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A method is first established for the separation and determination of fen-
propathrin enantiomer residues in apple puree, strawberry puree, and tomato
puree considered a supplementary food for infants by supercritical fluid chro-
matography. After the samplewas extractedwith acetonitrile and cleaned up by a
solid-phase extraction column, then itwas separated by aCHIRALPAKAD-3 chi-
ral columnwith gradient elution at a flow rate of 1.5mL/min usingmethanol and
supercritical carbon dioxide as the mobile phase, detected by ultraviolet detec-
tor at 230 nm wavelength and quantified with the external standard method.
The limits of quantification of the two fenpropathrin enantiomers were both
0.2 mg/kg, the linear ranges were 1.0–20.0 mg/L with linear correlation coef-
ficients greater than 0.9992, the recoveries in the spiked samples at 0.2, 0.4 and
2.0 mg/kg were from 80.6 to 105%, and the relative standard deviation reached
2.6–7.7%. This method has the advantages of convenient operation, good resolu-
tion, and environmental protection, which can satisfy the requirement of deter-
mination for fenpropathrin enantiomer residues in fruit and vegetable puree as
supplementary food for infants.
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1 INTRODUCTION

Fenpropathrin, whose chemical name is α-cyano-3-
phenoxybenzyl-2,2,3,3-tetramethylcyclopropaneate, is
an important pyrethroid insecticide and acaricide with
moderate toxicity and a wide insecticidal spectrum, which
is widely used in the prevention and control of diseases
of fruits and vegetables, such as citrus, apples, lychees
and so on. Its extensive use on food and environmental

Abbreviation: HLB, hydrophile lipophile balance.

pollution issues has also attracted widespread attention.
Studies have shown that fenpropathrin has a chiral car-
bon atom, and a pair of enantiomers whose structure is
(−)-fenpropathrin and (+)-fenpropathrin [1–3] (Figure 1).
Large differences in insecticidal activity and degrada-

tion rate between different fenpropathrin enantiomers,
with (+)-fenpropathrin showing higher insecticidal activ-
ity than (−)-fenpropathrin and a faster degradation rate
[1]. In agricultural production, the use of a single high-
activity (+)-fenpropathrin will help reduce the use of
fenpropathrin and reduce the pollution of the ecological
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F IGURE 1 The chemical structures of different fenpropathrin enantiomers. (A) (−)-Fenpropathrin and (B) (+)-Fenpropathrin

TABLE 1 The maximum residue limits of fenpropathrin in
apple, strawberry, and tomato matrixes

Matrix
Japan
(mg/kg)

Korea
(mg/kg)

China
(mg/kg)

Apple 5 1 5
Strawberry 5 2 2
Tomato 2 2 1

environment by pesticides, which are still produced and
used in the form of racemate at present.
Maximum residue limits for fenpropathrin in fruits and

vegetables have been established in various countries for
controlling the standardized use of such pesticides. The
list of the residue limits for fenpropathrin in common baby
supplement fruit and vegetable purees wasmade in Table 1
[4]. However, the safety limits for the use of fenpropathrin
racemate have been only stipulated in these regulations,
instead of the exact residue limits of fenpropathrin enan-
tiomers.
At present, there are a variety of methods, such as GC

[5, 6], CEC [7, 8], GC-MS [9, 10], LC-MS/MS [11–13], and
HPLC [14–16], which are widely used in the field of chiral
compound separation. Among them, the CEC chromato-
graphic peak shape is good, but the analysis time is long;
GC and GC-MS have high sensitivity and good resolution,
but mainly analyze compounds with low boiling point and
good thermal stability; HPLC features good resolution, but
the organic reagents are consumed in large amounts; LC-
MS/MS enjoys high accuracy, but the instruments used
are expensive. SFC has received widespread attention as
a high-efficiency chromatographic separation technology.
The main mobile phase of this technique is supercritical
carbon dioxide (CO2), and the density and polarity of the
mobile phase can be changed by adjusting the systemback-
pressure, chromatographic column temperature, and the
ratio of organic solvents, so as to achieve precise control of
the resolution of the target [17], which has obvious advan-
tages in the application of chiral separation [18–21]. Nowa-
days, the application of SFC technology for the separation
and residue determination of fenpropathrin enantiomers
has not been reported.

In this study, the pretreatment method and the main
parameters of instrumental chromatographic separation
conditions for the fenpropathrin enantiomers in fruit and
vegetable pureewere optimized. An analyticalmethodwas
firstly established for the rapid separation and determina-
tion of enantiomeric residues of fenpropathrin in the fruit
and vegetable puree as supplementary food for infants by
SFC technology. The samples of the represented fruit and
vegetable puree as supplementary food for infants on the
market were analyzed and determined. Themethod is effi-
cient, rapid, reproducible, and environmentally friendly,
enabling accurate analysis of pesticide enantiomers.

2 MATERIALS ANDMETHODS

2.1 Instruments, reagents, and
standards

Acquity ultra-performance convergence chromatogra-
phy (Acquity UPC2) (Waters Company, USA, equipped
with photo-diode array detector), desktop centrifuge
(Thermo Company, USA), N-1210BV rotary evaporator
(EYELA Tokyo Rikakikai Company, Japan), JJ500 elec-
tronic scale (G&GCompany, USA), AE260 electronic scale
(METTLER TOLEDO Company, Switzerland), WH-861
vortex mixer (Taicang Hualida Instrument Factory),
Synergy185 ultrapure water meter (Millipore, USA),
nitrogen blowing instrument (EYELA Tokyo Rikakikai
Company, Japan), T18 basic grindomix (IKA Company,
Germany), Microporous filter membrane (0.22 μm,
organic phase), chromatographic column CHIRALPAK
AD-3(150 × 3.0 mm2, 3 μm, packed with amylose-tris
(3,5-dimethylphenylcarbamate), OJ-H(100 × 4.6 mm2,
5 μm, cellulose derivatives chiral column with spherical
silica gel coated with chiral polymorphs (amylose or fiber
derivatives)), IC(100 × 4.6 mm2, 5 μm, cellulose-tris(3,5-
dichlorophenyl carbamate) was immobilized through
cross-linking mode in the surface of silicon) [22] (Daicel
Chiral Technologies (China) Company), chromatographic
column Acquity Trefoil CEL1(150 × 3.0 mm2, 2.5 μm,
cellulose-tris (3,5-dimethylphenylcarbamate)) (Waters
Company, USA).
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Isopropanol, acetone, methanol, heptane, ACN (chro-
matographically pure, Merck Company, Germany),
sodium chloride (analytically pure, Tianjin Dingshengxin
Chemical), hydrophile lipophile balance (HLB) column
(Oasis, 200 mg, 6 mL), C18 column (CNW, 500 mg, 3 mL),
Florisil column (CNW, 1 g, 6 mL), ultrapure water, other
reagents used in the experiment are all analytically pure
unless otherwise specified.
Standards: (−)-fenpropathrin, (+)-fenpropathrin

(purity: ≥97%; Shanghai Chiralway Biotech).

2.2 Preparation of standard solutions

Accurately weighted solid portions of two fenpropathrin
enantiomer standards were dissolved in isopropanol to
prepare 1.0 g/L of stock solution. These stock solutions
were further diluted with heptane/isopropanol (9:1, v/v) to
1.0, 2.0, 4.0, 10.0, 20.0 mg/L to obtain calibration curves.

2.3 Sample preparation

Note that, a 5 g sample was weighted (accurate to 0.01 g)
and placed in a 50-mL plastic centrifuge tube, and then
20 mL ACN was added. The mixture was homogenized
using a T18 basic grind mix. Note that, 3.0 g sodium chlo-
ride was added, for vortex mixing, 4000 r/min centrifu-
gation for 5 min. The supernatant was transferred into
a concentration bottle. The remaining residues were re-
extracted once with 20mL of ACN, as per the previous pro-
cedure. The organic layers were combined and evaporated
to near dryness under vacuum at 40◦C. The dried organic
extract was reconstituted in 10 mL of ACN/water (1:1, v/v),
for purification.
The solution to be purified was put in the activated HLB

column, and after the sample was loaded, it was washed
with 5 mL of water, then the lysate was discarded, drained,
and eluted with 10 mL of acetone. The eluate was col-
lected and dried by nitrogen in a water bath at 40◦C until
nearly dry. Constant volume was prepared with 1.0 mL
heptane/isopropanol (9:1, v/v), and the constant volume
solution was filtered through a 0.22 μm filter membrane
for instrumental analysis.

2.4 Instrumental analysis

The SFC analysis was performed using the CHIRALPAK
AD-3 column. The elution gradient (eluent A: CO2; elu-
ent B: methanol) involved 3%B (initial), 3–10%B (0.2–
0.21 min), and 10%B (0.21–2 min), and 10–3%B (2–2.5 min),

and 3%B (2.5–3 min). The backpressure was 17.2 MPa.
The detection wavelength was 230 nm. The flow rate was
1.5 mL/min. The column temperature was maintained at
31◦C. The injection volume was 5 μL.

3 RESULTS AND DISCUSSION

3.1 Optimization of chromatographic
condition

3.1.1 Influence of detection wavelength

After scanning through the PDA detector, the UV spec-
trums of the standard solutions of fenpropathrin enan-
tiomers were extracted from the chromatogram. There
were obvious absorption peaks at 203, 230, and 275 nm,
among which the absorption at 203 nm was the strongest
and the sensitivity was relatively high, but the absorption
of the interfering substances was also very strong at this
wavelength.
The absorption at 230 nm was relatively high, and

there are less interference peaks at the peaks of the fen-
propathrin enantiomers. The absorption of the target com-
pound was the lowest at 275 nm. For the detection of fen-
propathrin compounds, it was more advantageous to use
the 230 nm wavelength with higher absorbance and less
impurity. Therefore, 230 nm was chosen as the detection
wavelength in this experiment.

3.1.2 Influence of chromatographic column

Chiral stationary phases based on amylose-tris(3,5-
dimethylphenylcarbamate) and cellulose-tris(3,5-
dimethylphenylcarbamate) are the two most widely
used chromatographic stationary phases with good chiral
recognition and splitting ability, complementing each
other in terms of chiral recognition ability [23]. In this
experiment, four chiral separation chromatographic
columns, namely CHIRALPAKAD-3, CHIRALPAKOJ-H,
CHIRALPAK IC, and Acquity Trefoil CEL1, were selected
to investigate the resolution of the two fenpropathrin
enantiomers. The results showed that the chromato-
graphic peaks of the two fenpropathrin enantiomers
completely overlapped when separated by IC and CEL1
chiral chromatographic columns. When the OJ-H chiral
column was used for separation, the chromatographic
peaks of the two fenpropathrin enantiomers could achieve
a certain separation, but the separation factor is poor, and
the peak shape of the chromatographic peak is broadened
obviously. In contrast, the separation factor was good and
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F IGURE 2 Effect of different chromatographic columns on the separation of (−)-fenpropathrin and (+)-fenpropathrin (co-solvent:
methanol, backpressure: 13.8 MPa, chromatographic column temperature: 35◦C). (A) AD-3, (B) OJ-H, (C) IC, and (D) CEL1. Peak 1:
(−)-Fenpropathrin; Peak 2: (+)-Fenpropathrin

F IGURE 3 Effect of different system backpressure on the separation of (−)-fenpropathrin and (+)-fenpropathrin (co-solvent: methanol,
chromatographic column temperature: 31◦C). (A) 10.3 MPa, (B) 12.1 MPa, (C) 13.8 MPa, and (D) 17.2 MPa

the chromatographic peak shape was sharp when the
AD-3 chiral columnwas used for separation (see Figure 2).
Therefore, the AD-3 chiral column was chosen for the sep-
aration of fenpropathrin enantiomers in this experiment.

3.1.3 Influence of backpressure

With supercritical CO2 as the mobile phase, SFC can
effectually alter the viscosity and density of the mobile
phase by controlling the system backpressure during the
experiment, thereby adjusting the dissolution and elution
strength of the mobile phase. The viscosity and density of
the mobile phase will increase as the system backpressure
increases. As the CO2 pressure transcends 7.38 MPa and
the chromatographic column temperature exceeds 31◦C,
CO2 will reach the supercritical state. Therefore, the effects
of the four system backpressures of 10.3, 12.1, 13.8, and
17.2 MPa on the separation of two fenpropathrin enan-
tiomers were investigated in this experiment. As shown
in Figure 3, when the system backpressure was gradu-
ally increased in the experiment, the retention time of
the compound was reduced, and the peak shape became
sharper. Under the four conditions, the two fenpropathrin
enantiomers reached the best chromatographic peak shape
when the system backpressure was 17.2 MPa. Considering
the highest recommended system backpressure of the AD-
3 chiral column, 17.2 MPa was selected as the best one in
this study.

3.1.4 Influence of chromatographic column
temperature

The viscosity of the mobile phase gradually decreased, its
density reduced, and the elution ability on the target also
weakened, and the retention time was lengthened, with
the rise of chromatographic column temperature. Con-
sidering that the maximum operating temperature of the
CHIRALPAK AD-3 chiral column is 40◦C, CO2 would
enter the supercritical state when the temperature is over
31◦C and the backpressure exceeds 7.38 MPa. Therefore
the effect of the column temperature in the range of 31–
40◦C on the peak shape and separation of the target com-
pounds was investigated in the experiment. Results indi-
cated that the separation factor of the two fenpropathrin
enantiomers was poor when the column temperature was
35–40◦C.When the column temperature was 31◦C, the two
kinds of fenpropathrin enantiomers were well separated
and achieved a good baseline separation within 1.4 min.
Therefore, 31◦C was selected as the optimal temperature.

3.1.5 Influence of constant volume dilution
solvent

The experiment studied the impacts of five common con-
stant volume dilution solvents for SFC such as methanol,
ethanol, ACN, isopropanol, and heptane on the separation
of two kinds of fenpropathrin enantiomers. The results
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F IGURE 4 Effect of different constant volume dilution solvents on the separation of (−)-fenpropathrin and (+)-fenpropathrin
(co-solvent: methanol, backpressure:17.2 MPa, chromatographic column temperature: 31◦C). (a) heptane/isopropanol (9:1, v/v); (b)
heptane/isopropanol (8:2, v/v); (c) heptane/isopropanol (7:3, v/v);(d) heptane/isopropanol (6:4, v/v);(e) heptane/isopropanol (5:5, v/v)

showed that the best peak shape was obtained when hep-
tane was used. Considering the poor solubility of heptane
when heptane was used as the constant volume solution
in the subsequent sample pretreatment step, thus reduc-
ing the recovery of fenpropathrin enantiomers, a mixture
of heptane and isopropanol was used in the experiment.
At the same time, this experiment investigated the effect of
different ratios of heptane and isopropanolmixed solutions
on the chromatographic peak shape of fenpropathrin. The
peak shape of (−)-fenpropathrin was gradually sharpened
and that of (+)-fenpropathrin gradually deteriorated as the
proportion of isopropanol increased (see Figure 4). Con-
sidering the peak shape and solubility of the target com-
pounds, heptane/isopropanol (9:1, v/v) was finally deter-
mined as the constant volume dilution solvent for this
experiment.

3.2 Optimization of pretreatment
procedure

The experiments were conducted to compare the purifica-
tion effect of different kinds of SPE columns such as HLB
[24–26], C18 [27], and Florisil [28] on the extraction solu-
tion of fruit and vegetable puree samples. Two kinds of
fenpropathrin enantiomer standard solutions were added
to the fruit and vegetable puree samples without fen-
propathrin, followed by the homogeneous extraction with
ACN two times. The extracts were concentrated, dried, and
re-dissolved with heptane/isopropanol (9:1, v/v), and then
cleanedup by three different kinds of SPE columns, respec-
tively. The experimental results showed that when the
Florisil column was used for the purification, there were
interference peaks for (−)-fenpropathrin and the recovery
was 29.2%. When the HLB column was used for the purifi-
cation, the average recoveries of both fenpropathrin enan-
tiomers could reach more than 95.5%. The reproducibility
of sample determination using the HLB columnwas better
than that of the C18 column, which was consistent with the
phenomenon reported in the literature [24]. Therefore, the
HLB columnwas finally chosen as the purification column
for the experiment.

3.3 Linearity and LOQs

The enantiomeric standard solutions of 1.0, 2.0, 4.0, 10.0,
and 20.0 mg/L in Section 4 were selected and measured
according to the optimized chromatographic conditions,
and the standard curves were plotted, with the correspond-
ing peak areas as the vertical coordinates (y) and the mass
concentrations of the standard solutions as the horizon-
tal coordinates (x). The linear regression was performed
in the experiment. The determinations were performed in
terms of the optimized method by adding standards into
the three kinds of fruit and vegetable puree samples with-
out fenpropathrin. The LOQs (S/N = 10) of two kinds of
fenpropathrin enantiomers were both 0.2 mg/kg for all
samples. The linearity was good in the linear range of
1.0–20.0 mg/L and the correlation coefficients (r) were all
greater than 0.9992.

3.4 Precision and accuracy

The spiked recoveries and the precision of the method
were determined by adding the standard solution to the
blank samples of fruit and vegetable puree without fen-
propathrin. The spiked levels of (−)-fenpropathrin and
(+)-fenpropathrin were 0.2, 0.4, and 2.0 mg/kg, respec-
tively, and the spiked recoveries and RSDs were calcu-
lated six times in parallel. The recoveries of the two target
compounds ranged from 80.6 to 105% and the RSD values
(n = 6) ranged from 2.6 to 7.7% (see Table 2). The recov-
ery and precision met the requirements of SANTE/12682/
2019 [29], which can meet the analytical requirements of
apple puree, strawberry puree, and tomato puree samples
for daily analysis.

3.5 Real samples analysis

In order to examine the practicality of the method, the
two kinds of fenpropathrin enantiomers were tested in
30 samples of commercially available apple, strawberry,
and tomato purees randomly selected by the developed
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TABLE 2 Spiked recoveries and RSDs of two kinds of fenpropathrin enantiomers in apple puree, strawberry puree, and tomato puree
matrixes (n = 6)

Apple puree Strawberry puree Tomato puree
Fenpropathrin
enantiomer

Spiked
(mg/kg)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

(−)-Fenpropathrin 0.2
0.4
2.0

80.6–95.2
87.4–97.9
86.4–96.4

5.8
6.7
2.9

85.8–104
81.4–98.8
82.6–98.2

6.7
5.7
4.6

85.4–103
85.4–101
82.6–94.5

6.8
5.0
2.6

(+)-Fenpropathrin 0.2
0.4
2.0

81.7–98.3
81.4–94.3
85.8–96.4

6.7
5.6
3.5

82.8–105
83.5–103
84.2–99.6

7.5
5.9
4.6

84.8–105
81.0–97.8
84.3–96.8

7.7
6.5
4.0

F IGURE 5 Chromatograms of the actual positive tomato
puree sample (co-solvent: methanol, backpressure: 17.2 MPa,
chromatographic column temperature: 31◦C)

method. The results exhibited that two kinds of fen-
propathrin enantiomerswere detected in one tomato puree
sample. The two fenpropathrin enantiomers were effec-
tively separated within 1.4 min, with a separation degree of
1.7,meeting the requirement ofR≥ 1.5 for complete separa-
tion [30] (see Figure 5). The analysis time was shorter, and
the separation degreewas higher than themethod reported
in the literature [1, 2] for the separation by the HPLC
method. In accordance with the retention time order of
the chromatographic peaks, the two fenpropathrin enan-
tiomers were in order as follows: (−)-fenpropathrin, (+)-
fenpropathrin. Based on the standard curve plotted above,
the contents of (−)-fenpropathrin and (+)-fenpropathrin
were calculated by the external standard quantification
method, in which the content of (−)-fenpropathrin was
0.21 mg/kg and that of (+)-fenpropathrin was 0.24 mg/kg,
respectively.

4 CONCLUDING REMARKS

In this paper, a method was developed for the separation
and determination of fenpropathrin enantiomers residues

in the represented fruit and vegetable puree (such as apple
puree, strawberry puree, and tomato puree) as supplemen-
tary food for infants by SFC technology. The samples were
extractedwithACN, cleaned up byHLB column, separated
by CHIRALPAK AD-3 chiral column, eluted with super-
critical CO2-methanol asmobile phase gradient, and quan-
tified by external standard method.
The LOQs were both 0.2 mg/kg, the recoveries ranged

from 80.6 to 105%, and the RSD reached 2.6–7.7%. The
method was adopted to determine the content of fen-
propathrin enantiomer residues in 30 market-purchased
fruit and vegetable puree samples, and the detection
amount ranged from 0.21 to 0.24 mg/kg.
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