presented in
Table 2. The low gelatinisation transition temperatures
exhibited by the starches from the three cassava varieties
could be attributed to their higher proportions of
amylopectin short branch chains as postulated by Noda
et al. (1998). Bamunanika and NASE10 with lower
gelatinisation temperatures would be more suitable for
the textile industry and in the production of products with
thermolabile ingredients such as vitamins and proteins in
pharmaceuticals, baby food and pie fillings which require
less heat treatment. TME14 with a high gelatinisation
temperature would be suitable in applications that require
high processing temperature such as canned foods and
bread products (Betancur-Ancona et al., 2001).

Retrogradation

The results of retrogradation properties of the starches
are presented in Table 3. Cassava starches had lower



Table 2. Gelatinisation properties of starches from Ugandan cassava varieties.

Sample ToG (CC) TG (CC) AH (J/g)
Bamunanika* 58.39°+0.12 63.76°+0.53 11.65°+0.07
NASE 10* 58.98°+0.29 63.60°0.20 11.24°40.74
TME14* 59.85"+0.42 65.37°£0.48 10.19°£0.24
Kenya Tapioca 63.72°40.19 68.54°+0.21 11.80°40.48
LEB 8004 62.08°£0.30 67.37°0.28 12.57°40.00
Maize 64.70°+0.27 69.90%+0.21 13.17%40.07
%CV 0.46 0.51 3.24
LSD (P<0.05) 0.69 0.82 0.92

Uganda cassava varieties*, ToG = onset temperature of gelatinisation; TpG = peak temperature of gelatinisation; AH =

gelatinisation enthalpy in J/g. Results followed by the same superscript in a column were not significant ly different at P<0.05.

Table 3. Retrogradation properties of starches from Ugandan cassava varieties.

Sample To (C) Tp(C) AH (J/g) %R
Bamunanika* 46.04% +0.35 53.05°40.41 2.10°+0.10 18.05°40.78
NASE 10* 46.91%+1.27 53.35°+0.71 1.60°£0.01 14.26"+1.08
TME14* 45.42%+0.07 53.05°+0.40 1.73°°:0.30 17.06°+3.38
LEB 8004 42.25°°40.78 51.11°+0.37 1.94°%+0.07 16.00°+0.64
Kenya tapioca 44.41%°+0.29 52.38%+0.33 1.81°°0.26 15.34"+1.59
Maize 41.70°+1.96 51.01"+0.04 5.25%+0.12 39.85%+1.20
%CV 2.03 0.81 7.47 8.53
LSD(P<0.05) 0.69 0.82 0.92 4.16

Uganda cassava varieties*, To = onset temperature; Tp = peak temperature; AH = enthalpy change of starch retrogradation at 4°C for
7 days; Percentage retogradation (%R) = AH (gelatinisation of retrograded starch) / AH gelatinisation of native starch) x 100. Results
followed by the same superscript in a column were not significant ly different at P<0.05.

retrogradation rates compared to maize starch. Similar
results were reported by Jane et al. (1999) where cereal
starches retrograded more rapidly than the root starches.
The lower retrogradation percentage for cassava starch
could be attributed to the larger proportion of amylopectin
short branch chains as reported by Lu et al. (1997), Shi
and Seib (1992) and presence of phosphate monoesters
in root starches (Jane et al., 1999; Lim et al., 1994) which
retard retrogradation rates. The results suggested that
cassava starch was more stable than maize starch under
storage which makes cassava starches suitable in
making products stored for a long time and in which soft
texture is necessary such as dessert-like products.

Starch viscosity and pasting properties

The results of starch pasting properties are presented in
Table 4. Starch pasting properties were significantly
(P<0.05) different among the different cassava varieties,
this could be attributed to the genetic variation which has
been reported to induce differences in pasting and
viscoelastic characteristics of starch by Asaoka et al.
(1992).
NASE10 with the highest breakdown viscosity of

1208.30 mPa s was considered inferior to the other
cassava varieties, because its viscosity rapidly lowered
on heating under shear leading to a long and cohesive
texture of its paste, which is not desired in textile
applications.

The high set back viscosity of NASE10 494.50 mPa s
compared to the other cassava varieties would limit its
application in the food and textile industries (Moorthy,
2002). The differences observed in setback viscosity
among the cassava varieties reflected the different
thermodynamic behaviours of these starches during
heating which play important roles in industrial
applications.

The high final viscosity exhibited by Bamunanika
(2477.66 mPa s) makes it more suitable in many food
products such as sauces, soups, dressings and in the
textile and the wet stage of paper making where high
viscosity is desired (Moorthy, 2002), while the low final
viscosity of NASE10 1808.00 mPa s makes it more
suitable in the dry stage of paper production where lower
viscosity and good film forming capacity are preferred
(Moorthy, 2002).

The low pasting temperature of NASE10 and
Bamunanika starches suggested that they easily formed
pastes hence more suitable in most food and non food



Table 4. Viscosity and pasting properties of starches from Ugandan cassava varieties.

Sample BD (mPa s) FV (mPa s) SB (mPa s) PT (OC)
Bamunanika* 790.66"+7.50 2477.66°+11.00 412.62°+0.70 65.45°+0.74
TME14* 709.34°+8.30 2010.33"+10.00 446.49%+2.12 67.80°+0.08
NASE10* 1208.30°£9.70 1808.00°+10.60 494.50°£0.70 65.23"+0.11
LEB8004 1380.38"+8.50 1577.66%+11.00 474.56"+2.12 68.58°40.07
Kenya tapioca 1574.29%+9.60 1532.54°47.50 492.00%£2.82 70.22°+0.10
Maize 427.00'+7.00 1576.63%+11.20 354.00%+2.82 76.70%£0.80
CV% 0.78 0.43 0.46 0.41
LSD (p<0.05) 19.39 19.62 5.09 0.68

Uganda cassava varieties*, Values were calculated from two replicates; + standard deviation.Results followed by the same superscript
in a column were not significantly different at P<0.05. mPa s = MilliPascal seconds, A unit for measuring dynamic viscosity. BD = break
down viscosity; FV = Final viscosity; SB= Set back viscosity, PT = Pasting temperature.

Table 5. Percentage branch chain length distribution of amylopectin from starches of Ugandan cassava varieties.

% branch chain distribution

Sample A chain B1 chain B2 chain B3" chain
Bamunanika* 42.27°40.04 24.56°40.15 9.84%+0.09 23.33%40.01
NASE 10* 45.67°+0.04 23.00°40.45 9.30%°0.07 21.98%°+0.59
TME14* 46.63%°+0.38 24.53%40.12 9.14°+0.03 19.66°°+0.23
LEB 8004 44.97°%+1.61 25.02%+0.74 9.662°+0.67 22.19%%+2.87
Kenya tapioca 43.68°°+1.08 23.51°°40.04 9.2%°:0.02 23.55%+1.14
Maize 48.04%+0.01 24.08%°+0.41 8.95°+0.03 18.84%£0.39
%CV 1.78 1.66 3.01 6.01

LSD(P<0.05) 1.97 0.98 0.69 3.17

Uganda cassava varieties*, Values were calculated from two replicates; + standard deviation. Results followed by the same
superscript in a column were not significantly different at P<0.05. Each chain was classified into one of the four fractions

according to its degree of polymerisation (DP), A= (DP < 12); B1 = (DP 13-24); B2 = (DP 25-36); B3'= (DP > 37) (According to

Hanashiro et al., 1996).

industrial processes because of reduced energy costs
during production processes. The wide variation in the
pasting temperature among the cassava varieties offered
more opportunities for utilisation of cassava starches in
several industries.

Amylopectin branch chain distribution

The results of amylopectin branch chain distribution are
presented in Table 5. Amylopectin branch chains were
classified into chain types and corresponding degree of
polymerization (DP) according to Hanashiro et al. (1996)
as follows; A chain (DP <12), B1 chain (DP 13-24), B2
(DP 25-36) and B3" chain (DP > 37). There were
significant (P<0.05) differences in the amylopectin branch
chain distributions among the starches from the cassava
varieties. Maize starch had more A chains while cassava
starches had more B2 and B3" chains (Table 5). Similar
results were previously reported by Hizukuri (1985, 1986)
who reported that cereal starches had higher proportions
of A chains compared to root starches. Among the
Ugandan cassava varieties TME14 had the highest

proportion of A chains (46.63%) while Bamunanika had
the lowest 42.27%. The high proportion of short A chains
has been associated with low starch retrogradation rates
(Shi and Seib, 1992; Kalichevsky et al., 1990; Wursch
and Gumy, 1994) and Ilow starch gelatinisation
temperature (Jane et al., 1999; Silverio et al., 2000).
Bamunanika had the highest 23.33% proportion of B3"
chains while TME14 had the lowest 19.66%. The high

proportion of B3" chains has been associated with high
gelatinisation temperature (Srichuwong et al., 2005) and
high pasting temperature (Jane et al., 1999).

Amylopectin molecular weight (Mw), Radius of
gyration (Rz) and polydispersity (pds)

The results for molecular weight, polydispersity and
gyration radius are presented in Table 6. There were
significant (P<0.05) differences in molecular weight and
gyration radius among the starches from the three
cassava varieties. Molecular weights of the amylopectin
molecules for the cassava varieties ranged from 2.42



Table 6. Amylopectin molecular weight, gyration radii and polydispersity of starches from Ugandan cassava varieties.

Sample Mw xlod(g/mol) Rz (nm) Polydispersity
Bamunanika* 2.56"+0.09 170.50°+5.65 1.18%+0.04
NASE 10* 2.42°+0.14 176.50°+4.66 1.10%+0.01
TME14* 2.74°+0.21 172.55°+4.03 1.15%£0.00
LEB 8004 3.19%+0.25 193.10%+0.56 1.10%+0.02
Kenya tapioca 2.72°£0.09 171.2°+3.67 1.14%+0.01
Maize 3.33%40.03 178.10°+1.13 1.19%+0.09
%CV 5.60 2.12 4.01
LSD(P<0.05) 0.38 9.21 0.11

Uganda cassava varieties*, Values were calculated from two replicates; + standard deviation.Results followed by the same superscript
in a column were not significantly different at P<0.05. Mw = Molecular weight; Rz = average radius of gyration.

xlO8 (NASE 10) to 2.74x108 g/mol (TME14) suggesting
that TME14 starch had more densely packed molecules
compared to the other cassava varieties. Yoo and Jane
(2002) reported that amylopectin molecules with higher
molecular weight had more branch chains and more
densely packed molecules. Molecular weight has been
associated with starch solubility with Mizukami et al.
(1999) reporting that small amylopectin molecules
dissolve more easily in hot water than the large
molecules implying that NASE10 with lower amylopectin
molecular weight would have high solubility compared to
TME14, therefore making NASE10 more important in
applications such as pharmaceuticals (Moorthy, 2002) for
easy release of the active ingredients in the
pharmaceuticals and in the food industry such as baby
food, yoghurt and dessert like products, where high
solubility was associated with good cooking and eating
gualities (Moorthy, 2002).

Starch solubility also allows easy hydrolysis to release
glucose for use by the organism. Amylopectin molecular
weight has also been reported to influence the pasting
viscosity of starch (Bultosa et al., 2008). Larger molecular
weight amylopectin molecules have capability of inter and
intra-molecular interactions thus making them more
difficult to dissolve in hot water which may affect starch
pasting properties. Rice volume expansion, paste peak
and final viscosity have been associated with high
amylopectin molecular weight and radius of gyration
(Patindol et al.,, 2006). An increase in amylopectin
molecular weight has been reported to decrease the
amount of long-branch chain length as well as branching
degree of amylopectin resulting into an increased peak
and breakdown viscosity, decrease in setback and final
viscosity (Takeda et al., 1989) thus making such starch
unsuitable in textile and paper industries where high final
viscosities are desired.

Correlations  between  amylopectin  molecular

structure and starch functional properties

Several significant correlations between amylopectin

molecular structure and functional properties were
observed (Table 7). There was a significant negative
correlation between final viscosity and A chains (DP<12)
(r = -0.64). This was attributed to the weak interactions of
the short branch chains which do not hold the integrity of
the swollen granules resulting into granule disruption
during heating leading to a reduced final viscosity
(Stevenson, 2003). A higher proportion of long chains
have been reported to contribute to high viscosity
because long chains increase the gyration radius of
amylopectin molecules (Whistler and BeMiller, 1997).
There was a significant negative correlation between
pasting temperature and A chains (DP<12) (r = - 0.77),
suggesting that short chains do not contribute to a high
crystalline quality and hence less energy would be
required to melt the starch crystallinity resulting in a low
pasting temperature (Jane et al., 1999). There were
significant negative correlations between A, Bl chains
and gelatinisation temperature of retrograded starches (r
=-0.82, r =-0.87), respectively. This was attributed to the
high proportion of short branch chains (A and B1) which
do not easily reassociate on cooling and therefore inhibit
retrogradation (Kalichevsky et al., 1990; Shi and Seib,
1992; Wursch and Gumy, 1994; Lu et al., 1997).

The significant negative correlation between gyration
radius and onset temperature of gelatinisation for the
retrograded starch (r = -0.56) was attributed to the more
free movement of longer linear chains in the amylopectin
polymer (Klucinec and Thompson, 1999) hence, readily
forming double helices during cooling leading to high
rates of retrogradation. There was a significant positive
correlation between amylopectin molecular weight and
percentage retrogradation (r = 0.66) attributed to the
decreased degree of branching resulting from increased
amylopectin molecular weight (Takeda et al., 1989). The
significant positive correlation between B2 chains (DP25-
36) and pasting temperature (r = 0.94) indicated a high
crystallinity quality as a result of long branch chains (Jane
et al.,, 1999) which required more energy to melt hence
high pasting temperature and this implied that starch with
a high proportion of long chains is associated with high
energy costs. These findings showed that amylopectin



Table 7. Pearson correlation matrix for starch functional properties and amylopectin molecular structure.

BD FV SB PT ToG TpG AHG ToR TpR AHR %R
A 0.22 -0.64*  -0.25 -0.77* 0.71* 0.69 0.72 -0.40 -0.82* -0.52 0.56
Bl 0.42 0.07 0.15 -0.62 -0.11 -0.22 0.72 0.36 -0.87* -0.63 -0.09
B2 -0.05 -0.67* 0.16 0.94** -0.73* 0.75%** -0.86 0.74** 0.86 0.42 -0.41
B3 -0.80 0.47 0.32 0.19 -0.67* -0.66 -0.18 0.39 0.16 -0.14 -0.54
Mw -0.27  -0.52 -0.50* -0.07 0.71** 0.76*** 0.73 -0.88*** -0.19 -0.67 0.66*
Rz 0.11 -0.47 0.11 0.22 0.22 0.24 0.08 -0.56* 0.08 -0.09 0.05
Pds 0.10 0.26 -0.62* -0.29 0.18 0.23 -0.08 0.01 0.14 0.039 0.50*

* ** and *** = significant at p<0.1, 0.01, and 0.005, respectively. Functional properties; BD = break down viscosity; FV = Final viscosity; SB = Set
back; PT = pasting temperature; ToG = onset gelatinization temperature, TpG = gelatinization temperature; AHG = enthalpy of gelatinization; ToR,
Onset temperature after retrogradation; TpR, gelatinisation temperature after retrogradation; AHR enthalpy after retrogradation; %R = Percentage
retrogradation. Amylopectin molecular structure; Mw = molecular weight; Rz = radius of gyration, Pds = polydispersity; A chain= (DP < 12); B1 = chain

(DP 13-24); B2 = (DP25-36); B3'= (DP > 37).

molecular structure was a critical factor influencing starch
functional properties.

Conclusion

Cassava starches of different varieties differed in their
functional properties and the molecular structures.
Correlation analysis provided valuable information on the
influence of amylopectin molecular structure on starch
functional properties. The correlation analysis suggested
the possibility of using amylopectin molecular structure in
the selection of cassava lines with desired starch
functional properties for different industries.
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