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Abbreviations
2-AP	� 2-Acetyl-1-pyrroline
HS-SPME	� Head space solid phase 

microextraction
GC-MS/MS	� Triple quadrupole gas chroma-

tography mass spectrometry
DVB/Carbon WR/PDMS	� Divinylbenzene/carbon wide 

range/polydimethylsiloxane
DMSO	� Dimethyl sulfoxide
PTFE	� Polytetrafluoroethylene

Introduction

Rice is one the most important staple food and quenches 
the calorific requirement of one-fifth of world population 
(FAOSTAT 2017). Among the different rice types, aromatic 
rice enjoys higher consumer preference for its culinary 
properties. Thus, the export of aromatic rice from Asian 
countries to Europe, United States and Middle Eastern coun-
tries has been on rise, contributing considerable amount of 
forex earnings to the exporting countries. During the year 
2020–2021 about 46, 30, 463.14 metric tons of basmati 
rice (an aromatic rice) with a monetary value of 4018.71 
US$ Mill (Rs. 29,849.89 Crores) has been exported from 
India (APEDA 2021). The export of non-basmati rice which 
includes short grain aromatic rice had a growth of 109% 
from USD 2925 million in FY 2013–2014 to USD 6115 
million in FY 2021–2022 (PIB 2022).

2-Acetyl-1-pyrroline (2-AP) is the principal com-
pound that contributes to aroma in rice. 2-AP is a chemi-
cal that emits a buttered-popcorn-like aroma at specific 
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concentrations. The biochemical pathways associated with 
2-AP synthesis has been extensively studied and it has been 
found that the amino acid proline serves as one of the pri-
mary precursors for 2-AP synthesis (Mo et al. 2015; Poon-
laphdecha et al. 2016). Further, molecular investigations 
have shown that the recessive allele of Badh2 (betaine alde-
hyde dehydrogenase) gene is responsible for the 2-AP syn-
thesis. With the ample information available for 2-AP syn-
thesis, continuous efforts are being made by researchers to 
increase the 2-AP content in rice varieties and to combine it 
with other economic traits such as disease or pest resistance.

The ability to accurately measure the quantity of 2-AP 
is one of the important constraints in aromatic rice breed-
ing programs intended to enhance its content in the rice 
grain. Numerous methods have been developed in recent 
years to measure the quantity of 2-AP in rice grains such 
as direct extraction, distillation, headspace and solid phase 
micro extraction (SPME) (Mahatheeranont et  al. 2001; 
Wangcharoen et al. 2016; Sansenya et al. 2018; Lee et al. 
2019; Guo et al., 2020). Among these methods, SPME is 
a simple, rapid, economic and sensitive method for col-
lecting volatiles from headspace system and this method is 
widely used for quantitative determination of 2-AP in rice 
(Mathure et al. 2011; Hopfer et al. 2016). However, a num-
ber of factors namely, the sample weight, incubation time 
and temperature etc. influence the accurate quantitation of 
2-AP and other volatile compounds (Mathure et al. 2011). 
These parameters need to be validated in fully automated 
HS-SPME system. We assumed that fully automated system 
will reduce the error and will improve the efficiency of the 
quantitation method. Automated extraction using HS-SPME 
followed by estimation using chromatography instruments, 
could increase laboratory throughput with higher preci-
sion and accuracy, reduce costs and maximize work effi-
ciency (Kremser et al. 2016; Locatelli et al. 2019). Further, 
there are reports that the matrix has a strong effect on 2-AP 
release. The recovery of 2-AP was as low as 0.3% using 
HS-SPME method when compared to the solvent extraction 
method (Grimm et al. 2001). Large amounts of energy are 
required to release the analyte from the matrix in HS-SPME 
(Kenessov et al. 2016), which in turn can deteriorate the 
SPME fiber (Reyes-Garces et al. 2017). To compensate the 
matrix effect, standard addition methods are recommended 
(Ouyang and Pawliszyn 2008; Sante 2017). Interaction of 
2-AP with rice matrices may vary with different varieties 
depending on its biochemical content. Standard addition 
method was compared with scented and non-scented varie-
ties for better result.

The present study was carried out to develop a stand-
ardized method of 2-AP extraction from rice grain for its 
accurate quantitation. The developed method was validated 
using samples of six different rice cultivars grown during the 
same cropping season.

Materials and methods

Chemicals and reagent

2-Acetyl-1-pyrolline (2-AP, Toranto Research Chemicals, 
Canada) 10% W/W in toluene was supplied by Thermo Fis-
cher Scientific, India. Different solvents namely, hexane, 
toluene or DMSO were procured from Merck, India and 
were of GC-MS grade or the highest quality grade.

Rice samples and its preparation

Polished rice sample of Gobindobhog, a non-basmati, short-
grain aromatic rice was collected from the local market 
(Goodlife brand, Reliance Fresh, India) and was used for 
the method development of 2-AP quantification in rice. Rice 
samples were ground to fine powder using Ball mill grinder 
(MILL MIX20, DOMEL, Slovenia).

Instrumentation

Identification and quantification of 2-AP was done using 
GC-MS/MS (Trace 1300-TSQ 9000, Thermo Scientific, 
USA) equipped with HS-SPME auto sampler (TriPlus 
RSH, Thermo Scientific, USA) and a capillary column 
(TR-WAXMS; length: 30 m, i.d.: 0.25 mm, film thickness: 
0.25 µm). The following oven temperature program was fol-
lowed; initial hold at 50 °C for 2 min, temperature raised to 
100 °C at a ramp rate of 5 °C min−1 and hold for 10 min, 
temperature was increased to 230 °C at the ramp rate of 
15 °C  min−1 and hold for 2 min. Samples were ionized 
by the positive electron impact (EI) mode using electron 
energy of − 70 eV. Helium (99.999% purity) at the flow rate 
of 1 mL min−1 was used as the carrier gas. Argon (99.999% 
purity) was used in the collision cell. Both the MS trans-
fer line temperature and ion source temperatures were set 
at 230 °C. The selected reaction monitoring (SRM) mode 
was designated, and the following transitions were used for 
identification of 2-AP; m/z 111.1 > 82.1 (CE: 10 eV), m/z 
111.1 > 83.1 (CE: 5 eV), m/z 83.1 > 82.1(CE: 10 eV). The 
SRM transition, m/z 111.1 > 83.1 (CE: 10 eV) was used for 
quantification.

While measuring 2-AP, rice sample was kept into a 20 mL 
headspace vial (Thermo Scientific, USA) and the vials were 
sealed with crimp cap assembled PTFE/silicone silicon septa 
(Thermo Scientific, USA) and robotically transposed into the 
TriPlus headspace system. The headspace vials were kept in 
an in-built agitator at a particular temperature for a particular 
time during which the agitator was sequentially switched on 
and off at every 10 s. It was concentrated by using a SPME 
fiber (1 cm, 50/30 μm Divinylbenzene/Carbon Wide Range/
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Polydimethylsiloxane, DVB/Carbon WR/PDMS, Dark Gray, 
Thermo Scientific, Switzerland) for a particular duration. 
The fibre needle speed inside the vial was 20 mm sec−1.

After the equilibrium time, the fiber was directly injected 
into Split–Splitless injector port for 2  min. The injec-
tor temperature was kept at 250 °C with a split flow of 5 
mL min−1 and split ratio of 5. The carrier gas flow was set at 
1 mL min−1. The fiber was conditioned at 250 °C for 1 min 
before the injection and for 15 min post injection.

Method optimization for extraction and quantification 
of 2‑AP

The polished rice market sample of Gobindobhog was 
used for standardization of the method. Optimization of 
the method was carried out with respect to sample weight, 
grinding method (with or without addition of liquid nitrogen 
while grinding), sieving, temperature of incubation, duration 
of incubation, adsorption time. Absolute area count was used 
as a measure of thequantity during optimization. The con-
ditions were varied to achieve maximum increase in 2-AP 
peak area.

Sample weight

Three different sample weights (1, 2 and 3 g) of rice grains 
were initially considered for the standardization process. It 
has been reported that the high amount of variation in peak 
areas were observed when 0.5 g of sample was taken for the 
analysis (Mathure et al. 2010). Thus, we did not go for sam-
ple weight less than 1 g. Further, peak area of 2-AP in 2 g 
of sample did not have significant difference as compared to 
3 g of sample. Thus, we did not go beyond 3 g sample weight 
and 2 g of sample was used for further standardization of the 
method. Few reports suggested that addition of water can 
alter the release of 2-AP from powdered rice. The influence 
of water on the extraction of 2-AP was evaluated by addition 
of 600 µL of water into 2 g of sample.

Grinding and sieving

The effect of grinding temperature was evaluated by grind-
ing rice grains with or without liquid nitrogen in a mill 
grinder (MILL MIX20, DOMEL, Slovenia). Effect of size 
of the rice powder was also evaluated. The powders obtained 
were passed through sieves of different mesh numbers (< 60, 
60–80, > 80) and the passed through powders were used for 
the standardization.

Incubation temperature and duration in headspace

Four different incubation temperatures ranging between 60 
and 90 °C (at 10 °C interval); seven different incubation time 

varying from 20 to 80 min (at 10 min interval) were used for 
method standardization. Equilibration time of the fiber was 
varied between 5 and 25 min (at 5 min interval) to obtain 
optimum adsorption time.

Effect of solvent

The impact of addition of different solvents was also evalu-
ated by addition of 5 µL either of hexane, toluene or dime-
thyl sulfoxide (DMSO) to the 2 g powdered sample.

Preparation of standard curve for quantification 
of 2‑AP from rice matrix

2-AP stock solution was diluted appropriately in hexane and 
working standards were prepared. A fixed volume (5 µL) of 
different concentrations of 2-AP (equivalent to 1, 10, 50, 
100, 200, 400 ng of 2-AP) was put into the headspace vials 
separately to know the linearity as well as fiber absorption/
saturation capacity. 2-AP is present in all rice varieties at 
different concentrations. A high concentration of the volatile 
compound is present in the scented rice varieties including 
Basmati. As, we did not have any rice variety without 2-AP 
content, the calibration graph for 2-AP was generated by 
standard addition method. For this, 2 g sample of Gobindob-
hog rice was spiked with different concentrations of 2-AP 
(equivalent to 1, 10, 50, 100, 200, 400 ng of 2-AP in the vial) 
and was processed following the optimized conditions and 
peak areas were recorded. Similarly, the most popular non-
aromatic rice variety Swarna (MTU 7029), grown at ICAR-
NRRI, was spiked with different concentrations of 2-AP 
(equivalent to 1, 10, 50, 100, 200, 400 ng of 2-AP in the 
vial) and peak area was used to derive the standard curve.

Quantification of 2‑AP in major rice varieties

The developed method was validated by further applying 
it for quantification of 2-AP in four Basmati varieties and 
two purified sort of Gobindobhog landraces. The Basmati 
varieties are Pusa Basmati 1121, Pusa Basmati 1609, Pusa 
Basmati 1718 and Pusa Basmati 1728. The Gobindobhog 
samples include two out of the four sorts purified at the 
Institute during 2015–2019 from the landrace Gobindobhog 
(CRRI No. 43627) collected from West Bengal. All the gen-
otypes selected for quantification of 2-AP using the devel-
oped method were grown at the Research Farm of ICAR-
National Rice Research Institute, Cuttack, Odisha, India 
(20.5°N, 86°E, 23.5 m above MSL) during June–Decem-
ber, 2020. Standard agronomic package practices were fol-
lowed uniformly. At physiological maturity, grains were 
harvested, and sun dried to 14% moisture. Paddy samples 
for the four Basmati varieties were also collected from farm-
ers’ field located at Karnal, Haryana, India (29.6857°N, 
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76.9905°E, 240 m above MSL), that lies in the GI (Geo-
graphical Indication) tagged area demarcated for Basmati, 
grown during the same cropping season of the year. The 
samples were used for analysis after 3 months of harvesting. 
Paddy samples of the respective genotypes were dehusked 
using Lab Husker, (Model THU 35 B, Satake make) and 
were ground to fine powder using Ball mill grinder (MILL 
MIX20, DOMEL, Slovenia). Ground samples were used for 
2-AP estimation using the standard addition method. For 
this, each sample (2 g) was fortified with 100 ng of 2-AP 
standard in hexane, screw capped and mixed properly. The 
fortified samples were used for 2-AP estimation as per the 
standardized method.

Data analysis

All the experiments were carried out in completely ran-
domized design with three replicates. Data represent 
mean ± standard deviation of three replicates. One-way 
ANOVA was done to know the differences among treatment 
for a particular parameter using SPSS software and post-hoc 
analysis using least significant difference was carried out 
(SPSS 2016).

Results and discussion

Method standardization

A liquid injection of 2-AP standard (5 ppm) was done in 
scan mode to know the mass fragments. We obtained differ-
ent mass fragments and most prominent were m/z of 111.1, 
83.1, and 68. The m/z of 111, 83, and 68 were often men-
tioned as characteristic fragments of 2-AP in the literature 

(Ying et al. 2011; Liu et al. 2015; Peddamma et al. 2018). 
Among them, the fragment ion with m/z of 83.1 was a base 
peak generated by α-cleavage reaction of a carbonyl group, 
and its fragment ion was αC5H9N. SRM was optimized to 
know the mass transitions. They were m/z 111.1 > 82.1 (CE: 
10 eV), m/z 111.1 > 83.1 (CE: 5 eV), m/z 83.1 > 82.1 (CE: 
10 eV). The SRM transition, m/z 111.1 > 83.1 (CE: 10 eV) 
was used for quantification. After SRM optimization, 2-AP 
standard solution was kept into the headspace vials to check 
the retention time of 2-AP obtained by using SPME fibre. It 
was 13.55 ± 0.05 min (Supplementary Fig. 1).

Method optimization

Quantitation of targeted compounds by HS-SPME depends 
on the equilibration between sample matrix, headspace of 
vial and fiber. Thus, variations in the extraction parameters 
(temperature, time, moisture content, fibre equilibration 
time) result in alteration in the quantified amount of 2-AP. 
The standardization of the parameters was done based on the 
response signal/area (Vas and Vekey 2004).

Impact of sample quantity

Three different quantities of rice powder i.e. 1, 2 and 3 g 
were used and highest peak area was observed when 3 g of 
sample was used. There was 27% increase in peak area when 
sample size was increased from 1 to 2 g and treatments were 
significantly different whereas, less than 2% increase in peak 
area was obtained from 2 to 3 g. This could be either because 
of the saturation of the headspace vial or the fiber itself. This 
suggests that 2 g of sample is appropriate for quantification 
of 2-AP. Thus, further standardization was carried out with 
2 g of sample (Fig. 1a). In an earlier report, addition of water 

Fig. 1   Recovery of 2-AP from different sample quantities (A). Effect of addition of water on the recovery of 2-AP (B). Different letters above 
the bars indicate significant difference (p < 0.05)
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(300 µL g−1) in rice powder enhanced the 2-AP peak area 
(Mathure et al. 2010). However, a 47% decline in 2-AP peak 
area was observed when water (300 µL g−1) was added to 
the sample (Fig. 1b).

Impact of grinding temperature and sieve size

As 2-AP is volatile in nature, the heat produced during 
grinding might incur the loss of 2-AP. It was found that 
the 2-AP area was highest in rice grain powder prepared 
under liquid nitrogen and passed through the sieve with 
mesh size of > 80. The 2-AP peak area went on decreas-
ing with increase in mesh size (Fig. 2). Samples ground in 
liquid nitrogen had higher peak area as compared to those 
ground without it (Fig. 2). The recovery of 2-AP was found 
to be 4–14% higher when the samples were ground in liquid 
nitrogen as compared to the samples ground under ambient 
condition. The recovery of 2-AP was 20–30% higher in rice 
powder passed through sieve with 80 mesh as compared to 
the sample which did not pass through the sieve of 60 mesh, 
and they differed significantly. Powdered samples with > 80 
mesh sizes were chosen for further study. Generation of 
heat during grinding may lead to loss of the volatile com-
pounds like 2-AP. Further, finer the powder size, higher is 
the release of 2-AP. Perhaps, this the first study in reporting 
the effect of grinding temperature and particle size on the 
extraction of 2-AP.

Head space incubation temperature and time

The headspace incubation temperature was varied between 
60 °C and 90 °C and it was observed that peak area was 
increased with increase in temperature till 80 °C and effect 
of temperature had significant on 2-AP recovery (Fig. 3a). 
There was 115 and 78.4% increase in peak area when head-
space incubation temperature was increased to 60 to 70 °C 
and 70 to 80 °C, respectively. Whereas, less than 2% varia-
tion was observed when headspace incubation temperature 
increased from 80 to 90 °C. Thus, the incubation tempera-
ture of 80 °C was chosen. The incubation time was increased 
from 20 to 80 min (Fig. 3b). The recovered quantity of 2-AP 
increased with time. There was increase in 7–10% of peak 
area with increase in 10 min’ incubation till 40 min. How-
ever, it did not increase significantly after 40 min. There-
after, there was only 2% increase in peak area till 80 min.

Incubation temperature and time are two critical 
parameters which need to be standardized. It has been 
observed that high pretreatment temperature during sam-
ple preparation and headspace incubation may alter the 
2-AP recovery due to volatilization as well as new mol-
ecule formation (Yoshihashi 2006; Maraval et al. 2010; 
Hopfer et al. 2016). But synthesis of new 2-AP in rice 
sample during high incubation temperature is yet to be 
unanimously accepted. The incubation temperatures 
varied from 50 to 120 °C in different studies (Hu et al. 

Fig. 2   Effect of sample particle sizes and grinding temperature on the recovery of 2-AP from rice sample. Different letters above the bars indi-
cate significant difference (p < 0.05)
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2014; Hopfer et al. 2016; Peddamma et al. 2018; San-
senya et al. 2018). Based on our results, we propose the 
optimum head space temperature of 80 °C. High tempera-
tures (> 85 °C) along with longer period of incubation 
may result in the deformation of crimp cap assembled 
PTFE/silicone silicon septa of the sampling vials and may 
lead to loss of aroma (Grimm et al. 2001). High energy 
may release more analyte from the matrix in HS-SPME 
(Kenessov et al. 2016), but it can deteriorate the SPME 
fiber (Reyes-Garces et al. 2017).

Impact of adsorption time

SPME fibre was kept for 2-AP adsorption in the head 
space vial for different duration from 5 to 25 min with 
the increment of 5 min each. The highest peak area was 
observed when 15 min of incubation was done. There was 
decrease in peak area after 15 min of adsorption (Fig. 3c).

Impact of solvent addition

Few literatures suggested addition of solvents can improve 
the extraction efficiency of 2-AP (Grimm et al. 2001). 
However, it was observed that the peak area decreased 
considerably when solvents (hexane, toluene and DMSO) 
were added as compared to the rice blank samples. The 
area of 2-AP was lowest in case of toluene followed by 
hexane and DMSO (Fig. 4). This indicates that addition 
of other compounds can suppress the extraction of the tar-
geted compound. This may be due to the fiber saturation or 
adsorption of the solvent molecules. The sorption material 
of the fiber is DVB/Carbon WR/PDMS which has both 
polar and non-polar surfaces. Upon heating, solvent vapors 
attracted over the fiber keeping limited number of spaces 
for 2-AP sorption. DMSO has the lowest effect, may be 
due to its high boiling point.

Fig. 3   Effect of head space incubation temperature (A), time (B) and SPME absorption time (C) on the recovery of 2-AP from rice sample. Dif-
ferent letters above the bars indicate significant difference (p < 0.05)
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Preparation of standard curve for quantification 
of 2‑AP

The standard curve for quantification of 2-AP was pre-
pared at different concentration levels. Solvent matched 
standard curve was prepared from 1 to 200 µg L−1 con-
centration with regression coefficient value of 0.999 
(Table 1). Beyond 200 µg L−1, there was 2-AP saturation 
in the SPME fibre. The standard curve with the scented 
rice (Gobindobhog) and non-scented rice (Swarna) was 
prepared with 1–400  µg kg−1 concentrations with r2 
value of 0.993 and 0.995, respectively. The equations 
were y = 33125x + 3,000,000, y = 35394x + 802,491 
for the scented rice (Gobindobhog) and non-scented 
rice (Swarna), respectively. The recovery of 2-AP from 

Gobindobhog and Swarna as 7.9–29.2% and 7.02–24.58% 
in 1–200 ppb fortification, respectively. The higher recov-
ery was obtained at 1 and 10 ppb level of 2-AP fortifica-
tion in both the varieties. Whereas, the recovery of 2-AP 
was 7.9–9.2 and 7.02–7.55% within 50–200 ppb level of 
fortification. In a previous literature, recovery of 2-AP was 
as low as 0.3% using HS-SPME method when compared to 
the solvent extraction method (Grimm et al. 2001). Gener-
ally, the matrix effect caused by starch adsorption of 2-AP. 
Being highly lipophilic in nature, 2-AP could be attached 
with lipid molecules in the starch matrix (Yoshihashi et al. 
2005). It has been recommended that matrix-matched 
standard curve should be used for 2-AP estimation to avoid 
matrix effects (Jung et al. 2019; Lee et al. 2019).

Fig. 4   Effect of solvent addition on the recovery of 2-AP from rice sample. Different letters above the bars indicate significant difference 
(p < 0.05)

Table 1   Method validation parameters

Concentra-
tion (ng/g)

Recovery Matrix effect Regression equations

Gobindobhog Swarna Gobindobhog Swarna Equation Regression 
coefficient

1 18.35 21.67 81.65 78.33 Solvent matched y = 414390x 0.999
10 29.34 24.59 70.66 75.41 Matrix matched (Gobindobhog) y = 33125x + 3,000,000 0.993
50 8.12 7.37 91.88 92.63 Matrix matched (Swarna) y = 35394x + 802,491 0.995
100 7.99 7.03 92.01 92.97
200 9.22 7.56 90.78 92.44
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Quantification of 2‑AP in different rice samples

The 2-AP content in different rice varieties grown is pre-
sented in Table 2. It was found that GB Type 1, a pureline 
derived from the short grain aromatic landrace, Gobindob-
hog had the highest 2-AP content (93.85 ng g−1) among 
the different cultivars grown in Cuttack. The 2-AP content 
in the Basmati varieties grown in Cuttack ranged between 
57.16 and 60.97 ng g−1, the highest being observed in Pusa 
Basmati 1121. The 2-AP content ranged between 81.22 and 
147.10 ng g−1 in Basmati varieties grown in Karnal. The 
2-AP content was 1.37–2.5 times higher in rice varieties 
grown in the geographical region, Karnal as compared to 
Cuttack. Cuttack region has always had higher temperature 
during flowing and grain filling of rice varieties as compared 
to Karnal region where traditionally Basmati varieties are 
grown.

Variety, rice cultivation practices, environmental condi-
tions during production, postharvest processing, cooking 
conditions have all been linked to a wide range of variations 
in 2-AP levels in aromatic rice varieties (Wakte et al. 2016; 
Mahmud et al. 2018; Routray and Rayaguru 2017). Due to 
high matrix effect, source of variations in 2-AP content in 
particular variety could be linked to analysis protocols. For 
example, dynamic headspace sampling of 2-AP in cooked 
rice resulted in only 0.2–4.5 ng g−1 of 2-AP (Yang et al. 
2008), whereas continuous extraction methods employing 
steam distillation have yielded 40–300 ng g−1 of 2-AP in 
cooked rice (Buttery et al. 1983). Our findings are consistent 
with those of scented non-basmati rice varieties collected 
from various locations of India, which had 2-AP concen-
tration ranging from 0.038 to 0.920 µg g−1 and one bas-
mati variety, Basmati-370, which had 0.4–0.45 µg g−1 of 
2-AP (Mathure et al. 2014 and Hingeet al. 2016). Our find-
ings are also similar to the SPME-based detection of 2-AP 
in fragrance rice (Hopfer et al. 2016). It appears that the 

new approach is sensitive enough to detect extremely low 
amounts of 2-AP in various rice cultivars. Basmati cultivars 
grown in geographical indication (GI) region had higher 
2-AP content as compared to the non-GI region. This is due 
to high temperature during post flowering in eastern part 
of India as compared to western part of India. Higher tem-
perature led to higher volatilization loss of 2-AP in eastern 
part of India.

Conclusion

Parameters to quantify the 2-AP using fully automated HS-
SPME system has been standardized in the present study. 
The present study standardized important parameters such 
as sample particle size, temperature during grinding process 
which could impact 2-AP quantitation. Standard addition 
method could recover more than 90% of the 2-AP from rice 
matrices and the method is validated using major aromatic 
rice varieties to quantify the 2-AP content. As the extrac-
tion step is fully automated, the method could improve the 
work efficiency and reduce error during 2-AP estimation. 
The method could effectively be used for the screening of 
aroma (2-AP) content in different rice varieties. The estab-
lished method further could help in promoting rice varieties 
in export market.
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