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ABSTRACT 

This study explores the potential of Amorphophallus paeoniifolius starch as a sustainable biopolymer for 

biodegradable food packaging. The isolated starch exhibited a C-type crystalline structure with 34.3% 

crystallinity and showed diverse granule morphology and good thermal stability. Proximate composition 

revealed high starch (78.61 g/100 g) with low ash (0.17 g/100 g) and fat (0.30 g/100 g), supporting its purity 

and functional suitability. The presence of hydroxyl (-OH) groups further enhanced mechanical cohesion, 

indicating its ability to form stable biofilms. These results highlight the novelty of utilizing A. paeoniifolius 

starch as an eco-friendly, renewable, and non-toxic material with promising applications in sustainable 

packaging and coating technologies. These properties the novelty of A. paeoniifolius starch as a renewable, 

biodegradable, and functional biopolymer, supporting its application in sustainable packaging and coating 

technologies. 
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1. INTRODUCTION 

Elephant Foot Yam (EFY), scientifically known as Amorphophallus paeoniifolius (A. paeoniifolius) 

and commonly referred to as "Jameenkand" in Hindi, is a tropical tuber crop extensively cultivated in humid 

regions across India, Southeast Asia, and Africa (Singh & Wadhwa, 2014; Mukherjee et al., 2014). It 

belongs to the Araceae family, which comprises around 170 species (Mukherjee et al., 2014). EFY is 

renowned for its rich nutritional profile and low-fat content. In particular, it is a significant source of 

essential fatty acids, including Omega-3, which has been shown to positively impact cholesterol levels 

(Reddy et al., 2014). Additionally, EFY supports estrogen regulation in women, promoting hormonal 

balance, and thus holds potential as a functional ingredient for enhancing human health. 

Polysaccharides such as natural gums, chitosan, alginate, carrageenan, and gellan gum are widely used 

in coating development due to their functional properties. Among them, starch stands out for its 

biodegradability, thermoplastic nature, and aesthetic appeal, making it a preferred choice for coatings. 

Starch is a semi-crystalline, polysaccharide carbohydrate, mainly composed of amylose and amylopectin 

(Sukhija et al., 2016; Kandekar et al., 2021). Amylose is a linear polymer with chains linked by α-1, 4 

bonds, whereas amylopectin is a branched polymer featuring both α-1, 4 and α-1, 6 linkages (Kandekar et 

al., 2021; Shujun et al., 2005; M et al., 2018). These structural differences are key to starch's wide 

applications across food and non-food industries (Zhang et al., 2017; Marimuthu et al., 2013). It is 

commonly derived from sources like corn and potatoes and highly valued for its ease of extraction, cost-

effectiveness, and eco-friendly properties, leaving minimal environmental residue (Zhang et al., 2017; M 

et al., 2018; Theivasanthi & Alagar, 2011). 

Resistant starch (RS) is a functional fiber that remains undigested in the small intestine but gets broken 

down partially or fully in the large intestine, producing short-chain fatty acids (SCFAs) such as butyrate, 

propionate, and acetate. SCFAs help regulate blood glucose levels, lower the risk of colorectal cancer linked 

to red meat consumption, enhance lipid oxidation postprandially and promote satiety (Geirnaert et al., 

2017). RS has advantages over traditional fibers, including low water-holding capacity, fine particle size, 

and a neutral flavor. Acting as a prebiotic, RS promotes gut health and supports various physiological 

functions, including improved fatty acid digestion, reduced inflammation, and better glycemic control 

(Islam et al., 2022). Resistant starch-rich powder (RSRP) such as those from banana starch improves bakery 

products by moderating starch availability and slowing carbohydrate release. Research by Baixauli showed 

that replacing wheat flour with resistant starch from native maize reduced muffin volume, height, and gas 

cell formation (Abbas et al., 2010). It is also used in microencapsulation of probiotics in dairy products to 

enhance their viability, as well as in reducing oxidation and odor in fish oil (Awuchi et al., 2022). 

Furthermore, starch nanoparticles have gained attention for application in food packaging, plastic fillers, as 



well as in medical fields for the treatment and diagnosis of cardiovascular diseases and drug delivery 

systems (Awuchi et al., 2022). 

Starch extracted from A. paeoniifolius shows broad applicability as a thickener, adhesive, gelling 

agent, stabilizer, and bulking agent. It is also used as a base material for developing edible coatings, 

biodegradable packaging films, and active packaging films (Shujun et al., 2006). Its moderate granule size 

enhances its suitability for film production and food product formulations (Aprianita et al., 2009). In 

bioplastics, plant-derived starches are preferred for their eco-friendly, abundant, low-cost, and non-toxic 

characteristics, contributing to advancements in biodegradable plastic technologies (Sukhija et al., 2016; 

Wahyuningtiyas & Suryanto, 2017). Cassava and sago starches are common in bioplastic and biofilm 

production respectively, while other sources include corn, peas, oats, potatoes (sweet and white), water 

chestnuts, wheat, chestnuts, bananas, rye, and tapioca (Wahyuningtiyas & Suryanto, 2017; Sondari et al., 

2019; Özdamar & Ateş, 2018). Structural composition of starch plays a key role in determining film 

properties. Studies suggest that higher amylose content can enhance the coating’s mechanical integrity and 

its resistance to moisture and gas transmission. According to Oyom and co-workers, starch-based edible 

coatings exhibit excellent gas barrier properties due to hydrogen bond arrangements. They are also odorless 

and colorless, allowing the permeation of flavoring agents. However, a significant limitation is their low 

water resistance, resulting from starch's intrinsic hydrophilicity (Oyom et al., 2022). 

Natural starch has limited industrial applications due to weak pasting properties and undesirable gel 

formation upon cooling. To address this, starch is often modified chemically, enzymatically, and via 

hydrolysis to enhance its water-holding capacity, heat resistance, binding ability, and thickening efficiency. 

Modified tapioca starch and lecithin improve the texture and overall quality of reduced-fat Feta cheese, 

while high-amylose cornstarch improves the texture of extruded and fried snacks (Abbas et al., 2010). 

Additionally, modified starches are employed in biodegradable food packaging films due to their superior 

physical and mechanical properties (Andrêssa Maria Medeiros Theóphilo Galvão et al., 2018). 

Despite the promising attributes of A. paeoniifolius starch, there is a limited research focused on its 

properties. Most studies focus on common sources like maize and potato, with little exploration of the 

organoleptic, structural, functional, and thermal characteristics of A. paeoniifolius starch, which are 

important for industrial and food applications. Moreover, the effects of processing methods, like alkaline 

extraction on its quality are not well understood. This study aims to fill these existing research gaps by 

isolating starch from A. paeoniifolius using an alkaline method and characterizing its structural, thermal, 

and morphological properties. Advanced analytical techniques such as Differential Scanning Calorimetry 

(DSC), Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), Scanning Electron 

Microscopy (SEM), and Energy Dispersive X-ray Spectroscopy (EDX) will be employed. These analyses 



will provide valuable insights into the physicochemical attributes of A. paeoniifolius starch and its potential 

for bio-based film development. 

2. MATERIALS AND METHODS 

2.1. Materials 

In this study, mature corms of A. paeoniifolius were sourced from the local market in Modinagar, 

Ghaziabad, Uttar Pradesh. The corms underwent a thorough cleaning process, which involved washing with 

purified water to eliminate any surface contaminants, ensuring they were adequately prepared for 

subsequent experimental procedures. 

2.2. Isolation of Starch  

The extraction of starch from A. paeoniifolius was carried out following the methodologies described 

by (Sukhija et al., 2016; Kandekar et al., 2021). A. paeoniifolius corms were weighed, thoroughly washed, 

and peeled. These cleaned corms were then chopped into small segments and soaked in a solution 

containing 0.25% potassium metabisulfite and 0.12% citric acid for 1h. After soaking, the pieces were 

blended with distilled water for 5 min to form slurry. The resulting slurry was filtered through muslin cloth 

to eliminate the fibrous material from the starch suspension. The filtrated solution was kept at 4°C for 4 h, 

allowing the starch to settle at the bottom. After sedimentation, the clear supernatant was gently poured off 

and the starch sediment was resuspended in water and treated with a 0.2% sodium hydroxide (NaOH) 

solution. The washing step was carried out multiple times to ensure the removal of impurities and obtained 

purified starch.  Finally, the starch was dried at a temperature 45°C –50°C for 3–4 h, ground into a fine 

powder, and stored in an airtight container at room temperature until further analysis. 

2.3. Organoleptic and Physicochemical Properties of Starch  

2.3.1. Iodine Test, Organoleptic Properties and pH 

The iodine test for starch was performed by adding 2 drops of iodine solution to 2 mL of a 5% starch 

solution, and then the mixture was gently mixed and warmed in a water bath for few minutes. For the 

organoleptic properties of starch, the color, odour, taste, and texture were carefully observed and 

documented. The pH of the starch samples was determined by preparing a slurry containing 1 g of starch 

powder in 30 mL of distilled water, measuring the pH using a calibrated pH meter under room temperature 

[25°C -30°C] (Yusuf et al., 2022). The starch yield percentage was determined using Equation 1 as follows: 

Starch yield (%) =
Weight of  extracted starch

Weight of 𝐴.  𝑝𝑎𝑒𝑜𝑛𝑖𝑖𝑓𝑜𝑙𝑖𝑢𝑠
× 100                                      (1) 



2.4. Proximate /Chemical Composition Analysis of Starch  

The proximate and chemical compositions of A. paeoniifolius starch were analyzed in accordance with 

standardized protocols at an International Organization for Standardization (ISO) and Food Safety and 

Standards Authority of India (FSSAI) certified laboratory (Advanced Research & Analytical Services, 

Ghaziabad, Uttar Pradesh, India). Moisture, ash, and starch contents were determined as per (IS 4706-2) 

(Bureau of Indian Standards (BIS), 1978), while protein content was quantified using the Kjeldahl method 

(IS 7219-1973), with a conversion factor of 6.25 applied to calculate the protein content. Fat content was 

estimated using the Soxhlet extraction method (IS 4684-1975), and sugar content was measured according 

to IS 2650-1975. Carbohydrate content was determined following IS 1656-2022 and energy content was 

computed from the proximate composition as per IS 9487-1981. Dietary fiber was quantified 

gravimetrically using the methodology outlined in IS 11062-2019. 

2.5. Fourier Transform Infrared Spectroscopy (FTIR) 

The functional characterization of A. paeoniifolius starch granules was performed using FTIR 

spectroscopy on a Shimadzu FTIR Spectrophotometer (Japan) at the Department of material 

characterization laboratory, Jaypee Institute of Information Technology, Noida. A finely powdered starch 

sample was thoroughly combined with spectroscopic grade potassium bromide (KBr) in a 1:100 proportion 

to obtain a homogeneous mixture for FTIR analysis. KBr being spectroscopically inert was selected to 

facilitate the formation of translucent pellets that allow effective transmission of infrared light. The 

combination was then compressed into a translucent pellet using a hydraulic press under high pressure. 

Spectral data were recorded in the wavenumber range of 4000–400 cm⁻¹, enabling precise identification of 

functional groups and molecular interactions (Marichelvam et al., 2019). 

2.6. Thermal Analysis Using Differential Scanning Calorimetry (DSC) 

The thermal behaviour of the starch was analyzed using DSC. For this analysis, a 5 mg starch sample 

was accurately weighed and placed into a DSC sample pan. The analysis of the starch granules was carried 

out using a HITACHI DSC 7000 system, operated with a computerized analyzer at the Department of 

material characterization laboratory, Jaypee Institute of Information Technology, Noida. The scanning was 

conducted under a nitrogen atmosphere, applying a constant heating rate of 10°C per minute, across a 

temperature range of 30°C to 160°C (Kandekar et al., 2021; Esquivel-Fajardo et al., 2022). 

 

 



2.7. Morphological Characterization of Starch by Scanning Electron Microscopy (SEM) 

The surface morphology of A. paeoniifolius starch granules was examined using SEM with a ZEISS 

EVO40 microscope at Jawaharlal Nehru University, New Delhi. For SEM preparation, isolated starch 

samples were gently dusted onto double-sided adhesive carbon tape, which was mounted on aluminum 

stubs to ensure stable adhesion. The samples were then sputter coated with a thin layer of gold to enhance 

conductivity. Imaging was conducted with an accelerating voltage of 20 kV, enabling detailed visualization 

of the starch granule structures. This methodological approach facilitated high resolution imaging, revealing 

critical insights into the granule morphology and surface characteristics (Sukhija et al., 2016; 

Wahyuningtiyas & Suryanto, 2017). 

2.8. Energy Dispersive X-Ray Spectroscopy (EDX) 

In this analysis, a starch sample was subjected to X-ray bombardment, causing the emission of 

characteristic X-rays specific to each element present. These emitted X-rays were subsequently detected 

and analyzed using an EDX detector at Jawaharlal Nehru University, New Delhi. The resulting spectrum 

provided a detailed compositional profile, identifying key elements within the alloy, such as Carbon (C), 

Oxygen (O), and Hydrogen (H), as indicated by spectral peaks in accordance with referenced studies 

(Sukhija et al., 2016; Wahyuningtiyas & Suryanto, 2017).  

2.9. X-Ray Diffraction (XRD) 

XRD analysis of the starch sample was conducted at the Department of material characterization 

laboratory, Jaypee Institute of Information Technology, Noida. The analysis utilized an X-ray 

diffractometer equipped with a Cu-Kα radiation source (wavelength equals to 1.54056 Å). The device 

operated under a voltage of 40 kV and a current of 30 mA. The scanning procedure covered 2θ range of 

10° to 80°, aimed at investigating the structure of starch. Data were collected in continuous scan mode with 

a scanning speed of 2.0° per minute and a 15 mm receiving slit was used to ensuring high-resolution 

diffraction patterns. This setup provided a detailed examination of the crystallographic properties of the 

starch sample (Theivasanthi & Alagar, 2011).  

3. RESULTS AND DISCUSSION 

3.1. Assessing Starch Yield and Its Physicochemical and Organoleptic Properties 

The percentage yield of starch extracted from A. paeoniifolius was determined to be 1.2%, with 6 g of 

starch recovered from 500 g of fresh tubers. These results revealed the variation in starch content among 

different tuber sources, highlighting the significant influence of tube type on starch extraction efficiency. 



The starch obtained from A. paeoniifolius tested positive for the iodine test, exhibited a white color, had 

fine texture, was odorless, tasteless, and was insoluble in both water and alcohol, and had a pH of 6.10. 

Similar findings have been reported by Yusuf et al., 2022, where the iodine test for the native and silicified 

starch samples obtained from Ipomoea batatas was also positive. The color of their samples was white, and 

both native as well as silicified samples were noted to be odorless, tasteless, and had a fine texture. A study 

done by Jubril et al., 2012 reported that phosphate starch, pregelatinized starch, and sweet potato starch 

powders turned blue-black upon the addition of iodine solution, further confirming the presence of starch. 

3.2. Proximate and Chemical Composition Analysis  

Proximate composition is reliable method for assessing starch purity, where more starch and less 

protein, fat, ash, and fiber are preferred. Excess protein and fat can affect swelling and pasting properties 

by interacting with starch granules and reducing gelatinization (Schoch, 1968; Olkku & Rha, 1978; Yang 

& Chang, 1999; Liang & King, 2003; Lumdubwong & Seib, 2000). Previous study showed that protein can 

changes the gelatinization and pasting behavior of starch highlighting its significant role in functionality 

(Hamaker & Griffin, 1993). Therefore, proximate and chemical analyses are essential to evaluate the 

fundamental composition of food or agricultural products. The result for isolated starch from A. 

paeoniifoliusis summarized in Table 1. 

Table 1: Proximate/chemical analysis of Amorphophallus paeoniifolius starch. 

Test Parameters 

 

Value (g/100g) 

 

Test Method 

Moisture 11.8 IS:4706 

Total Ash 0.17 IS:4706 

Starch 78.61 IS:4706 

Protein 6.76 IS:7219 

Total fat 0.30 IS:4684 

Total sugar BDL(DL-0.5) IS:2650 

Carbohydrate 81.19 IS:1656 

Dietary Fiber 2.58 IS: 11062 

Energy 354.50 Kcal/100g IS:9487 

3.2.1. Analysis of Moisture Content 

Moisture content plays a critical role in determining the texture, stability, and application performance 

of starch. Excess moisture can cause clumping, while insufficient moisture may lead to brittleness, In this 

study, A. paeoniifolius starch showed a moisture content 11.8%, which falls within the range reported for 



purple-fleshed sweet potato (PFSP) (8.52% and 14.86%) (Julianti et al., 2018). Variability in starch 

moisture depends on factors such as the drying conditions and seed structure  (Andrabi et al., 2016;Kaur & 

Sandhu, 2010). Lower moisture enhances storage stability by reducing microbial activity (Alozie et al., 

2009). The relatively low moisture content observed here suggests better shelf-life and reduced microbial 

contamination risk. 

3.2.2. Analysis of Ash Content 

Ash content indicates total mineral residue after the combustion of organic matter. In this study A. 

paeoniifolius starch, ash content was 0.17% which is low and comparable to   purple-fleshed sweet potato 

(PFSP) starch, (0.26% and 0.36% Julianti et al., 2018). Such low ash value suggests minimal mineral 

impurities desirable for applications requiring high-purity starch.  

3.2.3. Analysis of Fat Content 

Fats play an important role in food systems by providing energy, enhancing flavor, and influencing 

storage stability of flour-based products (Titov, 2012; Levitsky et al., 2020; Boahemaa et al., 2024). The 

fat content of A. paeoniifolius starch was 0.30% determined by Soxhlet technique. This value is lower than 

PFSP starch, (Julianti et al., 2018). ), reflecting minimal lipid presence. Such low-fat content is 

advantageous for storage stability and for applications requiring starch with reduced lipids. 

3.2.4. Analysis of Dietary Fiber  

Dietary fiber (DF) refers to non-digestible plant components that are partially or fully fermented in the 

large intestine. It plays an important role in functional foods and contributes to health benefits such as 

lowering blood sugar and lipid levels, and reducing risks of gastrointestinal disorders (He et al., 2022; 

Boahemaa et al., 2024). In this study, A. paeoniifolius starch showed a dietary fiber content of 2.58%, which 

falls within the range reported for purple-fleshed sweet potato (0.25–2.59%, Julianti et al., 2018). The low 

DF content confirms its predominance as a carbohydrate source with minimal fiber residue. 

3.2.5. Analysis of Carbohydrate and Energy 

Carbohydrates are the major source of dietary energy and structural components of living organisms 

(Cummings & Stephen, 2007; Witek et al., 2022). In this study, A. paeoniifolius starch contained 81.19% 

carbohydrates, similar to taro (77.82–86.11%) and yam (75.98–84.07%) (Ijarotimi et al., 2015; Kibret 

Akalu & Haile Geleta, 2019), but higher than sweet potato (20.28–35.12%) (Omodamiro et al., 2013). Its 

calculated energy value (354.50 Kcal/100 g) was also comparable with other root starches, supporting its 



role as an energy-dense food source. Sugar content was below detection limit (<0.5 g), consistent with 

Meludu (2010). 

3.2.6. Analysis of Starch Content 

Starch is the major storage polysaccharide in plants and a key dietary carbohydrate (Omar et al., 2016). 

In A. paeoniifolius corms, starch content was 78.61%, higher than PFSP (50.20–62.93%) (Julianti et al., 

2018) but within the range reported for other tubers (92–96%) (Abegunde, 2012). The overall 

composition—high starch (78.61%), low ash (0.17%), low fat (0.30%), and moderate fiber (2.58%)—

suggests suitability for biofilm formation, where starch provides structural integrity and reduced mineral 

and lipid contents enhance mechanical and barrier properties. 

3.2.7. Analysis of Protein Content  

Protein is an essential nutrient that not only supports human health but also influences functional 

properties such as water and oil absorption, gelation, and rheology, which are critical in food product 

development (Boahemaa et al., 2024). Plant-derived proteins, such as those from soy, rice, and wheat, have 

been shown to promote gut health and microbial balance (Ashaolu, 2020; Huang et al., 2016). 

In this study, the protein content of A. paeoniifolius was found to be 6.76%, as determined by using 

the Kjeldahl method. The presence of moderate protein in Amorphophallus starch may enhance certain 

functional properties, such as mechanical strength, tensile strength and flexibility in biofilm applications. 

These suggest A. paeoniifolius starch a promising candidate for sustainable and biodegradable food 

packaging. These findings align with research by Julianti and coworkers (Julianti et al., 2018) which 

highlight the potential of Amorphophallus starch for developing eco-friendly biofilms with desirable 

mechanical and barrier characteristics, essential for sustainable packaging applications. 

3.3. Fourier Transform Infrared Spectroscopy (FTIR) Spectral Analysis  

FTIR spectroscopy was used to identify functional groups in the isolated starch from A. paeoniifolius 

by analysing peak values within the infrared region. This analysis provided insight into the structural 

characteristics of the starch. The obtained data is graphically represented in Fig. 1, which displays the FTIR 

spectrum of A. paeoniifolius, illustrating transmittance (%) as a function of wavenumber (cm⁻¹). A broad 

absorption band observed around 3000 cm⁻¹ is attributed to O-H stretching vibrations, indicative of 

hydroxyl (–OH) groups and suggesting the presence of hydrogen bonding typically associated with starch 

and other polysaccharide compounds (Araújo et al., 2020; Abdullah et al., 2018). The peak at 2390 cm⁻¹, 

although rare in starch, may correspond to C≡C or C≡N triple bond stretching, potentially indicating trace 



impurities or unique molecular interactions within the sample. A weak absorption band near 1870 cm⁻¹ may 

be related to higher vibrations or minor C=O stretching, although such features are uncommon in standard 

starch profile (Araújo et al., 2020; Abdullah et al., 2018). Peaks at 1600 cm⁻¹ and 1527 cm⁻¹ are often 

associated with C=O stretching or N-H bending vibrations, characteristic of amide groups, which may 

indicate minimal protein residues retained from the starch extraction process. Bands around 1455 cm⁻¹ and 

1398 cm⁻¹ likely correspond to C-H bending or scissoring vibrations, specifically linked to CH2 groups. The 

absorption peak at 1270 cm⁻¹ is attributed to C-O stretching vibrations, which are commonly observed in 

polysaccharides and indicative of glycosidic linkages within the starch structure. Additionally, peaks at 946 

cm⁻¹ and 889 cm⁻¹ are consistent with C-O-C stretching, characteristic of glycosidic bonds and supportive 

of the polysaccharide framework typical of starch (Araújo et al., 2020; Abdullah et al., 2018). A band at 

825 cm⁻¹ may be associated with C-H out-of-plane bending, often representative of the polysaccharide 

backbone structure. The observed spectral features align with findings from (Julianti et al., 2018; Araújo et 

al., 2020; Abdullah et al., 2018), who reported similar absorption patterns in starch samples. This alignment 

supports the structural integrity and purity of A. paeoniifolius starch, reinforcing its suitability for further 

applications in food and biopolymer research. 

 

Fig. 1: FTIR spectra of Amorphophallus paeoniifolius starch showing characteristic absorption bands corresponding 

to functional groups. 

3.4. Thermal Analysis of Starch Using Differential Scanning Calorimetry (DSC) 

Gelatinization is a process in which starch undergoes structural breakdown when exposed to heat and 

moisture. This transformation begins with the hydration and swelling of the amorphous regions within the 



starch granules, which induces stress on the crystalline regions, ultimately leading to their rupture and the 

melting of the granules. The peak temperature (Tp) at which this transition occurs is influenced by the 

structural arrangement and molecular composition of amylose and amylopectin within the starch matrix 

(Gupta & Gaur, 2024). The enthalpy change (ΔH), as measured by DSC, quantifies the heat absorbed during 

all endothermic events that occur during the heating process. Several factors, including moisture content, 

solvent type, degree of hydration, botanical origin, and physical granule properties, influence the ΔH values 

(Alonso-Gomez et al., 2016). Studies have shown that lower moisture content correlates with higher 

gelatinization temperatures, a significant factor in low-moisture systems such as baked goods or starch-

based biofilm plasticization (Zuo et al., 2019). 

The DSC thermogram of A. paeonifolius starch, shown in Fig. 2, provides valuable insights into its 

thermal properties, including the enthalpy change and melting temperature. The thermogram reveals an 

onset temperature of 106.4°C, where the thermal transition initiates, followed by the peak of the 

endothermic process at 114.8°C, and concluding at 126.7°C. The enthalpy change (∆H) was measured to 

be 563 J/g. These results align with the thermal characteristics typically observed for starches and are 

consistent with findings reported by (Kandekar et al., 2021).Among various starches, potato starch has the 

lowest gelatinization temperature, around 62°C, while corn and cassava starches exhibit higher 

gelatinization temperatures, at approximately 66°C and 68°C, respectively (Gernat et al., 1990; 

Lumdubwong & Seib, 2000). Higher crystallinity generally contributes to greater thermal stability, which, 

in turn, raises the gelatinization temperature. This effect is further influenced by the amylopectin chain 

length. In bioplastic production, precise control of the gelatinization temperature is crucial. Temperatures 

below 60°C can result in premature gelatinization during drying, while excessively high temperatures 

increase energy costs (Abdullah et al., 2018). 

 



Fig. 2: Differential scanning calorimetry (DSC) curve of Amorphophallus paeoniifolius starch showing thermal 

transition during gelatinization. 

3.5. Morphological Characterization of Starch Obtained from A. Paeoniifolius by Scanning Electron 

Microscopy (SEM) 

The SEM is a highly versatile instrument widely used for examining microstructural morphology and 

characterizing the chemical composition of various materials (Zhou et al., 2007). SEM operates based on 

electron emission, providing high-resolution, gray-scale images that offer detailed insights into a sample’s 

surface structure. Fig. 3A, 3B, and 3C presents scanning electron microscopy (SEM) micrographs of A. 

paeoniifolius starch granules at different magnifications (2.50 KX, 1.20 KX, and 3.25 KX, respectively), 

illustrating variations in morphology, size, and surface characteristics. Fig. 3A (2.50 KX magnification) 

offers a close-up of individual starch granules, revealing a morphological heterogeneity of A. paeoniifolius 

starch, with irregular, polygonal, rounded granules, variable sizes with predominantly smooth surfaces and 

occasional indentations. The variability in granule size observed here is typical of starches from diverse 

plant sources. Fig. 3B (1.20 KX magnification) provides a broader view of the granule distribution, 

displaying a clustering tendency that suggests inter-granular interactions. Such aggregation could 

potentially influence properties like water absorption and gelatinization, which are critical for certain 

applications. Fig. 3C (3.25 KX magnification) allows for a detailed examination of the granule surfaces, 

showcasing minor irregularities and reinforcing the diversity in shape and size, with granules ranging within 

the micrometer scale. The tight packing of granules suggests a natural tendency for aggregation, which may 

impact functional properties in food and biopolymer applications. Similar morphological diversity has been 

noted in prior studies, linking granule characteristics to plant origin (Sukhija et al., 2016). Granule size and 

shape, as well as clustering behavior, significantly influence physicochemical properties such as swelling 

power, light transmittance, water-binding capacity, and amylose content traits essential for functional 

applications (Cone & Wolters, 1990). 

 

A B C 



Fig. 3: SEM images of Amorphophallus paeoniifolius starch under different magnification (A) 2.50 K (B) 1.20 K (C) 

3.25 K, depicting the morphology of starch granules. 

3.6. Energy Dispersive X-ray Spectroscopy 

Energy Dispersive X-ray Spectroscopy (EDS), used alongside SEM, is a powerful analytical technique 

for obtaining qualitative and semi-quantitative data on a sample’s elemental composition (Mohammed & 

Abdullah, 2018).EDS enables the identification of elements within a specimen through advanced computer 

software, offering insights not accessible via conventional tests .Fig. 4 shows the EDS analysis of A. 

paeoniifolius starch revealing prominent peaks of carbon (C) and oxygen (O), which are characteristic of 

carbohydrate-rich substances. Based on quantitative data, the weight percentages (wt. %) of carbon and 

oxygen in starch are36.75% and 63.25%, respectively. These values are further confirmed by the 

normalized weight percentages. The atomic percentages reveal that oxygen has a slightly higher 

concentration at 56.37%, compared to carbon’s 43.63%. The error margins associated with each element 

suggest a reasonable degree of accuracy in these measurements, although a higher error margin was noted 

for carbon at 22.3%. Similar compositional results have been reported by (Sukhija et al., 2016; 

Wahyuningtiyas & Suryanto, 2017), demonstrating a consistency of these findings. 

The SEM image within the spectrum displays the granular morphology of the starch at high 

magnification. This morphological observation allows for a correlation between the structural 

characteristics and the elemental composition derived from EDS analysis, providing a more comprehensive 

understanding of the physicochemical properties of the starch. Such insights are crucial for evaluating the 

material’s suitability for applications in biodegradable film production and food packaging, where both 

composition and structure play significant roles. It is important to note that EDS analysis primarily detects 

elements with atomic numbers above approximately 4–5. This limitation arises from the fundamental 

mechanism of EDS, which relies on detecting characteristic X-rays emitted when atoms are excited by an 

electron beam. Due to its low atomic number and lack of high-energy X-ray emissions, hydrogen (atomic 

number 1) remains undetectable in standard EDS. Consequently, only heavier elements, such as carbon and 

oxygen in A. paeoniifolius starch, are observable in the spectrum. 



 

 

Fig. 4: EDX analysis of the A.paeoniifolius starch. 

3.7. X-ray Structural Characterization 

Within starch structure, amylopectin chains adopt a helical conformation due to coiling of glucose 

monomers. These helices intertwine to form double helices, which are systematically arranged, contributing 

to the crystalline nature of starch. Amylose and the branched regions of amylopectin play a crucial role in 

supporting this structural organization, primarily forming the amorphous regions of starch (Gupta & Gaur, 

2024). The nanoscale structure of A. paeoniifolius starch was analyzed using X-ray Diffraction (XRD), as 

illustrated in Fig. 5. Indexing, a crucial step in structural characterization was used to determine the unit 

cell dimensions and arrangement based on the diffraction peaks. This process involved assigning Miller 

indices (h k l) to specific peaks, providing insight into the starch’s crystal structure. In this study, the 

primary peak reflections identified were 112, 020, 013, 103, 121, 022, 123, and 213, as detailed in Table 2. 

These reflections reveal key structural aspects of the starch at the nanoscale. The broad peaks XRD profile 

indicates a small crystallite size, a typical feature of nanocrystalline materials, which influence properties 

relevant to biodegradable films and biopolymer applications. 
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Carbon  K-series     36.75          

36.75        43.63           22.3 

Oxygen  K-series     63.25         



Table2: Miller indexes, Bragg angles and inter plannar spacing of Amorphophallus. paeoniifolius starch  

 

 

 

 

 

 

 

The size of the starch particles was calculated using the Debye-Scherrer formula, as referenced in 

studies by (Marimuthu et al., 2013; Theivasanthi &Alagar, 2011). Particle size and distribution are critical 

characteristics in particle systems, as these factors influence the in vivo distribution, biological behavior, 

toxicity, and targeting efficiency of the particles. Research has consistently demonstrated that particles in 

the sub-micron range offer significant advantages over microparticles, particularly as drug delivery 

systems, due to their enhanced bioavailability and targeted delivery potential by (Marimuthu et al., 2013; 

Theivasanthi &Alagar, 2011). To determine the average particle size, the Debye-Scherrer equation was 

applied (equation 2), which is commonly used to estimate crystallite sizes based on the broadening of X-

ray diffraction peaks.  

D =
K λ

βCosθ
                       (2) 

Here, ‘D’ is the average particle size, ‘K’ is the shape factor (typically around 0.9 for spherical particles), 

‘λ’ is the X-ray wave length (usually 0.1541 nm), ‘β’ is the full width at half maximum (FWHM) of the 

diffraction peak (in radians), and ‘θ’ is the Bragg angle. The calculated particle size data is presented in 

Table 3. Additionally, the inter planar spacing‘d’, which represents the distance between atomic planes, 

was calculated using Bragg's Law (equation 3). This approach offers a comprehensive understanding of the 

structural characteristics of A. paeoniifolius starch particles, allowing for a more precise evaluation of their 

potential applications in fields such as biomedicine and materials science. 

                                2dsin θ = n λ                                                       (3) 

Table3: Grain size of Amorphophallus. paeoniifolius starch from XRD  

Miller indices (hkl) 2θ of peak(deg) d-spacing (Ao) 

112 14.80 5.9823 

020 15.17 5.8373 

013 16.80 5.2744 

103 17.16 5.1645 

121 17.90 4.9527 

022 18.20 4.8717 

123 22.92 3.8780 

213 23.70 3.7521 



2θ of peak 

(deg) 

Miller 

indices (hkl) 

FWHM (Full Width at Half 

Maximum) peak 

(β) (radians) 

Size of particle 

(D) nm 

d- spacing  

(nm) 

d- spacing  

(Å) 

14.80 112 0.0145 9.9043 0.5982 5.9823 

15.17 020 0.0099 14.4470 0.5837 5.8373 

16.80 013 0.0140 10.3777 0.5274 5.2744 

17.16 103 0.0131 11.0908 0.5165 5.1645 

17.90 121 0.0129 11.2867 0.4953 0.49527 

18.20 022 0.0171 8.5371 0.4872 4.8717 

22.92 123 0.0187 8.0646 0.3878 3.8780 

23.70 213 0.0201 7.5577 0.3752 3.7521 

3.8. XRD-Starch Analysis and Quantification of Crystallinity 

The XRD analysis of the sample revealed a B-type diffraction pattern, characteristic of crystalline 

starch structures commonly observed in tuber starches. Intermediate intensity peaks at 2θ angles of 17.52° 

and 18.22° align with this pattern, consistent with findings by (Zobel, 1988). Additionally, a prominent 

peak appears at 2θ = 23.12°, and a less pronounced hump at 15.01° resembles an A-type diffraction pattern, 

typically associated with cereal starches. Interestingly, EFY starch displayed a C-type diffraction pattern, a 

hybrid of A and B types, which contrasts with results reported by (Reddy et al., 2014). Both A- and B-type 

starches exhibit identical double helices but differ in their packing arrangement and moisture content. The 

A-type crystalline structure is characterized by densely packed helices, typically accommodating four water 

molecules. In contrast, the B-type structure adopts a more open hexagonal arrangement, incorporating up 

to 36 water molecules. These diffraction patterns are influenced by factors such as amylopectin chain 

length, amylose content, and the biological source of the starch, as noted by (Saikia and Konwar, 2012). 

From a crystallographic perspective, starch has been observed to exhibit two primary crystal structures: 

orthorhombic and hexagonal. Rodriguez-García et al., 2021 reported that starches with an orthorhombic 

arrangement are classified as A-type, while those with a hexagonal structure are labeled as B-type. Starches 

that exhibit a combination of these structures are classified as C-type (Esquivel-Fajardo et al., 2022). The 

XRD pattern of the A. paeoniifolius starch in this study indicates the presence of both hexagonal and 

orthorhombic crystal structures, thereby categorizing it as C-type, as depicted in Fig. 5. The pattern of 



coexistence of both structural types within its crystalline regions aligns with the finding reported by 

Dioscorea species (Jiang et al., 2012).  

 

Fig. 5: X-Ray diffraction (XRD) pattern of Amorphophallus.paeoniifolius starch.  

Quantifying the degree of crystallinity is a key application of XRD, especially valuable for materials 

that contain both crystalline and amorphous phases. It is classified as a semi-crystalline polymer, with its 

crystalline regions mainly attributed to amylose and amorphous regions of amylopectin. XRD analysis in 

this study revealed a calculated relative crystallinity of 34.3% for A. paeoniifolius starch, a result that aligns 

closely with previous literature findings (Jiang et al., 2012). Further comparisons with other starches 

revealed that Yam Starch (YS) and Taro Starch (TS) exhibited crystallinity levels of 32.88% and 44.66%, 

respectively (Andrade et al., 2017).  

3.9. XRD-Specific Surface Area and Morphology Index 

A. paeoniifolius starch powder is widely utilized across multiple industries, including the food 

industry, pharmaceuticals, drug delivery, cosmetics, and the paper. The specific surface area (SSA) of the 

amorphous starch powder is suggested to be determined by the relationship between particle size and the 



morphology index (MI), as presented in Table 4. The MI is calculated based on the full width at half 

maximum (FWHM) values obtained from XRD data and provides a quantitative measure of particle 

morphology, consequently its SSA. 

The MI is defined as the ratio between the FWHM value of the peak with the greatest intensity and 

the FWHM value of a specific reference peak. This provides a quantitative measure of particle morphology, 

which is outlined by the following equation 4: 

                                       M.I = 
FWHMh

FWHMh+FWHMp
                                                (4) 

Where, FWHMh is highest FWHM value, and FWHMp is FWHM value of a particular peak, (Theivasanthi 

& Alagar, 2011). This index aids in correlating particle size and shape, crucial factors in understanding the 

starch’s applications across various industries. Experimental MI value for A. paeoniifolius starch powder 

ranged from 0.50 to 0.67, as shown in Table 4. A strong positive correlation was observed between MI and 

particle size i.e. MI increases, particle size also tends to increase, while MI showed a near-perfect negative 

correlation with SSA i.e. MI increases, SSA decreases. The SSA is a fundamental property of materials, 

providing critical insights into material identification and characterization. SSA denotes the surface area 

available per unit mass and is particularly significant in applications involving adsorption, heterogeneous 

catalysis, and surface-related reactions. This parameter is essential in assessing materials for various 

industrial and scientific applications, as it influences their reactivity, stability, and effectiveness in specific 

roles. It is calculated using the formula presented in equation 5: 

                                     S =
6∗103

Dp ρ
,                                               (5) 

Where, S represents the specific surface area (SSA), Dp denotes the particle size, and ρ signifies the density 

of A. paeoniifolius starch, which has been measured at 0.8 grams per cubic centimeter. This relationship is 

instrumental in calculating SSA, as it accounts for both particle size and material density, thereby providing 

a comprehensive assessment of surface area per unit mass. 

Table 4: Morphology index &specific surface area of A. paeoniifolius particles. 

FWHM 

(Full Width at Half Maximum) 

(β) (radians) 

Particle Size (D)  

(nm) 

Morphology Index SSA  

(m2/g) 

0.0145 9.9043 0.5808 757.2456 

0.0099 14.4470 0.6686 519.138 

0.0140 10.3777 0.5897 722.7006 



0.0131 11.0908 0.6053 676.2332 

0.0129 11.2867 0.6085 664.5002 

0.0171 8.5371 0.5399 878.5135 

0.0187 8.0646 0.5180 929.9901 

0.0201 7.5477 0.5000 993.6761 

4. CONCLUSIONS 

This study comprehensively evaluated the physicochemical properties of A. paeoniifolius starch, a less-

explored tropical tuber, highlighting its potential as a sustainable material for bioplastics and food 

packaging. Characterization using DSC, FTIR, XRD, SEM, and EDX indicates the starch's potential 

suitability for producing biodegradable films. The results show that A. paeoniifolius starch exhibit stable 

thermal properties, molecular integrity, and a semi-crystalline structure, with a crystallinity index of 34.3%. 

Proximate composition analysis revealed a high starch content of 78.61%, moisture content of 11.8%, and 

low-fat content (0.30%), suggesting its viability as a carbohydrate- rich raw material. However, direct 

testing of film-forming ability and mechanical performance was not conducted in this study. Preliminary 

findings suggest that, with further optimization, this starch could be used in biodegradable packaging 

applications. Future research should optimize film preparation and processing to improve mechanical, 

barrier, and thermal properties for large-scale applications. 
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