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Cassava, cocoyam and sweetpotato constitute underexploited but yet important sources of starch for 
the Malawi industry. The functional properties of starches isolated from cassava, cocoyam and 
sweetpotato were studied and compared. Results revealed diverse functional properties among the 
starches from the different sources. With increasing temperature, water binding capacity, swelling 
power and solubility of the starches increased. Cocoyam and sweetpotato starches exhibited lower 
water binding capacity and swelling power, paste clarity and viscosity but higher degree of syneresis 
than cassava starches. Solubility was higher in cocoyam starches than sweetpotato and cassava 
starches. Cocoyam starches had higher gelatinization temperatures than sweet potato and cassava 
starches but similar transition enthalpies with cassava. Retrogradation studies by differential scanning 
calorimetry and turbidometry revealed higher levels of retrogradation for cocoyam and sweetpotato 
starches compared to cassava starches. Thus starches from sweetpotato, cocoyam and cassava would 
play different roles in various industrial applications. 
 
Key words: Sweetpotato, cocoyam, cassava, starch, functional properties. 

 
 
INTRODUCTION 
 
Starch is widely used in different applications in the food 
and non-food industries. Its application is primarily 
determined by its functional properties which vary with 
botanical source (Wickramasinghe et al., 2009; 
Nwokocha et al., 2009; Yuan et al., 2007; Amani et al., 
2004).  The demand for starch in industries worldwide is 
currently being met by a restricted number of crops 
mainly corn, potato and  wheat.  Tropical  root  and  tuber 

crops of which sweetpotato (Ipomoea batatas), cocoyam 
(Colocasia esculenta) and cassava (Manihot esculenta) 
are important representatives, remain underexploited 
sources of starch for the industry worldwide despite being 
rich in starch (Ellis et al., 1998). In Malawi, these three 
crops are grown mainly as subsistence crops limiting their 
potential contribution to the starch-based industries. Hence 
there is need for unveiling the characteristic  properties  of  
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starches from these crops in order to unravel the 
potential and increase the competitiveness of starches 
from these crops on the world markets. This study 
therefore, was undertaken to determine and compare the 
functional properties of native starches from sweetpotato, 
cocoyam and cassava grown in Malawi. 
 
 
MATERIALS AND METHODS 
 
Starch from 15 genotypes of sweetpotato (A45, Babache, Kakoma, 
Kamchiputu, Kenya, Lunyangwa, LU96/303, LU96/304, Mafutha, 
Mugamba, Mugande, Salera, Semusa, Tainoni and Zondeni), 7 
cocoyam accessions collected from different cocoyam growing 
districts of Malawi (Chitipa, Mzimba (Mzuzu), Nkhotakota, 
Machinga, Mulanje, Thyolo and Zomba) and five genotypes of 
cassava (Gomani, Maunjili, Mbundumali, Mkondezi and Sauti) were 
used for this study. 
 
 
Starch isolation 
 
Starch was isolated from the fresh tubers as follows: Fresh 
tuberous roots were washed, peeled, washed again and chopped to 
about 1 cm3 cubes. About 500 g of the chopped tubers were 
transferred into a heavy duty blender (Warring Commercial, model 
CBCSA 33BL34), 1 L of water added, and pulverized at a high 
speed for 5 min. The suspension was then filtered using a 250 μm 
sieve. The filtrate was allowed to stand for four hours to facilitate 
starch sedimentation and the top liquid was decanted and 
discarded. The sediment was resuspended in 1 L of water and the 
whole process was repeated three times. The sediment was then 
washed and dried in an air-dried for 48 h. The dried starch was 
ground and stored in polyethylene bottles prior to analysis. 
 
 
Water binding capacity (WBC) 
 
Water binding capacity (WBC) of the starches was determined 
using 2.5% starch suspensions at three temperatures; 50, 70 and 
90°C. Dried starch samples of 0.125 g were weighed in triplicates 
into pre-weighed centrifuge tubes and 5 ml of distilled water added. 
The samples were heated at each of the above temperature for 1 h 
with constant shaking and thereafter centrifuged for 15 min at 1500 
× g. The free water was decanted and the tubes allowed draining 
off for 10 min at a 45° angle. Subsequently the sample tubes were 
weighed, and the gain in weight used to calculate the water binding 
capacity.  Water binding capacity was calculated using the following 
equation(Mishra and Rai, 2006): 
 
WBC (g H2O g-1) = (Mass of wet starch - Mass of dry starch)/ Mass 
of dry starch. 
 
 
Swelling power and solubility 
 
Swelling and solubility of the starches was determined in triplicates 
as follows: Dried starch samples (0.100 g) were mixed with 5 ml of 

distilled in 10 ml centrifuge tubes, heated for 1 h at 50, 70 or 90C 
while shaking every 5 min. The slurry was centrifuged for 30 min at 
1500 × g, and the weight of the sediment in grams (B) determined 
(Kojima et al., 2006). The supernatant (A) was diluted with water 
until the total volume was 10 mL, and the amount of starch in it was 
determined by anthrone-sulphuric acid method (Brook et al., 1986). 
The solubility and the swelling power were calculated using the 
following equations, where (S) is the sample weight in grams. 

 
 
 
 
Solubility (%) = (100 x A)/S  
Swelling power (g g-1) = B/(S-A) 
 
 
Clarity and stability of starch pastes 
 
Clarity and stability of the starch pastes was determined by the 
method of Craig et al. (1986) as follows: a 1% aqueous suspension 
of starch was made by adding 10 mL of distilled water to exactly 0.1 
g of starch (dry basis) in a centrifuge tube with screw caps and 
vortex mixed. The suspension was heated in a boiling water bath 
for 30 min with constant stirring every 5 min and thereafter cooled 
to room temperature for 1 h. The percentage transmittance (%T) 
was measured at 650 nm against a water blank on a 
spectrophotometer (Spectronic Unicam, Heλios, Cambridge, United 
Kingdom). 

The stability of the starch pastes was determined by placing 
triplicate starch paste samples prepared above in disposable 

cuvettes and stored for 5 days at 4C in a refrigerator. Turbidity was 
determined every 24 h by measuring absorbance at 640 nm against 
a water blank (Sandhu and Singh, 2007).  
 
 
Syneresis 
 
A 5% aqueous starch suspension was made by adding 5 ml of 
distilled water to 0.25 g (db) in screw-capped centrifuge tube. The 
suspension was heated in a boiling water bath for 30 min with 
constant stirring and then cooled rapidly to room temperature on ice 
bath.  After cooling, the tubes with the starch pastes were 
reweighed to determine the amount of starch paste and then placed 

in a still-air freezer at -20C for 48 h. After the freezing period, the 

samples were placed in a 40C water bath for 1.5 h to thaw and 
equilibrate. Syneresis was measured in triplicate as % amount of 
water released after centrifuging at 1500 x g for 30 min (Singh et 
al., 2004). 
 
 
Viscosity 
 
The viscosity of the starch pastes was determined using a 
Brookfield Digital Viscometer model RTDV II (Brookfield 
Engineering Laboratories Inc, Stoughton MA 02072, USA) with 
modifications (ISI, 2002). A 10% starch suspension was prepared in 
duplicate for each sample by weighing 10 g of dried starch samples 
into a 600 mL beaker and adding distilled water to bring to the total 
weight of starch and water to 500 g. The starch suspension was 
heated in a water bath at 95°C for 30 min with constant stirring. The 
resultant gelatinized starch was weighed and water added to 
replace the evaporated water until the gross weight of 500 g. The 
starch gel was cooled to 50°C in a water bath set at 50°C while 
stirring and viscosity measured in centipoises (cps) with spindle no. 
2 at 100 rpm. 
 
 
Thermal properties 
 
Thermal properties of raw starches and retrograded were obtained 
using differential scanning calorimetry (DSC 822e, Mettler, Toledo, 
Switzerland). Starch samples were prepared by mixing dried starch 
with distilled water in a ratio of 1:3. Exactly 3.0 mg, in triplicates, of 
dried starch were weighed into DSC aluminium pans and distilled 
water added using a transfer pipette to make a starch: water ratio of 
1:3. The pans were hermetically sealed and samples were left to 
stand for 1 h at room temperature for moisture equilibration. The 
sealed pans were heated from 20 to 95°C under nitrogen gas at a 

heating rate of 10C/min to gelatinize the starch samples. From  the  



 

 
 
 
 
DSC thermograms, onset temperature (To), peak temperature (Tp), 

conclusion temperature (Tc) and enthalpy of gelatinization (HG) 
were determined using instruments software (STARe SW 9.00). 
Temperature range and peak height index (PHI) were also 

calculated as Tc - To and as the ratio HG/(Tp-To) respectively 
(Peroni et al., 2006) 

The gelatinized samples from the gelatinization studies described 

above were stored at 4C (refrigerator) for a period of 7 days, 
equilibrated at room temperature for 2 h, and then rescanned in the 

DSC from 20 to 95C at 10C/min to measure the retrogradation 
transition temperatures and enthalpy. The degree of retrogradation 
was determined as the ratio of enthalpy change of retrograded 
starch to enthalpy change of gelatinized starch (Gunaratne and 
Hoover, 2002). 
 
 
Data analysis 
 
Data obtained was subjected  to  analysis  of variance (ANOV A) 
using  Statistix  8  for  Windows  (Analytical  Software Tallahassee,  
USA).  Principal component analysis (PCA)  was also performed on 
the determined  functional properties of  the  starches  using  NCSS  
2004  (Number  Cruncher Statistical systems,  Kaysville, Utah, 
USA) in  order  to identify  the  main  variables  that  described  the 
similarities  and differences  between  starches  and  also  to find  
the  relationships  between the measured properties. Pearson 
correlation coefficients for relationships between various functional 
properties were also calculated. 
 
 

RESULTS AND DISCUSSION 
 

Water binding capacity (WBC) 
 

The water binding capacity of the starches significantly 
increased with temperature with high increases observed 
between 50 to 70°C for all starches (Table 1). Generally, 
cassava starches exhibited significant higher WBC 
values than sweetpotato and cocoyam starches at all 
temperatures. Between 50 to 90°C, WBC values ranged 
from 1.49 to 38.70, 1.28 to 28.31 and 1.47 to 24.71 g H2O 
g

-1
, for cassava, cocoyam and sweetpotato starches,  

respectively. Variations in WBC within the same botanical 
source were also observed. Among the cassava 
genotypes, starch from Sauti displayed the highest WBC 
at the three temperatures whilst among the cocoyam 
accessions, starch from Chitipa accession exhibited 
higher WBC values at 70 and 90°C. No consistent trends 
were observed among sweetpotato starches. Water 
binding is a measure of the amount of water that starch 
granules are able to hold and depends  on  the  capacity  
of  starch  molecules  to hold  water  through  hydrogen  
bonding. These observed differences in WBC therefore, 
indicate the differences in the intensity of the hydrogen 
bonds forms and the degree of availability of water 
binding sites among the starches (Hoover and Sosulski, 
1986). This ability to hold water is a desirable 
characteristic in the food industry for consistency of food 
products. Therefore cassava starches are better suited 
for the food industry as gelling agents than cocoyam and 
sweetpotato starches (Gbadamosi et al., 2013). They 
could also be used in frozen food products  as  stabilisers 

Mweta et al.           581 
 
 
 
and emulsifiers as starches with high WBC usually bind 
more water preventing syneresis (Otegbayo et al., 2013). 

 
 
Swelling power and solubility patterns  
 
The swelling power of the starches increased with 
increasing temperature from 50 to 90°C. This is probably 
due to the breaking of intermolecular hydrogen bond in 
the amorphous areas (De la Torre-Gutiérrez et al., 2008). 
There were significant variations in swelling power 
among the starches. Generally, the cocoyam and 
sweetpotato starches exhibited lower swelling power than 
cassava starches at all temperatures; cassava starches 
exhibited the highest swelling power (Table 2). The 
swelling power of the cocoyam starches ranged from 
2.29 to 34.10 g g

-1
 from 50 to 90°C while that of 

sweetpotato starches ranged from 2.49 to 28.22 g g
-1

 
from 50 to 90°C. Swelling power of cassava starches 
ranged 2.50 to 43.81 g g

-1
 from 50 to 90°C. These results 

agree with those reported by Wickramasinghe et al. 
(2009). They reported higher swelling power for cassava 
starches than taro (Colocasia esculenta) and sweetpotato 
starches. Gbadamosi et al. (2013) also reported higher 
swelling power for cassava starches than cocoyam 
starches. However they reported lower values of swelling 
power for cassava and cocoyam starches than the ones 
observed in this study. Bentacur-Ancona et al. (2001) 
reported higher swelling power values (58.8 g g

-1
) for 

cassava values than the ones obtained in this study. 
Solubility of the starches increased with increasing 
temperature (Table 3). This is because an increase in 
temperature increases the mobility of starch granules 
thereby facilitating dispersion of starch molecules in 
water. The heated and swollen starch granules 
consequently for allow amylose exudation (Adebowale et 
al., 2002). Cocoyam starches generally displayed higher 
solubility than cassava and sweetpotato starches, and 
sweetpotato starches displayed the lowest solubility. 
Solubility of cocoyam, cassava and sweetpotato starches 
ranged from 0.22 to 15.68%, 0.36 to 10.11% and 0.41 to 
9.43% from 50 to 90°C, respectively. These results 
contrast those of Gbadamosi et al. (2013) who reported 
higher solubility for cassava starches that cocoyam 
starches. 

Both swelling power and solubility provide evidence of 
the magnitude of interactions between starch chains 
within the amorphous and crystalline regions. Swelling 
power is influenced by a strong bonded micellar network 
and amylopectin molecular structure decreasing with 
increasing crystallite formation by the association 
between long amylopectin chains (Srichuwong et al., 
2005; Gujska et al., 1994; Sasaki and Masuki, 1998). 
Thus, the differences in the extent of swelling observed in 
this study indicate differences in structures among the 
starches.  The differences in solubility of the starches 
could largely be due to granular and  molecular  structural 
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Table 1. Water binding capacity of the cocoyam, sweetpotato and cassava starches. 
  

Botanical source Accession/genotype  
Water binding capacity [g H2O g

-1
 starch] 

50°C 70°C 90°C 

Cocoyam 

Chitipa 1.50
ij 

13.42
fgh 

28.31
c 

Machinga 1.31
k 

6.07
m 

24.35
f 

Mulanje 1.39
jk 

6.31
m 

22.04
h 

Mzuzu 1.28
k 

10.91
j 

22.69
gh 

Nkhotakota 1.48
ij 

2.35
n 

25.72
d 

Thyolo 1.49
ij 

10.98
j 

25.65
de 

Zomba 1.60
fghi 

6.04
m 

22.60
gh 

Mean 1.44±0.13 8.01±3.68 24.48±2.20 
     

Sweetpotato 

A45 1.80
cd 

8.22
l 

20.58
i 

Babache 1.66
efg 

8.09
l 

20.05
ijkl 

Kakoma 1.83
cd 

11.96
i 

19.37
kl 

Kamchiputu 1.71
def 

13.67
f 

19.96
ijkl 

Kenya 1.48
ij 

13.46
fg 

19.54
jkl 

Lunyangwa 1.51
hij 

13.74
f 

17.70
m 

LU96/303 1.57
ghi 

11.90
i 

17.84
m 

LU96/304 1.50
ij 

13.07
fgh 

19.28
l 

Mafutha 1.60
fghi 

13.09
fgh 

19.96
ijkl 

Mugamba 1.63
fgh 

14.84
e 

20.31
ijk 

Mugande 1.86
c 

12.75
h 

20.17
ijkl 

Salera 1.47
ij 

11.14
j 

23.13
g 

Semusa 1.52
hij 

9.53
k 

18.14
m 

Tainoni 1.73
def 

12.84
gh 

24.72
ef 

Zondeni 1.77
cde 

10.01
k 

20.49
ij 

Mean 1.64±0.15 11.88±2.05 20.08±1.86 
     

Cassava 

Gomani 1.82
cd 

15.43
de 

34.39
b 

Maunjili 2.22
b 

17.53
a 

34.07
b 

Mbundumali 1.49
ij 

15.88
cd 

38.30
a 

Mkondezi 1.79
cde 

16.18
bc 

38.70
a 

Sauti 3.40
a 

16.74
b 

38.46
a 

Mean 2.14±0.70 16.35±0.80 36.78±2.20 
 

Means followed by the same letter within the same column are not significantly different from each other (p≤0.05); Means for botanical 
source expressed as mean ± standard deviation. 

 
 
 

Table 2. Swelling power of the cocoyam, sweetpotato and cassava starches. 
 

Botanical source Genotype/ accession 
Swelling power (g g

-1
 starch) 

50°C 70°C 90°C 

Cocoyam 

Chitipa 2.50
jklm 

16.08
ef 

34.10
c 

Machinga 2.32
n 

7.54
q 

29.39
de 

Mulanje 2.40
mn 

7.74
q 

26.63
gh 

Mzuzu 2.29
n 

12.79
mn

 27.57
fg 

Nkhotakota 2.50
klm 

3.36
r 

28.16
ef 

Thyolo 2.51
jklm 

13.03
lmn 

29.95
d 

Zomba 2.61
ghijk 

7.44
q 

28.52
ef 

Mean 2.44±0.13 9.71±4.18 29.19±2.46 
     

Sweetpotato 
A45 2.70

efg 
9.50

p 
23.12

ij 

Babache 2.67
fgh 

9.35
p 

22.42
jk 
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Table 2. Contd. 
 

 

Kakoma 2.85
c 

13.72
kl 

21.77
kl 

Kamchiputu 2.73
def 

15.63
fg 

22.89
ijk 

Kenya 2.49
lm 

15.17
ghi 

22.13
jk 

Lunyangwa 2.52
jkl 

15.46
fgh 

19.96
m 

LU96/303 2.58
hijkl 

13.45
lm 

20.67
lm 

LU96/304 2.51
jklm 

14.73
hij

 21.61
kl 

Mafutha 2.62
fghij 

14.88
ghij 

22.61
ijk 

Mugamba 2.64
fghi 

16.83
de 

23.22
ij 

Mugande 2.89
c 

14.35
jk 

22.73
ijk 

Salera 2.49
lm 

12.58
n 

25.99
h 

Semusa 2.54
ijkl 

11.34
o 

20.81
lm 

Tainoni 2.66
fghi 

14.48
ijk 

28.22
ef 

Zondeni 2.79
cde 

11.39
o 

23.81
i 

Mean 2.64±0.14 13.52±2.23 22.80±2.11 
     

Cassava 

Gomani 2.84
cd 

17.28
cd 

37.36
b 

Maunjili 3.24
b 

19.43
a 

38.48
b 

Mbundumali 2.50
jklm 

17.96
bc 

43.44
a 

Mkondezi 2.79
cde 

18.32
b 

43.81
a 

Sauti 4.44
a 

18.76
ab 

43.39
a 

Mean 3.16±0.71 18.35±0.84 41.30±2.95 
 

Means followed by the same letter within the same column are not significantly different from each other (p≤ 0.05); Means for botanical 
source expressed as mean ± standard deviation. 

 
 
 

differences among the starches (Bello-Pérez et al., 2000; 
Tian and Rickard, 1991). The high swelling power of 
cassava starches coupled with high water binding 
capacity makes them ideal for their exploitation in the 
food industry where they could be utilised as thickeners. 
 
 
Paste clarity and stability 
 
Generally, cassava starches had higher paste clarity 
(33.8±6.0%) than sweetpotato (16.1±2.5%) and cocoyam 
(15.9±3.5%) starches (Table 4). The paste clarity of the 
cocoyam and sweetpotato starches was comparable. 
Maunjili starch exhibited the highest paste clarity among 
the cassava starches whilst Mugande, Semusa and 
Kenya starches displayed higher paste clarity among 
sweetpotato starches. Chitipa and Mzuzu starch provided 
the highest clarity among the cocoyam starches. 
Nwokocha et al. (2009) also reported higher paste clarity 
for cassava starches than cocoyam starches. Amylose 
and phosphorus contents are known to influence clarity of 
starch pastes. High amylose content may result in more 
opaque starch pastes (Schmitz et al., 2006), while 
presence of high amounts of phosphate groups tends to 
increase starch paste clarity (Jane et al., 1996). Lower 
paste clarity of cocoyam and sweetpotato starches 
compared to cassava starches suggests the presence of 
amylose molecules of high susceptibility to retrogradation 
(Craig et al., 1989).  

For the five days of refrigerated storage, opacity of the 
cocoyam, sweetpotato and cassava starch paste 
increased (Table 4). Greater increases in opacity were 
observed in cocoyam and sweetpotato starches than in 
cassava starches indicating higher retrogradation 
tendencies for cocoyam and sweetpotato starches than 
cassava starches. Turbidity development during storage 
arises from interaction of several factors, such as granule 
swelling, granule remnants, leached amylose and 
amylopectin, amylose and amylopectin chain length, intra 
or interbonding, and lipid (Jacobson et al., 1997). The 
high retrogradation tendencies displayed by cocoyam 
and sweetpotato starches in this study suggest that these 
starches are not ideal for food products that require 
freezing and thawing. However low retrogradation 
tendencies displayed by cassava starches makes them 
ideal for such application. 
 
 

Paste viscosity and Syneresis 
 
Generally cassava starches exhibited higher paste 
viscosity than sweetpotato and cocoyam staches (Table 
5). The paste viscosity ranged from 10140 to 14033 cps,  
5333 to 8733 and 6067 cps 12733 cps for cassava, 
cocoyam and sweetpotato starches, respectively.Thus 
cassava starches displayed the highest tendency to form 
viscous pastes than cocoyam and sweetpotato starches. 
Gbadamosi et al. (2013) reported the contrary; they found  
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Table 3. Solubility of the cocoyam, sweetpotato and cassava starches 
 

Botanical source Genotype/ accession 
Solubility (%) 

50°C 70°C 90°C 

Cocoyam 

Chitipa 0.22
o 

10.30
a 

15.68
a 

Machinga 0.31
mn 

6.19
d 

14.32
b 

Mulanje 0.30
n 

6.11
d 

12.48
c 

Mzuzu 0.55
defgh 

6.85
c 

10.66
e 

Nkhotakota 0.51
fghij

 4.46
jkl 

7.45
l 

Thyolo 0.54
efghi 

8.05
b 

11.69
d 

Zomba 0.58
abcde 

5.91
de 

14.08
b 

Mean 0.43±0.15 6.84±1.79 12.34±2.61 
     

Sweet potato 

A45 0.41
kl 

2.93
m 

6.43
no 

Babache 0.47
jk 

2.86
m 

5.95
qr 

Kakoma 0.54
efghi 

5.55
ef 

6.70
mn 

Kamchiputu 0.58
abcde 

6.13
d 

9.15
hi 

Kenya 0.52
efghij 

4.98
gh 

7.98
k 

Lunyangwa 0.50
ghij 

4.20
kl 

6.31
op 

LU96/303 0.53
efghij 

4.07
l 

6.06
pq 

LU96/304 0.61
abcd 

4.53
ijk 

5.72
r 

Mafutha 0.56
cdefg 

5.29
fg 

7.29
l 

Mugamba 0.48
ij 

5.91
de 

8.48
j 

Mugande 0.63
ab 

4.14
l 

6.69
mn 

Salera 0.50
hij 

4.07
l 

6.98
m 

Semusa 0.57
bcdef 

3.13
m 

7.52
l 

Tainoni 0.64
a 

4.46
jkl 

8.23
jk 

Zondeni 0.58
abcde 

2.93
m 

9.43
gh 

Mean 0.54±0.07 4.35±1.07 7.26±1.15 
     

Cassava 

Gomani 0.62
abc 

4.90
hi 

10.11
f 

Maunjili 0.48
ij 

4.61
hij 

8.86
i 

Mbundumali 0.36
lm 

6.30
d 

9.54
g 

Mkondezi 0.38
lm 

6.27
d 

9.46
g 

Sauti 0.56
cdefg 

5.39
f 

9.06
i 

Mean 0.48±0.11 5.49±0.74 9.41±0.45 
 

Means followed by the same letter within the same column are not significantly different from each other (p≤ 0.05); Means for botanical 
source expressed as mean ± standard deviation. 

 
 
 
that cocoyam starches had the greatest tendency to form 
viscous pastes. Since starches are used in industries to 
impart viscosity, the use of cassava, sweetpotato or 
cocoyam starches will be determined by the desired 
viscosity of the end product. Cassava starches could be 
explored in the adhesive industries where high viscosity 
provides and appreciable binding capacity. 

Syneresis is the exeudation of water from frozen gels 
during retrogradation process and is therefore an 
indication of retrogradation tendencies of the starch 
pastes (Otegbayo et al., 2013). The degree of syneresis 
ranged from 28.9 to 49.2%, 11.5 to 36.7% for cocoyam 
and sweetpotato starches respectively, and was 0% and 
for cassava starches (Table 5). Thus cassava starches 
were   more   stable   to   freeze-thawing   than   cocoyam  

and sweetpotato starch. Cassava starch could therefore 
be better suited for use in frozen products than cocoyam 
and sweetpotato starches (Vaclavik and Christian, 2014). 
Higher tendencies to lose water for sweetpotato and 
cocoyam starches indicate that they will have limited 
application in frozen food products.  
 
 

Gelatinization  
 
The gelatinization temperatures ranged from 69.4-81.4, 
68.5-79.2 and 60.1-76.8°C for cocoyam, sweetpotato and 
cassava starches, respectively (Table 6). Generally, 
cocoyam starch exhibited higher onset, peak, and 
conclusion temperatures than  sweetpotato  and  cassava  
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Table 4. Clarity and stability of the starch pastes. 
 

Botanical source Genotype/ accession 
Paste clarity and stability at 4°C (%T) 

Day 1 Day 2 Day 3 Day 4 Day 5 

Cocoyam 

Chitipa 20.4
e 

10.0
ef 

8.4
ghi 

7.6
fg 

7.0
ef 

Machinga 13.6
lm 

5.9
klmn 

4.8
no 

4.1
mno 

2.8
l 

Mulanje 16.8
ghij 

7.6
hijk 

6.2
kl 

4.9
klm 

4.2
jk 

Mzuzu 19.8
ef 

10.5
e 

9.2
f 

8.2
f 

7.4
ef 

Nkhotakota 12.6
mn 

5.5
lmn 

3.9
pq 

3.0
p 

2.5
l 

Thyolo 10.9
n 

4.7
mn 

4.1
0pq 

3.5
op 

2.9
l 

Zomba 17.1
hij 

9.1
efghi 

6.6
k 

5.1
jkl 

4.5
ij 

Mean 15.9±3.5 7.6±2.2 6.2±2.0 5.2±1.9 4.5±1.9 
       

Sweetpotato 

A45 10.9
n 

4.5
n 

3.6
q 

2.9
p 

2.5
l 

Babache 15.8
ijk 

7.5
hijk

 6.6
k 

5.7
ij 

5.1
hij 

Kakoma 16.2
hijk 

8.6
fghij

 6.5
kl 

5.9
i 

5.5
ghi 

Kamchiputu 17.6
ghi 

8.0
ghij

 5.2
mn 

4.8
klm 

4.6
hij 

Kenya 18.0
fgh 

9.4
efgh 

8.8
fgh 

8.2
f 

7.8
e 

Lunyangwa 15.8
ijk 

8.1
fghij

 6.6
k 

6.1
i 

5.6
gh 

LU96/303 16.4
hijk 

9.2
efghi 

8.1
hij 

7.0
g 

6.5
fg 

LU96/304 15.4
jkl 

8.0
ghij

 7.6
j 

6.2
hi 

5.5
ghi 

Mafutha 17.6
ghi 

8.5
fghij

 7.7
ij 

7.0
gh 

6.6
fg 

Mugamba 17.7
ghi 

9.8
efg 

8.9
fg 

8.1
f 

7.7
e 

Mugande 18.7
efg 

9.6
efg 

8.7
fgh 

7.6
fg 

7.1
ef 

Salera 15.2
jkl 

7.3
ijkl

 6.5
kl 

5.6
ijk 

5.0
hij 

Semusa 18.7
efg 

10.5
e 

9.2
f 

8.0
f 

7.1
ef 

Tainoni 14.4
klm 

6.6
jklm

 5.8
lm 

4.7
lmn 

4.1
jk 

Zondeni 12.9
mn 

5.2
mn 

4.6
nop

 3.9
no 

3.3
kl 

Mean 16.1±2.5 8.0±2.1 7.0±1.7 6.1±1.6 5.6±1.5 
       

Cassava 

Gomani 23.5
d 

20.5
d 

18.4
e 

18.0
e 

16.8
d 

Maunjili 40.9
a 

35.9
a
 34.0

a 
32.8

a 
33.0

a 

Mbundumali 33.1
c 

28.6
c 

27.2
b 

25.4
d 

23.6
c 

Mkondezi 36.6
b 

33.0
b 

31.5
b 

29.0
b 

27.1
b 

Sauti 35.0
bc 

31.8
b 

30.5
c 

27.6
c 

26.4
b 

Mean 33.8±6.0 30.0±5.5 28.3±5.7 26.6±5.1 25.4±5.6 
 

Means followed by the same letter within the same column are not significantly different from each other (p≤ 0.05). 

 
 
 
starches. Thus cassava starches gelatinised at lower 
temperature range than cocoyam and sweetpotato 
starches. The low gelatinisation temperatures for cassava 
starches suggest they could be used in the adhesive 
industries as minimal heat energy would be required 
when producing hot-melt glues. The enthalpy of 
gelatinisation ranged from 13.1-15.1, 8.3-14.7 and 10.5- 
12.9 J/g for cassava, cocoyam and sweetpotato starches, 
respectively. On average, enthalpies of gelatinisation for 
cocoyam and cassava starches were comparable but 
higher than those of sweetpotato starches. These results 
are in agreement with those reported by Nwokocha et al. 
(2009). They reported lower gelatinisation temperature 
range for cassava starches (60.11- 72.67°C) than 
cocoyam starches (72.96- 80.25°C) however the 
gelatinisation enthalpy was  higher  in  cocoyam  starches 

than cassava starches. Pérez et al. (2005) also reported 
higher enthalpy of gelatinisation for cocoyam starches 
than cassava starches.  During gelatinisation, there is 
loss of molecular order within starch granule and 
therefore the gelatinisation enthalpy gives an overall 
measure of degree of organisation (crystallinity). Thus the 
higher gelatinisation enthalpy values for cassava and 
cocoyam starches suggest a more orderly arrangement 
of starch molecules. Therefore there is lower degree of 
organisation in sweetpotato starches leading to lower 
enthalpies of gelatinisation (Singh et al., 2006). 

Temperature range values of the starches ranged from 
16.7±1.8, 12.0±2.5 and 10.7±1.2°C for cassava, cocoyam 
and sweetpotato starches, respectively. Cassava 
starches exhibited a higher temperature range than that 
of cocoyam and sweetpotato starches.  The  peak  height  
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Table 5. Viscosity and degree of syneresis of the starch pastes. 
 

Botanical source Genotype/ accession Syneresis [%] Viscosity [cps] 

Cocoyam 

Chitipa 46.5
a 

5640
nop 

Machinga 49.2
a 

5453
op 

Mulanje 47.1
a 

5733
nop 

Mzuzu 47.2
a 

8733
hij 

Nkhotakota 28.9
cde 

7067
kl 

Thyolo 32.9
bc 

5333
p 

Zomba 32.9
bc 

6240
mno 

Mean 40.7±8.6 6314±1251 
    

Sweetpotato 

A45 26.4
de 

8160
j 

Babache 24.5
e 

7320
k 

Kakoma 32.3
cd 

6307
lmn 

Kamchiputu 14.4
fg 

6560
klm 

Kenya 11.5
g 

9800
efg 

Lunyangwa 18.0
f 

9053
ghi 

LU96/303 33.8
bc 

11700
c 

LU96/304 30.0
cd 

9080
ghi 

Mafutha 26.8
de 

9507
fgh 

Mugamba 32.8
bc 

10373
de 

Mugande 36.4
b 

10633
d 

Salera 36.3
b 

8547
ij 

Semusa 29.9
cd 

12733
b 

Tainoni 33.0
bc 

8600
ij 

Zondeni 36.7
b 

6067
mnop 

Mean 28.1±8.3 8963±1927 
    

Cassava 

Gomani 0.0
h 

13000
b 

Maunjili 0.0
h
 10140

def 

Mbundumali 0.0
h
 12267

bc 

Mkondezi 0.0
h
 14033

a
 

Sauti 0.0
h
 11733

c 

Mean 0.00±0.0 12235±1393 
 

Means followed by the same letter within the same column are not significantly different from each other (p≤ 0.05). 
 
 
 

Table 6. Thermal properties: onset (To), peak (Tp) and conclusion (Tc) temperatures, temperature range (R), peak height index (PHI) and 

transition energy (HG) of the native starches. 
 

Botanical source Genotype/ accession To  [C] Tp [C] Tc [C] R [C] PHI HG [J/g] 

Cocoyam 

Chitipa 61.8
k 

69.4
l 

78.6
hi
 16.8

b 
2.1

n 
14.2

bcd 

Machinga 71.4
b 

76.7
b 

82.4
bc

 11.1
fg 

2.4
jk 

11.4
hijk 

Mulanje 70.2
c 

75.7
c 

82.6
b
 12.5

e
 2.6

def 
14.0

bcd 

Mzuzu 68.2
gh 

73.1
ghi 

79.2
efgh

 11.0
fgh 

1.7
o 

8.3
n 

Nkhotakota 75.6
a 

78.7
a
 83.7

a
 8.1

m 
4.8

a 
14.7

ab 

Thyolo 67.8
h 

73.3
g 

80.9
cd

 13.1
e 

2.7
de 

14.6
abc 

Zomba 71.3
b 

76.4
b 

82.5
b
 11.2

fg 
2.7

de 
13.8

cde 

Mean 69.4±4.0
 

74.8±2.9
 

81.4±1.8
 

12.0±2.5
 

2.7±1.0
 

13.4±2.1
 

        

Sweetpotato 

A45 69.8
cd 

74.9
de 

81.4
c
 11.6

f 
2.5

ghi 
12.91

fghi 

Babache 69.8
cd 

74.6
e 

80.6
d
 10.8

ghi 
2.6

def 
12.4

ghijk 

Kakoma 68.0
h 

73.0
hi 

78.6
hi
 10.6

ghi 
2.0

n 
10.5

m 

Kamchiputu 64.3
j 

70.9
k 

78.9
ghi

 14.5
d 

1.8
o 

11.6
kl 
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Kenya 68.2
gh 

73.1
ghi 

79.0
ghi

 10.8
ghij 

2.5
efg 

12.5
abcd 

LU96/303 70.9
b 

75.1
d 

80.7
d
 9.7

kl 
3.5

b 
14.0

bcde 

LU96/304 68.7
ef 

73.4
fg 

79.2
fgh

 10.4
hij 

2.5
hij 

11.7
kl 

Lunyangwa 68.8
ef 

73.3
gh 

78.6
ghi

 9.9
jkl 

2.5
ijk 

11.1
lm 

Mafutha 67.9
h 

72.8
i 

78.5
i
 10.4

ghi 
2.5

ijk 
12.1

ijk 

Mugamba 68.5
fg 

72.9
i 

78.8
ghi

 10.3
ijk 

2.8
d 

12.0
jk 

Mugande 69.1
e 

73.7
f 

79.5
ef
 10.4

hij 
2.7

de 
12.2

hijk 

Salera 68.6
fg 

73.4
fg 

79.7
e
 11.1

fg 
2.5

ijk 
12.0

jk 

Semusa 69.7
d 

73.2
gh 

79.2
efg

 9.5
l 

3.2
c 

12.9
fgh 

Tainoni 68.0
h 

72.0
j 

77.5
j
 9.5

l 
3.3

c 
12.6

ghij 

Zondeni 66.8
i 

71.8
j 

77.8
j
 11.0

fgh 
2.3

kl 
11.6

kl 

Mean 68.5±1.5
 

73.2±1.1
 

79.2±1.0
 

10.7±1.2
 

2.6±0.4
 

12.3±1.1
 

        

Cassava 

Gomani 60.8
l 

65.6
o 

76.9
k
 16.1

c 
3.1

c 
14.0

bcd 

Maunjili 58.2
o 

67.4
n 

77.5
j
 19.3

a 
1.6

o 
15.1

a 

Mbundumali 62.1
k 

68.6
m 

76.2
l
 14.1

d 
2.2

lm 
13.4

def 

Mkondezi 60.2
m 

65.7
o 

76.8
k
 16.6

bc 
2.5

fgh 
13.1

efg 

Sauti 59.1
n 

65.4
o 

76.4
kl
 17.3

b 
2.1

mn 
14.1

bcd 

Mean 60.1±1.4
 

66.5±1.3
 

76.8±0.6
 

16.7±1.8
 

2.3±0.5
 

14.0±0.8
 

 

Means followed by the same letter within the same column are not significantly different from each other (p ≤ 0.05); Mean for botanical source 
are expressed as mean ±SD. 

 
 
 

index values of the cassava, sweetpotato and cocoyam 
starches fell within the same range. The peak height 
index values ranged from 1.6-3.1, 1.8-3.5 and 1.7-4.8 for 
cassava, sweetpotato and cocoyam starches. However, 
significant (p<0.001) variations in PHI values were 
observed within starches from different sweetpotato and 
cassava genotypes, and cocoyam accessions. 
Temperature range of gelatinization and PHI are 
indicative of the distribution of starch granules; the more 
heterogeneous the granules, the broader the temperature 
range and the lower the PHI (Sandhu et al., 2005; Karim 
et al., 2000). Higher amylopectin content can also lead to 
the narrowing of temperature range of gelatinization 
(Krueger et al., 1987). Thus, the differences in 
gelatinization temperature range and PHI of cassava, 
sweetpotato and cocoyam starches indicate the 
differences in heterogeneity and amylose/amylopectin 
ratio. 
 
 
Retrogradation 
 
Retrograded starches displayed lower gelatinization 
temperatures and smaller enthalpies (Table 7) than raw 
starches indicating weaker crystallinity (Sasaki, 2005).  
Enthalpy of retrogradation was significantly higher for 
cocoyam starches than both sweetpotato and cassava 
starches resulting in higher levels of retrogradation. 
Cocoyam starches exhibited higher degree of 
retrogradation than sweetpotato and cassava starches 
indicating rapid retrogradation for cocoyam starches. 

Higher retrogradation tendencies are attributed to 
crystallization involving small amylose molecules and 
long chain amylopectin (Peroni et al., 2006; 
Gudmundsson, 1994) whereas  lower degree of 
retrogradation is attributed to higher content of short 
branches of amylopectin chains and long amylose 
molecules (Spence and Jane, 1999).  The greater degree 
of retrogradation in cocoyam starches could therefore be 
attributed to higher contents of short amylopectin 
branches (Shi and Srib, 1992). Thus, the differences in 
the retrogradation tendencies of the starches confirm 
composition and structural differences exist among the 
starches from the three crops. 
 
 
Principal component analysis (PCA) 
 
The results of PCA are presented in Tables 8 and 9 and 
Figures 1 and 2. The first three principal components 
explained 85% of the total variability. Principal 
components 1, 2, and 3 accounted for 63.4, 13.6, and 
8.3% of the variability, respectively.  
Principal component 1 separated mostly cocoyam 
starches (Nkhotakota, Machinga, Mulanje and Zomba) 
from cassava starches (Sauti, Maunjili, Mkondezi, 
Gomani and Mbundumali) whereas component 2 
separated the cocoyam and cassava starches from most 
of the sweetpotato starches (Figure 1). The factor loading 
revealed that principal component 1 contrasted cassava 
starches with cocoyam starches with respect to paste 
clarity,  viscosity,  water  binding  capacity   and   swelling  
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Table 7. Thermal properties of the retrograded starches: onset (To), peak (Tp) and conclusion (Tc) temperatures, temperature range (R), and 

transition energy (HG). 
 

Botanical source Accession/genotype  To  (C) Tp (C) Tc (C) R (C) HG (J/g) Retrog. (%) 

Cocoyam 

Chitipa 45.9
m 

56.1
p
 62.5

j
 16.6

ab
 3.5

hij 
23.4

l 

Machinga 49.7
kl 

58.6
n 

65.2
h
 15.5

def 
5.0

b
 41.6

b
 

Mulanje 51.2
j
 59.3

jkl
 66.2

def
 15.0

defg 
4.4

cde 
31.2

efg
 

Mzuzu 52.0
fgh

 59.0
m
 65.3

gh
 13.3

j 
3.8

g
 45.3

a 

Nkhotakota 51.8
fghi

 59.7
hi
 66.0

defg
 14.2

ghij 
5.4

a
 37.0

c 

Thyolo 52.5
ef
 59.3

klm 
65.8

fgh
 13.3

j 
4.2

def
 27.4

ij 

Zomba 52.9
e
 60.4

de 
66.1

def
 13.3

j 
4.8

b
 35.1

cd
 

Mean 50.8±2.3
 

58.9±1.3
 

65.3±1.3
 

14.4±1.3
 

4.4±0.7
 

34.5±7.4
 

        

Sweetpotato 

A45 49.2
l 

58.2
o 

65.7
fgh

 16.5
abc 

3.2
k 

24.9
l
 

Babache 50.0
k 

59.1
lm 

66.8
bcd

 16.8
a 

4.1
f
 32.9

def
 

Kakoma 51.3
ij 

59.6
ij 

66.0
efgh

 14.6
fghi 

3.6
ghi

 36.2
c
 

Kamchiputu 52.1
fgh

 59.7
hi 

65.8
fgh

 13.7
ij 

2.9
l
 25.2

kl
 

Kenya 52.2
fg
 60.0

fg
 66.3

cdef
 14.1

ghij 
3.4

ghi
 27.3

jk
 

LU96/303 52.0
fgh 

60.2
ef 

66.8
bcd

 14.8
efgh 

4.4
cde

 31.5
efg

 

LU96/304 51.4
hij 

60.6
d
 67.0

bc
 15.6

cdef 
4.2

ef
 36.0

c
 

Lunyangwa 49.5
kl 

58.5
n 

65.5
fgh

 16.0
abcd 

3.3
jk
 30.0

ghi 

Mafutha 51.8
ghij 

59.9
gh 

66.6
bcde

 14.8
efgh 

3.6
ghi 

30.2
fg
 

Mugamba 52.4
efg

 60.5
d
 67.1

b
 14.7

fghi 
4.4

cd 
37.0

c 

Mugande 53.9
cd 

61.4
b
 67.4

ab
 13.5

j 
3.6

ghi
 29.9

ghi
 

Salera 53.6
d 

61.1
c 

67.4
ab

 13.8
ij 

3.7
gh 

30.7
fg 

Semusa 54.1
bcd

 61.7
a
 68.0

a
 13.9

hij 
4.5

c
 33.4

de
 

Tainoni 54.8
a 

61.6
ab 

66.8
bcd

 12.0
k 

3.5
ghi 

28.1
hij

 

Zondeni 50.0
k
 59.4

jk 
65.7

fgh
 15.7

bcde 
3.4

ijk 
29.5

ghij
 

Mean 51.8±1.7
 

60.1±1.1
 

66.6±0.8
 

14.7±1.4
 

3.7±0.5
 

30.9±3.8
 

        

Cassava 

Gomani 54.3
abc

 59.3
jkl

 63.4
i
 9.1

l 
1.1

n
 7.9

n
 

Maunjili 54.6
ab

 59.7
hi
 63.9

i
 9.2

l 
1.6

m
 10.6

m
 

Mbundumali 54.4
abc

 59.7
hi
 64.0

i
 9.2

l 
1.6

m
 11.9

m
 

Mkondezi 54.7
ab

 59.7
hi
 63.7

i
 9.0

l 
1.4

m
 10.5

m
 

Sauti 54.6
ab 

59.5
ijk

 63.8
i
 9.2

l 
1.1

n 
8.0

n 

Mean 54.5±0.2
 

59.6±0.2
 

63.8±0.4
 

9.2±0.4
 

1.4±0.2
 

9.8±1.8
 

 

Means followed by the same letter within the same row are not significantly different from each other (p ≤ 0.05); Mean for botanical source are 
expressed as mean ±SD. 
 
 
 

power, gelatinisation temperatures, syneresis and degree 
of retrogradation. Cassava starches exhibited higher 
paste clarity, viscosity, water binding capacity and 
swelling power but lower gelatinisation temperatures, 
syneresis and degree of retrogradation (Figure 2). 
Principal component 2 contrasted cassava and cocoyam 
starches with sweetpotato starches with respect to 
gelatinisation enthalpy, swelling power and water binding 
capacity: Cassava and cocoyam starches displayed 
higher gelatinisation enthalpy, swelling power and water 
binding capacity than sweetpotato starches (Figure 2). 

The factor loading revealed that cassava starches were 
contrasted with cocoyam starches in terms of high paste 
clarity, viscosity, water binding capacity and swelling 
power, lower gelatinisation temperatures and lower 
degree  of  retrogradation  and  syneresis.  The  plot  also 

showed that that cocoyam starches (Nkhotakota, Zomba, 
Mulanje and Machinga) had the lowest negative scores. 
These starches were discriminated in terms of their 
higher degree of syneresis and retrogradation, higher 
gelatinization temperatures and lower water absorption 
capacity, swelling power, viscosity and paste clarity. 

The correlation matrix (Table 9) showed that swelling 
power, water binding capacity, viscosity and paste clarity 
were closely related. These variables were positively 
correlated. On the other hand gelatinisation temperatures 
(To, Tp) and syneresis were also close to each other. 
Kong et al. (2009) also reported significant positive 
correlation between gelatinization temperatures, To, Tp, 
and Tc and the enthalpy. There was significant negative 
correlation between swelling power, water binding 
capacity,  viscosity  and  paste  clarity  with  gelatinisation  
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Figure 1. PC1 and PC2 plot for cocoyam, sweetpotato and cassava starches. 
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Figure 2. PCA loading plot for functional properties of the cocoyam, sweetpotato and cassava 
starches. 

 
 
 
temperatures (To, Tp, Tc), retrogradation and syneresis. 

This is in agreement with results of Singh et al. (2006), 
who reported a significant correlation between swelling 
power and gelatinization temperatures, and syneresis. 
However, swelling power was negatively correlated with 
setback viscosity. Singh et al. (2004) also reported 
positive correlation between swelling power and light 
transmittance, peak and conclusion gelatinisation 
temperatures   but   a   negative   correlation   with   water 

binding capacity.  
 
 
Conclusions 
 
The results of this study have revealed differences in 
functional properties of starches from cassava, 
sweetpotato and cocoyam grown in Malawi. Cassava 
starches were contrasted with cocoyam and  sweetpotato 
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Table 8. Principal component analysis of the functional properties of the cocoyam accessions, sweetpotato and cassava starches. 
 

Variable 
Eigenvectors 

PC1 PC2 PC3 

Paste 0.30 0.07 0.12 

To -0.31 0.05 -0.07 

Tp -0.32 0.10 -0.06 

Tc -0.28 0.36 0.00 

H 0.11 0.57 0.11 

Retro -0.31 -0.17 -0.07 

WBC50 0.23 0.16 -0.64 

WBC70 0.28 -0.35 0.01 

WBC90 0.27 0.30 0.25 

SP50 0.23 0.16 -0.63 

SP70 0.28 -0.34 0.03 

SP90 0.26 0.31 0.27 

Viscosity 0.22 -0.16 0.12 

Syneresis -0.27 -0.03 -0.02 

Eigen values 8.9 1.9 1.2 

Individual % 63.4 13.6 8.3 

Cumulative % 63.4 77.0 85.3 
 
 
 

Table 9.  Correlation coefficients between the functional parameters of the cocoyam, sweetpotato and cassava starches. 
 

 Paste To Tp Tc H Retro WBC50 WBC70 WBC90 SP50 SP70 SP90 Viscosity 

To -0.83**             

Tp -0.80** 0.97**            

Tc -0.64** 0.82** 0.88**           

H 0.30 -0.23 -0.17 0.13          

Retro -0.76** 0.85** 0.86** 0.65** -0.54**         

WBC50 0.55** -0.57** -0.58** -0.46* 0.28 -0.61**        

WBC70 0.67** -0.82** -0.85** -0.90** -0.01 -0.66** 0.45       

WBC90 0.81** -0.76** -0.75** -0.49** 0.48* -0.80** 0.49* 0.46      

SP50 0.56** -0.58** -0.59** -0.47* 0.27 -0.60** 1.0** 0.46 0.49**     

SP70 0.67** -0.83** -0.85** -0.90** -0.01 -0.65** 0.46 1.0** 0.46 0.44    

SP90 0.80** -0.74** -0.72** -0.45* 0.47* -0.76** 0.49** 0.42 0.99** 0.46 0.43   

Viscosity 0.62** -0.43 -0.57** -0.59** 0.11 -0.53** 0.3 0.60** 0.42 0.32 0.59** 0.36  

Syneresis -0.71** 0.66** 0.70** 0.61** -0.33 0.81** -0.53** -0.64** -0.61** -0.53** -0.62** -0.54** -0.65** 
 

*, ** significant at p = 0.05 and p = 0.01, respectively. 



 

 
 
 
 
starches as having water binding capacity, swelling 
power, paste clarity, viscosity, and resistance to 
retrogradation and lower gelatinisation temperatures. 
Cocoyam starches were characterised by higher degree 
of retrogradation and syneresis, and lower paste 
viscosity; sweetpotato starches displayed intermediate 
properties. Thus cassava starches could be explored for 
various applications use in the food and adhesive. 
Modification of cocoyam and sweetpotato could help 
improve their functional properties for specific use in the 
starch based industry. 
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This study describes the synthesis, spectra characterization using UV-Visible and Infra-Red 
spectroscopic methods, flavonoid profile, antioxidant activity and antifungal property of Senecio 
biafrae-Cu complex and Senecio biafrae. UV-Visible spectra revealed bathochromic shifts for Senecio 
biafrae-Cu complex in comparison with Senecio biafrae which could be due to complexation.  
Differences between vibration spectra of Senecio biafrae-Cu complex and Senecio biafrae showed that 
carbonyl oxygen and hydroxyl groups were involved in complexation because of shifts in their 
positions. Kaempferol; a flavonol was found to be most abundant identified in both Senecio biafrae and 
its complex. Senecio biafrae-Cu complex had better antioxidant and antifungal activities against free 
radicals and pathogenic Fusarium oxysporium, Aspergillus flavus and Fusarium solani than Senecio 
biafrae. This study has shown that natural vegetables such as S. biafrae can also be used for 
complexation.  
 
Key words: Senecio biafrae, flavonoid composition, antifungal property, inhibition, copper complex. 

 
 
INTRODUCTION 
 
In today’s world, it is difficult to avoid exposure to heavy 
metals such as cadmium, mercury, lead, copper, 
chromium, nickel e.t.c. They enter into human body 
through food, water, air  and  skin.  These  heavy  metals 

exert their toxic effects by producing free radicals which 
cause oxidative stress (Azeez et al., 2013). Copper (Cu) 
is essential for living but it has also been reported to have 
a  major  role  in  the   production  of   the   very   reactive
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hydroxyl radical HO

.
 through the Fenton and Haber-

Weiss reactions (Puig and Thiele, 2002; Panhwar et al., 
2010; Riha et al., 2014). Free radicals such as hydroxyl 
radical generated by excessive exposure to copper leads 
to damage that affects lipids, protein/enzymes, 
carbohydrates, and DNA in cells and tissues (Bukhari et 
al., 2008). Each organism is imbued with mechanisms to 
safely excrete the excess Cu ions in the body but when 
this is hampered, chelation therapy can be used to 
remove excess Cu ions from vulnerable sites in critical 
organs (Malešev and Kunti, 2007; Dehghan and 
Khoshkam, 2012). 

Chelation therapy is a promising method in treating 
pathological diseases arising from oxidative stress 
caused by excess or dysregulation of transition metals. 
This is achieved by suppressing the metal induced 
toxicity (Moridani et al., 2003). Chelating agents such as 
flavonoids have a natural way of complexing toxic metals 
and are easily excreted from the body. This plays a major 
role in limiting metal bioavailability and suppressing metal 
toxicity and is preferred to synthetic metal chelators 
because of toxicity (Moridani et al., 2003; Cao et al., 
2015; Aaseth et al., 2015)  

Flavonoids, a class of phenolic compounds have been 
shown to possess anti-inflammatory, antiviral, 
anticarcinogenic, antithrom-botic, antiallergic and 
hepatoprotective properties (Malesev and Kuntic, 2007). 
They are extensively distributed in plant-based foods. 
They are important natural antioxidants and free radical 
scavengers (Liu, 2003).  

Flavonoid-metal complexes have been shown to 
possess higher antioxidant activity against free radicals 
and antimicrobial activity against pathogenic 
microorganisms such as Staphylococcus aureus, 
Escherichia coli and Bacillus cereus (Pereira et al., 2007; 
Dehghan and Khoshkam, 2012). Quercetin, morin, rutin 
kaemferol, naringin, catechin are some of flavonoids that 
have been used to chelate heavy metals such as Cu and 
they have proved to be better source of antioxidant 
(Pereira et al., 2007; Bukhari et al., 2008; Panhwar et al., 
2010; Dehghan and Khoshkam,  2012). However, these 
flavonoids are eaten as part of food in vegetables or fruits 
but not isolated from them before they are consumed. 
Moreover, their concentrations in vegetables may differ 
from those concentrations reported for metal chelation. 
Hence, the use of vegetables such as Senecio biafrae 
which contain appreciable amounts of these flavonoid 
compounds (Muhammed et al., 2012). S. biafrae is one of 
the common vegetables consumed in Sierra Leone, 
Ghana, Benin Republic, Nigeria, Cameroon and Gabon. 
It is nutritive, rich in protein, ascorbic acid and 
polyphenols. It is also medicinal and has therapeutical 
properties. Its leaves contain various secondary 
metabolites such as dihydroisocoumarins, terpenoids, 
sesquiterpenes and amino acids (Dairo and Adanlawo 
2007; Adefegha and Oboh, 2011). 

The  purposes  of  this  study  were  to  investigate   the 

 
 
 
 
chelating property of S. biafrae; a source of different 
flavonoids and characterize S. biafrae- copper complex 
using UV-Visible and Infra Red spectroscopic methods; 
also, to investigate the antioxidant and antifungal 
activities of both S. biafrae and S.biafrae-copper 
complex.  

 
 
MATERIALS AND METHODS 
 
Collection of vegetable sample 
 
S. biafrae leaves used for this study were purchased from farm 
around Olu-Ode market in Osogbo, Osun State, Nigeria. The 
vegetable was identified and authenticated by Mrs. F.M Tairu at 
National Horticultural Research Institute (NIHORT), Ibadan with 
voucher number NIH. 112427. The vegetables were lyophilized, 
ground, stored in foil paper and kept in a dessicator. 
 
 
Chemicals  
 
2,2-diphenyl-1-picrylhydrazyl (DPPH), copper sulphate 
pentahydrate (CuSO4.5H2O), standard flavonoid compounds, 
methanol, sodium hydroxide, and aluminum chloride were used. All 
reagents were analar grade bought from Sigma Aldrich, Germany. 
Fungal culture, discs and agar were obtained from Microbiology 
unit, Fountain University, Osogbo. Deionized-distilled water was 
used all through the experiments. 
 
 
Extraction 
 
The method of Olajire and Azeez (2011) was used for this 
extraction. Fifty grams (50 g) of the powdered S. biafrae was 
soaked in 500 ml of 70% aqueous methanol and was shaken on 
orbital shaker for 4 h. The solution was filtered with Whatman No. 4 
filter paper and the filtrate was evaporated at 40°C to dryness using 
a rotary evaporator. 
 
 
Synthesis of S. biafrae-copper complex 
 
1 g of S. biafrae extract was dissolved in 100 ml of methanol and 
stirred thoroughly until complete dissolution of the extract. 1 g of 
copper sulphate pentahydrate (CuSO4.5H2O) was added and the 
solution turned brownish-green upon stirring for 1hr 30 min. 
afterwards, the solution was filtered using Whatman No. 4 filter 
paper and the filtrate was evaporated at 40°C to dryness using 
rotary evaporator.  
 
 

Instrumentation 
 
UV–visible spectra of S. biafrae extract and S. biafrae-Cu complex 
were obtained using Jenway 6405 UV-Visible spectrophotometer 
and Infrared spectra were recorded using KBr pellets in the spectral 
range 4000 to 400 cm-1 on FTIR Spectrophotometer (Model 500, 
Buck Scientific Inc.). 
 
 

Identification and quantification of flavonoid composition with 
gas chromatrography-flame ionization detector (GC-FID) 
 
The procedures described by Whitehead et al. (1983) and Provan 
et al. (1994)  were  used  for  the  extraction  of  flavonoids  from  S. 



 
 
 
 
biafrae. Briefly, 50 mg of the sample was extracted with   5 ml of 1 
M NaOH for 16 h on a shaker at ambient temperature. After this, 
the extract was centrifuged (5000 g). The residue was rinsed with 
deionized water, centrifuged again and the combined supernatants 
were placed in a disposable glass test tube which was heated at 
90°C for 2 h to release conjugated flavonoids. The heated extract 
was cooled, titrated with 4 M HCl to pH < 2.0, diluted to 10 ml, with 
deionised water, and centrifuged to remove the precipitate. 15 ml of 
the supernatant obtained was passed through a conditioned Varian 
(Varian Assoc., Habor City, CA) Bond Elut PPL (3-ml size with 200 
mg packing) solid- phase extraction tube at 5 ml min-1 attached to a 
Visiprep (Supelco, Bellefonte, PA).  The tubes were then placed 
under vacuum (-60   kPa) until the resin was thoroughly dried after 
which the flavonoids were eluted with 1 mL of ethyl vials. The PPL 
tubes were conditioned by first passing 2 mL of ethyl acetate 
followed by 2 ml of water (pH < 2.0). 

The composition of flavonoid in S. biafrae extract and S. biafrae-
Cu complex was analyzed using gas chromatography coupled with 
flame ionization detector (GC-FID). 1 μl of each solution was 
injected into GC (Hewlett-Packard Model 5890, USA) with FID 
which has HP-1 column (30 m × 0.25 μm × 0.25 mm id), nitrogen 
carrier gas, a detector section temperature of 320°C and a split 
ratio (20:1) mode inlet section (250°C). The column was initially at 
60°C held for 5 min and increased at 15°C/ min for 15 min, 
maintained for 1 min and at 10°C/mi for 4 min held for 2 min. 
Flavonoids obtained were compared with their standards which 
were analyzed before the samples. Calibration curves of standard 
flavonoids analyzed were plotted and good correlation coefficients 
(r2) between 0.9992 and 0.9998 were obtained. 

 
 

Determination of antioxidant activity 
 
The method of Olajire and Azeez (2011) was used for the 
determination of antioxidant activity.  1, 0.8, 0.6, 0.4 and 0.2% 
solutions of S. biafrae extract and S.o biafrae-Cu complex were 
prepared. 1 ml of each concentration was measured into test tubes 
and 4 ml of 0.004 M DPPH was added to each tube in a dark room. 
The blank was prepared by measuring 1 ml of deionized-distilled 
water in a test tube and 4 ml of DPPH was added. Both blank and 
samples were allowed to stand for 30 min in dark room before 
reading at wavelength 517 nm. Percentage Inhibitory for both 
samples was calculated using this formula: 
                                                 

  𝐼 % =  
𝐴𝑏𝑙𝑎𝑛𝑘 − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑠𝑎𝑚𝑝𝑙𝑒

  

 
Inhibitory concentration at which 50% of the free radicals were 
scavenged was extrapolated from the graph. 
 
 

Determination of antifungal activity 
 
The antifungal activity was determined using the poison food 
technique. Five-day old fungal cultures were punched aseptically 
with sterile cork borers of 4 mm diameter. The fungal discs were 
then put on the gelled agar plate. The agar plates were prepared by 
impregnating them with 100 ppm of ethanolic and aqueous 
solutions of S. biafrae extract and S. biafrae-Cu complex at a 
temperature of 45 to 50°C. The plates were then incubated at 
temperature of 25°C for fungi growth. The test fungus was then 
allowed to grow on poisoned plates with ethanolic and aqueous 
solutions of the extracts. Control tests were carried out 
simultaneously by putting fungal discs on a gelled agar plates 
containing 100 ppm of acetic acid as the positive control and 100 
ppm of ethanol as the negative control. The effects of Senecio 
biafrae  extract  and  Senecio  biafrae-Cu  on  fungal   growth   were  
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determined by measuring the diameter of the zone of inhibition 
obtained on poisoned plate and control plates. Percentage 
inhibition of mycelial growth using the method of Moslem and El-
Kholie (2009) was calculated with the formula: 
 

% Mycelial inhibition =  
Mycelial growth (control) –  Mycelial growth (treatment)

Mycelial growth (control)
 X 100 

 
 
 
RESULTS  
 
Flavonoid profile of S. biafrae and its Cu complex 
 
Table 1 presents the flavonoid composition in S. biafrae 
extract and S. biafrae-Cu complex. In S. biafrae extract, 
the relative abundance of flavonoid compounds followed 
the trend; Kaempferol > quercetin > isorhamnetin > 
luteolin > apigenin while other were less than one. In S. 
biafrae-Cu complex, the trend was Kaempferol > 
isorhamnetin > quercetin > luteolin > apigenin while 
others were not detected. There were reductions of 
56.71% in kaempferol, 83.94% in quercetin, 29.56% in 
isorhamnetin, 5.90% in luteolin and 45.07% in apigenin 
concentrations of S. biafrae-Cu complex compared with 
their concentrations in S. biafrae extract. This suggests 
that there was complexation between Cu (II) and the 
vegetable.  
 
 
UV-visible spectra characterization of S. biafrae and 
its Cu complex 
 
Figure 1 shows the characteristic peaks of flavonoids in 
S. biafrae extract and S. biafrae-Cu complex. In S. 
biafrae extract, absorption maxima (λmax) were observed 
at 258 nm (Band II) and 375 nm (Band I). Bathochromic 
shifts in λmax to 277 nm (band II) and 463 nm (band I) 
were observed in S. biafrae-Cu complex.  
 
 

Vibrational spectra characterization of S. biafrae and 
its Cu complex 
 
The coordination sites and binding properties in S. 
biafrae are presented in Table 2. The stretching vibration 
of C=O in S. biafrae occurred at 1658.05 cm

-1
 which was 

shifted to 1649.38 cm
-1

 in S. biafrae-Cu complex. The 
shift in O-H was from 3367 cm

-1
 in S. biafrae to 3426 cm

-1
 

in S. biafrae-Cu complex. The bands at 1416.47, 1645 
cm

-1
 and 1252.57 cm

-1
 are related to υ(C-OH), υ(C=C) 

and υ(C-O-C). The presence of υ (Cu-O) was observed at 
408.04 cm

-1
 in S. biafrae-Cu complex but not in S. 

biafrae. 
 
 

Antioxidant activity S. biafrae and its Cu complex 
 

Figure 2 shows the antioxidant activity of S. biafrae 
extract and S. biafrae-Cu complex. S. biafrae-Cu
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Table 1. Flavonoid composition of Senecio biafrae and Senecio biafrae-Cu complex. 
 

Flavonoid (mg/100 g) Senecio biafrae Senecio biafrae-Cu complex 

Catechin  5.25e-6 ND 

Rutin  2.04e-4 ND 

Apigenin 3.75 2.06 

Luteolin  4.41 4.15 

Quercetin  63.31 10.17 

Kaempferol  115.22 49.88 

Myricetin  6.33e-4 ND 

Naringenin  1.53e-3 ND 

Epicatechin  2.79e-3 ND 

Epicatechin-3-gallate  4.89e-5 ND 

Gallocatechin  8.49-4 ND 

Isoquercetin  0.21 ND 

Kaempferol-3-arabinoside 4.27e-4 ND 

Isorhamnetin  17.09 12.05 

Orientin  3.82e-4 ND 

Isoorientin  0.16 ND 

Naringin  5.09e-4 ND 

Daidzein  3.91e-4 ND 

Morin  1.53e-3 ND 

Quercitrin  7.25e-4 ND 
  

ND, Not detected. 

 
 
 

 
 

Figure 1. UV-Visible spectra of Senecio biafrae and Senecio biafrae-Cu extracts. 

 
 
 
complex had 89.92% antioxidant activity while S. biafrae 
extract had 64.15%. Antioxidant activity of S. biafrae-Cu 
complex in this study is higher than what Dehghan and 
Khoshkam (2012) and Pereira et  al.  (2007)  reported  for 

Sn – quercetin and Cu - naringin complexes but lower 
than what Bukhari et al. (2008) reported Co – quercetin 
complex. Inhibitory concentration at which 50% of the 
radicals are scavenged (IC50) for S. biafrae-Cu complex is 
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Table 2. Vibrational spectra bands (cm-1) of Senecio biafrae and Senecio biafrae-Cu 
complex. 
   

Bands S. biafrae S. biafrae-Cu 

υ (O-H) 3367.00 s 3426.00 s 

υ (C=O) 1658.05 s 1649.38 s 

υ (C-H) 2947.66 s  

υ (C-OH) 1416.47 m 1402 m 

υ (C-O) 1028.48 s  

υ (C=C) 1645.00 s 1631.00 s 

υ (C-O-C) 1252.57 s 1212.1 m 

υ (Cu-O)  408.04 s 
 

s, Strong; m, medium. 

 
 
 

 
 

Figure 2. Antiradical efficiency of S. biafrae and S. biafrae-Cu extracts. 
 
 
 

Table 3. Antifungal activity (% mycelia inhibition) of S. biafrae and S. biafrae-Cu complex. 
 

S/N Organism 
Aq. extract  of S. 

biafrae 

Aq. extract of S. 
biafrae-Cu 

Eth. extract of  S. 

biafrae 

Eth. extract of .S 

biafrae-Cu 

1 Fusarium oxysporium 14.3 28.6 62.9 57.1 

2 Aspergillus flavus 50.0 45.0 55 62.3 

3 Fusarium solani 17.7 20.6 32.4 35.3 
 

Aq., Aqueous; Eth., ethanolic. 

 
 
 
0.45 mg/ml and for S. biafrae extract is 0.68 mg/ml. 
 
 
Antifungal activity of S. biafrae and its Cu complex 
 
Table 3 presents the results of antifungal activity of both 
aqueous and ethanolic S. biafrae extract and S. biafrae-
Cu complex against Fusarium oxsporium, Aspergillus 
flavus and Fusarium solani. These results are 

represented as percentage mycelia inhibition. Aqueous 
S. biafrae-Cu complex had better antifungal activity 
against F. oxysporium and F. solani than aqueous S. 
biafrae extract while reverse was obtained for A. flavus. 
Ethanolic S. biafrae-Cu complex had higher antifungal 
activity against A. flavus and F. solani than ethanolic S. 
biafrae extract while otherwise was obtained for F. 
oxysporium. Very high  antifungal  activity  was  observed 
against   F. oxxysporium   and   A. flavus   with   ethanolic 
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extract while average activity was observed against A. 
flavus with aqueous extract. Percentage mycelial 
inhibition was highest against F. oxysporium followed by 
A. flavus and F. solani.  

 
 
DISCUSSION 

 
Vegetables are one of the dietary sources of flavonoids 
(Erlund, 2004; Olajire and Azeez, 2011). Flavonoids have 
anticancer, antifungal anti-inflammatory and contribute 
significantly to antioxidant activities of vegetables (Tapas 
et al., 2008; Ghasemnezhad et al., 2011). Flavonol; a 
class in flavonoids dominated the abundance of flavonoid 
contents in both S. biafrae and S. biafrae-Cu complex 
with kaempferol and quercetin. Therefore, it could be 
inferred that the activity of flavonoids in both the extract 
and complex was dictated by flavonols. The contents of 
quercetin and kaempferol show that both S. biafrae and 
its complex have anti-inflammatory, antibacterial, 
antioxidant and are effective metal chelators (Malesev 
and Kuntic, 2007; Pereira et al., 2007; Bukhari et al., 
2008; Panhwar et al., 2010; Dehghan and Khoshkam,  
2012).   

UV-Visible spectroscopic method was used to 
characterize the S. biafrae and its complex because each 
coloured sample has a characteristic absorption. In metal 
– flavonoid complexes, bathochromic shifts are usually 
observed in UV-Visible spectra because the complexes 
are often coloured (Malesev and Kuntic, 2007). The 
bathochromic shifts observed in the λmax of the brownish - 
green S. biafrae-Cu complex confirm its formation 
(Bukhari et al., 2008; Dehghan and Khoshkam, 2012). 
These bathochromic shifts were caused by increased 
conjugative effects of Senecio biafrae-Cu complex 
(Malesev and Kuntic, 2007). Band I absorption in S. 
biafrae extract is characteristic of flavonol absorption 
(352 to 385 nm) suggesting that flavonols dominated the 
flavonoid compounds in the extract (Malesev and Kuntic, 
2007). 

To further confirm the formation of complex, functional 
groups used for binding were analyzed using Infra-Red 
spectroscopic method. The shifts observed in the 
positions of C=O, OH, υ(C-OH), υ(C=C) and υ(C-O-C) 
were due to complexation. These shifts suggest there 
was complexation in S.  biafrae involving the carbonyl 
oxygen and hydroxyl group of the flavonoids in the 
vegetable (Bukhari et al., 2008; Panhwar et al., 2010). 

The presence of υ (Cu-O) in Senecio biafrae-Cu 
complex indicates the formation of metal complex 
whereas it was absent in S. biafrae (Panhwar et al., 
2010; Dehghan and Khoshkam, 2012). 

Antioxidant activity of S. biafrae and its complex was 
determined in terms of their electron donating abilities 
using DPPH method. This is a suitable parameter to 
establish free radical scavenging and health status of 
these samples (Stoilova et al., 2007; Bukhari et al., 2008;  

 
 
 
 
Edziri et al., 2011). Higher antioxidant activity and lower 
IC50 of Senecio biafrae-Cu complex compared to S. 
biafrae values shows that it possesses higher potency 
against free radicals than S. biafrae because the lower 
the IC50 the more potent the extract is (Olajire and Azeez, 
2011). Higher antioxidant activity of the Senecio biafrae-
Cu complex suggests that Cu (II) has significantly 
modified the chemical composition of the flavonoids in 
the vegetables (Bukhari et al., 2008). This could also be 
due to the decrease in oxidation potential of flavonoid 
present in the vegetable by Cu (II) complexation thus, 
making it readily oxidized, more reactive and effective 
than free S. biafrae (Bukhari et al., 2008; Panhwar et al., 
2010). This complex possessed better antioxidant activity 
that Sn – quercetin and Cu – naringin complexes 
(Dehghan and Khoshkam 2012; Pereira et al., 2007). 

Metal complexes have been reported to possess higher 
antifungal activity than free ligand such as flavonoids and 
are used to treat infectious diseases (Al-Amiery et al., 
2012). Higher antifungal activity of Senecio biafrae-Cu 
complex against pathogenic F. oxsporium, A. flavus and 
F. solani which have been implicated in the production of 
toxins could be connected with antifungal agent such as 
Kaempferol and quercetin present in it (Cho et al., 2008; 
Gupta et al., 2009; Dahham et al., 2010). The results of 
different solvent activities affecting the antifungal potency 
of extract as obtained in the result of this study is in 
agreement with results of Dahham et al. (2010) who 
reported that methanolic extract of Punica granatum L. 
was more potent than aqueous extract of the same plant. 
This shows that ethanolic extract is better utilized as 
fungicide than aqueous extract. Since fungi cause 
diseases and the synthetic fungicides use for their control 
cause environmental and health hazards (Kanwal et al., 
2010) ethanolic extract of S. biafrae-Cu complex could be 
employed to kill off fungi. 
 
 

Conclusion 
 
This study has reported differences in UV-Visible and 
Infra-Red spectra of S. biafrae and its complex. Shifts 
were observed in the λmax and vibrational frequencies of 
S. biafrae compared with S. biafrae-Cu complex. S. 
biafrae-Cu complex had better potency against free 
radicals and pathogenic F. oxsporium, A. flavus and F. 
solani than S. biafrae.  
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The vegetation fraction over the Ethiopian highlands exhibits large seasonal and multi-annual 
variability in the period 1982 to 2014. Northern areas are more sensitive to rainfall due to the brevity of 
the wet season. Differences in the regional climate during periods of high and low vegetation are 
analyzed using composite fields of rainfall, wind, humidity, sea temperatures, salinity and currents; and 
correlations at six-month lead-time. The key climatic driver of vegetation is the zonal overturning 
atmospheric circulation linking subsidence over the east Indian Ocean and ascent within an expanded 
African monsoon. Certain aspects of this Walker Cell reflect Pacific ENSO interaction with the Indian 
Ocean Dipole. During cold phase ENSO an upwelling Rossby wave and cool sea temperatures in the 
west Indian Ocean promote vegetation growth in the Ethiopian highlands.  
 
Key words: Vegetation, climate forcing, prediction, Ethiopia. 

 
 
INTRODUCTION 
 
Semi arid parts of Africa bordering the Congo monsoon, 
such as the Sahel and Zambezi, are characterised by 
high rainfall variability and low yield agriculture that 
contribute to food insecurity (Cassel-Gintz et al., 1997). 
To better understand how summer rainfall affects crop 
production at state-level, past work has compared time 
series of farm yields, rain-gauge and satellite data 
(Tucker, 1979; Eklundh, 1998; Richard and Poccard, 
1998; Al-Bakri and Suleiman, 2004; Budde et al., 2004). 
Remotely sensed color reflectance is used to quantify 
vegetation fraction since 1982 (Bannari et al., 1995), with 
bias correction for  sensor  degradation,  orbital  drift  and 

atmospheric contamination (Chappell et al., 2001; 
Kawabata et al., 2001; Mennis, 2001; Tucker et al., 
2005), and intercomparisons with crop yield (Lewis et al., 
1998; Maselli et al., 2000). Rainfall in semi-arid zones 
drives vegetation growth at seasonal and multi-annual 
time scales (Budde et al., 2004; Eklundh and Sjöström, 
2005; Li et al., 2004; Vanacker et al., 2005) with a 
response lag of one to two months (Davenport et al., 
1993; Eklundh, 1998; Richard and Poccard, 1998). 
Correlations between vegetation fraction and rainfall are 
higher for running sums and in zones with a single wet 
season of 600 to 1000 mm (Davenport et al., 1993;  Reed  
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et al., 1994; White, 1997; Herrmann et al., 
2005;Vanacker et al., 2005; Zhang et al., 2005); whereas 
vegetation sensitivity to climate in desert and monsoon 
regions is limited.  

Previous research has shown that the El Niño/Southern 
Oscillation (ENSO) modulates vegetation across Africa 
(Ropelewski and Halpert, 1987; Myneni et al., 1996; 
Kogan, 1998; Verdin et al., 1999; Plisnier et al., 2000; 
Mennis, 2001; Anyamba et al., 2002). Changes in tropical 
Pacific Ocean sea surface temperatures (SST) influence 
the overlying atmospheric convection and zonal 
circulation, with effects spreading globally across the 
Atlantic and Indian Oceans. Interaction between winds in 
the western Pacific and SST in the Indian Ocean can 
modulate ENSO onset or decay (Annamalai et al., 2005; 
Kug et al., 2005, 2006). In addition to the basin-wide 
signal forced by ENSO through the Walker circulation, 
air–sea coupling across the Indian Ocean generates a 
dipole mode (Saji et al., 1999), with opposing sea 
temperature anomalies linked by changes in the ocean 
circulation and Rossby wave activity (Annamalai et al., 
2005). 

When there is cold water upwelling in the eastern 
Pacific, the zonal atmospheric circulation generates rising 
motion over the western Pacific and Africa, every 3 to 7 
years (Carleton, 1998; Young and Harris, 2005). Africa’s 
vegetation responds to summer rainfall anomalies forced 
by ENSO (Ropelewski and Halpert, 1987); being more 
favourable to crop production during cold phase (Cane et 
al., 1994; Myneni et al., 1996; Mennis, 2001; Anyamba et 
al., 2002). Correlations between area-averaged 
vegetation and global SST have revealed ENSO signals, 
particularly for southern Africa where the summer rainfall 
coincides with mature ENSO phase (Anyamba and 
Eastman, 1996; Myneni et al., 1996; Kogan, 1998; 
Richard and Poccard, 1998; Anyamba et al., 2001). 
However links with North Africa are somewhat obscure 
and unpredictable, as the wet season (June-September) 
precedes ENSO maturity. 

The main goals here are to understand the controls on 
late summer vegetation in Ethiopia’s crop growing region 
and its links with global climate.  
 
 
DATAS AND METHODS 
 
The analysis scheme used to uncover the climatic drivers of 
Ethiopian vegetation is described. Our basis is the bias-corrected 
July to October satellite vegetation fraction (NDVI) from 1982 to 
2014 (Huete et al., 2002; Tucker et al., 2005; Philippon et al., 2014) 
averaged over the Ethiopian highlands (box in Figure 1a). 
Atmosphere and ocean reanalysis fields are studied for patterns 
both simultaneously and in precursor season. 

The target area is defined by crop production areas known to the 
Ethiopian Institute for Agricultural Research and the US Department 
of Agriculture, encompassing a zone 7-14N, 36.5 to 40.5E (Figure 
1a) where vegetation fraction reaches 0.4 following the annual 
cycle of rainfall (Figure 1b and c).  The  Jun-Sep  rainfall  correlation  
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with July to October vegetation is highest in the northern sector 
(Tigray), where the uni-modal wet season is short (Figure 1d). 
Temporal lag correlations are greatest from 0 to 3 months (Figure 
1e); while correlations with temperature are negative (not shown). 
Hence the northern highlands are more vulnerable to fluctuations of 
climate, and the focus of this study. The southern highlands have a 
bi-modal rainy season and vegetation fraction tends to be steadier 
and less sensitive to rainfall. 

Vegetation fraction may be considered a proxy for Ethiopian crop 
yield, based on earlier validations (Jury, 2013). Drivers of the in-
season (Jul-Oct) climate are studied by composite analysis of high 
vegetation minus low vegetation years: 1986, 1988, 1994, 1999, 
2001, 2002 minus 1983, 1991, 1993, 1998, 2010, 2013. The 
difference field of GPCP rainfall (Adler et al., 2003) reflects a dipole 
between Africa and the Indian Ocean, so the area of composite 
analysis is 20S to 30N, 0 to 120E for maps, and 10S to 20N and 10 
to 90E for vertical sections. Parameters include NCEP2 atmosphere 
reanalysis (Kanamitsu et al., 2002) humidity and zonal circulation, 
and NOAA ocean reanalysis (Behringer et al., 2007) temperature, 
salinity and zonal circulation. The composite methods are similar to 
Hastenrath (2000). A hovmoller analysis of 6-month running mean 
NOAA satellite outgoing longwave radiation (OLR) anomalies is 
made in the 10S to 20N latitude band 1982 to 2014, to investigate 
zonal propagation and dipole features. A useful attribute of OLR is 
its ability to reveal both convective (-) and subsident (+) weather. 

Forecasts in April would be most useful for agricultural planning, 
so statistical predictors are drawn from the preceding December to 
March (winter) season. The July to October vegetation fraction is 
employed to ‘find’ predictors in global fields by correlation of 
December to March sea surface temperature (SST) from the 
Hadley Centre (Kennedy et al., 2011), and sea level pressure (SLP) 
and 850 hPa winds from the European Community Medium-range 
Weather Forecast (ECMWF) reanalysis (Dee et al., 2011). All time 
series are standardized and linearly detrended. Field correlations < 
0.28 are deemed insignificant at 90% confidence and shaded 
neutral in this analysis Table 1. 

Predictors were assembled from the 4 to 7 month lead-time 
correlation maps. The candidate predictor pool was eight over a 
training period of 32 years: 1982 to 2014. A statistical algorithm was 
formulated in MSexcel via backward stepwise linear regression onto 
the target time series. Initially all predictors were included and their 
partial correlation was evaluated. Those with lower significance (or 
co-linearity) were screened out and the algorithm was re-calculated 
with the remaining variables. Its performance was evaluated by r2 
fit, adjusted for the number of predictors. The time series have 
minimal persistence; statistical significance is achieved with r2 fit > 
0.42 with 31 degrees of freedom. Predicted vs observed 
scatterplots were analyzed for slope, tercile hits and outliers.  
 
 
RESULTS 
 
Drivers of in-season vegetation 
 
The GPCP rainfall composite difference map for high 
minus low vegetation (Figure 2a) reflects a dipole 
between increased convective rainfall across Africa and 
dry weather over the east Indian Ocean, consistent with 
earlier work (Saji et al., 1999; Jury and Huang, 2004, Luo 
et al., 2010). The African monsoon that is most intense 
over the Congo basin, tends to expand. Hovmoller 
analysis of satellite OLR anomalies in latitudes of Ethiopia 

(Figure   2b)    exhibit    weak    or    eastward    propagation 
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(a)          (d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c)           (e) 

(b) 

 
 

Figure 1. (a) Crop production area of the Ethiopian highlands and target area (box), (b) time series of vegetation 
index, (c) mean annual cycle of rainfall and vegetation fraction in the target area, (d) correlation map of Jun-Sep 
rainfall with Jul-Oct vegetation, (e) temporal correlation of local rainfall at various leads and lags and July-Oct 
vegetation. July t9 October vegetation is plotted in Figure 6a. 

 
 
 
of sustained convective features; dipole conditions are 
seen over the Indian Ocean less than half the time.  

The   height   section  of   composite   high   minus   low  

humidity and zonal circulation reflects a dry zone 
southeast of India where subsidence is found (Figure 3a 
and b), and a wet zone over Africa where uplift is evident. 
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Table 1. Datasets used in the statistical analysis. References are listed in text, web sources are given in acknowledgement.  
 

Name Resolution (km) 

ECMWF European Centre for Medium-Range Weather Forecasts (interim) Reanalysis 80 

GPCP2 Global Precipitation Climatology Project v2 satellite-gauge rainfall 200 

NCEP2 National Centers for Environmental Prediction v2 Reanalysis 180 

NDVI  Normalized Difference Vegetation Index (NASA)(bias-corrected) 30 

NOAA Global Ocean Data Assimilation System (Reanalysis) 70 

OLR Outgoing Long-wave Radiation from NOAA satellite (bias-corrected) 200 km 

SST Hadley Centre satellite-ship Reanalysis of sea surface temperature 100 km 
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Figure 2. (a) Composite high minus low (vegetation) difference of Jul-Oct GPCP satellite 
rainfall (mm/day). (b) Hovmoller analysis of satellite OLR anomalies (W/m2) averaged 10S-

20N, with dashed area of Ethiopia.   
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Figure 3. Composite high minus low (vegetation) difference of July to October atmospheric (a) relative 
humidity (%) and (b) zonal circulation (m/s), in height section averaged 10S-20N with topography.  

 
 
 
Surface easterly / upper westerly wind differences 
complete the zonal overturning atmospheric circulation. 
The upper ocean composite difference patterns (Figure 
4a to c) show a cool anomaly in 40-100 m depths 40 to 
65E, and a warm anomaly 60 to 120 m 75-90E, a pattern 
consistent with Indian Ocean Dipole during Pacific La 
Niña. The zonal ocean circulation differences reflect 
westward flow at depth that upwells at 50E. Above the 
warm zone in the east Indian Ocean near-surface current 
differences are also westward, but near Africa they are 
eastward and thus convergent in the central basin. Fresh 
waters are noted off Africa that  correspond  with  surplus  

rainfall and run-off, but extend to depths of 300 m.  
Elsewhere in the east Indian Ocean, salinity differences 

are positive above 60m, consistent with evaporation 
exceeding precipitation there.   
 
 
Lag correlation and prediction  
 
The July to October vegetation values (1982-2014) are 
correlated with global fields in December to March 
season to generate predictor maps (Figure 5a to c). SST 
fields in respect of vegetation exhibit a cooler west Indian 
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Figure 4.  Composite high minus low (vegetation) difference of Jul-Oct sub-
surface ocean (a) temperature, (b) zonal circulation and (c) salinity (ppt), in depth 
section averaged 10S-20N. 

 
 
 
Ocean and warmer west Pacific Ocean similar to Rowell 
(2013), but elsewhere weak values are found. The ENSO 
(cold) signal is ‘not ready’ in the preceding year. The 
December to March sea level air pressure map is 
dominated by a global dipole of positive  values  over  the 

Americas and negative values over Southeast Asia. This 
wave-one feature is consistent with the decadal dipole of 
White and Tourre (2003, 2007) that refers to an 
interaction of ENSO and south Indian Ocean Rossby 
wave (Jury and Huang,  2004).  As  a  result  of  the  high
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Figure 5. Correlation maps at December to March lead time in respect of July to October vegetation 
for (a) SST, (b) SLP, and (c) 850 hPa zonal wind. Predictors used in the multi-variate algorithm are 

identified with boxes. Insignificant correlations are shaded neutral.  
 
 
 

pressure over the Americas, the zonal wind correlations 
are negative over the northeast Pacific. Elsewhere there 
is a band of negative correlation across North Africa and 
Southern China and an opposing band of positive zonal 
wind correlation near the equator from Brazil to the 
Maritime Continent. A positive correlation also exists 
across the north Atlantic mid-latitudes. These patterns for 

the preceding December to March are useful to extract 
key predictor time series and develop a multi-variate 
algorithm to forecast changes in July to October 
vegetation fraction, as a proxy for crop yield in Ethiopia. 
After back-ward stepwise regression and elimination of 
weaker predictors, a three parameter algorithm is formed 
that generates a 6-month lead forecast.  The  time  series 
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Figure 6. Observed and predicted Ethiopian highlands July to October vegetation as 
(a) time series and (b) scatterplot and fit. (c) Table of predictor domain and influence 
(bold). 

 
 
 
and scatterplot comparisons are given in Figure 6a and b. 
The leading predictor is west Pacific SST (warm 
favourable), followed by Asia zonal winds and Pacific 
zonal winds (easterly favourable). The model fit (43%) is 
on the borderline of statistical significance, typical for 
northern summer climate. The tercile hit rate is 64% in 
the below category, with misses in 1991 and 2014, and 
82% in the above category with weak performance in 
1995 and 2005. The model predicts low vegetation 
fraction in 1983, 1993 and 2010, but under-predicts the 
high years of 1994 and 2001. The predictors apparently 
foretell of chances for a convective dipole between the 
east Indian Ocean and central Africa (Figure 2a). 
 
 
Conclusions 
 
The vegetation fraction over the Ethiopian highlands 
exhibits large seasonal and multi-annual variability in the 
period 1982 to 2014. Northern areas are more sensitive 
to rainfall due to the brevity of the wet season and 

proximity to arid zones. In comparison with parallel work 
using rainfall over the same place and era, our vegetation 
index exhibits markedly different teleconnections.     

The regional climate influence was expressed in (high 
minus low vegetation) composites of rainfall, wind, 
humidity, sea temperatures, salinity and currents; and 
correlations at six-month lead-time. The key climatic 
driver of vegetation is the zonal overturning atmospheric 
circulation linking subsidence over the east Indian Ocean 
and ascent within an expanded African monsoon (Figure 
3a and b). Certain features of this Walker Cell reflect 
Pacific ENSO interaction with the Indian Ocean Dipole 
(Figure 4a) which, during cold phase, induces an 
upwelling Rossby wave and cool sea temperatures, as 
outlined in White and Tourre (2007). It is odd that 
convection is suppressed over India during years of 
above normal vegetation in Ethiopia, as prior work has 
shown that an active Indian monsoon enhances the 
upper easterly jet and Nile River flow (Camberlin, 1997; 
Jury, 2011). Further study of this feature and its stability 
is needed. 
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