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ABSTRACT

A simple and inexpensive method was developed using solid-phase
extraction extraction, together with high performance liquid
chromatographic method with UV detection for determination of
Myclobutanil residues in cucumber. The evaluated parameters include the
extracts by silica gel sorbent using Ethyl acetate and acetonitrile solvents.
The method was validated using cucumber samples spiked with
Myclobutanil at different fortification levels (0.01 and 0.1 mg/kg). Average
recoveries (using each concentration six replicates) ranged 86-94%, with
relative standard deviations less than 2%, calibration solutions
concentration in the range 0.01-5.0 µg/mL and limit of detection (LOD)

and limit of quantification (LOQ) were 0.003 mg/kg and 0.01 mg/kg
respectively. Finally the cucumber samples were re analyzed by HPLC.
2016 Trade Science Inc. - INDIA

INTRODUCTION

Myclobutanil is a board spectrum systemic fun-
gicide of the substituted triazole chemical class of
compounds[1,2]. The mode of action of myclobutanil
is by inhibition of sterol biosynthesis in fungi. It is
used heavily to control fungi effecting wine and table
grapes, especially in California. It also has a num-
ber of other food crop and commercial or residen-
tial landscaping applications. Although it has a low
acute toxicity, myclobutanil has been found to affect
the reproductive abilities of test animals [9].
Myclobutanil is registered for use on a wide range
of food and feed crops[7,8]. It may also be used in

greenhouses, public rights of way, turf, and in land-
scaping applications. California accounts for roughly
50% of all myclobutanil use in the US, using 70,000
to 90,000 lbs. annually. Grapes are the most heavily
treated crop, using 60% of all myclobutanil in Cali-
fornia[10]. Almonds and strawberries are also account
for a notable percentage of myclobutanil use in Cali-
fornia.

Various methods have been described for the de-
termination of these residues, using solid-phase mi-
cro extraction (SPME)[11] Supercritical fluid extrac-
tion (SFE) and liquid � liquid extraction[12]. However,
none of the published researches to date have reported
the residue analysis of Myclobutanil in cucumber.
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EXPERIMENTAL

Materials and methods

Reference analytical standards of myclobutanil
(purity 99.2%) were obtained from Sigma Aldrich.
Ethyl acetate AR Grade, Acetonitrile and Water,
HPLC grade, silica gel were obtained from the
Merck India limited.

Preparation of standard stock solution

Accurately 5.78 mg of Myclobutanil reference
standard, purity (99.2 %) was weighed into 10 mL
volumetric flask. The content was dissolved in 10
mL of acetonitrile, sonicated and made up to the mark
with the same solvent. The concentration was 573.38
mg/L solution, and stored in a freezer at -18°C. The

stock standard solutions were used for up to 3 months.
Suitable concentrations of working standards were
prepared from the stock solutions by dilution using
acetonitrile, immediately prior to sample prepara-
tion.

Sample preparation

Representative 50.0 gram portions of cucumber
fruit fortified with 0.1 mL of working standard stock
solution. The sample was allowed to stand at room
temperature for one hour, before it was kept at re-
frigerator condition, until analysis.

Extraction procedure

The representative homogenised samples (Cu-
cumber fruit) were taken in different 250 mL round
bottom flasks. To the flasks 20 mL of HPLCwater
was added and soaked for twenty minutes prior to
extraction. A 50 mL volume of acetonitrile was added
to each bottle and extracted the residues. The ex-
tracts were decanted into 250 mL graduated mea-
suring cylinders. The samples were re extracted us-
ing 50 mL of acetonitrile. The collected acetonitrile
solvent extracts were reduced to 10 mL volume on a
rotary evaporator and diluted with 40 mL of water.
The extracts were filtered through whatmann filter
paper. Residue was eluted from the SPE cartridge
into a 50 mL centrifuge tube by addition of 4 mL of
50% hexane: 50% ethyl acetate. A glass pipette was
used to remove any water present in the bottom of
the centrifuge tubes. The extracts were evaporated

to approximately 2mL using rotary evaporator
(50°C). The extracts were quantitatively transferred

to a derivatization tube and reduced to dryness us-
ing rotary evaporator. The extracts were reconsti-
tuted in acetonitrile and diluted with a 0.15% am-
monium hydroxide solution. The extracts were placed
in a rotary evaporator and held at 70°C for 2 hours.

After the extracts are cooled, ethyl acetate was
added, the samples were horizontal mixed, and a
partition was allowed to form. The ethyl acetate
layer was transferred to a centrifuge tube and evapo-
rated to dryness at 50°Cusing rotary evaporator. The

extract was reconstituted in ethyl acetate.

Clean-up

Glass column of length 2 meter and 4 cm diam-
eter was packed with 10 g of silicagel in 20 mL of
ethyl acetate and then covered with 1 cm layer of
anhydrous sodium sulfate. Allowed ethyl acetate to
drain down to sodium sulfate layer. The residual
material in 5 ml of ethyl acetate was poured over
the column. The column was prewashed with 20 mL
of ethyl acetate. Residue was eluted with 50 mL of
acetonitrile. The eluate was concentrated to dryness
and taken in 10 mL of acetonitrile.

Instrumentation

Chromatographic separation parameters

The HPLC-UV system used, consisted shimadzu
high performance liquid chromatography with LC-
20AT pump and SPD-20A interfaced with LC solu-
tion software, equipped with a reversed phase C18
analytical column of 250 mm x 4.6 mm and particle
size 5 µm (PhenomenexLuna-C18) Column oven tem-

perature was maintained at 30°C. The injected

sample volume was 20µL. Mobile Phases A and B

was Acetonitrile and 0.1% ortho phosphoric acid
(30:70 (v/v)). The flow- rate used was kept at 1.0
mL/min with a detector wavelength at 230 nm. The
external standard method of Calibration was used
for this analysis.

METHOD VALIDATION

Method validation ensures analysis credibility.
In this study, the parameters accuracy, precision, lin-
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earity and Limits of Detection (LOD) and Quantifi-
cation (LOQ) were considered[3,4]. The accuracy of
the method was determined by recovery tests, using
samples spiked at concentration levels of 0.01 and
0.1 mg/kg. Linearity was determined by different
known concentrations (0.01, 0.1, 0.5, 1.0 and 5.0,
10.0 µg/mL) which were prepared by diluting the

stock solution. The Limit of Detection (LOD, mg/L)
was determined as the lowest concentration giving
a response of 3 times the baseline noise defined from
the analysis of control sample. The Limit of Quanti-
fication (LOQ, mg/L) was determined as the lowest
concentration of a given fungicide giving a response
of 10 times the baseline noise[5,6].

RESULTS AND DISCUSSION

Specificity

Specificity was confirmed by injecting the Mo-
bile phase solvents i.e., Acetonitrile and 0.1% Or-
thophosphoric acid, HPLC water, sample solution
standard solution and control. There were no matrix
peaks in the chromatograms to interfere with the
analysis of fungicide residues shown in Figure 1.
Furthermore, the retention time of Myclobutanil was
constant at 6.3 ± 0.2 min.

Linearity

Different known concentrations of fungicides
(0.01, 0.1, 0.5, 1.0, 5.0 and 10.0 µg/mL) were pre-

pared into a different 10 mL volumetric flasks by
diluting the stock solution. The serial dilution de-
tails were presented in TABLE 1. These standard
solutions were directly injected into a HPLC. A cali-
bration curve has been plotted for concentration of
the standards injected versus area observed and the
linearity of method was evaluated by analyzing six
standard concentration solutions. The peak areas
obtained from different concentrations of standards
were used to calculate linear regression equation.
This was Y=24535.96X + 36.28 with correlation
coefficient of 0.9998 respectively. A calibration
curve is showed in (Figure 2).

Accuracy and precision

The analytical method was validated for the re-
covery of the test item at two concentration levels
with cucumber fruit.

Preparation of 0.01 mg/L fortification level

0.1 mL aliquot of 5.0 mg/L linearity solution was
fortified into a 50g of cucumber and extract the
sample followed by above extraction procedure This
was followed for 6 replications.

Figure 1 : Representative chromatogram at fortification level of 0.01 mg/kg
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Preparation of 0.1 mg/L fortification level

1.0 mL aliquot of 5.0 mg/L linearity solution was
fortified into a 50g of cucumber and extract the
sample followed by above extraction procedure. This
was followed for 6 replications.

The samples were assayed for accuracy and re-
peatability in HPLC. Accuracy was calculated as
%recovery and precision as %RSD and the results
are mentioned in TABLE 2.

Detection and quantification limits

The limit of quantification was determined to be
0.01 µg/mL. The quantification limit was defined as

the lowest fortification level evaluated at which ac-
ceptable average recoveries (86-94%, RSD < 2%)
were achieved. This quantification limit also reflects
the fortification level at which an analyte peak is
consistently generated at approximately 10 times the
baseline noise in the chromatogram. The limit of
detection was determined to be 0.003 µg/mL at a

level of approximately three times the back ground
of control injection around the retention time of the
peak of interest.

Storage stability

A storage stability study was conducted at re-
frigerator condition (5 ± 3°C) and Ambient tempera-

ture (25 ± 5°C) of 0.1 mg/kg level fortified fruit

samples were stored for a period of 30 days at this
temperature[13,14]. Analysed for the content of
Myclobutanil before storing and at the end of stor-
age period. The percentage dissipation observed for
the above storage period was only less than 3 to 4%
for Myclobutanil showing no significant loss of resi-
dues on storage. The results are presented in TABLE
3 and 4.

Calculations

The concentration of Myclobutanil in the samples
analyzed by HPLC was determined directly from the
standard curve.

Stock solution concentration 
(µg/mL) 

Volume taken from stock 
solution (mL) 

Final make up 
volume (mL) 

Obtained concentration 
(µg/mL) 

573.38 1.744 10 10 

573.38 0.872 10 5 

10 2.000 10 2 

10 1.000 10 1 

10 0.500 10 0.5 

10 0.100 10 0.1 

1 0.100 10 0.01 

TABLE 1 : Serial dilutions for linearity standard solutions

Figure 2 : Representative calibration curve of myclobutanil standard
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Recovery (%) 
Fortification Concentration in mg/kg Replication 

Cucumber 

 R1 86 

 R2 85 

 R3 86 

0.01 R4 87 

 R5 88 

 R6 87 

 Mean 86.50 

 RSD 1.21 

 R1 94 

 R2 93 

 R3 95 

0.1 R4 96 

 R5 94 

 R6 93 

 Mean 94.17 

 RSD 1.24 

TABLE 2 : Recoveries of the myclobutanil from fruit samples samples (n=6)

TABLE 3 : Storage stability details at refrigerator condition (5 ± 3°C)

Fortification Concentration in mg/kg Storage Period in Days Recovery in % 

  95 

  94 

  93 

  96 

 0 95 

  95 

 Average 94.67 

 STDEV 1.03 

 RSD in % 1.09 

0.1  90 

  91 

  91 

 30 92 

  90 

  92 

 Average 91.00 

 STDEV 0.89 

 RSD in % 0.98 

Y = mx + c

Where, Y = peak area of standard (mAU*sec), m =
the slope of the line from the calibration curve, x =
concentration of injected sample (mg/L), c = �y� in-

tercept of the calibration curve

The recovered concentration or Dose concen-
tration was calculated by using the formula:

 PX m

100 X  DX c)-(x
ionconcentrat or Dose ionconcentrat Recovered 

Where, m = the slope of the line from the calibration
curve, x = sample area of injected sample
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Fortification Concentration in mg/kg Storage Period in Days Recovery in % 

  93 

  92 

  94 

  93 

 0 94 

  93 

 Average 93.17 

 STDEV 0.75 

 RSD in % 0.81 

0.1  89 

  90 

  90 

 30 92 

  91 

  91 

 Average 90.50 

 STDEV 1.05 

 RSD in % 1.16 

(mAU*sec), c = �y� intercept of the calibration curve,

D = Dilution Factor, P = Purity of Test item

100
ionConcentrat Fortified

ionConcentrat Recovered
 Recovery% 

CONCLUSION

This paper describes a fast, simple sensitive
analytical method based on HPLC-UV to determine
the Myclobutanil residues in cucumber samples. The
mobile phase Acetonitrile and 0.1% ortho phospho-
ric acid showed good separation and resolution and
the analysis time required for the chromatographic
determination of cucumber samples is very short
(around 15 min for a chromatographic run).

Satisfactory validation parameters such as lin-
earity, recovery, precision and LOQ values were
established by following South African National
Civic Organization (SANCO) guidelines[15]. There-
fore, the proposed analytical procedure could be
useful for regular monitoring, residue labs and re-
search scholars to determine the Myclobutanil resi-
dues in different commodities (crop, water and soil
samples).

TABLE 4 : Storage stability details at ambient temperature (25 ± 2°C)

ACKNOWLEDGEMENT

The authors are thankful to the Dr. B. Gowtham
Prasad, SVV University, for providing necessary
facility to conduct the Laboratory experiment.

REFERENCES

[1] Dave W.Bartlett et al.; Pest Management Science.,
58, 649-662 (2002).

[2] Y.Liu, H.Sun, F.Liu, S.Wang; Bull Environ Contam
Toxicol., 88(6), 902-905 (2012).

[3] Tentu Nageswara Rao, SNVS Murthy,
S.Seshamma, D.Sreenivasulu; International journal
of Chem.Tech.Research., 8(3), 1149-1155 (2015).

[4] Tentu.Nageswara Rao et al.; International journal
of current microbiology and applied sciences., 2(9),
5-13 (2013).

[5] Tentu.Nageswara Rao, T.Srinivasa Rao, G.Silpa;
World journal of pharmaceutical research., 1(5),
1281-1290 (2012).

[6] Tentu.Nageswara Rao, D.Sreenivasulu,
T.B.Patrudu, E.G.Sreenivasula Reddy; Scholars
Academic Journal of Bioscience., 1(3), 80-84
(2013).

[7] Hu Zhang, Xinquan Wang, Mingrong Qian,



Tentu.Nageswara Rao et al. 21

Current Research Paper
ESAIJ, 12(1) 2016

An Indian Journal
Environmental ScienceEnvironmental Science

Xiangyun Wang, Hao Xu, Mingfei Xu, Qiang Wang;
J.Agric.Food Chem., 59(22), 12012-12017 (2011).

[8] Wang, Xiuguo, Li, Yiqiang, Xu, Guangjun, Sun,
Huiqing, Xu, JinLi, Zheng, Xiao, Wang, Fenglong;
Bulletin of Environmental Contamination &
Tixicology., 88(5), 759 (2012).

[9] J.Z.Li, X.Wu, J.Y.Hu; J Environ.Sci.Health., 41(4),
427-436 (2006).

[10] Han Bing-Jun, Tang Jian-biao, Peng Li-Xu; Food
science., 29(3), 390-392 (2008).

[11] A.D.Muccio et al.; Journal of Chromatography A.,
1108, 1-6 (2006).

[12] Alberto N.Navalo, Avismelsi Prieto, Lilia Araujo,
Jose Luis Vilchez; Journal of Chromatography A.,
975, 355-360 (2002).

[13] A.Sannino et al.; Journal of Chromatography A.,
1036, 161-169 (2004).

[14] Jian Pan et al.; Ultrasonics Sonochemistry., 15, 25-
32 (2008).

[15] SANCO Guidelines, Document NO. SANCO/10684/
2009, (2009).


