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Abstract 

Rice (Oryza sativa) is among Nigeria's top priority staple crops that play a role in food security and 

livelihood resilience within the household. Different varieties of rice landraces are grown in Nigeria; 

Abakaliki rice is grown in Ebonyi State and consumed in almost all parts of the country. This study 

evaluated the fatty acid composition of parboiled and un-parboiled Abakaliki rice landraces. The GC-MS 

analysis revealed that myristic, myristoleic, oleic, linoleic and vaccenic fatty acids were the most dominant 

in the rice landraces. In addition, all study samples contain a total amount of vaccenic (34.45%), oleic 

(33.36%) and myristic (21.68%) fatty acid, however myristoleic (3.3%) and linoleic (7.5%) fatty acid is 

in low amount. This study reveals that these fatty acids are 63.82% higher in the parboiled rice cultivars 

than in the un-parboiled rice.  
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1.0 Introduction 

Rice(Oryza sativa L.), one of the most significant grains in the world(Oryza sativa L.) is the second-most 

important crop after wheat and is a staple diet for more than 3 billion people (Zhang et al., 2022; Abbas 

et al., 2011). With a worldwide production of 645 million tons, rice is cultivated in at least 114 nations 

(IRRI, 2008). Only five countries (Nigeria, the Democratic Republic of the Congo, and Ethiopia in sub-

Saharan Africa, India, and Bangladesh in South Asia) on two continents house half of the world's poorest 

citizens (Roy and Divyanshi, 2021). In three of these nations, rice consumption is high on the list of staple 

foods. India (103 kg/capita and 104 megatons), Bangladesh (260 kg/capita and 36.1 megatons), Nigeria 

(46.3 kg/capita, 6.60 megatons), the Democratic Republic of the Congo (29.7 kg/capita, 0.47 megatons) 

(Roy and Divyanshi, 2021; Index Mundi, 2021; Uyeh et al., 2021). Two of these nations—Nigeria, which 
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spends $8.5 billion on 1.8 megatons, and Bangladesh, which pays $4.03 billion on 0.9 megatons—are 

among the top 10 rice importers in the world (FAOSTAT, 2020). These nations have high food insecurity 

and malnutrition (World Bank, 2021). Unlike in the past, rice is now a staple of Nigerians' meals due to 

population increase, consumer desire, the opportunity cost of their time, and the convenience of cooking 

it. Today, rice is readily available on the streets of cities and villages, unlike in the past when Nigerians 

only ate rice during rituals or holidays like Christmas, Easter, Idel-filtri, and Idel-Kabir (Olumuyiwa, 

2014). As a result, Nigeria, the second-most populated nation in Africa, was listed as the world's second-

largest rice importer (Cadoni and Angelucci, 2019), and rice ranked fourth in calorie intake. Despite being 

the largest producer of rice in West Africa, Nigeria, productivity is often low (Uyeh et al., 2021).  

  

Physical characteristics such as head rice yield, chalkiness, grain size and shape, colour, stickiness, protein 

and amylose content, and flavour are the main factors used to evaluate rice quality (Yanjie et al., 2018; 

Odenigbo et al., 2014). These qualities of rice impact its physicochemical makeup and cooking abilities, 

which affect customers' preferences (Uyeh et al., 2021). In addition to vitamins, minerals, carbohydrates, 

and a little protein, studies have shown rice to include several fatty acids (FAs) as a lipid component 

(Rathna et al., 2019). Along with food availability and entitlement, the understanding of nutritional 

richness's role in food security is expanding (Ray et al., 2021).  

According to recent studies, a lot of forgotten rice landraces contain significant levels of B-complex 

vitamins, metallic micronutrients and other antioxidant compounds (phenols and flavonoids) that are not 

present in any current high-yield varieties (Roy et al., 2020; Deb et al., 2017; Mondal et al., 2021).  Alpha-

linolenic acid (18:3 ω3; ALA) and linoleic acid (18:2 ω6; LA), which are sourced from plants or marine 

creatures, are the sole dietary components that are utilised in the de novo synthesis of Long-chain 

polyunsaturated fatty acids (LCPUFAs) in the human body since humans lack the substrate-specific 

desaturase enzymes (Ballantyne, 2014). The only plant-based ω3 Fatty acid that slows the development 

of lysophosphatidic acid, a factor in the advancement of neuropathic and inflammatory pain (Alexa-

Stratulat, 2017), is ALA (18:3 ω3) (Woolf and Salter, 2000; Ray et al., 2021). Eicosapentaenoic acid (20:5 

ω3; EPA) and docosahexaenoic acid (22:6 ω3; DHA) are two other ω3 FAs that are conditionally essential. 

EPA is a significant factor in platelet aggregation and precursor to prostaglandin (Woolf and Salter, 2000; 

Ray et al., 2021). At the same time, ω6 Fatty acids and DHA are essential for the phospholipid component 

of the cell membrane's architecture. They are in charge of preserving membrane permeability, promoting 

macromolecular movement, and stimulating bioactive lipid mediators' production (Rosedale, 2017). These 

polyunsaturated fatty acids (PUFAs) have a significant impact on signal transduction pathways, lower 

reactive oxygen species (ROS), and are precursors of several secondary metabolites (EFSA, 2012). 

Dietitians and nutritionists advise brown rice to be best (Kaur et al. 2020). As it lowers asthma because of 

antioxidants and phytonutrients, helps prevent cancer (Tian et al., 2004), boosts energy (fibre), promotes 

healthy bone development, and avoids gallstones and atherosclerosis (Kaur et al., 2020). 

Rice is a widespread staple meal; however, the rice products consumed vary greatly depending on type, 

processing technology (cleaning rice by removing the husk and bran), and pre-cooking treatment (e.g. 

parboiling) (Lu et al., 2018). Parboiling can improve the physicochemical characteristics of rice starch. 

Thereby eliminating the usage of additives like texturising proteins, gums, and emulsifiers in rice 

processing (Caiming et al., 2021). Parboiling is a hydrothermal treatment of coarse rice grains that consists 

of three significant steps: soaking, steaming and drying (Rocha-Villarreal et al., 2018). Parboiled rice is 

paddy rice with a yellowish tint, firm and chewy texture, and a robust flavour. 
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On the other hand, white rice has a pale white hue, a soft and sticky texture, and a mild and starchy flavour 

(Dutta and Mahanta, 2012). For parboiled brown rice processing, the paddy is soaked, heat treated, and 

dried before being husked and milled to the required degree of whiteness (Oli et al., 2014, Taleon et al., 

2020). Indeed, parboiling is said to affect the structural features of rice starch, transforming it from 

crystalline to amorphous, resulting in a very compact and transparent endosperm and increasing the 

sensory, cooking, and texture aspects of rice grains (Taddei et al., 2021; Marti et al., 2013). Parboiling 

causes the formation of lipid-amylose complexes and the aggregation of soluble proteins, resulting in less 

starch swelling and amylose leaching during cooking, less stickiness, and more hardness (Taddei et al., 

2021; Bhattacharya, 2004). The nutritional qualities of rice improve with parboiling due to the migration 

of vitamins and minerals towards the endosperm, as well as an increase in resistant starch (RS) content 

(Zohoun et al., 2018), which appears to offer considerable benefits to the human colon health (Nugent et 

al., 2005). Parboiling rice can increase its oxidative stability and extend its storage life (Koh and Surh, 

2016; Zhang et al., 2022). In addition, by adding minerals and vitamins to the soaking water, parboiling 

can enrich rice with minerals and vitamins (Patindol et al., 2017; Jannasch & Wang, 2020).  

The most significant barrier to rice farming in Africa is inconsistency in water supply, as irregular and low 

rainfall patterns leave crops prone to drought (Uyeh et al., 2021). As one of Nigeria's most significant 

crops, its production is critical to the government's effort to combat food shortages and enhance self-

sufficiency for domestic consumption and export (Olumuyiwa, 2014). Therefore, there is a need for the 

government to promote indigenous foods by adopting transparency in food systems and innovation in food 

manufacturing technologies and packaging. This increases the product's shelf life and meets consumers' 

needs, thereby assuring food safety and security (Elechi et al., 2022). Integrating staple foods, increasing 

staple food health qualities, and reducing obstacles to eating healthier foods all contribute to better 

nutrition and food security (Dixon et al., 2020). The two rice species commonly cultivated globally are 

(African Oryza glaberrima and Asian Oryza sativa) (Linares, 2002). They are physically similar but 

ecologically distinct. Compared to the Asian O. sativa, O. glaberrima is more resistant to illnesses and 

pests (Linares, 2002). Furthermore, O. glaberrima is less prone to weeds due to its broader leaves, which 

shade weeds. Furthermore, the African species are more resistant to changes in water depth, harsh 

temperature, iron poisoning, and barren soil. Because of its rapid maturation rate, O. glaberrima has 

significant potential as an essential emergency food (IRR1, 2008). However, the larger yields of Asian O. 

sativa outperform O. glaberrima, whose grains are brittle and difficult to process. Hybrids of the two 

primary varieties have been created to keep their favourable characteristics. O. glaberrima is mainly 

grown in Sub-Saharan Africa; however, it is being supplanted by O. sativa. As a result, several rice 

landraces in Nigeria fulfil the local population's food security and nutritional demands. 

 

Parboiled rice is typical over milled rice in many African, Asian, and European nations. In recent years, 

producers and food experts have become increasingly interested in the changeable digestibility of 

parboiled rice. Abakiliki rice is one of Nigeria's most famous rice landraces. However, despite Nigerian 

landraces' unique fatty acid variety, little attention has been dedicated to rice landrace variations thus far. 

As a result, this study aimed to assess the type of fatty acid characteristics in Nigerian Abakiliki rice 

landrace variants as affected by parboiling. This research addresses the rising demand for healthier foods 

while also promoting the growth of the local rice sector. 
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2.0 Materials and Methods 

2.1 Sample collection 

A total of 16 Abakaliki rice landraces from seven different locations within Ebonyi State, Nigeria, were 

collected from native farmers to ensure all samples' pureness during July - December 2019 crop harvest 

cycle based on the various varieties harvesting season. These rice cultivars have different local names, as 

shown in Table 1. The sample collection areas were Ezzamgbo, Abaomege, Izzi, Ikwo, Onueke, Abakaliki 

and Ezza.  

Table   1 :  Samples local names and locations. 

 

2.2 Sample preparation 

About 20g of paddy rice was manually dehusked by hand for the un-parboiled rice samples. For the 

parboiled Abakaliki rice samples, 500g of the paddy rice was parboiled using a local pot and gas cooker. 

The paddy rice was put in the local pot containing 500ml of water, placed on the gas cooker, and heated 

to 70⁰C. After heating, the samples were left in the water overnight, after which the samples were then 

pre-parboiled with 50ml of clean, fresh water and then sundried for 40mins. The sundried rice was 

manually milled. 

2.3 Paddy soaking and steaming 

A traditional double-boiled process method was used; the paddy is soaked in water at room temperature 

and steamed for a short period, after which the samples are left in the water overnight before draining and 

steaming with clean, fresh water for the second time and then sundried. For each rice landraces, 1000 g of 

paddy were soaked in 1600 mL of tap water at room temperature for four hours to reach a moisture content 

of 33 ± 2%. For steaming, the paddy rice soaked in the local pots was placed in the gas cooker and heated 

to 70⁰C for 15 minutes. After heating, the samples were left in the water overnight, after which the samples 

were drained and then parboiled with 200ml of clean tap water until the husk of most paddy grains became 

slightly open. This reveals that the grain was sufficiently steamed to prevent excessive under-parboiled 

and over-parboiled kernels (Taleon et al., 2020). After boiling, the parboiled paddy was cooled down 

immediately and sprayed on a clean plastic surface. Steamed paddy was sun-dried to 11.0–13.0% moisture 

content. 
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2.4 Milling 

Parboiled rice was obtained by de-hulling the dried, steamed rice with the Rice huller (JLGJ 4.5, Taizhou, 

China). The parboiled rice was grounded to flour, which passed through a 100-mesh screen. The flour was 

used for the analysis of fatty acids. 

2.5 Analysis of fatty acid methyl ester  

The total lipid was extracted from pulverised decorticated rice following the modified method of Bligh 

and Dyer (1959 as cited by Ray et al., 2021), modified by Poddar (1996). FAs were trans-esterified into 

fatty acid methyl ester (FAME) using methanol/benzene/concentrated H2SO4 (in the proportion of 

4.3:0.5:0.6 by vol). And then kept at 850C for 8 h, after which it was extracted with n-hexane (HPLC 

grade, E.  Merck, India) and then subjected to GCMS (Agilent Technologies, USA, 7890A GC system 

with 5975C triple axis detector MS attached with HP5-MS (30 m x 0.25 mm x 0.25 µm) + 10 m Duraguard 

capillary column). GC-MS analysis of the samples was performed using HP Capillary; 60m x 0.25mm, 

0.25um. The setup used was adopted from a study by Kan (2015). The column temperature was held 

initially at 60⁰C for 3mins after the injection, then increased to 185⁰C with 10⁰C min-1 heating ramp, and 

increased to 200⁰C with 5⁰C min-1 heating ramp for 10min. Then, the final temperature was 220⁰C with a 

5⁰C min-1 heating ramp for 20 mins. The injector temperature was 250⁰C; the detector (FID) temperature 

was 275⁰C. The carrier gas was He with an inlet pressure of 40.65psi. The linear gas velocity was at 39cm 

S-1 where the column flow rate was 2.7mL min-1. The splitless mode was used with an injection volume 

of 1Ul. Agilent 6890N system was used for the GC/MS analysis combined with Agilent 5973 MS Selective 

Detector. The GC condition were; as column HP innowax capillary (60m X 0.25mm, 0.25µm). The oven 

temperature program was set so that the column was held initially at 60⁰C for about 3min after injection, 

then increased to 185⁰C with 100⁰C min-1 heating ramp and increased to 200⁰C with 5⁰C min-1 heating 

ramp for 10 mins. Then the final temperature was increased to 220⁰C with a 5⁰C min-1 heating ramp for 

20 mins. The injector temperature was set to 250⁰C. The carrier gas was helium with an inlet pressure of 

40.65 psi. The linear gas velocity was 44 cm s-1 at a column flow of 2.9 ML min-1 in splitless mode. The 

MS condition was; ionisation energy was 70 eV, the ion source temperature was 280⁰C, the interface 

temperature was 250⁰C and the MS range was set 35-450 atomic mass units.  

2.6 Statistical analysis  

All analytical determinations were conducted in 3 replications. Means and standard deviations were 

calculated. Data obtained were subjected to analysis of variance (ANOVA). Duncan's new multiple range 

tests (DNMRT) were used to compare the treatment means. Statistical significance was accepted at 

(p>0.05). 

 

3.0 Results and Discussion 

 

3.1 The Fatty Acid Profile Un-parboiled Abakaliki Rice Landraces 

The results showed that the most common fatty acids dominant in all the samples were; Myristics, 

myristoleic, oleic, vaccenic and linoleic acids as shown in Table 2. However, this is one of the very few 

studies to report the presence of vaccenic acid in rice. The range of Myristic acids in un-parboiled rice 

was 0.0-2.177%. The myristic was 0% in U-FARRO (Ezzamgbo) and highest (2.177%) in U-Farro44 
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(Ikwo) and U-Atom (Ikwo) respectively. Myristoleic acid ranged from 0.00 - 0.427% with U-Kpurukpuru 

(Abaomege) and U-Atom (Ikwo) recording the lowest and highest values respectively. The range of Oleic 

acids in un-parboiled rice was 0.327-5.02%. The Oleic was 0.327% in U-306 (Ezza) and highest (5.02%) 

in U-FARRO (Ezzamgbo) respectively. Vaccenic acid ranged from 0.207 - 4.50% with U-

Ogologomgbada (Ikwo) and U-FARRO (Ezzamgbo) recording the lowest and highest values respectively. 

Linoleic acid was in the range of 0.0% (U-Ogologomgbada -Ikwo; U-Farro44 – Ikwo; U-306 -Ezza) to 

2.317% (U-Kpurukpuru -Abaomege) 

 

Table 2: Fatty acid Composition of the Abakaliki Un-parboiled Rice Samples (%) 

 

3.1 The Fatty Acid Profile parboiled Abakaliki Rice Landraces 

Table 3 depicts the result of the fatty acid profile of parboiled rice. There was a significant increase in 

Myristic acid for P-FARRO, Ezzamgbo (3.397%); P-Akuje, Abaomege (1.767%); P-Farro44, Izzi 

(1.177%); P-Ogologomgbada Ikwo (1.757%); P-R8, Abakaliki (2.517%); P-Mass, Ikwo (3.067%); P-306, 

Ezza (2.427%); P-Kpurukpuru, Abaomege (2.237%); while P-Farro44, Ikwo (1.177%); P-Atom, Ikwo 

(0.597%); P-China, Ikwo (0.33%). This trend was similar in Myristoleic, Oleic, Vaccenic, and Linoleic 

across the rice landraces. Other studies have shown a decrease and increase in fatty acid parboiled rice 

(Achidi et al., 2021; Adekoyeni, 2014; Danbaba et al., 2014; Parnsakhorn & Noomhorm 2008; Kimura et 

al., 1993). However, this present study demonstrated that the increase or decrease in fatty acid content in 

rice is dependent on the geographical location, soil type, other climatic conditions and genetic makeup of 

the cultivars and the various unit operation the processing treatment undergoes (Shen et al., 2009; Kumar 

et al., 2022). 

 

Except for linoleic acid, the body requires fatty acids, which it can obtain from dietary carbohydrates, 

proteins, and lipids. Linoleic acid accounts for over 30% of rice's total fatty acid content. According to 

Bryant et al. (2011), aromatic and non-aromatic rice types contain various unsaturated fatty acids, which 

have antifungal properties and accumulate with ageing. According to (Olumuyiwa, 2014), increasing the 

soaking duration and parboiling temperature resulted in a drop in free fatty acids while increasing the 
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drying temperature also decreased the fatty acid content of ofada rice. Lipase, an enzyme that speeds up 

the fat reaction, is impacted or inactive by high temperatures (Ruskin, 1996). The different processing 

methods might cause misdirected reactions that result in the formation of free fatty acids. The findings 

demonstrated that certain processing conditions might remove unsaturated fatty acids in rice during 

processing. 

 

Table 3: Fatty acid composition of the Abakaliki parboiled rice samples (%) 

 
Percentage Comparison, Correlation Analysis and Principal Component Analysis (PCA) of the 

Fatty Acid Content of Parboiled and Un-Parboiled Abakaliki Rice Landrace  

The overall concentration of all fatty acids is higher in parboiled rice samples than in the un-parboiled rice 

samples in this investigation (Figure 1). This could be linked to the oil globules being leached and ruptured 

due to increased temperature and steaming pressure during the parboiling process (Chukwu and Oseh, 

2009). From the PCA and correlation analysis (Figures 2 and 3), it can be deduced that our study 

components are strongly correlated to the vaccenic fatty acid except for myristoleic and myristic, which 

are independent of the vaccenic acid. Therefore, it is beyond the scope of this study to determine this 

relationship.   

The nutritional value of FA in health concerns was historically clarified by classifying it according to 

different degrees of unsaturation, i.e. the amount and combination of double bonds, relative ratios of 

S.F.A.s, MUFAs, and PUFAs, and so on. According to Gutieerez (2002), the primary dietary component 

contributing to high cholesterol levels, which can contribute to excess body weight gain, is the 

consumption of high levels of saturated fat. Kromhout et al. (1995) observed that consuming myristic acid 

raises blood cholesterol levels, contributing to coronary artery disease. However, compared to myristic 

fatty acid, the only saturated fatty acid in these samples, this research sample's dietary fatty acid 

compositions include a more significant percentage of unsaturated fatty acids. As a result, it is insignificant 

compared to the saturated fatty acids found in parboiled and un-parboiled Abakaliki rice.  
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Figure 1:  Percentage Comparison of the fatty acid content of Abakaliki parboiled and un-

parboiled. 

 

Figure 2: correlation analysis 
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Figure 3: principal component analysis (PCA.) 

 

In this investigation, myristic acid, a long-chain saturated fatty acid (14:0), was the third most prevalent 

fatty acid in rice samples. This fatty acid is known to cause fat accumulation in the body, yet it is also 

suitable for cardiovascular health (Verruck et al., 2019). The ratio of saturated fat to simple dietary 

carbohydrates in the diet considerably impacts this behaviour (Ruiz-Nez et al., 2016). Myristic acid has a 

direct role in post-translational protein modifications and mechanisms that regulate critical metabolic 

processes in the human body (Legrand & Rioux, 2015; Ruiz-Nez et al., 2016). According to Dabadie et 

al., (2005), moderate consumption of myristic acid increases omega-3 long-chain fatty acid content in 

plasma phospholipids, which may enhance human cardiovascular health indices. Myristic acid also has 

immunomodulatory effects by boosting a particular protein implicated in macrophage activation in mice 

with high myristic acid consumption (Hubbard et al., 1996; Verruck et al., 2019). Vaccenic acid (VA) 

(t11-octadecenoic acid) is a positional and geometric isomer of oleic acid (c9-octadecenoic acid) and the 

most abundant Trans monoene in ruminant fats (50-80% of total Trans content) (Lock et al. 2004; Field 

et al., 2009). In ruminants, rodents, and humans, dietary VA can be desaturated to cis-9, trans-11-

conjugated linoleic acid (c9,t11-CLA) (Santora et al., 2000; Turpeinen et al., 2002; Field et al., 2009). 

Oleic acid is a monounsaturated fatty acid that occurs naturally in various foods, mainly vegetable oils. 

Because of its established health benefits, it is also a possible element in processed functional meals (Igor, 

2014). However, because of the high-calorie content, it is not advised to increase the consumption of 

specific fats but rather to replace other lipids with oleic acid. It is widely accepted that replacing saturated 

fats in the diet with oleic acid or other unsaturated fats helps maintain normal blood cholesterol levels. 

Various other effects have also been studied, including modulation of inflammatory markers, blood 

pressure, insulin sensitivity, gastrointestinal -Functions, and even multiple cancers (Igor, 2014).  

Fat quality is typically determined by the percentage or quantity of saturated fatty acids (SFA), 

monounsaturated (MUFA), and polyunsaturated fatty acids (PUFA) (Hudson, 1992). PUFAs are said to 

provide various health benefits, including decreasing cholesterol, lowering the risk of cardiac arrhythmias, 
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lowering blood pressure, avoiding gestational diabetes, and improving joint health (relieving arthritis). 

Both omega-3 and omega-6 PUFAs are precursors to hormone-like compounds that play important roles 

in a variety of biological and biochemical processes in the human body (Achidi et al., 2021). They are 

required for the production of prostaglandins, thromboxanes, prostacyclins, and leukotrienes, as well as 

for cholesterol transport and oxidation. PUFAs from both the n-6 and n-3 families are essential 

components of all cell membrane phospholipids. Polyunsaturated fatty acids (PUFA) from omega-6 are 

precursors to a variety of key inflammatory mediators (Achidi et al., 2021). An intermediate arachidonic 

acid can proceed through the cyclooxygenase pathway, which produces prostaglandins and thromboxanes, 

or the lipoxygenase pathway, which produces leukotrienes (Hanna and Hafez 2018). The saturated, 

monounsaturated, and polyunsaturated fatty acids found in the rice samples were myristic, oleic, vaccenic, 

and linoleic, in that order. Prospective epidemiological investigations in broad populations have 

demonstrated that dietary linoleic acid is associated with a lower risk of cardiovascular disease (Farvid et 

al., 2014). As a result, the paradigm that linoleic acid, an omega-6 PUFA, is cardio-protective was 

established. MUFAs serve an essential function in human nutrition because they minimise the risk of 

arteriosclerosis due to their hypo cholesterolemic action. 

4.0 Conclusion  

Our study revealed that all of the studied Abakaliki rice landraces are a source of dietary fatty acid in the 

diet of local populaces. The predominant fatty acids in the selected Abakaliki rice landraces include 

myristic, myristeolic, oleic, vaccenic, and linoleic. Furthermore, the selected Abakaliki parboiled rice 

samples have a higher percentage of these fatty acids than the un-parboiled rice samples. Our research has 

proven that rice parboiling, which is popular among Abakaliki rice farmers, enhances the fatty acid content 

of these samples. Compared to the myristic fatty acid, the only saturated fatty acid in these samples, the 

dietary fatty acid compositions of this study sample contain a higher percentage of unsaturated fatty acids. 

As a result, it is insignificant compared to the saturated fatty acids found in parboiled and un-parboiled 

Abakaliki rice. Therefore, these rice landraces could be regarded as safe to consume.  
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