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Abstract 

Butter cake is a popular bakery product, and developing a formula with enhanced nutritional value would provide a 

beneficial alternative for health-conscious consumers. Sangyod rice, a local pigmented rice variety from Phatthalung 

Province, Thailand, offers potential nutritional benefits through its high antioxidant content and economic value for local 

farmers. This study aimed to develop butter cake using Sangyod rice flour as a wheat flour substitute and evaluate its 

properties and consumer acceptance. Using an experimental design, butter cakes were prepared with Sangyod rice flour 

substitutions (40%, 50%, and 60% w/w) and analyzed for their nutritional properties, physical properties, bioactive 

compounds, antioxidant activities, and consumer acceptance through sensory evaluation (n=100). Results showed that the 

50% substitution maintained sensory qualities comparable to the control while improving nutritional profiles. Higher levels 

of Sangyod rice flour substitution increased fiber content, total phenolic content, total flavonoid content, and antioxidant 

activities as measured by DPPH and ABTS assays. Consumer surveys demonstrated strong support for local farmers, with 

87% product acceptance. These findings suggest that Sangyod rice flour has the potential for developing healthier bakery 

products while also supporting local agriculture, offering practical implications for commercial product development, and 

contributing to sustainable income generation for farmers in Phatthalung Province. 
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1. Introduction 

Rice (Oryza sativa L.) serves as an essential staple food crop for more than half of the global population, particularly 

in Asia [1-4]. Beyond being a crucial carbohydrate source, rice plays a significant economic role, especially in Thailand, a 

major global rice producer [5, 6]. Pigmented rice varieties have gained increasing popularity due to their bioactive 

compounds and antioxidant properties [7-9]. Various pigmented rice cultivars grown in Asia exhibit purple, red, and black 

colors, attributed to the anthocyanins in the outer layers of the grain, which belong to the flavonoid family [10, 11]. 

Pigmented rice possesses beneficial properties for reducing chronic disease risks, including cardiovascular disease, obesity, 

type 2 diabetes, and specific cancers [4, 12, 13]. 

Sangyod rice (Oryza sativa L.) is a traditional cultivar from Phatthalung Province, Thailand, with a cultivation history 

spanning over a century, holding the distinction of being Thailand's first Geographical Indication registered rice variety 

since 2006 [14-19]. Characterized by its small, slender grains, red to deep red husk, and soft texture when cooked [20] 

Sangyod rice has become a significant economic crop in southern Thailand, with an annual production of approximately 

28-30 million tons, valued at over $5 billion USD [21, 22]. This variety has gained significant popularity in Thailand's 

health food market due to its unique characteristics and health-promoting properties [14, 15]. The grain contains high levels 

of antioxidants, phenolic compounds, anthocyanins, vitamins, minerals, and dietary fiber that may help prevent oxidative 

stress-related diseases such as diabetes, cardiovascular diseases, and cancer [17, 23, 24]. Due to its nutritional value, 

Sangyod rice has been successfully incorporated into various food products, particularly bakery items, where it can enhance 

both nutritional value and functional properties while maintaining consumer acceptance [19].         

Nutritional studies have shown that Sangyod rice contains high levels of antioxidants, phenolic compounds, 

anthocyanins, vitamins, minerals, and dietary fiber [23, 25]. Its antioxidant content significantly exceeds that of white rice 

varieties [17, 24]. Epidemiological studies have established correlations between the consumption of high-antioxidant rice 

and the reduced incidence of chronic diseases, including cancer, cardiovascular disease, and diabetes [26, 27]. Furthermore, 

the antioxidant levels in Sangyod rice demonstrate a positive correlation with phenolic and flavonoid content [28]. 

Bakery products, particularly butter cake, enjoy widespread popularity across all age groups, with continuous product 

development to meet consumer demands [29, 30]. However, the primary ingredient, wheat flour, must be imported into 

Thailand and offers lower nutritional value compared to Sangyod rice flour [19]. There is a growing trend of incorporating 

Thai rice flour into food products, especially bakery items, to enhance their nutritional value and add value to the 

indigenous rice varieties [31, 32]. 

Previous research has demonstrated that Sangyod rice flour can successfully substitute wheat flour in bakery products 

[19]. However, further investigation is needed regarding the physical properties, nutritional value, and consumer 

acceptance of butter cake made with Sangyod rice flour. Therefore, this study aims to develop butter cake using Sangyod 

rice flour as a wheat flour substitute, examining its physical properties, chemical composition, bioactive compounds, and 

consumer acceptance. The findings will guide the development of healthier bakery products while adding value to Sangyod 

rice as a local economic crop in Phatthalung Province, ultimately contributing to sustainable income generation for farmers 

and local communities. 

 

2. Literature Review 
Sangyod rice is a traditional cultivar that has been grown in Phatthalung province for over a century, recognized for its 

taste, nutritional value, and health-promoting properties. Kitisin, et al. [33] studied the bioactive compounds and 

antioxidant activities of Thai colored rice extracts, finding that Sangyod rice from Phatthalung contained total phenolic 

content ranging from 0.806 to 0.817 mg GAE/mL and showed high lipid peroxidation inhibition, with values between 

50.352 and 62.422%. This aligns with Itharat, et al. [10] who found that a 95% ethanol extract from Sangyod rice bran 

effectively inhibited nitric oxide production (IC50 = 15.59 ± 1.23 µg/ml) and contained high levels of γ-oryzanol (317 

mg%) and vitamin E (211 mg%). Additionally, Srisuk and Tudpor [34] reported that Sangyod rice showed the second-

highest antioxidant activity after Riceberry rice and contained significant levels of vitamins B1 and B2. 

Regarding bakery product development, Yampuang, et al. [19] investigated the effects of substituting wheat flour with 

Sangyod rice flour in butter cake. They found that increasing the Sangyod rice flour content led to higher cake density but 

lower specific volume. Electron microscopy revealed fewer air pockets in the microstructure as the Sangyod rice flour 

content increased, due to the lack of gluten for air retention, resulting in significantly higher hardness and chewiness values 

(p ≤ 0.05) compared to the control. Furthermore, lightness (L*) and yellowness (b*) values decreased, while the redness 

(a*) value increased with higher Sangyod rice flour content. 

Previous studies have demonstrated the feasibility of substituting wheat flour with Sangyod rice flour in various bakery 

products. Lekjing, et al. [35] found that Sangyod rice flour could substitute up to 50% of wheat flour in snack products, 

which is consistent with studies on bread [36] and cookies Wangpankhajorn, et al. [37]. Rakmai, et al. [23] developed 

gluten-free pancakes using Sangyod rice, which received consumer acceptance. Additionally, studies have shown 

successful development of biscuits made from colored rice flour with high nutritional value and antioxidant properties [38] 

as well as brownies made from black glutinous rice flour, which received high consumer acceptance at a 50% wheat flour 

substitution [39]. These studies demonstrate the potential of Thai rice as a substitute for wheat flour in bakery products, 

while maintaining sensory qualities and enhancing nutritional value. 

 

 

 



 
 

               International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 924-938
 

926 

3. Materials and Methods 
3.1. Research Design 

This study employed a mixed-methods research approach to investigate the incorporation of Sangyod rice flour in 

butter cake production and its effects on product quality and consumer acceptance. Unlike previous studies that focused 

solely on physical properties [19] or nutritional aspects [40] this research provides a comprehensive analysis combining 

physical, chemical, nutritional, and consumer acceptance evaluations. The research was conducted in two distinct phases to 

ensure a thorough investigation of both product development and market potential. 

The first phase focused on product development and characterization, involving laboratory analyses of nutritional 

properties, bioactive compounds, antioxidant activities, and physical characteristics. This systematic approach extends 

beyond traditional food product development studies by incorporating detailed analysis of bioactive compounds and 

antioxidant properties, which were not extensively covered in previous butter cake studies Sae‐Eaw, et al. [31] and Sae-

Eaw, et al. [32]. The second phase concentrated on consumer acceptance and market potential, utilizing a field survey 

approach with 100 participants selected through accidental sampling. This consumer study was more comprehensive than 

similar previous research, incorporating not only sensory evaluation but also assessments of consumer attitudes toward 

health benefits and cultural preservation aspects. The integration of these two phases provides a more complete 

understanding of both technical and market aspects of product development. 

 

3.2. Materials and Sample Preparation 

3.2.1. Source of the Raw Materials 

The materials used in butter cake preparation are wheat flour (UFM Flour Mill Co., Ltd., Thailand), Sangyod rice flour 

(produced and milled from Sangyod rice variety in Phatthalung Province, Thailand, as shown in Figure 1(a) and Figure 

1(b)), baking powder (Best Foods Co., Ltd., Thailand), salted butter (Home Fresh Gold, CPF Trading Co., Ltd., Thailand), 

sugar (Lin Sugar Industry Co., Ltd., Thailand), eggs (Charoen Pokphand Foods PCL., Thailand), fresh milk (CP-Meiji Co., 

Ltd., Thailand), and vanilla extract (McCormick & Company, Inc., USA). Sangyod rice cultivation in Phatthalung Province 

spans 11 districts, covering a total area of 22,675 rai with a production volume of 9,011.09 tons in Table 1. The major 

producing areas are Khuan Khanun district with the largest cultivation area (6,814 rai) and highest production (2,759.67 

tons), followed by Pak Phayun district (4,668 rai; 1,843.86 tons) and Mueang Phatthalung district (2,463 rai; 972.89 tons) 

[41]. 

 

 
Figure 1.  
Sangyod rice from Phatthalung Province: (a) Sangyod rice field in Phatthalung Province; (b) Milled Sangyod rice; (c) Sangyod rice flour for 

bakery products. 

 
Table 1.  
Cultivation area and production statistics of Sangyod rice by district in Phatthalung province [41]. 

District Households 
Cultivation area 

(rai) 

Average yield 

(kg/rai) 

Total production 

(tons) 

Total value 

(USD) 

Mueang Phatthalung 527 2,463 395 972.89 305,714 

Khao Chai Son 334 1,915 395 756.43 280,857 

Khuan Khanun 1,390 6,814 405 2,759.67 1,104,000 

Pak Phayun 807 4,668 395 1,843.86 632,286 

Kong Ra 48 236 399 94.16 32,286 

Tamode 176 653 395 257.94 95,714 

Sri Banphot 117 478 395 188.81 64,857 

Pabon 735 3,906 390 1,523.34 522,286 

Bangkaew 108 537 395 212.12 72,857 

Pa Phayom 108 708 395 279.66 112,000 

Srinakarin 81 297 394 117.02 36,857 

Total 4,431 22,675 397 9,011.09 3,259,714 
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3.2.2. Processing of Sangyod Rice Flour 

The processing of Sangyod rice flour, as shown in Figure 1, involved several steps. Initially, the Sangyod rice grains 

were cleaned and sorted to remove impurities, broken grains, and foreign materials to ensure the quality of the final 

product. The cleaned rice was weighed (300 g per batch) and spread evenly on stainless steel trays for uniform drying. The 

rice was then dried in a tray dryer at 60°C for 4 hours to achieve optimal moisture content for milling. After the drying 

process, the rice was cooled to room temperature to prevent moisture condensation. The rice sample was processed into 

flour by grinding at 25,000 rpm in a high-speed mill and screening through a 100-mesh sieve to ensure uniform particle 

size, as illustrated in Figure 1(c). The processed Sangyod rice flour was sealed in aluminum foil bags to prevent moisture 

absorption and was maintained under refrigeration at 4°C for subsequent analyses [42, 43]. 

 

3.2.3. Formulation and Production Process of Butter Cake 

 Four butter cake formulations were prepared in this study: Control formula (100% wheat flour) and three experimental 

formulas with Sangyod rice flour substitutions at 40% (SY40), 50% (SY50), and 60% (SY60) w/w of wheat flour. All 

butter cakes were prepared using the ingredients shown in Table 2. The preparation began with a standard creaming 

method. Initially, the wheat flour and baking powder for the control formula, or wheat flour, Sangyod rice flour, and baking 

powder for the substituted formulas (SY40, SY50, SY60), were sifted twice to ensure even distribution and set aside. Using 

a KitchenAid Professional Bowl-Lift Stand Mixer (Model 5KPM5EER, 4.8 L) fitted with a flat beater attachment, cold 

salted butter (cut into 1x1-inch cubes) was creamed at speed 4 while gradually incorporating sugar until the mixture 

became light, fluffy, and pale in color. Eggs were then added in three stages at speed 6, ensuring their thorough 

incorporation between each addition, followed by the vanilla extract. The mixer speed was reduced to 2 for the dry 

ingredient incorporation. The flour mixture was added alternately with fresh milk in five additions (three for flour and two 

for milk), beginning and ending with flour, mixing until combined enough to avoid overworking the batter. The batter was 

transferred into a parchment-lined aluminum loaf pan (8 × 16 × 5.5 cm) to approximately ¾ full. The cake was baked in a 

preheated Piron oven (Model PF5004F, Italy) at 160°C using both top and bottom heating elements for 50 minutes. After 

baking, the cake was cooled completely on a wire rack before being removed from the pan. The cooled cake was packaged 

in IPP (Injec polypropylene) bags, heat-sealed, and stored at 4°C for subsequent quality analysis. The cross-sectional 

appearances of the finished butter cakes are shown in Figure 2, where the control sample in Figure 2(a) shows a typical 

light-yellow color, while the substituted samples with 40% (SY40), 50% (SY50), and 60% (SY60) Sangyod rice flour 

(Figure 2(b), 2(c), and 2(d), respectively) exhibit a progressively darker crumb color due to the increasing levels of 

Sangyod rice flour incorporation. 

 
Table 2.  

Butter cake formulations with varying levels of wheat flour replacement using Sangyod rice flour (40%, 50%, and 60% w/w). 

Ingredients (g) Control SY40 SY50 SY60 

Wheat flour 150 90 75 60 

Sangyod rice flour - 60 75 90 

Baking powder  2 2 2 2 

Salted butter  125 125 125 125 

Sugar  120 120 120 120 

Eggs  165 165 165 165 

Vanilla extract  10 10 10 10 

Fresh milk  60 60 60 60 
Note:  Control: 100% wheat flour; SY40, SY50, and SY60: butter cakes prepared by substituting wheat flour with 40%, 50%, and 60% w/w Sangyod rice flour, 

respectively. 

 

 
Figure 2.  

Physical characteristics of butter cakes at different levels of wheat flour substitution with Sangyod rice flour: (a) Control (100% wheat 
flour); (b) 40% w/w Sangyod rice flour substitution; (c) 50% w/w Sangyod rice flour substitution; (d) 60% w/w Sangyod rice flour 

substitution. 

 

 



 
 

               International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 924-938
 

928 

3.3. Data Collection Methods 

Data collection employed a mixed methods approach in two phases: laboratory analysis of product characteristics 

(nutritional properties, bioactive compounds, antioxidant activities, and physical properties) and consumer acceptance 

study involving 100 participants at RMUTT through accidental sampling. The data collection in each phase consisted of: 

 

3.3.1. Nutritional Properties  

3.3.1.1. Proximate Analysis 

The chemical composition of the Sangyod rice flour and butter cake samples was analyzed in triplicate according to 

AOAC [44] standard methods. Moisture content was determined by drying the samples at 105°C until constant weight was 

achieved. Protein content was analyzed using the combustion method (LEGO EP-528, United States). Crude fat was 

determined by petroleum ether extraction using a soxhlet extraction unit (Tecator A Perstorp Analytical Company, 

Sweden). The ash and crude fiber content were analyzed using gravimetric methods. Total carbohydrate content was 

calculated using the following equation: 

Carbohydrate (%) = 100 - (%moisture + %protein + %crude fat + %crude fiber + %ash) 

 

3.3.1.2. Bioactive Compounds 

Total phenolic content (TPC) and total flavonoid content (TFC) were analyzed for both the Sangyod rice flour and 

butter cake samples (control and 40%, 50%, 60% w/w Sangyod rice flour substitution) with three replications. The 

extraction process was conducted using methanol at a ratio of 2:1 (200 mL methanol per 100 g sample) over 48 hours. The 

extracted solutions were centrifuged at 6,000 rpm for 15 minutes, followed by filtration through a 0.45 µm syringe filter 

[45].  

For the TPC determination, the analysis was performed by mixing 100 µL of sample solution with 100 µL methanol 

(95% v/v) and 200 µL of Folin-Ciocalteu reagent (10% v/v), followed by 5 minutes of agitation. Subsequently, 600 µL of 1 

M sodium carbonate was incorporated into the mixture. The solution was then kept in darkness at room temperature for 60 

minutes before measuring absorbance at 760 nm using a spectrophotometer. The results were expressed as micrograms of 

gallic acid equivalent per gram of dry weight (µg GAE/g dw) [45]. 

The TFC was measured by combining 500 µL of the sample solution with 340 µL of deionized water and 30 µL of 1 

M sodium acetate, followed by 5 minutes of incubation. The mixture was then combined with 30 µL of 1 M AlCl3 and 

agitated for 5 minutes. Following the addition of 200 µL of 1 M NaOH, the solution was incubated at 30°C for 15 minutes. 

Absorbance was measured at 415 nm, and the results were expressed as micrograms of quercetin equivalent per gram of 

dry weight (µg QE/g dw) [45]. 

 

3.3.1.3. Antioxidant Activity 

 The antioxidant activity of the Sangyod rice flour and butter cake samples (control and 40%, 50%, 60% w/w Sangyod 

rice flour substitution) was evaluated using DPPH and ABTS radical scavenging assays with three replications. Sample 

extraction followed the same method as the bioactive compounds analysis using methanol (2:1 ratio). The extracts were 

centrifuged (6,000 rpm, 15 minutes) and filtered through a 0.45 µm syringe filter. The filtered solutions were evaporated at 

50°C in a hot air oven to obtain crude extracts, which were stored at -20°C until analysis [45]. 

For the DPPH assay, the crude extracts (1 g) were dissolved in 10% (v/v) DMSO to prepare 1 mg/mL solutions. Equal 

volumes (50 µL) of sample solution and 0.1 mM DPPH solution were mixed to achieve a final concentration of 0.5 mg/mL. 

After 30 minutes incubation in darkness at room temperature, absorbance was measured at 517 nm using a UV/Vis 

spectrophotometer [45]. 

The ABTS assay was conducted by preparing ABTS·+ cation radical solution (mixing 7 mM ABTS with 2.45 mM 

potassium persulfate in a 1:0.5 v/v ratio). Sample solutions (50 µL) were combined with an equal volume of ABTS·+ 

solution (final concentration 0.5 mg/mL) and incubated for 30 minutes at room temperature before measuring absorbance at 

734 nm [45]. 

For both assays, the radical scavenging activity was calculated as percentage inhibition using the formula: [(Ablank - 

Asample)/Ablank] × 100, where Ablank represents the absorbance of control and Asample represents the absorbance of test 

samples [45]. 

 

3.3.2. Physical Properties of Butter Cake 

3.3.2.1. Color Analysis 

The color parameters of butter cake samples were measured using a Hunter Lab Color Flex EZ Colorimeter with 

directional annular 45° illumination/0° viewing geometry, operating in the spectral range of 400-700 nm with a spectral 

resolution < 3 nm. Color was evaluated according to the CIE system (L* a* b*), where L* indicates brightness (0 = black, 

100 = white), a* represents the red-green axis (positive = red, negative = green), and b* denotes the yellow-blue axis 

(positive = yellow, negative = blue) [46, 47]. The samples were finely ground, and 50 g of each sample was placed in a 

glass cup for measurement. Three measurements were taken for each sample: control (100% wheat flour) and butter cakes 

with 40%, 50%, and 60% w/w Sangyod rice flour substitution. The total color difference (ΔE) was calculated using a 

calibrated white tile as a reference standard [48]. 

 

𝛥𝐸 = √(𝐿1
∗ − 𝐿2

∗ )2 + (𝑎1
∗ − 𝑎)2 + (𝑏1

∗ − 𝑏2
∗)2 
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3.3.2.2. Texture Analysis 

Texture profile analysis (TPA) was performed using a Texture Analyzer (model TA-XT plus, Stable Micro Systems, 

Surrey, UK) equipped with a 36 mm diameter P36R cylindrical probe. The butter cake samples were cut into pieces with 

dimensions of 4 cm × 4 cm × 2 cm (width × length × thickness) before analysis. A double compression cycle was 

programmed with a compression rate of 1 mm/sec for 50 percent of the sample height. The second compression occurred 

15 seconds after the first compression [47, 49]. The textural parameters determined were hardness (N), springiness, 

cohesiveness, chewiness (N), and gumminess (N) for the control (100% wheat flour) and butter cakes with 40%, 50%, and 

60% w/w Sangyod rice flour substitution. Three measurements were taken for each sample. 

 

3.3.3. Production Cost Analysis 

The cost analysis of butter cake formulations was calculated using the following formula: Raw material cost = Actual 

weight (g) × Price (USD) / Total weight (g). The production costs were compared between the control formula (100% 

wheat flour) and the substituted formulas with different levels of Sangyod rice flour (40%, 50%, and 60% w/w) that 

received favorable evaluations following the sensory testing. All ingredient costs were based on current market prices in 

Pathum Thani Province, Thailand, during November 2024 [47]. 

 

3.3.4. Consumer Acceptance Study 

 The consumer acceptance study was conducted with 100 participants, comprising students, staff members, and 

members of the general public, who were randomly selected using accidental sampling within Rajamangala University of 

Technology Thanyaburi, Thailand and its vicinity. All participants were informed of the research objectives and provided 

written consent before participation, with no collection of national identification cards and with the right to withdraw at any 

time during data collection [47, 50, 51]. The survey was divided into four parts:  

Part 1: Demographic characteristics including gender, age, education level, and occupation. 

Part 2: Sensory evaluation involved four butter cake formulations: control (100% wheat flour) and samples with 40%, 

50%, and 60% w/w Sangyod rice flour substitution. Each untrained panellists received 20 g samples served at room 

temperature in random order, with water provided for palate cleansing between samples. The evaluation used a 9-point 

hedonic scale was used for sensory evaluation where: 1 = dislike extremely, 5 = neither like nor dislike, and 9 = like 

extremely. Panellists assessed appearance, color, smell, taste, texture, and overall acceptability [47, 52, 53]. The 

interpretation criteria were categorized as: fair (2-4), good (5-6), and very good (7-8) [54]. 

Part 3: Consumer satisfaction assessment consisted of 8 questions regarding satisfaction with the butter cake product 

made with Sangyod rice flour, including product appeal, health benefits, product suitability for different consumer groups, 

product innovation, nutritional value, value addition, the promotion of Thai rice usage in bakery products, and support for 

Sangyod rice farmers. The assessment used a 5-point rating scale was applied: strongly disagree (1), disagree (2), neither 

agree nor disagree (3), agree (4), and strongly agree (5). For interpretation, the following ranges were established: strongly 

disagree (1.00-1.80), disagree (1.81-2.60), neither agree nor disagree (2.61-3.40), agree (3.41-4.20), and strongly agree 

(4.21-5.00) [55]. 

Part 4: Consumer acceptance and purchase intent evaluation to determine product marketability [47, 56]. 

 

3.4. Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics software (Version 22.0). For physical, chemical, and 

sensory evaluation analyses, results were expressed as mean ± standard deviation (SD), and differences were determined 

using one-way analysis of variance (ANOVA) followed by Duncan's new multiple range test (DNMRT) at 95% confidence 

level (p<0.05). For consumer survey data, demographic information was analyzed using frequency and percentage 

calculations, satisfaction ratings were presented as mean ± SD, and purchase intent was analyzed using frequency 

distribution. All measurements were performed in triplicate to ensure data reliability. 

 

4. Results and Discussion 
4.1. Nutritional Properties of Sangyod Rice Flour 

The nutritional composition analysis of Sangyod rice flour in Table 3 revealed its potential as a nutritious ingredient 

for food product development. The flour had moisture content (9.67±0.16%) within the acceptable range for flour storage 

stability, ash content of 1.60±0.07%, and protein content of 9.92±0.09%, which aligns with the findings from the Bureau of 

Nutrition [57] that reported the high protein content (9.03%) of Sangyod rice compared to white rice (6.40%) and jasmine 

rice (6.20%). The flour contained moderate fat content (2.60±0.03%), which corresponds to the fat content of 4.25% 

reported by the Bureau of Nutrition [57] high carbohydrate content (70.95±0.58%) which is typical for rice flour, and a 

considerable amount of dietary fiber (5.26±0.11%). The dietary fiber content in Sangyod rice flour was notably higher than 

other colored rice varieties from Thailand, Sri Lanka, and China reported by Sompong, et al. [40] who found that the total 

dietary fiber content of most colored rice varieties ranged between 3.0% and 4.5%, while red rice varieties from Sri Lanka 

and China contained lower fiber content (2.5-2.9%). Additionally, the ash content of Sangyod rice flour was comparable to 

black rice varieties from Thailand and China (1.4-1.7%) reported in the same study, indicating its rich mineral content. 

These findings suggest that Sangyod rice flour not only provides essential nutrients but also offers potential health benefits 

through its high dietary fiber content, which could contribute to its functionality in food product development [40, 58-60]. 

Notably, Sangyod rice flour demonstrated significant bioactive compound content, with a total phenolic content of 

95.43±1.51 µg GAE/g dw and total flavonoid content of 829.67±4.52 µg QE/g dw. These values are particularly significant 
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as phenolic and flavonoid compounds are the primary contributors of antioxidant capacity in colored rice varieties [4, 59, 

61]. Antioxidant activity was confirmed through the DPPH (138.23±1.18% inhibition) and ABTS (196.92±2.06% 

inhibition) assay results, which can be attributed to the characteristic red pigmentation of Sangyod rice that contains 

anthocyanins and other phenolic compounds [40, 58, 61]. The presence of these bioactive compounds suggests that 

Sangyod rice flour can enhance not only the nutritional value of food products but also provide potential health-promoting 

properties through its antioxidant activity, which is increasingly recognized as important for preventing oxidative stress-

related diseases [8, 10, 26, 40]. 

 
Table 3.  
Nutritional properties of Sangyod rice flour. 

Nutritional properties Sangyod rice flour 

Moisture (%) 9.67±0.16 

Ash (%) 1.60±0.07 

Protein (%) 9.92±0.09 

Fat (%) 2.60±0.03 

Carbohydrate (%) 70.95±0.58 

Fiber (%) 5.26±0.11 

Total phenolic content (µg GAE/g dw) 95.43±1.51 

Total flavonoid content (µg QE/g dw) 829.67±4.52 

DPPH assay (% inhibition at 0.5 mg/mL) 138.23±1.18 

ABTS assay (% inhibition at 0.5 mg/mL) 196.92±2.06 
Note:  Results are expressed as mean ± SD with three replications (n = 3). 
 

4.2. Physical Properties of Butter Cakes 

 Physical properties analysis of butter cakes with Sangyod rice flour substitution demonstrated significant 

modifications (p<0.05) in color and textural profiles in Table 4. Instrumental color measurement revealed that higher levels 

of Sangyod rice flour incorporation resulted in progressively darker products, evidenced by the L* value reduction from 

80.77±0.03 (control) to 50.31±0.06 (SY60). The enhancement of red hues was confirmed by increasing a* values 

(6.06±0.05 to 9.15±0.01), while yellowness diminished as shown by the decreasing b* values (38.39±0.03 to 20.07±0.02). 

The findings align with Lekjing, et al. [35] showing when brown Sangyod rice flour substitution was increased in snack 

products, L* and b* values significantly decreased while a* values increased. The magnitude of the overall color variation 

(ΔE) expanded significantly with the increasing substitution rates, ranging from 29.92±0.05 (SY40) to 35.68±0.08 (SY60), 

representing readily perceptible visual differences compared to the control formulation (ΔE > 3) [62]. The observed color 

development can be attributed to dual mechanisms: thermal processing effects and inherent pigmentation. Research has 

shown that baking operations typically diminish product brightness [63] through melanoidin formation via Maillard 

reactions between amino compounds and proteins [64]. Furthermore, the intensified coloration in Sangyod-substituted 

samples stems from their anthocyanin content, which imparts characteristic red-purple hues. The findings correspond with 

Yampuang, et al. [19] who documented that elevated rice flour substitution levels yielded darker products with enhanced 

red tonality, attributed to oxidation-induced proanthocyanidin modifications and the thermal transformation of 

anthocyanins to chalcone derivatives during baking. 

Analysis of texture profiles showed significant differences (p<0.05) in the textural characteristics of the butter cake 

with increasing levels of Sangyod rice flour substitution. Hardness values significantly increased from 1553.12±32.06 N in 

the control sample to 2596.75±42.59 N in SY60, indicating a denser crumb structure formation. These results are consistent 

with the findings of Aydogdu, et al. [65] that baked products with a lower volume exhibit firmer texture due to decreased 

air incorporation, while those with a higher volume maintain a softer texture due to greater air retention. This relationship is 

clearly demonstrated in Figure 2, where the cake containing 60% Sangyod rice flour substitution (SY60) shows the most 

significant reduction in height. Changes in texture can be attributed to reduced gluten elasticity, which limits the ability of 

the dough to retain expanding air during baking [66]. Increasing levels of Sangyod rice flour substitution leads to gluten 

dilution, interfering with gluten network formation during mixing and resulting in an irregular protein matrix [19]. The 

texture parameter analysis demonstrated increasing trends in springiness and cohesiveness, from 0.19±0.01 and 0.17±0.01 

in the control to 0.22±0.01 and 0.22±0.01 in SY60, respectively. Similarly, both chewiness and gumminess values showed 

significant increases with higher substitution levels, with chewiness increasing from 55.07±2.95 N to 243.60±5.47 N and 

gumminess rising from 284.56±6.06 N to 693.79±9.59 N in SY60. These results are consistent with Yampuang, et al. [19] 

who reported increased hardness values in butter cakes with higher Sangyod rice flour content. Additionally, the increased 

chewiness values correspond with the findings of Gómez, et al. [67] on dietary fiber effects in cake quality, where a higher 

fiber content resulted in significantly increased hardness and chewiness values. 
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Table 4.  

Physical properties of butter cakes prepared by the substitution of wheat flour with Sangyod rice flour (40%, 50%, and 60% w/w). 

Physical properties Control SY40 SY50 SY60 

Color analysis 

L* 80.77a±0.03 55.88b±0.10 54.70c±0.04 50.31d±0.06 

a* 6.06d±0.05 7.95c±0.01 8.22b±0.02 9.15a±0.01 

b 38.39a±0.03 21.89b±0.01 20.67c±0.05 20.07d±0.02 

ΔE - 29.92c±0.05 31.60b±0.02 35.68a±0.08 

Texture analysis 

Hardness (N) 1553.12d±32.06 1904.33c±41.10 2117.54b±38.70 2596.75a±42.59 

Springiness 0.19b±0.01 0.21a±0.01 0.21a±0.01 0.22a±0.01 

Cohesiveness 0.17b±0.01 0.21a±0.01 0.21a±0.01 0.22a±0.01 

Chewiness (N) 55.07d±2.95 87.09c±2.51 155.30b±4.98 243.60a±5.47 

Gumminess (N) 284.56d±6.06 412.69c±8.44 664.39b±8.72 693.79a±9.59 
Note:  Control: 100% wheat flour; SY40, SY50, and SY60: butter cakes prepared by substituting wheat flour with 40%, 50%, and 60% w/w Sangyod rice flour, 

respectively. Results are expressed as mean ± SD (n = 3). Different superscript letters within the same row indicate means that are significantly different (p<0.05). 
 

4.3. Nutritional Properties of Butter Cakes 

The proximate composition analysis of butter cakes with Sangyod rice flour substitution demonstrated significant 

changes (p<0.05) in the assessed nutritional values in Table 5. The moisture content decreased with increasing substitution 

levels, from 17.32±0.08% in the control to 16.27±0.24% in SY50. Ash content significantly increased from 3.60±0.02% to 

4.37±0.06% at 60% substitution level, while the protein content slightly decreased from 3.93±0.03% to 3.66±0.02%, and 

fat content increased from 55.05±0.30% to 58.02±1.04%. These variations can be attributed to the different nutritional 

composition of wheat flour and Sangyod rice flour. A significant aspect of this study was the change in dietary fiber 

content. The analysis of the raw materials in Table 2 revealed that Sangyod rice flour contains significantly higher dietary 

fiber (5.26%) compared to wheat flour which contains only 0.42% [68]. This difference resulted in butter cakes with 

Sangyod rice flour substitution showing a significant increase in dietary fiber content from 0.33±0.02% to 2.54±0.05%. 

This increase in fiber content aligns with the findings from Sompong, et al. [40] who reported that pigmented rice contains 

dietary fiber ranging from 3.0-4.5%, which is higher than regular wheat flour [68]. These results are also consistent with 

Sirichokworrakit, et al. [69] who found increased fiber content when wheat flour was substituted with pigmented rice flour 

in noodle products. 

The analysis of the bioactive compounds in butter cake with Sangyod rice flour substitution showed significant 

increases (p<0.05) in total phenolic compounds (11.48±0.50 to 25.20±0.33 μg GAE/g dw) and total flavonoid content 

(126.87±3.24 to 485.97±4.29 μg QE/g dw). This increase stems from Sangyod rice's unique bran layer, which is rich in 

phenolic compounds and anthocyanins, as confirmed by Kitisin, et al. [33]. The enhanced bioactive content improved the 

antioxidant properties, with the DPPH and ABTS radical scavenging activities increasing from 24.72±0.81% to 

31.35±0.30% and 32.03±0.80% to 46.38±1.41%, respectively. These findings align with Srisawat, et al. [28]; Ratseewo, et 

al. [58] and Lang, et al. [63] who both demonstrated strong correlations between phenolic compounds and antioxidant 

activity in Sangyod rice. Epidemiological studies by Goufo and Trindade [26] and Hudson, et al. [27] have linked the 

consumption of antioxidant-rich rice to reduced chronic disease incidence in Asia. Sangyod rice demonstrates superior 

antioxidant activity compared to white rice, with documented benefits in preventing oxidative stress-related diseases [15, 

17, 25]. Multiple studies confirm its high antioxidant content [20, 70] and abundance of essential minerals [34]. The 

findings suggest that there is significant potential for developing functional foods with health-promoting properties. 

Pradipta, et al. [61] emphasizes the importance of these antioxidant properties in health food development, while 

Yodmanee, et al. [60] noted the influence of genotype and environment on antioxidant content. These results align with 

trends in functional food development and support value addition to Thai indigenous rice through innovative processing 

[25]. 

 
Table 5.  

Nutritional properties of butter cakes with Sangyod rice flour substitution of wheat flour at 40%, 50%, and 60% (w/w). 

Nutritional properties Control SY40 SY50 SY60 

Moisture (%) 17.32a±0.08 17.05a±0.34 16.27b±0.24 16.75ab±0.51 

Ash (%) 3.60d±0.02 3.97c±0.05 4.08b±0.04 4.37a±0.06 

Protein (%) 3.93a± 0.03 3.80b±0.03 3.74c±0.01 3.66d±0.02 

Fat (%) 55.05c±0.30 56.16bc±1.13 57.42ab±0.91 58.02a±1.04 

Carbohydrate (%) 19.77a±0.15 18.05b±0.05 16.64c±0.04 14.66d±0.04 

Fiber (%) 0.33d±0.02 0.97c±0.01 1.85b±0.03 2.54a±0.05 

Total phenolic content (µg GAE/g dw) 11.48d±0.50 18.17c±0.63 22.56b±0.48 25.20a±0.33 

Total flavonoid content (µg QE/g dw) 126.87d±3.24 285.05c±1.29 367.92b±2.80 485.97a±4.29 

DPPH assay (% inhibition at 0.5 mg/mL) 24.72d±0.81 28.12c±0.51 30.09b±0.34 31.35a±0.30 

ABTS assay (% inhibition at 0.5 mg/mL) 32.03d±0.80 40.19c±0.51 44.23b±0.56 46.38a±1.41 
Note:  Control: 100% wheat flour; SY40, SY50, and SY60: butter cakes prepared by substituting wheat flour with 40%, 50%, and 60% w/w Sangyod rice flour, 

respectively. Results are expressed as mean ± SD (n = 3). Different superscript letters within the same row indicate means that are significantly different (p<0.05). 
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4.4. Production Cost Analysis 

The cost analysis of the butter cake formulations in Figure 3 revealed a progressive increase in production costs with 

higher levels of Sangyod rice flour substitution. The control formula (100% wheat flour) had the lowest production cost at 

$2.62 USD per formulation, while the substitutions with 40%, 50%, and 60% Sangyod rice flour resulted in increased costs 

of $2.75, $2.78, and $2.81 USD respectively. This upward trend in cost can be attributed to the higher market price of 

Sangyod rice flour compared to regular wheat flour [47]. The total cost difference between the control and 60% substitution 

(SY60) was approximately $0.19 USD (7.25% increase), which is relatively modest considering the potential nutritional 

benefits and added value of incorporating this specialty rice flour. Despite the higher ingredient cost, the use of Sangyod 

rice flour could be justified by its unique properties and potential market positioning as a premium or healthier alternative 

to conventional butter cakes. 

 

 
Figure 3.  
Product cost comparison of butter cake formulations with Sangyod rice flour substitution of wheat flour (40%, 50%, and 60% w/w). 

 

4.5. Consumer Acceptance Study 

The demographic characteristics of the consumers participating in the acceptance study (n = 100) are shown in Table 6. 

The majority of participants were female (64%), while male participants accounted for 36%. Regarding age distribution, 

more than half of the participants (56%) were between 20-30 years old, followed by those aged 31-40 years (24%), and 41-

50 years (10%). The youngest (under 20 years) and oldest (over 50 years) age groups each represented 5% of participants. 

In terms of education level, most participants held a bachelor's degree (75%), followed by higher than a bachelor's degree 

(17%), and below a bachelor's degree (8%). For occupation, nearly half of the participants were students (48%), followed 

by government officers (20%), business owners (14%), private company employees (12%), and merchants (6%). 

 
Table 6.  

Demographic characteristics of consumers (n = 100). 

Characteristics Frequency Percentage 

Gender 

Male 36 36.00 

Female 64 64.00 

Total 100 100.00 

Age 

Under 20 years 5 5.00 

20-30 years 56 56.00 

31-40 years 24 24.00 

41-50 years 10 10.00 

Over 50 years 5 5.00 

Total 100 100.00 

Education 

Below a bachelor’s degree 8 8.00 
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Characteristics Frequency Percentage 

Bachelor's degree 75 75.00 

Higher than a bachelor’s degree 17 17.00 

Total 100 100.00 

Occupation 

Student 48 48.00 

Government officer 20 20.00 

Private company employee 12 12.00 

Merchant 6 6.00 

Business owner 14 14.00 

Total 100 100.00 

 

The sensory evaluation results for the butter cakes with different levels of Sangyod rice flour substitution showed 

statistically significant differences in acceptance levels (p<0.05) in Table 7. The 50% substitution formula (SY50) received 

scores comparable to the control in several attributes, with no significant differences (p≥0.05) from the control sample in 

appearance (7.39±0.91 vs 7.40±0.95), taste (7.59±1.02 vs 7.61±1.23), texture (7.34±1.04 vs 7.44±0.94), and overall 

acceptance (7.27±1.14 vs 7.32±0.96). However, the 60% substitution (SY60) resulted in significantly lower scores across 

all attributes, with the lowest scores in appearance (5.66±1.20), texture (5.61±1.28), and overall acceptance (5.65±1.32). 

The 40% substitution (SY40) showed acceptance levels between SY50 and SY60. These findings indicate that Sangyod 

rice flour can effectively substitute wheat flour up to 50% without significantly affecting the sensory characteristics, while 

higher substitution levels may negatively impact consumer acceptance. This finding corresponds with Lekjing, et al. [35] 

who determined that replacing 50% of wheat flour with Sangyod brown rice flour was the most appropriate ratio for snack 

production based on its highest overall liking score. This is consistent with the previous studies on Thai pigmented rice 

flour substitution in bakery products, where partial substitution up to certain levels-maintained product acceptability [71]. 

Similar findings were reported for noodles with 30% Riceberry flour substitution, which achieved comparable sensory 

qualities to the control samples [69]. These studies demonstrate that Thai pigmented rice varieties can successfully replace 

wheat flour in various food products while maintaining sensory acceptance when appropriate substitution levels are used. 

 
Table 7.  

Sensory evaluation of butter cakes containing wheat flour substitution with Sangyod rice flour (40%, 50%, and 60% w/w). 

Characteristics Control SY40 SY50 SY60 

Appearance 7.40a±0.95 6.42b±1.19 7.39a±0.91 5.66c±1.20 

Color 7.43a±1.08 6.89b±1.17 7.02b±1.15 5.73c±1.32 

Smell 7.27a±1.32 6.19c±1.04 6.91b±1.18 5.92c±1.31 

Taste 7.61a±1.23 6.13b±1.14 7.59a±1.02 6.24b±1.75 

Texture 7.44a±0.94 6.38b±1.19 7.34a±1.04 5.61c±1.28 

Overall acceptability 7.32a±0.96 6.40b±1.08 7.27a±1.14 5.65c±1.32 
Note:  Control: 100% wheat flour; SY40, SY50, and SY60: butter cakes prepared by substituting wheat flour with 40%, 50%, and 60% w/w Sangyod rice flour, 

respectively. Results are expressed as mean ± SD (n = 100). Different superscript letters within the same row indicate means that are significantly different 

(p<0.05). 

 

The consumer satisfaction survey revealed highly positive responses across multiple evaluation criteria in Table 8. 

Satisfaction was measured using a 5-point rating scale. Most items received strongly agree ratings, with the highest 

satisfaction for supporting Sangyod rice farmers in Phatthalung Province (4.90±0.30) and promoting Thai rice usage in the 

bakery industry (4.87±0.33). Product innovation due to Sangyod rice flour incorporation (4.77±0.48), health benefits 

(4.73±0.56), added value (4.54±0.71), product appeal (4.53±0.68), suitability for general consumers (4.49±0.62), and 

suitability for health-conscious consumers (4.22±0.50) all received strongly agree ratings, with an overall mean satisfaction 

of 4.63±0.46. These positive responses align with the growing global demand for bakery products, which has been driven 

by factors such as easy availability, reasonable cost, and comparatively higher shelf life. Furthermore, with increasing 

health awareness among today's consumers, these results demonstrate that fortifying bakery products with healthy 

ingredients like Sangyod rice flour can successfully meet the evolving needs of health-conscious consumers [72, 73]. These 

high satisfaction ratings, particularly for supporting local farmers and promoting Thai rice usage, demonstrate that products 

with quality standards and effective marketing strategies can successfully drive both sales and market share [74]. The 

development of such rice-based products is supported by previous research showing the potential for Thai rice flour 

substitution in bakery products, particularly in butter cakes, which not only achieves consumer acceptance but also expands 

the utilization possibilities of Thai rice resources [31, 32]. This approach of Value addition through product development 

enhances consumer awareness and purchasing decisions, while promoting both local economic development and healthy 

eating habits. 
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Table 8.  

Consumer satisfaction levels. 

Satisfaction Items 
Frequency (Percentage) x̅  (SD) 

Level of 

agreement 

SD D N A SA   

1. Product is appetizing   11 

(11%) 

25 

(25%) 

64 

(64%) 

4.53±0.68 Strongly agree 

2. Product is suitable for health-

conscious consumers 

  4 

(4%) 

70 

(70%) 

26 

(26%) 

4.22±0.50 Strongly Agree 

3. Product is suitable for general 

consumers 

  7 

(7%) 

37 

(37%) 

56 

(56%) 

4.49±0.62 Strongly agree 

4. Product is innovative due to Sangyod 

rice flour incorporation 

  3 

(3%) 

17 

(17%) 

80 

(80%) 

4.77±0.48 Strongly agree 

5. Product provides health benefits due 

to Sangyod rice flour incorporation 

  6 

(6%) 

15 

(15%) 

79 

(79%) 

4.73±0.56 Strongly agree 

6. Product has added value due to 

Sangyod rice flour incorporation 

  13 

(13%) 

20 

(20%) 

67 

(67%) 

4.54±0.71 Strongly agree 

7. Product promotes the use of Thai rice 

in bakery industry 

   13 

(13%) 

87 

(87%) 

4.87±0.33 Strongly agree 

8. Product supports Sangyod rice 

farmers in Phatthalung Province 

   10 

(10%) 

90 

(90%) 

4.90±0.30 Strongly agree 

Total      4.63±0.46 Strongly agree 
Note:  SD = Strongly disagree (1), D = Disagree (2), N = Neither agree nor disagree (3), A = Agree (4), SA = Strongly agree (5); x̄ = mean, (SD) = standard deviation (n = 

100). 

 

The consumer acceptance analysis for butter cake made with Sangyod rice flour demonstrated highly positive 

responses in Figure 4(a). The product acceptance level reached 87% of consumers, with 12% uncertain and only 1% not 

accepting the product. Similarly, the purchase intent analysis also showed promising results in Figure 4b, with 85% of 

consumers indicating they would definitely buy the product if available in the market, while 14% were uncertain and only 

1% would definitely not buy. These high acceptance and purchase intent rates suggest that incorporating Sangyod rice flour 

into butter cakes has strong market potential. These findings align with the previous research on pudding products by 

Punfujinda, et al. [47] and sweet fish sauce development by Punfujinda, et al. [56] both of which demonstrated similar 

trends in high consumer acceptance and purchase intent. Purchase intent reflects consumer confidence and their willingness 

to pay for products, and when consumer attitudes align with expectations, purchase behavior tends to follow, especially 

when products receive widespread acceptance [75]. This study demonstrates how various factors, including consumer 

knowledge, food perception, and consumer attitudes, influence the Thai consumers' purchase intent for innovative foods 

through structural relationship analysis. 

 

 
(a) 
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(b) 
Figure 4.  
Evaluation of butter cakes containing Sangyod rice flour: (a) Level of product acceptance; (b) Market purchase 

intent (n=100) 

 

5. Conclusions 
This study successfully developed butter cake using Sangyod rice flour as a partial substitute for wheat flour. The 

optimal substitution level was found to be 50%, which maintained sensory acceptability while improving nutritional 

properties, including increased fiber content and bioactive compounds. Although the production costs increased slightly 

with incorporation of Sangyod rice flour, the added nutritional value and strong consumer acceptance suggest market 

potential. 

 

5.1. Implications  

The product not only offers a healthier alternative to conventional butter cakes but also supports local agriculture by 

promoting the use of Sangyod rice, a valuable economic crop from Phatthalung Province. The successful incorporation of 

Sangyod rice flour into bakery products could encourage broader utilization of this local economic crop across various food 

industries, potentially creating new market opportunities and strengthening the agricultural economy of Phatthalung 

Province. This product development also adds value throughout the Sangyod rice supply chain, benefiting everyone from 

farmers and processors to food product manufacturers, contributing to the economic sustainability of local communities. 

 

5.2. Limitations Recommendations and Future Research  

The study has some limitations that should be addressed in future research. Specifically, the storage stability and shelf 

life of the developed product were not evaluated in this study. Future studies should investigate the effects of storage 

conditions on product quality, as well as determine appropriate packaging materials and storage recommendations. 

Additionally, the cost analysis was based on current market prices in Pathum Thani Province; future research should 

consider broader market analysis across different regions. Future research opportunities include exploring the development 

of other bakery products using Sangyod rice flour, optimizing processing conditions to enhance bioactive compound 

retention, investigating consumer willingness to pay for premium health-oriented bakery products, and examining the 

potential for scaling up production for commercial applications. These research directions could further advance the 

understanding and application of Sangyod rice flour in food product development, while also supporting sustainable local 

agriculture. 

 

References 
[1] X. Q. Chen, N. Nagao, T. Itani, and K. Irifune, "Anti-oxidative analysis, and identification and quantification of anthocyanin 

pigments in different coloured rice," Food Chemistry, vol. 135, no. 4, pp. 2783-2788, 2012.  

https://doi.org/10.1016/j.foodchem.2012.06.098 

[2] A. Ghasemzadeh, M. T. Karbalaii, H. Z. Jaafar, and A. Rahmat, "Phytochemical constituents, antioxidant activity, and 

antiproliferative properties of black, red, and brown rice bran," Chemistry Central Journal, vol. 12, pp. 1-13, 2018.  

https://doi.org/10.1186/s13065-018-0382-9 

[3] V. Kumar, P. Singh, and A. Sharma, "Recent trends of potential medicinal uses of rice bran with its composition and 

bibliographic analysis," eFood, vol. 4, no. 3, p. e86, 2023.  https://doi.org/10.1002/efd2.86 

[4] Y. Shao, Z. Hu, Y. Yu, R. Mou, Z. Zhu, and T. Beta, "Phenolic acids, anthocyanins, proanthocyanidins, antioxidant activity, 

minerals and their correlations in non-pigmented, red, and black rice," Food chemistry, vol. 239, pp. 733-741, 2018.  

http://dx.doi.org/10.1016/j.foodchem.2017.07.009 

https://doi.org/10.1016/j.foodchem.2012.06.098
https://doi.org/10.1186/s13065-018-0382-9
https://doi.org/10.1002/efd2.86
http://dx.doi.org/10.1016/j.foodchem.2017.07.009


 
 

               International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 924-938
 

936 

[5] L. Kammapana, "Physical characteristics, phytochemical contents and antioxidant activity of ten organic-pigmented rice 

varieties from Surin province," Trends in Sciences, vol. 20, no. 4, pp. 4566-4566, 2023.  https://doi.org/10.48048/tis.2023.4566 

[6] N. Thitipramote et al., "Health benefits and safety of red pigmented rice (Oryza sativa L.): In vitro, cellular, and in vivo 

activities for hair growth promoting treatment," Cosmetics, vol. 9, no. 6, p. 111, 2022.  

https://doi.org/10.3390/cosmetics9060111 

[7] Y.-P. Huang and H.-M. Lai, "Bioactive compounds and antioxidative activity of colored rice bran," Journal of Food and Drug 

Analysis, vol. 24, no. 3, pp. 564-574, 2016.  https://doi.org/10.1016/j.jfda.2016.01.004 

[8] G. Jan-On et al., "Antihypertensive effect and safety evaluation of rice bran hydrolysates from Sang-Yod rice," Plant Foods for 

Human Nutrition, vol. 75, pp. 89-95, 2020.  https://doi.org/10.1007/s11130-019-00789-9 

[9] C. K. Reddy, L. Kimi, S. Haripriya, and N. Kang, "Effects of polishing on proximate composition, physico-chemical 

characteristics, mineral composition and antioxidant properties of pigmented rice," Rice Science, vol. 24, no. 5, pp. 241-252, 

2017.  https://doi.org/10.1016/j.rsci.2017.05.002 

[10] A. Itharat, S. Uttama, and S. Makchuchit, "Anti-inflammatory activities of constituents in sang yod rice extracts, γ-oryzanol, 

vitamins E, B1, B2 and B3, using inhibitory effects on nitric oxide (NO) production in lipopolysaccharide (LPS) activated 

RAW 264.7 murine macrophage cells," Medicinal & Aromatic Plants, vol. 5, no. 3, pp. 0412-2167, 2016.  

http://dx.doi.org/10.4172/2167-0412.1000244 

[11] N. Pengkumsri et al., "Physicochemical and antioxidative properties of black, brown and red rice varieties of northern 

Thailand," Food Science and Technology, vol. 35, pp. 331-338, 2015.  https://doi.org/10.1590/1678-457X.6573 

[12] J. Mattei et al., "Reducing the global burden of type 2 diabetes by improving the quality of staple foods: The Global Nutrition 

and Epidemiologic Transition Initiative," Globalization and Health, vol. 11, pp. 1-20, 2015.  https://doi.org/10.1186/s12992-

015-0109-9 

[13] Y. Shao and J. Bao, "Polyphenols in whole rice grain: Genetic diversity and health benefits," Food Chemistry, vol. 180, pp. 86-

97, 2015.  https://doi.org/10.1016/j.foodchem.2015.02.027 

[14] K. Kabploy et al., "Sangyod rice bran extract enhances Lacticaseibacillus paracasei growth during the exponential phase and 

antibacterial activity of L. paracasei supernatant against zoonotic and foodborne pathogens," Veterinary World, vol. 15, no. 10, 

p. 2466, 2022.  https://doi.org/10.14202/vetworld.2022.2466-2474 

[15] P. Noimusik, S. Yenchon, and S. Techato, "Yield performance of rice var. Sang yod phatthalung under field condition," 

International Journal of Agricultural Technology, vol. 20, no. 2, pp. 631-642, 2024.  

[16] P. Rodjan et al., "Antibacterial and antivirulence factor activities of protein hydrolysates from Phatthalung Sangyod rice 

(Oryza sativa L.) seeds against zoonotic and foodborne pathogens," Veterinary World, vol. 16, no. 10, pp. 2002-2015, 2023.  

https://doi.org/10.14202/vetworld.2023.2002-2015 

[17] S. Thitiorul, S. Tanuchit, C. Jansom, and S. Uttama, "Antigenotoxic activity of Thai Sangyod red rice extracts against a 

chemotherapeutic agent, doxorubicin, in human lymphocytes by sister chromatid exchange (SCE) assay in vitro," Journal of 

the Medical Association of Thailand, vol. 95, no. 1, pp. S109-S114, 2012.  

[18] W. Woonnoi, W. Suttithumsatid, N. Muneerungsee, J. Saetan, S. Tanasawet, and W. Sukketsiri, "Sangyod rice extract inhibits 

adipocyte growth and differentiation via mTOR, Akt, and AMPK pathways," Journal of Functional Foods, vol. 111, p. 

105913, 2023.  https://doi.org/10.1016/j.jff.2023.105913 

[19] R. Yampuang et al., "Effects of sangyod rice as a substitute for wheat flour on the physical properties of butter Cake products," 

Journal of Food Health and Bioenvironmental Science, vol. 15, no. 3, pp. 22-27, 2022.  

[20] J. Banchuen, P. Thammarutwasik, B. Ooraikul, P. Wuttijumnong, and P. Sirivongpaisal, "Effect of germinating processes on 

bioactive component of Sangyod Muang Phatthalung rice," Thai Journal of Agricultural Science, vol. 42, no. 4, pp. 191-199, 

2009.  

[21] C. Aenglong, W. Woonnoi, S. Tanasawet, W. Klaypradit, and W. Sukketsiri, "Impact of time and enzyme concentration on 

sangyod rice bran hydrolysate: Phytochemicals, antioxidants, amino acids, and cytotoxicity," Rice, vol. 17, no. 1, p. 13, 2024.  

https://doi.org/10.1186/s12284-024-00692-1 

[22] W. Rika, P. Tantong, and S. Nupaung, "Farmers’ production and distribution channels of Sang Yod Rice in Phattalung 

province," WMS Journal of Management, vol. 2, no. 1, pp. 1-6, 2013.  

[23] J. Rakmai, V. Haruthaithanasan, P. Chompreeda, P. Chatakanonda, and U. Yonkoksung, "Development of gluten-free and low 

glycemic index rice pancake: Impact of dietary fiber and low-calorie sweeteners on texture profile, sensory properties, and 

glycemic index," Food Hydrocolloids for Health, vol. 1, p. 100034, 2021.  https://doi.org/10.1016/j.fhfh.2021.100034 

[24] M. Wojcik, I. Burzynska-Pedziwiatr, and L. Wozniak, "A review of natural and synthetic antioxidants important for health and 

longevity," Current Medicinal Chemistry, vol. 17, no. 28, pp. 3262-3288, 2010.  https://doi.org/10.2174/092986710792231950 

[25] J. Jeenkeawpieam et al., "Antifungal activity of protein hydrolysates from Thai Phatthalung Sangyod rice (Oryza sativa L.) 

seeds," Veterinary World, vol. 16, no. 5, p. 1018, 2023.  https://doi.org/10.14202/vetworld.2023.1018-1028 

[26] P. Goufo and H. Trindade, "Rice antioxidants: phenolic acids, flavonoids, anthocyanins, proanthocyanidins, tocopherols, 

tocotrienols, γ‐oryzanol, and phytic acid," Food Science & Nutrition, vol. 2, no. 2, pp. 75-104, 2014.  

https://doi.org/10.1002/fsn3.86 

[27] E. A. Hudson, P. A. Dinh, T. Kokubun, M. S. Simmonds, and A. Gescher, "Characterization of potentially chemopreventive 

phenols in extracts of brown rice that inhibit the growth of human breast and colon cancer cells," Cancer Epidemiology 

Biomarkers & Prevention, vol. 9, no. 11, pp. 1163-1170, 2000.  

[28] U. Srisawat et al., "Determination of phenolic compounds, flavonoids, and antioxidant activities in water extracts of Thai red 

and white rice cultivars," Journal of the Medical Association of Thailand= Chotmaihet thangphaet, vol. 93, pp. S83-91, 2010.  

https://doi.org/10.1055/s-0030-1264431 

[29] G. I. Abd El-Wahab, "Utilization of sweet potato flour as natural antioxidant to keeping quality of butter cake during storage," 

Middle East Journal of Applied Sciences, vol. 6, no. 4, pp. 1066-1075, 2016.  

[30] M. Mursyid and D. Gita, "Substitution of wheat flour with nypa flour to characteristics butter cake and acceptance of panelist," 

Indonesian Food Science and Technology Journal, vol. 2, no. 1, pp. 13-16, 2018.  https://doi.org/10.22437/ifstj.v2i1.6413 

[31] A. Sae‐Eaw et al., "Acceptance and purchase intent of US consumers for nonwheat rice butter cakes," Journal of Food Science, 

vol. 72, no. 2, pp. S92-S97, 2007.  https://doi.org/10.1111/j.1750-3841.2006.00256.x 

https://doi.org/10.48048/tis.2023.4566
https://doi.org/10.3390/cosmetics9060111
https://doi.org/10.1016/j.jfda.2016.01.004
https://doi.org/10.1007/s11130-019-00789-9
https://doi.org/10.1016/j.rsci.2017.05.002
http://dx.doi.org/10.4172/2167-0412.1000244
https://doi.org/10.1590/1678-457X.6573
https://doi.org/10.1186/s12992-015-0109-9
https://doi.org/10.1186/s12992-015-0109-9
https://doi.org/10.1016/j.foodchem.2015.02.027
https://doi.org/10.14202/vetworld.2022.2466-2474
https://doi.org/10.14202/vetworld.2023.2002-2015
https://doi.org/10.1016/j.jff.2023.105913
https://doi.org/10.1186/s12284-024-00692-1
https://doi.org/10.1016/j.fhfh.2021.100034
https://doi.org/10.2174/092986710792231950
https://doi.org/10.14202/vetworld.2023.1018-1028
https://doi.org/10.1002/fsn3.86
https://doi.org/10.1055/s-0030-1264431
https://doi.org/10.22437/ifstj.v2i1.6413
https://doi.org/10.1111/j.1750-3841.2006.00256.x


 
 

               International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 924-938
 

937 

[32] A. Sae-Eaw, P. Chompreeda, T. Suwonsichon, V. Haruthaithanasan, and W. Prinyawiwatkul, "Consumer acceptance and 

purchase decisions of butter cake from Jasmine rice flour," Witthayasan Kasetsart (Sakha Sangkhommasat), vol. 28, pp. 377-

384, 2007.  

[33] T. Kitisin, N. Saewan, and N. Luplertlop, "Potential anti-inflammatory and anti-oxidative properties of Thai colored-rice 

extracts," Plant Omics, vol. 8, no. 1, pp. 69-77, 2015.  

[34] N. Srisuk and K. Tudpor, "Identification of nutraceuticals and antioxidant activity in low-cost broken rice varieties," Journal of 

Pharmaceutical Negative Results, vol. 13, no. 4, pp. 1486-1491, 2022.  https://doi.org/10.47750/pnr.2022.13.04.210 

[35] S. Lekjing, P. Noonim, S. Boottajean, and P. Chantawong, "Effect of substitution of wheat flour with Sangyod brown rice flour 

on physicochemical and sensory qualities in snack product," Khon Kaen Agriculture Journal, vol. 47, no. 1, pp. 679-684, 2019.  

[36] W. PhaoPhan, S. Seubsman, and S. Sinsuwan, "Bread product development from sangyod brown rice (Oryza sativa L.) flour 

supplement with baegu (Gnetum gnemon Linn. var. tenerum Markgr.)," presented at the 10th STOU National Research 

Conference, 2020. 

[37] P. Wangpankhajorn, S. Maneechot, M. Junsi, T. Jannu, and R. S. Samakradhamrongthai, "Effect of substitution of wheat flour 

with sungyod rice flour on physical and sensory qualities in cookies," Journal of Science and Technology, vol. 9, no. 2, pp. 1-

15, 2020.  

[38] W. Klunklin, "Development of biscuits using purple rice flour, defatted green-lipped mussel powder and spices," Ph.D. 

Dissertation, Lincoln University, Lincoln, New Zealand, 2018.  

[39] C. Punfujinda, L. Sthienrattanon, and O. Upathamphanon, "Development of brownie by using black glutinous rice flour instead 

of wheat flour," Research on Modern Science and Utilizing Technological Innovation Journal (RMUTI Journal), vol. 10, no. 1, 

pp. 06-119, 2017.  

[40] R. Sompong, S. Siebenhandl-Ehn, G. Linsberger-Martin, and E. Berghofer, "Physicochemical and antioxidative properties of 

red and black rice varieties from Thailand, China and Sri Lanka," Food Chemistry, vol. 124, no. 1, pp. 132-140, 2011.  

https://doi.org/10.1016/j.foodchem.2010.05.115 

[41] Office of the Permanent Secretary Ministry of Agriculture and Cooperatives, "Sangyod rice production data in Phatthalung 

province," Retrieved: https://www.opsmoac.go.th/phatthalung-dwl-files-441291791950. [Accessed 2021. 

[42] S. Khumkhom, "Effect of riceberry flour on physicochemical properties and antioxidant activities of steamed bun," Thai 

Science and Technology Journal, vol. 28, no. 11, pp. 2026-2038, 2020.  https://doi.org/10.14456/tstj.2020.161 

[43] P. Songpranam, K. Chumkaew, R. Chowthanakij, and M. Noppakun, "Substitution of rice flour with banana flour for 

developing Khanom Thong Att products," Food Research, vol. 6, no. 6, pp. 214-220, 2022.  

https://doi.org/10.26656/fr.2017.6(6).655 

[44] AOAC, Official methods of the association of official analytical chemists. Washington, D.C: The Association of Official 

Analytical Chemists, 2005. 

[45] K. Archanachai, S. Teepoo, and S. Sansenya, "Effect of gamma irradiation on growth, proline content, bioactive compound 

changes, and biological activity of 5 popular Thai rice cultivars," Journal of Bioscience and Bioengineering, vol. 132, no. 4, 

pp. 372-380, 2021.  https://doi.org/10.1016/j.jbiosc.2021.06.011 

[46] L. S. Chang, Y. W. Ooi, and L. P. Pui, "Production of enzymatic hydrolysed spray-dried honeydew melon (Cucumis melo L.) 

powder," Journal of Agriculture and Food Research, vol. 10, p. 100364, 2022.  https://doi.org/10.1016/j.jafr.2022.100364 

[47] C. Punfujinda, P. Pattarathitiwat, and M. Saree, "Effect of corn starch on sensory quality, physical quality, and consumer 

acceptance of gelatin-free pudding products," Asia-Pacific Journal of Science and Technology, vol. 29, no. 5, pp. 1–8, 2024.  

https://doi.org/10.24843/APJST.2024.v29i05.01 

[48] M. N. Tanyitiku, P. Bessem, and I. C. N. Petcheu, "Gluten‐free corn cookies incorporated with stinging nettle leaf flour: effect 

on physical properties, storage stability, and health benefits," International Journal of Food Science, vol. 2024, no. 1, p. 

8864560, 2024.  https://doi.org/10.1155/2024/8864560 

[49] K. Chumkaew and C. Punfujinda, "Effect of Tiliacora triandra leaf juice on qualities of Thai layered dessert," Science 

Engineering and Health Studies, vol. 13, no. 3, pp. 133-142, 2019.  

[50] A. N. Olaimat et al., "Physicochemical and sensory characteristics of gluten-free corn-based biscuit supplemented with walnut 

and peanut for celiac patients," Journal of the Saudi Society of Agricultural Sciences, vol. 22, no. 7, pp. 413-419, 2023.  

https://doi.org/10.1016/j.jssas.2023.03.007 

[51] A. Pasqualone, B. Laddomada, F. Boukid, D. D. Angelis, and C. Summo, "Use of almond skins to improve nutritional and 

functional properties of biscuits: An example of upcycling," Foods, vol. 9, no. 11, p. 1705, 2020.  

https://doi.org/10.3390/foods9111705 

[52] K. K. Olatoye, E. A. Irondi, W. Awoyale, and O. I. Adeyemo, "Nutrient composition, antioxidant properties, and sensory 

characteristics of instant Kunu from pearl millet supplemented with African locust bean pulp," Journal of Ethnic Foods, vol. 

10, no. 1, p. 21, 2023.  https://doi.org/10.1186/s42779-023-00188-1 

[53] A. B. Zulu, C. Bothma, M. De Wit, and A. du Toit, "Flavour profile, consumer acceptance and cooking methods of 

Portulacaria afra (spekboom) leaves," International Journal of Gastronomy and Food Science, vol. 33, p. 100784, 2023.  

https://doi.org/10.1016/j.ijgfs.2023.100784 

[54] D. Kohli, A. Jain, O. Singh, and S. Kumar, "Gluten free approach of biscuits preparation," Journal of Agriculture and Food 

Research, vol. 14, p. 100683, 2023.  https://doi.org/10.1016/j.jafr.2023.100683 

[55] B. Abdon-Liwanag, E. C. Padohinog, and N. W. Balsicas, "Online learning satisfaction among college students from a higher 

education institution in cavite," Online Submission, vol. 4, no. 1, pp. 12-18, 2022.  

[56] C. Punfujinda, P. Pattarathitiwat, P. Songpranam, U. Chitravimol, R. Buranasuont, and K. Chumkaew, "Product development 

of sweet fish sauce from dried white shrimp: Sensory evaluation, physical and chemical quality and nutrition," Journal of Food 

Health and Bioenvironmental Science, vol. 14, no. 3, pp. 42-51, 2021.  

[57] Bureau of Nutrition, Food composition table of thai foods. Bangkok: Office of Printing Affairs, 2018. 

[58] J. Ratseewo, F. Warren, and S. Siriamornpun, "The influence of starch structure and anthocyanin content on the digestibility of 

Thai pigmented rice," Food Chemistry, vol. 298, p. 124949, 2019.  https://doi.org/10.1016/j.foodchem.2019.06.016 

[59] P. Waewkum and J. Singthong, "Functional properties and bioactive compounds of pigmented brown rice flour," Bioactive 

Carbohydrates and Dietary Fibre, vol. 26, p. 100289, 2021.  https://doi.org/10.1016/j.bcdf.2021.100289 

https://doi.org/10.47750/pnr.2022.13.04.210
https://doi.org/10.1016/j.foodchem.2010.05.115
https://www.opsmoac.go.th/phatthalung-dwl-files-441291791950
https://doi.org/10.14456/tstj.2020.161
https://doi.org/10.26656/fr.2017.6(6).655
https://doi.org/10.1016/j.jbiosc.2021.06.011
https://doi.org/10.1016/j.jafr.2022.100364
https://doi.org/10.24843/APJST.2024.v29i05.01
https://doi.org/10.1155/2024/8864560
https://doi.org/10.1016/j.jssas.2023.03.007
https://doi.org/10.3390/foods9111705
https://doi.org/10.1186/s42779-023-00188-1
https://doi.org/10.1016/j.ijgfs.2023.100784
https://doi.org/10.1016/j.jafr.2023.100683
https://doi.org/10.1016/j.foodchem.2019.06.016
https://doi.org/10.1016/j.bcdf.2021.100289


 
 

               International Journal of Innovative Research and Scientific Studies, 8(1) 2025, pages: 924-938
 

938 

[60] S. Yodmanee, T. Karrila, and P. Pakdeechanuan, "Physical, chemical and antioxidant properties of pigmented rice grown in 

Southern Thailand," International Food Research Journal, vol. 18, no. 3, pp. 901-906, 2011.  https://doi.org/10.1007/s40502-

016-0237-0 

[61] S. Pradipta, M. Ubaidillah, and T. A. Siswoyo, "Physicochemical, functional and antioxidant properties of pigmented rice," 

Current Research in Nutrition and Food Science Journal, vol. 8, no. 3, pp. 837-851, 2020.  

https://doi.org/10.12944/CRNFSJ.8.3.15 

[62] W. Mokrzycki and M. Tatol, "Colour difference∆ EA survey," Machine Graphics and Vision, vol. 20, no. 4, pp. 383-411, 

2011.  https://doi.org/10.1007/s11042-011-0801-0 

[63] G. H. Lang et al., "Cake of brown, black and red rice: Influence of transglutaminase on technological properties, in vitro starch 

digestibility and phenolic compounds," Food Chemistry, vol. 318, p. 126480, 2020.  

https://doi.org/10.1016/j.foodchem.2020.126480 

[64] J.-L. Mau, C.-C. Lee, Y.-P. Chen, and S.-D. Lin, "Physicochemical, antioxidant and sensory characteristics of chiffon cake 

prepared with black rice as replacement for wheat flour," Lwt, vol. 75, pp. 434-439, 2017.  

https://doi.org/10.1016/j.lwt.2016.09.019 

[65] A. Aydogdu, G. Sumnu, and S. Sahin, "Effects of addition of different fibers on rheological characteristics of cake batter and 

quality of cakes," Journal of food science and technology, vol. 55, pp. 667-677, 2018.  https://doi.org/10.1007/s13197-017-

2976-y 

[66] O. R. Fennema, Fennema's food chemistry, 5th ed. Maryland: CRC Press, 2017. 

[67] M. Gómez, A. Moraleja, B. Oliete, E. Ruiz, and P. A. Caballero, "Effect of fibre size on the quality of fibre-enriched layer 

cakes," LWT-Food Science and Technology, vol. 43, no. 1, pp. 33-38, 2010.  https://doi.org/10.1016/j.lwt.2009.06.026 

[68] P. C. Das, M. J. Khan, M. S. Rahman, S. Majumder, and M. N. Islam, "Comparison of the physico-chemical and functional 

properties of mango kernel flour with wheat flour and development of mango kernel flour based composite cakes," NFS 

Journal, vol. 17, pp. 1-7, 2019.  https://doi.org/10.1016/j.nfs.2019.10.001 

[69] S. Sirichokworrakit, J. Phetkhut, and A. Khommoon, "Effect of partial substitution of wheat flour with riceberry flour on 

quality of noodles," Procedia-Social and Behavioral Sciences, vol. 197, pp. 1006-1012, 2015.  

https://doi.org/10.1016/j.sbspro.2015.07.294 

[70] T. Srisawat et al., "Natural farming negatively influences the growth of Sangyod Muang Phatthalung rice (Oryza sativa L.) but 

not its grain production or quality in preliminary comparison to conventional farming," Acta Agrobotanica, vol. 77, 2024.  

https://doi.org/10.5586/aa/185310 

[71] P. Itthivadhanapong and A. Sangnark, "Effects of substitution of black glutinous rice flour for wheat flour on batter and cake 

properties," International Food Research Journal, vol. 23, no. 3, pp. 1190-1198, 2016.  

[72] N. Kumar and R. D. Murali, "Black Rice: A novel ingredient in food processing," Journal of Nutrition and Food Science, vol. 

10, no. 2, p. 771, 2020.  https://doi.org/10.4172/2155-9600.1000771 

[73] M. Das, U. Dash, S. S. Mahanand, P. K. Nayak, and R. K. Kesavan, "Black rice: A comprehensive review on its bioactive 

compounds, potential health benefits and food applications," Food Chemistry Advances, vol. 3, p. 100462, 2023.  

https://doi.org/10.1016/j.fca.2023.100462 

[74] F. Sgroi, F. Modica, A. Baviera-Puig, G. Giamporcaro, and C. Sciortino, "Consumer response to PDO table olives: An analysis 

of consumer behavior for using ordered logistic regression," Research on World Agricultural Economy, vol. 5, no. 4, pp. 1-8, 

2024.  https://doi.org/10.36956/rwae.v5i4.1233 

[75] B. Zhu, A. Phunthasaen, C. Rungruengarporn, and S. Pinpak, "Understanding Thai consumers' intentions to purchase 

genetically modified foods," Research on World Agricultural Economy, vol. 5, no. 4, pp. 1-22, 2024.  

https://doi.org/10.36956/rwae.v5i4.1298 

 

 

https://doi.org/10.1007/s40502-016-0237-0
https://doi.org/10.1007/s40502-016-0237-0
https://doi.org/10.12944/CRNFSJ.8.3.15
https://doi.org/10.1007/s11042-011-0801-0
https://doi.org/10.1016/j.foodchem.2020.126480
https://doi.org/10.1016/j.lwt.2016.09.019
https://doi.org/10.1007/s13197-017-2976-y
https://doi.org/10.1007/s13197-017-2976-y
https://doi.org/10.1016/j.lwt.2009.06.026
https://doi.org/10.1016/j.nfs.2019.10.001
https://doi.org/10.1016/j.sbspro.2015.07.294
https://doi.org/10.5586/aa/185310
https://doi.org/10.4172/2155-9600.1000771
https://doi.org/10.1016/j.fca.2023.100462
https://doi.org/10.36956/rwae.v5i4.1233
https://doi.org/10.36956/rwae.v5i4.1298



