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Abstract: In this work, a simple, rapid and cost-effective method for the simultaneous quantification
of two major γ-oryzanol components in agriproducts was established by silica solid-phase extraction
(SPE) coupled with UHPLC–MS/MS. Silica SPE sorbents consist of unbonded silica gel with high
polarity and can retain most of the analytes with acidic properties. Silica sorbents are cost-effective
materials and that can be prepared simply without a large volume of toxic chlorinated solvent.
Silica SPE sorbents were utilized to extract and purify cycloartenyl ferulate (CF) and 24-methylene
cycloartanyl ferulate (24-CF) in cereal products. Various parameters affecting the isolation recoveries
were studied. By coupling with ultra-high-performance liquid chromatography–mass spectrometry
(UHPLC–MS/MS), a novel method for the quantification of CF and 24-CF in agriproducts was
developed and validated. The procedure used silica sorbent to purify the analytes in 30 min without
complicated steps, which improved the simplicity and efficiency. The limits of quantification and
the limits of detection of CF and 24-CF were 0.3 and 1.0 µg kg−1, respectively. Extraction recoveries
ranged from 86.93% to 108.75% with inter-day and intra-day precisions less than 10.84%. The results
of 50 agriproducts indicated that the rice bran had the highest averaged amount of 34.3× 103 µg kg−1

for CF and 42.6 × 103 µg kg−1 for 24-CF, making it a perfect source of human nutritional supplement
substances from agriproducts.

Keywords: γ-oryzanol; quantification; solid-phase extraction (SPE); ultra-high-performance liquid
chromatography–mass spectrometry (UHPLC–MS/MS); agriproducts

1. Introduction

Rice (Oryzae sativa L.) and wheat (Triticum aestivum) are the most important cereal crops
in the world and are consumed as dietary food by nearly half of the global population [1].
As the primary source of carbohydrates for energy, rice can not only provide protein and
starch from kernels but also contains nutritional substances, including minerals, γ-oryzanol,
tocopherols and tocotrienols from the outer layer of kernel as rice bran [2]. γ-Oryzanol is a
mixture of triterpene alcohol and sterol ferulates, which mainly consists of cycloartenyl
ferulate (CF), 24-methylene cycloartanyl ferulate (24-CF), campesteryl ferulate, and β-
sitosteryl ferulate [3]. Owing to its distribution in crops and anti-oxidant function in
human, γ-oryzanol is the characteristic compound of rice and possesses health-promoting
benefits, including hypolipemic [4], anti-cancer [5], anti-inflammation, anti-oxidant [6] and
anti-diabetic activities [7]. Therefore, it is significant to develop a simple, fast and efficient
method to quantify the content of γ-oryzanol in agriproducts.
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Various instrumental methods have been reported to analyze γ-oryzanol and its profile
in cereal and its product. Based on the physical characteristics and molecular structure, spec-
trophotometric techniques, including near infrared spectroscopy, ultraviolet spectroscopy
and nuclear magnetic resonance, have been utilized to detect the total amount of γ-oryzanol
in rice and rice bran oil [8–10]. To elucidate the content and profile, high-performance liquid
chromatographic separation techniques have also been utilized to identify and quantify
γ-oryzanol with different methods such as ultraviolet/visible dual detectors [11], diode
arrays [12], mass spectrometry [13] and high-resolution quadrupole time-of-flight mass-
spectrometric detection (HR-Q-TOF-MS) [14]. Owing to high chromatographic resolution,
accuracy and efficiency, ultra-high-performance liquid chromatography–mass spectrometry
(UHPLC–MS/MS) is the most robust method for simultaneous determination of γ-oryzanol
in complicated matrices.

The major challenge in quantifying the amount of γ-oryzanol and its profile in
agriproducts is the extraction and purification of the analytes from high protein and
lipid samples. The well-established pretreatments are alkalization, preparative thin-layer
chromatography [15], liquid-to-liquid extraction [16], accelerated solvent extraction [14],
microwave-assisted extraction [17], hydrostatic countercurrent chromatography [18] and
supercritical carbon dioxide extraction [19]. Most of these isolation and enrichment tech-
niques require a large volume of organic solvents and are complicated, with labor-intensive
procedures and sophisticated apparatus. Therefore, a rapid, efficient and accurate method
for the analysis of γ-oryzanol in agriproducts is still necessary.

Owing to its simplicity and universality, solid-phase extraction (SPE) procedure has
been widely applied in for routine analysis in official testing centers and accepted as the
gold standard extraction and purification method of analytes in complicated matrices.
To date, various type of SPE sorbents have been introduced and utilized, including Diol
SPE [14], molecularly imprinted polymers (MIPs) [11,20], amorphous carbon nanoparti-
cles [21] and mixed-mode anion exchange (MAX) [22]. The Diol SPE sorbents possess
the capability to separate steryl-ferulate-rich lipid from sterols and neutral lipids. The
steryl-ferulate-rich lipids are then analyzed by UHPLC-HR-Q-TOF-MS and further dif-
ferentiated among different rice varieties according to the profile of steryl ferulate and
some small lipids. Thongchai et al. synthesized MIP sorbents via photopolymerization
reaction by using diethylaminoethyl methacrylate as a function monomer, γ-oryzanol as a
template, dodecanol as a porogen, 2,2′-dimethoxy-2-phenylacetophenone as an initiator
and ethylene glycol dimethacrylate as a cross-linker. The results showed that the detected
linearity ranged from 10 to 50 µg mL−1, and the limit of quantification was 5.70 µg mL−1.
Mixed-mode MAX sorbents, which consist of non-polar and strong ion-exchange func-
tional groups, have been applied to enrich and purify CF, 24-CF and campesteryl ferulate
in rice and its products, and the amount of those substances was determined by HPLC-
MS/MS. It was found that the MAX sorbents could minimize the matrix effect ranging from
1.6% to 10.8%, and the limits of quantification were 2.0–3.5 µg L−1. Nevertheless, the only
commercial sorbents are Diol and MAX, and the price for the SPE columns is expensive
(Oasis MAX 6 cc Vac per cartridge is nearly CNY 68, Waters, Milford, MA, USA). Therefore,
it is highly valuable to develop novel and cost-effective sorbents to separate γ-oryzanol
from agriproducts.

In this study, we proposed a SPE UHPLC–MS/MS method to identify and quantify γ-
oryzanol and its profile in cereal products. Due to its wide versatility and application, silicon
dioxide was selected to extract and purify γ-oryzanol in cereal-based products, followed
by immediate analysis using UHPLC–MS/MS. Silicon dioxide can adsorb complicated
matrices, including pigments, soaps, phospholipids, phosphorus and other minor substance
in vegetable oil [23,24], and the targeted compounds were enriched during the eluting step.
Under optimized conditions, γ-oryzanol in protein and lipid matrices was simultaneously
quantified without complicated steps. To the best of our knowledge, this is the first report
on the quantification of γ-oryzanol in cereal and its products using silica SPE sorbents
coupled with UHPLC–MS/MS analysis.
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2. Materials and Methods
2.1. Chemicals and Materials

Methanol (MeOH), acetonitrile (CH3CN), ethyl acetate (EtOAc), isopropanol, acetone,
dichloromethane (DCM), petroleum ether (PE) and n-hexane of HPLC grade were pur-
chased from FTSCI (Hubei) Science and Technology Co., Ltd. (Wuhan, China). Unless
otherwise mentioned, all other inorganic chemicals and organic solvents were of analyt-
ical reagent grade or better. The ultra-pure water (18 mΩ) was produced from a water
purification system from Millipore Co., Ltd. (Milford, MA, USA).

Different types of the other SPE sorbents, HLB 500 mg (6 mL) sorbents from Jiangsu
Green Union Scientific Instrument Co., LTD (Taizhou, China), WondaSep® WCX 500 mg
(6 mL) sorbents from Shimadzu Global Laboratory Consumables Co., LTD (Shanghai,
China), Florisi 1 g (6 mL) sorbents from Agilent Technologies Inc., (Santa Clara, CA, USA)
and Sep-Pak® Vac 6cc (500 mg) Diol sorbents from Waters (Wexford, Ireland) were also
used for comparison with ProElut silica sorbents.

2.2. Standards

CF and 24-CF with purity of ≥98% were obtained from Herb Substance Biotechnology
Co., Ltd. (Chengdu, China). Stock solutions were freshly prepared for all standards by
accurately weighing 10 ± 0.1 mg of all standards and dissolving separately in 10 mL of
isopropanol. A series of standard solutions with a concentration of 1 mg mL−1 were pre-
pared by diluting the stock solutions with methanol and storing in the dark at −18 ◦C until
use. A working standard solution of 1 µg mL−1 was prepared by adding an appropriate
amount of methanol to dilute the stock solutions before the experiment.

2.3. Sample Preparation

To analyze the content and distribution of CF and 24-CF from cereal products, rice,
rice bran, corn and corn germ were collected from the main production area of China and
stored at room temperature before preparation. Detailed information of these samples,
including production area and harvest year, was listed in Table S1. All the samples were
ground into powders which passed through 0.850 mm filter. Next, 0.5 g of the sample
was accurately placed into a 15 mL centrifuge tube. When adding 6 mL of n-hexane, the
tube with suspension was immersed in water at 25 ◦C for 25 min. After centrifugation at
5000 rpm for 10 min, 2 mL of the supernatant was added into a clean tube for the further
SPE procedure.

2.4. Solid-Phase Extraction Procedure
2.4.1. Conditioning Step

To remove the impurity of the substance, silica solid-phase steps were performed with
ProElut silica 500 mg (6 mL) sorbents from Beijing Dikma Technology Co., LTD (Beijing,
China). The silica sorbents were first conditioned with 4 mL of n-hexane.

2.4.2. Loading Step

A total of 2 mL of the sample extractant was loaded at a controlled flow rate of
1 mL min−1.

2.4.3. Washing Step

Afterward, those sorbents were washed with 2 mL of acetone/n-hexane (4:96, v/v) to
remove the most of triglycerides and other lipid substances.

2.4.4. Eluting Step

Subsequently, all the analytes were eluted with 4 mL of ethyl acetate and dried under a
gentle nitrogen stream at 25 ◦C. The final residue was reconstituted with 100 µL of methanol
for MS analysis. All the prepared samples were detected in triplicate by the optimized SPE
UHPLC–MS/MS method.
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2.5. UHPLC–MS/MS Analysis

The Shimadzu 8050 UHPLC–MS/MS system (Kyoto, Japan) employed for the de-
termination of CF and 24-CF included a triple quadrupole mass spectrometer with an
electrospray ionization (ESI) source, an LC-30AD apparatus with a SIL-30AC auto-sampler,
a CTO-20AC thermostat column compartment and two LC-30AD pumps. The separation
of CF and 24-CF was performed on a Themo Syncronis C18 column (2.1 × 100 mm, 3 µm,
Boston, MA, USA) at 40 ◦C. Mobile phase A consisted of aqueous 2 mmol L−1 ammonium
acetate, and mobile phase B was methanol. A linear gradient elution procedure was per-
formed as follows: 0 min, 30% A; 1.1 min, 5% A, 6 min, 5% A, 6.1 min, 30% A, 9 min, 30% A.
The mobile phase flow rate was set to 300 µL min−1, and an aliquot of 1 µL sample was
injected into a UHPLC–MS/MS system.

2.6. Peak Identification

The chromatographic peaks of CF and 24-CF in multiple reaction monitoring (MRM)
transitions were identified by the comparison of the retention time, the quantifier and
quantification ion pairs in the authentic standard solution. The maximum peak area per
unit resolution was established by the optimization of the ion spray interface and mass-
spectrometric parameters. The MRM transitions for all target compounds are listed in
Table S2. The optimized procedure and acquisition of MS were performed via Shimadzu
5.91 Lab Solution software (Kyoto, Japan).

2.7. Method Validation

To evaluate the ruggedness and robustness, the proposed method was assessed by
European Commission Decision 2002/657/EC and Joint Research Centre (JRC) Technical
Reports with minor modifications [25,26]. The analytical performance of this method was
tested, including the linearity range, limits of detection (LODs), limits of quantification
(LOQs), accuracy and intra-day and inter-day precision. The recoveries were evaluated
by spiking the rice bran with CF and 24-CF standard solutions at different concentrations.
Under optimized conditions, the amount of γ-oryzanol was enriched and analyzed by
SPE UHPLC–MS/MS.

2.8. Statistical Analysis

All the samples were performed in triplicate, and the results were performed as
average ± standard deviation. The statistical differences were analyzed by Student’s t-test,
and the significance level < 0.01 was evaluated as statistically significant. Statistical analysis
was conducted using the @ Risk 5.5.1 software package (Palisade, Australia).

3. Results and Discussion
3.1. Optimization of UHPLC–MS/MS

Owing to the medium polarity characteristic of CF and 24-CF, the chromatographic
conditions were optimized, including different mobile phases (MeOH/H2O, CH3CN/H2O)
and the concentration of ammonium acetate (1, 2, 5 and 10 mmol L−1). The symmetric
chromatographic peak and highest resolution were achieved for all analytes under con-
ditions of MeOH and 2 mmol L−1 of ammonium acetate. The results indicated that the
eluting capacity and the ionization efficiency were strongly related to the concentration of
ammonium acetate, which could adjust pH of the mobile phase during MS analysis.

In the comparison between the silica-based C18 column and Syncronis C18 column,
the Syncronis C18 column (2.1 mm × 100 mm, 3 µm) obtained repeatable and consistent
chromatography separations with high sensitivity owing to double end-capping, which
provides extra surface coverage and inertness toward basic compounds. Afterward, the
mobile phase flow rate and the column temperature were optimized accordingly to achieve
an acceptable chromatographic peak. The flow rate was set to 300 µL min−1, and the
separation temperature was fixed at 40 ◦C, which could shorten the chromatographic time
from 12 to 9 min with robust and high-resolution separation [27].
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Additionally, the fragmentation parameters and collision energy of all analytes were
optimized when the standard solution of CF and 24-CF were directly injected into the
mass spectrometer. Under the optimized collision energy conditions, abundant and stable
ions/fragments were formed in the negative mode of ESI, and the [M-H]− was used as
the parent ion for MRM quantification. As illustrated in Figure S1, the major parent ions
of 601.14/615.4 for CF and 24-CF were produced, the qualitative ions 586/600.3 were
generated by the loss of methyl (MW15) and the quantitative ions 133.1 were generated
by the loss of triterpene alcohol esters. According to European Commission Decision
2002/657/EC, the identification points (IPs) in Table S2 were calculated as 4, which fully
satisfied the performance of the analytical method for routine quantification [28].

3.2. Optimization of SPE Conditions

To explore the application of silica sorbents for the determination of CF and 24-CF
in agriproducts, blank rice bran extractant was prepared and spiked with 10 µg kg−1

γ-oryzanol. Different experiment conditions affecting the enrichment efficiency were
optimized accordingly, including SPE sorbents, loading volume, washing and desorption
conditions. The SPE procedure was optimized using 2 mL of blank rice bran extractant
spiked with 10 µg kg−1 CF and 24-CF.

3.2.1. Optimization of SPE Sorbents

Owing to the vital role of sorbent during the SPE procedure, different types of SPE
sorbents were collected and tested to compare the enrichment efficiency. HLB sorbents are
hydrophilic–lipophilic-balanced, water-wettable, reversed-phase sorbents and are synthe-
sized from two monomers, namely N-vinylypyrrolidone and the lipophilic divinybenzene.
These sorbents have unique reversed-phase capacity with a neutral polar hook to enhance
the retention of analytes. WCX sorbents are mixed-mode sorbents with ion-exchange and
reversed-phase capacity. These sorbents can be used for all types of basic analytes. Florisi
sorbents are used to extract pesticide residues and are highly polar, highly active porous
adsorbents that can adsorb target compounds of low and medium polarity, such as organic
pesticides containing chlorine, nitrogen and phosphorus. Diol sorbents are prepared by
the silica-based polar phase with neutral properties and comprise another type of silica
in routine applications, especially when the analyte is undesirable or requires a weak
interacting phase. ProElut silica sorbents consist of unbonded silica gel with high polarity
which can retain most of the analytes with acidic properties. As presented in Figure 1a, the
results indicated that the recoveries of ProElut silica sorbents were 97.26% and 90.58% for
CF and 24-CF, and the recoveries of HLB, WCX, Florisi and Diol were all less than 80% for
all target compounds. Therefore, silica sorbents were selected as the SPE sorbents in the
following study.

3.2.2. Optimization of the Loading Volume

The loading step is critical to retaining the analytes on the sorbents during the SPE
procedure, and the efficiency of loading volume was evaluated by increasing extract
samples from 0.5 to 4 mL. As depicted in Figure 1b, the extracting recoveries were increased
with the increase in the volume of loading solvent from 0.5 to 2 mL, and the recoveries were
gradually decreased when the loading volume was more than 2 mL. This phenomenon
could be attributed to the overloading of protein-based substances on the SPE sorbents.
Therefore, the loading volume was fixed at 2 mL.

3.2.3. Optimization of the Washing Conditions

To minimize the effect of matrices during the MS detection, the type and volume
of organic solvents were investigated to remove the interference of proteins and lipids
which were retained on the silica sorbents. As presented in Figure 1c, the recoveries were
dramatically enhanced from 88.99% to 100.38% for CF and 83.67% to 99.04% for 24-CF
when the polar solvent acetone was mixed with non-polar n-hexane. Acetone/n-hexane



Agriculture 2023, 13, 531 6 of 10

(4:96, v/v) was used not only for removing triglyceride compounds but also water-soluble
substances, including pigments, phenolic compounds and proteins. Further, the volume of
washing solvents was also tested from 1 to 6 mL. Figure 1d indicated that the recoveries
increased from 1 to 2 mL and gradually decreased from 2 to 6 mL. Finally, 2 mL of acetone/n-
hexane (4:96, v/v) was used as the washing solvent.
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3.2.4. Optimization of the Desorption Conditions

To ensure excellent recoveries of CF and 24-CF, the type and volume of the desorption
solvent were systematically evaluated using organic solvents, namely MeOH, EtOH, ace-
tone, DCM and EtOAc. As showed in Figure 1e, the efficiency of the desorption solvent
was in the sequential order: EtOAc > DCM > EtOH > acetone > MeOH. The organic solvent
possessing ester moiety had a better desorption efficiency than other structure of solvents,
illustrating that the interaction of hydrogen bonds could be attributed to retained CF and
24-CF on the surface of silica sorbents. Additionally, the influence of EtOAc volume, rang-
ing from to 2 to 12 mL, was examined. As presented in Figure 1f, the recoveries gradually
increased from 2 to 4 mL and almost remained constant from 4 to 12 mL. When a larger
amount of desorption solvent was used, the deviation of recoveries for the parallel samples
was over the acceptable range owing to the dilution effect. Finally, 4 mL of EtOAc was
selected as the desorption solvent in the SPE procedure.

3.3. Method Validation
3.3.1. Linearity and Sensitivity

Under optimized conditions, the SPE UHPLC–MS/MS method was validated and
summarized in Table 1. The calibrations of all analytes were carried out by triplicate analysis
and constructed by plotting peak areas at different concentrations ranging from 1.0 to
200.0 µg kg−1. Good linearities of CF and 24-CF were achieved via the concentration ranges,
and the calibrated equations were linearly established with correlation coefficients (R2) of
more than 0.9942. The LODs were evaluated as the lowest detectable concentrations with
signal-to-noise ratios of at least 3, and the LOQs were evaluated as the lowest quantified
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concentrations with signal-to-noise ratios of at least 10. The LODs and LOQs for CF and
24-CF were 0.3 and 1.0 µg kg−1, which illustrated that the proposed method was suitable
to quantify the amount of CF and 24-CF in agriproducts.

Table 1. The linear range, calibration equation, correlation coefficients (R2), limit of detection (LOD)
and limit of quantification (LOQ) for CF and 24-CF.

Analyte
Linear
Range

(µg kg−1)
Linear Equation R2 LOD

(µg kg−1)
LOQ

(µg kg−1)

CF 1.0–200.0 Y = 28821.9X − 29653.2 0.9964 0.3 1.0
24-CF 1.0–200.0 Y = 25392.0X − 15358.0 0.9942 0.3 1.0

3.3.2. Accuracy and Reproducibility

The accuracy of the proposed method was assessed in terms of trueness (systematic
error) and calculated as the mean recovery. Rice brans were spiked with the standard
solutions at different concentrations (5, 50, 100 µg kg−1). As shown in Table 2, the recoveries
of CF and 24-CF ranged from 86.93% to 104.10% and 91.25% to 108.75%, respectively. The
intra-day and inter-day precision were evaluated by analyzing the spiked samples within
one day, and the inter-day precision was studied independently in three different days.
The results of the intra-day and inter-day precisions were less than 10.81% and 10.84%,
respectively, which showed that the method had good stability and robustness for detecting
CF and 24-CF in agriproducts.

Table 2. Recoveries and precisions for the determination of CF and 24-CF in rice bran.

Analyte
Recovery (%, n = 6) Intra-Day Precision (RSD%, n = 6) Inter-Day Precision (RSD%, n = 6)

10 µg kg−1 50 µg kg−1 100 µg kg−1 10 µg kg−1 50 µg kg−1 100 µg kg−1 10 µg kg−1 50 µg kg−1 100 µg kg−1

CF 104.10 87.60 86.93 3.94 2.08 9.89 5.09 3.04 10.84
24-CF 108.75 92.40 91.25 5.83 7.94 10.81 6.81 4.78 3.17

Recoveries and intra-day and inter-day precisions were investigated as mean value in sextuplicate analysis.

3.3.3. Matrix Effect

Due to protein and oil substances in the complicated samples, the ion intensity of
the analytes was diminished or increased during UHPLC–MS analysis. The matrix effect
could result in the variation of accuracy and repeatability of the analytical method. In this
work, the matrix effect of the SPE sorbents to quantify CF and 24-CF in agriproducts was

assessed by the following equation: Matrix e f f ect (%) =
[Curve slope(matrix+std)

Curve slpoe(std)
− 1

]
× 100%.

The results indicated that slight ion suppression ranging from −8.52% to −2.65% was
detected when the sample was extracted and quantified by the developed method, which
was indicated that the efficiency of silica sorbents could satisfy the routine analysis of
nutritional compounds in agriproducts.

3.4. Application of SPE UHPLC–MS/MS for the Determination of CF and 24-CF in
Cereal Products

Under optimized conditions, the SPE UHPLC–MS/MS method was applied to analyze
CF and 24-CF in agriproducts, namely 20 rice bran, 10 rice, 10 corn and 10 corn germ
samples. The results are presented in Table 3. The overall amounts of CF analyzed in
different types of cereal samples were 559.8–29.2 × 103 (rice), 2.1 × 103–325.9 × 103 (rice
bran), 134.9–853.2 (corn) and 471.2–1.9 × 103 µg kg−1 (corn germ), and the overall amounts
of 24-CF were 573.6–21.7 × 103 (rice), 4.1 × 103–322.8 × 103 (rice bran), 42.2–195.4 (corn)
and 178.8–447.7 µg kg−1 (corn germ). The variation of CF and 24-CF in cereal products was
attributed to breed variety, geographical production and field and harvest management.
Compared with corn and rice and its products, rice bran had the highest averaged quantity
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of 34.3 × 103 µg kg−1 CF and 42.6 × 103 µg kg−1 24-CF, making it a perfect source for
human uptake of nutritional supplement substances from agriproducts.

Table 3. Results for the determination of γ-oryzanol compounds in agriproducts.

Samples

γ-Oryzanol Concentrations (µg kg−1)

CF 24-CF

Max Min Mean Max Min Mean

Rice
(n = 10) 29.2 × 103 559.8 4.1 × 103 21.7 × 103 573.6 3.6 × 103

Corn
(n = 10) 853.2 134.9 529.2 195.4 42.2 150.9

Rice bran
(n = 20) 325.9 × 103 2.1 × 103 34.3 × 103 322.8 × 103 4.1 × 103 42.6 × 103

Corn germ
(n = 10) 1.9 × 103 471.2 769.6 447.7 178.8 286.9

Various analytical methods to detect CF and 24-CF in oilseeds had been proposed
and compared with the SPE UHPLC–MS/MS method. As listed in Table 4, most of these
methods were achieved by solid-to-liquid extraction or SPE via high-performance liquid
chromatography coupled with UV/DAD detectors. The proposed silica SPE sorbents could
extract and purify CF and 24-CF in complicated matrix with lower LOQs than the reported
methods. The preparation step was performed in 30 min, avoiding a complex extraction
procedure, a large volume of toxic chlorinated solvent or expensive synthetic sorbents.
The proposed study is the first to use silica SPE sorbents coupled with UHPLC–MS/MS,
providing a simple, sensitive and cost-effective approach that meets the requirement of
routine analysis for the accurate determination of γ-oryzanol in agriproducts.

Table 4. Comparison of preparation techniques and LOQs with the reported methods.

Matrix Analytes Preparation
Technique Determination

Preparation
Time
(min)

LOQs Recoveries Ref.

Rice bran oil γ-oryzanol Dilution with
n-hexane UV detector 5 min - - [8]

Rice bran oil

Major
triterpene

alcohol and
sterol ferulates

SPE HPLC-UV 25 min 0.50~0.60 µg mL−1 95.1~99.4% [29]

Thai purple
rice bran oil γ-oryzanol

Molecularly
imprinting

polymer SPE
HPLC-DAD 45 min 5.7 µg mL−1 101.22~118.45% [11]

Germinated
brown rice γ-oryzanol

Liquid-to-
liquid

extraction

HPLC-DAD-
FLD 25 min 0.632~2.166 µg kg−1 99.4~102.9% [3]

Rice γ-oryzanol SPE UPLC-HR-Q-
TOF-MS 60 min - - [14]

Rice γ-oryzanol SPE HPLC-MS/MS 30 min 2.0~3.5 µg L−1 86.1~110.6% [22]

Rice bran γ-oryzanol SPE UHPLC–MS/MS 30 min 1.0 µg kg−1 86.93~108.75% This study

4. Conclusions

In this work, silicon dioxide was utilized as a simple, efficient and cost-effective sorbent
to prepare γ-oryzanol in the SPE procedure for the first time. The developed method was
used to extract and purify CF and 24-CF from agriproducts and simultaneously quantified
by UHPLC–MS/MS. Silica sorbents are widely used and commercial materials, and their
utilization could simplify the SPE procedure and the use of toxic chlorinated solvent.
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In addition, the cost-effectiveness and availability of sorbents makes this technique more
acceptable for routine analysis. The procedure possesses limited risk of cross-contamination
and purified the analytes in 30 min, which improved the accuracy and efficiency. Under
optimized conditions, the limits of quantification were 1.0 µg kg−1 for CF and 24-CF with
excellent linearities and reproducibility. Taken together, the proposed SPE UHPLC–MS/MS
method could be applied in the quality evaluation and nutritional assessment of γ-oryzanol
in agriproducts.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agriculture13030531/s1, Figure S1: Proposed mechanism for
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information of rice, corn and germ samples used in the validated study; Table S2: MRM transitions
for the detection of cycloartenyl ferulate (CF) and 24-methylene cycloartanyl ferulate (24-CF).
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