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Abstract

Phorbol esters (PEs) is the crucial toxic compound of jatropha that can be tumor promotors, even in low
concentration. The reference methods for determining the PEs was HPLC. The method requires an experienced
analyst, chemical solvent, many steps of sample preparation, high cost and time consumption. However breeding
jatropha for animal feed and biodiesel production needs rapid and efficient methods to determine the phorbol
esters (PEs) content of a large number of seed samples. In the current study, a calibration set of 130 samples of
jatropha interspecific breeding lines (. curcas x J. integerrima) was investigated using NIRS technique to determine
phorbol esters (PEs) contents. In the pre-concentration step, the effective performance of calibration models for
PEs prediction were compared between with and without using dry-extraction spectroscopy for near infrared tech-
nique (DESIR). The model for the PEs obtained using DESIR showed the correlation coefficient for the validation set
(Rv), standard error of prediction (SEP) and ratio of standard error of validation to the standard deviation (RPD) of
0.80,0.24 mg g’ DW and 1.70. While the parameters without DESIR were 0.62, 0.27 mg ¢” DW and 1.26, respectively.
Statistical testing for performance measurement based on 15012099:2017 of the model for PEs prediction, the NIR-
predicted values using DESIR were not different from the actual values at the 95% confident interval. Thus NIRS

using DESIR could potentially be used for predicting PEs contents in jatropha seed.

Keywords: Jatropha interspecific breeding lines, Phorbol esters (PEs), Near-infrared spectroscopy (NIRS), Dry-extrac-

tion spectroscopy for near infrared technique (DESIR)

1. Introduction

Jatropha curcas L. (jatropha, physic nut), an oil-bear-
ing shrub belonging to the Euphobiaceae family. This
plant has spread beyond its original distribution be-
cause of its hardiness, easy propagation, drought endur-
ance, high oil content, rapid growth adaptation to wide
agro-climatic condition. Seed of J. curcas also contains
high amount of protein (50-60% w/w) (Flores et al,,
2012). With these special features, J. curcas is a poten-

tial plant for alternative fuel, biomass and feeds. (King
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et al,, 2009). However, the utilization of J. curcas as a
multipurpose crop is limited because it contains toxic
compounds.

The crucial toxic compound in J. curcas is phorbol
esters (PEs), because PEs is a persistent chemical that
can be destroyed by heat at over 150 °C together with
some other treatments (Sadubthummarak et al., 2013).
Six isomers of PEs isolated from jatropha and all com-
pounds show tumor promoting property (Gubitz et al,,
1999).
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In order to make maximum use of J. curcas espe-
cially oil, seed cake and wood, and increase the com-
mercial value of this plant for the farmers, a specific
cultivar is needed. The new varieties should have low
PEs content to decrease the toxicity in seeds (Sujatha,
2006). In general, PEs is determined by HPLC. However,
this method required time consumption (at least 30 min
per sample, not included sample preparation step),
chemicals and skill analysis. Therefore, breeding J. cur-
cas for animal feed and biodiesel production requires
rapid and efficient methods to assess the PEs content
in a large number of samples.

Near-infrared spectroscopy (NIRS) is an effective
method widely used for analysing the composition con-
tents in a number of crops. It has been proven to be a
powerful analytical tool due to speed, accuracy and
cost-effectiveness. These environmental friendly tech-
nigues should minimize the chemical waste consuming
in pretreatment of the samples. Moreover, this methods
is able to determine many components simultaneously.
For all these advantages, this method has been widely
used in various fields, such as routine analysis, quality
control and on-field measurement (Burns and Ciurczak,
2008; Thyholt and Isaksson, 1997; Osborne et al., 1993).

The concentration of PEs content in jatropha seeds
is very low (at ppm level), while the NIRS technique can
normally assess the concentration at only percent level
due to the usual limits of detection of NIRS is 0.1 %.
(Siesler et al., 2006; Lima et al., 2007). Therefore, in the
current study, a dry-extraction spectroscopy for near in-
frared (DESIR), a pre-concentration technique, has been
used to prepare samples before collecting the NIR spec-
tra. With this technique, the analyte was extracted from
samples in the form of solution to reduce the effect of
the other components in sample. Then the extracted
solution was dried onto a solid substrate with low ab-
sorptivity. The solvent was removed in order to increase
the concentration of the analyte (Acharya et al,, 2012,
Zhang et al., 2013).

Since there is no published report on determination
of PEs in seed of jatropha using NIRS, this study aimed
to assess the ability to detect the low concentration PEs
in seeds of the jatropha breeding lines which were de-
veloped from hybridization between J. curca and J. in-
tegerrima obtained from crossing between the F2 plants

as well as multiple crossing between the selected
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progenies derived from crossing between the selected
plants in the jatropha breeding project of Kasetsart Uni-
versity. We also want to compare the effectiveness of
the calibration model for PEs predicting between with

and without DESIR in sample preparation steps.

2. Materials and methods

2.1 Sample preparation

One hundred and thirty interspecific lines were de-
veloped from hybridization between J. curcas (Thai lo-
cal cv “Chai Nat”; female parent) and J. integerrima
(Thai local dwarf ornamental type; male parent) in the
jatropha breeding project of Kasetsart University. Seeds
from each line were oven-dried at 45 °C for 3 days, then
ground using a cyclone sample mill grinder (DxFillMa-
chine model DXM-2000, China) until it passed through
a stainless steel screen with aperture size of one mm.
The ground seeds of each line was separated in two
sets, one for NIRS without DESIR analysis and the other
for PEs residual extraction.

The PEs residual was used for NIRS with DESIR anal-
ysis. PEs extraction procedure was carried out according
to the method described in Hass and Mittelbach (2000)
and Makkar et al. (2007) with some modifications.
Briefly, 4.00 grams of ground seed were weighed on fil-
ter paper and transferred into a thimble. The samples
were extracted with methanol in a soxhlet extractor for
4 hours 15 minutes then transferred to a round bottom
flask. The methanol in the extracted samples were re-
moved by vacuum rotary evaporator. The residue was
dissolved in a minimum volume of methanol (HPLC
grade), then transferred into a 25 ml amber colored
glass vial. The solvent was dried with N, gas blowing and
kept at 4°C until use.

2.2 Near- infrared spectroscopy measurements

Prior to collecting the spectra, the homogenized
ground samples were oven-dried at 60 °C for 24 h then
kept in a desiccator to cool to room temperature. Four
g of each sample was put in a 30 ml glass beaker and
placed on top of the window of the NIR spectrometer
(Buchi NIRFlex FT-NIR model N-500, Switzerland) as
shown in Figure 1(a). The absorbance spectra were col-
lected in diffuse reflectance mode at 32 random posi-
tions on each sample and calculated for the average

spectra. Three NIR measurements were made on each
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sample over the wavelength region 1000-2500 nm with

1 nm spectral resolution and an integrating time of 23 s.

2.3 Dry extraction spectroscopy for near infrared (DESIR)

The dried residue of PEs was dissolved with metha-
nol in a 25 ml volumetric flask and adjusted to a final
volume of 25 ml. One ml of the aliquot was taken by a
micropipette to a 47 mm diameter glass microfiber filter
(GF/A) that was placed in a 50 mm diameter glass petri
dish. The filter was held for 40 min in hot air oven at 70
°C and stored in a desiccator to avoid absorbing the
moisture until cool down to room temperature. Diffuse
reflectance NIR spectra were measured at the bottom
of sample petri dish (Figure 1b). The NIR absorbance
spectra were collected in three replicates under the

same condition of NIR without DESIR measurements.

E—

s

Figure 1 NIR spectral acquisition of (a) ground sample
and (b) DESIR sample.

2.4 Reference method for PEs analysis

PEs content was determined in duplicates of each
sample following the method described by Wink et al.
(1997) with a slight modification. The residual of the PEs
was filtered by 0.2 pl nylon filter and loaded into a
HPLC (Waters 600E, USA). HPLC analysis was fitted with
a reverse-phase Cig 150 x 5 mm. octadecyl as functional
group, particle size 5 mm. The column was thermally
controlled at 25°C with an isocratic solution mixture
80:20 (v/v) acetonitrile: water at a flow rate of 1 ml min’
' The detector wavelength was set at 280 nm. A total
of 20 pl of each samples was injected.

The PEs peaks appeared between 6-12 min and the
running time for HPLC analysis is 25 min per sample.
The area of each peak was measured using HPLC-DAD.
A calibration curve was prepared using phorbol 12-
myristate 13-acetate (PMA, Sigma-Aldrich). The PEs was

dissolved in methanol as an external standard at the

concentrations of 10, 20, 30, 40 and 50 ppm, respec-
tively. The peak areas of PEs in each sample were
summed and changed to PMA equivalent as the total
amount of PEs (Devappa et al., 2010). Each analysis was
conducted in duplicate and the results were repre-

sented as means + standard deviation (SD).

2.5 Calibration development

Calibration was developed based on the full spec-
trum from 1000 to 2500 nm. The spectrum of each sam-
ple was measured in triplicate, then averaged. Raw
spectra data from NIR spectrophotometer were treated
using the Standard Normal Variate (SNV) and a second
derivative to solve overlapped peak, remove baseline
offset and linear background from scattering effects and
enhance the information related to chemical compo-
nents. Calibration models for determining PEs (with and
without DESIR) were constructed from the relationship
between absorbance spectra and concentration of the
component from chemical method using the software
NIR cal (ver. 5.4: Build 3000). Multivariate calibration was
done by partial least squares regression (PLSR). The op-
timal number of partial least squares component was
defined by a coefficient of variation (CV) and SD. In order
to evaluate the performances of the calibration model,
309 ground seed samples from 130 line were used to
construct models for determining PEs without DESIR. A
total of 215 samples were used as calibration set for
model development and the rest (94 samples) was
used as a validation set for accuracy verification.

After that, the samples were extracted for PEs anal-
ysis. Since some lines had small number of seeds, each
ground sample could be prepared into 2-3 samples of
PEs residual. The 600 and 91 samples of PEs residual
were obtained and then used to construct models for
determining PEs using DESIR. The 478 samples were
used as a calibration set and 213 samples were used as
validation set.

2.6. Statistical testing for performance of the measure-
ment

The constructed calibration models for predicting
the contents of PEs (with and without DESIR) were eval-
uated from a validation set based on the statistic pa-
rameters, correlation coefficient (R), standard error of

prediction (SEP), slope and bias as detailed in
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1ISO12099:2017. In this study, comparison of the calibra-
tion model performance for PEs prediction between
with and without DESIR technique in sample prepara-
tion steps were studied. The bias, SEP and slope (ob-
served t-value) value were compared with the bias con-
fidence limit (Tb), unexplained error confidence limit

(Tue) as given by Eq. (1)4(2), and t, .8, which is the t-

2

)
value obtained from Table t-distribution for a probabil-
ity of o = 0.05, respectively.

t o SEP
1--)

Where; a is the probability of making a type | error; tis
the appropriate t-value for two tailed test with the de-
gree of freedom associated with SEP and the selected
probability of a type | error; n is the number of inde-
pendent samples. If value of the bias is lower than Ty,
the bias is not different from zero.

The SEP express the accuracy of NIR results cor-
rected for the mean difference (bias) between NIR re-
sults and reference methods. If the SEP is lower than
the unexplained error confidence limit (Tye), the SEP

can be accepted.

TUE = SEC“ ' F(a, v, M) (2)

Where SEC is the standard error of calibration; v is
ny — 1; where, ny is the number of validation groups; M
is Nn-P-1 where, nc is the number of calibration groups
and P is the number of PLS factors of the model; o is

the probability of making a type | error;

Ss(n—l)

t,. =|b-1] (3)

Srzes
where b is the slope; n is the number of independent
samples. The slope is considered as different from 1

when tops =t

(1.9 where o is the observed t-value,

2

calculated according to the Eq. (3); 55 is the variance

is the residual standard de-

of n prediction values; S,

viation values, as given by Eq. (4);

0ty (a5, )T

res
n-2
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where, n is the number of independent samples; a is
the y- intercept calculated as;a = y - b)x/; b is the slope
of regression; yj is the i" reference value; 9 is the i pre-
dicted value obtained when applying the multivariate
NIR model. For equation performance checking as in
1SO12099:2017. If value of the bias is lower than Ty, SEP
is lower than Tye and observed t — value for slope are

lower than t, o, the performance of the calibration
2

model is acceptable.

3. Results and discussion
3.1 Phorbol esters analysis

The equation obtained from the calibration curve
for guantification of PEs was [Y] = 1200[X] + 3340 as
shown in Figure 2. Where [X] is the sum of the chroma-
tographic peak areas and [Y] is the PEs concentration

(ppm).
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Figure 2 HPLC calibration curve of standard phorbol es-
ters.

The results showed good linearity (R = 0.9996) over
the concentration range 10.00 - 50.00 ppm. Figure 3
shows the HPLC/DAD (A = 280 nm) chromatogram of
the extracts from seed of the breeding lines showed
five principal peaks with retention times in the range of
6 - 11 minutes, which corresponded to the absorption
spectra of PEs reported by Hass and Mittelbach (2000),
Makkar et al. (2009), and Devappa et al. (2010).
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Figure 3 HPLC-UV (A =280 nm) chromatograms of the

extracts from ground seeds of jatropha lines.
3.2 NIR analysis

The original spectra of the ground seed and dried
residue PEs on glass microfiber filter from NIR spectrom-
eter are shown in Figure 4.
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Figure 4 (a) The original spectra of the ground seed of
jatropha and (b) dried residue PEs on glass microfiber
filtter from NIR spectrometer over the wavelength region
of 1000-2500 nm.

In the case of ground seed (Figure 4a), baseline shift
and scaling (intensity variation) were observed due to

light scattering effect. Particle size variation is a main

factor affecting the spectra. Scattering is a source of er-
ror by changing the intensification of the absorption
bands. NIR spectra of the samples prepared by the DE-
SIR technique showed less baseline shift and scaling
variation (Figure 4b) than those without the DESIR due
to the reduction in sample-to-sample variation. To sup-
press the effect, the NIR spectra of the ground seed of
the lines and dried residue PEs on glass microfiber filter
(DESIR) were treated with SNV and the second derivative

are shown in Figure 5.
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Figure 5 (a) Spectra of the ground seed of jatropha and
(b) the dried residue PEs on glass microfiber filter from
NIR spectrometer after treated with SNV and second

derivative.

Figure 5 shows two absorption peaks between 2310 -
2350 nm, which corresponded to the absorption of oil,
the major component in jatropha seed (Osborne et al.,
1993). Whereas the other components such as protein,
the peak was observed between 2160-2200 nm. The
absorption peaks of PEs were unclear even if DESIR was

applied, because PEs are not the major components.
3.3 Descriptive statistics and model performance

The descriptive statistics for PEs content were shown

in Table 1. PEs concentrations in this study ranged from
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0.25 - 2.23 mg ¢ DW. The standard error of calibration
(SEQ), standard error of prediction (SEP), correlation co-
efficient of calibration (Rc), and correlation coefficient of
validation between predicted and reference values (R,)
of the calibration model for PEs content are presented
in Table 2.

Table 2 showed the SEC and SEP of calibration
model for prediction of the PEs content of the ground
seeds with and without DESIR at the values of 0.23, 0.24
and 0.23, 0.27, respectively. The SEP was very low for
PEs prediction using DESIR and showed high agreement
between the predicted and actual values (R, = 0.8).

While the calibration model for PEs prediction without

using DESIR showed lower agreement between the pre-
dicted and actual values (R, = 0.62).

The scatter plot of the NIR predicted PEs (with and
without DESIR) were shown in Figure 6. Most of the data
are closely dispersed to the target line in both the cal-
ibration and validation sets, indicating a well agreement
between the NIR predicted and actual values. The sta-
tistic values of the calibration models for PEs prediction
were also tested for the performance following
1IS012099:2017(E), as shown in Table 3. All the statistics
obtained from the calibration prediction model for PEs
(DESIR) content satisfactorily passed the criteria of
1ISO12099:2017(E)

Table 1 Characteristics of PEs content of the ground seed and DESIR samples of the interspecific Jatropha lines in

the calibration set and validation set.

Number of Range Average SD
Compound Sample set 3 4 4
spectra (mgg DW)  (mgg DW) (mg g DW)
PEs Calibration set 215 0.27-2.19 1.12 0.392
(ground seed) Validation set 94 0.34-1.72 1.05 0.344
PEs Calibration set 478 0.25-2.23 1.08 0.404
(DESIR) Validation set 213 0.28-2.05 1.10 0.410

Table 2 Descriptive statistics in the development of calibration models for PEs (with and without DESIR), oil and

protein in the ground seed of the interspecific Jatropha lines.

Calibration Validation
Compound PC SEC SEP
slope Re 4 Rv 4 Bias RPD
(mg g DW) (mg g DW)
PEs
8 0.64 0.80 0.23 0.62 0.27 -0.061 1.26
(Ground seed)
PEs
8 0.67 0.82 0.23 0.80 0.24 0.020 1.70
(DESIR)
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Figure 6 Scatter plot of the NIRs predicted PEs values obtained from PLS calibration model and the actual PEs

values in (a) calibration set of ground seed, (b) validation set of ground seed, (c) calibration set of DESIR and (d)

validation set of DESIR.

The bias of the calibration models using DESIR for
PEs are lower than T obtained from calculation, indi-
cating that they are not significantly different from zero.
The SEP of calibration models for PEs (DESIR) are lower
than Tye, confirming that the SEP are low enough for
practical acceptance. The tos for slope test calculated
from the calibration models of PEs (DESIR) were lower

than t which was obtained from the value of t-

1=y
distribution with a probability of o = 0.05. This indicated
that the NIR-predicted values obtained from NIR spec-
trometers using DESIR are not significantly different from

the actual values at the 95% confidence interval.

Table 3 The statistics performance measurement in ISO 12099:2017(E).

Calculated
Model Parameters Criterion Result
value
Bias To =4+ 0.0563 -0.0610 Not pass
PE
> SEP Tue = 0.2685 0.2750 Not pass
(Ground seed) . a
tobs for slope testing ta ) = 1.9710 1.9891 Not Pass
Bias T =4 0.0329 0.0197 Pass
PE
> SEP Tue = 0.2527 0.2435 Pass
(DESIR) . a
tobs for slope testing t(l.? =19712 1.7869 Pass

Ty = bias confidence limit, Tys = unexplained error confidence limit, tops = observed t-value, t - @2 = the t- value

obtained from the t-distribution table at the probability of & = 0.05, SEP = standard error of prediction

To apply the NIRS technique in predicting PEs con-
centration, Roque et al. (2017) recently reported using
NIRs to estimate the concentrations of PEs in seeds of
Jatropha. In their study, 100 samples of jatropha intact
seeds were directly collected for NIR spectrum without
any sample preparation step. The oil extracted from
seeds was analyzed for actual PEs content by HPLC, us-
ing PMA as an external standard. The NIR model from
their study was not able to predict the PEs content due
to extremely high prediction error.

The RPD is a ratio of standard deviation of the refer-
ence data in validation set to SEP and used for assessing
the ability of calibration. The RPD is applied to compare

the performance of models which have difference of

sample sets or number of samples. A higher value of
RPD implies the more reliable model (Rittiron, 2017)
Table 2 and 3, the results showed that using DESIR
could reduce SEC, SEP and bias, while increase the
agreement between the predicted and the actual val-
ues (R, = 0.62 - 0.80 and RPD values = 1.26 - 1.70).
Whereas the calibration model for predicting PEs with-
out DESIR technique could not pass the standard crite-
ria of 1IS012099:2017(E). The calibration model for pre-
dicting the PEs content without using DESIR is not ac-
ceptable for the prediction purpose. Predicting PEs us-
ing DESIR for sample preparation give a more accurate

prediction than the calibration model of ground seed
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as reported earlier by Montes et al. (2013). Their regres-
sion coefficient and RPD are lower (0.66 and 1.27) than
our study (0.80 and 1.70). The DESIR technique needs
to extract PEs from sample therefore PEs concentration
increases comparing to the original concentration in the
ground sample and absorbance of another components
become zero or less important. The DESIR technique
has proven to increase the performance of NIR spec-

troscopy for trace analysis.

4. Conclusions

NIR spectroscopy only was not suitable for predict-
ing the low concentration of PEs content in jatropha
seed. However, NIR spectroscopy with a special sample
preparation technique called DESIR could predict PEs
content accurately and faster than HPLC. This research
is useful for the researchers, especially plant breeders
to screen for a large number of samples in jatropha im-

provement program.
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