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ABSTRACT 

	 Potato starches isolated from 25 different varieties grown at three different locations in the 
Amhara region of Ethiopia in 2011 were studied to determine their variation based on amylose content 
(AMC) and amylopectin content (APC), and pasting properties by iodine colorimetry and Rapid Visco 
Analyzer procedures, respectively. The results revealed highly significant (P < 0.01) differences between 
cultivar and location. The mean values for the AMC and APC ranged from 20.86% (Jalene) to 30.58% 
(Ater Abeba), and 69.42% (Ater Abeba) to 79.14% (Jalene), respectively. The mean AMC index of 
locations ranged from 24.50% to 26.24% for the Adet and Debretabor sites. The peak viscosity (PV), 
hot paste viscosity (HPV), breakdown viscosity (BDV), cool paste viscosity (CV) and  setback viscosity 
(SBV) ranged from 225.10 to 426.72, 135.01 to 191.83, 56.47 to 259.32, 173.68 to 247.51 and 27.17 
to 68.15 Rapid Visco units (RVU), respectively, while the pasting time (PT) and pasting temperature 
(Ptemp) ranged between 3.35 to 4.91 minutes and 68.16 to 70.89 °C, respectively. Correlation among 
starch properties showed significant (P < 0.01 and P < 0.05) associations except for PV with CPV and 
HPV with BDV and SBV. The highest PV (538 RVU), HPV (207 RVU), BDV (363 RVU), and CV (265 
RVU) values were recorded at the cool Debretabor site. Thus, the study revealed the significant genetic 
variation present among varieties with regard to the starch chemical composition and pasting properties 
and the effects of growing location on these properties. 
Keywords: potato, starch, amylose, pasting properties, variety, location

INTRODUCTION

	 Potato (Solanum tuberosum L.) is the 
fourth most important food crop after wheat, rice 
and maize with a global production of over 324 
million t (Food and Agriculture Organization, 
2010). It is grown for direct consumption as a 
major source of carbohydrate energy for hundreds 
of millions of people around the world and as a 

raw material for processed products such as crisps 
(chips), French fries, frozen products, dehydrated 
products, chilled-peeled potatoes and canned 
potatoes (Kirkman, 2007). In North America and 
some European countries, 50 to 60% of the crop 
is processed (Li et al., 2006; Kirkman, 2007). 
Furthermore, potato is used for production of its 
unique starch that can form a clear and thick visco-
elastic gel upon heating and subsequent cooling 
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(Vasanthan  et al.,  1999). These properties of 
potato starch are attributed to its large granule size, 
purity, relatively long amylose chain lengths and 
amylopectin with a relatively higher phosphorus 
content (approximately 0.08%) than other major 
starch sources such as corn starch (approximately 
0.02%), waxy maize starch (approximately 
0.01%), and tapioca starch (approximately 0.01%), 
according to Li et al. (2006). Starch functional 
properties are determined by factors such as the 
granule size, chemical composition, amylose 
and amylopectin content ratios of starch and 
the pasting properties of potatoes, which vary 
with the cultivar (Yusuph et al., 2003; Li et al., 
2006; Alvani et al., 2010). Guilbot and Mercier 
(1985) and Schwartz and Whistler (2009) also 
reported that the granular structure of the starch 
is essentially determined by genetic factors that 
govern starch biosynthesis. Furthermore, these 
starch characteristics are influenced by growing 
location (Kuar et al., 2007), plant growth stage 
(Liu et al., 2003) and growing year (Svegmark 
et al., 2002) among others. These facts clearly 
underscore the relevance of evaluating different 
genotypes at different locations in the identification 
of starches of desired quality.  
	 In Ethiopia, potato is a widely grown and 
consumed staple food crop by over 2.3 million 
households, with the Amhara region accounting 
for over 50% of potato production in Ethiopia 
(Central Agricultural Census Commission, 
2003). It is mainly consumed simply boiled, as a 
salad and in sauce. Thus, its industrial utility in 
globally known processed food forms and as an 
ingredient in the paper, textile, pharmaceutical 
and glue industries in the country has not fully 
been exploited. This is partly attributed to the lack 
of any kind of information related to the starch 
chemical composition and pasting properties of 
potato varieties grown in the country. The present 
study was therefore carried out with the main 
objective of studying the chemical composition 
(amylose and amylopectin content) and variability 
of pasting properties of starches isolated from 25 
potato cultivars grown at three different locations 

in the Amhara region of Ethiopia so that the 
industrial potential of existing potato varieties and 
environments in the country can be exploited. 

MATERIALS AND METHODS

Materials
	 A total of 25 potato varieties (18 
improved varieties, 3 advanced clones and 4 
widely grown farmer’s cultivars) differing in 
maturity date, growth habit, yield level, disease 
resistance, storage quality and other attributes were 
used in the study. 

Description of the experimental sites 
	 Adet is positioned at 11016'30.3'' N and 
37030'1.8'' E. It has a red brown Nitosol soil. The 
Merawi experimental site is located at 11025' 0'' 
N latitude and E 37010'0'' longitude. The soil is 
a heavy clay textured red Nitosol. Debretabor 
is located at 110 51'0" N latitude and 3801'0" E 
longitude at a cool highland elevation and has 
soil type classified as Luvisol. The rainy season 
over the three sites extends from May through 
October and does not limit crops with a growing 
period of 120 to 150 d and thus they complete 
their cycle without requiring any kind of moisture 
supplement (Tesfaye et al., 2012a). Details of the 
soil pH, cation exchange capacity (CEC), organic 
matter (OM) content, available N, P, K, texture are 
provided in Table 1 and for precipitation, sunshine 
hours, altitude, rainfall and temperatures of these 
sites in Table 2. 

Field experiments
	 Whole seed tubers at multiple sprouting 
stages were planted at three different locations in a 
balanced 5 × 5 lattice design with six replications 
during the rainy season of 2011.  The cultivars 
were randomly allocated to plots with 40 tubers per 
plot and arranged as four rows of ten plants per row 
at 0.75 × 0.3 m spacing between rows and plants, 
respectively. The plants at Adet and Merawi were 
fertilized at a rate of 81 and 69 kg.ha–1 nitrogen 
and phosphorus (N and P2O5), respectively. 
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Likewise, plants at Debretabor were fertilized 
at a rate of 108 and 69 kg.ha–1 N and  P2O5, 
respectively. The complete amount of phosphorus 
was applied at planting while the nitrogen source 
was applied in equal amounts at planting, 2 
wk after emergence and at flowering to reduce 
leaching loss. Disease protection measures were 
carried by spraying Mancozeb fungicide twice. 
All other crop husbandry practices were carried 
out as needed. At maturity, some healthy and 
marketable-sized tubers were randomly selected 
from each replication for starch extraction.

Sample preparation
	 The starch of individual varieties in the 
study was isolated according to the procedure of 
Liu et al. (2003) with some modifications related 
to the chemical used to inhibit starch discoloring, 
microbial growth and the activity of enzymatic 
amylase (a commonly occurring plant enzyme 
that hydrolyzes starch), and to the filtration, starch 
cake drying and milling procedures. Accordingly, 
in the current study only sodium bisulphate was 

used to arrest the action of starch browning 
microbial growth and the enzymatic amylase 
hydrolysis of starch. In addition, starch filtration 
and subsequently starch cake drying was carried 
out using muslin cloth and a hot-air oven (Tesfaye 
et al., 2012a).

Moisture content 
	 Starch samples (circa 100 mg) were 
weighed into pre-dried aluminum dishes then 
placed in an air-forced oven for 1 hr at 130 ± 
3 °C to dry. The samples were removed, left in 
desiccators for 40 min to cool and were reweighed. 
The moisture content was calculated as the 
percentage weight loss of the sample (Alvani et 
al., 2010).

A m y l o s e  a n d  a m y l o p e c t i n  c o n t e n t 
determination
	 The amylose content of potato starch 
was quantified by the iodine colorimetric method 
according to McGrance et al. (1998) with a 
slight modification.  Potato starch samples were 

Table 1	 Physicochemical properties of soils of three experimental sites. 
 	 Altitude	 Soil physical and chemical property
Experimental	 above 	 Soil 	 Total	 Available 	 Available 	 CEC 	 Organic 	
        site	 sea level	 pH	 N 	 P	 K 	 (Meq per 	 matter	 Texture
	  (m)		  (%)	 (ppm)	 (Cmol+.kg‑1)	 100 g)	 (%)	
Adet	 2,240	 5.20	 0.44	 7.17	 0.781	 30.62	 1.69	 Heavy clay
Merawi	 1,960	 5.00	 0.19	 8.70	 0.768	 26.00	 2.75	 Heavy clay
Debretabor	 2,706	 4.94	 0.20	 17.18	 0.339	 31.74	 3.00	 Clay
Sourced: Adet Agriculture Research Center, Soil and Water Research Department, pers. comm.

Table 2	 Range of air temperature, relative humidity, sunshine hours and total rainfall during cropping 
seasons at experimental sites, 2011.

	  	 Cropping 	 Air temperature     	 Relative 	 Sunshine 
	 Cropping	 season	 (°C)	 humidity 	 per day
	 season	 rainfall	 Minimum	 Maximum 	 (%)	 (hr)
		  (mm)			 
Adet	 May–October	 1,124.3	 10.0–18.1	 24.2–27.9	 54–80	 4.6–8.4
Merawi	 May–October	 1,585.4	 12.1–15.0	 24.4–28.7	 68–74	 8.3–11.0
Debretabor	 May–October	 1,488.1	 9.0–15.2	 18.9–23.8	 54–83	 2.9–7.8
Sourced: Ethiopian Meteorological Agency, Bahir dar Branch, pers. comm.

Experimental site
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gelatinized with 0.1 N sodium hydroxide overnight 
at 5 °C and neutralized with 0.1 N acetic acid. The 
sample solutions were then diluted to 100 mL with 
water. A 1 mL solution was mixed with 3 mL of 
water, followed by the addition of iodine solution 
(1 mL, 6.5 × 10‑4 mole.L‑1 I2 in 1.3 × 10‑2 mol.L‑1 
KI). The mixture was allowed to stand for 10 min 
and the absorbance of samples was then recorded 
at 600 nm. The amount of amylose was calculated 
based on the standard curve prepared from a 
mixture of amylose and amylopectin from potato 
containing 0, 10, 25, 50, 75 and 100% amylose.  
The amylopectin content was calculated as the 
difference (100 – amylose %).

Pasting properties analysis  
	 The pasting properties of the potato 
starches were evaluated with a Rapid Visco–
Analyzer (RVA; Model RVA–4, Newport Scientific, 
Warriewood, New South Wales, Australia). Starch 
(3 g, 14% moisture basis) was weighed directly in 
the aluminum RVA sample canister and distilled 
water was added to a total weight of 28 g. The 
samples were held at 50 °C for 1 min, heated to 
95 °C in 3.7 min, held at 95 °C for 2.5 min and then 
held at 50 °C for 2 min. Parameters recorded were 
the pasting temperature (Ptemp), pasting time (PT), 
peak viscosity (PV), hot paste viscosity (HPV; the 
lowest viscosity at 95  °C), cool paste viscosity 
(CV; final viscosity at 50 °C), breakdown viscosity 
(PV–HPV) and setback viscosity (CV– HPV). All 
measurements were done in duplicate. 

Statistical analysis
	 The amylose and amylopectin content 
data in Table 3 are the average of triplicate 
determinations of each variety. The starch 
moisture content and pasting properties data are 
the average of duplicate determinations with 
standard deviations computed for each variety. 
Pearson correlation coefficients (r) were computed 
to examine the relationships between the starch 
constituent polymers and pasting properties. This 
analysis was carried out using the SAS Statistical 
Software version 9.2 (SAS Institute Inc., 2010).

RESULTS AND DISCUSSION

One–way analysis of variance
	 A separate analysis of variance was 
carried out on the amylose, amylopectin and 
moisture contents and the pasting properties 
data of starches isolated from the 25 potato 
varieties evaluated at each location. The results of 
analyses of these data at each location showed the 
presence of highly significant (P < 0.01) genotypic 
differences in the amylose, amylopectin and 
moisture contents (Table 3) and the starch pasting 
properties (Tables 4, 5 and 6).

Amylose and amylopectin content
	 The AMC and APC of starches of the 
25 different potato varieties are shown in Table 
3. Varieties showed highly significant (P < 0.01) 
differences in their AMC and APC values at all 
locations (Table 3). At Adet, the AMC of the 
evaluated varieties’ starch ranged between 19.40% 
for Gorebella and 32.22% for farmer’s cultivar 
Ater Abeba. The lowest AMC in the accumulated 
variety Gorebella was surpassed closely by 
Jalene (19.58%), Sisay (20.34%) and Guasa 
(20.75%). On the other hand, the variety with 
the highest AMC (farmer’s cultivar Ater Abeba), 
was followed by Shenkolla (29.84%) and Ararsa 
(29.02%). At Merawi, the AMC ranged from 
19.96% for Zengena to 33.43% for Tolcha, with 
CIP-396004.337 (21.29%) and Jalene (21.51%) 
surpassing Zengena with close proximity to the 
low AMC groups; Ararsa, Wochecha, Bulle and 
Gera followed Tolcha with 30.34, 29.87, 29.63 
and 29.22%, respectively. At Debretabor, the AMC 
ranged from 20.12 to 31.68% for Guasa and Ater 
Abeba, respectively. Jalene was second lowest 
with 21.50%. Perversely, Aba Adamu and Ararsa 
followed Ater Abeba with 30.85 and 30.85%, 
respectively, (Table 3). Grommers and van der 
Krogt (2009) reported that the starch amylose 
content of potato normally ranges from 21 to 25%. 
In a study carried out to investigate the effects of 
genotype and growing conditions on the chemical 
composition and properties of the starch granules 
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in potato tubers, Cottrell et al. (1995) reported 
an AMC range of 24.4 to 30.9%. Similarly, 
Yusuph et al. (2003), Liu et al. (2007), Kuar et 
al. (2007), Mbougueng et al. (2008), Rivero et 
al. (2009) and Alvani et al. (2010) reported an 
AMC range of 25.8 to 31.2%, 29.7 to 33%, 15 to 
23.10%, 23.49 to 38.40%, 23.9 to 28.9% and 25.2 
to 29.1%, respectively.  Noda et al. (1998) also 
noted that the AMC of normal starches should fall 
between 10 and 30%. The AMC results of the 25 
varieties evaluated in the present study were all 
consistent with all reported literature except for 
the starch values of Ater Abeba isolated from Adet 
(approximately 32%) and of Tolcha from Merawi 
(approximately 31%). 
	 Starches of the 25 different potato 
varieties also showed highly significant (P < 
0.01) differences in the APC (Table 3). At Adet, 
the APC value ranged from 67.78 to 80.42% for 
Ater Abeba and Jalene, respectively. At Merawi 
and Debretabor the APC values of the 25 varieties 
ranged from 66.57% for Tolcha to 80.04% for 
Zengena, and from 68.32% for Ater Abeba to 
79.88% for Guasa, respectively. Grommers and 
van der Krogt (2009) reported an APC range 
from 75 to 79%. Similarly, Yusuph et al. (2003) 
reported an APC range of 68.8 to 74.2% among 
12 potato varieties evaluated at one location for 
their starch composition. Liu et al. (2007), Kuar 
et al. (2007), Mbougueng et al. (2008) and Alvani 
et al. (2010) reported APC values ranging from 
67 to 70.3%, 76.9 to 85%, 61.6 to 76.51% and 
70.9 to 74.8%, respectively, from studies carried 
out in different countries on varying numbers of 
varieties. All APC values recorded among the 
25 different potato varieties in the present study 
were in agreement with the results from earlier 
reports. Thus, genotypes have a significant effect 
on the chemical composition of starch granules 
from potato tubers (Kuar et al., 2007; Alvani et 
al., 2010). 

Starch moisture content  
	 The moisture content of the starches of 
the 25 potato varieties from the three different 
locations showed highly significant (P < 0.01) 
variation among the different varieties at each 
location (Table 3). At Adet, the MC of varieties 
ranged between 13.71% for Ararsa and 17.98% 
for Tolcha. These same varieties grown at the 
Merawi and Debretabor locations had an MC 
range of 14.75% for Tolcha to 15.88% for Belete 
and 13.00% for Agere and 16.23% for Gorebella, 
respectively. Mbougueng et al. (2008) reported an 
MC range of 10.29 to 18.33% among three potato 
varieties. Thus, the MC values obtained in the 
current study were in agreement with these authors 
and the generally acceptable level practiced by the 
European Union for commercial starch (Grommers 
and van der Krogt, 2009). The differences in the 
MC of the different varieties of starch could be 
attributed to differences between the varieties and 
differences in the extent of drying time (Chen et 
al., 2003). Tsakama et al. (2010) reported similar 
MC differences among starches isolated from 11 
sweet potato varieties in Malawi.

Starch pasting properties
	 The analysis of the starch pasting 
properties of the different varieties showed 
the presence of highly significant (P < 0.01) 
differences between genotypes evaluated at each of 
the locations (Tables 4, 5, and 6 ). At Adet, the PV 
of the different varieties ranged between 196 Rapid 
Visco units (RVU) for Wochecha and 420 RVU 
for Jalene (Table 4). At Merawi and Debretabor, 
the PV values of these varieties ranged from 211 
RVU (CIP–395096.2) to 430 RVU(Guasa), and 
from 226 RVU (Gera) to 538 RVU (Gabisa), 
respectively, (Table 5 and 6). The Mean PV values 
at the Adet, Merawi and Debretabor locations 
were 288, 282 and 326 RVU, respectively. This 
clearly shows the substantial effect of location on 
genotypes for starch pasting parameters (Tables 
4, 5 and 6). 
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	 The BDV values at Adet ranged from 
54.21 RVU for Shenkolla to 256.83 RVU for 
Jalene (Table 4). Guasa and Sisay had the second 
and third highest values, respectively. Similarly, 
the BDV values of the starches isolated from the 
25 varieties grown at Merawi ranged from 41.04 
RVU for Ararsa to 235.71 RVU for Guasa (Table 
5). At the Debretabor site, this same parameter 
ranged from 61.92 RVU for Ararsa to 363.38 
RVU for Gabisa (Table 6).  The highest BDV 
variety (Gabisa) was followed by the variety Guasa 
(309.33 RVU). The BD is regarded as a measure 
of paste stability or the degree of disintegration 
of granules (the ability of the cooked starch to 
withstand shears induced by disintegration). Noda 
et al. (2004) also found BDV ranges of 93 to 185 
RVU, and 103 to 252 RVU among six early and 
late maturing potato varieties, respectively, which 
supports the BDV results of the present study. 
Generally, all varieties that had the highest BDV 
values were noted to contain the lowest amylose 
content. On the contrary, all varieties that had the 
lowest BDV values at all locations had the highest 
amylose content. In addition, all varieties with the 
highest BDV values had the highest PV values. 
Kuar et al. (2007) also found a negative association 
between the AMC and BDV. These results in the 
current study clearly agree with earlier reports that 
starches with low amylose or high amylopectin 
content and high amounts of phosphorus swell 
more freely because starch swelling is mainly a 
property of amylopectin (Tsakama et al., 2010). 
The relationship between the phosphorus content 
and the PV has been reported by Tsakama et al. 
(2010); all varieties that had high PV in the present 
study had relatively high tuber phosphorus content 
as reported in other studies at two of the locations 
in the present study (Tesfaye et al., 2012b) and 
this is consistent with results reported by other 
workers. In other words, starches with a high 
amylose content are resistant to breakdown and 
take more pasting time and higher temperature 
as noted in the current study too (Table 4, 5, and 
6 ). The values of Ptemp at Adet, Merawi and 

Debretabor ranged from 68.05 °C  for Guasa to 
72.30 °C for Shenkolla, 69.45 °C for Sisay to 72.68 
°C for Hunde, and 66.28 °C for Gorebella to 70.13 
°C for Hunde, respectively, (Tables 4, 5 and 6). 
Noda et al. (2004) also found ranges of 67.80 to 
71.50 °C between six early and of 67.10 to 70.70 
°C between six late potato varieties. The present 
study results were consistent with these data.

Factorial analysis of variance 
	 Amylose and amylopectin content
	 The combined analysis of variance of 
amylose and amylopectin content showed highly 
significant (P < 0.01) genotype, location and 
genotype × location mean square values (Table 
7). The AMC values of genotypes ranged from 
20.86% for Jalene to 30.58% for Ater Abeba 
(Table 18). The mean AMC values at Adet, Merawi 
and Debretabor were 24.50, 25.95 and 26.24%, 
respectively (Table 7). Thus, there were significant 
differences between genotypes and locations. Kuar 
et al. (2007) also reported similar variation in the 
AMC across four locations that ranged from 17.41 
to 18.90%. Inconsistent genotype performance 
in the AMC was also noted in the present study 
as reported by Kuar et al. (2007). The highest 
AMC value was recorded at the Debretabor site 
where the temperatures are relatively lower than 
the other two sites. Climatic factors directly 
influence the crop productive potential, regulating 
the transpiration, photosynthetic efficiency 
and respiration processes in such a way as to 
control the growth and development of the plants 
throughout their life cycle (Grommers and van der 
Krogt, 2009). Though the optimum temperature for 
potato plants varies with the crop growth stage, 
photoperiod, length of exposure and other factors, 
a range of 16–24 °C was reported to be ideal for 
better potato production (Timlin et al., 2006). 
Furthermore, Mohabir and John (1988) observed 
21.5 °C as a sharp temperature optimum for 14C 
sucrose incorporation into starch implying the 
presence of a relatively lower optimal temperature 
for starch synthesis. Lafta and Lorenzen (1995) 
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also reported a reduction in the enzyme activity in 
potato plants exposed to elevated temperature and 
specifically indicated a 59% and a 72% reduction 
of sucrose synthase activity in a heat tolerant and 
susceptible potato cultivars, respectively. Similarly 
Keeling et al. (1994) reported a temperature range 
of 20–25 °C as maximal for starch synthase activity 
in cereals. Wang et al. (2006) also noted a higher 
level expression of amylase enzyme-granule 
bound starch synthase I (the enzyme responsible 
for amylose synthesis) at low temperature in a 
rice crop. Thus, the high AMC values at the cool 
Debretabor site in the current study clearly agreed 
with these results. Cottrell et al. (1995), however, 
reported high AMC levels in varieties grown 
under high temperature. Genotypes also exhibited 
inconsistent AMC values across the three different 
locations. As a result, the genotype that had highest 
AMC value at Adet, Merawi and Debretabor was 
Ater Abeba (32.22%), Tolcha (33.43%) and Ater 
Abeba (31.68%), respectively (Table 14). Kuar 
et al. (2007) also found similar inconsistencies 
in the genotypic AMC values among 21 varieties 
studied at four locations—a clear manifestation 
for the presence of a genotype × environment 
interaction. 
	 The mean APC values across locations 
also ranged from 69.42 to 79.14% for Ater Abeba 
and Jalene, respectively (Table 7). Liu et al. (2007) 
and Kuar et al. (2007) reported similar results of 
a location effect on the APC of starches isolated 
from different potato varieties. Such differences 
in the APC across growing locations are attributed 
to the prevailing differences in climatic conditions 
especially in the optimal temperature during 
the crop growth and development stages. The 
starch branching enzyme that is responsible in 
amylopectin synthesis was reported to be affected 
by high temperature, though not to the level of 
sucrose synthase (Jenner, 1994; Cheng et al., 
2005). 

Pasting properties
	 The combined analysis of variance of the 

pasting properties of starches isolated from the 
three different locations had highly significant (P < 
0.01) genotypic, location and genotype × location 
interactions over all the parameters considered 
(Table 7). The mean PV values across the three 
locations (Adet, Merawi and Debretabor) ranged 
from 225.83 RVU (Awash) to 426.72 RVU (Guasa) 
with an average of 298.41 RVU (Table 7). Thus, the 
PV of the evaluated varieties varied significantly 
(P < 0.01) across these three locations indicating 
the sizeable influence of the climatic conditions in 
each growing area on this starch pasting property. 
The mean values for the BDV, CPV, SBV, PT 
and Ptemp across the three locations ranged from 
56.47 RVU (Ararsa) to 259.32 RVU (Guasa), 
173.68 RVU (Awash) to 247.51 RVU (Ararsa), 
27.17 (Guasa) to 68.16 (Ararsa), 3.35 min (Ater 
Abeba) to 4.91 min (CIP–392640.524) and 68.16 
oC (Gorebella) to 71.49 oC (Hunde), respectively 
(Table 7).  The mean PV, HPV, BDV and CPV 
values at the Debretabor site were higher than for 
both Merawi and Adet; these latter two sites also 
had lower Ptemp values. A study by Noda et al., 
(2004) on the pasting properties of six varieties and 
Fiedorowicz et al. (2002) on five varieties  reported 
PV, HPV, BDV, CPV and Ptemp values ranging 
from 224 to 435.8 RVU, 114.7 to 170.3 RVU, 103 
to 252 RVU, 199.9 to 251.3 RVU and 64.7 to 70.7 
°C, respectively. While Kuar et al., (2007) reported 
Ptemp and PT ranges of 64.5 to 69.4 0C and 3.60 
to 5.70 min, respectively, for 21 different varieties, 
Liu et al., (2003) reported Ptemp ranges of 66.1 
to 71.8 °C for 3 varieties. Despite the variation in 
genetic material and growing locations from which 
the starches were isolated, the pasting properties 
results obtained in the present study fell within the 
ranges reported in these studies. Kuar et al. (2007) 
reported that the temperature during tuber growth 
affects the granule size and pasting temperature 
and as such, a lower temperature prevailing during 
tuber growth resulted in starch with a higher 
granule size and lower pasting temperatures. 
Furthermore, Liu et al. (2003) reported some 
granule size variability between starches isolated 
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from different varieties and at different growth 
times. Although, the granule size of the starches 
of varieties included in the current study was not 
determined, the results of the pasting properties of 
the starches isolated from the varieties grown at 
the cool highland Debretabor site as contrasted to 
the relatively warmer Merawi and Adet sites can 
probably be attributed to the justifications pointed 
out by the above authors. The high PT recorded 
for starches isolated from varieties grown at 
Merawi and Debretabor also agrees with the high 
AMC at these sites that required more time for the 
breakdown of the starch granules. In general, the 
varieties Guasa, Jalene, Sisay, Gabisa, Gudene and 
Menagesha had relatively consistently lower AMC 
and higher APC, PV, HPV, BDV and CPV values 
across all locations. Contrarily, Gera, Wochecha 
and Ararsa had consistently higher AMC and lower 
APC, PV, HPV, BDV and CPV values. 

Correlation analysis 
	 The results of Pearson’s correlation 
analysis among the pasting properties of the 
starches isolated from the 25 varieties grown at 
the different locations showed nonsignificant 
relationships of HPV with CV, and of HPV with 
BD and SB. PT revealed a significant, positive 
relationship with the AMC (r = 0.20; P < 0.05) and 
a significant, negative relationship with the APC 
(r = –0.20; P < 0.05) (Table 19).  The remaining 
pairs of parameters showed negative or positive 
relationships based on their differences in the 
amounts of the two constituent glucose polymers 
in their composition and ratios as well as granule 
size differences (emanating from temperature 
variability in the growing environments) that 
resulted in different responses in their starch 
biosynthesis by the different cultivars. A highly 
significant and positive correlation (r = 0.94, P < 
0.01) was observed between PV and BDV.  Studies 
on starches isolated from 21 potato varieties 
(Kuar et al., 2007) and 11 sweeet potato varieties 
(Tsakama et al., 2010) found similar high positive 
correlation values ( r = 0.924, P < 0.01 and r = 

0.91, P < 0.01, respectively). Contrarily, a highly 
significant negative correlation (r = –0.59, P < 
0.01) was found between PV and SBV. This result 
clearly shows that there is high level disintegration 
or disruption of starch granules when they are 
subjected to shear or heat in the first case and starch 
granule resistance to breakdown when subjected 
to the same shear or heat in the latter case (Singh 
et al., 2006). PV also had negative correlations 
with the PT (r = –0.27, P < 0.01), Ptemp (r = –0. 
37, P < 0.01) and AMC (r = –0.40, P < 0.01) and 
a positive association with the APC (r = –0.40, 
P < 0.01). These results are in agreement with 
the results of Kuar et al. (2007) and Noda et 
al. (2004) on 21 and 6 potato varieties. Clearly, 
the high AMC associated with the resistance to 
granule disintegration or breakdown as heat shear 
is applied necessitates a longer time and higher 
temperature for disintegration. Conversely, potato 
starch with reduced AMC attains its peak viscosity 
at a lower temperature as swollen granules are 
weak and can rupture more easily with shear 
(Grommers and van der Krogt, 2009), a point that 
justifies the positive association between the PV 
and APC and negative correlations between the PV 
and PT, and between the Ptemp and AMC. Thus, 
such result helps to predict the kind of gel (either 
a tough gel and a strong film or a soft gel and a 
weak film) that the starch paste of each variety 
will produce. In addition, it will help to decide 
the variety of interest depending on the AMC 
and APC amounts and proportions contained in 
the tuber of each variety. Overall, the correlation 
analysis results of the current study are in accord 
with Kuar et al. (2007) who studied 21 varieties 
at four different locations except for the difference 
in values between the PV and CV. The current 
results are also consistent with Noda et al. (2004) 
who reported on six varieties of tuber at different 
growth stages. The PV value was negatively 
associated with the AMC and positively associated 
with the APC. These results agreed with Yusuph 
et al. (2003); Liu et al. (2007) and Kuar et al. 
(2007).
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CONCLUSION

	 Starch isolated from different potato 
varieties substantially differed in chemical 
composition and pasting properties. The pasting 
properties of varieties also varied owing to their 
differences in chemical and structural content. 
Growing locations also substantially influenced 
the chemical composition and pasting properties 
of starches. Overall, Guasa, Jalene, Sisay, 
Gabisa, Gudene and Menagesha had relatively 
consistent lower AMC values and higher APC, 
PV, HPV, BDV and CV values across all locations. 
Perversely, Gera, Wochecha and Ararsa had higher 
AMC values and lower APC, PV, HPV, BDV and 
CV values. Furthermore, the mean PV, HPV, BDV 
and CV values at the Debretabor site were higher 
than at both Merawi and Adet on the one hand, 
while on the other hand, the values for Ptemp were 
lower, which is attributed to low temperature that 
favored biosynthesis of larger granule size starches 
at Debretabor compared to the other two sites. The 
relationships observed among the starch pasting 
properties also clearly reflected the overruling 
influence of the two starch biopolymers, AMC 
and APC, and granule size on the composition and 
pasting properties. Amylose and amylopectin have 
different properties and as such, while amylose has 
a high tendency to retrograde and produce tough 
gels and strong films, amylopectin reacts in the 
opposite way.
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