JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2006, 54, 8183-8189 8183

Rapid Method for Quantitative Analysis of the Aroma Impact
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A rapid method employing static headspace gas chromatography (HS-GC) has been developed and
validated for quantitative analysis of the impact aroma compound, 2-acetyl-1-pyrroline (2AP), in grains
of fragrant rice. This developed method excludes wet extraction, and the rice headspace volatiles
are brought directly and automatically to GC analysis. The conditions of the static HS autosampler
were optimized to achieve high recovery and sensitivity. The most effective amount of rice sample
used was 1 g, which provided 51% recovery and a linear multiple headspace extraction (MHE) plot
of the peak area of 2AP. The sensitivity of the method was enhanced by utilizing a megabore fused
silica capillary column in conjunction with a nitrogen—phosphorus detector (NPD). Method validations
performed for both static HS-GC-FID and HS-GC-NPD demonstrated linear calibration ranges of
20—10 000 (r» = 0.9997) and 5—8000 (r? = 0.9998) ng of 2AP/g of rice sample, respectively. The
limits of detection for both systems were 20 and 5 ng of 2AP, and the limits of quantitation were 0.30
and 0.01 g of brown rice sample, respectively. Reproducibility calculated as intraday and interday
coefficients of variation were 3.25% RSD (n = 15) and 3.92% RSD (n = 35), respectively, for SHS-
GC-FID and 1.87% RSD (n = 15) and 2.85% RSD (n = 35), respectively, for SHS-GC-NPD. The
method was found to be effective when applied to the evaluation of aroma quality, based on 2AP
concentrations, of some fragrant rice samples.

KEYWORDS: 2-Acetyl-1-pyrroline; rice aroma,; static headspace gas chromatography; SHS-GC; nitrogen -
phosphorus detection; NPD

INTRODUCTION was also reported to be present in the volatile moiety of various
processed foods (3—16). Since the methods of food processing
sually involve heating, the occurrence of 2AP in foods has
een suggested to take place during cooking at elevated
temperatures via a reaction between amino acids and carbohy-
drates, called the Maillard reaction{—19). As a result, the

Fragrant rice has been in great demand in the Asian rice
market for decades. In recent years, this rice has earned a higtﬂ
reputation and wide popularity throughout Europe and North
America. This bright prospect for fragrant rice in the world food
market has led to attempts to develop new fragrant rice varieties - . . . .
having improved production yield and higher aroma quality. early quantitative SFL.'d'eS concerning th‘? analysis of 2AP in
Attention has also been paid to the management of the grain’00ds frequently utilized a heat extraction, such as steam-
after harvesting, resulting in many designs of particular post- distillation and solvent extraction (SDS), followed by analysis

harvest treatments that are able to maintain the aroma charactef! the extracts using gas chromatography-mass spectrometry
of the fragrant rice product. Along with such research, effective (GC-MS).
analytical methods employing chemical analysis and instru- Many studies concerning the genetic and chemical basis of
mentation need further development to efficiently evaluate the fragrant rice indicated that 2AP is formed naturally in the rice
aroma quality of a large number of fragrant rice samples. plant. Generation of this compound in rice is controlled by a
The characteristic aroma of fragrant rice is derived mainly Single recessive gene and occurs in all aerial parts of the plant
from a five-membere#l-heterocyclic ring compound, 2-acetyl-  (20). A study on the quantification of 2AP in uncooked aromatic
1-pyrroline (2AP). This compound was originally identified as rice performed by solvent extraction at room temperature and
the key aroma compound of cooked rice (1), with an aroma followed by capillary GC analysi2() has confirmed the natural
threshold value as low as 0.1 ppb in water (2). The compound occurrence of the compound. This nonheated method was also
utilized to reveal the natural occurrence of 2AP in certain parts
* Corresponding author. Tel.: 66-53-943341-5, ext. 120; fax: 66-53- Of (W0 aromatic plants, pandanus leaves (Pandanus amarylli-
892277; e-mail: scismhth@chiangmai.ac.th. folius Roxb) (22,23) and bread flowers (Vallaris glabistze)
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(23). However, the solvent extraction method is time-consuming,  2AP, used as the standard cqmpound, was 's_ynthesized as 'outlined
as it requires many steps for sample preparation and, thus, isPy Buttery and co-workers2¢) with some modifications. The final

not appropriate when a large number of limited amount of rice product obtained in a solution of toluene was further purified by
samples are to be analyzed separation on a packed column of a Varian gas chromatograph, model

. . . 2000 (Walnut Creek, CA) and collected in a 3 mm o.d. Pyrex tube.
A technique of gas extraction, called headspace sampling, This tube was then sealed under adtmosphere and kept a20 °C.

has been reviewed as a rapid and efficient technique used withpyrity and chemical structure of the synthetic 2AP were confirmed by
capillary GC for the analysis of volatile fractions in many food capillary GC-MS and by infrared (IR) and nuclear magnetic resonance
samplesZ4). With regard to rice, this technique has successfully (NMR) spectroscopy. The exact weight of the purified 2AP was diluted
been applied to analyses of volatiles in rice foliagb)(and in in 1.0 mL of deuterated benzene (Aldirch, Steinheim, Germany) and
rice cake 26). With the introduction of a handy headspace solid- Spiked with a known quantity of tetramethylsilane (TMS) (Aldrich,
phase microextraction (SPME), the traditional techniques were Steinheim, Germany) used as an internal standard prior to analysis by

Lo - o IH NMR. The quantity of the synthetic 2AP was obtained by calculating
then replaced. Despite its widespread apphgaﬂon, SPME hasthe integrated proton signal of the methyl group of 2AP against those
not been reported as a successful analytical tool for the

o . . - AN of the TMS.
quantitation of 2AP in grains of fragrant rice. Its main limitation GC Instrumentation and Conditions. Static HS-GC analyses were

was derived from the difficulties in obtaining method validation ¢arried out using an Agilent Technologies (Wilmington, DE) model
due to the poor extraction reproducibility and recovezy)( 6890N gas chromatograph equipped with an Agilent Technologies
Another approach to headspace sampling, static headspace (SHjnodel G1888 headspace autosampler, a flame ionization detector (FID),
has also shared popularity in food and flavor resea8i( and a nitrogen—phosphorus detector (NPD). A sample headspace was
30). The technique has successfully been applied to both collected through a 3 msample loop and automatically transferred to
qualitative and quantitative approaches. With static headspacethe GC via a heated transfer line. A split/splitless GC injector equipped
sampling, sample headspace volatiles are automatically broughf"”th a direct 0.2 mm i.d. glass liner was used. The system operation,

- - e as well as data acquisition, collection, and evaluation, were ac-
dlrec.tly .to the GC.’ thus offering good validation as well as the complished using an Agilent ChemStation software version A.01.04
possibility for a high number of samples to be processed.

and B.01.03 (Agilent Technologies, Waldbronn, Germany).

In this study, methods employing static headspace sampling  The preliminary headspace autosampler conditions used for the SHS-
prior to GC for rapid quantitative analysis of the key aroma GC-FID operation were as follows: oven temperature, 120 vial
compound, 2AP, in grains of fragrant rice were developed and equilibration time, 9 min with high-speed shaking; loop filling time,
validated. Optimization of the sample headspace conditions was0-10 min; pressurizing time, 0.50 min; and injection time, 0.50 min.
performed to make greater recovery of 2AP from the raw rice oThe _sample loop and transfer line temperatures_ were set at 10 and 20
material. The chromatographic performance of GC was made . Ngher than the oven temperature, respectively. When the SHS-
more efficient by investigation through some selected capillary GC-NPD was utilized, the loop filling time, pressurizing time, and

T injection time were set at 0.01, 0.10, and 0.40 min, respectively.
C_O'Umns and two types of detectors, flamed 'On'za_t'on and Three chromatographic columns of the fused silica capillary type
nitrogen-phosphorus. The developed method was validated for \yqre investigated. These were DB-1701 (15m0.32 mm i.d.x 0.15
each detection system used and was further applied to the,m film thickness), DB-35MS (30 nx 0.53 mm i.d.x 1.0 um film
evaluation of aroma quality, based on 2AP concentrations, of thickness), and HP-5 (30 m 0.53 mm i.d. 1.5um film thickness)
some fragrant rice samples. columns (J&W Scientific, Folsom, CA). The optimum GC conditions
were achieved using an HP-5 column with a splitless injection at 230
°C. For GC-FID, the column temperature program began atG0
The temperature was increased at a rate 6€CMmin to 70°C. The
FID temperature was 250C. When the NPD was utilized, its
temperature was set at 276. The column temperature was initially
at 50°C, and it was increased to 12& at a rate of C/min. The
carrier gas flow rate was 7 and 5 mL/min for GC-FID and GC-NPD,
respectively.

Sample Preparation.The KDML 105 rice samples were chilled at
4 °C for 24 h before they were ground and screened through an
Endecotts test sieve (Endecotts Ltd., London) having an aperture size
of 150um. The exact weight of rice powder was placed into a 20 mL
headspace vial, followed by the addition of 1,00 of 0.50 mg/mL

MATERIALS AND METHODS

Rice Sample.Fragrant rice (Oryza sativh.) cv. Khao Dawk Mali

105 (KDML 105) was cultivated in a paddy of a local farm in the
Surin Province in northeastern Thailand during August and November
2004. After sun drying, the paddy was hulled and milled. In the
experiment for optimization of chromatographic and headspace sam-
pling conditions, milled rice samples of 5 kg were sealed in 0.2 mm
polyethylene bags and kept under ambient conditions for 1 month before
the experiment. A nonfragrant rice cv. Pijit was used as supporting
material in the calibration procedure. It was grown in a paddy of the

eritwigtaégg? &faitti]i\?eisi?rt?'igtilaﬁ d Agronomy, Faculty of 2,6-DMP in benzyl alcohol using the open vial sample introduction
9 ’ g Y ' technique (31). The headspace vial was then sealed immediately with

The grains used as rice samples to be analyzed by the developed; pTFE;silicone septum and aluminum crimp cap. It was shaken well
SHS-GC methods for quantification of 2AP were divided into three gzt 3 room temperature of ZT for 10 min prior to analysis by SHS-

groups: KDML 105 brown and milled rice from Surin Province gc.

cultivated during August and November 2005 and kept as whole grains Multiple Headspace Extraction (MHE) Procedure. KDML 105

for 1 month before the experiment, a set of Indian Basmati rice, and a prown rice and mill rice were prepared as described in the sample

set of Thai Hom Mali rice. The latter two groups of rice samples were reparation step. The rice samples weighed 1.000 g each and were

obtained as shelf products from local markets and department storesgypjected to MHE, each of which was followed by GC-FID analysis.

in the Chiang Mai Province, Thailand. In this experiment, a set of consecutive analyses from the same rice
Chemicals and ReagentsAll solvents used were analytical-reagent  sample vial was carried out. After each sampling, part of the remaining

grade and purchased from the following sources: benzene and methanoheadspace was removed so that the pressure in the vial returned to

from Merck (Darmstadt, Germany) and benzyl alcohol from Fisher atmospheric pressure or close to it, and then the rice sample vial was

(Loughborough, UK). 2,6-Dimethylpyridine (2,6-DMP) and 2,4,6- allowed to re-equilibrate. For each rice sample, MHE with six extraction

trimethylpyridine (TMP) used as internal standards were 99% pure and steps was performed. The SHS-GC-FID conditions used were the

were purchased form Merck (Schuchardt, Germany). 2-Acetylpyrole optimized conditions obtained previously.

(98% purity), 5% rhodium on an activated alumina catalyst (99% Calibration Procedure. A series of 2AP standard solutions having

purity), and celite were purchased from Fluka (Buchs, Switzerland). concentrations of 10.0, 8.00, 6.00, 4.00, 2.00, 1.00, 0.50, 0.20, and

Silver carbonate was purchased from Aldrich (Milwaukee, WI). 0.10 mg/mL in benzyl alcohol was prepared. One microliter of each
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solution was added to a headspace vial containing 1.000 g of the benzyl alcohol was obtained on the HP-5 megabore column.
nonscent rice (cv. Pijit) powder used as a supporting material. The The 2,6-DMP and 2AP were eluted at 10.91 and 13.73 min,
internal standard, 1.0@L of 0.50 mg/mL 2,6-DMP in benzyl alcohol,  respectively. Peak purities of both compounds were confirmed
was added to each vial using the open vial sample introduction by mass spectral data obtained by SHS-GC-MS analysis. The
technique. The headspace vial was sealed immediately with a PTFE/HF,_5 column was, thus, chosen for further method development

silicone septum and aluminum crimp cap. Five replications were done since it provided a good compromise between acceptable
for each 2AP concentration. The vials were shaken constantly at a room . p e 9 p_ . P
resolution, sensitivity, and analysis time.

temperature of 27C for 10 min prior to analysis by using the optimized

SHS-GC conditions. To reduce problems with peak overlapping that is usually
caused by the rather complex nature of rice headspace volatiles,
RESULTS AND DISCUSSION the use of NPD, a more selective GC detector, was investigated.

) ~ The GC chromatogram of the same rice headspace volatiles

In some other methods of 2AP analysis, the compound is gptained by GC-NPD showed less complexity of the peak
extracted from sample materials mainly by steam-distillation sjgnals than that obtained by GC-FID. The 2,6 DMP and 2AP
or solvent extraction. The extracts are then modified to follow \yere eluted at 8.12 and 9.21 min, respectively. The use of NPD
the specific requirement of a particular analytical technique, as a detector for GC not only provides a higher detection
resulting in many steps of sample preparation. This analytical sensitivity for 2AP but also a shorter analysis time and higher
complication, apart from being time-consuming, certainly affects chromatographic resolution.
recovery of the aroma compound and is followed by the lost of  \HE Plots. As rice samples to be analyzed are in solid form,
method sensitivity. As most aroma chemicals are volatile, gqyantitative analysis of the aroma compound, 2AP, by SHS-
procedures for their isolation from foods have been establishedgc s possible if the rice samples can be treated as part of a
that take advantage of this volatility. Being a low molecular partition system where the distribution coefficient of 2AP is
weight volatile aroma substance, 2AP is readily transferred to constant and independent of its concentration. This can be
a gas phase when subjected to an elevated temperature. Hencgyyestigated by performing a multiple headspace extraction
direct introduction of 2AP in rice sample headspace for GC (MHE) experiment in which a linear MHE plot should be
analysis, where extraction can be accomplished in one step, inresuited. Nonlinearity of the MHE plot, on the other hand,
addition to its simplicity and automated operation, can offer an indicates that the distribution coefficient is dependent on
appropriate solution to the problem. However, method develop- concentration and that adsorption effects are present. A sequen-
ment has to be performed to achieve the preferred recovery,tja| analysis of a number of headspace samples taken from the
sensitivity, and validation. . N same sample vial was performed. After each HS-GC analysis,

Optimization of Chromatographic Conditions. KDML 105 the vial was opened, allowing the pressure to be reduced to
brown rice instead of the milled rice was used as the rice Samp|eatmospheric. Then, it was sealed again and left for the
for this experiment because the rice bran is included with the re_equilibration to take place before the next analysis by HS-
grain. This maximizes the number of volatiles present in the GC. The areas under the 2AP peak obtained in consecutive

headspace. For the analysis of 2AP in the rice headspace usingneasurements were plotted following the equation (31)
GC-FID, separation of 2AP from the other rice headspace

volatiles was optimized by using three types of fused silica INnA=—-q(i—1)+InA
capillary columns. First, a DB-1701 (14% cyanopropylphenyl,
85% dimethylpolysiloxane) column having an intermediate wherei represents the extraction step number Ansithe peak
polarity phase was used. Then, 2AP was eluted at 9.19 min butarea obtained. The exponendescribes the exponential decline
overlapped with the other volatiles in the rice headspace. A more of the peak areas during the MHE procedure.
polar DB-35MS (35% phenyl, 65% methyl arylenesiloxane)  In this experiment, MHE analysis was performed on both
capillary column was then utilized in an attempt to alter the prown and milled rice samples, and peak areas of 2AP were
elution order of 2AP. Still, the coelution was observed between calculated. The linear MHE plots of 2AP peak areas were
2AP and sample matrix volatile identified as hexanoic acid. The obtained with regression coefficients-60.9875 for brown rice
coexistence of these compounds in the same peak was revealegnd —0.9895 for milled rice Figure 1). The direct analysis of
using the GC-MS single ion chromatogram technique. Finally, 2AP in rice by SHS-GC was, consequently, practicable without
a column with a lower polarity stationary phase, HP-5 (5% any effects of adsorption by the nature of the rice sample and
phenyl, 95% dimethylpolysiloxane), and with a greater volume jts matrix.
dimension was used. This megabore type column is generally ~QOptimization of Static Headspace Conditions: Effect of
preferred for headspace analysis because it can be operated @ample Amount. Normally, sensitivity of the method is
higher carrier gas flow rates so that peak broadening is reduceddependent on the sample amount and the extraction efficiency.
Moreover, the thicker film stationary phase, which has a major |n headspace analysis, the peak area obtained when analyzing
advantage of higher solute capacities, is more compatible with an aliquot of the headspace is directly proportional to the
volatile analysis. This necessitates a resolution for the highly concentration of the analyte in the headspace. This follows the
volatile components as the retention time increase. expression (31)

As compared to the two capillary columns investigated before,
greater sensitivity of 2AP was obtained with the HP-5 megabore AOC;=CJ(K+p)
column. The 2AP peak was clearly separated from the other
matrix volatiles. However, an attempt to utilize TMP as the whereCg is concentration of the analyte in the headspace and
internal standard, as reported previously in many studies, failedCo is its original concentration in the sampl¢js the partition
in this experiment mainly because of peak overlapping between coefficient of the analyte between the sample and the headspace,
TMP and some other matrix volatiles. Therefore, only 2,6-DMP andg is the phase ratio relating the volume of the gas phase in
was used as an internal standard. the vial to the volume of the condensed phase or rice sample.

A good separation of the headspace volatiles of KDML 105  According to the previous equation, sensitivity of SHS-GC
brown rice added with 1.0@L of 0.50 mg/mL 2,6-DMP in method depends on the combined effeckoénd . For this
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12 - able effect on the peak area of 2AP. The maximum responses
—Milled rice of peak areas of 2AP at vial temperatures of 100, 120, 140,
— —Brown rice and 160°C were obtained at equilibration times of 13.0, 7.0,
4.0, and 2.0 min, respectively. The higher the vial temperature,
the shorter the equilibration time required for 2AP to reach
equilibrium. However, the highest response of 2AP was obtained
at an oven temperature 12, and the equilibration time
required for the maximum response at this temperature was 9.0
min. Although the easiest way to increase the peak intensity is
to raise the oven temperature, heating the rice sample above
4 - 120 °C yielded increasing complexity of the rice headspace
volatiles as compared to those at lower temperatures. This
complexity may be caused by thermal degradation of some rice

Ln Ai

21 components resulting in consequent products eluted as interfer-
ences in the analysis. Considering this, a headspace oven
0 . ; . . . , temperature of 120C and a vial equilibration time of 9.0 min
1 2 3 4 5 6 7 were used for the next steps of this study.

Number of extraction steps Effect of Time for Loop Filling and Injection. The amount

of headspace sample to be analyzed by GC is related to both
the volume of the sample loop used and the time needed for
the gas sample to fill the sample loop (loop filling time). In

reason, the experiment was carried out by varying the rice this study, the sample loop size was fixed at 3 mL. The effect

sample amount. The influence of the phase ratio on the analyticalOf loop f|II|ng t'|me t(')n the Oz'gg peﬁk 1areg W?:S mvestrl]ga:ce;jhfor
result was investigated using a constant temperature. The sizdV° pressurizing times, U.oU an min. For each ot nese
of the analyzed rice sample was limiteal& g toprevent the pressuring times, |90P filling was done at 0.01 min and 8.05
needle of the headspace sampling system from protruding intoO%25 mlkn at 0.05fmér/16\|2terval§.|gur_e 4 S?O;'VS th](ca_”(;lepetndencet
the rice sampleFigure 2 shows the relationship between peak ©' P€ax area o on a series or loop Tilling imes a

areas of 2AP and phase ratios at different rice sample amountsoressurizing times of 0.50 and 1 min. The magnitude of the

up to 8 g. With the increase in sample amount, the peak areaszﬁb‘P pea_k area decreasedfazs;:;e loop fglin_g tigne inclreasi_clil,_ and
of 2AP increased exponentially, while the phase ratio values (N€ Maximum response o was obtained at a loop filling

decreased in the same manner. However, the most suitabletime of 0'0_1 min,_regardless of the pressurizing ti_me. This means
amount of rice sample will be the amount that provides the that the distribution of masses occurs as the rice headspace is

highest percentage recovery of 2AP in the rice headspace adeing forced to travel to the sample qup, and the I0\_Ner masses,
well as a linear MHE plot. Thus, percentage recovery of 2Ap SUch as 2AP, reach the loop volume in a shorter time.
in the first headspace extraction step, or the peak area of 2AP  With a SHS-GC employing a pressure-loop sampling system
relative to the sum of peak areas in the consecutive MHE as utilized in this study, the volume of headspace gas to be
measurements, was determined for each rice sample amounttransferred to the GC is also controlled by the loop flushing
Results show that the highest recovery was 51% when a ricetime (injection time). The longer the injection time, the more
sample of 1 g was used. A linear MHE plot with this sample headspace gas is allowed to reach the GC injection system.
amount was also obtained. Therefore, further experiment wasHowever, if the injection time is too long, some of headspace
performed using 1 g rice samples. volume can be lost. To compensate for these effects, the
Effect of Equilibrium Temperature and Time. Apart from optimum injection time was determined by varying the time in
the phase ratio, there are many instrumental parameters of thdhe range of 0.160.50 min at 0.10 min intervals. Results
headspace autosampler that can affect the sensitivity, precisionindicated that an injection time of 0.40 min yielded the highest
and accuracy of static headspace analysis. These include th&ount of peak area of 2AP. The optimum values of all headspace
temperature of the headspace oven, transfer line, and sampl@utosampler parameters are temperature of oven 120
loop; the time of vial equilibration, pressurization, loop filling, ~temperature of loop 140C; temperature of transfer line 160
and injection; and the sample shaking speed. Good chromato-"C; vial equilibration time 9 min with high-speed shaking; loop
graphic data, maximum recovery, sensitivity, and time saving filling time 0.01 min; loop equilibration time 0.6 min; pressur-
were selected as criteria for optimization of these parameters.izing time 0.1 min; and injection time 0.40 min.

Figure 1. Linear regression plots for MHE measurements of 2AP in the
brown and milled rice samples.

One gram of KDML 105 brown rice spiked with 1.Q0. of Method Validation. Two analytical methods were developed
0.50 mg/mL 2,6-DMP in benzyl alcohol was used as a model for quantitative analysis of 2AP in fragrant rice using SHS-
sample for these trials. GC. These were SHS-GC-FID and SHS-GC-NPD, and they

To manipulate the headspace concentration of 2AP, two were validated with respect to linearity, range, sensitivity (limits
parameters can easily be changed. These are the sample volumef detection and quantitation), and precision. A nonfragrant rice
in a headspace vial and the equilibrium temperature. Since 1 g(cv. Pijit) was subjected to analysis by SHS-GC using the
of the rice sample was previously determined as the optimum optimum conditions obtained previously. It yielded a volatile
amount, the sample volume and phase ratio were constant.component profile that closely matched that of the fragrant rice
However, the time that a rice sample is subjected to a certain KDML 105 except for the absence of 2AP. This revealed that
temperature has to be investigated to obtain an appropriateno additional 2AP was formed by heating the rice at the
equilibrium time at each vial temperatuféigure 3 shows peak optimum conditions. One gram of the Pijit rice powder was
areas of 2AP obtained by varying the temperature of a rice added with an exact amount of standard 2AP and then spiked
sample and the heating time. The equilibration temperature with 1.00 L of 0.50 mg/mL 2,6-DMP in benzyl alcohol and
(headspace oven or vial temperature) and time had a considerthen was used for this assay. The relationship between detector
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Figure 2. Variation of phase ratio and peak area of 2AP vs the amount of solid rice sample. Headspace parameters: static mode; equilibration temperature
120 °C; 9 min equilibration time; 0.5 min pressurization time; 0.1 min loop filling time; and 0.5 min injection time.
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Figure 3. Effect of equilibration temperature and time on the concentration of 2AP in the rice headspace measured in terms of peak area of 2AP.
Headspace autosampler conditions: static mode; equilibration temperature varied from 100 to 160 °C; equilibration time varied from 1 to 25 min; 0.5 min
pressurization time; 0.1 min loop filling time; 0.5 min injection time; and 1 g of rice sample amount.

responses measured in terms of peak area ratios between 2ARNnd 0.01 g of brown rice with RSD of 3.73 and 2.09%, for
and 2,6-DMP and the amount of standard 2AP was linear and SHS-GC-FID and NPD, respectively.
reproducible for both FID and NPD with a correlation coefficient ~ The intraday and interday coefficients of variation determined
(rd) of 0.9997 and 0.9998, respectively. The effective linear using brown rice samples were 3.25% RS$D<(15) and 3.92%
concentration ranges of the method were from 20 to 10 000 ng RSD (n= 35), respectively, for SHS-GC-FID and 1.87% RSD
of 2AP/g of rice sample for SHS-GC-FID and from 5 to 8000 (n = 15) and 2.85% RSD (r 35), respectively, for SHS-GC-
ng of 2AP/g of rice sample for SHS-GC-NPD. NPD. Overall, the validation data confirm higher sensitivity and
Sensitivity is reflected by the limit of detection (LOD) and usefulness of the GC-NPD system over the GC-FID system.
limit of quantitation (LOQ) defined as the concentration at which ~ Analysis of Rice SamplesThe developed SHS-GC method
S/IN = 3 in terms of the least amount of 2AP and the was applied for quantitative analysis of 2AP in three groups of
concentration at whicl$/N = 10 in terms of the least amount fragrant rice samples: KDML 105 brown and milled rice, a set
of rice sample, respectively. Analysis of a series of 2AP standard of Indian Basmati shelf rice, and a set of Thai Hom Mali shelf
solutions by SHS-GC-FID and NPD had a LOD at 20 ng with rice. Triplicate determinations were performed for each rice
a relative standard deviation (RSD) of 3.51% and 5 ng with a sampleTable 1shows concentrations of 2AP found in all types
RSD of 2.93%, respectively. The LOQ determined was 0.30 of rice samples studied. The RSDs of three replicates of each
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140 — & Pressurizing time 0.50 min superiorit_y_of this method in_terms of simplicity, sensitivity,
- -® - Pressurizing time 1.00 min and precision makes it a suitable laboratory tool for routine
analysis of the rice aroma compound and, thus, the aroma quality
& 1207 of fragrant rice products.
o~
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