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CHAPTER III MATERIALS AND METHODS 

 

3.1 Materials 

Sweet Potato were purchased at local garden, Taichung, Taiwan. The tuber was 

harvested when it reached 4 months since it was planted. Commercial tapioca starch was 

purchased from Starpro Starch Co. Ltd. (Hangzhou, China) and potato starch from 

Emsland-Starke GmbH (Emlichheim, Germany). 

3.2 Methods 

3.2.1 Starch Isolation 

The peeled sweet potatoes were washed with distilled water. Then the sweet potatoes 

were cut and steeped with 0.1% NaOH (sweet potato and NaOH ratio was 1:4 (w/v)). It 

was crushed and filtrated by using 1 & 2-layers muslin and continued using siever 250 

mesh. The fibers were repeatly filtrated until it were clear, and the filtrate were centrifuged 

at 5000G for 15 minutes. The sediments were suspended in distilled water and 

centrifugated at 5000G for 15 minutes. The precipitates were neutralized by adding 0.1% 

HCl and centrifugated at 5000G for 15 minutes. 

The sediment was deproteinized by mixing it with 0.1 M NaCl and toluene ( sediment, 

NaCl, and toluene ratio was 1:10:1 (w/v)). It was stirred overnight and settled. The upper 

layer was removed and the second deproteinization was conducted and stirred for 4 hours. 

Then it was suspended in distilled water and centrifugated at 5000G for 15 minutes and 

followed by rinsing it with 75% EtOH and 95% EtOH. The purified starch isolate was dried 

in a hot air oven at 40 °C for 24 h. Starch isolation was presented on Fig. 6.  

3.2.2 Heat Moisture Treatment 

Heat Moisture Treatment was performed according to Kaur & Singh (2019) with 

modification. Native sweet potato, potato, and tapioca starches were weighed (30 g, db) 

and taken in stainless container and its moisture content was brought to 15% and 30% level 

by adding appropriate amount of distilled water. The starch sample was mixed thoroughly 

during the addition of water. The containers were then sealed, kept for 24 h at ambient 

temperature, and then placed in a hot air oven at 90°, 100°, and 110°C for 3, 6, and 9h. The 

containers were kept in ice bath for 30 minutes.The containers were opened and the treated 

starch samples were airdried at 40°C for 24 h for further analysis. Heat moisture treatment 

procedure could be seen on Fig. 7. 
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3.3 Proximate composition 

3.3.1 Moisture content 

The moisture was conducted gravimetrically, the constant weight bottle was 

prepared by heating it in oven at 130°C for one hour, then let it cool in vacuum 

desiccator for 30  minutes.  Then place 0.5 – 1 g of sample in those known weight. 

After that dry them in oven at 130°C for one hour, and cool it in for 30  minutes.  All 

measurements were done in triplicates. The moisture content was calculated as: 

 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡% =
𝑊2 − 𝑊1

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 
 𝑋 100 

 Note:  

W1= weight of sample and constant bottle after drying 

W2= weight of sample and constant bottle before drying 

 

3.3.2 Crude ash 

Pretreatment was performed by soaking the porcelain dish in a sufficient amount 

of (HCI: HNO3=3: 1) or 10% dilute hydrochloric acid solution then heat it for 2 hours 

and rinsed by using distilled water. Porcelains were dried in the oven 130 °C for 1 h 

and put into furnace at 600 °C for 4 hour then let it cooled in the desiccator for 30 

minutes in vacuum desiccator. Place 1 g sample in it and dry in an oven at 130°C for 

one hour to remove moisture. The samples were placed into the ashing furnace and set 

at 250 °C for 2 hours afterward increase the temperature to 600 °C for 4 hours. Remove 

the samples and cool it in a desiccator for 30 minutes. All the determination was 

performed in triplicate and calculated as follow:   

 

𝐶𝑟𝑢𝑑𝑒 𝑎𝑠ℎ% =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
 𝑥 100 
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Fig. 6. Starch isolation. 
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Fig. 7. Heat Moisture Treatment Procedure 

   

 

3.3.3 Crude Protein 

Protein content of starch was measured by using a nitrogen analyzer (TruSpec 

nitrogen determinator, LECO Corp., St. Joseph, MI, USA) with combustion method. 

Setting the blank and calibrating machine were on manual instruction, then weight 

0.1 g of starch sample into crucible, enter the mass and its info into sample login. 

Then put them into an autoloader. All measurements were conducted triplicate. The 

protein content was calculated as:  

𝐶𝑟𝑢𝑑𝑒 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 % = 𝑁 % 𝑥 6.25 

Note: protein factor= 6.25 
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3.3.4 Lipid 

Lipid content was determined according to (Vasanthan & Hoover, 1992) with slight 

modification. Starch samples were dried gravimetrically by drying in the oven at 130 

for 1 hour and cooling in the vacuum desiccator for 30 minutes. The starches were 

weight about 1 g (db) and suspended in 10 ml of distilled water. The hydrolysis was 

performed by adding 30 ml of HCL 8 N and heated in boiled water for 30 minutes. By 

adding 50 ml of distilled water, the samples were filtered through paper and rinsed 

with distilled water until the filtrate was reached neutral. The filter paper with residue 

was dried at at 50°C for 2 h and then placed in thimble. The samples were Soxhlet 

extracted with petroleumether and n-propanol - water (75:25, v/v) at 95°C for 8 h. The 

residue then were dried at 105°C to constant weight. All determination were conducted 

in triplicate and calculated as follow: 

 

 

𝐶𝑟𝑢𝑑𝑒 𝑙𝑖𝑝𝑖𝑑% =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 − 𝑏𝑙𝑎𝑛𝑘

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 𝑥 100 

 

3.3.5 Amylose content 

Amylose content determination was according to (R. Hoover & Ratnayake, 2001) 

with slight modification. Weigh 20 mg (db) of  starch and stirrer bar into glass vial. 

Then standard solution was done by preparing standard mixtures of pure amylose and 

amylopectin (0, 8, 16, 32, and 40%). 8 ml DMSO was added and heated for one hour, 

then stir it overnight. The samples were diluted into 25 ml volumetric flask with 

distilled water. Afterwards, Add 5 ml of iodine solution and mix vigorously. Then, 

adjust the volume to 50 ml with distilled water and mix it. rest it in room temperature 

for 15 min. the samples were measured by checking its absorbance and standard 

mixtures at 600 nm against a reagent blank as the reference. Determine the regression 

equation for the standard curve and use the equation to calculate the total amylose 

content of the sample. 

 

𝑎𝑚𝑦𝑙𝑜𝑠𝑒 % =
𝑎𝑏𝑠𝑟𝑜𝑏𝑎𝑛𝑐𝑒 − 𝑠𝑡𝑑 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡

𝑠𝑡𝑑 𝑠𝑙𝑜𝑝𝑒
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3.4 Morphology of Starch Granule 

The 10 mg starch was suspended in distilled water, then followed by adding 2-3 

drops of iodine solution to  sample in Eppendorf tube. One drop suspension was taken 

into deck glass then observed under microscope with 100x magnificent lens.  

3.5 Pasting Properties 

A rapid visco-analyzer (RVA; Newport Scientific Pvt. Ltd., Warriewood, Australia) 

was used to determine the pasting properties of the starch samples. The suspension 

of tapioca and sweet potato starches was 7% moisture basis in 28 g of distilled water.  

The suspension for potato was 6% moisture basis. The suspension underwent a 

controlled heating-and-cooling cycle under constant shear where it was held at 35 °C 

for 1 min, heated from 35 °C to 95 °C at 6 °C/min, held at 95 °C for 4 min, cooled to 

35 °C at 6 °C/min, and held at 35 °C for 5 min. The following data were recorded: 

temperature which starts to paste or raise its viscosity (PT); period of time needed to 

reach PV (TP); viscosity at highest point during heating (PV); viscosity at the end of 

hold time at 95 °C or hold viscosity (HV); viscosity at the end of the hold time at 

35°C or final viscosity (FV); breakdown (BD), PV minus HV; setback (SB), FV 

minus HV; Breakdown and setback ratio were calculated as follow: 

BD%= 
𝐵𝐷

𝑃𝑉
 𝑥 100% 

SB%= 
𝑆𝐵

𝐹𝑉 
 𝑥 100% 

3.6 Thermal Properties  

The thermal  properties of starch were analyzed using a differential  scanning 

calorimeter (Micro DSC VII, Setaram Instrumentation, Caluire, France). The  

prepared samples were weighed 150 mg (db) in distilled water (starch:water = 1:3) 

and placed in stainless steel cells.The cells were then hermetically sealed. After 24 h 

of equilibration at  room temperature, the samples were heated at a rate of 1.2 ℃/min 

over 25℃–115℃ using a water reference cell as a blank. Gelatinization temperature 

parameters were calculated: onset temperature (To), peak temperature (Tp), ending 

temperature (Tc), enthalpy of gelatinization (ΔH), and the reduction of ΔH of HMT 

starch compared to ΔH of native starch (ΔHr). 
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 ΔHr (%) = 
ΔH of native starch − ΔH of HMT starch 

ΔH of native starch 
 𝑋 100% 

3.7 Swelling Power and Solubility 

The swelling power and solubility of the starch samples were determined by a 

method of Sun et al., (2014) with a slight modification. Approximately 100 mg (db) 

of sample was heated in about 40 mL of distilled water at different temperatures of 

60, 70, 80, and 90⁰C for 30 min, respectively. Then they were cooled to room 

temperature and centrifuged at 4000 G (Hettich  Rotofix 32A Centrifuge, Tuttlingen, 

German) for 15 min. The supernatant was decanted carefully and kept and the residue 

was weighed. The supernatant was then poured out from the tube to a glass dish (of 

known weight). Afterwards, the dish was dried at 105⁰C to constant and weighed. 

All measurements were done in triplicates. The swelling power and percent solubility 

were calculated  

 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 (
𝑔

𝑔⁄ ) =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑝𝑎𝑠𝑡𝑒 (𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑑𝑟𝑦 𝑏𝑎𝑠𝑖𝑠)(𝑔)
 

𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 (%) =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑠𝑡𝑎𝑟𝑐ℎ (𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑑𝑟𝑦)(𝑔)
𝑥100% 

 

3.8 Statistical analysis 

Anaylsis of data was performed through variance analysis (ANOVA) and the mean 

comparisons were done by Tukey multiple range tests. Statistical analysis was performed using 

the Statistical Package for Social Sciences (SPSS for Windows, SPSS Inc., Chicago, IL, USA). 

Data were presented as means ± standard deviation and a probability value of P＜0.05 was 

considered significant. 
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