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Abstract—This work aims to study the effect of acid treatment and extrusion on the structure of starch using Fourier Transform Infrared Spectroscopy (FTIR). Starch from white fleshed sweet potato (Ipomoea batatas) tubers was extracted and subjected to acid treatment and physical treatment (extrusion). The unmodified starch, acid treated starch (ATS) and physical treated starch (PTS) where analysed with the Fourier Transform Infrared Spectroscopy (FTIR). FTIR spectra obtained for the treated starches showed changes as compared to the unmodified starch. The PTS showed reduced transmittance, while the ATS showed alternating increase and decrease transmittance with shift of the peaks at C-H and O-H stretching 2929 cm-1 and 3393 cm-1, respectively indicating change of structure and hydrogen bonding.
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1.  INTRODUCTION 
Starch is a naturally occurring polysaccharide composed of D-glucose units linked via α-glycosidic bonds. Structurally, it is a complex polymer consisting of alternating amorphous and ordered crystalline regions, which arise due to hydrogen bonding between starch molecules. When extracted, starch typically appears as a colourless, odourless, and insoluble powder in cold water, commonly referred to as native starch. Native starch is principally composed of two fractions: amylose and amylopectin. The amylose fraction generally constitutes 18–28% of the starch, whereas amylopectin accounts for 72–82%. In addition to these primary components, native starch contains trace elements, including minerals, enzymes, lipids, phosphorus, proteins, nucleic acids, and amino acids. Overall, native starches exhibit a crystalline content ranging from 15% to 45% [1].
Based on X-ray diffraction patterns, starches are classified into four crystalline types: A, B, C, and V. Cereal starches typically display an A-type crystalline structure, while amylose-rich cereal and tuber starches exhibit a B-type pattern. Leguminous starches generally possess the C-type, which represents a mixture of A and B crystalline forms. The V-type arises from the formation of amylose–lipid complexes and is characterised by higher cold-water swelling and solubility, lower glycemic response, and increased resistance to enzymatic digestion [2]. Functionally, starch is widely employed in food systems for stabilising Pickering emulsions, enhancing texture, and encapsulating bioactive compounds.
Despite its utility, native starch exhibits several limitations that restrict its functional applications. These include susceptibility to shear, insolubility in cold water, and instability under acidic conditions [3]. Consequently, the primary objective of starch modification is to improve its functional properties by altering its physicochemical characteristics. Such modifications are critical for expanding the applications of starch, including binding, gelling, thickening, film-forming, and adhesive properties. Both physical and chemical modification techniques have been developed to enhance starch functionality, each offering distinct characteristics suitable for a range of industrial and food applications [4–24].
These techniques modify the starch polymer, altering its structural features and physicochemical properties thereby increasing its value for non-food and food industries[17]. Therefore, there is great interest in techniques to alter the structure in the crystalline region, or reduce the size of crystalline regions [8]. Most methods of decreasing the regularity of starch crystalline regions include chemical processes, such as acidolysis, oxidation [19], enzymatic degradation processes [22, 23] and physical processes, such as heat-moisture treatment [11], radioactive degradation [25, 10], microwave degradation [7], ultrasonic degradation and extrusive degradation processes. Acid modification of starch is the treatment of starch to acids under controlled conditions. Treatment of starch with acids at any concentration, results in hydrolysis of the starch which reduces the granule size and paste viscosity [26, 27]. It is carried out using hydrochloric or sulfuric acid and the concentration of the acid affects the degree of hydrolysis. During acid hydrolysis, the amylopectin is depolymerised and this increases the quantity of linear chains similar to amylose, favouring its strength and gel formation [28]. The molecular mass of the starch grannules decreases after acid hydrolysis. 
The physical treatment viz. extrusion is defined as a process of subjecting starch in a low moisture environment to mechanical shearing forces in a short period of time and at elevated temperature [29, 30]. Extrusion improves water solubility, reduces the size of the starch grannules and increases the gelatinization temperature of starch (Tgel), changing the molecular extension and its links, thereby increasing its amorphous nature by reducing the crystallinity of the starch [31, 32]. 
Sweet potato starch is a white powdery starch extracted from sweet potato tuber, it is used as a thickener, stabilizer, and texture modifier in food products, pharmaceuticals and industrial applications. It typically has a semi-crystalline structure with crystallinity dependant on the sweet potato variety, but typically exhibits the C-type crystalline structure.  This work aims to analyse functional group alterations, identify modifications due to chemical changes, assess molecular interactions or bonding changes and determine the effects of extrusion and acid treatment on sweet potato starch structure with the aid of the FTIR spectroscopy. 


2. MATERIALS AND METHODS
Extraction of Starch from Sweet Potato tubers
Sweet potato tubers (white fleshed) sourced from a local market in south eastern Nigeria, were washed and cleaned to remove flaws and dirt. The tubers were cut into small parts and blended with the aid of a 800 G Munro laboratory standard blender. A 75mm-mesh sieve was used to sieve the mixture and the residue was rinsed and set aside. The filtrate was left to stand overnight at 15oC, the supernatant was cast-off while the precipitate was reserved. The precipitate was re-suspended in distilled water and allowed to sediment repeatedly to obtain white starch. The starch was dried at 50oC for 6 hours after which the starch was ground and sieved through a 80-mesh sieve. 
	
Modification of Starch
Physical Treatment of Starch
The extracted sweet potato starch was modified physically by extrusion [33]. The extracted sweet potato starch was processed by an extruder which combines several unit operations, including shaping, shearing, kneading, mixing, heating, cooling, and forming. 80 g of the extracted starch was processed using a laboratory standard extruder. The temperature in the extruder was set at 150°C and the residence time was 60 seconds. 

Acid Treatment of Starch
100 g of dried potato starch was immersed in a beaker containing 150 ml of 6% (w/v) HCl at 40 °C, this was done in sets over 48 h with periodic stirring. A uniform dispersion of starch was obtained by careful addition of acid. After hydrolysis, the suspension was neutralized with 2% (w/v) NaOH solution and washed with distilled water thrice. The water was then extracted by centrifugation at 3000 rpm for 10 min and decantation. The wet acid-modified starch was dried at 40 °C. The dried powder was pulverised and sieved through mesh sieve of 100 micrometer to obtain acid-modified starch powder [34].

Fourier Infrared Spectroscopy (FTIR). 
Fourier transform infrared (FTIR) spectra (KBr) were recorded using a Nicolet Magna-IR 560 FTIR spectrophotometer at a frequency of 4000 to 400 cm-1. 7 mg of the starch samples were mixed with higher amounts of potassium bromide powder to make pellets and the pellets were analysed.


3. RESULTS AND DISCUSSION
Sweet potato starch was extracted and modified via extrusion and acid steeping to obtain physically treated starch and acid modified starch respectively. The starch samples were characterized using FTIR spectroscopy to ascertain the functional groups present after modification, identify modifications due to chemical changes, assess molecular interactions or bonding changes and determine the effects of extrusion and acid treatment on sweet potato starch structure. 


FTIR Characterization of Starch Samples
The unmodified and modified starch samples were characterised using Fourier Transform Infrared Spectroscopy (FTIR), and the resulting spectra for each sample are presented in Figures 1 to 3.
Figure 1 illustrates the FTIR spectra of unmodified starch alongside acid-treated starch. The spectrum of unmodified starch exhibits complex vibrational modes, particularly below 800 cm⁻¹, which are attributed to the pyranose ring structure of the glycosidic units [13, 16, 19]. In the 1000–1200 cm⁻¹ region, characteristic features of polysaccharides are observed. This region is dominated by ring vibrations superimposed on the stretching vibrations of the C–OH side groups and the C–O–C glycosidic bonds. Specifically, C–C and C–O stretching vibrations contribute to bands observed at 994, 1084, and 1163 cm⁻¹, while the C–O–C glycosidic bond is reflected in the band at 860 cm⁻¹.
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Additional bands were noted at 1465, 1425, and 1366 cm⁻¹, corresponding to C–H bending vibrations. The spectrum also exhibits prominent O–H stretching and bending bands at 3430 and 1649 cm⁻¹, which are attributed to the complex vibrational modes associated with free, intra-, and intermolecularly bound hydroxyl groups within the starch structure, as well as the intramolecular hydrogen bonding typical of polysaccharides. Furthermore, the peak at 2929 cm⁻¹ is assigned to C–H stretching vibrations.
These spectral features provide a detailed fingerprint of the starch molecular structure, allowing for the assessment of structural modifications resulting from acid treatment and other starch modification techniques.


Effect of Acid Treatment on Unmodified Starch
For the acid treated starch spectra, slight shifts in the peaks were observed and reductions in the peaks intensity as presented in Table 1, and narrowing of the O–H broad band at 3430 cm-1. Most authors have used infrared spectroscopy to approximate the amount of crystalline regions by studying the bands at 1047 and 1022 cm-1[35, 36]. Thus, the crystalline state can be acknowledged by the band at 1047 cm-1, and the starch amorphous region characterized by an absorption band around 1022 cm-1[1, 3, 9, 20]. From the acid treated starch spectra it is observed that the band at 1022cm-1 became narrower indicating disappearance of the amorphous region of the starch which is characteristic with acid hydrolysis of starch.




Effect of Extrusion on Unmodified Starch
The FTIR spectrum for the physically treated starch is presented in Fig 2. From the spectra, it is evident that there are reductions in the intensity of the peaks and slight shifts in the peaks, as presented in Table 1, as well as broadening of the O–H band at 3430 cm-1. At the 1022cm-1 wavelength, which represents the starch amorphous region, a broader band is observed showing increased amorphous region of the starch which could be because of the shearing force the starch granules passed through during extrusion.  


Table 1 The absorption bands of various starch samples observed in the FTIR spectra



































               






                      

                    Figure 1: FTIR spectra of unmodified starch (1), and acid treated starch (2)




















      







                               Figure 2; FTIR spectra of unmodified starch (1), and physical treated starch (2)


4. CONCLUSION
The Native starch (NS), physically modified starch (PMS) and the Acid treated starch (ATS) showed spectra that were similar between 1500cm-1 and  500 cm-1 (Figures 1 to 2), which represents the starch fingerprint region. This region displayed the complex vibration mode owing to the skeletal mode vibration of glucose pyranose ring [24, 37]. PMS showed an obvious change of the transmittance unlike the ATS which had same transmittance with the native starch. Moreover, PMS and ATS gave similar peaks at approximately 1161 cm-1, corresponding to C-O, O-H structures. These results indicated that after modification, the backbone glucose units of starch were not altered. For the PMS, the reduced FTIR spectra transmittance after the extrusion process shows structural alterations related to gelatinization, interference with the ordered crystalline section, and an increased amorphous state. This shows that the thermal energy and the shearing process during extrusion broke down the unmodified starch granules.  The peak at 1649 cm-1 of ATS was shifted to a higher wave number (1656 cm-1). This was ascribed to the water lost in the starch amorphous region [14, 15], leading to an increased crystallinity of ATS after treatment. Also, a shift of the peaks of C-H and O-H stretching of ATS (2929 and 3393 cm-1, respectively) indicates that change of structure and hydrogen bonding in ATS occurred after the modification process. The extrusion process reduced the crystallinity of starch and increased amorphism of starch, while the acid treatment enhanced crystallinity of the starch. 



Data Availability: All data that supports the findings of this study are included in this article.
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