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The sweet popcorn aroma conferred by 2-acetyl-1-pyrroline (2AP) is a highly economic trait of rice grain 
attracting premium price worldwide. This research study was conducted to determine the levels of 2AP 
in Ugandan rice lines with the aim of establishing a better understanding on the level and classes of 
2AP and aroma phenotype. Concentration of 2AP was assayed using two-dimensional gas 
chromatography-time-of-flight mass spectrometry (GC × GC-TOF-MS) in tandem with sensory 
evaluation. Substantial variations in aroma intensity within and between the Uganda rice families were 
recorded. However, the levels of aroma variation were strongly influenced by the type of rice, and the 
breeding population it was derived from. Hence, three aroma based categories, namely, nonaromatic, 
moderately aromatic and highly aromatic were identified. GC with complementary sensory evaluation 
suggested a highly complex nature of rice aroma, as several rice lines were re-classified on the basis of 
this study. The 2AP contents and aroma intensity for genotypes with O. glaberrima were low compared 
to O. sativa and O. barthi. Genotypes of Supa 5, Supa 1052, Yasmin aromatic and MET 3 contained high 
2AP levels whereas MET 16, MET 6, AGRA 78, AGRA 55, AGRA 41 and Sande TXD 306 exhibited 
moderate 2AP contents. Therefore, in developing an optimal breeding strategy aimed at improving the 
aroma in rice, quantitative information about 2AP and complementary sensory evaluation are a 
prerequisite. 
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INTRODUCTION 
 
Rice (Oryza sativa L.) is the second most important food 
crop after wheat worldwide (FAOSTAT, 2017) and it 
provides approximately 70% of the dietary energy intake 
for more than  two  billion  people  (Sharma  et  al., 2018). 

Africa reportedly produces at least 23.8 million tons of 
rice, approximately 16.4% of the global milled rice 
production (FAOSTAT, 2017). In Uganda, rice productivity 
has increased since 1961  from  1.3 to 2.3 t/ha (Kikuchi et  



 

 
 
 
 
al., 2015) with recently estimated total production at 
261,620 tons (FAOSTAT, 2017). Even with the recent 
yield increase mainly due to newly released high yielding 
rice varieties, the country is unlikely to attain self-
sufficiency in rice production by 2025 (Oort et al., 2015). 
Consequently, research has been focused on improving 
productivity at the expense of enhancing quality traits of 
importance to final consumers (Custodio et al., 2016; 
Asante, 2017). 

Rice consumers have diverse preferences for extrinsic 
and intrinsic quality attributes of the grain (Laizer et al., 
2018). With regard to intrinsic sensory attributes, the 
sweet taste and aromatic characteristics of rice grain are 
the core traits desired by the majority of consumers 
(Laizer et al., 2018), and the basis of aroma in rice may 
be classified as aromatic or nonaromatic rice. Aromatic 
rice is mainly defined by the concentration of 2-acetyl-1-
pyrroline (2AP), a N-heterocycle produced by a mutation 
in the betaine aldehyde dehydrogenase (badh2) gene, 
leading to accumulation of 4 aminobutanal, its acetylation 
and subsequent cyclisation (Daygon et al., 2017). 2-
Acetyl-1-pyrroline is a key odorant in aromatic rice, with a 
very low detection threshold of 0.05 μg/L (Jost et al., 
2019). In fact, analysis of 2AP content in several aromatic 
rice lines found the existence of substantial variation in 
the aromatic compound content (Xie et al., 2019). 
Nonaromatic rice was reported to contain 2AP 
concentration of less than 30 ppb (Buttery et al., 1983) 
with the highest 2AP concentration of nonaromatic rice 5-
fold less than the lowest 2AP concentration of aromatic 
rice (Sansenya et al., 2018). Interestingly, some aromatic 
rice lines have been found to have non-detectable levels 
of 2AP, the implication being that several other 
compounds are involved in rice aroma (Xie et al., 2019). 
In addition to 2AP, five (decanal, 2-hexanone, 2-
pentylfuran, 1-hexanol, and hexanal) additional volatile 
compounds have been found to substantially influence 
the categorization of rice as aromatic and nonaromatic 
(Hoffmann et al., 2019).  Genetic factors are considered 
the primary contributor towards the aroma of rice grain 
(Bradbury et al., 2005). In fact, Shan et al. (2015) 
reported the creation of fragrant rice (with high 2AP 
content) from a nonaromatic variety by using gene editing 
technologies, sequence-specific nucleases and 
transcription activator-like effector nucleases. Despite, 
the significant influence of genetics on rice grain aroma, 
several other factors are known to contribute towards the 
aromatic profile of rice, and the intensity, for example soil 
salinity (Poonlaphdecha et al., 2012), plant nutrition (Lei 
et al., 2017), agronomic practices (Goufo et al., 2010), 
light intensity (Mo et al., 2017) and temperature (Prodhan 
et al., 2017). The concentration of other biological 
compounds   such   as   1-pyrroline   has    been   directly  
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implicated in the biosynthesis of 2AP (Prodhan et al., 
2017). 

Recently, in Uganda, rice comprising of landraces and 
introductions are being targeted for improvement of rice 
aroma using conventional breeding (MAAIF, 2012). 
Currently, 2AP is the only compound that rice breeders 
can select to adjust fragrance in rice (Okpala et al., 
2018). However, the relationship between the 
concentrations of 2AP in the different rice lines, 
especially the landraces was not well understood. 
Chakraborty et al. (2016) observed variation in the 
intensity of rice aroma in 84 genotypes within identical 
genotypes and also among the genotypes from diverse 
groups. Therefore, the aim of this work was to determine 
the concentration of 2AP for the rice germplasm 
collection in Uganda. 
 
 
MATERIALS AND METHODS 

 
Genetic materials used  

 
Rice grains (300 g) from each of twenty eight rice genotypes were 
taken from the East African Regional Rice Research and Training 
Centre at the Ugandan National Crops Resources Research 
Institute (NaCRRI), Uganda.  The selected rice genotypes included 
introduced and local lines (Table 1).  

 
 
Preparation of the polished rice grains 

 
Rice paddy (300 g) was submerged in 1 L distilled water and the 
empty kernels that floated immediately removed. The clean 
samples were sun dried by spreading thinly (depth < 1 cm) and 
evenly on a clean concrete floor for approximately 48 h until 
approximately 12% average moisture content measured using 
moisture meter was achieved. The dried grains were milled using 
lab test mills (Satake, Tokyo, Japan) at Tilda Rice (Uganda) 
Limited.  Fifty grams (50 g) of milled rice samples were vacuum-
packed into polythene bags and sent to the University of 
Queensland, School of Agriculture and Food Sciences, Australia, 
where they were maintained at -80°C until analysis (Daygon et al., 
2017).  

 
 
Sensory evaluation of the brown rice grain 

 
Seven panelists (7) from the Nutrition and Bioanalytical lab, 
National Crops Resources Research Institute, Uganda were trained 
in a 2 h session for 3 days prior to the grain aroma evaluation. Forty 
grains of each genotype were soaked in 10 ml of 1.7% KOH 
solution at room temperature in a covered glass Petri-dish for 30 
min following the method of Golam et al. (2010). Thereafter, the 
grain samples were coded and randomized for aroma evaluation 
immediately after removing the Petri-dish cover by using short 
sniffs. Four-point category scales (1 = no aroma, 2 = slight aroma, 3 
= moderate aroma and 4 = high aroma) were used to measure the 
intensity of grain aroma.  
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Table 1.  Information on the 28 selected rice genotypes. 
 

Genotype Crosses Pedigree Origin  Aroma status 

AGRA 41 O. sativa  x O. sativa AGRA-CRI-UPL-3-4 AfricaRice, Benin Unknown 

AGRA 55 O. sativa  x O. sativa AGRA-CRI-UPL-4-4 CRI, Ghana Unknown 

Namche 2 O. sativa japonica x (O. sativa japonica x O. glaberrima) NM7-8-2-B-P-11-6 NaCRRI Uganda Nonaromatic 

Namche 5 O. sativa  x O. sativa NM7-27-1- B-P-77-6 NaCRRI Uganda Nonaromatic 

Namche 6 O. sativa  x O. sativa NM7-5-2- B-P-79-7 NaCRRI Uganda Nonaromatic 

Komboka O. sativa  x O. sativa IR 05N 221  IRRI, Philippines Aromatic 

Supa 3 O. sativa  x O. sativa IR 97011-7-7-3-1-B IRRI, Philippines Aromatic 

Supa 5 O. sativa  x O. sativa - IRRI, Philippines Aromatic 

Supa 6 O. sativa  x O. sativa IR 9712-4-1-2-1-1 IRRI, Philippines Aromatic 

MET 3 O. sativa  x O. barthi ARTT35-114-1-6N-2 AfricaRice, Nigeria Unknown 

MET 4 O. sativa  x O. barthi ART34-146-1-8N-1 AfricaRice, Nigeria Unknown 

MET 6 O. sativa  x O. barthi ART35-49-1-4N-1 AfricaRice, Nigeria Unknown 

MET 12 O. sativa  x O. barthi ART34-88-1-2-B-1 AfricaRice, Nigeria Unknown 

MET 13 O. sativa  x O. barthi ART34-113-3-2-B-1 AfricaRice, Nigeria Unknown 

MET 14 O. sativa  x O. barthi ART34-256-3-1-B-2 AfricaRice, Nigeria Unknown 

MET 16 O. sativa  x O. barthi ART35-272-1-2-B-1 AfricaRice, Nigeria Unknown 

MET 33 O. sativa  x O. barthi ART27-58-6-2-1-1-3-1 AfricaRice, Nigeria Unknown 

MET 40 O. sativa  x O. barthi - AfricaRice, Nigeria Unknown 

ART 4 O. sativa  x O. sativa - AfricaRice, Nigeria Unknown 

ART 7 O. sativa  x O. sativa - AfricaRice, Nigeria Unknown 

ART 10 O. sativa  x O. sativa - AfricaRice, Nigeria Unknown 

Namche 4 O. sativa  x O. sativa ART3-11L1P1-B-B-2 AfricaRice, Nigeria Nonaromatic 

Sande TXD 306 O. sativa  x O. barthi O. barthi interspecific lines AfricaRice, Nigeria Unknown 

Supa 1052 O. sativa  x O. sativa - AfricaRice, Nigeria Aromatic 

1190 O.sativa japonica x O. glaberima - AfricaRice, Nigeria Unknown 

Nerica 4 O.sativa japonica x O. glaberima WAB 450-1-B-P-91-HB AfricaRice, Côte d'Ivoire Nonaromatic 

E 20 O. sativa x (O.sativa x O. glaberima) IRAT 325/WAB 365-B-1H1-HB NaCRRI, Uganda Nonaromatic 

Yasmin aromatic O. sativa x O. sativa japonica -  Egypt Aromatic 
 

Source: Extracted from Kanaabi et al. (2018). 

 
 
 
Assessment of rice grain 2-acetyl-1-pyrroline levels 
 
Assessment of 2AP concentration was performed in the 
Plant   and   Food   Metabolomics   laboratory,   School   of 

Agriculture and Food Sciences, The University of 
Queensland, Australia. Polished rice samples were ground 
cryogenically using a TissueLyser (Qiagen, Hilden, 
Germany) and 1 g of flour was placed in autosampler tubes, 

sealed and frozen at -80°C until analysis. The samples 
were prepared in triplicate. Once ready for analysis, 
samples were left overnight at room temperature to 
equilibrate, and  then volatile compounds in the headspace



 

 
 
 
 
of each sample were analysed by GC×GC-TOF-MS. The sealed 
tubes were then randomised and analysed in batches of 50. Blank 
samples were run before analysis of the experimental samples to 
equilibrate the machine and a quality control (QC) sample was 
placed at every 10th position in the sample queue. The samples 
were analysed following previously published method (Daygon et 
al., 2017). Briefly, the samples were heated to 80°C with agitation 
for 10 min on a CombiPal Autosampler (Agilent, CA, USA) to 
volatilise compounds. The headspace (1.5 ml) was collected using 
a 2.5 ml headspace syringe at 80°C and injected in splitless mode 
(Pegasus 4D GC×GC-TOF-MS Leco; St. Joseph, MI, USA). The 
temperature of the GC inlet and transfer line was maintained at 
250°C. Separation was performed first on a primary column (Agilent 
DB-624UI midpolar, 30m x250µ x1.4µ; Agilent, CA, USA) and then 
on a secondary column which was a Stabilwax (polar, 0.9m x250µ 
x0.50 µ; Restek, Bellefon, USA). The primary column was initially 
set to 45°C for 1 min and then ramped at a rate of 10°C/min to 
235°C. The secondary column and the modulator were set at 15 
and 25°C higher than the primary column, respectively for the entire 
run. The modulation period was set at 2.5s, with 0.4s hot pulse time 
and 0.85s cool time between stages. The carrier gas (Helium) was 
maintained at a constant flow rate of 1 ml/min. Data was acquired 
using a TOF-MS after a 200s delay with an acquisition rate of 200 
spectra/s. The MS scanned analytes within the mass range of 35 to 
500 m/z. The ion source was held at 240°C.  

Data pre-processing, alignment and noise correction were done 
using ChromaTof v4.50. Signal to noise ratio was set at 25. The 
absence of instrument drift and batch effects was verified using the 
QC samples and technical replicates. Identification of 2AP was 
done by comparison of retention time and electron ionization (EI) 
fragmentation patterns of the samples to an in-house mass spectral 
library created by running authentic analytical standards (Daygon et 
al., 2017). The relative amounts of 2AP were calculated by 
measuring the area under the curve of the 2AP peak.  
 
 
Statistical data analyses  
 
Data were subjected to analysis of variance (ANOVA) using R- 
statistical software (R Core Team, 2017, Version 3.4.1). Fisher’s 
protected least significance difference (LSD) was used to separate 
means at 5% level of significance. Principal component analysis 
was performed using the grain chemical constituent  data to plot 
and visualize the rice lines based on 2AP abundance and 
regression analysis conducted using MS Excel Software to 
determine the proportion of variation in sensory aroma accounted 
by the change in 2AP abundance. Multiple comparison of the mean 
concentration of 2AP in 26 rice lines against controls for 
nonaromatic (NERICA 4) and aromatic (Supa 5) was performed 
(Rafter et al., 2002). For pairwise comparisons, Dunnett’s t-test was 
conducted to determine significant (p<0.05) differences between 
the lines (Dunnett, 1955). 
 
 

RESULTS AND DISCUSSION 
 
Concentration of 2-acetyl-1-pyrroline in the rice 
genotypes  
 

Gas chromatography data revealed that the relative 
amount of 2AP varied from 0.000 to 0.3195 (Table 2).   

In ascending order of 2AP, the rice genotypes MET 12, 
MET 13, Nerica 4, Supa 3, MET 14, E 20, Namche 6, 
Namche 5, Namche 2, ART 4, Namche 4, MET 40, 1190, 
ART 7, Supa  6,  and  MET  4  had  significantly  (p<0.05) 
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lower relative percentage concentration of 2AP compared 
to other rice genotypes studied, with the exception of 
ART 10 and Sande. In this category, the lowest relative 
percentage amount of 2AP was 0.000 and the highest 
0.0531 constituting the category of the lowest 2AP 
concentration and MET 12, MET 13, Nerica 4, and Supa 
3 appeared not to contain any 2AP within their aroma 
profiles. The genotypes ART 10, Sande and Komboka 
had significantly (p<0.05) lower relative percentage 
concentration of 2AP compared to AGRA 41, MET 6, 
MET 33, AGRA 65 and MET 16. For this second 
category, the relative percentage concentration of 2AP 
varied from 0.0642 to 0.1333 with genotypes, Supa 1052 
and Yasmin aromatic having significantly (p<0.05) higher 
relative percentage concentration of 2AP compared to 
MET 3, Supa 5 and all the other genotypes studied. The 
category of genotypes with highest 2AP concentration 
appeared to be distinct from the other genotypes. The 
GC data revealed substantial variations in the 2AP aroma 
constituent among different rice genotypes and within the 
broad categories of rice genotypes from similar 
geographical sources e.g. MET and Supa came from 
Nigeria and Philippines, respectively. Variations in the 
aromatic profile concentration of 2AP among cultivars 
were reported by Pachauri et al. (2010). Given that the 
studied 28 genotypes constitute the predominantly 
cultivated rice in the country, it is evident that the national 
breeding program has invested less in the development 
of rice aroma traits. Kanaabi et al., (2018) reported 
genotype 1190 to be aromatic based on individual grain 
assessment by chewing following the procedure of 
Dhulappanavar (1976). The results showed that 
genotypes 1190, Supa 6 and MET 4 were in moderate 
aromatic category. Similarly, among the rice genotypes 
within the moderate 2AP category, MET 16. AGRA 55, 
AGRA 41 and MET 6 have shown to be in elevated 2AP 
profile and aromatic category.   

Considering the genotypes constituting the family 
category under AGRA, ART, MET, Namche, and Supa, 
the Namche family had in general genotypes with the 
lowest scores of relative percentage fraction of 2AP 
(Table 2). In contrast, generally, the Supa family of 
genotypes had the highest scores of the relative 
percentage fraction of 2AP. The other families of ART, 
MET and AGRA had scores in between the values for 
Namche and Supa families. Within the specific rice 
families, the largest degree of 2AP variation (minimum 
vs. maximum) was observed among the Supa genotypes 
and the narrowest degree of 2AP variation was observed 
among the AGRA and ART families. Considering 
variation within the Supa genotypes, Supa 1052 and 
Supa 5 contained high concentrations of 2AP, but Supa 3 
genotype had non-detectable levels of 2AP. This finding 
is inconsistent with earlier reports from several workers 
who had advanced the idea that all Supa lines, including 
Supa 3 were aromatic (Kikuchi et al., 2015; Kanaabi et 
al., 2018.  thus,  the  indiscriminate  reliance  on the Supa 
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Table 2. The amount of 2AP (relative percentage fraction) and the sensory aroma perception score of the hulled rice grains. 
 

Genotype Minimum 2AP% Maximum 2AP% Mean 2AP % Sensory score 

Agra 41 0.1109 0.1828 0.1520
f
 ±0.0370 2.86

 j
 ±0.86 

Agra 55 0.1464 0.1772 0.1595
fg

 ±0.0159 2.14
efg

 ±0.86 

Namche 2 0.0000 0.0057 0.0031
ab

 ±0.0029 1.50
abcd

 ±0.94 

Namche 5 0.0000 0.0052 0.0017
a
 ±0.0030 1.07

ab
 ±0.27 

Namche 6 0.0000 0.0034 0.0011
a
 ±0.0020 1.14

ab
 ±0.36 

Komboka 0.0617 0.1324 0.0957
de

 ±0.0354 2.21
efgh

 ±0.80 

Supa 3 0.0000 0.0000 0.0000
a
±0.0000 1.28

abc
 ±0.47 

Supa 5 0.2260 0.2751 0.2445
i
 ±0.0268 2.79

ij
 ±0.70 

Supa 6 0.0300 0.0548 0.0432
bc

 ±0.0125 1.71
cde

 ±0.99 

MET 3 0.1907 0.2757 0.2323
hi
 ±0.0426 2.71

hij
 ±0.99 

MET 4 0.0319 0.0726 0.0531
c
 ±0.0204 2.43

ghij
 ±0.65 

MET 6 0.1048 0.2052 0.1389
f
±0.0575 2.64

ghij
 ±0.74 

MET 12 0.0000 0.0000 0.0000
a
 ±0.0000 2.57

ghij
 ±1.09 

MET 13 0.0000 0.0000 0.0000
a
 ±0.0000 2.50

ghij
 ±0.65 

MET 14 0.0000 0.0023 0.0008
a
 ±0.0013 2.43

ghij
 ±0.94 

MET 16 0.1591 0.2257 0.1940
gh

 ±0.0334 2.93
 j
 ±0.73 

MET 33 0.1277 0.1673 0.1500
 f
 ±0.0203 1.00

 a
 ±0.00 

MET 40 0.0000 0.0158 0.0053
ab

 ±0.0091 1.57
bcd

 ±0.76 

ART 4 0.0000 0.0052 0.0033
ab

 ±0.0029 1.07
ab

 ±0.27 

ART 7 0.0347 0.0433 0.0392
abc

 ±0.0043 1.36
abcd

 ±0.50 

ART 10 0.0584 0.0672 0.0642
cd

 ±0.0050 1.50
abcd

 ±0.65 

Namche 4 0.0000 0.0148 0.0049
ab

 ±0.0085 1.00
a
±0.00 

Sande TXD 306 0.1091 0.1748 0.1333
cd

 ±0.0361 1.86
def

 ±0.95 

Supa 1052 0.2849 0.3482 0.3217
 j
 ±0.0329 1.29

abc
 ±0.47 

1190 0.0000 0.0199 0.0066
ab

 ±0.0115 1.00
 a

 ±0.00 

Nerica 4 0.0000 0.0000 0.0000
a
 ±0.0000 1.14

ab
 ±0.36 

E 20 0.0000 0.0027 0.0009
a
 ±0.0015 1.14

ab
 ±0.36 

Yasmin aromatic 0.2551 0.3662 0.3195
j
 ±0.0576 2.29

fghi
 ±0.83 

 
 
 
genotypes could offer less desirable outcomes in a 
conventional breeding programme. The result indicated 
that the concentration levels of 2AP present in several 
popular rice genotypes in Uganda suggested that they 
are nonaromatic, which explains the efforts aimed at 
improving aroma in the Uganda genotypes lines using 
newly introduced exotic germplasm (MAAIF, 2012). As 
GC estimation of the rice aroma intensity was primarily 
on the levels of 2AP concentration, an important 
constituent among several other aroma compounds, a 
more robust aroma profile investigation within the 28 lines 
was conducted using trained sensory panelists. 
Sensory evaluation scores of the trained panelists 
revealed that 1190, ART 10, ART 4, ART 7, E 20, MET 
33, MET 40, Namche 2, Namche 4, Namche 5, Namche 
6, Nerica 4 and Supa 3 had significantly (p<0.05) lower 
rice aroma intensity compared to the other rice genotypes 
(Table 2). The category with scores ranging from 1.00 to 
1.57 was ranked lowest in regards to rice aroma intensity. 
The AGRA 55, Komboka, and Yasmin aromatic with 
scores ranging from 2.14 to 2.29, was  ranked  second  in 

regards to rice aroma intensity. The third category 
constituted by AGRA 41 and MET 16 was not clearly 
differentiated from MET 3, MET 4, MET 6, MET 12, MET 
13, MET 14 and Supa 5 which were rated aromatic. In 
spite of the subjective nature of sensory evaluation, both 
GC and sensory evaluation determinations established 
three broad groupings of the genotypes studied in 
relationship to grain aroma intensity indicating that the 
trained panels employed in sensory evaluation studies 
could be more objective than subjective in awarding 
scores (Chakraborty et al., 2016). Previous aroma 
evaluation study based on 3 trained panelist with rank 
(0=non aroma, 1=moderate aroma and 2=high aroma) 
indicated aromatic rice to score at least 0.67 (Hien et al., 
2006). By converting a scale of 1 for nonaromatic to 0 for 
nonaromatic, the limit for nonaromatic rice of 1.57 
reported in this study and 0.67 according to Hien et al. 
(2006) seems to be comparable. However, the sensory 
evaluation approach was observed to suffer from a 
relatively lower discriminatory power in assigning the 
genotypes  lines  into  the  three different categories. This
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Figure 1. Scatter plot of two principal components of rice genotypes sorted based on the amount of 2-acetyl-1-pyrroline. 

 
 
 
was probably due to the highly complex nature by which 
the humans olfactory sense perceive aroma in 
comparison to simplified chemical assays (Chambers and 
Kadri, 2013).  

Among the genotypes in the AGRA, ART, MET, 
Namche, and Supa families, the Namche family had in 
general the lowest average score (1.18) of aroma 
intensity and the genotypes constituting AGRA family had 
the highest average score (2.5) of aroma intensity (Table 
1). The genotypes constituting the family under ART, 
MET and Supa had intermediate average scores of 
aroma intensity ranked at 1.13, 2.31 and 1.77, 
respectively. Based on GC results, the largest variation in 
2AP (minimum vs. maximum) was observed among the 
MET lines and the narrowest 2AP variation were 
exhibited among the genotypes in the Namche and ART 
families (Table 2). In principle, the result for ranking of 
genotypes with regard to aroma intensity within and 
between the families and categories using both 
techniques were in agreement. However, there were a 
few instances where the result from GC and sensory 
evaluation were not in agreement, for example Supa 
1052 was rated highly aromatic (mean % = 0.3217) 
based on GC results and at the same time slightly 
aromatic (score=1.29) by sensory evaluation indicating 
the complex nature of aroma (Chamber et al., 2013) 
suggesting tendency of disagreement in assaying of the 
group with the widest variation in aroma between the  GC 

and sensory evaluation methods (Chambers and Kadri, 
2013). However, in regards to the family with the 
narrowest variation, fairly the two approaches were more 
in agreement implying that for genotypes with narrow 
2AP scores, the sensory profile appeared to be more 
easily assayed compared to lines with wide concentration 
of 2AP. This could be due to the contribution of the other 
volatile organic compounds (VOC) causing complexity in 
aroma (Chambers and Kadri, 2013). This complexity 
account for the variability in 2AP based on two principal 
axes (Figure 1).  

In general, both the GC and sensory evaluation 
methods tend to agree as indicated by the result from the 
simple regression analysis (Figure 2).   

The results indicate that even when 2AP abundance is 
zero, the sensory score of up to 1.57 could be recorded 
by the panelist. This suggests the role of other 
compounds in rice aroma. The comparison of the two 
methods pointed out that percentage increase in 2AP of 
2.95 would be required to cause a unit increase in aroma 
sensory score. Based on this study, the 2AP accounted 
for up to 19.8% of the total variation in sensory aroma 
perception in the rice grain. This further suggests the role 
of other compounds in determining the final grain rice 
aroma. This could be the reason as to why an aroma 
score of more than one (1) would be recorded in the 
absence of 2AP. However, the positive and significant 
(p<0.05)  regression  coefficient  of   0.198   clearly  show 
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Figure 2. Trend line for correlation between 2AP amount and sensory score for 
aroma in rice. 

 
 
 
correlation between sensory aroma and the percentage 
2AP abundance in the rice grains.  
 
 
Aroma classification of the genotypes lines 
 
The result of classification of the genotypes based on the 
2AP peak area of the different rice aroma profiles are 
presented in Table 3.  

Nerica 4 (aromatic negative control), as compared to 
AGRA 41, AGRA 55, ART 10, Komboka, MET 3, MET 6, 
MET 16, MET 33, Sande, Supa 5, Supa 1052 and 
Yasmin aromatic which had significantly (p<0.05) higher 
2AP mass ion abundance in their aroma profiles were 
classified as moderately aromatic, and MET 3, Supa 5, 
Supa 1052 and Yasmin aromatic were highly aromatic. 
Differentiation among the two aromatic sub-classifications 
was determined by the presence of a significant 
difference (p<0.05) against Nerica 4 with a simultaneous 
significant difference (p<0.05) against Supa 5 for 
moderately aromatic (Dunnet, 1955). For the highly 
aromatic sub-classification, a significant difference 
(p<0.05) against Nerica 4 with a simultaneous non-
significant difference (p>0.05) against Supa 5 was the 
criteria used (Dunnet, 1955). With regards to 
comparisons against Supa 5 (aromatic positive control), 
all genotypes had significantly (p<0.05) lower 2AP mass 
ion abundance except MET 3, Supa 1052 and Yasmin 
aromatic. Thus, aroma based classification of Uganda 
genotypes using pairwise multiple means comparison 
also revealed the existence of three broad categories 
which were clearly defined suggesting that Nerica 4 is a 
reliable standard reference cultivar for denoting 
nonaromatic rice lines. Given that earlier workers 
classified Nerica 4 as aromatic (Kanaabi et al., 2018), the 
present study highlights the importance of simultaneous 
chemical assays (GC) with sensory evaluation in 
classification of genotypes. On  the  other  hand,  besides 

Supa 5 that was used for denoting aromatic genotypes in 
this study (Kanaabi et al., 2018), it is evident that MET 3, 
Supa 1052 and Yasmin aromatic can equally be used as 
aromatic positive controls. Within the genotypes in 
AGRA, ART, MET, Namche and Supa families, the 
AGRA and Namche families revealed the least degree of 
variation in the classification criteria using 2AP ion 
abundance (Table 3) and the MET family of rice lines had 
the highest degree of variation in the classification criteria 
using 2AP ion abundance.   
 
 
Conclusion 
 
Substantial variations in aroma intensity within and 
between the Uganda rice families were evident and the 
levels of aroma variation were strongly influenced by the 
type of rice family. The three categories of nonaromatic, 
moderately aromatic and highly aromatic were clearly 
differentiated. GC in tandem with complementary sensory 
evaluation indicated the highly complex nature of rice 
aroma as several rice lines were re-classified on the 
basis of a more comprehensive analysis. Thus, in 
developing a breeding strategy aimed at improving the 
aroma quantitative information about 2AP and sensory 
evaluation would be required in the future. 
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Table 3. Aroma classification of rice lines into aromatic classes. 
 

Comparison with nonaromatic Comparison with aromatic 

Genotype  contrast 

Observed 
difference 

(m/z × 106) 

Std. error 

observed 
difference 

(m/z × 106) 

t value 

 
Pr(>|t|) Sig. Genotype contrast 

Observed 
difference 

(m/z × 
106) 

Std. error 

observed 
difference 

(m/z × 106) 

 

t value 

 

Pr(>|t|) Sig 
Aroma 
class 

Agra41 vs. Nerica4 0.5330 0.058 9.09 < 0.001 *** Agra41 vs. Supa5 -0.381 0.059 -6.49 < 0.001 *** MA 

AGRA55 vs. Nerica4  0.5382 0.058 9.80 < 0.001 *** AGRA55 vs. Supa5 -0.340 0.059 -5.78 < 0.001 *** MA 

NamChe2 vs. Nerica4 0.0099 0.058 0.17 1.0000 ns NamChe2 vs. Supa5 -0.904 0.059 -15.41 < 0.001 *** NA 

NamChe5 vs. Nerica4 0.0065 0.058 0.11 1.0000 ns NamChe5 vs. Supa5 -0.907 0.059 -15.47 < 0.001 *** NA 

NamChe6 vs. Nerica4 0.0048 0.058 0.08 1.0000 ns NamChe6 vs. Supa5 -0.910 0.059 -15.58 < 0.001 *** NA 

NamChe2 vs. Nerica4 0.0099 0.058 0.17 1.0000 ns NamChe2 vs. Supa5 -0.904 0.059 -15.41 < 0.001 *** NA 

Komboka vs. Nerica4 0.3526 0.058 6.01 < 0.001 *** Komboka vs. Supa5 -0.561 0.059 -9.57 < 0.001 *** MA 

Supa3 vs. Nerica4 -0.0012 0.058 0.00 1.000 ns Supa3 vs. Supa5 -0.913 0.059 -15.58 < 0.001 *** NA 

Supa5 vs. Nerica4 0.9135 0.058 15.58 < 0.001 *** Supa5 vs. Supa5 - - - - ns HA 

Supa6 vs. Nerica4 0.1515 0.058 2.58 0.1871 ns Supa6 vs. Supa5 -0.762 0.059 -13.00 < 0.001 *** NA 

MET3 vs. Nerica4 0.9906 0.058 16.90 < 0.001 *** MET3 vs. Supa5 0.772 0.059 1.32 0.9647 ns HA 

MET4 vs. Nerica4 0.1853 0.058 3.16 0.483 ns MET4 vs. Supa5 -0.728 0.059 -12.42 < 0.001 *** NA 

MET6 vs. Nerica4 0.6083 0.058 10.37 < 0.001 *** MET6 vs. Supa5 -0.305 0.059 -5.20 < 0.001 *** MA 

MET12= vs. Nerica4 -0.0003 0.058 0.00 1.000 ns MET12 vs. Supa5 -0.913 0.059 -15.58 < 0.001 *** NA 

MET13 vs. Nerica4 -0.0015 0.058 0.00 1.000 ns MET13 vs. Supa5 -0.914 0.059 -15.58 < 0.001 *** NA 

MET14 vs. Nerica4 0.0028 0.058 0.05 1.000 ns MET14 vs. Supa5 -0.911 0.059 -15.53 < 0.001 *** NA 

MET16 vs. Nerica4 0.6593 0.058 11.24 < 0.001 *** MET16 vs. Supa5 -0.254 0.059 -4.34 < 0.001 *** MA 

MET33 vs. Nerica4 0.5139 0.058 8.76 < 0.001 *** MET33 vs. Supa5 -0.400 0.059 -6.812 < 0.001 *** MA 

MET40 vs. Nerica4 0.0294 0.058 0.50 1.0000 ns MET40 vs. Supa5 -0.884 0.059 -15.08 < 0.001 *** NA 

ART4 vs. Nerica4 0.0107 0.058 0.18 1.0000 ns ART4 vs. Supa5 -0.903 0.059 -15.40 < 0.001 *** NA 

ART7 vs. Nerica4 0.1395 0.058 2.38 0.2802 ns ART7 vs. Supa5 -0.774 0.059 -13.20 < 0.001 *** NA 

ART10 vs. Nerica4 0.2367 0.058 4.04 <0.01 ** ART10 vs. Supa5 -0.677 0.059 -11.54 < 0.001 *** MA 

Namche4 vs. Nerica4 0.0227 0.058 0.39 1.0000 ns Namche4 vs. Supa5 -0.891 0.059 -15.19 < 0.001 *** NA 

Sande TXD 306 vs. Nerica4 0.5382 0.058 9.18 < 0.001 *** Sande TXD 306 vs. Supa5 -0.375 0.059 -6.40 < 0.001 *** MA 

Supa1052 vs. Nerica4 1.3791 0.058 23.52 < 0.001 *** Supa1052 vs. Supa5 0.4211 0.059 7.94 < 0.001 *** HA 

1190 vs. Nerica4 0.0445 0.058 0.76 1.0000 ns 1190 vs. Supa5 -0.869 0.059 -14.82 < 0.001 *** NA 

Nerica4 vs. Nerica4 - - - - ns Nerica4 vs. Supa5 -0.914 0.059 -15.58 < 0.001 *** NA 

E20 vs. Nerica4 0.0033 0.058 0.06 1.0000 ns E20 vs. Supa5 -0.910 0.059 -15.52 < 0.001 *** NA 

Yasmin Aromatic vs. Nerica4 1.3356 0.058 22.76 < 0.001 *** Yasmin Aromatic  vs. Supa5 0.421 0.059 7.18 < 0.001 *** HA 
 

NA = Nonaromatic; MA = Moderately aromatic; HA= Highly aromatic. 
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