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Abstract: The composition of the essential oil from leaves of Cryptocarya mandioccana has been determined
by chromatographic fractionation and GC-FID and GC-MS. Genetic algorithm and kernel partial least square
(GA-KPLS) technique was used to investigate the correlation between retention time (RT) of essential oil. The
applied internal (leave-group-out cross validation (LGO-CV)) and external (test set) validation methods were
used for the predictive power of model. Finally a model with a low prediction error and a good correlation
coefficient was obtained GA-KPLS. This model was used for the prediction of the RT values of some of
compounds which were not used in the modeling procedure.
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INTRODUCTION and stereo-isomeric linalool oxides [2]. In a more recent

Cryptocarya (Lauraceae) is a pantropical genus alba, 71 components were identified, the principal of
containing around 350 species distributed mainly within which were terpin-4-ol, p-cymol, cineol, a-pinene, b-pinene
Malaysia and Australia. Although 23 species have been and borneoleterpineol [3, 4].
described for South America, Moraes has recognized In addition, an evaluation of seasonal and circadian
eight validly published species names, with seven of them variations in essential oil composition from leaves of
being endemic from the Atlantic rain forest of Brazil: these species showed the same profile during one year, in
Cryptocarya aschersoniana Mez, Cryptocarya spite of differences in the total yielding of essential oil in
citriformis (Vell.) P.L.R. Moraes, Cryptocarya relation to phenological phases of the tree e best yielding
mandioccana Meisn. Cryptocarya micrantha Meisn. was obtained in the reproductive phases [5].
Cryptocarya moschata Nees & Mart. Cryptocarya Quantitative structure-retention relationship (QSRR)
saligna Mez and Cryptocarya subcorymbosa Mez. C. is statistically derived relationships between
mandioccana, one of the most common and numerous of chromatographic parameters and descriptors related to the
them at Atlantic Ombrophilous Dense Forest in Sao Paulo molecular structure of the analytes. A number of reports,
state, is a tree ca. 20-30 m high and forms an important deals with QSRR retention calculation of several
dietary source for mammals, particularly primates such as compounds have been published in the literature [6-8].
Brachyteles arachnoides spp. arachnoides (mono- There is a trend to develop QSRR from a variety of
carvoeiro or muriqui), who eat the leaves and fruits [2]. methods. In particular, genetic algorithm (GA) is

In earlier phytochemical investigations of the frequently used as search algorithms for variable selection
essential oils of Cryptocarya species, the presence was in chemometrics and QSRR. GA is a stochastic method to
reported of (-)-massoilactone in the bark oil of solve the optimization problems defined by fitness criteria,
Cryptocarya massoia and of linalool in leaf oil of C. applying the evolution hypothesis of Darwin and different
moschata and C. aschersoniana (current status: C. genetic functions, i.e. crossover and mutation [9, 10].
moschata and C. mandioccana, respectively; [1], Kernel partial least square (KPLS) is the most commonly
although the latter also contained b-myrcene, 1,8-cineol used multivariate calibration method [11, 12]. Moreover,

study of the essential oil from leaves of Cryptocarya
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non-linear statistical treatment of QSRR data is expected detector temperatures were 240 and 230°C, respectively.
to provide models with better predictive quality as The carrier gas was helium at a rate of 1.0 ml min
compared with related PLS models. In recent years, (constant volume). MS were obtained at 70 eV. Samples (1
nonlinear kernel-based algorithm as kernel partial least ml) were injected manually in the split mode (20:1). The
squares (KPLS) has been proposed [13-15]. KPLS can data set was randomly divided into two groups including
efficiently compute latent variables in the feature space by training set (calibration and prediction sets) and external
means of nonlinear kernel functions. In the present study, (test) sets, which consists of 32 and 10 molecules,
GA-KPLS was employed to generate QSRR models that respectively.
correlate the structure of essential oil from leaves of
Cryptocarya mandioccana Meisner; with observed RT. Cross Validation Technique: Cross validation is a

popular technique used to explore the reliability of
MATERIALS AND METHODS statistical models. Based on this technique, a number of

Data Set: Retention time of the 42 compounds in essential one or a small group (leave-some-out) of objects. For each
oil from leaves of Cryptocarya mandioccana Meisner were data set, an input-output model is developed, based on
taken from literature [16] is shown in Table 1. Analyses the utilized modeling technique. Each model is evaluated,
were performed using a Shimadzu model QP-5000 gas by measuring its accuracy in predicting the responses of
chromatograph-mass spectrometer equipped with a DB-5 the remaining data (the ones or group data that have not
(J&W Scientific) fused silica capillary column (0.25 mm been utilized in the development of the model) [17]. In
× 30 m; 0.25 µm). The oven temperature was  programmed particular, the leave group out (LGO) procedure was
from  60   to   240°C   at   3°C   min ;   the   injector   and utilized in this study.1

1

modified data sets are created by deleting in each case

Table 1: The data set and corresponding observed RT values 
No Name RT Exp No Name RT Exp
Training Set Test Set
1 cis-3-Hexenal 4.18
2 cis-3-Hexen-1-ol 4.25 1 -Pinene 6.15
3 Benzaldehyde 6.79 2 Acetophenone 10.37
4 -Pinene 7.4 3 Nonanal 11.91
5 cis-Linalool oxide 10.7 4 -Bourbonene 23.85
6 trans-Linalool oxide 11.3 5 -Bergamotene 25.97
7 Linalool 11.75 6 -Selinene 27.98
8 Terpin-4-ol 14.98 7 -Cadinene 29.09
9 -Elemene 21.88 8 Caryophyllene oxide 31.77
10 -Cubebene 22.36 9 epi-Cubenol 33.46
11 -Copaenef 23.48 10 -Cadinol 34.41
12 -Cubebene 24.07
13 -Elemene 24.15
14 -Caryophyllene 25.31
15 -Gurjenene 25.67
16 Aromadendrene 26.07
17 -Humulene 26.67
18 9-epi-E-Caryophyllene 26.96
19 -Muurulene 27.61
20 Valencene 28.2
21 -Selinene 28.45
22 -Muurolene 28.55
23 -Cadinene 29.48
24 Cadine-1,4-diene 29.8
25 -Calacorene 30.18
26 Spathulenolf 31.57
27 Viridiflorol 32.09
28 Guaiol 32.32
29 cis-Isolongifolanone 32.74
30 Cubenol 33.97
31 -Muurolol 34.11
32 5-neo-Cedranol 35.54
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Fig. 1: Plot of predicted RT obtained by GA-KPLS against 4. Nehme,  C.J.,  P.L.R.  Moraes  and  A.J.  Cavalheiro,
the experimental values 2001.  Intrapopulational  variability of styrylpyrones

RESULTS AND DISCUSSION from Carlos Botelho State Park. Biochem. Syst. Ecol.,

Results of the GA-KPLS Model: With the aim of 5. Marchetti,  C.N.,  M.  Telascrea,  A.G.  Tininis  and
improving the predictive performance of QSRR model, A.J. Cavalheiro, 2006. Dinaˆmica circadiana e sazonal
GA-KPLS modeling was performed. In this paper a radial dos principais componentes do oleo essencial de
basis kernel function, k(x,y)= exp(||x-y|| /c), was selected as Cryptocarya moschata Nees (Lauraceae). Rev. Bras.2

the kernel function with c = rm  where r is a constant that Plantas Med., 8: 23-26.2

can be determined by considering the process to be 6. Chen, J., T. Yang, S.M.J. Cramer and A. Chromatogr.
predicted (here r set was to be 1), m is the dimension of 2008. 1177, 207.
the  input space and  is the variance of the data [18]. 7. Noorizadeh, H. and A. Farmany, 2010.2

The 14 descriptors in 8 latent variables space chosen by Chromatographia. 72: 563.
GA-KPLS feature  selection  methods   were  obtained. 8. Hemmateenejad, B., K. Javadnia and M. Elyasi, 2007.
The square correlation coefficient (R ) and relative error Anal. Chim. Act,  592: 72.2

(RE) for training and test sets were (0.769, 0.684) and 9. Noorizadeh, H. and A. Farmany, 2011. World Appl.
(19.67, 27.40), respectively. The statistical parameters R Sci. J., 14(4): 603-606.2

and RE were obtained for proposed models. Each of the 10. Aires-de-Sousa, J., M.C. Hemmer andsJ. Casteiger,
statistical parameters mentioned above were used for 2002. Prediction of H-1 NMR chemical shifts using
assessing the statistical significance of the QSRR model. neural networks, Anal. Chem., 74: 80-90.
The GA-KPLS linear model has good statistical quality 11. Noorizadeh,  H.,   A.   Farmany,   H.   Narimani   and
with low prediction error. This result clearly shows the M. Noorizadeh, 2011. Drug Test Anal.,
strength of GA-KPLS as a nonlinear feature selection 12. Bodzioch, K., A. Durand, R. Kaliszan, T. B czek, Y.
method. Heyden and V. Talanta, 2010. 81: 1711.

13. Karimi, A. and H. Farmany, 2011. Noorizadeh, World
CONCLUSION Appl. Sci. J., 15(8): 1086-1088.

In this research, an accurate QSRR model for C.H.S.  Lee   and    Lee    D.S.J.    Hazard,  Mater., 2009.
estimating the retention time of essential oils compounds 161: 538.
was developed by employing the GA-KPLS technique. 15. Krämer, N., A.L. Boulesteix and G. Tutz, Chemom.
This model has good predictive capacity and excellent Intell. Lab. Syst., 2008. 94: 60.
statistical parameters. It is easy to notice that there was a 16. Telascrea, M., C.C. De  Araujo,  M.O.M.   Marques, R.
good prospect for the GA-KPLS application in the QSRR Facanali, P.L.R. De Moraes and A.J. Cavalheiro,2007.
modeling. It can also be used successfully  to  estimate Biochemical Systematics and Ecol., 35: 222e232.
the RT for new compounds or for other compounds 17. Noorizadeh, H. and A. Farmany, 2011. Drug Test
whose experimental values are unknown. This indicates Anal.,
that RT of these compounds possesses some nonlinear 18. Kim, K., J.M. Lee and I. B. Lee, 2005. Chemom. Intell.
characteristics. Lab. Syst., 79: 22.
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