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Abstract

The use of sorghum in Indonesia is still not optimal even though it ranks as the third most cultivated cereal category. Its carbohydrate content, especially starch, is high enough to provide a large enough potential for sorghum to be developed and applied to food products. In general, starch is used in food products with specific purposes including improving the final product characteristics such as texture, flavor, and functionality. Starch characteristics can be improved by modification of starch. Starch modification is also able to increase resistant starch so that it can be applied to diet food. Several physical modification methods have been investigated to improve the final product characteristics of sorghum. The physical modification method of starch has advantages over chemical or enzyme methods, namely, it is easy to apply, safe, and faster. This review aims to summarize the physical modification of sorghum starch using heat moisture treatment, autoclaving cooling, and annealing methods for the characteristics or functionality produced.  
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INTRODUCTION 

Sorghum is a cereal with a high starch content ± 70% (Singh, et al, 2011). In Indonesia, sorghum ranks third after rice and maize, however, its utilization is still not optimal. Its carbohydrate content, especially starch, is high enough to provide a large enough potential for sorghum to be developed and applied to food products. In general, starch is used in food products with specific purposes including improving the final product characteristics such as texture, flavor, and functionality. The characteristics of starch can be improved by modifying starch, and this has been done by several studies such as physical, modification chemical and enzymes (Sun et al., 2014; Palavecino et al., 2019; Anggreini et al., 2018), however, the physical method has advantages including easy to apply, safer and faster. Starch modification is also able to increase resistant starch so that it can be applied to a diet food (Shaikh et al., 2020).
This review aims to summarize the physical modification of sorghum starch using heat moisture treatment, autoclaving cooling, and annealing methods for the resulting characteristics or functionality. 

HMT (Heat Moisture Treatment) / Moist Heat Method


Modification of starch using the heat moisture treatment (HMT) method is a physical modification that is generally used to improve the functional characteristics of natural starch so that it can give good results when applied to food products. The starch used in this method has a limited water content (less than 35% water (% w / w), which is then given a heating process above the glass transition temperature and below the gelatinization temperature for a certain period (Shaikh et al., 2020). Research showed that modified sorghum starch with a moisture content of 20-25% and a temperature range of 55-95 ° C, using a convection oven for 10 hours, led to a decrease in swelling power and solubility (%) (Sun et al, 2014) The same result stated that forage can reduce swelling power and solubility in white sorghum starch with KA 18-27% heated in an oven temperature of 110 ° C (Olayinka et al, 2008). This decrease was probably caused by the formation of back starch molecules and can cause the formation of a double helix of amylopectin, causing the starch structure to become more rigid (Lawal and Adebowale, 2005). This phenomenon then causes solubility and swelling power unload. This statement is also reinforced, that the decrease in solubility and swelling power in barley starch is due to an increase in crystallinity, decreased hydration ability, increased intermolecular bonds, and amylose-lipid complexes are formed. The formation of amylose-lipid complexes may also contribute to reducing the solubility and swelling power of forage starch (Waduge et al., 2006).
HMT Method is also able to increase the curing temperature of sorghum starch (Sun et al., 2014), and this can be attributed to an increase in crystallinity due to modification. The increase in crystallinity makes it difficult for amylose to leaching so that it has an impact on decreasing the swelling capacity. Modification of heat moisture can increase and decrease the crystallinity of starch this is influenced by the moisture content of the material and the process temperature (Syamsir dkk., 2012). This is linear with the results of Sun et al, (2014), namely the crystallinity of sorghum starch modified with forage with 20% moisture content was 33.42%, meanwhile, sorghum starch with 25% moisture content had a crystallinity of 29.62%. The lower yield of sorghum starch with 25% moisture content indicated that the starch was partially gelatinized (Vermeylen et al., 2006) stated that giving too high a temperature or moisture content could reduce crystallinity. 

Modification of Heating and Cooling (Autoclacing Cooling) Method

In general, starch that is modified using the retrogradation method can be categorized as type 3 resistant starch. One of the ways to produce retrograded starch is by repeated cooling heating. The results of the research by Shaikh et al (Englyst et al., 1992) showed that sorghum starch which was given cooling heating treatment using the extrusion method with a temperature range of 100 ° C-125 ° C then continued with a storage temperature of 4 ° C for 0.7 and 14 days, showed the results. that modification of starch using this method can change the crystallinity type of starch. XRD (X-ray diffraction) results showed a change in crystallinity type from type A to B starch sorghum after heating and cold storage for 7 and 14 days. These changes are influenced by the length of the amylopectin chain, storage temperature, and moisture content. The results of the percent transmittance showed that the clarity of the sorghum starch paste has decreased along with the length of cold storage, this is due to the increasing re-formation of the amylose chain, which formation will be stronger and increase with the length of cold storage. 

Meanwhile, the results of FTIR (analysis Fourier transform infrared and texture showed that the swelling power, solubility, springiness, and gumminess of sorghum starch decreased significantly with the longer storage time using cold temperatures, and these results were inversely proportional to the crystallinity value which significantly increased. with increasing cold storage time. The crystallinity results obtained by Shaikh et al. (2020) are linear with retrogradation results, which are indicated by the value of ∆Hart/melting enthalpy which increases with the length of cold storage, this is due to the formation of crystalline structures at low temperatures. Mestres, et al (1988) stated, during the heating process by extrusion, the high shear treatment caused the breaking of the amylose and amylopectin bonds, which then when cold storage occurred the formation of a semi-crystalline structure consisting of crystalline amylopectin which binds to amylose. Karim et al., (2020) added that sorghum starch retrogradation is the rearrangement of hydrogen bonds with amylose and amylopectin, which results in a more crystalline structure and has an effect that is difficult to digest by digestive enzymes, and this understanding is also linear with the results of Shaikh et al. [5], that the starch content of sorghum resistant starch with an autoclaving cooling temperature of 4 ° C increases with the length of cold storage. 

Resistant starch is a component of starch that passes gastric acid hydrolysis and cannot be digested by digestive enzymes (α-amylase), which later ferment in the colon into Short Chain Fatty Acids (SCFA) and produce organic acids organik (Saguilan et al., 2005; Sajilata et al., 2006; Shaikh et al., 2020). Resistant starch has several health roles, including reducing the risk of colon cancer and diabetes (Shaikh et al., 2020).
Annealing Method

The starch modification using annealing method done by heating the starch with a large quantity of water for a certain time. The water content in the starch suspension is between 40% to more than 60% (w/w) (Ardhiyanti et al., 2017). The heating temperature in this method is the same as the HMT method, which is above the glass transition temperature and below the gelatinization temperature. The results of Ogundiran and Afolabi (2018) showed a significant change in the physical properties of sorghum after annealing. In this study, the sorghum starch suspension was heated at 50C for 24 hours. Modified starch showed a decrease in solubility and swelling power compared to unmodified starch. These results are linear with the research of Adebowale (2005) about the effect of the annealing method on red sorghum starch modified by heating 50C for 24 hours. The decrease in solubility and swelling power with starch in the annealing process occurs due to changes in the molecular arrangement of the starch granules. Changes in the amorphous structure of amylose to form a helix cause an increase in amylose chain interactions and changes in the interaction of crystalline structures with the matrix amorphous during the annealing process. High water content in the starch suspension and hot temperatures during the annealing process causes the starch granules swelling but is limited and irreversible. According to Rahayu (2020), the amylose structure is degraded into a shorter polymer during the modification process using the annealing method which causes water to bind more easily, causing more amylose components to be degraded and increasing the solubility of starch. The effect of pH and swelling power in Adebowale (2005) research showed that modified starch by annealing method can be applied well to foods with high acidity (pH 2). 

CONCLUSION 

Physically modified starch using HMT, cooling, and annealing method have affect the functional characteristics of sorghum flour or starch, such as reduced swelling power, solubility, clarity pasta, springiness and gumminess; the increase in resistant starch, and the crystallinity of the melting enthalpy, so that the choice of physical modification method needs to consider the resulting starch characteristics. 

The shorgum starch industry is need to expansion, and modification processes increase its versatility. Applications of starch modifications (physical or chemical) can increase the use of shorgum starches. It is necessary to select the best modification method for shorgum starch according to the application requirements, market trends, availability, structural characteristics, and cost.
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