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ABSTRACT 

Gluten-free cereals have been extensively studied over decades, due to their nutritional value, gluten-

free properties, food security and climate adaptability. The purpose of this study is to explore the 

nutritional composition and consumer acceptability of rice, organic quinoa, and buckwheat that are 

available in Malaysia. Further, it examines the link between the incidence of allergy and child 

mortality, with a focus on the effect on nutrition. The nutritional quality was evaluated using 

proximate analysis and the sensory evaluation was used to evaluate the consumers' acceptance. Grain 

quality analysis revealed significantly smaller length and breadth of quinoa and buckwheat than in 

rice. The weight of buckwheat was higher than quinoa and rice (2.72kg, 0.39kg and 1.98kg 

respectively, p<0.05). Quinoa had the lowest measurements for all three quality measurements (length 

and breadth 0.12 m, weight 0.39 kg, p < 0.05). Buckwheat has a higher protein content (8.3%) than 

quinoa (5.8%) and rice (3.6%) based on proximate analysis. Rice was determined to be more 

acceptable to consumers in Malaysia than quinoa and buckwheat in sensory evaluation. The study 

illuminates the preferences and nutritional characteristics of the various types of cereal products as 

well as the important link between the onset of allergies and child mortality, which highlights its 

importance in terms of nutrition. The results highlight that the Malaysians are familiar with rice as 

compared with other grain choices. 
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INTRODUCTION 

 Organic food comes from crops or animals that are not grown using artificial fertilizers, pesticides 

and growth regulators (Williams, 2002). The global demand for organic food is continuously growing 

(Dangour et al., 2009) and the global organic food market grows with £80 billion in 2016, whereas 

£29 billion in 2005 (Willer & Lernoud, 2018). Ecologists, agronomists, nutritionists and medical 

experts have long pointed out the disadvantages of this intensive production system despite its 

impressive scale in the 20th century in the industrialized countries (Lairon, 2011). 
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Gluten-free cereals such as amaranth, buckwheat, quinoa, and teff have been of interest for research 

for at least 20 years, because they are nutritious, gluten-free, have food security implications, and are 

climate-proof (Taylor & Awika, 2017). These grains have been identified as important protein sources 

(Saturni, Ferretti & Bacchetti, 2010). The quinoa is a pseudo-cereal with a high-quality protein and 

amino acid balance (Abugoch et al., 2008; Vega Gálvez et al., 2010). It is also rich in minerals, 

vitamins, polyphenols, phytosterols, and has practical properties like solubility, water holding 

capacity, gelation, emulsifying and foaming (Joshi, 2012; Valcárcel-Yamani, & da Silva Lannes, 

2012; Nowak, Du, & Charrondière, 2016). The nutritional benefits of quinoa have resulted in its use 

as a new functional food (Sjöö & Nilsson, 2017). 

With its remarkable nutritional and health-promoting properties, buckwheat has become a crop of 

interest as a therapy for various health problems, including diabetes, obesity, hypertension, and 

hypercholesterolemia. This grain is a good source of nutraceuticals like starch, proteins, antioxidants, 

dietary fiber and trace elements (Christa and Soral-Śmietana, 2008). The buckwheat grains have a 

wide spectrum of properties that can be used to develop functional foods; addition of buckwheat flour 

in diet or food preparation is a promising way of improving human health. Moreover, buckwheat can 

be considered as an ideal food for coeliac sufferers as it is an alternative to wheat gluten (Alvarez-

Jubete, Arendt & Gallagher, 2010). Buckwheat is acknowledged as a rich source of the nutrients; 

manganese, magnesium, dietary fibre, high phenolic compounds and antioxidant activity (Wijngaard 

& Arendt, 2006). 

In Malaysia, eating grains is correlated with gluten, a factor that is linked to allergies. Results show 

that there is a slightly higher prevalence of allergic diseases, and there are regional differences in 

nutritional value, including child mortality rates. This highlights the need to not only take account of 

the nutritional properties of these grains but also their role in the health of children and the occurrence 

of allergies, in particular. The health benefits of gluten-free organic grains have been well 

documented, but more research is needed to determine if there are differences in nutritional profile, 

value and consumer acceptance of these organic grains. This study is to determine the nutritional 

quality and value of organic quinoa and buckwheat in Malaysia, where potential association with 

allergies and child mortality rates is considered, and to compare its acceptability to organic rice as a 

control. 

Allergy onset and child mortality are complex phenomena, and is related to the nutritional status, 

which is affected by dietary patterns, especially in the Malaysian context. The popular trend of grain 

consumption in the country has been linked to gluten, which is related to allergies (de Araújo Morais 

et al. 2021). Interestingly, the results show a higher prevalence of allergic diseases, highlighting the 

possible effects of diet on health (Gargano et, al. 2021). Furthermore, the regional differences in 

nutritional value (such as differences in child mortality rates) show that this relationship is 

multifaceted (Lachowycz, 2013). Overall, these factors highlight the importance of conducting in-

depth research to understand the complex relationship between diet, health outcomes, and regional 

variations in Malaysia. 

 

MATERIALS AND METHOD 

The research aimed to assess the nutritional quality of organic quinoa and buckwheat, while also 

gauging the degree of acceptability of these chosen organic grains when compared to organic rice. 

Seeds of these three organic grains were procured from the Malaysian market situated in Kuala 

Lumpur. These acquired seeds underwent a thorough purification process to eliminate any extraneous 

substances. Subsequently, they were subjected to drying and preservation under room conditions (25 

± 2°C) until they were ready for chemical analysis. 

Grain quality analysis  

An analysis was conducted on a 100-gram portion of each grain, and parameters such as grains 

weight, size, and width were carefully measured and recorded. 

Proximate analysis  

The nutritional quality of these grains was assessed through proximate analysis, a method used to 

determine the major constituents of food, including moisture, ash (minerals), and protein. Moisture 

content in the grain samples was determined following the method outlined in (AOAC, 2012). 
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Moisture content was computed and expressed as a percentage of the initial grain weight using the 

following formula:  

 

Moisture =   (Initial mass of sample – Mass after drying) 

                            Initial mass of sampled used 

 

The ash content was determined following the procedure outlined in AOAC (2012) methodology. The 

samples were carefully weighed and placed into a crucible that had been previously heated and 

weighed. This crucible, along with its contents, was then subjected to a furnace set at 550°C for 

combustion. After the process, the crucible was allowed to cool in a desiccator, then reweighed. The 

percentage of ash content was subsequently calculated using the following formula: 

 

% Crude ash =         Mass of ash                   x 100 

                           Dry mass of sample used 

Crude protein (% total nitrogen x 6.25) was determined by Kjeldahl method (Kjeldahl, 1883). 

Kjeldahl method is based on wet combustion of sample by heating with concentrated H2SO4 in the 

presence of metallic catalyst to affect the reduction of organic nitrogen in the sample. The percentage 

protein was then calculated by using the formula below. 

 

% Nitrogen =   (Vs – VB) x NA x 0.01401 x100 

                                               W 

Where: VS = Volume of acid used in titration, NA= Normality of acid VB = Volume of base and W 

=Mass of sample used.  

 

Sensory Evaluation  

A sensory evaluation was carried out with the participation of 50 students from the International 

University of Malaya-Wales (IUMW). The objective of this sensory analysis was to evaluate and 

compare the acceptability of organic quinoa and buckwheat against the control organic rice, 

considering sensory aspects such as size, texture, taste, aroma, and appearance. A five-point hedonic 

scale questionnaire was administered to the students along with cooked grains. This questionnaire 

allowed students to assess sensory attributes and overall acceptability of the products. The scale was 

structured as follows: 5 = really good, 4= good, 3= neutral, 2= dislike, 1= strongly dislike in 

accordance with the criteria established by Iwe (2002). 

Data Analysis  

Statistical analysis was conducted using statistical package for social sciences (IBM SPSS Version 

25.0) for the sample of 50 students from International University of Malaya-Wales in Kuala Lumpur, 

Malaysia. Descriptive statistics such as frequency and percentage were carried out for categorical 

variables. One-way Analysis of Variance (ANOVA) was applied to compare the difference between 

the grains. A significant level was set at p <0.05. 

 

RESULTS 

Grain quality analysis  

Table 1 displays the outcomes concerning the grain quality. Notably, quinoa and buckwheat exhibited 

significantly smaller dimensions in terms of length and breadth when compared to rice. Interestingly, 

buckwheat stood out with a higher weight than both quinoa and rice (2.72 kg, 0.39 kg, and 1.98 kg 

respectively, with a significance level of p < 0.05). Conversely, quinoa recorded the lowest values 

across all three quality parameters (length and breadth at 0.12 m, and weight at 0.39 kg, p < 0.05).  

Proximate analysis  

The result of the proximate analysis is also shown in Table 1. Buckwheat has significantly highest 

protein content (8,33%) compared to rice and quinoa (p<0.05). The ash and moisture contents in the 

three grains show no significant difference (p>0.05). The moisture content was higher in quinoa than 

rice and buckwheat. 
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Sensory Analysis  

Table 2 described the sociodemographic characteristics of the respondents. Majority aged between 20 

to 29, females (68%), and are doing their bachelor’s degree. In terms of ethnicity, 28% are Malay, and 

30% are another ethnic group with Indian and Chinese are the Minority.  

The results of sensory evaluation of smell, colour, texture, appearance, taste and the acceptability of 

the selected organic grains were presented in Table 3. The result shows that 46 respondents think that 

both quinoa and buckwheat are good in smell while 44% for rice. Forty-four and 42% of the 

respondents attributed that colour of quinoa and buckwheat is good while 44% found the rice to be 

really good. For the texture, 46% of the respondents find it good for quinoa and buckwheat, while 

44% said rice is good. Overall appearance showed that, quinoa and buckwheat appear to be better 

(54%) than rice (46%). Moreover, taste acceptability shows that, quinoa and buckwheat have better 

acceptability (54%) compared to rice while 22% of the respondents are for all the three samples Table 

3.  

In terms of the overall acceptability among the participants, all the three grains have equal acceptance 

levels, 42% good, 32% really good and 26% are neutral Figure 1.  

On the other hand, Table 4 present the preferences of the respondents on the grains. Majority of the 

participants (64) prefer rice than quinoa or buckwheat. These results might entail that the participants 

are more familiar with rice that the other grains. Moreover, 76% thinks that quinoa can be an alternate 

staple food for Malaysia, while only 24% recommend buckwheat. In terms of recommendation, 54% 

recommend rice rather than quinoa of buckwheat Table 4. 

 

DISCUSSION 

Grain quality attributes, encompassing dimensions such as length, breadth, and weight, assume a 

pivotal role in shaping consumer preferences for diverse grains (Pal et al., 2019; Kwak, Kim & Kim, 

2019). The dimensions of grains hold significance as indicators of their energy value, with smaller 

grains demonstrating lower metabolizable energy (ME) values attributed to an augmented seed coat 

proportion (Yasothai, 2020). Notably, consumer preferences within distinct regions, such as Japan, 

Taiwan, South Korea, and Sri Lanka, exhibit a penchant for smaller grains, whereas Malaysian 

consumers exhibit a preference for elongated and slender grains (Mestres, Briffaz & Valentin, 2019). 

In the intricate nexus between the onset of allergies and child mortality, the nutritional implications of 

grain consumption assume heightened importance. Quinoa and buckwheat emerge as notable sources 

of plant protein, surpassing rice in this regard (Hernández-Ledesma, 2019). The heightened nutritional 

profiles of these pseudo-cereals, quinoa and buckwheat, underscore their potential agricultural 

significance relative to more conventional cereals (Sjöö & Nilsson, 2017). In accordance with the 

nutritional requirements delineated by the Food and Agriculture Organization (FAO) and the World 

Health Organization (WHO) for 10–12-year-old children, quinoa's protein content is found to meet 

essential amino acid needs autonomously, obviating the necessity for complementary protein sources 

(Lau & Latif, 2019; Pereira et al., 2019). The findings further indicate that quinoa exhibits elevated 

moisture and protein content relative to rice and buckwheat, suggestive of enhanced water-soluble 

enzyme and co-enzyme activity that augments grain metabolism. The evaluation of moisture content 

assumes critical import, influencing seed quality and storage longevity, with excessive moisture 

posing latent risks of mold proliferation, toxin formation, insect infestation, and premature sprouting 

during storage (Yasothai, 2020). 

Notwithstanding the superior scores of quinoa and buckwheat across diverse sensory parameters 

including odor (46% each), color (46%, 42% respectively), texture (46% each), overall appearance, 

and taste (54% each), rice maintains its preeminence among survey respondents at 64%. Moreover, 

rice garners substantial endorsement from respondents and is contemplated as a viable alternative 

staple in Malaysia, garnering favor from 54% of participants. 

 

CONCLUSION 

Quinoa and buckwheat exhibited notably elevated protein content relative to rice. Rice demonstrated 

greater length and breadth compared to quinoa and buckwheat, with buckwheat manifesting higher 

weight among the three grains. Despite these variances, rice emerged as the more widely accepted 

grain in comparison to quinoa and buckwheat, although respondents did suggest quinoa as a potential 
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alternative staple in Malaysia. It is important to note that the scope of this study is confined to the 

context of Malaysia, without encompassing other Asian nations. Given the relatively modest sample 

size, caution is warranted in generalizing the results. Subsequent research endeavors could benefit 

from employing larger sample sizes and expanding the geographical scope to include countries such 

as Bhutan, Bangladesh, and Thailand, enhancing the robustness and applicability of findings beyond 

the confines of the current study.  
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and functional potential of quinoa (Chenopodium quinoa willd.), an ancient Andean grain: a 

review. Journal of the Science of Food and Agriculture, 90(15), 2541-2547. 

Wijngaard HH & Arendt EK. (2006). Buckwheat. Cereal Chemistry, 83, 391– 401. 

Willer H & Lernoud J. (2018). Organic continues to boom: Global market grew by double digits in 

2016, the highest increase ever–14 facts on organic agriculture worldwide. Bioeco Actual, 

(UK), 10-13.  

World Health Organization. (2021). The state of food security and nutrition in the world 2019:  

safeguarding against economic slowdowns and downturns (Vol. 2019). Food & Agriculture 

Org.. 

Williams CM. (2002). Nutritional quality of organic food: shades of grey or shades of green? 

Proceedings of the Nutrition Society, 61(1), 19-24.  

Yasothai R. (2020). Factors Affecting Grain Quality: A Review. Int.J.Curr.Microbiol.App.Sci. 9(09): 

205-210. doi: https://doi.org/10.20546/ijcmas.2020.909.026 
 

Table 1 Comparison of grain quality and proximate analysis of rice, quinoa, and buckwheat 

                Grains  

Variable Rice Quinoa Buckwheat 

Length (m) 0.59a 0.12b 0.33c 

Breadth (m) 0.30a 0.12b 0.17c 

Weight (kg) 1.98a 0.39b 2.72c 

Protein (%) 3.64a 5.85b 8.33c 

Ash (%) 1.01a 1.01a 1.01a 

Moisture (%) 3.49a 3.66a 3.55a 

Superscript a, b and c shows ANOVA comparison between the grains. Values with different superscripts in the same row 

show significant difference between the grains at p<0.05. Values with the same superscripts in the same row show no 

significant difference at p>0.05. 
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Table 2 Sociodemographic characteristics of the respondents (n= 50) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristic n (%) 

Age  

19years and below 

20-29 

30-39 

40-49 

10 (20) 

33 (66) 

6 (12) 

1(2) 

Gender  

Male 

Female 

16 (32) 

34 (68) 

Ethnicity  

Malay 

Indian 

Chinese 

Others 

14 (28) 

10 (20) 

11 (22) 

15 (30) 

Education Study level  
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Table 3 Sensory evaluation of the grains by 50 respondents 

 

 

 

 

 

 

 

Variable Grains  n (%) 

 

 

 

Smell 

Rice 

 

Neutral 

Good 

Really good 

13 (26) 

22 (44) 

15 (30) 

Quinoa 

 

Neutral 

Good 

Really good 

12 (24) 

23 (46) 

15 (30) 

Buckwheat Neutral 

Good 

Really good 

12 (24) 

23 (46) 

15 (30) 

 

 

 

Color 

Rice 

 

Neutral 

Good 

Really good 

13 (26) 

22 (22) 

15 (30) 

Quinoa 

 

Neutral 

Good 

Really good 

12 (24) 

23 (46) 

15 (30) 

Buckwheat Neutral 

Good 

Really good 

12 (24) 

21 (42) 

17 (34) 

 

 

 

 

Texture 

Rice 

 

Neutral 

Good 

Really good 

12 (24) 

22 (44) 

16 (32) 

Quinoa 

 

Neutral 

Good 

Really good 

13 (26) 

23 (46) 

15 (30) 

Buckwheat Neutral 

Good 

Really good 

12 (24) 

23 (46) 

15 (30) 

 

 

Overall appearance 

 

Rice 

 

Neutral 

Good 

Really good 

11 (22) 

23 (46) 

16 (32) 

Quinoa 

 

Neutral 

Good 

Really good 

11 (22) 

27 (54) 

12 (24) 

Buckwheat Neutral 

Good 

Really good 

11 (22) 

27 (54) 

12 (24) 

 

 

 

Taste 

 

Rice Neutral 

Good 

Really good 

11 (22) 

23 (46) 

16 (32) 

Quinoa 

 

Neutral 

Good 

Really good 

11 (22) 

27 (54) 

12 (24) 

Buckwheat Neutral 

Good 

Really good 

11 (22) 

27 (54) 

12 (24) 

Sara et al .….. Int. J. Innovative Food, Nut. & Sust. Agric. 1(2):114-122, 2026 

 



122 

 

Table 4 Preferences of grains among the respondents (n= 50) 

 

 

  

Figure 1. Overall acceptability of cooked rice, quinoa, and buckwheat 

 

 

 

 

Variable n (%) 

Which sample do you prefer  

Rice 

Quinoa 

Buckwheat 

32 (64) 

10 (20) 

8 (16) 

Which sample do you think can alternate staple food for Malaysia?  

Quinoa 

Buckwheat 

38 (76) 

12 (24) 

Which sample would you recommend to your family members, relatives and friends?  

Rice 

Quinoa 

Buckwheat 

27 (54) 

10 (20) 

13 (26) 

Rice Buckwheat Quinoa 
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