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Profiles of Aroma Volatiles of NERICA Varieties – New Inter-specific Rice Hybrid for Africa 




Abstract
Rice (Oryza sativa L.) is a staple food worldwide. New Rice for Africa (NERICA), an inter-specific high yielding upland rice variety, was developed to in part address food insecurity in Africa. Consumers prefer aromatic rice cultivars due to characteristics that are attributed to the composition of volatile flavour compounds (VFC). Although some NERICA varieties are claimed to be aromatic, their VFC compositions have not been characterised. The compositions of the VFCs of NERICA 1, 4 and 10 varieties were analysed using a GC & GC-MS after hot water extraction using Likens and Nickerson apparatus. A total of 84, 49, and 38 VFCs were detected in NERICA 1, 4 and 10, respectively. The VFCs included green leaf volatiles, terpenes and aromatic compounds. 2-Acetyl-1-pyrolline, responsible for desirable aroma in lowland and paddy rice varieties was detected in NERICA 1. Terpenoid compounds concentrations were in higher in NERICA 1. The individual VFC levels varied between the three varieties. The presence of 2-acetyl-1-prorolline and high levels of terpenoid compounds in NERICA 1 explains its being claimed as being aromatic.
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Introduction
Rice (Oryza sativa L.) is a worldwide staple food (Bounphanousay et al., 2008), and is part of global food security. Africa has faced serious shortage of the staple food (Champagne, 2008). The low agricultural production arises from unfavourable growing conditions and poverty which make food importation unaffordable. To overcome the low rice production in Africa, West African Rice Development Association (WARDA) in Cotonou, Benin, developed a New Rice for Africa (NERICA), an inter-specific hybrid of O. sativa and O. glaberrima (Somado et al., 2008). NERICA varieties are upland rice varieties grown under low moisture conditions. The varieties are gaining prominence due to good cooking quality, nutrition values and perceived desirable aroma (Kimani et al., 2010). “Some of the varieties have been claimed to have favourable aroma (fragrance), leading to high demand and premium market prices” (Jones et al., 1997).
“Aroma is an important quality parameter contributing to consumer acceptability” (Sakthivel et al., 2009). “Superior rice aroma increases consumer satisfaction, overall acceptability and the probability of repeated purchase” (Bergman et al., 2000). “Previous aroma quality of NERICA varieties was assessed through sensory evaluation” (Jones et al., 1997) and the volatile flavour compounds (VFCs) responsible for the aroma were not identified. This study characterised the (VFCs) in the NERICA varieties.

Methodology
The NERICA 1, 4 and 10 varieties, which have been released to farmers in Kenya (Onyango, 2006) were used in the trial. The varieties were grown in Maseno University Botanic Garden (1500 m a.m.s.l., longitude 34o 25” 47’ E and latitude 00o1’N 0’12’S) with dystric nitosol soils (Mwai, 2001; Sikuku et al., 2010). The varieties received 60 Kg N/ha nitrogen fertilizer rates as calcium ammonium nitrated. The trial was laid out in a randomized complete block design replicated three times, NERICA 1, NERICA 4, and NERICA 10 varieties as the treatments. Each plot measured 2.1 m by 2.5 m separated with 0.5 m wide footpaths in between the plots.
Sampling of rice grains for VFCs analysis was done when the crop had matured and was completely brown. Using a sickle, the panicles were cut and placed in upright position to dry before threshing. The grains were sun dried on a concrete floor for 6 hours a day for 7 days with 3 turnings per day during which moisture content was reduced to 14% for quality storage. The grains were hand threshed and winnowed using traditional baskets to separate chaff from the grains. The samples from each treatment were finely ground using mortar and pestle and then intact brans was crushed using a grinder.
“A volatile free water-antifoam mixture, obtained by boiling 5 ml of silicon antifoam/anti bump (Sigma Aldrich) in 6 litres of distilled water for 2 hours was used for extraction of the VFCS. A 50 g sample, was weighed the transferred into 500 ml quick fit round bottomed flask containing 200 mL of the water-antifoam mixture, 2.5 ml of n-hexane (99% Sigma Aldrich) and 125 µL of ethyl deaconate (99% Sigma Aldrich), as an internal standard. A modified Likens-Nickerson apparatus” (Owuor, 1992) was used for simultaneous steam distillation and solvent extraction of the VFCS into diethyl ether solvent (Baruah et al., 1986; Terashi & Saima, 1993). “The VFCs in the ether solvent in a 2 ml glass vial was dried using anhydrous sodium sulphate (Na2SO4) and refrigerated at -80oC awaiting analysis.
The GC-MS analysis was performed on Shimadzu model GC-2010 equipped with a flame ionization detector. A 50 m silica gel capillary column (film thickness 0.2µm and 0.25mm inner diameter) was used. Oven temperature was programmed from 35oC to 250oC at the rate of 100C/ min, followed by 5 min hold at 230oC. The flow rate of the nitrogen (white spot) carrier gas was 3.0 ml/min and the detector gases flow were 40.0 ml/min (hydrogen) and 400.0 ml/min (air) respectively. The detector temperature was set at 230oC. A sample volume of 1 µl was injected in a split-less mode. Analysis on GC-MS was conducted using an Agilent 7890A Series Gas Chromatograph coupled to a Mass Spectrometer Agilent 5973 quadruple detector). The gas chromatographic conditions were as follow; helium was used as a carrier gas at a flow rate of 1.2 ml/min, inlet temperature of 270oC, transfer line temperature of 280oC and column (250 µm film thickness and 0.25mm internal diameter). Oven temperature was held at 35oC for 5 minutes, then programmed to rise at 10oC/minute to 280oC for 10.5 minutes. Parameters for electron impact sample ionization were as follow: mass selective detector maintained at an ion source temperature of 250oC and quadruple temperature of 180oC; electron energy, 70 eV; source temperature of 250oC. Fragment ions were analysed at 40-550 m/z mass range in the full scan. The compounds were quantified as ratio of the peak area of each compound to that of ethyl deaconate (internal standard)” (Baruah et al., 1986). Identification of the compounds was done by comparing the fragmentation patterns with mass spectral data in mass spectral library (NIST/EPA/NIH, 2008).

Results and Discussion
Out of the 102 VFCs (Table 1) identified in NERICA 1, 4 and 10 cultivars, 84 were identified in NERICA 1, 49 in NERICA 4 and 38 in NERICA 10.  “These VFCs are reported in NERICA rice released in Kenya for the first time. The compounds were classified as green leaf volatiles, aromatic and terpenoids. In the previous studies, and more than 200 volatile compounds had been identified in different rice varieties” (Buttery et al., 1988; Hu et al., 2020; Jezussek et al., 2002; Widjaja et al., 1996). All the VFCs detected had been reported in Asian aromatic rice varieties. Although the  NERICA varieties are currently classified as non-fragrant rice (IRRI, 2011), the varieties had similar VFCs as most popular aromatic rice varieties. Different methods have been used to quantify the aroma compounds, making it difficult to compare the VFCs amounts with those in previous studies. But these results suggest that with targeted breeding strategies, the NERICA varieties have potential to produce aromatic varieties.
The green leaf volatiles were (E,E)-2,4-decadienal, nonanal, 1-cyclohexene-carboxaldehyde, hexanal, E-2-nonenal, octanal, decanal, (E,E)-2,4-nonadienal, E-2-undecanal, 2-E-tridecen-1-al, furfural, (E,Z)-2,4-decadienal, 3-methyl butanal, and undecanal. These compounds had been identified as primary compounds responsible for variations in the fragrance of irrigated aromatic rice varieties (Mahattanatawee & Rouseff, 2010; Maraval et al., 2008; Yang, Lee, et al., 2008). “Octanal, (E)-2-nonenal, nonanal, heptanal, hexanal, decanal and (E)-2-octenal were major contributors to aroma of seeds of Basmati-370, Ambemohar-157 (non-basmati scented), and IR-64 (non-scented) rice cultivars” (Hinge et al., 2016). Heptanal content had been noted to be higher in the scented rice cultivars than non-scented one (Hinge et al., 2016). “High concentrations of hexanal in food products give a pungent taste, while low concentration evokes a wide range of pleasant aroma” (Jezussek et al., 2002). The NERICA varieties had similar green leaf volatile profiles as observed in previous studies.
“More than half of the compounds detected in the three NERICA varieties were in NERICA 1. A primary compound of aromatic rice cultivars, 2 acetyl-1-pyrroline,” (Jezussek et al., 2002) was detected in NERICA 1 cultivar. The high number of VFCs noted and presence of 2 acetyl-1-pyrroline in NERICA 1 further confirmed the classification through sensory evaluation that it is high aromatic. The other compounds that were only  detected in NERICA 1 included geranyl acetone, 3-fualdehyde, decanoic acid, oocten-2-one(3E), 2-nonanone, 1-cyclohexene-carboxaldehyde, decanol, nonanol, hexadecanol, alpha cubebene and 2,6,10-trimethyl dodecane. 
“Octyl formate, methyl octadecanoate, isobutyl butanoate, methyl tetradecanoate, methyl hexadecanoate, phthalic acid isobutyl octyl ester, dibutyl phthalate, hexanoic acid isobutyl ester and methyl linoleate were the esters detected in the NERICA varieties. Esters been claimed to have nutritional and medicinal benefits and are abundant in brans of grain such as rice” (Escribano-Bailon et al., 2004; Jariwalla, 2001). “Ethyl hexanoate, ethyl heptanoate, ethyl octanoate, and ethyl laurate esters were previously detected in the leaves  of Basmati-370, Ambemohar-157 (non-basmati scented), and IR-64 (non-scented) rice cultivars while acetic acid, 1,7,7-trimethyl-bicyclo-(2,2,1)-hept-2-yl esters were reported in the leaves of Ambemohar-157 (non-basmati scented) cultivar, but not in grains” (Hinge et al., 2016). “These esters were detected in the grains of NERICA rice varieties.
The hydrocarbons reported in NERICA varieties included dodecane, 2,6,10-trimethyl, nonadecane, tridecane, dodecane, octadecane, eicosane, trisocane, tetratrioctane, hexadecane, cyclopentane nonyl, cyclopentane undecyl, 3-methyl tridecane, heptadecane, cyclopentane, methyl cyclopentane, octane, pentane,2,3,4-trimethyl, cyclopentane butyl, 2-methylhexane, hept-1-ene and tetradecane. Pentadecane, hexadecane, heptadecane, octadecane, nonadecane, dodecane, eicosane, heneicosane had been reported in cooked Japanese rice” (Yajima et al., 1978). “Some of the hydrocarbons are by-products of lipids breakdown with little effects on the aroma attributes of food” (Bryant & McClung, 2011). Tridecane, dodecane, octadecane, eicosane, hexadecane and cyclopentane were not detected in fragrant rice (Bryant & McClung, 2011; Widjaja et al., 1996).
“The furans werev2,4-dimethylfuran, 2,5-dimethylfuran, vinyl furan, 2-pentylfuran, 2-heptylfuran, benzofuran,2-methyl, furan,2-(2furanylmethyl)-5-methyl, furan, tetrahydro-2,5-dimethyl, furan,2,3-dihydro-4-methyl were also detected. These compounds are odour active compounds in aromatic rice” (Bryant & McClung, 2011; Widjaja et al., 1996; Yang, Shewfelt, et al., 2008). “Furan and its derivatives in foods contribute to flavouring properties” (Maga, 1984). 2-Pentylfuran, previously detected in high concentrations in BA-370 was one of the major contributors of aroma in basmati flavour (Hinge et al., 2016), California long-grain rice (Buttery et al., 1988) and brown rice cultivars (Jezussek et al., 2002). “The aromatic furans are normally found in cooked or thermally processed foods and are the major compounds formed during the Maillard reaction” (Becalski & Seaman, 2005). “Long cooking duration increase the concentration of furans in foods and may eventually result in toxicity” (Kim et al., 2009). The extraction process employed in this study involved boiling the samples. This might have increased the concentrations of the furans. Nitrogen containing compounds such as pyrazine-2-methyl-6-ethyl, methyl pyrazine, 2-acetyl-1-pyrolline and pyridine were detected in NERICAs 1, 4 and 10. Some of the nitrogen-containing compounds detected in the NERICAs are usually derived from rice bran (Buttery et al., 1983) and are also formed in the Maillard reaction (Reineccius, 2006). Rice varieties with high protein content in the grain readily biosynthesize amino acids as precursors of the nitrogen containing volatiles (Park et al., 2001). The NERICA rice varieties therefore have similar green leaf volatiles as other rice varieties. 
“Benzaldehyde, 1H-pyrrole,1-(2-furanylmethy), pyrazine-2-methyl-6-ethyl, benzene acetaldehyde, o-cymene, naphthalene-2,3,6-trimethyl, p-cymene, naphthalene were the volatile aromatic compounds detected in NERICA 1, 4 and 10 varieties. Also the aromatic nitrogen containing compound pyrazine-2-ethyl-6-methyl was reported in NERICA varieties. Nitrogen containing compounds detected were methyl pyrazine, 2-acetyl-1-pyrolline and pyridine, many of which are derived from rice bran” (Buttery et al., 1983). “Analysis of the VFCs in this study was done using rice grains with intact brans which may have contributed to the nitrogen containing compounds detected. A diverse range of nitrogen-containing heterocyclic compounds including pyrazine, methoxy pyrazine, pyrrole, pyridine, pyrroline, pyrrolidine, pyrrolizine and piperine are Maillard reaction products” (Reineccius, 2006). “In rice varieties with high protein content in the grain, the biosynthesis of amino acids as precursors of the nitrogen containing compounds is usually high” (Park et al., 2001).
“Terpenoids (both monoterpenes and sesquiterpenes), were the second most abundant group of VFCs detected after green leaf volatiles in the NERICA varieties. The highest concentration of the terpenoids was observed in NERICA 1, including linalool, α-humulene, α-cidanene, bisaboline, caryophyllene and longifoline. Terpenoids, a class of volatile aromatic compounds mostly found in herbs, were have been detected in rice bran from purple, red, and brown rice varieties” (Chumpolsri et al., 2015)). “Major terpenoids previously detected in rice variety KDML 105 such as limonene, b-cymene and linalool” (Chumpolsri et al., 2015) were observed in this study. The presence of terpenes in high quantities in NERICA 1 compared to NERICA 4 and 10 varieties reveal its aromatic potential.
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In conclusion, NERICA varieties have VFCs similar to Asia aromatic rice varieties and have potential for aroma improvement through targeted breeding programmes. NERICA 1 produced the highest number of volatile flavour compounds including 2-AP, which was not biosynthesized in NERICA 4 and 10. The results presented here the potential of NERICA varieties as aromatic rice with desirable quality.
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	Table 1: The volatile flavour compounds of NERICA varieties.

	Compound
	Retention time (Min)
	NERICA 1
	NERICA 4
	NERICSA 10
	Compound
	Retention time (Min)
	NERICA 1
	NERICA 4
	NERICSA 10
	Compound
	Retention time (Min)
	NERICA 1
	NERICA 4
	NERICSA 10

	3-methylpentanol
	3.1336
	0.0404
	0.2676
	0
	Hexanal
	6.4682
	0
	0
	0.0962
	6-Dodecanone
	13.4881
	0.0014
	0
	0

	3-Methyl-butanal
	3.2799
	0.0197
	0
	0.0411
	Hexane,3,4-dimethyl
	6.4740
	0.3519
	0
	0
	Nonanol
	14.0965
	0.0029
	0
	0

	3-Methylhexane
	3.4671
	0.0212
	0
	0.0741
	Pyrazine, methyl
	7.0708
	0
	0.0024
	0.0206
	Furan,2-(2furanylmethyl)-5-methyl
	14.278
	0
	0.0027
	0.0019

	Cyclopentane,1,3-dimethyl
	3.5782
	0.0059
	0.0029
	0
	Cyclotrisiloxane, hexamethy
	7.2112
	0.0182
	0
	0.0033
	1H-Pyrrole,1-(2furanylmethyl
	14.3246
	0.0007
	0.0014
	0

	2,2,7,7-Tetramethyloctane
	3.6130
	0
	0.0104
	0
	Furfural
	7.3574
	0
	0.0248
	0.0026
	Naphthalene
	14.3773
	0.0015
	0
	0

	2,2,3,5-Tetramethyl heptane
	3.6192
	0.0129
	0
	0.0558
	3-furaldehyde
	7.3924
	0.0077
	0
	0
	Terpinen-4-ol
	14.2603
	0.0026
	0
	0

	Cyclopentane,1,2-dimethyl
	3.6543
	0.0101
	0.0023
	0
	1H-Pyrrole,1-methyl
	7.6265
	0.0015
	0
	0
	2-n-Heptylfuran
	14.4475
	0.0060
	0
	0

	Heptanol
	3.6604
	0
	0.0067
	0
	2- Acetyl-1--pyrroline
	9.5452
	0.0049
	0
	0
	Dodecane
	14.5411
	0.0031
	0.0034
	0

	Furan,2,5-dimethyl
	3.9820
	0
	0.0278
	0.0332
	Benzaldehyde
	10.364
	0.0055
	0.0076
	0.0608
	Methyl chavicol
	14.5703
	0.0034
	0
	

	Furan,tetrahydro-2,5-dimethyl
	4.0462
	0.0238
	0.0211
	0
	6-methyl-5-hepten-2-one
	10.926
	0.0030
	0.0035
	0
	Nonadienal<2E,4E>
	14.7809
	0.0072
	0.0033
	0

	Pyridine
	5.292
	0
	0
	0.0322
	2- pentylfuran
	11.008
	0.0295
	0.0212
	0.6064
	3-Cyclohexene-1-carboxaldehyde
	14.9389
	0.0022
	0
	0

	Heptane,2-methyl
	5.4561
	0.0089
	0
	0
	Octen-2-one<3E>
	11.8083
	0.0022
	0
	0
	Carvacrol, methyl ether
	15.2372
	0.0109
	0.0085
	0

	1-Pentene
	5.5731
	0.0039
	0
	0
	Benzene acetaldehyde
	11.9027
	0.0045
	0.0078
	0.0032
	1,2-Benzothiazole
	15.3192
	0.0029
	0.0030
	0

	Heptane,3-methyl
	5.6840
	0
	0.0107
	0
	β-Phellandrene
	11.7155
	0.0028
	0
	0.0029
	Decanol
	15.5999
	0.0229
	0
	0

	Isobutyl 2-methylbutanoate
	5.6842
	0.0095
	0
	0
	p-Cymene
	11.6336
	0.0024
	0.0035
	0
	1-Cyclohexenecarboxaldehyde
	15.7746
	0.0070
	0
	0

	Heptane,4-methyl
	5.6841
	0
	0
	0.1350
	Octyl formate
	12.4468
	0.0459
	0.0070
	0
	Decadienal(2E,4Z)
	15.9392
	0.0104
	0.0060
	0.0055

	2-hexanone
	6.2224
	0.0019
	0.0019
	0.4652
	Nonanone<2>
	12.827
	0.0056
	0
	0
	Tridecane
	15.9919
	0.0161
	0.0187
	0

	3-hexanone
	6.2224
	0
	0
	0.0383
	Linalool
	12.9557
	0.0032
	0
	0
	Carvacrol
	16.0387
	0.0071
	0.0055
	0

	3-hexanol
	6.3741
	0.0008
	0.0017
	0.0996
	Benzofuran,2-methyl
	13.131
	0
	0
	0.0075
	Thymol
	16.044
	0
	0
	0.0072


Table 1 Contd
.
	Compound
	Retention time (Min)
	NERICA 1
	NERICA 4
	NERICSA 10
	Compound
	Retention time (Min)
	NERICA 1
	NERICA 4
	NERICSA 10
	Compound
	Retention time (Min)
	NERICA 1
	NERICA 4
	NERICSA 10

	Undecanal
	16.1147
	0.0067
	0
	0
	Tetratrioctane
	19.3907
	0.0098
	0
	0
	Dibutyl phthalate
	23.6963
	0.1716
	0
	0.2583

	E,E-2,4-decadienal
	16.261
	0.0339
	0.0333
	0.0215
	Hexadecene-1
	19.6188
	0.0266
	0.0175
	0.0234
	Hexadecanol acid ethyl ester
	23.7782
	0.0340
	0.0523
	0.2749

	Furan,2,3-dihydro-4-methyl
	16.6471
	0.0064
	0
	0
	1-Heptadecene
	20.3911
	0.0075
	0
	0
	Eicosane
	24.0063
	0.0527

	0.0054

	0

	Undecanal<2E>
	16.8986
	0.0139
	0.0130
	0.2843
	Hexadecane
	19.8322
	0.0306
	0.0204
	0.0175
	Methyl octadecanoate
	25.0008
	0.0051

	0.0016

	0.3357

	Dodecane,2,6,10,trimethyl
	17.045
	0.0037
	0
	0
	Cedrol
	20.0867
	0.0085

	0.0022

	0
	Octadecanoic acid
	25.3752
	0.0312

	0
	0

	α-Copaene
	17.173
	0
	0.0051
	0
	Cyclopentane, nonyl
	20.3911
	0
	0.0055
	0
	Methyl  linoleate
	25.5566
	0.0219

	0
	0.0051

	α-Cubebene
	17.1736
	0.0082
	0
	0.0077
	Cyclopentane, undecyl
	20.5020
	0.0108
	0
	0.0059
	Tricosane
	26.4926
	0.0582
	0
	0

	Tetradecane
	17.3549
	0.2591
	0.3061
	0
	Tetradecane, 3-methyl
	20.5022
	0.0098

	0
	0
	


	Longifoline
	17.624
	0.0095
	0.0037
	0
	Hexadecanol
	20.5548
	0.0458
	0
	0
	

	α-Funebrene<2-epi>
	17.7062
	0
	0.0023
	0
	Heptadecane
	20.8883
	0.0061
	0
	0
	

	b-Caryophyllene
	17.7878
	0.0286
	0.0072
	0
	Methyl tetradecanoate
	21.2042
	0.0134
	0
	0
	

	Geranyl acetone
	18.069
	0.0179
	0
	0
	Decanoic acid
	21.5259
	0.0333
	0
	0
	

	β-ionone
	18.560
	0
	0.0132
	0
	Octadecane
	21.9764
	0.0137
	0
	0.0047
	

	Dodecanol
	18.3085
	0.1357
	0
	0.6898
	2-Pentadecanone,6,10,14-trimethyl
	22.2513
	0.1489
	0.1812
	0.5095
	

	Bisabolene
	18.8175
	0.0104
	0.0039
	0
	Nonadecane
	23.0177
	0.0308
	0
	0
	

	δ-Cidanene
	18.9753
	0.0176
	0.0073
	0
	Methyl hexadecanoate
	23.3102
	0.0538
	0.0522
	0.9824
	

	α-Humulene
	18.2266
	0.028
	0.0093
	0
	Phthalic acid, isobutyloctyl ester 
	23.5149
	0.0168
	0
	0.0155
	

	Tridecane, 7-hexyl
	19.3380
	0.0062
	0
	0
	Hexadecanoic acid
	23.5149
	0.2793
	0.1492
	0
	




