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Abstract 11 

High rice consumption levels accompanied by a lifestyle lacking in physical activity leads to 12 

obesity and diabetes due to the rice consumed generally has high digestibility and high glycemic 13 

index. Red palm oil (RPO) is a vegetable oil suggested to have the potential to reduce starch 14 

digestibility and increase the bioactive compounds of rice.  This research aimed to find out the best 15 

cooking method to produce rice with a sensory quality similar to regular rice and to study effect 16 

of the best cooking method on the glycemic response and physicochemical properties of rice. The 17 

results showed that RPO addition increased the antioxidant activities and total carotenoid levels of 18 

rice. Addition of RPO after cooking has better antioxidant activity and total carotenoid than before 19 

cooking. Adding 2% RPO before or after cooking produced rice with similar or better sensory 20 

quality than regular rice. Rice cooked with 2% RPO added before cooking had a lower glycemic 21 

response than regular rice, suggested to be caused by the increasing formation of the amylose lipid 22 

complex and the triglycerides that protected the starch from amylase enzyme. The formation of 23 

the amylose lipid complex and triglyceride layers protecting rice starch were confirmed by the new 24 

peaks of the FTIR spectra, the appearance of oil-coated starch morphology, and the changes in the 25 

proportion of C and O atoms. In conclusion, the addition of 2% RPO before cooking process can 26 

be considered as a cooking method to produce rice for diabetic’s patients. 27 

Keywords: Red palm oil, resistant starch, antioxidants, carotenoids, amylose lipid complex28 
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Introduction 29 

Rice is the staple food of Indonesian people and an essential energy source. High rice consumption 30 

levels accompanied by a lifestyle lacking in physical activity leads to obesity and insulin 31 

resistance[1] due to the rice consumed generally has high digestibility and high glycemic index. 32 

Reducing starch digestibility can be chosen as a strategy to reduce the glycemic index of rice so 33 

the consumption of the rice is not considered a risk factor for type 2 diabetes mellitus (DMT2) [2]. 34 

The rice starch digestibility can be reduced by converting the starch to be resistant to digestive 35 

enzymes. One of the processes that can convert starch into resistant starch is adding fatty acids or 36 

edible oil during processing to form an amylose-lipid complex [3] or type 5 resistant starch (RS5). 37 

Some studies have proven that resistant starch consumption may help prevent DMT2 . 38 

Consumption of resistant starch can reduce postprandial glucose levels and insulin incremental 39 

area under the curve (iAUC) of diabetes patients[4]. Diabetic mice fed a high-fat diet treated with 40 

resistant starch showed a dramatic reduction in fasting blood sugar, triglyceride, and total 41 

cholesterol levels and were able to increase insulin sensitivity [5]. Giving resistant starch to obese 42 

patients with DMT2 reduces fasting glucose levels and insulin concentration [6]. 43 

Red palm oil (RPO) is palm oil with a low purity level rich in bioactive compounds such as 44 

carotenoid, tocopherols, and tocotrienols [7] with abundant availability. Carotenoids has 45 

prominent role in preventing DMT2, primarily through their role as antioxidants [8]. Therefore, it 46 

is suggested that the addition of RPO to the rice cooking process will reduce the glycemic index 47 

of rice and increase the concentration of rice's bioactive components especially the carotenoid. 48 

The formation of the starch lipid complex is influenced by various factors, such as the type of fat 49 

used [9], the ratio of amylose and lipid, the type of starch [10], and the steps of the starch 50 

gelatinization process [11]. In this study, the starch was in the food matrix, therefore it was 51 

suggested that its reaction with lipid would be different from pure starch. Previous studies 52 

generally used pure fatty acids or triglycerides [10][9][12] as a lipid source for producing RS5. In 53 

our study, the triglycerides used contained various bioactive compounds, presumably influencing 54 

the formation of resistant starch. Therefore, this study aimed to determine the best concentration 55 

of RPO that could be added and the time when the RPO should be added during cooking process 56 
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that could produce rice with a low glycemic response, high antioxidant activity, and high 57 

carotenoid levels that is also acceptable as a staple food. 58 

Materials and Methods 59 

Materials 60 

The rice used in this study was medium grain rice (IR 64 variety), while the RPO was a commercial 61 

red palm oil (Salmira, Indonesia). Chemicals for analysis, such as  1,1-diphenyl-2-picrylhydrazyl 62 

(DPPH), ABTS and β-carotene, were purchased from Sigma or other companies with analytical-63 

grade quality.  64 

Methodology 65 

This research has been approved by Research Ethical Commission, Faculty of Medicine, 66 

University of Lampung (No. 544/UN26.18/PP.05.02.00/2023). This research consisted of two 67 

steps. The first step aimed to study the effect of RPO concentration on the antioxidant activity, 68 

total carotenoid content of rice and to find out the best cooking method for producing rice with 69 

sensory quality similar to or better than regular rice (RR). The second step aimed to study effect 70 

of the best cooking method on the glycemic response, FTIR spectrum, morphology, and pasting 71 

properties of rice. The first study was arranged in a factorial Randomized Complete Block Design 72 

with the first factor being the concentration of RPO added to the rice (0%, 1%, 2%, 3%, and 4% 73 

(w/w)) and the second factor being the time of RPO addition (before and after the cooking process). 74 

The treatment in the second step was determined after getting the best treatment from the first step 75 

and arranged in a Completely Randomized Design. The data were analyzed with analysis of 76 

variance to determine whether there was an effect between treatments. For post data analysis, the 77 

least significant difference test (LSD) was applied at the 5% significance. The data analysis was 78 

performed using the type 24 SPPS.  79 

Making Red Palm Oil Rice Flour 80 

The RPO rice flour was prepared by weighing 200 grams of raw rice, then washing it thoroughly 81 

under running water. The washed rice was placed in the rice cooker (Miyako), and 400 ml of water 82 

was added. The RPO (Salmira) was added according to the treatment: after the rice was cooked or 83 
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before the rice cooking process. Then, the cooked rice with added RPO was dried in a 50oC oven 84 

until dry, and ground using a grinder to produce RPO rice powder for further analysis.  85 

 86 

Free radical scavenging activity test using the DPPH method 87 

The radical scavenging activity of the RPO rice was determined using the 1,1-diphenyl-2-88 

picrylhydrazyl (DPPH) method according to the previous method [13] with slight modification. 89 

DPPH  is one of the antioxidant analytical methods that the most common and widely applied in 90 

food and pharmaceutical applications [14]. A 7.8 mg of DPPH was dissolved in 100 mL of 96% 91 

ethanol to make the stock solution. In a test tube, 100 µl of rice hexane extracts (or hexane as a 92 

control) were mixed with 1 mL of DPPH stock solutions and 3mL of ethanol, then the tubes were 93 

kept in complete darkness for 30 min at room temperature. The absorbance was therefore 94 

determined at 517 nm (Inesa, 722G). The following formula was used to calculate the percentage 95 

of antioxidant activity.  96 

% of antioxidant activity= [(Ac−As) ÷Ac] × 100 97 

where: Ac = Control; As =Testing absorbance. 98 

Free Radical Scavenging Activity Test Using the ABTS Method 99 

ABTS method measures sequential hydrophilic and lipophilic antioxidant activity, therefore, the 100 

obtaining  antioxidant activity values can be considered as the total of both types of antioxidants 101 

[15]. Testing the antioxidant activity with the ABTS method referred to research by [13]. The 102 

ABTS radical stock solution was prepared by mixing 7 mm of ABTS in ethanol and 2.45 mM of 103 

potassium persulfate (1:1) then incubating it in a dark at room temperature for 16 h before use. The 104 

stock solution was then diluted with ethanol to get an absorbance of 0.700 at 734 nm (considered 105 

as control absorbance, AC). Antioxidant activity was measured by mixing 100 µL of sample 106 

extract with 2.9 mL of diluted ABTS radical solution, then, after 30 min, measuring the absorbance 107 

at 734 nm (Inesa, 722G) (considered as sample absorbance, As). Antioxidant activity was 108 

calculated using the formula: Antioxidant activity (%) = ((AC–As)/ AC) ×100 (2), where AC is 109 

control absorbance and As is sample absorbance.  110 
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Analysis of Total Carotenoid Levels 111 

Analysis of total carotenoid levels was carried out following the previous method [16]. 112 

Approximately 0.5 g of rice powder was added to a tube containing 2 ml of the ethanol/hexane 113 

(1:1) mixture, then shook for 10 min at 100 rpm.  After centrifugation, the supernatant was 114 

transferred to another tube, and the absorbance was read at 446 nm (Inesa, 722G). For the total 115 

carotenoid determination, β-carotene was used to make the standard calibration curve. Stock β-116 

carotene solution was prepared by dissolving 10.0 mg of β-carotene in 10.0 mL of the 117 

ethanol/hexane mixture. Then, the standard solutions of β-carotene were prepared through serial 118 

dilutions using the mixture of ethanol/hexane (5–20 μg/mL). The concentration of total carotenoid 119 

content in the test samples was calculated from the calibration plot and expressed as ppm β-120 

carotene equivalent (BCE) of dried rice. 121 

Sensory Quality Test 122 

The sensory quality test used the focus group discussion (FGD) method, referring to research by 123 

Rodrigues et al. (Rodrigues, Magalhaes, and Trindade, 2022) with some modifications. The FGD 124 

involved a moderator (the researcher) and panelists who had been interviewed directly and were 125 

non-smokers willing to become panelists and eat rice. 126 

The FGD test consisted of two steps. First, the selected panelists were asked to determine the level 127 

of preference for the sample being tested by giving a value of 3 if the rice had the same level of 128 

preference as regular rice, a value of more than 3 if the rice had a higher level of preference than 129 

regular rice, and a value of less than 3 if it had a lower preference level than regular rice. They 130 

were also asked to write down their reasonings. Then, the panelists’ responses were tabulated and 131 

used as a topic of discussion in the second step. 132 

In the second step, led by the moderator, the panelists discussed the results of the first step to select 133 

the best treatment and identify the attributes that supported their decision.  134 

Glycemic Response (GR) 135 

Determining the glycemic response involved eight respondents who were healthy, non-diabetic, 136 

non-smokers, had normal fasting glucose levels (60-80 mg/dl), had average body mass index 137 
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(BMI) values in the range of 18.5-22.9 (Kg/m2), and aged between 20 to 50 years. The rice's GR 138 

measurement referred to the El method [17] that was modified by Nurdjanah et al.[18]. The blood 139 

glucose concentration was measured using a blood glucose tester (GlukoDr meter) by taking a 140 

drop of capillary blood sample using a lancet. Preceding the GR test, respondents were asked to 141 

have adequate rest and overnight fasting for at least 10-12 hours (from 20.00 to 08.00) except for 142 

drinking water. Blood samples were taken at 0 minutes (before respondents were given the rice 143 

sample (equivalent to 40 g available carbohydrate) and when they were still fasting) and after 144 

respondents consumed the rice sample (equivalent to 40 g of carbohydrates), at the 30th, 60th, 145 

90th, and 120th minute. During the test, respondents were asked to relax by sitting in an air-146 

conditioned room. The interval of GR test between types of rice was 4-7 days. The types of rice 147 

were regular rice (0% RPO addition), rice with 2% RPO addition before cooking, and rice with 148 

2% RPO addition after cooking. The blood glucose concentrations of respondents were then spread 149 

out on two axes, the x-axis (as the time in minutes) and the y-axis (as the blood glucose 150 

concentration), and then the area under the curve (AUC) was calculated. 151 

Rice Fourier Transform Infrared (FT-IR) Spectrophotometer Analysis 152 

FTIR spectrophotometer (Agilent Cary 630) was used to determine the structure of the samples 153 

referring to the published method with some modifications [19] at the 400/cm to 4500/cm 154 

wavenumber with the spectra recorded with a 4/cm resolution. The rice flour was mixed well with 155 

potassium bromide (KBr) before the measurement.  156 

Scanning Electron Microscope (SEM) Analysis 157 

Analysis of the starch structure was carried out using SEM (ZEISS EVO MA10). The rice flour 158 

sample to be analyzed was placed onto the sample holder attached at the carbon tape, and the 159 

remaining sample that was not attached was cleaned from the carbon tape. The sample holder was 160 

inserted into the SEM sample holder. The SEM-EDX tool had two monitors. The picture was 161 

obtained from a sample surface image on SEM, and a graph or diagram on the EDX showed the 162 

percentage of elements from the analyzed sample [20]. 163 

Pasting Property Analysis with Rapid Visco Analyzer 164 
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The pasting properties of rice was analyzed using a Rapid Visco Analyzer-TechMaster (Perten 165 

Instruments) following the published method [21] . Three grams of RPO rice flour sample was 166 

dissolved in 25 ml of distilled water and put into the RVA tube for analysis, which was carried out 167 

for 13 minutes. During the analysis process, the solution was stirred for 10 seconds at 160 rpm. 168 

Samples entered by the RVA device was then equilibrated until the temperature reached 50℃ for 169 

1 minute. Then, it was heated to 95 ℃ for 3.7 minutes. The heating process was maintained at 170 

95℃ for 2.5 minutes. Finally, it was cooled until the temperature dropped to 50℃ for 2 minutes. 171 

The results were obtained in the form of peak viscosity (PV), holding viscosity (HV), final 172 

viscosity (FV), breakdown value (BD = PV − HV), setback value (SB = FV − HV), and pasting 173 

temperature (PT) on the RVA curve. 174 
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Results and Discussion 175 

Effect of RPO concentration and addition timing on the radical scavenging activities and 176 

carotenoid content. 177 

Table 1 shows the ability of the rice extract with added RPO to scavenge DPPH and ABTS radicals. 178 

Various compounds contained in rice and RPO can neutralize free radicals, such as phenolic 179 

compounds, carotenoids, tocopherols, and tocotrienols[7,22,23]. Increasing RPO concentration 180 

added to rice before or after cooking increased the DPPH and ABTS scavenging activity, 181 

presumably due to the increased antioxidant compounds.  182 

There was no significant difference (p<0.05) between the DPPH radical scavenging activities of 183 

rice added with RPO before and after cooking (Table 1). The antioxidant compounds in RPO have 184 

different antioxidant activities and heat resistance [24]. Therefore, although the heating process 185 

exposed to RPO can reduce the concentration of antioxidant compounds, the reduction does not 186 

lessen the extract’s ability to neutralize DPPH radicals. The antioxidant activity of an extract 187 

depends not only on the concentration of the active compound but also on the type of the 188 

compound[25]. 189 

Tabel 1. Effect of RPO concentration and addition timing on the DPPH and ABTS radical 190 

scavenging activity and total carotenoid content  191 

Parameters Addition 

Timing 

Red Palm Oil Concentration 

0% 1% 2% 3% 4% 

DPPH 

radical 

scavenging 

activity (%) 

Before 

cooking 
1.86±0.7a 3.73±3.1ab 4.28±2.2ab 

5.65±1.5b 9.97±5.3c 

 f f f f f 

After 

cooking 2.12±1.2a 5.39±2.0a 8.17±2.6b 8.32±1.2b 10.40±3.2b 

 f f f f f 

ABTS 

radical 

scavenging 

activity (%) 

Before 

cooking 
1.81±2.8a 2.75±2.5ab 3.86±2.3ab 

5.71±2.8b 10.38±1.9c 

  f f f f g 

After 

cooking 1.75±0.7a 3.56±0.8a 4.82±2.7a 10.57±2.3b 11.12±1.5b 

  f f f g g 

Total 

carotenoid 

content 

(ppm) 

Before 

cooking 94.1±13.8a 136.5±3.9b 187.5±23.1c 246.7±30.0d 278.0±45.5e 

  g g g h h 

After 

cooking 88.9±4.6 163.1±30.5b 229.9±32.1c 300.6±4.8d 377.0±56.9e 
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  g g g h h 

Data are means ± standard deviations (n =3). Values within the same row (a, b, c, d, e) and the 192 

same column (f, g, h) with different letters are significantly different (p < 0.05) 193 

Table 1 shows that increasing the RPO concentration added to rice increased the ABTS* 194 

scavenging activities, and adding it after cooking produced rice with better antioxidant activity 195 

(p<0.05). RPO contains antioxidant compounds such as alpha-carotene, beta-carotene, alpha (α)-196 

tocopherol, gamma (γ)-tocotrienol, and γ-oryzanol which can be degraded due to the cooking 197 

process [26]. It is suggested that heating rice during cooking causes destruction of some 198 

antioxidant compounds. It was suggested that the destruction of these compounds was detected 199 

using the ABTS method but not the DPPH method because the sensitivity of the analytical method 200 

to determine antioxidant activity depended on the type of compound being tested, and for 201 

measuring the activity of antioxidant compounds that have colors, the ABTS method has better 202 

accuracy compared to the DPPH [27].  203 

Rice is a cereal poor in carotenoid content [28], the addition of RPO increased the total carotenoid 204 

content of the rice, and it tended to be higher when the RPO was added after cooking (p<0.05) 205 

(Table 1). Carotenoids are the main bioactive compounds in RPO, with the proportion of β-206 

carotene that have a good resistance against heating  ([29][24] reaching 80% [24]. In cupcakes 207 

containing RPO, α- and β-carotene had 100% retention, while tocopherols and tocotrienols had 208 

95% and 85% retention, respectively[29]. Because the maximum temperature in cooking rice using 209 

a rice cooker only reached 100oC [30], it is suggested that carotenoids were not destructed.  210 

Adding RPO to rice after cooking tended to result in higher carotenoid concentration than before 211 

cooking, especially for the 3% and 4% RPO concentration (Table 1). Although adding RPO before 212 

cooking meant the carotenoids were exposed to heat for longer than when added after cooking, the 213 

decrease in the carotenoid concentration was presumably not due to carotenoid degradation. The 214 

maximum temperature of rice cooker was 100oC [30], therefore, the rice cooking process did not 215 

destroy carotenoid compounds[29][24]. The decrease was presumably due to isomerization [31] 216 

or decreased extractability [32] of the carotenoids. 217 

Focus group discussion  218 
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The results showed that the use of 2% RPO added either before or after cooking resulted in rice 219 

with acceptability similar to or higher than regular rice for 83.3% of total panelists (See Table S1 in 220 

the Supplementary Material for sensory evaluation data). Meanwhile, rice with 3% and 4% RPO 221 

added before or after cooking, even though their hedonic score (HS) was statistically not different 222 

from regular rice, was considered similar to or better than regular rice by less than 70% of the 223 

panel.  224 

RPO addition to increase carotenoid content of food has been carried out by previous researchers 225 

with different concentrations depending on the type of food. Sorghum cake containing 20% RPO 226 

was preferred over the cake with 24% RPO [33] and beef sausages with 10% RPO was more 227 

acceptable than those with 15% RPO [34]. In this study, based on the panel’s discussion, it was 228 

concluded that adding 2% RPO, either before or after cooking, could be used as a cooking 229 

method to produce rice with a sensory quality similar to or better than regular rice. The FGD of 230 

panelist concluded that the dislike responses of the panelists were generally caused by the oily 231 

taste and aroma, especially for rice with 3% and 4% RPO. Therefore, rice cooked with 2% RPO 232 

was further evaluated for its glycemic response and physicochemical properties. 233 

Glycemic response of rice 234 

Figure 1 shows the effect of the consumption of regular rice (P0) as well as rice added with 2% 235 

RPO before (P2(1)) and after (P2(2)) cooking on the respondents’ blood sugar levels for 120 236 

minutes. From Figure 1, it can be seen that after consuming rice, the panelists’ blood sugar levels 237 

reached their peaks at 30 minutes with 120 mg/dl (P0), 117 mg/dl (P2(1), and 129 mg/dl (P2(2)). 238 

These results are in line with previous glycemic response studies on the consumption of rice 239 

cooked with spices where respondents also reached their peak blood sugar levels at 30 minutes 240 

[35]. 241 

The area under the curve (AUC) of the respondents’ blood levels after consuming rice can be 242 

seen in Figure 2 as it represents the glycemic response of the rice samples. Figure 2 shows that 243 

rice cooked with 2% RPO added before cooking (P2(1)) has a smaller AUC than regular rice 244 

(P0) and rice cooked with 2% added after cooking (P2(2)); therefore, consumption of P2(1) rice 245 

will result in a lower increase in blood sugar than that of P0 or P2(2) rice. It was suggested that 246 

the addition of 2% RPO before cooking decreased the glycemic response of rice due to a 247 

decrease in the starch digestibility of rice. 248 
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 255 

Figure 1. The effect of RPO concentration and addition timing on the respondent's increased 256 

blood sugar levels consuming original rice (P(0)) rice added with 2% RPO before 257 

(P2(1)) and after (P2(2)) cooking 258 
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 273 

Figure 2. Effect of RPO concentration and addition timing on the area under the curve of regular 274 

rice (P(0)), rice added with 2% RPO before (P2(1)) and after (P2(2)) cooking. Data are means ± 275 

standard deviations. Data points denoted by different superscripts (letter on the bars) differs 276 

significantly with p <0.05. 277 

The decrease of starch digestibility might be caused by the formation of RS5 and triglyceride 278 

protection that prevents starch hydrolysis by amylase enzyme[36][37]. RS5 is formed when 279 

amylose forms complexes with fatty acids [38], thus making it resistant to digestion. 280 

Triglycerides in RPO presumably form a layer that covers starch; as a result, the starch is 281 
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protected from enzymes attack [37]. The triglycerides added after cooking was suggested to only 282 

coat the surface of the rice grains and did not provide uniform protection due to their 283 

hydrophobic properties. Meanwhile, the addition before cooking allowed the triglycerides to be 284 

dispersed evenly due to the heating process that increased the solubility of oil in water [39]. 285 

FTIR spectrum of rice 286 

The FTIR spectrum of regular rice (P0) and rice added with 2% RPO (P2(1) and P2(2)) can be 287 

seen in Figure 3. Figure 3 shows that the -OH stretching vibration absorption peak occurred 288 

between 3600/cm and 3100/cm [19] and the most intense appeared at 3272/cm. Strong absorption 289 

peak appeared in all samples.  290 

 291 

  

  

  

  

  

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

Figure 3. FITR spectrum of regular rice (P0) and rice added with 2% RPO before (P2(1)) and 303 

after (P2(2)) cooking. 304 
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 305 

In the spectral range of 4,000 ~ 650/cm, the shape and position of infrared absorption peaks of 306 

P2(1) and P2(2) were similar compared to P0, except for the new characteristic peaks appearing at 307 

1744/cm, which indicated that the new group generated after RPO addition. This wavenumber 308 

indicates the presence of triglyceride ester group vibrations (C=O) [40] or C=C bonds in fats or 309 

fatty acids [41]. The addition of RPO before and after cooking increased the triglyceride and fatty 310 

acid levels of rice.  311 

Morphology of rice starch 312 

Observation of the morphology of starch granules using SEM was carried out on regular rice (P0) 313 

and rice added with 2% RPO before (P2(1)) and after (P2(2)) cooking (Figure 4). The results 314 

showed that rice cooked with the addition of 2% RPO (P2(1) and P2(2)) had an oily surface unlike 315 

regular rice (P0), and the impression of oiliness in P2(2) was more visible compared to P2(1).  316 

   

   

Figure 4. Morphology and proportions of C and O atoms of regular rice (P0) and rice added 

with 2% RPO before (P2(1)) and after (P2(2)) cooking  

The main composition of RPO is triglycerides that do not form complexes with rice starch [42]. 317 

During cooking, the triglycerides in the RPO added before cooking (P2(1) would be completely 318 

dispersed in the water used for cooking, therefore coating the rice granules not only on the surface 319 

but also penetrating the inner part when the rice swelled during gelatinization. Meanwhile, the 320 
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triglyceride in RPO added after cooking (P2(2) did not have a dispersing medium because the rice 321 

had completely absorbed the water; as consequence, the triglycerides only coated the rice surface 322 

after mixing and the rice looked oilier.  323 

The RPO addition also modified the proportion of C and O atoms of rice, from 48.13% C and 324 

51.87% O in regular rice to 60.23% C and 39.77% in P2(1) and 56.71% C and 43.29% O in P2(2) 325 

(Fig. 4). Depending on the rice variety, the proportion of C in rice can be more or less dominant 326 

than O [43]. In this study, the rice used had a lower proportion of C than O. Because the lipid in 327 

RPO presumably had a higher proportion of C than O [44], the RPO addition significantly 328 

increased the proportion of C in rice. 329 

Pasting Properties of Rice 330 

Rapid Visco Analyzer (RVA) measures changes in sample viscosity during heating and cooling, 331 

which are then interpreted as the pasting properties of the sample. Table 2 shows that the RPO 332 

addition affected the pasting properties of the cooked rice except for the pasting temperature (PT). 333 

Previous studies have shown that the formation of amylose lipid complex increases starch’s PT 334 

due to the inhibited swelling of starch granules which causes a slower gelatinization process [45]. 335 

However, in this study, the formation of the amylose lipid complex did not affect PT. It was 336 

presumed that the complex formed was not sufficient for altering the pasting temperature of the 337 

starch [46]. 338 

Table 2. Effect of RPO concentration and addition timing on the properties of rice paste 339 

 Characteristic P0(1) P2(1) P2(2) 

Pasting Temperature  94.5±10.6a 85.0±7.1a 96.5±17.7a 

Peak Viscosity (PV) 2471.0±59.4a 2179.0±41.0b 2098.0±31.1b 

Hold Viscosity (HV) 2449±49.5a 2120.5±38.9b 2044.0±17.0b 

Final Viscosity (FV) 4665.5±6.4a 4146.5±109.6b 3936.0±56.6b 

Breakdown (BD) 22.0±9.9a 58.5±2.1b 54.0±14.1b 

Setback value (SB) 2216.5±55.9a 2026.0±70.7b 1892.0±39.6b 

Note: Data with the same letter in the row are not significantly different at the 5% significance 340 

level. 341 
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Peak Viscosity (PV) and Hold Viscosity (HV) decreased after RPO addition (Table 2). Devi et al. 342 

[21] reported a decrease in PV due to the addition of vegetable oil, which was suspected to be 343 

caused by the swelling inhibition of starch granules by fatty acids. HV measures the viscosity when 344 

the expanded starch granules are damaged by pressure and heat [47]. Adding RPO to the rice 345 

cooking process is thought to cause the expanded starch granules to be more easily damaged, 346 

causing a more significant decrease in viscosity compared to regular rice. The instability of the 347 

expanding granules is also supported by the higher Breakdown (BD) values of rice added with 348 

RPO compared to regular rice (Table 2). BD is the difference between Peak Viscosity (PV) and 349 

Hold Viscosity (HV), where if the BD value is higher, the stability is lower [48]. 350 

FV is generally used to determine the quality of starch flour because it describes the ability of the 351 

starch to form a thick paste after heating and cooling. The addition of RPO lowered the FV 352 

values (Table 2), which means that the addition of RPO reduced the ability of rice starch to form 353 

a thick gel. SB is the difference between FV and HV, indicating the gel paste's hardness after 354 

cooling and the degree of ease of retrogradation [47]. Table 2 shows that the addition of RPO 355 

lowered the SV values, so rice added with RPO tended to be more difficult to experience 356 

retrogradation. This was probably due to a decrease in the ability to form amylose–lipid complex 357 

with added RPO[49]. 358 

Conclusion  359 

The study showed that adding RPO to rice increased its antioxidant activity and total carotenoid 360 

levels of rice. Cooking rice with the addition of 2% RPO before or after cooking produced rice 361 

with sensory quality that was similar to or better than regular rice. Rice cooked with 2% RPO 362 

added before cooking had a lower glycemic response than regular rice, presumably caused by the 363 

increased formation of the amylose lipid complex or by triglycerides that protected starch from 364 

amylase enzyme attack. The formation of amylose lipid complex and triglyceride layers that 365 

protected rice starch was confirmed by new peaks in the FTIR spectra—which indicated the 366 

presence of lipid—as well as the appearance of oil-coated starch morphology, and changes in the 367 

proportion of C and O atoms due to increased lipid concentration. The addition of RPO affected 368 

the pasting properties of rice but did not affect the pasting temperature. Therefore, the addition of 369 

2% RPO before cooking can be used as a method of cooking rice for people with diabetes because 370 
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the rice has a lower glycemic response, higher antioxidant activity and carotenoid content than 371 

regular rice, and acceptable sensory quality as a staple food. 372 

Data Availability 373 

The data used to support the findings of this study are available from the corresponding author 374 

upon request 375 

Conflicts of Interest 376 

The authors declare that there is no conflict of interest regarding the publication of this paper 377 

Funding Statement 378 

The study was supported by Higher Education Technology and Innovation (HETI) Project, 379 

Lampung University No. 6051/UN26/HK.01.03/2022. 380 

Acknowledgments 381 

We thank Aura, Andini, Innes, Amrizal and Duwinda from the University of Lampung, 382 

Indonesia for helping on conducting the research. 383 

Supplementary Materials 384 

Supplement 1. Effect of RPO concentration and addition timing on panelists' preference for rice 385 

(Focus group discussion) 386 

 387 

References 388 

1.  Bhavadharini, B.; Mohan, V.; Dehghan, M.; Rangarajan, S.; Swaminathan, S.; Rosengren, 389 

A.; Wielgosz, A.; Avezum, A.; Lopez-Jaramillo, P.; Lanas, F.; et al. White Rice Intake 390 

and Incident Diabetes: A Study of 132,373 Participants in 21 Countries. Diabetes Care 391 

2020, 43, 2643–2650, doi:10.2337/DC19-2335. 392 

2.  Lovegrove, A.; Kosik, O.; Bandonill, E.; Abilgos-Ramos, R.; Romero, M.; Sreenivasulu, 393 

N.; Shewry, P. Improving Rice Dietary Fibre Content and Composition for Human Health. 394 

J. Nutr. Sci. Vitaminol. (Tokyo). 2019, 65, S48–S50, doi:10.3177/JNSV.65.S48. 395 

3.  Qin, R.; Yu, J.; Li, Y.; Copeland, L.; Wang, S.; Wang, S. Structural Changes of Starch-396 

Lipid Complexes during Postprocessing and Their Effect on in Vitro Enzymatic 397 

Digestibility. J. Agric. Food Chem. 2019, 67, 1530–1536, 398 

doi:10.1021/ACS.JAFC.8B06371/ASSET/IMAGES/MEDIUM/JF-2018-399 

1



063716_0006.GIF. 400 

4.  Rashed, A.A.; Saparuddin, F.; Rathi, D.N.G.; Nasir, N.N.M.; Lokman, E.F. Effects of 401 

Resistant Starch Interventions on Metabolic Biomarkers in Pre-Diabetes and Diabetes 402 

Adults. Front. Nutr. 2022, 8, doi:10.3389/FNUT.2021.793414. 403 

5.  Zhang, C.; Dong, L.; Wu, J.; Qiao, S.; Xu, W.; Ma, S.; Zhao, B.; Wang, X. Intervention of 404 

resistant starch 3 on type 2 diabetes mellitus and its mechanism based on urine 405 

metabonomics by liquid chromatography-tandem mass spectrometry. Biomed. 406 

Pharmacother. 2020, 128, doi:10.1016/J.BIOPHA.2020.110350. 407 

6.  Gao, Y.; Yu, L.; Li, X.; Yang, C.; Wang, A.; Huang, H. The Effect of Different 408 

Traditional Chinese Exercises on Blood Lipid in Middle-Aged and Elderly Individuals: A 409 

Systematic Review and Network Meta-Analysis. Life (Basel, Switzerland) 2021, 11, 410 

doi:10.3390/LIFE11070714. 411 

7.  Tan, C.H.; Lee, C.J.; Tan, S.N.; Poon, D.T.S.; Chong, C.Y.E.; Pui, L.P. Red Palm Oil: A 412 

Review on Processing, Health Benefits and Its Application in Food. J. Oleo Sci. 2021, 70, 413 

1201–1210, doi:10.5650/JOS.ESS21108. 414 

8.  Marcelino, G.; Machate, D.J.; Freitas, K. de C.; Hiane, P.A.; Maldonade, I.R.; Pott, A.; 415 

Asato, M.A.; Candido, C.J.; Guimarães, R. de C.A. β-Carotene: Preventive Role for Type 416 

2 Diabetes Mellitus and Obesity: A Review. Mol. 2020, Vol. 25, Page 5803 2020, 25, 417 

5803, doi:10.3390/MOLECULES25245803. 418 

9.  Faridah, D.N.; Andriani, I.; Talitha, Z.A.; Budi, F.S. Physicochemical characterization of 419 

resistant starch type V (RS5) from manggu cassava starch (Manihot esculenta). Food Res. 420 

2021, 5, 228–234, doi:10.26656/FR.2017.5(2).496. 421 

10.  Soong, Y.Y.; Goh, H.J.; Henry, C.J.K. The influence of saturated fatty acids on complex 422 

index and in vitro digestibility of rice starch. 423 

http://dx.doi.org/10.3109/09637486.2013.763912 2013, 64, 641–647, 424 

doi:10.3109/09637486.2013.763912. 425 

11.  Chao, C.; Huang, S.; Yu, J.; Copeland, L.; Wang, S.; Wang, S. Molecular mechanisms 426 

underlying the formation of starch-lipid complexes during simulated food processing: A 427 

dynamic structural analysis. Carbohydr. Polym. 2020, 244, 116464, 428 

doi:10.1016/J.CARBPOL.2020.116464. 429 

12.  Zhang, H.; Wang, H.; Zhang, Q.; Wang, T.; Feng, W.; Chen, Z.; Luo, X.; Wang, R. 430 

Fabrication and characterization of starch-lipid complexes using chain-elongated waxy 431 

corn starches as substrates. Food Chem. 2023, 398, 432 

doi:10.1016/J.FOODCHEM.2022.133847. 433 

13.  Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.D.; Mazur, M.; Telser, J. Free radicals 434 

and antioxidants in normal physiological functions and human disease. Int. J. Biochem. 435 

Cell Biol. 2007, 39, 44–84, doi:10.1016/J.BIOCEL.2006.07.001. 436 



14.  Gulcin, İ.; Alwasel, S.H. DPPH Radical Scavenging Assay. Processes 2023, 11, 437 

doi:10.3390/pr11082248. 438 

15.  Cano, A.; Maestre, A.B.; Hernández-Ruiz, J.; Arnao, M.B. ABTS/TAC Methodology: 439 

Main Milestones and Recent Applications. Processes 2023, 11, doi:10.3390/pr11010185. 440 

16.  Ngono Ngane Annie, D.D.F. Effect of Heating and of Short Exposure to Sunlight on 441 

Carotenoids Content of Crude Palm Oil. J. Food Process. Technol. 2014, 05, 442 

doi:10.4172/2157-7110.1000314. 443 

17.  Nehir El, S. Determination of glycemic index for some breads. Food Chem. 1999, 67, 67–444 

69, doi:10.1016/S0308-8146(98)00262-3. 445 

18.  Nurdjanah, S.; Nurdin, S.U.; Astuti, S.; Manik, V.E. Chemical Components, Antioxidant 446 

Activity, and Glycemic Response Values of Purple Sweet Potato Products. Int. J. Food 447 

Sci. 2022, 2022, doi:10.1155/2022/7708172. 448 

19.  Wang, S.; Wu, T.; Cui, W.; Liu, M.; Wu, Y.; Zhao, C.; Zheng, M.; Xu, X.; Liu, J. 449 

Structure and in vitro digestibility on complex of corn starch with soy isoflavone. Food 450 

Sci. Nutr. 2020, 8, 6061–6068, doi:10.1002/FSN3.1896. 451 

20.  Sabella, E.; Aprile, A.; Genga, A.; Siciliano, T.; Nutricati, E.; Nicolì, F.; Vergine, M.; 452 

Negro, C.; De Bellis, L.; Luvisi, A. Xylem cavitation susceptibility and refilling 453 

mechanisms in olive trees infected by Xylella fastidiosa. Sci. Rep. 2019, 9, 454 

doi:10.1038/S41598-019-46092-0. 455 

21.  Devi, A.; Sindhu, R.; Khatkar, B.S. Effect of fats and oils on pasting and textural 456 

properties of wheat flour. J. Food Sci. Technol. 2020, 57, 3836, doi:10.1007/S13197-020-457 

04415-4. 458 

22.  Goufo, P.; Trindade, H. Rice antioxidants: phenolic acids, flavonoids, anthocyanins, 459 

proanthocyanidins, tocopherols, tocotrienols, γ-oryzanol, and phytic acid. Food Sci. Nutr. 460 

2014, 2, 75–104, doi:10.1002/FSN3.86. 461 

23.  Summpunn, P.; Panpipat, W.; Manurakchinakorn, S.; Bhoopong, P.; Cheong, L.Z.; 462 

Chaijan, M. Comparative Analysis of Antioxidant Compounds and Antioxidative 463 

Properties of Thai Indigenous Rice: Effects of Rice Variety and Processing Condition. 464 

Molecules 2022, 27, doi:10.3390/MOLECULES27165180. 465 

24.  Eze, S.O.; Orji, J.N.; Okechukwu, V.U.; Omokpariola, D.O.; Umeh, T.C.; Oze, N.R.; Eze, 466 

S.O.; Orji, J.N.; Okechukwu, V.U.; Omokpariola, D.O.; et al. Effect of Processing Method 467 

on Carotenoid Profiles of Oils from Three Varieties of Nigerian Palm Oil (Elaise 468 

guinensis). J. Biophys. Chem. 2021, 12, 23–31, doi:10.4236/JBPC.2021.123003. 469 

25.  Santos-Sánchez, N.F.; Salas-Coronado, R.; Villanueva-Cañongo, C.; Hernández-Carlos, 470 

B.; Santos-Sánchez, N.F.; Salas-Coronado, R.; Villanueva-Cañongo, C.; Hernández-471 

Carlos, B. Antioxidant Compounds and Their Antioxidant Mechanism. Antioxidants 2019, 472 

doi:10.5772/INTECHOPEN.85270. 473 



26.  Hamid, A.A.; Dek, M.S.P.; Tan, C.P.; Zainudin, M.A.M.; Fang, E.K.W. Changes of Major 474 

Antioxidant Compounds and Radical Scavenging Activity of Palm Oil and Rice Bran Oil 475 

during Deep-Frying. Antioxidants 2014, 3, 502, doi:10.3390/ANTIOX3030502. 476 

27.  Floegel, A.; Kim, D.O.; Chung, S.J.; Koo, S.I.; Chun, O.K. Comparison of ABTS/DPPH 477 

assays to measure antioxidant capacity in popular antioxidant-rich US foods. J. Food 478 

Compos. Anal. 2011, 24, 1043–1048, doi:10.1016/J.JFCA.2011.01.008. 479 

28.  Trono, D. Carotenoids in Cereal Food Crops : Composition and Food Processing. Plants 480 

2019, 8. 481 

29.  Loganathan, R.; Tarmizi, A.H.A.; Vethakkan, S.R.; Teng, K.T. Retention of Carotenes 482 

and Vitamin E, and Physico-chemical Changes Occurring upon Heating Red Palm Olein 483 

Using Deep-fat Fryer, Microwave Oven and Conventional Oven. J. Oleo Sci. 2020, 69, 484 

167–183, doi:10.5650/JOS.ESS19209. 485 

30.  Roy, P.; Nei, D.; Orikasa, T.; Okadome, H.; Thammawong, M.; Nakamura, N.; Shiina, T. 486 

Cooking properties of different forms of rice cooked with an automatic induction heating 487 

system rice cooker. Asian J. Food Agro-Industry 2010, 3, 373–388. 488 

31.  Imsic, M.; Winkler, S.; Tomkins, B.; Jones, R. Effect of Storage and Cooking on β-489 

Carotene Isomers in Carrots (Daucus carota L. cv. ‘Stefano’). J. Agric. Food Chem. 2010, 490 

58, 5109–5113, doi:10.1021/JF904279J. 491 

32.  Loukopoulos, P.; Kapama, D.; Valasi, L.; Pappas, C.; Bethanis, K.; Tzamalis, P.; 492 

Mandala, I. Thermal and structural study of drying method effect in high amylose starch- 493 

beta-carotene nanoparticles prepared with cold gelatinization. Carbohydr. Polym. Technol. 494 

Appl. 2021, 2, 100092, doi:10.1016/J.CARPTA.2021.100092. 495 

33.  Goubgou, M.; Songré-Ouattara, L.T.; Bationo, F.; Banhoro, O.; Traoré, Y.; Savadogo, A. 496 

Effect of three types of oils and their level of incorporation on sensory quality of sorghum 497 

cookies. Food Res. 2021, 5, 190–202, doi:10.26656/FR.2017.5(3).572. 498 

34.  Iftari, W.; Amalia, R.; Savitri, A.N.; Saragih, G. Study of The Addition of Red Palm Oil 499 

(RPO) to the Sensory and Chemical Characteristics of Beef Sausage. J. Pangan dan 500 

Agroindustri 2022, 10, 194–203, doi:10.21776/UB.JPA.2022.010.04.2. 501 

35.  Nurdin, S.U.; Sundari, Y.S.; Herdiana, N.; Nurainy, F.; Sukohar, A. Respon Glikemik dan 502 

Aktivitas Antioksidan Nasi Yang Dimasak Menggunakan Campuran Kunyit (Curcuma 503 

longa Linn.) dan kayu Manis (Cinnammum sp). J. Apl. Teknol. Pangan 2018, 7, 2018, 504 

doi:10.17728/JATP.2681. 505 

36.  Ye, J.; Hu, X.; Luo, S.; McClements, D.J.; Liang, L.; Liu, C. Effect of endogenous 506 

proteins and lipids on starch digestibility in rice flour. Food Res. Int. 2018, 106, 404–409, 507 

doi:10.1016/J.FOODRES.2018.01.008. 508 

37.  Khatun, A.; Waters, D.L.E.; Liu, L. A Review of Rice Starch Digestibility: Effect of 509 

Composition and Heat-Moisture Processing. Starch - Stärke 2019, 71, 1900090, 510 



doi:10.1002/STAR.201900090. 511 

38.  Lee, H.S.; Kim, K.H.; Park, S.H.; Hur, S.W.; Auh, J.H. Amylose-Lipid Complex as a Fat 512 

Replacement in the Preparation of Low-Fat White Pan Bread. Foods (Basel, Switzerland) 513 

2020, 9, doi:10.3390/FOODS9020194. 514 

39.  Khuwijitjaru, P.; Adachi, S.; Matsuno, R. Solubility of saturated fatty acids in water at 515 

elevated temperatures. Biosci. Biotechnol. Biochem. 2002, 66, 1723–1726, 516 

doi:10.1271/BBB.66.1723. 517 

40.  Wu, J.G.; Xu, Y.Z.; Sun, C.W.; Soloway, R.D.; Xu, D.F.; Wu, Q.G.; Sun, K.H.; Weng, 518 

S.F.; Xu, G.X. Distinguishing malignant from normal oral tissues using FTIR fiber-optic 519 

techniques. Biopolymers 2001, 62, 185–192, doi:10.1002/BIP.1013. 520 

41.  Shetty, G.; Kendall, C.; Shepherd, N.; Stone, N.; Barr, H. Raman spectroscopy: 521 

elucidation of biochemical changes in carcinogenesis of oesophagus. Br. J. Cancer 2006, 522 

94, 1460–1464, doi:10.1038/SJ.BJC.6603102. 523 

42.  Chao, C.; Yu, J.; Wang, S.; Copeland, L.; Wang, S. Mechanisms Underlying the 524 

Formation of Complexes between Maize Starch and Lipids. J. Agric. Food Chem. 2018, 525 

66, 272–278, doi:10.1021/ACS.JAFC.7B05025/ASSET/IMAGES/MEDIUM/JF-2017-526 

050259_0007.GIF. 527 

43.  Gee, O.M.; Jalil, R.A.; Ishak, W.R.W.; Hamid, N.A.; Aziz, C.B.A.; Nik, W.S.W.; Hamid, 528 

N.F.; Malik, V.; Willet, W.; Hu, F. Elemental analysis of commercially available rice 529 

samples in Malaysia by using ICP-MS and SEM-EDX. Asian J. Agric. Biol. 2019, 7, 269–530 

278. 531 

44.  Murrieta-Pazos, I.; Galet, L.; Rolland, C.; Scher, J.; Gaiani, C. Interest of energy 532 

dispersive X-ray microanalysis to characterize the surface composition of milk powder 533 

particles. Colloids Surfaces B Biointerfaces 2013, 111, 242–251, 534 

doi:10.1016/J.COLSURFB.2013.05.025. 535 

45.  Photinam, R.; Moongngarm, A. Effect of adding vegetable oils to starches from different 536 

botanical origins on physicochemical and digestive properties and amylose-lipid complex 537 

formation. J. Food Sci. Technol. 2023, 60, doi:10.1007/S13197-022-05626-7. 538 

46.  Handarini, K.; Sauman Hamdani, J.; Cahyana, Y.; Siti Setiasih, I. Functional and pasting 539 

properties of a starch–lipid complex formed with gaseous ozone and palm oil. Int. J. Food 540 

Prop. 2020, 23, 1361–1372, doi:10.1080/10942912.2020.1801723. 541 

47.  Shafie, B.; Cheng, S.C.; Lee, H.H.; Yiu, P.H. Characterization and classification of whole-542 

grain rice based on rapid visco analyzer (RVA) pasting profile. Int. Food Res. J. 2016, 23, 543 

2138–2143. 544 

48.  Qiu, S.; Abbaspourrad, A.; Padilla-Zakour, O.I. Changes in the glutinous rice grain and 545 

physicochemical properties of its starch upon moderate treatment with pulsed electric 546 

field. Foods 2021, 10, 1–14, doi:10.3390/foods10020395. 547 



49.  Li, X.; Luo, S.; Hou, Y.; Liu, Y.; Hu, X.; Liu, C. Effect of triglyceride on complexation 548 

between starch and fatty acid. Int. J. Biol. Macromol. 2020, 155, 1069–1074, 549 

doi:10.1016/J.IJBIOMAC.2019.11.072. 550 

 551 



Supplement 1. Effect of RPO concentration and addition timing on panelists' preference for rice 

(Focus group discussion) 

  

Organoleptic Parameter 

  

  

Addition Timing and Concentration of RPO 

Before After 

1% 2% 3% 4% 1% 2% 3% 4% 

Taste HS 3.5±0.5 3.3±1.0 3.2±1.0 2.9±1.1 3.5±0.7 3.5±0.7 3.0±0.8 3.1±1.0 

  P (%) 100 80 60 50 90 90 70 60 

Flavor HS 3.0±0.7 3.2±0.6 3.3±0.7 3.8±0.8 3.3±0.5 3.5±0.7 3.1±1.0 3.4±1.0 

  P (%) 80 90 90 100 100 90 60 80 

Fullness HS 3.4±1.0 3.4±0.8 3.2±1.0 2.9±1.0 3.2±0.6 3.7±0.5 3.1±0.9 3.3±1.1 

  P (%) 90 90 70 60 90 100 70 70 

Mouthfeel SH 3.2±0.8 3.2±0.8 3.0±1.1 2.7±1.1 3.4±0.8 3.2±0.8 2.6±0.8 2.6±0.8 

  P (%) 80 80 60 40 80 40 40 80 

Color HS 3.1±1.1 3.4±0.8 3.4±1.1 3.4±1.1 2.8±0.8 3.5±0.7 4.0±0.8 3.8±1.0 

  P (%) 60 80 70 70 60 90 90 80 

Acceptance SH 3.6±0.5 3.4±0.8 33±1.1 3.3±1.0 3.6±0.5 3.8±0.4 3.0±0.7 3.2±0.9 

  P (%) 100 80 70 80 100 100 80 80 

Average HS 3.3 3.3 3.2 3.2 3.3 3.5 3.1 3.2 

  P (%) 85.0 83.3 70.0 66.7 86.7 85.0 68.3 75.0 

Note: HS = hedonic score; P = the proportion of panelists who stated that their preferences for 

rice added with RPO were the same or they preferred regular rice 

 

 

 



Similarity Report

11% Overall Similarity
Top sources found in the following databases:

3% Publications database Crossref Posted Content database

11% Submitted Works database

TOP SOURCES
The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

1
Instituto Politecnico de Portalegre on 2024-02-09 <1%
Submitted works

2
University of Monastir on 2022-09-09 <1%
Submitted works

3
iGroup on 2014-05-23 <1%
Submitted works

4
Institute of Technology, Nirma University on 2016-06-13 <1%
Submitted works

5
Guru Jambheshwar University of Science & Technology on 2018-08-29 <1%
Submitted works

6
University of Newcastle on 2021-12-21 <1%
Submitted works

7
Chulalongkorn University on 2012-07-17 <1%
Submitted works

8
Universiti Putra Malaysia on 2012-02-18 <1%
Submitted works

9
Chonnam National University on 2016-05-17 <1%
Submitted works

Sources overview



Similarity Report

10
University of Wales Institute, Cardiff on 2020-03-02 <1%
Submitted works

11
Tezpur University on 2013-09-01 <1%
Submitted works

12
Indian Institute of Technology Guwahati on 2016-09-11 <1%
Submitted works

13
Cardiff University on 2018-09-03 <1%
Submitted works

14
Universiti Putra Malaysia on 2018-12-27 <1%
Submitted works

15
Chonnam National University on 2016-05-19 <1%
Submitted works

16
Imperial College of Science, Technology and Medicine on 2021-04-12 <1%
Submitted works

17
Gyeongsang National University on 2019-01-04 <1%
Submitted works

18
University of Greenwich on 2023-08-29 <1%
Submitted works

19
Elijah Oluwatosin Olopade, Stephen Adeniyi Adefegha, Ganiyu Oboh, A... <1%
Crossref posted content

20
Heriot-Watt University on 2019-03-11 <1%
Submitted works

21
Mahidol University on 2009-11-02 <1%
Submitted works

Sources overview

https://doi.org/10.21203/rs.3.rs-3931958/v1


Similarity Report

22
/paperInfo.asp?oid=125918684 <1%
Submitted works

23
Coventry University on 2024-03-19 <1%
Submitted works

24
Curtin University of Technology on 2020-04-10 <1%
Submitted works

25
De Montfort University on 2014-04-25 <1%
Submitted works

26
Kabir, Mohammad Faujul. "Characterisation of Melicope Ptelefolia Bio... <1%
Publication

27
Padjadjaran University on 2019-05-15 <1%
Submitted works

28
Pimentel, Filipa Alexandra Botelho. "Antioxidant Properties of Porphyra...<1%
Publication

29
Universitas Sebelas Maret on 2021-03-25 <1%
Submitted works

30
University of Northumbria at Newcastle on 2017-05-09 <1%
Submitted works

31
University of Nottingham on 2019-04-30 <1%
Submitted works

32
Amrita Vishwa Vidyapeetham on 2021-07-29 <1%
Submitted works

33
Anglo-Chinese School (Independent) on 2018-05-24 <1%
Submitted works

Sources overview

http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30598184&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30941707&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004


Similarity Report

34
Middle East Technical University on 2011-02-24 <1%
Submitted works

35
Middle East Technical University on 2023-02-17 <1%
Submitted works

36
Mohamed M. Hassona, Hala A. Abd El-Aal, Nahla M. Morsy, Ahmed M. ... <1%
Crossref posted content

37
UCSI University on 2020-12-30 <1%
Submitted works

38
Universiti Putra Malaysia on 2014-06-11 <1%
Submitted works

39
Universiti Sains Malaysia on 2013-09-10 <1%
Submitted works

40
Universiti Sains Malaysia on 2018-07-09 <1%
Submitted works

41
University of Bedfordshire on 2023-09-03 <1%
Submitted works

42
University of Huddersfield on 2022-01-14 <1%
Submitted works

43
University of Nottingham on 2016-05-04 <1%
Submitted works

44
University of Sheffield on 2020-10-31 <1%
Submitted works

45
University of Surrey on 2020-05-10 <1%
Submitted works

Sources overview

https://doi.org/10.21203/rs.3.rs-3379932/v1


Similarity Report

46
Tezpur University on 2018-07-15 <1%
Submitted works

47
RMIT University on 2020-10-26 <1%
Submitted works

Sources overview


