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1 Introduction

Cucurbitacins (Cucs) are a group of tetracyclic triterpenes 
commonly found in the Cucurbitaceae plant family and are 
generally bitter in taste. They are named as Cuc A, B, C 
up to S. Bottle gourd (Lagenaria siceraria) has Cucs B, D, 
G, and H (Rehm et al. 1957). Cucs B, C, D, E, and I were 
found to be lethal (Kaushik et al. 2015). Thus, bottle gourd 
has two types of toxic Cucs namely B and D. Cuc B is the 
principal Cuc and Cuc D is produced from Cuc B through 
enzymatic reactions (Wang et al. 2017a, b). Toxic Cucs are 
naturally present at very low concentrations in plants. Nev-
ertheless, under stressful conditions like arid environment 
or cross-pollination with wild variety Cucs concentration in 
the plant can increase up to a dangerous level. Even a small 
quantity of fruits or juice containing more than 130 ppm 
of such Cucs is harmful (KhatIb and Borawake 2014). The 
range of toxicity of Cucs is between 1 and 12.5 mg/kg body 
weight of mice. The toxicity associated with consumption 
of foods high in Cucs is sometimes referred to as "toxic 
squash syndrome". In India, multiple deaths have also been 
reported in recent times due to the consumption of bitter 
bottle gourd juice.

Fruits of the Cucurbitaceae family contain very high 
amounts of Cuc than the plant itself (Gry et  al. 2006). 
Cucs are commonly present as glycosides such as 2-β-O-
glucosides in growing plants. These glycosides are often 
hydrolyzed by highly active β-glycosidases to give agly-
cone. Food processing techniques, such as juice preparation 
or gamma irradiation, can lead to plant cell damage thus 
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releasing naturally present β-glycosidase in processed food 
which in turn liberates Cucs from glycosidic bonds. It was 
also reported that aglycone Cuc is more toxic than glycosidic 
Cuc (Kaya and Melzig 2008). Thus, it is important to quan-
tify the harmful Cuc present in bottle gourd fruit and its fruit 
juice. Bottle gourd fruits have cardioprotective, diuretic, and 
nutritive properties according to practitioners of Ayurveda 
(Ho et al. 2014). Thus, consumption of bottle gourd juice is 
very common in India. This results in the widespread avail-
ability of packed bottle gourd juice in the market as a health 
supplement without a proper description of its chemical con-
stituents which is essential for determining its safety, quality, 
and prevention of Cuc toxicity in consumers.

There are various methods reported in the literature based 
on HPLC, TLC, and spectrophotometer to quantify Cuc in 
plants (Online Resource 1). However, these methods are 
time-consuming and required tedious sample preparation 
procedures. Another approach for the extraction of analytes 
from biological samples is based on the use of molecularly 
imprinted polymers (MIPs) (Claude et al. 2008). They are 
generally produced by polymerizing a mixture of functional 
monomer, crosslinker or co-monomer, and radical initia-
tor in the presence of a template along with a porogenic 
solvent. The template gets imprinted within the polymeric 
matrix. MIP selectively interacts with such a template in 
the imprinted cavities through non-covalent interactions 
(electrostatic, hydrogen, π–π, and Van-der-Waals bonds). 
To the best of our knowledge, there is no report available 
on the development of MIP for Cucs. In the present study, a 
novel method was developed by synthesizing MIP to rapidly 
determine Cuc concentration in commercial commodities 
and bottle gourd fruit, peel, and pulp. The effect of irra-
diation and β-glycosidase on Cuc concentration was also 
determined.

2  Materials and methods

2.1  Preparation of MIP

Methacrylic acid (MAA, Sigma-Aldrich, USA), ethylene 
glycol dimethacrylate (EDMA, Sigma-Aldrich, USA) was 
distilled under vacuum and azobisisobutyronitrile (AIBN, 
Sigma-Aldrich, USA) was recrystallized from methanol 
before use. Cuc B (TCI Chemicals, Japan) imprinted poly-
mer was synthesized in a glass tube as follows: 0.296 mmol 
Cuc B (template), 1.6 mmol MAA (functional monomer), 
8 mmol EDMA (cross-linker) dissolved in 2.55 mL  CHCl3 
(porogenic solvent, 99.9% GC-HS, Sisco Research Laborato-
ries, India). The obtained solution was stirred and sonicated 
for 5 min then 0.11 mmol of AIBN (initiator) was added. 
Further  N2 was purged through the mixture for 10 min in an 
ice bath then the tube was sealed and polymerization was 

done by subjecting the solution to a dose of 5 kGy using 
a 60Co gamma irradiator having a dose rate of 6.1 kGy/h 
(GC-5000, BRIT, India) at room temperature. Further, 
grinding, wet-sieving, washing, elimination, and drying was 
performed as per the procedure described by Lopez et al. 
(2011). Non-imprinted polymer (NIP) was also prepared by 
the above process but without the template.

2.2  Binding measurement, FTIR, SEM, and solid‑phase 
extraction

The calibration curve was produced by analyzing Cuc B 
standard solutions in  CHCl3 (1–100 μg/mL). The absorbance 
maxima were reported at 245 nm using a spectrophotom-
eter (U-2910, UV–Vis Spectrophotometry, Hitachi, Japan). 
Equilibrium binding experiment of MIP and NIP was also 
analyzed. Imprinted and non-imprinted polymers in increas-
ing amount (0–140 mg) separately and carefully mixed with 
10 mL of  CHCl3 solution of Cuc B (5 μg/mL) at room tem-
perature for 6 h under continuous stirring. The obtained mix-
ture was filtered through a 0.45 μm syringe filter (Genetix 
Biotech, India), and free Cuc B in the filtrate was measured 
by spectrophotometer. Imprint parameter (IP) was obtained 
as per the procedure detailed by Claude et al. (2008). IP cor-
responds to the ratio of the number of specific interactions 
to non-specific interactions. Spectra of MIP and NIP were 
scanned in the range of 4000–700  cm−1 on a FTIR (FT/
IR 4100, Jasco) spectrometer. ATR assembly was used for 
obtaining spectra with 40 scans for each sample. The surface 
morphology of MIP was analyzed by FEG–SEM. The scan-
ning electron micrographs were taken with a JSM-7600F 
instrument (Joel, Japan). Solid-phase extraction (SPE) 
experiment was performed by packing 100 mg of polymer 
in 6 mL extraction cartridges. All cartridges preconditioned 
with 5 mL of methanol followed by 5 mL of  CHCl3. Cuc 
B solution of 1 mL (25 μg/mL) was loaded on MIP and 
NIP cartridges followed by washing with 5 mL of  CHCl3 to 
remove impurities which were retained by polymer due to 
non-specific interactions. Elution was done using 5 mL of 
methanol. All fractions were collected and dried by rotary 
evaporator  (Rotavapor® R-300, Buchi, Switzerland) followed 
by re-dissolving each fraction in 1 mL  CHCl3 before quanti-
fication of Cuc B by spectrophotometer.

2.3  Capacity, selectivity, and Scatchard analysis

The capacity of 100 mg of MIP and NIP cartridges was 
measured by loading 1 mL of Cuc B solutions at different 
concentrations (5–100 μg/mL). Eluted fractions were col-
lected, dried, and re-dissolved as per the above detailed 
procedure, and further quantification was performed by 
spectrophotometer. The selectivity of developed MIP 
was determined by measuring the SPE recovery of Cuc I, 
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stigmasterol, and betulinic acid. Standards were purchased 
from Sigma-Aldrich, USA. Standards (25 μg/mL) were 
loaded in a preconditioned cartridge of MIP and NIP. Pre-
conditioning, loading, washing, elution, drying, and quanti-
fication was performed as per the procedure detailed above. 
Scatchard analysis gives an approximate model generally 
used to estimate the binding parameters of polymers. 10 mg 
of MIP and NIP incubated with 5 mL of different concentra-
tions of Cuc B (up to 50 μg/mL) for 2 h. Further process-
ing of sample and quantification was done as per procedure 
already been discussed above. Binding at equilibrium exper-
iments was transformed into a linear equation by Scatchard 
equation (Zeng et al. 2015):

Qmax = Maximum binding capacity.
Kd = Equilibrium dissociation constant.

2.4  Adsorption kinetics, surface area, and swelling 
studies

Adsorption kinetics was determined by adding 100 mg 
of MIP/NIP into 10 mL of Cuc B std. solution (5 μg/mL 
 CHCl3) and at different time intervals concentration of Cuc 
B was measured as per the method described above. The 
surface area of the prepared polymers was determined by 
using Brunauer, Emmett, Teller (BET) micromeritics ASAP 
2004 (Micromeritics, Norcross, GA, USA) as previously 
described by Rosengren et al. (2013). The swelling ratio (Sr) 
was calculated according to the following equation (Rosen-
gren et al. 2013):

V0 = volume of dry polymer.
Vsw = volume of polymer soaked in excess of solvent 

 (CHCl3, methanol, and water) for 24 h.

2.5  Sample preparation

Bottle gourd fruits used in this investigation were purchased 
from the local market. Procured fruits were washed in run-
ning tap water followed by peeling and cutting. Samples 
were finally divided into peel and pulp. Commercially avail-
able bottle gourd juice purchased from BioGreen Healthcare, 
Mumbai, India. Pulp, peel, and juice exposed to gamma radi-
ation processing at room temperature. Samples were sub-
jected to a dose of 0.5, 1, 2.5, and 5 kGy. Irradiated and non-
irradiated pulp weighing 150 g blended (Philips HL7756/00 
750 W Mixer Grinder, India) for 5 min with 75 mL double 
distilled water and 150 g of peel blended with 150 mL dou-
ble distilled water.

Q
/[

Ce

]

=
(

Qmax−Q
)/

Kd

Sr = Vsw∕V0

2.6  Enzymatic treatment

Non-irradiated blends (peel and pulp) and commercially 
available juice were incubated with pectinase enzyme (Pec-
tinase from Aspergillus Niger, Sigma, USA) (500 μL/100 g 
sample) separately for 1, 2, and 4 h at 37 °C, 150 RPM at pH 
between 5 and 6. The control sample was without any addi-
tion of enzyme and incubation period. Incubation followed 
by filtration of all samples through a double layered muslin 
cloth and finally filtrate was collected.

2.7  Cucurbitacin extraction

All samples were extracted with chloroform and the solvent 
to sample ratio was 2:1. Extraction was done in triplicate 
using a separating funnel. Further, 5 mL of a chloroform 
extract (bottom layer) was loaded on a preconditioned MIP 
and NIP cartridge. Washing and elution were performed 
with 10  mL of chloroform and methanol, respectively. 
Finally, the drying of all fractions and quantification was 
done as per the procedure detailed above. Re-dissolved frac-
tions were further analyzed by analytical TLC using a sol-
vent system composed of  CHCl3/MeOH = 9.5/0.5. Sample 
volume loaded on TLC plates (TLC silica gel 60, Merck, 
Germany) was 20 μL along with 20 μg of standard Cuc B. 
TLC plate after the run sprayed with 10% (v/v) sulfuric acid 
in methanol and visualized by heating the plate in an oven at 
120 °C for 10 min. TLC bands were scrapped and dissolved 
in 5 mL chloroform followed by HRLC-MS analysis.

2.8  High‑resolution liquid chromatography 
mass‑spectrophotometer (HRLC‑MS) analysis

The HRLC-MS analysis was performed by using a 1290 
Infinity UHPLC System (Agilent Technologies, USA) with 
mass as a detector, equipped with a binary pump (G4220B), 
autosampler (G4226A), thermostatted column compartment 
(G1316C), 1260 Infinity Nano HPLC with Chipcube (Micro-
fluidic column), Hypersil gold 3 micron 100 × 2.1 mm, and 
6550 iFunnel Q-TOFs (G6550A). The injection volume of 
each sample was 5 μL. The separation attained with the 
mobile phase consists of 0.1% formic acid in water (solvent 
A) and 0.1% of formic acid in 90% aqueous acetonitrile (sol-
vent B). Gradient employed went from an initial 95:5 (A:B) 
to 100% solvent B in 20 min with a flow rate of 0.3 mL/min. 
This was held for 5 min with the same flow rate. Later the 
gradient went from 100% solvent B at 25 min to back to 95:5 
(A:B) at 26 min using the same flow rate. Afterward, the 
flow rate changed to 0.2 mL/min and the run was terminated 
at 30 min. The system was operated at 20 °C. The detec-
tion was performed after electrospray ionization in positive 
ionization mode. The source temperature was maintained at 
200 °C and the spray voltage at 5.5 kV with the temperature 
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was set at 450 °C. Source parameters like gas flow rate was 
13 L/min, nebulizer was 35 psig, and sheath gas flow was 
11 L/min.

2.9  Analytical method validation

The validity of the developed method was determined by 
packing 200 mg of polymer in a cartridge. Precision and 
accuracy were calculated by using 1 mL of standard solu-
tions of Cuc B 5 (low), 25 (average), and 50 (high) μg/
mL. Relative standard deviation (RSD) is a measurement 
of precision and relative mean error (RME) is a measure-
ment of accuracy. RSD and RME were calculated as per 
the procedure described by Wang et al. (2001). Recovery 
was calculated by employing three sets of samples namely: 
1 mL of Cuc B standard solutions of 5, 10, and 20 μg/mL, 
10 mL of commercial juice, and standards added to the juice. 
All three sets of samples were subjected to the MIP based 
extraction procedure as detailed above with slight change 
including solvents used in preconditioning, washing, and 
elution was doubled in volume. Absolute recovery and rela-
tive recovery was also calculated in the present study (Wang 
et al. 2001). Limit of detection was calculated as the lowest 
concentration of standard Cuc B solution for which both 
RSD and RME were less than 20% (Denver et al. 2019). 
All quantitative determinations were subjected to statistical 
analysis by employing DSAASTAT ver. 1.101 by Andrea 
Onofri. Three samples were taken for each treatment and 
all samples were further analyzed in triplicates. Analysis of 
variance and multiple comparisons of means calculated by 
Duncan’s multiple range test.

3  Results and discussion

3.1  Evaluation and binding experiment, FTIR, 
and SEM

In the present study, gamma irradiation was used for the 
preparation of imprinted polymers. It was reported that radi-
ation induced smaller cavity size in the imprinted matrix and 
this lead to a denser cross-linked structure by limiting the 
mesh size (Söylemez and Güven 2018). This may enable 
MIP prepared through gamma irradiation to have higher 
analyte uptake. Furthermore, imprinted polymers prepared 
through thermal polymerization required long incubation 
hours as compared to γ-irradiation induced polymerization 
(Wu et al. 2016). MAA was selected as a functional mono-
mer to non-covalently (mainly hydrogen bonding) interact 
with Cuc B since this monomer has already been success-
fully used with another triterpene (Claude et al. 2008). The 
ratio of the template/monomer/cross-linker = 1/5.4/27 was 
found optimal for the isolation of Cuc B.  CHCl3 dissolves 

all ingredients of MIP including Cuc B and induced poros-
ity by phase separation between porogen and polymer dur-
ing polymerization. Additionally,  CHCl3 is an aprotic sol-
vent that favors hydrogen bonds between MAA and Cuc B. 
Nuclei of growing polymeric chains were fused to give the 
inter-linked polymer matrix, and this results in pores forma-
tion. These pores were occupied by the porogenic solvent. 
Such a macroporous structure helps in mass transfer during 
the releasing and rebinding of the template (Ye and Mos-
bach 2001). An increase in porogen volume encourages the 
formation of large pores diameter in MIP thus induce better 
accessibility of the template into the imprinted cavities but 
particle size decreases (Farrington et al. 2006). Therefore, 
for the formation of particles having > 20 μm in diameter, 
the volume of porogen must be carefully chosen to avoid the 
loss of particles through the frits of SPE cartridge (Pichon 
2007). Different ratio of monomer to porogenic solvent 
(0.1–1.8 mmol/mL) was studied and the optimum ratio was 
found to be 0.64.

Equilibrium binding experiment was done in the presence 
of  CHCl3 because binding of templates to MIP cavities is 
specific in the presence of porogen (Zhu et al. 2002). Fig-
ure 1a demonstrates the equilibrium binding isotherms of 
MIP and NIP against Cuc B concentration. B/T (%) is the 
ratio of the amount of template bound at equilibrium to the 
amount of template introduced initially in the vial. It was 
observed that the binding capacity of the MIP was always 
significantly (p > 0.05) higher than that of NIP. Similar find-
ings were previously reported by Sun et al. (2017). At 80 mg 
of polymer 75% of Cuc B was bound to MIP compared to 
15% to NIP and at 100 mg 91% binding occurred to MIP as 
compared to 19% binding to NIP, highlighting the specific-
ity of MIP towards template. Binding percentage became 
constant at 100 mg or higher synthesized polymer concentra-
tion. FTIR spectra of MIP, NIP, and MIP bound with Cuc 
B are shown in Fig. 1b. Bands at 1725  cm–1 and 1635  cm–1 
were attributed to stretching vibrations of C=O and C=C of 
MAA/EGDMA, respectively, indicating successful polym-
erization. Band located at 2928  cm−1 corresponds to C–-H 
stretching which belongs to Cuc B. Cuc B adsorbed MIP had 
CH stretching at 2965  cm−1 while the CH stretching in the 
spectrum of MIP and NIP was at 2985  cm−1. The surface 
morphology of MIP was studied by SEM (Fig. 1c). It had 
rough surface and pores were scattered throughout the MIP. 
Observed pores facilitate in carrying Cuc B to the binding 
sites thus favoring its adsorption on polymer.

3.2  SPE, capacity, and selectivity determination

Imprint parameter of 100 and 120 mg of the polymer was 
3.8 and 3.4, respectively thus further experiments were 
performed employing 100 mg of polymer. MIP affinity 
can be higher when the template binds to polymer in the 
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non-equilibrium state as compared to the equilibrium state 
(Wei and Mizaikoff 2007). SPE of Cuc B from MIP and 
NIP is illustrated in Fig. 2a. It was observed that during 
washing 89% and 5% of analyte was washed away by  CHCl3 

from NIP and MIP cartridge, respectively. Thus chloroform 
successfully removed Cuc from NIP column. During elu-
tion, Cuc B recovery was 94% for MIP and only 10% for 
NIP. Being protic and polar solvent, methanol effectively 

Fig. 1  a Binding of cucurbitacin B to MIP and NIP (Both polymers in different amount (0–140 mg) added to 10 mL of Cuc B (5 μg/mL) at RT 
for 6 h) b FTIR spectra c FEG–SEM image of MIP

Fig. 2  a Solid-phase extraction of cucurbitacin B from MIP and 
NIP (SD is ≤ 5% of mean) (1  mL of Cuc B solution (25  μg/mL) 
was loaded on 100  mg of preconditioned extraction cartridges). b 
cartridge capacity of MIP and NIP. MIP elution recoveries (%) are 

reported on the graph (SD is ≤ 5% of mean) (100  mg of cartridges 
was loaded with 1 mL of different concentrations (5–100 μg/mL) of 
Cuc B)
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disrupts specific non-covalent interaction by breaking hydro-
gen bonds between template and MIP.

Figure 2b demonstrates that the recovery of Cuc B from 
the MIP cartridge was always higher than 95% when the 
amount of template was ≤ 50 μg. However, for the same 
amount of analyte, less than 10% were retained by NIP 
during washing. MIP cartridge saturated when higher than 
50 μg of Cuc B loaded with a drastic reduction in recovery 
percentage and a minor increase in total analyte retention 
was observed. The observed improvement in retention of 
the template at higher concentration was due to non-specific 
interactions that were identical for MIP and NIP as all the 
accessible specific cavities of the MIP were saturated (Bakh-
tiar et al. 2019). The loading capacity of the developed MIP 
cartridge was 0.5 μg of template per mg of MIP.

Selectivity of MIP was measured by comparing the recov-
ery of Cuc B, Cuc I, stigmasterol, and betulinic acid. All 
standards are plant based tetracyclic triterpenoid except 
betulinic acid which is a pentacyclic triterpenoid (Fig. 3a). 
Selected compounds have the potential to act as an interfer-
ing compound while binding on imprinted cavities because 
their chemical structure is analogous to that of Cuc B. Cuc 

I is toxic and naturally found in Cucumis sativus, Bryo-
nia alba, etc. Excellent selectivity for Cuc B with elution 
recovery for MIP was 94% and 10% for NIP was observed 
(Fig. 3b). However, for Cuc I recovery from MIP cartridge 
was 39% and for NIP 9%. The lowest selectivity was for 
betulinic acid followed by stigmasterol with a recovery 
of 9% and 13% from MIP. Besides Cuc B, all compounds 
were effectively removed from the polymer during washing. 
Functional groups and its orientation in MIP cavities are key 
for the selective recognition of analyte and because of this, 
the developed MIP was highly selective for Cuc B in com-
parison with other triterpenoids (Madikizela and Chimuka 
2016).

3.3  Scatchard analysis, adsorption kinetics, surface 
area, and swelling ratio

MIP isotherm generated a straight line for the Scatchard plot 
which indicated that polymer has one type of binding site 
(Fig. 3c). On the other hand NIP isotherm was curved thus 
it did not have any specific binding sites (Fig. 3d). The linear 
regression equation for MIP was:

Fig. 3  a Chemical structure of Cuc B, Cuc I, stigmasterol, and bet-
ulinic acid. b Elution recoveries of Cuc B, Cuc I, stigmasterol, and 
betulinic acid from MIP and NIP (SD is ≤ 5% of mean) (25  mg of 
standards in 1  mL of chloroform were loaded in a preconditioned 
extraction cartridges). c Scatchard plots for the MIP isotherm (10 mg 

of MIP incubated with 5 mL of different concentration of Cuc B (up 
to 50 μg/mL) for 2 h). d Scatchard plots for the NIP isotherm (10 mg 
of NIP incubated with 5 mL of different concentration of Cuc B (up 
to 50 μg/mL) for 2 h)
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and for NIP it was:

From slope (− 1/Kd) and intercept (Qmax/Kd) of the fitted 
lines Kd and Qmax value was determined:

Qmax is indicative of adsorption capacity thus it can be con-
cluded that MIP adsorption performance is better than NIP. 
Kd value denotes the overall affinity therefore MIP had a high 
affinity toward the target analyte than NIP (Zeng et al. 2015). 
The rate of the adsorption of Cuc B by the MIP and NIP was 
measured as a function of time. The result of this kinetics 
study is shown in Fig. 4. The adsorption process could be 
divided into two phases: rapid adsorption in the first 5 min 
and slow adsorption thereafter. The rate of adsorption was 
higher in MIP as compared to NIP. Both polymers gradu-
ally reached equilibrium at 60 min. The surface area of MIP 
and NIP was found to be 151  m2  g−1 and 119  m2  g−1. Larger 
surface area of MIP was due to the presence of cavities on 
imprinted polymer. Cuc binding would be directly propor-
tional to the total surface area of the polymers. The swelling 
ratio of MIP when soaked in  CHCl3, methanol, and water 
was 1.91, 1.34, and 1.21, respectively. NIP when soaked 
for 24 h in  CHCl3, methanol, and water swelling ratio was 
1.83, 1.29, and 1.22, respectively. It was observed that the 
use of  CHCl3 as a porogen had a high effect on the swelling 
ratio. Overall low swelling capacity of synthesized polymers 
demonstrated a high degree of crosslinking.

Q
/[

Ce

]

= −0.175Q + 1.339
(

R2 = 0.992
)

Q
/[

Ce

]

= −0.013Q + 0.083
(

R2 = 0.919
)

Kd,MIP(5.71 𝜇mol∕L) < Kd,NIP(76.92𝜇mol∕L)

Qmax,MIP(8.4𝜇mol∕g) > Qmax,NIP(5.3𝜇mol∕g)

3.4  Extraction of Cuc B from bottle gourd

TLC profile of control commercial juice with its washed 
and eluted fraction from MIP cartridge along with the Cuc 
B standard is shown in Fig. 5a. It was observed that Cuc 
B had an  Rf value of 0.77 with absorbance maxima at 
245 nm. TLC profiles of juice and washed fraction were 
similar except for one band with an  Rf value of 0.77 which 
was missing from the washed faction. Absent spot reap-
peared in eluted fraction and  Rf value of this band cor-
responded to Cuc B. This demonstrated that MIP selec-
tively bound with Cuc B from bottle gourd juice and it 
was eluted with methanol whereas impurities were washed 
away by  CHCl3. The eluted fraction band was scrapped 
and extracted with chloroform followed by HRLC-MS 
analysis. Similar results were obtained for juice and peel 
samples.

HPLC chromatogram of the TLC spot of the eluted 
fraction is shown in Fig. 5b with the most prominent peak 
was observed at 11.031 min. The mass spectrum of this 
peak showed that the mass transitions from m/z 581.3031 
((M + Na) +) → m/z 521.3443 (Fig. 5b inset) where M is 
the molecular mass of Cuc B i.e. 558.712 g/mol. Similar 
observed changes in mass were also reported by Wang 
et al. (2017a, b) and Xiao et al. (2018) for Cuc B. Thus 
based on the mass spectrum, it was established that the 
eluted fraction spot was due to the presence of Cuc B. 
Likewise, eluted fractions of bottle gourd pulp and peel 
also showed similar mass transition thus confirming the 
presence of Cuc B in all samples. Thus it can be concluded 
that in the present study, Cuc B was successfully extracted 
from all samples through developed MIP.

3.5  Quantification of Cuc

Cuc B concentration in bottle gourd peel was 
3.37 ± 0.31 mg/100 g which was significantly (p > 0.05) 
highest among all the studied samples followed by juice 
with a concentration of 2.81 ± 0.26 mg/100 g and pulp 
had significantly (p > 0.05) lowest concentration with a 
value of 2.39 ± 0.21 mg/100 g. On the other hand, Kumb-
halkar et al. (2015) observed that Cuc content in fruits of 
Lagenaria siceraria was 0.062% (w/w). Cuc concentration 
depends on various factors including fruit maturity, stress 
like heat and water, etc. This might be the reason for the 
difference in the present and reported Cuc concentration 
in Lagenaria siceraria. In another report, the highest level 
of Cuc was found in the fruit pulp of Citrullus colocyn-
this instead of its peel (Darwish-Sayed et al. 1974). This 
might be due to different species of Cucurbitaceae family 
analyzed in the present and previous studies.

Fig. 4  Adsorption rate of Cuc B by MIP and NIP (100 mg of poly-
mers added in 10 mL of 5 μg/mL of Cuc B solution)
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3.6  Effect of irradiation and enzymatic treatment 
on Cuc content

There was no significant (p > 0.05) effect of γ-irradiation on 
the Cuc concentration of juice, peel, and pulp which was in 
the range of 2.79–3.01, 3.35–3.51, and 2.36–2.51 mg/100 g, 
respectively (Table 1a). There are reports available on the 
effect of irradiation on enhancing the mucilage yield and 
productivity of L. siceraria, however, there is no literature 
available regarding the impact of radiation processing on 
the Cuc quantity of bottle gourd (Abbas et al. 2017; Shah 
et al. 2010). Nevertheless, present data are in agreement with 
the report published by Tripathi et al. (2016) where gamma 
irradiation had no significant effect on the Cuc glycosides 
content of pumpkin (Cucurbita pepo). Gamma irradiation 
induced degradation of triterpenes was previously reported 
by Campos et al. (1997) where it was found that Friedelin 
content did not change even at 100 kGy but friedelan-3-ol 
started degrading at 10 kGy. However, in the present study 
maximum dose given to samples was only 5 kGy, whereas, 
fresh fruits and vegetables usually subject to even less than 
2 kGy of irradiation for shelf life extension (Perera et al. 
2019). Thus further experiments were performed on non-
irradiated samples only.

Pectinase has β-glucosidase activity thus its treatment 
can release Cuc from the glycosidic bond. Enzymatic treat-
ment including 0–4 h of incubation also had no significant 
(p > 0.05) effect on the Cuc concentration of all the studied 
samples. Cuc concentration of juice, peel, and pulp was in 
the range of 2.78–3.04, 3.33–3.62, and 2.35–2.61 mg/100 g, 
respectively (Table  1b). This observation was possible 
because species of Lagenaria possess high elaterase activi-
ties which also include β-glucosidase activity thus Cuc gly-
cosides were found only in very small amounts in the fruits 
of Lagenaria siceraria (Rehm et al. 1957). In another study 
by Kaya and Melzig (2008), it was demonstrated that Cuc I 
and its glycosides were 0.0031% and 0.0006% (w/v), respec-
tively present in Gratiola officinalis.

3.7  Method validation

In the present study, the standard curve of Cuc B was highly 
linear between concentrations ranges from 1 to 100 μg/mL. 
The equation of the calibration curve was y = 0.011x + 0.049 

and the value of R2 is 0.999 (Online Resource 2). Denver 
et al. (Denver et al. 2019) reported that a method is suitable 
if RSD and RME are ≤ 15%, however, in this study both were 
less than 10% (Table 1c). Relative and absolute recoveries 
were higher than 90% indicating very less loss of Cuc B dur-
ing MIP based extraction process. Thus it can be concluded 
that the developed method was highly linear, precise, and 
accurate for samples having toxic Cuc B. Limit of detection 
of the present method was 5 gμ/mL.

Overall proposed method is fast and doesn’t require exten-
sive sample preparation as compared to already reported 
methods (Online Resource 1). Key features of the developed 
MIP based SPE cartridge that assured fast quantification was 
its high affinity towards Cuc B thus low run time of sample 
through the cartridge was required. Furthermore, removal of 
the template from MIP was also easy, and obtained elute can 
be directly subjected to quantification by spectrophotometer 
without any further processing. Recently, Xiao et al. (2018) 
developed a new method to determine Cuc B in rat plasma 
using UPLC-MS/MS. The lower limit of quantification was 
0.05 ng/mL for the reported method which was significantly 
lower than the present methodology. However, for food qual-
ity control proposed method is highly suitable owing to its 
simple sample preparation procedure, no requirement of 
sophisticated instrumental analysis, and less time required 
for quantification.

4  Conclusion

In the present study, a method was developed to quantify 
toxic Cuc B in commercial bottle gourd juice and bottle 
gourd fruit peel and pulp. A comparative analysis of both 
polymers was done.

1. Equilibrium binding experiment showed that the binding 
capacity of developed MIP was superior to NIP at all the 
studied concentrations of Cuc B. Based on IP 100 mg of 
both the polymers was selected for further characteriza-
tion.

2. SPE of Cuc from MIP and NIP demonstrated that 5% 
and 89%, respectively of analyte was removed by  CHCl3 
during washing due to non-specific interaction. The 
remaining analyte was recovered during elution using 
protic and polar solvent i.e. methanol.

3. The loading capacity of developed MIP was 0.5 μg of 
template per mg of MIP. Present MIP was highly selec-
tive to Cuc B as compared to other triterpenoids includ-
ing Cuc I, stigmasterol, and betulinic acid.

4. Scatchard analysis revealed that MIP had better binding 
capacity and low equilibrium dissociation constant as 
compared to NIP.

Fig. 5  a TLC profile of Cuc B standard and control bottle gourd 
juice with it’s washed and eluted MIP fractions (chloroform/metha-
nol = 9.5/0.5). b HPLC chromatogram of TLC spot of the eluted frac-
tion of bottle gourd juice. Mass spectrum of peak at 11.031  min is 
inset (0.1% formic acid in water (solvent A) & 0.1% of formic acid 
in 90% aq. acetonitrile (solvent B). 95:5 (A:B) to 100% solvent B in 
20 min, flow rate 0.3 mL/min. After 5 min gradient went from 100% 
solvent B at to 95:5 (A:B) in 1 min. afterward, flow rate was 0.2 mL/
min and run terminated at 30 min)

◂
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5. MIP had higher rate of adsorption and surface area than 
NIP.

On all parameters, MIP performed better than NIP. 
Thereafter affectivity of the developed cartridge was 
tested against different bottle gourd samples. TLC analy-
sis showed that MIP successfully extracts Cuc from all 
samples and the presence of Cuc B in the eluted fraction 
was further confirmed by HRLC-MS. Cuc concentration 
in juice, peel, and pulp was 0.0028%, 0.0038%, 0.0024%, 
(w/w) respectively. Gamma irradiation had no significant 
effect on triterpene concentration in samples at all the 
studied doses up to 5 kGy. Further, it was also observed 
that enzymatic treatment did not affect Cuc quantity due 
to the conversion of Cuc glycoside to aglycone by natu-
rally present elaterase in Lagenaria siceraria. Based on 
the recovery of Cuc as well as precision and accuracy of 
the developed MIP it can be concluded that the present 
method is highly suitable to quantify toxic Cuc B in bot-
tle gourd, therefore, assuring its quality. The developed 
quantification technique was rapid since the time required 
to quantify Cuc concentration in packed bottle gourd juice 
was around 45 min only.
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