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ABSTRACT
Frafra potato (Solenostemon rotundifolius) is an underutilized climate-resilient 
tuber crop commonly cultivated in the tropics. Different accessions have been 
identified and bred to broaden its application in food. This study characterized 
the starches extracted from ten accessions, from Ghana (released) and Burkina 
Faso (unreleased), in terms of yield, physicochemical, and microstructural 
characteristics. The starches did not differ significantly (p < .05) in color (L*) 
and amount (35 to 39% dry matter basis). Furthermore, there were no sig
nificant differences (p < .05) among them in amylose/amylopectin ratio, syner
esis %, granule types and shapes, except for one of the unreleased accessions 
(E82), which had a significantly (p < .05) smaller granule size. There were, 
however, significant differences (p < .05) in paste clarity of the starch gels, 
ranging from 51 to 63% of the starch gels, as well as in the thermal properties 
of the starches. The XRD and FTIR spectra showed the starches to be A-type, 
typical of tuber starches, with relative crystallinities ranging between 30.5 to 
33.5%. The ten Frafra potato cultivars were clustered into two groups using 
PCA procedures; one group (Maa-Lana and Nutsugah) clustering on thermal 
properties of starch, while the other group (E82, E111, E132, E134, E145, 
Manga, Naachem-Tiir, and WAAPP) on paste clarity and change in temperature. 
The variations in granule size and thermal characteristics of the starches could 
impact the performance, cooking and textural properties, of these Frafra 
potato accessions in food applications.
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Introduction

Frafra potato (Solenostemon rotundifolius) is a neglected climate-smart crop cultivated in parts of 
Africa and Asia. It is a valuable tuber crop mainly cultivated in Northern Ghana[1–4]. The crop has 
excellent potential for ameliorating malnutrition and enhancing food and nutrition security in Ghana 
and other developing countries.[1–3] Although it has not been extensively explored in industrial 
applications, it has the potential to act as a source of flour and starch.[2,4,5] Frafra potato’s major 
biomolecule is starch, which accounts for about 80% of the edible root’s dry mass. The crystalline 
structure, granular characteristics, among other starch qualities, play an important role in the quality 
and end-user experience of starchy food products.[5–7]

Several new accessions with higher protein content have been developed, through traditional and 
contemporary breeding methods, to increase the usage and nutritional value of Frafra potatoes. While 
the root tubers are said to contain more iron and other minerals, they often have a low dry matter 
content. Since there is a genetic relationship between starch content and dry matter content in tuber 
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crops like Frafra potato and sweetpotato, this drop in dry matter ultimately affects the starch 
content.[1,3,8] Studies involving tuber crops like potato and sweetpotato have revealed that the develop
ment of new accessions of tuber crops have an impact on the functional behavior of biomolecules like 
starch. Texture, appearance, and cooking qualities are only a few of these variations that are impacted by 
starch. New lines of Frafra potato are being researched to boost the fight against malnutrition by 
employing improved crop varieties. But their starch qualities will have a significant impact on how 
these accessions are used in food. Therefore, it is critical to thoroughly evaluate the starch from Frafra 
potato genotypes to understand their behavior, as this will inform targeted food and industrial applica
tions, as well as for subsequent crop improvement.[9–13] The study’s aim was to determine the physico
chemical, functional, and microstructural characteristics of ten Frafra potato accessions.

Materials and methods

Source of raw materials

Approximately twenty-five[14] kg each of ten[10] cultivars of Frafra potato (FP) were obtained from the 
Council for Scientific and Industrial Research (CSIR) -Savanna Agricultural Research Institute (CSIR- 
SARI), Manga in the Upper East Region of Ghana. These cultivars were WAAPP Piesa, Maa-Lana 
Piesa, Naachem-Tiir Piesa, Nutsugah Piesa, Manga Moya Piesa (released cultivars from Ghana), E82, 
E111, E132, E134, E145 (unreleased cultivars from Burkina Faso). All the cultivars have whitish flesh. 
The tubers were transported (about 8 hours) to the food processing laboratory at CSIR-Food Research 
Institute, Accra, packed in perforated paper cartons (aeration) for processing.

Isolation of Frafra potato starch (FPS)

The procedure of Gayin et al.[15] was used for starch isolation with modifications. Frafra potato tubers 
were washed in potable water, weighed, hand-peeled, washed, weighed, and sliced into thin slices (5  
mm thick) using a mechanical slicer (SLP45HC, Foshan Sorumpor Electrical, Guangdong, China). 
The FP slices were wet milled at low speed using a laboratory-scale mill (Knife Mill Blender 
Pulverisette 11, Laval, Canada) with 1:2 w/v of water for 2 min and sifted through a cheesecloth fitted 
in a standard 100 µ sieve. The residue was wet-milled and filtered thrice, and the suspension was kept 
overnight, at 7°C, for the starch to settle. The supernatant was decanted, and the residue was purified 
with repeated suspension in water (1:2 v/v) followed by the settling for 3 h. The purified starch was 
dried at 35°C in a mechanical dryer (TM1006, NEUE HERBOLD, Sinsheim-Reihen, Germany), 
packed in high-density polyethylene (HDPE) bags, sealed airtight with an impulse sealer (“Oalink- 
QNS-3200HI,” Accra, Ghana), and put in storage at room temperature (25 ± 0.53°C) for further tests.

Starch yield of Frafra potato

The yield of FPS and the proportion of peels, moisture and fiber removed during processing of the 
ten[10] varieties was estimated as a percentage of the unpeeled FP weight.

Colour of FPS

According to Stevenson et al.,[16] the color of FPS was determined using a Chromameter (CR-400 
Chroma Meter, Konica Minolta, Tokyo, Japan). The instrument was calibrated against the standard 
white tile (L × 0 = 98.93, a × 0 = 0.31, and b × 0 = 4.63) before use. FPS samples were contained in 
a transparent petri dish and covered with the same. FPS color was also described using C* (Chroma) 
and h* (Hue angle) notations. Paste Clarity (PC) of FPS was determined as follows; briefly, 5 mL of 1% 
starch suspension in 15 mL screw-capped centrifuge tubes were incubated in a boiling water bath for 
30 min, with continual shaking. The starch solutions were cooled to room temperature (25 ± 0.53°C), 
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and their transmittance (%) was measured against a water blank at 650 nm on a UV-VIS spectro
photometer (Shimadzu 1800, Tokyo, Japan).

Amylose/Amylopectin ratio of FPS

The Amylose/Amylopectin ratio was determined using the method of Kowsik and Mazumder,[17] with 
modifications. One hundred milligram (100 mg) of FPS was dissolved in 9 mL of 90% dimethyl 
sulfoxide (DMSO) in screw-capped tubes and vortexed. The suspension was heated in a water bath 
at 85°C for 15 min, with continual shaking. The solution was allowed to cool to room temperature (25  
± 0.53°C) and diluted with water to 25 mL in a volumetric flask. An aliquot (5 mL) of the dilute 
solution was pipetted into a separate 100 mL standard flask and 1 mL of 1 M acetic acid, followed by 5  
mL of iodine solution was added before making up to the mark with distilled water. The resulting 
solution was, allowed to stand for 20 min for color development before absorbance measurement at 
620 nm with a UV-VIS spectrophotometer (Shimadzu 1800, Tokyo, Japan). Amylopectin was calcu
lated as the difference between the total amylose content and 100%.

Resistant starch determination of FPS

Total resistant starch was determined with a Megazyme-resistant starch assay kit following the 
procedure established by the manufacturer. Fifty gram (50 g) of starch was dissolved and homoge
nized. Pancreatic α-amylase and amyloglucosidase were added and then incubated in a water bath, 
shaking for 17 h at 37°C. In that time, nonresistant starch was solubilized and hydrolyzed to D-glucose 
by the combined action of the two enzymes. The reaction was completed by adding an equal volume of 
ethanol, and the RS was recovered as a pellet on centrifugation. The pellets were dispersed in 2 M KOH 
by stirring in an ice-water bath over a magnetic stirrer. This solution was neutralized with acetate 
buffer (pH of 4.5), and the starch was quantitatively hydrolyzed to glucose with amyloglucosidase. 
D-Glucose was measured with glucose oxidase/peroxidase reagent, which was a measure of the 
resistant starch content of the samples.

Retrogradation (syneresis %) of FPS gels

Retrogradation of FPS gels was determined using the method of Ezekiel and Singh.[18] A 12% 
suspension of FPS was kept at 95°C for 15 min in a water-bath, cooled to 50°C, and kept at this 
temperature for 15 min. Fifty milliliters was sampled into test tubes and kept at 4°C. The retro
gradation of pastes prepared from FPS was measured by determining the amount of water expelled 
during storage at 4°C, known as syneresis. Retrogradation was expressed as Syneresis (%) and was 
computed as follows: 

Syneresis ¼
weightofwaterexpelled

weightofsample
� 100:

Thermal characteristics of FPS

Thermal characteristics (TC) of FPS were determined using a Thermogravimetric Analyzer (TGA- 
DSC SDT Q600 V20.9 Build 20, TA Instruments, New Castle, DE USA) following the procedure 
established by the manufacturer. FPS (2.5 mg) was weighed into an aluminum pan, and double 
deionized water (7.5 µL) was added. The pan was hermetically sealed and equilibrated at 25 ± 0.53°C 
for about 1 h for moisture balance and then heated at the rate of 5°C/min from 25–100°C with a blank 
as reference. Thermal parameters such as onset (To), peak (Tp), conclusion (Tc) temperatures, range of 
gelatinization temperature ΔT (ΔT = Tc - To) and enthalpy of gelatinization (ΔH) were recorded.

1626 C. OSEI TUTU ET AL.



FTIR spectroscopy of FPS

FTIR Spectroscopy of FPS was determined using a Fourier Transform Infrared (FTIR) spectrometer 
(UATR Two, PerkinElmer, United Kingdom 105,024) with a deuterated triglycine sulfate detector, 
following the procedure established by the manufacturer. Original spectra were corrected by subtrac
tion of the baseline in the region from 4000 to 500 cm−1 before deconvolution was applied using 
Resolutions Pro FTIR software (version 5). The assumed line shape was Lorentzian with a half-width 
of 19 cm−1 and a resolution enhancement factor of 1.9. Intensity measurements were performed by 
recording the height of the absorbance spectra.

XRD spectroscopy of FPS

XRD Spectroscopy of FPS was determined using an X-ray powder diffraction spectroscope (Empyrean 
Series 2 XRD, Malvern Panalytical, United Kingdom). The starches were kept in a desiccator where 
a saturated solution of NaCl maintained a constant relative humidity of 75% for one week at 26 ±  
0.41°C. XRD recorded the X-ray diffraction spectra. The diffraction angle and intensity measurements 
were recorded.

Scanning electron microscopy (SEM)

Granular morphology of FPS was characterized by SEM (Phenom ProX World Desktop SEM +  
EDS, Thermo Fisher Scientific, USA) following the procedure established by the manufacturer. 
Samples were first coated with gold dust (15 nm) using Emitech K550X Sputter Coater (Quorum 
Technologies Limited, Kent, UK). An accelerating voltage of 15 kv was used for imaging at x2300 
magnification. The average diameter of granules at 30 µm was reported as the granule size (GS) 
of FPS.

Statistical analysis

The data were subjected to Analysis of Variance (ANOVA) using “R” statistical software for Windows 
pc version 4.1.1 (R Project, Bell Laboratories, USA), and Duncan Multiple Range Test (DMRT) was 
performed to separate varieties with significantly different (p < .05) means. Principal components 
analysis (PCA), in XLSTAT 2018 for windows pc, was used to cluster samples with close associations 
based on their physicochemical properties.

Results

Starch content of Frafra potato (FPS)

Starch yield and proportion of peels, moisture content and fiber from Frafra potato tubers are 
summarized in Figure 1.

The starch yield of the tubers ranged from 35 to 39% (Figure 1). There was no significant 
difference (p ≤ .05) between the starch yield and peels among the Frafra potato varieties. 
However, there were significant differences between moisture, ranging from 27% (E111) to 
38% (E134) and fiber ranging from 25% (Manga) to 31% (E111) removed during processing 
among the Frafra potato varieties. The differences observed in the moisture content can be 
attributed to varietal differences reported in similar root and tuber starch isolation studies.[7,10] 

The starch content of the Frafra potatoes was lower than that of some varieties of other root and 
tuber crops, such as sweet potato, which recorded starch yield ranging from 49% to 77%.[9] As 
a source of starch for food applications, the implications of a relatively lower starch yielding 
tuber are unfavorable as it will mean a relatively higher cost of production.[7,10] Therefore, there 
is the need to enhance the starch content of Frafra potato accessions in Ghana by developing 
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cultivars with improved starch yielding qualities. Higher starch yielding cultivars will help 
position Frafra potato as an affordable source of starch for food applications in Ghana and Sub- 
Sahara Africa.

Colour of FPS

The color parameters of FPS is summarized in Table 1. The L* values ranged between 97 to 98, 
indicating that the different cultivars’ starches were white (Table 1). Except for the paste clarity, the 
starches had similar (p ≤ .05) L*, a*, b*, h*, and C × .They had a similar intensity of white color when 
observed with naked eyes. The differences observed in the paste clarity of the FPS cultivars may be 
attributed to variations in their carotenoid concentrations.[7] Paste clarity is an essential property of 
starch gels, especially for food applications, and varies among different botanical sources or 
cultivars.[9] The results showed that the starch formed clear pastes characteristic of starches from 
most root and tuber crops.[7,9] Starch from “Maa-Lana” was the most transparent, with 
a transmittance of nearly 63%, whereas E82 was the least transparent, with about 51% transmittance. 
Paste clarity is particularly beneficial in food systems that require high transparency[7,9]; hence FPS 
could be suitable in food applications without impacting the color of the food, such as in jellies and 
fruit pastes.

Figure 1. Starch yield, moisture content and percentages of peels, and fiber from FP.

Table 1. Color of FPS.

Cultivar L* a* b* h* C* PC (%)

E 82 98.22 ± 0.11a 0.20 ± 0.09a 1.18 ± 0.12a 80.38 ± 0.08a 1.20 ± 0.16a 51.43 ± 0.12b

E111 98.32 ± 0.13a 0.22 ± 0.02a 1.22 ± 0.14a 79.78 ± 0.12a 1.24 ± 0.08a 52.77 ± 1.94b

E132 97.59 ± 0.04a 0.20 ± 0.13a 1.39 ± 0.10a 81.81 ± 0.07a 1.40 ± 0.09a 57.73 ± 0.58ab

E134 96.90 ± 0.09a 0.24 ± 0.11a 1.15 ± 0.09a 78.21 ± 0.09a 1.18 ± 0.12a 58.57 ± 0.47ab

E145 97.86 ± 0.12a 0.22 ± 0.03a 1.23 ± 0.14a 79.86 ± 0.05a 1.25 ± 0.18a 58.60 ± 1.40ab

Maa-Lana 98.11 ± 0.05a 0.23 ± 0.05a 1.15 ± 0.11a 78.69 ± 0.07a 1.17 ± 0.14a 62.77 ± 1.94a

Manga 97.49 ± 0.07a 0.21 ± 0.15a 1.28 ± 0.07a 80.68 ± 0.16a 1.30 ± 0.08a 57.73 ± 0.06ab

Naachem-Tiir 97.48 ± 0.10a 0.22 ± 0.12a 1.25 ± 0.12a 80.02 ± 0.09a 1.27 ± 0.15a 58.77 ± 0.64ab

Nutsugah 98.14 ± 0.09a 0.21 ± 0.06a 1.11 ± 0.13a 79.29 ± 0.12a 1.13 ± 0.12a 57.13 ± 0.55ab

WAAPP 98.13 ± 0.08a 0.21 ± 0.10a 1.17 ± 0.08a 79.82 ± 0.05a 1.19 ± 0.18a 58.60 ± 1.40ab

L* - lightness from dark, a*/-a*= redness/greenness, b*/-b* = yellowness/blueness, h* = Hue angle (dominant color), C* = Chroma 
(color intensity), PC = Paste clarity. Values are means of triplicates with standard deviation. Means in the same column with 
different superscripts are significantly different (p ≤ .05).

1628 C. OSEI TUTU ET AL.



Physicochemical characteristics of FPS

The physicochemical properties of Frafra potato starches are summarized in Table 2. There were no 
significant differences (p ≤ .05) between the amylose/amylopectin content and the relative crystallinity 
among the starches of the FP cultivars (Table 2). However, there were significant differences (p ≤ .05) 
in the resistant starch content among the cultivars, with the released cultivars of Frafra potato having 
higher resistant starch (19% to 21%) relative to the E-group cultivars (17% to 18%) except for E132, 
which had the highest (22%) resistant starch. The granule sizes of FPS were significantly different, 
ranging from 11.5 µm to 13.8 µm; however, most cultivars had similar average granule sizes. The 
similar granule sizes could be one of the reasons why FPS had similar paste clarity (Table 1) since 
granules of the same size under the same conditions have similar transmittance, hence, similar paste 
clarity.[10,19]

Syneresis % (retrogradation) of FPS gels

Retrogradation occurs when the amylose and amylopectin chains in cooked, gelatinized starch realign 
themselves to a crystalline structure as the cooked starch cools.[18] The syneresis % of FPS is summar
ized in Table 3. The syneresis % value of the cooked pastes from the different FPS were comparable 
until day 10 when significant differences (p ≤ .05) began to show (Table 3). The syneresis of cooked 
pastes from FPS increased progressively during storage, with cultivars recording syneresis ranging from 
about 4% on day 2 to 27% by Day 10. FPS cultivars had similar syneresis % till storage day 8; however, at 
storage day 10, cultivars E82, E111, Maa-Lana, and Naachem-Tiir recorded significantly lower syneresis 
% (p ≤ .05). It was observed that FPS cultivars containing large-sized starch granules, such as WAAPP, 
E132, and Nutsugah (Table 2), showed higher syneresis values at day 10. In contrast, those containing 
small-sized starch granules, such as E82 and E111 (Table 2), showed lower syneresis % at storage day 10. 

Table 2. Physicochemical characteristics of FPS.

Cultivar AM (%) AP (%) RS (%) RC (%) GS (µm)

E 82 16.3 ± 1.13a 83.7 ± 0.03a 17.4 ± 1.45c 30.5 ± 0.01a 11.5 ± 1.74b

E111 16.2 ± 1.34a 83.8 ± 0.04a 17.4 ± 1.10c 31.5 ± 0.71a 12.2 ± 1.82ab

E132 15.6 ± 1.14a 84.4 ± 0.03a 21.5 ± 1.25a 31.5 ± 0.01a 13.2 ± 1.66a

E134 17.0 ± 0.03a 83.0 ± 0.05a 17.1 ± 1.56c 32.5 ± 0.71a 12.6 ± 1.53ab

E145 17.0 ± 0.03a 83.0 ± 0.07a 18.4 ± 1.67b 31.5 ± 0.71a 12.4 ± 1.98ab

Maa-Lana 15.6 ± 1.06a 84.4 ± 0.04a 18.5 ± 1.13b 34.3 ± 1.41a 12.1 ± 1.85ab

Manga 15.9 ± 2.04a 84.1 ± 0.03a 19.2 ± 0.56ab 31.5 ± 1.41a 12.4 ± 1.67ab

Naachem-Tiir 16.9 ± 0.04a 83.1 ± 0.06a 20.2 ± 0.87a 33.4 ± 0.01a 12.6 ± 1.92ab

Nutsugah 15.9 ± 1.04a 84.1 ± 0.04a 20.5 ± 1.01a 33.3 ± 0.01a 13.4 ± 1.31a

WAAPP 15.6 ± 2.15a 84.4 ± 0.13a 20.8 ± 0.55a 33.5 ± 1.41a 13.8 ± 1.01a

AM = Amylose, AP = Amylopectin, RS = Resistant starch, RC = Relative Crystallinity, GS = Starch Granule size. Values are means of 
triplicates with standard deviation. Means in the same column with different superscripts are significantly different (p ≤ .05).

Table 3. Syneresis % of FPS Gels.

Cultivar Day 2 Day 4 Day 6 Day 8 Day 10

E 82 3.7 ± 1.3a 9.1 ± 0.1a 17.5 ± 0.4a 21.4 ± 0.2a 24.8 ± 0.2b

E111 3.8 ± 1.1a 9.3 ± 0.1a 17.3 ± 0.1a 21.1 ± 0.1a 24.6 ± 0.1b

E132 4.2 ± 0.3a 9.4 ± 0.4a 17.9 ± 0.2a 22.4 ± 0.4a 26.5 ± 0.2a

E134 4.3 ± 0.2a 9.1 ± 0.3a 17.2 ± 0.2a 22.1 ± 0.4a 26.1 ± 0.4a

E145 4.1± 0.1a 9.2 ± 0.1a 16.9 ± 1.2a 22.3 ± 0.1a 26.3 ± 0.1a

Maa-Lana 4.1 ± 0.2a 9.3 ± 0.3a 17.6 ± 0.1a 21.9 ± 0.3a 25.6 ± 0.2ab

Manga 4.2 ± 0.0a 9.5 ± 0.2a 17.3 ± 0.4a 22.2 ± 0.1a 26.0 ± 0.0a

Naachem-Tiir 4.1 ± 0.4a 9.6 ± 0.1a 17.5 ± 0.2a 22.1 ± 0.4a 25.9 ± 0.4ab

Nutsugah 4.3 ± 0.1a 9.6 ± 0.4a 17.8 ± 0.2a 22.0 ± 0.0a 26.2 ± 0.1a

WAAPP 4.6 ± 0.1a 9.8 ± 0.2a 17.8 ± 0.1a 22.5 ± 0.2a 26.8 ± 0.4a

Values are means of triplicates with standard deviation. Means in the same column with different superscripts are significantly 
different (p ≤ .05).
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The observed syneresis % of FPS shows that the retrogradation properties are not different from 
starches from other tropical tubers such as cassava, sweet potato, and yam.[9]

Thermal characteristics of FPS

The thermal characteristics of Frafra potato starch are summarized in Table 4. FPS showed similar 
thermal properties (Table 4). However, two cultivars (Maa-Lana and Nutsugah) had significantly 
higher (p ≤ .05) onset, peak, and conclusion temperatures. These are the temperatures at which starch 
granules absorb water and swell, resulting in increased viscosity, to the point where the number of 
swollen intact granules is maximum, and the holding period at which usually leads to further 
disruption of granules and amylose leaching, respectively. The cultivars with low peak viscosity can 
be used in the production of weaning meals.[20] Also, WAAPP had a significantly higher (p ≤ .05) 
gelatinization range, and Nutsugah had the least. The released Frafra potato cultivars had significantly 
higher (p ≤ .05) enthalpies of gelatinization, except for Nutsugah, which was lower but similar to that 
of the unreleased E-group cultivars. The thermal attributes of starch are associated with several factors, 
such as the amylose/amylopectin content, granule size, ultrastructure of the starch granules and 
proportion and kind of crystalline organization.[7,15,18] In this study, FPS had similar amylose content 
(Table 2), crystal type (Figure 2), relative crystallinity (Table 2) and granule morphological structure 
(Figure 4), but their granule size distribution was different (Table 2), which might result in the 
different thermal characteristics in FPS. These parameters are useful in food processing; this is because 
gelatinization reduces the crystallinity of starch granules while increasing their non-crystalline amor
phous content. This causes visible changes in the optical and rheological properties of food 
systems.[15,18] 

XRD spectroscopy of FPS

The importance of X-ray diffraction (XRD) in food analyses cannot be overstated. Polymorphism, 
crystallinity, and amorphism can all be determined using XRD. These parameters aid in controlling 
the texture and stability of foods under varying processing and storage conditions. XRD has aided in 
the study of common food ingredients such as starches and fats. XRD enhances FTIR and differential 
scanning calorimetry (DSC) studies on starch gelatinization in foods. XRD was used to characterize 
the X-ray diffraction pattern and crystal type of the Frafra potato starches in Figure 2.

According to the XRD patterns, three types of starch crystallinity are reported, known as A-, B- and 
C-type.[15,17,21] C-type starch is a mixture of A- and B-type crystallinities and can be further classified 
to CA-type (closer to A-type), C-type and CB-type (closer to B-type) according to the proportion of A- 
and B-type allomorphs. A-type allomorphs show strong diffraction peaks at about 15° and 23° and 

Table 4. Thermal characteristics of FPS.

Cultivar T0 (°C) Tp (°C) Tc (°C) ΔT (°C) ΔHgel (J/g)

E 82 53.7 ± 0.08b 59.6 ± 0.10b 64.5 ± 0.08b 10.8 ± 0.06b 11.3 ± 0.04b

E111 56.8 ± 0.14b 62.4 ± 0.01b 67.5 ± 0.07b 10.7 ± 0.09b 11.6 ± 0.02ab

E132 55.7 ± 0.01b 61.2 ± 0.09b 66.4 ± 0.14b 10.7 ± 0.04b 11.8 ± 0.05ab

E134 56.5 ± 0.05b 62.1 ± 0.12b 67.2 ± 0.01b 10.7 ± 0.07b 11.5 ± 0.03ab

E145 55.8 ± 0.01b 61.3 ± 0.01b 66.9 ± 0.20b 11.1 ± 0.02b 11.2 ± 0.08b

Maa-Lana 62.6 ± 0.32a 67.2 ± 0.21a 72.8 ± 0.91a 10.2 ± 0.01bc 12.7 ± 0.07a

Manga 53.5 ± 0.16b 60.9 ± 0.13b 65.3 ± 0.01b 11.8 ± 0.10ab 12.4 ± 0.02a

Naachem-Tiir 55.1 ± 0.22b 61.2 ± 0.09b 66.3 ± 0.06b 11.2 ± 0.05b 12.6 ± 0.06a

Nutsugah 61.8 ± 0.41a 66.4 ± 0.05a 71.9 ± 0.11a 10.1 ± 0.03bc 11.9 ± 0.09ab

WAAPP 53.4 ± 0.01b 59.5 ± 0.18b 65.4 ± 0.15b 12.0 ± 0.02a 12.8 ± 0.01a

T0 = onset temperature, Tp = peak temperature, Tc = final temperature, ΔT = change in temperature, ΔHgel = enthalpy of 
gelatinization (dry weight basis, based on starch weight). Values are means of triplicates with standard deviation. Means in the 
same column with different superscripts are significantly different (p ≤ .05).
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a doublet at around 17° and 18° 2θ. However, B-type allomorphs show strong diffraction peaks at 
about 5° 2θ.[17,21,22]

The XRD patterns for FPS (Figure 3) showed strong diffraction peaks at about 15° and 23° 
and a doublet at around 17° and 18° 2θ. The display of strong peaks at these sites is 
characteristic of A-type allomorphs, implying that the FPS cultivars are A-type starches. The 
relative crystallinities of starches calculated from the ratio of diffraction peak area and total 
diffraction area were given in Table 2. FPS cultivars had similar (p < .05) relative crystallinity, 
typical of A-type starches.[21]

FTIR spectroscopy of FPS

FTIR spectroscopy is helpful in starch modification for detecting changes in molecular and structural 
conformation.[15,17,22] It may also be used for ascertaining the quality of starch for use in culinary and 
pharmaceutical purposes.[15,17,22] The structural order of the external regions of FPS was characterized 
by FTIR spectra in Figure 3.

All FPS cultivars showed similar ordered structures in the outer granule region (Figure 3). 
Even though FTIR is not able to differentiate starch crystal type, native starches with the same 
crystal type always show a similar FTIR spectrum, the band at 1000/1022 cm-1 is more 
pronounced in A-type starch than in B-type or C-type starches.[7,15,17,22] This result confirms 
that FPS has an A-type crystallinity.

Figure 2. XRD spectra of FPS.
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Scanning electron microscopy (SEM)

Micrographs of FPS were captured using a scanning electron microscope. This was done to 
determine the microstructure of FPS. Figure 4 shows the micrographs of FPS. Micrographs of 
FPS granules (Figure 4) show that all the cultivars had loosely and densely packed small and 
large granules. FPS cultivars primarily consisted of spherical granules with smooth surfaces. 
Some oval shape types measuring nearly 14 µm on their central axis and damaged granules 

4000 3500 3000 2500 2000 1500 1000 500
0.0

0.1

0.2

0.3

0.4

0.5

0.6

WAAPP

Nutsugah

Naachem-Tiir

Manga

Maa-Lana

E145

E134

E132

E111

Wave number (cm-1)

E82

)u.a(ecnabrosbA

Figure 3. FTIR spectra of FPS.

Figure 4. SEM structure of starch granules of FPS cultivars (x2300 @ 15 kv).
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(WAAPP) and a few with faceted sides were observed in FPS. Other partly truncated and 
semi-oval granules were also observed. Generally, the starch granules were within the size 
range of small and medium.[23,24] Granule diameters ranging between about 12 to 14 µm 
(mean 12.9 µm) and 11 to 13 µm (mean 12.4 µm) were, respectively, recorded for FPS from 
the released cultivars and unreleased cultivars. The sizes, shapes, and surface features of FPS 
were typical of starches from tropical tubers such as sweet potato, cassava, and cocoyam, 
which are characterized by smooth spherical surfaces, some partly truncated and semi-oval 
granules, and granule sizes ranging from about 11 µm to 13 µm.[14,17,25]

Principal Components Analysis of FPS characteristics

The Principal Component Analysis (PCA) was used to objectively determine which features signifi
cantly impacted the differences and similarities amongst the starches from the ten cultivars of Frafra 
potato. PCA map positioned the 10 FPS samples based on their physicochemical characteristics. 
Majority of the variance (83.69%) was explained in the first 2 dimensions (DIM1 = 51.58%), DIM2  
= 32.11%) as shown in Figure 5.

PCA clustered starches from the ten cultivars into two main groups, with Nutsugah and 
Maa-Lana in one group and the others (E82, E111, E132, E134, E145, Manga, Naachem-Tiir, 
and WAAPP) in the other group (Figure 5). Nutsugah and Maa-Lana starches were mainly 
characterized by their onset, peak and concluding temperatures. In contrast, the second group 
was characterized by their paste clarity and change in temperature. According to Gayin 
et al.,[15] Ezekiel and Singh,[17] and Ikegwu et al.,[26] these characteristics significantly influ
ence the differences in starches. They are also the critical factors considered in starch 
modification programs for culinary and pharmaceutical applications.

Figure 5. PCA Plot for FPS Characteristics.
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Conclusion

Frafra potato starch was of the A-type, with similar amylose content and degree of crystallinity. 
Starch granules from all ten cultivars were mainly spherical or oval-shaped, with smooth 
surfaces. PCA grouped starches from the ten cultivars into two clusters defined by their thermal 
properties and paste clarity. These characteristics provide essential information for practical 
applications of the starches. They may also influence the advanced selection of accessions of 
interest for developing suitable cultivars with higher starch yield and cooking quality and 
specific end-use. Starches with excellent clarity, for example, can be utilized as a thickening or 
coating in culinary and medicinal applications, whilst those with low peak viscosity can be used 
in the production of weaning meals. Those with high amylose and/or low digestibility are also 
ideal for food applications targeted at people suffering conditions such as celiac sprue and/or 
diabetes.
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