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Abstract

Perillic acid can be obtained from microbial oxidation of the exocyclic methyl
group of limonene. Due to the pharmacological potential of such a metabolite,
the biotransformation processes leading to its synthesis have been approached
in recent studies. A robust analytical method is needed to assess the perfor-
mance of such studies. An analytical method was developed and validated to
determine perillic acid in the supernatants of a yeast-induced bioconversion
of limonene, involving gas chromatography (GC) and an acid-induced preci-
pitation during the sample preparation. GC analysis was performed using a
column with polyethylene glycol as stationary phase (HP-Innowax) which re-
sulted in higher loads and better peak shape. The sample preparation involved
the supernatant initial filtration and precipitation with 0.6 M HCI followed by
centrifugation and dissolution in ethyl acetate. GC analysis conditions were
oven from 50°C to 250°C at 20°C-min”’, and then held 5 min (total runtime
15 min). Injector was set at 280°C, and detector at 300°C. Helium was the car-
rier gas at 1 ml-min~". Injections of 1.0 pl were at the split ratio 25:1. The me-
thod was validated: Linearity with R* of 0.9992, Accuracy of 98.3% in the
range 190 - 950 pg-ml™'; Limit of detection of 10.4 pug-ml™'; Repeatability of
2.1% RSD. Thus, a complete methodology to determine perillic acid in a bio-
conversion supernatant was developed and validated. This overall approach
may be useful for bioconversions of monoterpenes by other microorganisms
that metabolize limonene.
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1. Introduction

The monoterpene (R)-(+)-limonene is the major constituent of citrus peels es-
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sential oil and can be easily extracted from this source [1]. As such, it represents
an abundant and relatively inexpensive raw material for producing valuable
chemicals. Compounds derived from oxidation at the C-7 position in the limo-
nene moiety are known as the perillic derivatives, e.g. perillyl alcohol, perillyl
aldehyde and perillic acid [2] [3]. As the limonene itself, perillyl alcohol and pe-
rillic acid are known to have anticancer [2] [4] [5] and anti-inflammatory prop-
erties [6]. However, acidic compounds tend to have higher bioavailability [7]
and, unlike limonene and perillyl alcohol that are viscous liquids at room tem-
perature, perillic acid is a solid crystal, a property that generally favors studies on
drug formulation. Additionally, perillic acid is the main metabolite found in the
blood plasma after administering limonene or perillyl alcohol to patients [3].
Reasons such as these have led researchers to assay viable routes to industrial
microbial bioconversion of terpenes to perillic acid. Thus, starting from limo-
nene, the perillic acid has been produced by a solvent-resistant Pseudomonas
putida strain [8] as well as several yeasts and yeast-like fungi [9] [10]. Monoter-
pene bio-oxidation by microorganisms usually ends up with the perillic acid
dissolved in the bioconversion broth supernatant, which requires a reliable me-
thod to quantify such a product in this medium.

In this context, experimental conditions for the limonene bioconversion by
the yeast Yarrowia lipolytica have been optimized [11] aiming at further scale up
of the process. Therefore, this study aimed at developing a fast and specific me-
thodology to determinate perillic acid amounts in supernatants of limonene
bioconversion by Yarrowia lipolytica that included sample preparation by acidic

precipitation and gas chromatography (GC) analysis.

2. Material and Methods

2.1. Solvents and Reagents

R-(+)-limonene 97% was purchased from Sigma (article 183,164). HPLC grade
ethyl acetate from Tedia (Fairfield, USA) was used to prepare samples and ref-
erences standards. Analytical grade HCI was bought from Vetec (Duque de Cax-
ias, Brazil). (8)-(-)-Perillic acid 95% from Sigma-Aldrich (St. Louis, USA) was

used as reference for perillic acid determination.

2.2. Apparatus

Development and most validation analyses of the GC method were carried out
in an Agilent Technologies instrument model 7890 equipped with a 7683 injec-
tor and autosampler, split/splitless injector, and flame ionization detector
(GC-FID) (Santa Clara, USA). Selectivity analysis was carried out in an Agilent
Technologies instrument model 6890N coupled with an Agilent Technologies mass
spectrometer model 5793N (Santa Clara, USA). A J&W Scientific HP-Innowax
column with a bonded polyethylene glycol phase, 30 m length, 250 pm internal
diameter and 0.250 um film thickness, was used in both instruments. A J&W
Scientific DB-5 column with bonded phenyl(5%)-methyl(95%)-polysiloxane
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phase, 30 m length, 250 pm internal diameter and 0.250 um film thickness, was
used in the first instrument for method development. Sonication was carried out
in a Branson sonicator model 5510 (Danbury, USA) and centrifugation in an

Eppendorf centrifuge model 5415D (Hamburg, Germany).

2.3. Bioconversion Supernatant Sample

The samples analyzed were supernatants obtained by centrifuging limonene
bioconversion medium. Bioconversion was carried out by Y. lipolytica as de-
scribed elsewhere [11]. The produced samples were preserved at —20°C until the

analysis.

2.4. Sample Preparation Procedure

Before analysis, all samples stored as described above were allowed to defrost at
room temperature and then homogenized. They were cleared of debris by cen-
trifugation during 15 minutes at 15,000 RCF. An aliquot of 1.0 ml from the su-
pernatant sample was transferred to a 1.7 ml microcentrifuge tube (tube 1). A
0.6 N HCI solution was prepared by diluting 2.6 ml of HCI to 500 ml of deio-
nized water. The acid concentration was standardized by titrating against a so-
dium hydroxide solution previously standardized with sodium hydrogen phtha-
late. Perillic acid was precipitated by adding 200 pl of 0.6 M HCI and the result-
ing suspension was homogenized and centrifuged at 15,000 RCF for 15 minutes.
The supernatant was transferred to another 1.7 ml microcentrifuge tube (tube 2)
and the precipitation step was performed again with 100 pl of 0.6 M HCL. The
precipitates were dissolved in ethyl acetate and transferred to a 2.0 ml volumetric
flask, which was completed to its capacity with ethyl acetate. The solution was
then homogenized and transferred to an appropriate GC analysis vial. Each

sample was prepared in triplicate.

2.5. Perillic Acid Recovery

Recovery of the sample preparation procedure was assessed by the standard ad-
dition method. Thus, three solutions with concentration of 190, 570 and 950
pg-ml™ of perillic acid standard were prepared in a bioconversion supernatant
with low concentration of perillic acid. From each solution, three 1.0 ml aliquots
were prepared as described in Section 2.4, alongside three blank samples; the re-
sults from the added samples were corrected by the blank ones and then com-

pared to the expected results.

2.6. Chromatographic Conditions

All analyses were performed using a temperature program, constant flow, and
split injection. The chromatographic conditions were as follows: oven tempera-
ture initiated at 50°C, temperature increased at 20°C-min™" to 250°C, held for 5
minutes; run time was 15 minutes. The injector temperature was set at 280°C,

and detector temperature at 300°C. Helium was used as the carrier gas at a flow

DOI: 10.4236/ajac.2017.810046

638 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2017.810046

E. G. Carvalho et al.

rate of 1 ml-min~". Injection volume was 1.0 pl and the split ratio was set at 25:1.

2.7. Method Validation

The following validation parameters were assessed: linearity, precision, accuracy,
selectivity, limit of quantitation and limit of detection. Linearity was calculated
by analysis of three perillic acid calibration curves, prepared with six different
concentrations, ranging from 95 ug-ml™ to 950 pg-ml™". Each concentration was
injected four times. Regression analysis was performed for each curve calculating
the linear model. Precision was determined at repeatability level calculated from
the analysis of real samples in triplicate. Accuracy was calculated by the standard
addition as described in Section 2.6. Selectivity was evaluated by peak purity
analysis of a real sample in GC coupled to mass spectroscopy (GC-MS). The
limit of quantitation was considered as the limits of the calibration range. Limit
of detection for perillic acid was calculated from the calibration model using the

following expression:

LOD =33c/S

where o stands for the standard deviation of the intercept and S the slope of the
calibration curve. Upon the regression model of the calibration curve calculated
for validation parameters, the amount of perillic acid in three real samples was

then determined.

3. Results and Discussion
3.1. Optimization of Gas-Chromatographic Method

The large majority of monoterpene analyses by GC is reported upon DB-5 col-
umns or similar stationary phases from different manufacturers. Likewise, the
few studies involving the determination of perillic acid—usually pharmacoki-
netic experiments—have employed the same type of column to quantify perillic
acid [12]. DB-5 stationary phase is composed of a polisiloxane chain with 95%
methyl and 5% phenyl side chains. It is known that methyl side chains allow
better interaction of the stationary phase with non-polar compounds, such as
hydrocarbons, by dispersion forces; otherwise, phenyl side chains allow better
interaction of the stationary phase with mildly polar compounds by induced di-
pole forces [13].

By bearing 5% phenyl side chains, DB-5 columns are only able to support ex-
tremely low mass loads of acid compounds. The capacity of a GC column to ad-
mit high mass loads of perillic acid is demonstrated by the maintenance of sym-
metrical peak shape over a wide concentration interval, which means linear res-
ponses and better separations. As can be seen in Figure 1 upon the injection of
solutions at several different concentrations, perillic acid forms an asymmetrical
peak having a front deformation in DB-5 column. This bias can usually be over-
come by pre-treating the sample with silylation derivatization reagents [14],
which means an additional step in the sample preparation. The amount of peril-

lic acid produced from limonene by a strain of Pseudomonas putida has been
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Figure 1. Perillic acid peak shape over several GC-FID injection concentrations in DB-5
column.

monitored by using a CP-58 CB column without any derivatization, but details
were not given [8]. The stationary phase of this column is composed by bonded
polyethylene glycol modified by nitroterephtalic acid. Polyethylene glycol-based
stationary phases are among the most polar stationary phases for GC. The oxy-
gen atoms present in the main chain interacts with acidic functional groups
through induced dipole forces, similar to phenyl side chains of DB-5 columns;
the difference being a much larger number of interaction points that allow in-
jecting greater mass loads. In order to avoid the additional derivatization step
and simplify the sample preparation, a higher-polarity stationary phase was
tested. The HP-Innowax column has a polyethylene glycol-based stationary
phase and therefore it was tested for perillic acid analysis alongside a DB-5 col-
umn. Perillic acid peaks for samples injected in HP-Innowax column retained
the symmetric shape for all the tested concentrations, thus indicating its capacity
to bear high loads of perillic acid (Figure 2). Therefore, HP-Innowax column

was chosen for analyzing perillic acid solutions (Figure 3).

3.2. Extraction of Perillic Acid and Sample Preparation

The main difficulty of determining perillic acid in bioconversion supernatant is
the aqueous characteristic of this matrix. The challenge is to extract perillic acid
from this medium since water is not recommended as solvent in GC analysis.
The first option devised was a liquid/liquid extraction by using ethyl acetate. Al-
though initial results indicated that the extraction was feasible, at least 5 ml of
supernatant were necessary to achieve proper phase separation; furthermore a
series of extractions were necessary to exhaust the perillic acid content from the
aqueous phase (data not shown). Since perillic acid was the expected organic
compound present in the bioconversion supernatant, treatment with an acid so-
lution, of e.g. HCI, could cause it to precipitate and eventually result in much

purer samples for analysis. In the first step, the most suitable HCI concentration
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Figure 2. Perillic acid peak shape over several GC-FID injec-
tion concentrations in HP-Innowax column.
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Figure 3. GC-FID chromatogram showing perillic acid (11.151 min) after applying the sample preparation

procedure to a real sample. The remaining peaks correspond to the solvent.

for perillic acid precipitation was determined to be 0.6 M. The procedure in-
cluded acid precipitation, centrifugation and dissolution of the precipitate in
ethyl acetate, as described in Section 2.4, to provide suitable samples for GC
analysis. To evaluate this procedure, perillic acid recovery from bioconversion
supernatant was assessed by adding known concentrations of perillic acid stan-
dard to a supernatant sample with low concentration of the analyte. Acidic pre-
cipitation is often dependent on the concentration of the targeted compound,
thus three concentrations were prepared and tested to ensure recovery: 190, 570
and 950 pg-ml™". The perillic acid recovery was adequate, with the worst value
(95.2%) being observed at 950 ug-ml™. Analysis of variance was applied to com-
pare the resulting concentrations in the three cases (Figure 4). Although there
was a decreasing trend among the results toward higher concentrations, the
ANOVA test failed to detect significant differences between levels, therefore the

recovery was considered the mean value of all the results, which was 98.3%.
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3.3. Method Validation

Linearity was proven by three separate curves; the least determination coefficient
was found to be 0.9992. In the calibration curve (data not shown), the regression
analysis also pointed out the intercept to be significantly different from zero, in-
dicating the need to prepare a full calibration curve for each analysis. Accuracy
was determined by recovery tests during the development of the sample prepa-
ration procedure as discussed above, with the ultimate result attaining 98.3%.
The relative standard deviation of real samples were calculated and presented in
Table 1.

Repeatability was considered 2.11% as it was the larger RSD value. The selec-
tivity was assessed by peak purity analysis of a real sample in MSD chemstation
enhanced data analysis (version D.02.00.275 Agilent Technologies) and the re-
sults indicated no compounds co-eluting with perillic acid. Limit of detection
was calculated as 10.4 pg-ml” from the mathematical model of the calibration
curves, which is far below the lowest concentration of the curve. The overall de-
veloped methodology was successfully applied to several bioconversion super-
natant samples, showing to be suitable to quantify perillic acid produced from

limonene or orange oil employing Y. Zipolytica [11], as shown in Table 1.

4. Conclusions

A complete methodology for determination of perillic acid in bioconversion su-
pernatants was developed and successfully validated. It included a high-resolution

gas chromatography method and a sample preparation procedure. This method

103 -
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;\3 -
= 997 /\
5 ] .
>
S 974 C .
[J]
I -
95
93 T T
190 570 950
Concentration (ppm)
Source DF Sum of squares Mean square F Ratio Prob>F
Concentration 2 48.44217 24.2211 2.7184 0.1444
Error 6 53.46124 8.9102
C. Total 8 101.90341

Figure 4. Analysis of variance for perillic acid recovery.

Table 1. Perillic Acid (PA) determination on real samples.

Starting material Measured PA RSD (%)
Orange oil (89.1% limonene) 866 ppm 1.16
Commercial limonene (97%) 862 ppm 0.52
Commercial limonene (97%) 879 ppm 2.10
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can be applied to support the development and quality control of perillic acid

production processes by limonene bioconversion.
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