Extraction and Characterisation of Starch Obtained from Livingstone Potato (Plectranthus esculentus)


ABSTRACT
Plectranthus belongs to the family Lamiaceae. It is a perennial crop which is sparsely branched and grows up to 2m in height. In the year 2000, the world starch market was estimated to be 48.5 million tons, including native and modified starches. Starch from the tubers of Livingstone potato (Plectranthus esculentus) (Fam. Lamiaceae) has been isolated and examined for its chemical composition, amylose content and physicochemical properties. The study aims to extract and characterise starch obtained from the living stone potato. Potato tubers were obtained from Gembu Mambila Plateau, Taraba, Nigeria. Four grams (4 g) of the starch sample was heated in an oven at 105 0C. Two grams (2 g) of the powder sample were weighed into a round-bottom flask, then one tablet of catalyst (copper) and 25 mL concentrated sulfuric acid (H2SO4) were added in the fume cupboard and heated till the solution assumed a green colour. The starch yield was about 86.4% on a dry weight basis. The proximate composition of the starch on a dry weight basis was found to be 0.12% ash, 2.50% lipid, 3.25% protein, and 86.13% starch. The amylose content was 30.6%. Its true density and moisture content values were 1.47 g/mL and 11.2%, respectively. Scanning Electron Microscopy (SEM) of the starch granules showed characteristic morphology that was, by and large, oblong (elliptical) with some oval-shaped granules. The starch has a normal granule size distribution with a mean particle size of 36.2 μm. The DSC (Differential Scanning Calorimetry) thermograms of the starch obtained from starch-water mixtures (1:1), exhibited gelatinisation onset temp. (To) of 69.2 oC, peak temp. (Tp) of 74.3 oC, and endset temp. (Te) of 83.3 oC. X-ray diffraction pattern of the starch was typical B-type with a distinctive maximum peak at 17.5 2θ. The starch possesses higher swelling power and moisture sorption pattern but lower solubility values than those of potato starch at all temperatures studied. Considering the high yield and some similar physicochemical properties to those of potato starch, P. esculentus (Livingstone potato) can be explored as an alternative source of starch for various applications. The starch possesses higher swelling power and moisture sorption pattern but lower solubility values than those of potato starch at all temperatures studied.
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1. Introduction
The development and utilisation of new polysaccharides isolated from natural sources have attracted increasing attention in biochemistry, pharmaceuticals and food chemistry due to their sustainability, biodegradability and bio safety [5]. Starch is an essential biopolymer found abundantly in nature. It is the main energy and nutrient source of plants to overcome periods where photosynthesis is not possible, but also for heterotrophic species such as humans and animals. Furthermore, starch is not only a source of dietary carbohydrates but also a ubiquitous raw material commonly utilised in the non-food industry. In principle, two types of starch exist: storage starch and transitory starch (Compart et al., 2023; Scott & Awika, 2023 ). In the year 2000, the world starch market was estimated to be 48.5 million tons, including native and modified starches. The value of the output is about €15 billion per year. Worldwide, the main sources of starch are Maize (82%), Wheat (8%), Potatoes (5%) and cassava (5%) [11]. Starch consists of two structural components: amylose, which is essentially a linear polymer in which glucose residues are ∝ −𝐷 − (1 − 4) linked, typically constituting 15% to 20% of starch and amylopectin, which is a larger branched molecule with linkages and is a major component of starch [12]. It is obvious that the need for new starches from local sources will continue to increase, especially as this biopolymer finds application in other industries, including medicine and pharmacy. 
Livingstone potato is considered a minor crop globally, in terms of total production and commercial value. The market is reportedly limited, as consumers favour more ‘modern’ rootcrops such as yam, cassava and sweet potato (Kujeke et al., 2015). Plectranthus belongs to the family Lamiaceae. It is a perennial crop which is sparsely branched and grows up to 2m in height. The tubers are cultivated for food in Africa, particularly in the Northern parts of Nigeria around Adamawa, Bauchi, Niger, Kaduna and most importantly Jos, Plateau State [8, 1]. The leaves are used in the treatment of various ailments such as respiratory and digestive problems [8].
Chemical analysis of the raw Livingstone potato has shown crude protein, crude lipid and crude carbohydrate values of 13.5, 0.6 and 81.4 g per 100 g, respectively [1], indicating that the tubers can be a potential source of starch. 
Starch is increasingly used as a functional group either in industrial applications or food due to its ability to work as a thickener [13]. Starch is an important macronutrient and is the main glycemic carbohydrate in many foods derived from cereals, roots, and tubers. It is widely used as a functional ingredient in the food industry because of its diverse range of functional attributes, e.g., as a thickener, gelling agent, stabiliser, binder, adhesive, or film former (Yan et al., 2024; Rashwan et al., 2024). Starch is also widely used in yoghurt manufacturing as a thickener to reduce defects, making the body and texture of manufactured yoghurt appealing as well as reducing cracks in the surface of the curd milk [2]. Therefore, many plants are used to extract starch. For instance, Ammar et al., [2] suggested using Taro (Colocassia esculenta) because it is a good source of starch (70–80%), in addition to the ease of digestion and its positive effect on the properties of the final products. Potato is also an important ingredient for nutrition because it is a good source of starch, vitamins A and C, and minerals such as iron and potassium, in addition to different ratios of fibers [3].
The use of starch developed when Egyptians in the pre-dynastic period cemented strips of papyrus together with starch as an adhesive made from wheat. The adhesive was made from fine-ground wheat flour boiled with diluted vinegar [13]. A procedure for starch production was described in detail in a Roman treatise by Cato in 184 BC [13]. Starch grain is steeped in water for ten days and then pressed. Fresh water is added, mixed, and the mixture is filtered through a linen cloth. The slurry is allowed to settle and is washed several times with water and finally dried in the sun. 
Potato starch is a white substance extracted from potatoes. The cells of the root tubers of the potato plant contain starch grains (leucoplasts). To extract the starch, the potatoes are crushed; the starch grains are released from the destroyed cells. The starch is then washed out and dried into powder. Potato industry waste waters contain high concentrations of biodegradable organic components such as starch and proteins. In addition, due to high concentration of chemical oxygen demand (COD) and total suspended solids (TSS) in wastewater, the potato industries present serious pollution problems in today’s modern lifestyle, while consumption of potatoes in terms of processed products such as French fries, chips and puree has experienced growing popularity [15]. The starch losses caused by potato peeling range from 15 to 40% amount depending on the procedure applied, to steam abrasion and peeling [13].



2. Materials and Methods
2.1 Collection and Extraction of Starch
Potato tubers were obtained from Gembu Mambila Plateau, Taraba, Nigeria. Tubers were washed, peeled, and trimmed to remove defective parts. The tubers were then sliced, diced, and blended with distilled water in a food blender. The mixture was sieved through an 80 mesh screen, and the retained solid was exhaustively rinsed on the sieve with distilled water. The filtrate was allowed to stand overnight at room temperature, the precipitate was collected, and the supernatant was discarded. Resuspension and sedimentation operations were repeated until white starch was obtained. The starch was dried at 50 0C for 6 hours. Finally, the dried potato was ground and passed through a 100-mesh sieve. The starch was kept in a tight light light-resistant container for further analysis [8]. The study aims to extract and characterise starch obtained from the livingstone potato.
2.2 Proximate Analysis on Native Living Stone Potato Starch
2.2.1 Determination of Moisture
Four grams (4 g) of the starch sample was heated in an oven at 105 0C. the weight was examined every hour until a constant weight was obtained. Percentage moisture was calculated as a ratio of the final weight to the initial weight of the sample [10].
	(i)


2.2.2 Determination of Ash Content 
Methods of proximate analysis described by Aprianita et al., [3] were adopted with some modifications. Crucible was cleaned and dried in the oven, after drying, it was cooled in the desiccator and weighed (W1). Two grams (2 g) of the grounded powder sample was placed in the crucible and weighed (W2). It was transferred into the Muffle-Furnace at about 500 ºC for 30 minutes, then removed and cooled in the desiccator and weighed (W3). The percentage ash content was determined using the equation below:
	          (ii)
2.2.3 Determination of Protein contents (Crude protein and Nitrogen content)
Two grams (2 g) of the powder sample was weighed into a round-bottom flask, then one tablet of catalyst (copper) and 25 mL concentrated sulfuric acid (H2SO4) were added in the fume cupboard and heated till the solution assumed a green colour. The resultant solution was cooled, and traces of black particles showing at the mouth and neck of the flask were washed with distilled water. The digest, after several washes, was then transferred into a 250 mL volumetric flask with distilled water. The Markham distillation apparatus was steamed for about 15 minutes, under the condenser, and a 100 mL conical flask containing 10 mL of boric indicator was placed. 10 mL of the digest was pipetted into the body of the apparatus via the small funnel aperture and was washed with distilled water, followed by 10 mL of 40 % NaOH solution. The system was steamed again for 5 minutes to collect ammonium sulfate. The receiving flask was removed, and the tip of the condenser was washed into the flask. The solution from the distillation above was titrated in the receiving flask using 0.01 N HCl. The Nitrogen content was calculated, and hence the protein content of the sample.
	        (iii)
Where, 
V = Volume of HCl required for blank 
V1 = Volume of HCl required for 10 mL sample solution 
M = Molarity of the acid (0.1 M)
14 = Atomic weight of Nitrogen
100 = Total volume of digested sample
10 = Volume of distillate
0.2 = Amount of sample in grams
NB: Protein contains 16 % nitrogen. Therefore, this makes the general conversion factor 6.25. Lastly, crude protein  = 6.25 x N
N= Nitrogen content 
2.2.4 Determination of Lipid/Fat Content
Two grams (2 g) of the powdered sample was weighed into a 250 mL boiling flask filled with petroleum spirit. The Soxhlet apparatus was assembled, and refluxing was allowed for 8 hours. The flask was removed and transferred to an oven to dry. It was then transferred from the oven to a desiccator and allowed to cool, then weighed.
The % of Fat was calculated as: 
Weight of fat extracted/Weight of sample × 100 (iv)

2.2.5 Determination of Carbohydrate Content 
By contrast, the carbohydrate content was obtained by calculations, having estimated all other fractions by proximate analysis.
Carbohydrate contents = 100 - (% of moisture + %Ash + %Protein + %Lipid)                            (v)
2.3 Characterisation of the Starch
2.3.1 Scanning Electron Microscopy Procedure     
The structural morphology of the extracted Livingstone potato starch, as shown below, was determined using a scanning electron microscope (SEM). A JOEL JSM 5600 LV scanning electron microscope with an accelerated voltage of 15 kilovolts was used to observe the surface morphology of the starch set to achieve the desired magnification [7].
2.3.2 Fourier Transform Infrared (FTIR) Procedure
The sample was placed in a holder in the path of the IR source. A detector reads the analogue signal and converts the signal to a spectrum. A computer analysed the signal and identified the peaks. An IR beam went through a partially silvered mirror, which splits the beam into two beams of equal intensity.
2.3.3 Procedure for Powder X-ray Diffraction
The x-ray produced by the source illuminates the sample phase and enters the detector by moving the tube or sample and detector to change the diffraction angle. The intensity is measured, and the diffracted data are recorded.

3. Results and Discussion
3.1 Results for Living Stone Potato Starch Proximate Analysis 
TABLE 1: Living Stone Potato Starch Proximate Analysis 
	Sample
	 %Moisture 
	%Ash Content 
	%Protein Content
	%Lipid/Fat Content

	Carbohydrate Content 

	NLSPS
	8
	0.12
	3.25
	2.50
	86.13




3.2 Physicochemical Characteristics 
3.2.1 Morphology 
Particle morphology is an important property in the characterisation and identification of powdered pharmaceutical excipients. It can also be used to predict certain functional properties that relate to flow ability and compatibility of the powder [4]. 
Figure 1 shows the scanning electron micrographs of P. esculentus starch. As can be seen from the figure, the starch granules have characteristic oblong (elliptical) morphology and oval in shape, existing as single entities. By and large, the surface of the granules is smooth, but some exhibit fissures (cracks) when viewed at larger magnifications. These cracks could be due to ageing of the plant when the starch was isolated [14], which exposes the starch granules to enzyme catalytic digestion [9].
3.2.2 Granule Size and Specific Surface Area 
The volumetric particle size distributions of P. esculentus starches are shown in Figure 2. The mean volumetric particle sizes of P. esculentus starches were found to be 53.7 μm (figure 2). Due to its relatively smaller particle size, P. esculentus starch has a higher specific surface area.


[image: ]
Figure 1: Scanning Electron Microscope showing the micrograph of P.esculentus captured at 20 μm


The SEM image of starch granules from Livingstone potato (Plectranthus esculentus) reveals irregularly shaped, oval to elongated structures with a rough surface texture and sizes ranging up to approximately 70 µm, as indicated by the scale bar. Comparing this with other studies, the granule morphology aligns with observations of native potato starches, which often exhibit oval and spherical shapes with varying surface roughness depending on extraction and environmental factors. For instance, studies on potato starch from different altitudes show granules that are mostly oval and round, with smoother surfaces at higher altitudes and more irregular shapes at lower altitudes, suggesting environmental influence on granule uniformity. Similarly, research on mealy and waxy potato varieties indicates that mealy starch granules are rounded ovoid with inconsistent sizes (35.9–41.8 µm), while waxy varieties show sharper polygonal shapes with larger, more uniform sizes (42.1–49.7 µm), highlighting genotypic variations that may also apply to P. esculentus.
The rough texture observed in the Livingstone potato starch could indicate natural structural features or minor degradation during extraction, a characteristic noted in some native starches where surface irregularities are linked to the amylose-amylopectin ratio and processing conditions. In contrast, studies on corn, potato, and tapioca starches describe polyhedral, flattened ellipsoid, or spherical granules with sizes ranging from 3.6 to 53.6 µm, with potato starch granules often larger and more irregular than corn. The Livingstone potato starch's size range up to 70 µm suggests it may fall on the larger end of this spectrum, potentially reflecting its tuberous origin and specific cultivar traits. Additionally, research on enzymatically modified starches indicates that surface roughness can increase with enzymatic treatment, which may not apply here but underscores the sensitivity of granule morphology to processing.
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[bookmark: Bookmark3][bookmark: Bookmark2]Figure 3: The X-ray powder diffraction patterns of P. esculentus

The X-ray powder diffractogram (XRD) of Plectranthus esculentus starch, as depicted in Figure 3, likely indicates its crystalline structure, a key characteristic in starch characterisation. Based on typical XRD patterns for native starches, P. esculentus starch is expected to exhibit a C-type crystalline pattern, which is common in tuberous starches and represents a mixture of A- and B-type polymorphs. This is supported by studies on other tuber starches, such as potato, where a C-type pattern with strong peaks at 2θ angles around 15°, 17°, 20°, and 23° is often observed, reflecting a semi-crystalline structure due to the arrangement of amylose and amylopectin [16].
Comparative analysis with other authors' work reveals similarities and differences. For instance, research on yam starch (Dioscorea spp.) also shows a C-type pattern with peaks at similar 2θ values, though with varying intensities depending on amylose content, suggesting that P. esculentus may share a comparable crystalline organisation [19]. In contrast, cereal starches like maize typically exhibit an A-type pattern with sharper peaks at 15° and 23°, indicating a more ordered structure, while banana starch often displays a B-type pattern with a prominent peak at 17°, reflecting higher water content in its crystalline regions [18]. The intensity and position of peaks in the P. esculentus diffractogram could indicate a balance between A- and B-type structures, potentially influenced by its tuberous origin and extraction conditions.
The degree of crystallinity, inferred from peak sharpness and area, may also align with findings that native tuber starches generally have crystallinity ranging from 20-40%, depending on processing and storage conditions [17]. Any broadening or reduction in peak intensity in the P. esculentus XRD could suggest partial gelatinisation or moisture effects during processing, a phenomenon noted in studies of native starches subjected to heat or enzymatic treatment [20]. 
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Figure 4: FTIR Analysis of Native Livingstone Potato Starch (NL S)

There is a broad peak at >3200 cm-1, which corresponds to the presence of hydroxyl groups (OH) in the sample. The peaks at 2916 and 2849 cm-1 represent C-H bonds, specifically, the peak at 2916 cm-1 is for saturated carbon (sp3 carbon). The most interesting thing about this data is the absence of triple bonds between the regions 2500-2000 cm-1  and the absence of double bonds between 2000-1500 cm-1. Most peaks found <1500 cm-1 are usually not interpretable because that region is the fingerprint region unique to different molecules. However, there is an exception when a C-O-C (ether bond) is present in a molecule. That usually shows up as a sharp peak at about 1000 cm-1, and we have such a peak in the data. 
4. Conclusion
In my opinion, the data proves conclusively the type of functional groups one would expect from a carbohydrate molecule such as starch. All the peaks observed are consistent with what we know of a starch molecule. The starch yield of P. esculentus tubers is high, 86.4% on a dry weight basis. The study on physicochemical properties revealed that P. esculentus starch has comparable starch content, but slightly higher amounts of protein and lipid.  P. esculentus starch exhibited higher gelatinisation temperatures, indicating that it is more resistant to heat. From the foregoing, it can be concluded that P. esculentus starch could be an alternative for various applications. The starch possesses higher swelling power and moisture sorption pattern but lower solubility values than those of potato starch at all temperatures studied.
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