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Introduction

Rice is the seed of Oryza sativa L. and is the staple food 
especially for Asians. 
Aromatic rice varieties are very popular in Southeast Asia and 
have recently gained wider acceptance in Europe and the 
US. Because of their characteristic aroma and flavor, they are 
highly favored and command higher prices in rice markets. 
Thus the ability to analyze flavor profiles is relevant to food 
quality laboratories.

The rice seed itself, usually doesn’t release flavor or aroma 
compounds. By cooking in continuous boiling water for about 
10mins, the fragrance components are released. 
The fragrance products might be formed through Maillard 
reaction.

Here we present a facile and robust method how to boil and 
then analyze rice samples in a fully automated fashion.

Rice varieties (Fig. 1 above) 
•	 Basmati rice
•	 Thai Hom Mali, brand A
•	 Tahi Hom Mali, brand B
•	 White rice

Experimental

Autosampler PAL-RTC (Fig. 2) with
•	 Park Station 
•	 Agitator  Module 
•	 SPME Arrow Conditioning Module 
•	 Heatex Stirrer Module 
•	 Tray Holder 
•	 Sample Rack VT 15 
•	 SPME Arrow Tool 
•	 SPME Arrow Fiber PDMS/DVB/Carboxen 

(PN: ARR11-DVB/CWR-120/20)

Chromatography System
•	 Agilent GC7890-MS7000
•	 Column HP-5MS (30m x 0.25mm x 0.25um)
•	 Vial Septum Restek (PN: 27090) 
•	 SPME Arrow Liner (PN: ARRLIN17-GC7890)

(More details s. reference 2)

Fig. 1: Samples of the 4 different rice varities
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Fig. 2: PAL RTC equipped for SPME Arrow analysis
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Detection was based on the algorithm of Agilent MassHunter 
Workstation Software, with the library database of National 
Institute of Standards and Technology (NIST, ver.14) with the 
matching score more than 80. Peaks with lower matching 
score would be classified as “Unidentified”.

Rice cooking method generated in minutes 
with PAL Method Composer

PAL Method Composer (https://www.palsystem.com/index.
php?id=850) is the new tool to easily develop methods 
directly with the PAL3 System. 
It offers users direct access to all the PAL3 System’s capabili-
ties. Methods are easily and intuitively created from the steps 
available by “Drag&Drop”. Each method consists of one or 
several steps performing certain tasks. The sequence of all 
steps constitutes the method. 
Completed methods are imported and directly used in the 
particular CDS or MS-Data System for running the PAL3 
System as part of a LC-MS or GC-MS system. 
Figure 2 shows the graphical representation of the PAL 
Method Composer user interface for the rice flavor method, 
literally set up in a couple of minutes

Fig. 4: Raw and cooked rice sample in autosampler vial

Fig. 3 PAL Method Composer user interface 

Cooking rice, i.e. incubation 

SPME Arrow extraction 
and GC-MS injection

https://www.palsystem.com/index.php?id=850
https://www.palsystem.com/index.php?id=850
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Results

Flavor and aroma profiles were generated by analyzing and 
comparing the different rice samples with SPME Arrow- 
extraction hyphenated to GC-MS. The following flavor com-
pounds were identified in the different rice varities  (Fig. 5-8, 
and tables X-Y)
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Fig. 5-8: Aroma profiles 
(TIC, green), and compari-
son of aldehyde content in 
raw and cooked rice.
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Aldehydes

Alcoholes

  Basmati Rice Thai Hom Mali – 
Brand A 

Thai Hom Mali – 
Brand B White Rice 

Compounds Aroma Raw 
Rice 

Cooked 
Rice 

Raw 
Rice 

Cooked 
Rice 

Raw 
Rice 

Cooked 
Rice 

Raw 
Rice 

Cooked 
Rice 

Hexanal Grass, tallow �� �� �� �� �� ��   

Heptanal Citrus, rancid �� ��  �� �� ��  ��

Undecanal Oil, pungent, sweet � �  � � � �� �

Benzaldehyde Almond, burn sugar  �� �� �� �� �� �� ��

Dodecanal --  � � � � � �� �

Octanal  Lemon, green �� �� �� �� �� �� �� ��

2-Octenal, (E)- Green � � � �� � �� � ��

Undecanal, 2-methyl -- � � �� � �� �� �  
Nonanal Citrus, green �� �� �� �� �� �� � ��

2-Dodecenal, E- Green, fat, sweet �� �� �� ��  �� � �

Decanal Orange peel, tallow �� ��  ��  ��  ��

Tetradecanal -- � � �� �  �  �

2-Decenal, (E)- Tallow, orange � �  �  ��  �

2-Octenal, 2-butyl- -- �� ��  ��  ��  �

Hexadecanal --  ��  �  �  �

Basmati Rice Thai Hom Mali Rice – Brand A Thai Hom Mali Rice – Brand B White Rice 

Compounds Raw 
Rice 

Cooke
d Rice Compounds Raw 

Rice 
Cooked 

Rice Compounds Raw 
Rice 

Cooked 
Rice Compounds Raw 

Rice 
Cooked 

Rice 

(S)-(+)-3-
Methyl-1-
pentanol �  1-Nonanol �  (S)-(+)-3-Methyl-

1-pentanol �  1-Octanol, 2,7-
dimethyl- � � 

1-Nonanol � � 1-Octen-3-ol  � 1-Nonanol � � 1-Decanol, 2-
ethyl- � � 

1-Octen-3-ol � � Bicyclo(3.1.1)hepta
ne-2,3-diol, 2,6,6-
trimethyl- � � 1-Octen-3-ol � � Cycloheptanol, 

2-methylene �  
Bicyclo(3.1.1)
heptane-2,3-
diol, 2,6,6-
trimethyl- 

� � 1-Hexanol, 2-ethyl-  � Bicyclo(3.1.1)hep
tane-2,3-diol, 
2,6,6-trimethyl- � � 1-Octen-3-ol � � 

1-Octyn-3-ol, 
4-ethyl-  � 2-Propyl-1-

pentanol �  1-Octanol, 2-
butyl- �  2-Nonen-1-ol  � 

2-Propyl-1-
pentanol �  3,5-Octadien-2-ol  � 1-Hexanol, 2-

ethyl- �  1-Octyn-3-ol, 
4-ethyl- �  

3,5-Octadien-
2-ol � � 2-Nonen-1-ol � � 

Cyclohexanol, 2-
methyl-3-(1-
methylethenyl)-, 
(1.alpha.,2.alpha.
,3.alpha.)- 

 � 1-Octanol, 2-
butyl- �  

2-Nonen-1-ol �  1-Decanol � � 3,5-Octadien-2-ol  � 1-Decanol  � 

1-Octanol, 2-
butyl- �  1-Decanol, 2-

methyl- �  2-Nonen-1-ol � � 
Cyclohexanol, 
1-methyl-4-(1-
methylethyl)-, 
cis-  � 

1-Decanol, 2-
ethyl- � � Benzenemethanol, 

.alpha.,.alpha.-
dimethyl- �  1-Decanol, 2-

methyl- �  1-Tetradecanol  � 
1-Decanol � � 1-Octanol, 2-butyl- �  1-Decanol � �  
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Alcoholes (continued)

Ketones

Furan

Basmati Rice Thai Hom Mali Rice – Brand A Thai Hom Mali Rice – Brand B White Rice 

Compounds Raw 
Rice 

Cooke
d Rice Compounds Raw 

Rice 
Cooked 

Rice Compounds Raw 
Rice 

Cooked 
Rice Compounds Raw 

Rice 
Cooked 

Rice 

p-Menth-
8(10)-ene-
2,9-diol   2-Isopropyl-5-

methyl-1-heptanol   
2-Isopropyl-5-
methyl-1-
heptanol    

Cyclohexanol
, 1-methyl-4-
(1-
methylethyl)-, 
cis- 

  1-Decanol, 2-ethyl-   
Cyclohexanol, 1-
methyl-4-(1-
methylethyl)-, 
cis-    

3-Dodecanol, 
3,7,11-

trimethyl-   Cyclohexanol, 1-
methyl-4-(1-
methylethyl)-, cis-   3-Dodecanol, 

3,7,11-trimethyl-    

1-Decanol, 2-
hexyl-   3-Dodecanol, 

3,7,11-trimethyl-   Isopulegol    

1-
Tetradecanol   Isopulegol   1-Decanol, 2-

hexyl-    

   1-Decanol, 2-hexyl-       

   1-Decanol, 2-octyl-       

Basmati Rice Thai Hom Mali Rice – Brand A Thai Hom Mali Rice – Brand B White Rice 

Compounds Raw 
Rice 

Cooke
d Rice Compounds Raw 

Rice 
Cooked 

Rice Compounds Raw 
Rice 

Cooked 
Rice Compounds Raw 

Rice 
Cooked 

Rice 

Oxacyclodod
ecan-2-one   1,13-

Tetradecadien-3-
one 

  Cyclohexanone, 
3-butyl   1,13-

Tetradecadien-
3-one   

2(3H)-
Furanone, 5-
heptyldihydro
- 

  Cyclohexanone, 3-
butyl 

  
1,13-
Tetradecadien-3-
one 

  1-Penten-3-
one, 1-(2,6,6-
trimethyl-1-
cyclohexen-1-
yl)- 

  

1,4-
Cyclododeca
nedione   2-Piperidinone, N-

[4-bromo-n-butyl]-   1,4-
Cyclododecanedi
one   

   

2(3H)-
Furanone, 
dihydro-5-
pentyl- 

  
1,4-
Cyclododecanedio
ne 

  1-Penten-3-one, 
1-(2,6,6-
trimethyl-1-
cyclohexen-1-yl)- 

     

   
1-Penten-3-one, 1-
(2,6,6-trimethyl-1-
cyclohexen-1-yl)- 

  
      

    

Basmati Rice Thai Hom Mali Rice – Brand A Thai Hom Mali Rice – Brand B White Rice 

Compounds Raw 
Rice 

Cooke
d Rice Compounds Raw 

Rice 
Cooked 

Rice Compounds Raw 
Rice 

Cooked 
Rice Compounds Raw 

Rice 
Cooked 

Rice 

Furan, 2-
pentyl � � Furan, 2-pentyl  � Furan, 2-pentyl � � Furan, 2-pentyl  � 
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Aldehydes

Fragrance marker 2-Acetyl-1-pyrroline

2-Acetyl-1-pyrroline is a suitable marker to distinguish differ-
ent rice qualities. Extractions by PAL SPME Arrow reveals low 
levels in Basmati and White Rice. This compound can clearly 
distinguish the higher grade Thai Hom Mali Rice, with highest 
level in Brand A. 

Data Retention Time (min) Peak Area
094 10.222 636543
095 10.214 726184
096 10.210 776907
Average N=3 10.218 681364
Std Dev. 0.006 63386
%RSD 0.06% 9%

Table 1 Repeatability of 2-Acetyl-1-pyrroline extractions

Basmati Rice Thai Hom Mali Rice – Brand A Thai Hom Mali Rice – Brand B White Rice 

Compounds Raw 
Rice 

Cooke
d Rice Compounds Raw 

Rice 
Cooked 

Rice Compounds Raw 
Rice 

Cooked 
Rice Compounds Raw 

Rice 
Cooked 

Rice 

Styrene   Ethylbenzene   Ethylbenzene   1-Undecene, 7-
methyl-   

5-Tridecene, 
(Z)-  

  p-Xylene   Styrene   1-Decene, 3,4-
dimethyl-   

1-
Heptadecene   Styrene   D-Limonene   2-Octene, 2,6-

dimethyl-   

1-
Nonadecene   3-Carene   2-Undecene, 9-

methyl-, (E)-   6-Tridecene, 
(Z)-   

   Benzene, propyl-   1-Heptadecene   Pentadecane, 
7-methyl-   

   Benzene, (1-
methylethyl)-   1-Pentadecene   5-Tridecene, 

(Z)-   

   D-Limonene   4-Nonene, 5-
butyl- 

    

   5-Eicosene, (E)-   Tetradecane, 4-
methyl- 

   

   4-Nonene, 5-butyl-       

   
Naphthalene, 
1,2,3,4-tetrahydro-
2,7-dimethyl- 

      

   
Naphthalene, 5-
ethyl-1,2,3,4-
tetrahydro- 

      

    

Fig. 9: 2-Acetyl-1-pyrroline levels in different rice varieties

Basmati Rice

Thai Hom Mali Rice
- Brand A

White Rice

Thai Hom Mali Rice
- Brand B
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Summary

	- Different rice varieties can be distinguished by their 
individual GC-MS profiles.

	- White rice contains very few aldehydes compounds 
as compared to other rice with a distinctive fragrance, 
such as the Basmati and Hom Mali rice.

	- D-Limonene was detected in both brands of Hom Mali 
rice, but not other types of rice.

	- By cooking the rice, aromatic profiling has changed as 
well, showing that chemical reactions have occurred 
during the cooking. 

	- By using the PAL RTC Autosampler for rice cooking, all 
the volatile compounds could be preserved inside the 
closed headspace vial for well controlled and sensitive 
extractions by PAL SPME Arrow. 
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Full automation workflow
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Details of parameter setting

PAL Autosampler  
Step 1 – Set Temperature  

Status Message Set temperature of Agitator to 100 degree 
Module  Agitator 1 

Temperature 100oC 
Tolerance 2K 

Wait For Temperature False 

Step 2 – Use Tool  

Status Message Use Tool 
Tool SPME Arrow 2 

Step 3 – Set Temperature  

Status Message Set temperature of Agitator to 100 degree 

Module Agitator 1 
Temperature 100oC 

Tolerance 2K 

Wait For Temperature True 

Step 4 – Transport Vial  

Status Message Transport Vial 

Source From sample list 

Source Index From sample list 
Destination Agitator 1 

Destination Index 1 

Step 5 – Agitate Vial  

Status Message Turn On Agitator 
Agitator Agitator 1 

Speed 250rpm 
On Time 5s 

Off Time 2s 
State On 

Step 6 – Wait  

Status Message Wait for Rice to be cooked 

Time 600s 

Step 7 – Agitate Vial  

Status Message Turn Off Agitator 
Agitator  Agitator 1 

Speed 300rpm 
On Time 5s 

Off Time 2s 
State Off 

Step 8 – Transport Vial Home  

Status Message Transport Vial Home 

Step 9 – ARROW-STD  

Status Message ARROW-STD 

Tool SPME Arrow 2 
Sample Rack From sample list 

Sample Index From sample list 
Agitator None 

Stirrer Heatex Stirrer 1 
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