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Design and Characterization of Nanoflowers-
based Biosensor for Estimation of Bilirubin in 
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Nanoflowers (NFs) are flower-shaped nanoparticulate systems with a higher surface-to-volume ratio and 
good surface adsorption. Jaundice indicates yellow discoloration of skin, sclera, and mucus membrane 
and is a clinical indication of bilirubin accumulation in the blood which occurs as a consequence of the 
incapability of the liver to excrete bilirubin in the biliary tree or conjugate bilirubin and higher production 
of bilirubin in the body. Several methods have been developed so far for bilirubin estimation in jaundice 
like the spectrophotometric method, chemiluminescence method, etc., but biosensing methods provide 
advantages over traditional methods concerning the surface area, adsorption, particle size, and functional 
characteristics. The primary objective of the present research project was to formulate and examine 
the adsorbent nanoflowers-based biosensor for accurate, precise, and sensitive detection of bilirubin in 
jaundice. The particle size of adsorbent nanoflowers was found to be in the range of 300-600nm with 
the surface charge (zeta potential) in the range of -1.12 to -15.42 mV. Transmission electron microscopy 
and scanning electron microscopy images confirmed the flower-like morphological structure of adsorbent 
NFs. The adsorption efficiency of NFs for bilirubin adsorption was maximum at 94.13%. Comparative 
studies of bilirubin estimation in the pathological sample with adsorbent NFs and diagnostic kit displayed 
bilirubin concentration to be 1.0 mg/dL in adsorbent nanoflowers and 1.1 mg/dL with diagnostic kit 
indicating effective detection of bilirubin with adsorbent NFs. The nanoflower-based biosensor acts as a 
smart approach to elevate adsorption efficiency on the surface of nanoflower due to a higher surface-to-
volume (SV) ratio. 
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INTRODUCTION

Nanoflowers (NFs) are flower-shaped nanopartic-
ulate systems with various applications in bio-sensing, 
drug delivery, catalysis, optoelectronic device, etc. [1]. 

Different processes are used for the synthesis of NFs, like 
immobilization methods, crosslinking methods, conjuga-
tion methods, and self-gathering methods [2,3]. NFs are 
made up of different layers of petals, which render the 
increased surface area comparatively smaller in struc-
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ture to facilitate their application in various areas like 
biosensing, catalysis, purification, and drug delivery [1]. 
The present applications of NFs include gene carriers, 
photosensitizers, photothermal treatment, detection of 
various diseases like neurodegenerative conditions, dia-
betes, and food infection. Also, NFs extend new aspects 
in many fields such as purification of enzymes, removal 
of dyes and heavy metals from water. Due to a higher 
surface-to-volume (SV) ratio with greater surface adsorp-
tion, NFs showed faster reaction kinetics. On the basis of 
the particle size and morphological structure, NFs show 
increased stability and better adsorption efficiency and 
are the preferred choice of nanoparticulate systems attrib-
utable to their relatively simple method of synthesis and 
cost-effective and non-toxic properties [3-6].

Jaundice indicates yellow discoloration of skin, 
sclera, and mucus membranes and is a clinical indication 
of bilirubin accumulation in the blood, which occurs as a 
consequence of the incapability of the liver to excrete bil-
irubin in the biliary tree or conjugate bilirubin and high-
er production of bilirubin in the body [6]. Normal serum 
bilirubin levels are <17 µmol/L and in the case of jaun-
dice, the serum bilirubin levels increase to >34 µmol/L 
[7]. Serum bilirubin levels are used as a biomarker to 
help diagnose several liver illnesses, such as Gilbert syn-
drome, CN syndrome (Crigler-Najjar syndrome), Robert 
syndrome, and in severe cases, bilirubin encephalopathy. 
Bilirubin is a catabolically produced, yellow tetrapyrrole 
compound produced by the degradation of red blood cells 
(RBCs). The end product of RBCs in the blood vessel 
is bilirubin, and bilirubin is accumulated with albumin 
conjugates with glucuronic acid in the liver. This con-
centrated bilirubin along with bile constituents in the gall 
bladder breaks down into bilirubin and acid, which leads 
to blockages of passages due to the absorption of biliru-
bin in blood serum, elevating the levels of bilirubin in the 
blood leading to hyperbilirubinemia [6,8,9]. Bilirubin de-
tection methods employed earlier were mainly dependent 
on the oxidation product of bilirubin, biliverdin, which 
showed interference of pigments like carotene, hemo-
globins, and xanthophylls in bilirubin assessment limit-
ing the efficacy and sensitivity of the technique [10,11]. 

Different methods used for bilirubin estimation in biolog-
ical samples are the direct spectroscopic method, diazo 
reaction method [12], fluorometry, high-pressure liquid 
chromatography, and enzymatic assay [13,14]. This set 
of methods employed for bilirubin estimation in jaun-
dice requires expensive instrumentations, extensive time, 
and highly skilled labor. Adsorption is an effective and 
reliable technique for the estimation of biological com-
pounds from serum. To overcome the limitations of 
conventional methods–(diazo method, vanadate oxidase 
method, capillary electrophoresis, and fluorometry) like 
sensitivity concerning change in environment, expen-
sive instrumentation, results influenced by the change 
in moisture and temperature, and requirement of costly 
chemicals–nanoparticulate systems are developed [10]. 
Chitosan (CS) is a biodegradable, biocompatible, and 
naturally occurring polymer and possesses three func-
tional groups [15]. Nanoflowers-based biosensors for 
bilirubin estimation in jaundice were prepared using the 
inotropic gelation technique. The effective complexation 
between polymer and cross-linker; CS and sodium trip-
olyphosphate (STPP) displayed the formation of com-
plexation leading to the formation of nanoflowers. Due 
to higher surface area and SV ratio, biosensor-based ad-
sorbent nanoflowers are novel nano-formulation systems, 
used for increased adsorption efficiency (%) and adsorp-
tion capacity. The focus of this research was to suggest 
and examine the adsorption behavior of NFs for bilirubin 
quantification in jaundice. Dissolution of polymer (CS) 
in an acidic medium leads to the formation of cationic 
group NH3

+. At pH 9.1, hydroxide and phosphoric ions 
existing in STPP solution, reacts with NH3

+ in CS, where 
hydroxide ions in STPP solution are accountable for 
deprotonation of CS resulting in crosslinking of polymer 
and cross-linker.

MATERIALS AND METHODS

Materials
Bilirubin (C33H36N4O6), and Dicalcium Phosphate 

(CaHPO4) were obtained from Loba Chemie, Mumbai, 
India. STPP was procured from Research Lab, Mumbai, 
India. CS was purchased from SISCO Research Labo-
ratories Pvt. Ltd. Mumbai, India. Erba Bilirubin (Total) 
biochemistry reagent (4*60 ml) was procured from Erba 
Mannheim. All other compounds and reagents that were 
utilized were of analytical grade.

Methods
Preparation of Adsorbent Nanoflowers: The iono-

tropic gelation technique was used for the preparation of 
adsorbent nanoflowers using CS, STPP with DCP in the 
ratios of 1:3.5:1 (% w/w) as illustrated in Table 1. CS 
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solution (1%) was prepared under continuous stirring. To 
1% CS solution, 3.5% of aqueous STPP was added drop 
by drop under continuous stirring for 30 min. Then, 1% 
DCP solution was added to the above-prepared solution 
and stirred for 30 min. The resultant solution was probe 
sonicated for 30 min, then centrifuged at 8000 rpm for 10 
min at 25oC and the product obtained was allowed to dry 
at room temperature. The prepared NFs were abbreviated 
as KA6. The composition of adsorbent nanoflowers are 
stated in Table 1.

Characterization of Adsorbent Nanoflowers: The 
particle size (PS), surface charge (SC), and polydisper-
sity index (PDI) of adsorbent nanoflowers (KA1-KA6) 
were studied using Malvern zeta seizer (MAL 1118512 
UK) with double distilled water as the dispersion medi-
um at ambient temperature by light scattering technique. 
Based on results from particle size, surface charge, % ad-
sorption efficiency (AE), and adsorption capacity; formu-
lation KA6 was further characterized for; field emission 
scanning electron microscopy (FE-SEM), transmission 
electron microscopy (TEM), Attenuated total reflec-
tance-Fourier transform infrared spectroscopy (ATR-
FTIR), differential scanning calorimetry (DSC), nuclear 
magnetic resonance spectroscopy (NMR), thermal grav-
imetric analysis (TGA), and differential thermal analy-
sis (DTA). FE-SEM and TEM of formulation KA6 were 
assessed for the morphology of adsorbent nanoflowers. 
The chemical characteristics include functional groups 
and chemical interactions between different excipients 
of blank adsorbent nanoflower KA6: bilirubin adsorbed 
nanoflower formulation KA6, CS, STPP, and DCP were 
examined with ATR-FTIR spectroscopy (Perkin Elmer, 
USA) at the wavelength of 400-4000 cm-1. Thermal anal-
ysis of KA6 was observed using DSC (Mettler Toledo, 
Switzerland). For the DSC studies, KA6 was sealed in 
aluminum pans with a temperature range of 30-300 oC, 
at a flow rate of 10 oC/min with N2 purge. Formulation 
KA6 was also characterized for TGA and DTA (Shimad-
zu, Japan).

Adsorption Studies of Nanoflowers
The Influence of Bilirubin Levels on Adsorption: The 

impact of bilirubin concentration on % AE and adsorption 
capacity was investigated with a 10 mL bilirubin sample 
solution using phosphate buffer (PB) pH 7.4 as a solvent 

with various concentrations (100, 120, 140, 160, and 180 
ppm) of bilirubin. To the prepared bilirubin sample solu-
tions, 5 mg adsorbent nanoflowers were added and the 
resulting solution was agitated in an orbital shaker for 
2-3 h, following which the concentration of bilirubin in 
supernatants is examined under a UV-visible spectropho-
tometer (Shimadzu, Japan) at 440 nm. The % AE along 
with adsorption capacity of nanoflowers on different con-
centrations of bilirubin was monitored from the results.

Using the formula, the adsorption efficiency of NFs 
was computed:

Where, Co: concentration of bilirubin (mgL-1), Ct: 
equilibrium bilirubin concentration in solution (mgL-1)

The adsorption capacity of NFs was determined by 
the following formula:

Where, qe: Adsorption capacity, Co: concentration 
of bilirubin (mgL-1), m: adsorbent nanoflower mass (g), 
Ct: equilibrium bilirubin concentration in solution (mgL-

1), and V: volume of solution (ml).

Impact of The Number of Adsorbent Nanoflowers: 
The impact of concentration of adsorbent on % AE and 
adsorption capacity was investigated with 10 mL biliru-
bin sample solution using PB pH 7.4 as a solvent with 
various amounts (6, 12, 18, 24, and 30 mg) of NFs. The 
resulting solution was agitated in an orbital shaker for 
2-3 h, following which the concentration of bilirubin in 
supernatants was studied using a UV-visible spectropho-
tometer (Shimadzu, Japan) at 440nm. The data were used 
to calculate the % AE and capacity of nanoflowers with 
various amounts of adsorbents.

Desorption Studies: A desorption study for adsor-
bent NFs was conducted to examine the re-utilization 
of NFs for bilirubin adsorption. The bilirubin adsorbed 
nanoflowers were suspended into PB pH 7.4 and bioac-
tive NFs were separated from the solution using centrif-
ugation and washed with PB pH 7.4. For subsequent bil-
irubin estimation, the bioactive nanoflowers were filtered 

Table 1. Composition of Adsorbent Nanoflowers

Composition Formulation 
KA1 KA2 KA3 KA4 KA5 KA6

Chitosan (CS) 1 % 1 % 1 % 1 % 1 % 1 %
Sodium tripolyphosphate (STPP) 1 % 1.5 % 2 % 2.5 % 3 % 3.5 %
Dicalcium Phosphate (DCP) 1 % 1 % 1 % 1 % 1 % 1 %
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keeping the CS and STPP ratio at 1:3.5. To ascertain the 
surface charge of formulation KA6, the zeta potential of 
adsorbent nanoflowers was examined which was found 
to be -14.10±0.16 mV. The nanoflowers’ SC plays a key 
influence in the colloidal stability of the formulation. The 
results obtained indicate the stability and uniform distri-
bution of particles in nanoflowers. The SC is the main 
factor responsible for the adsorption of NFs and other 
factors which influence the NFs are: method of synthe-
sis, pH, PS, and environmental condition. The adsorbent 
nanoflowers for bilirubin estimation were formulated by 
the ionotropic gelation technique. In the formation of 
adsorbent nanoflower KA6, due to complexation with 
STPP, CS underwent gelation. From the anionic charge 
of the adsorbent nanoflower, it is possible to extrapolate 
that polyelectrolyte complexation between the polymer 
and cross-linker causes anionic STPP to adhere to the sur-
face of the cationic polymer.

FE-SEM
FE-SEM was performed to determine the surface 

morphology of formulation KA6, and surface morphol-
ogy showed flower-shaped structures; Figure 1 depicts 
surface morphology of formulation KA6. The results of 
FE-SEM indicated the formation of flower-shaped nano-
flowers due to the complexation of CS and STPP. The 
ionotropic gelation technique was used for the prepara-
tion of the adsorbent NFs and the diameter of NFs in-
creased with a higher concentration of polymer while the 
size of NFs reduced with increasing concentration of the 
cross-linking agent. The SEM results showed the forma-
tion of flower-like nanoformulation with closely packed 
petals and average particle size in the range of 200-500 
nm. The nanoflowers possessed a higher surface area, as 
a result of the large number of closely packed petals en-
circling the core of the formulation [16].

TEM
The morphological characteristics and structure of 

nanoflowers were studied using TEM and Figure 2 illus-
trates the surface morphology of NFs KA6. The surface 
morphology of formulation KA6 showed a petal-like 

and re-dispersed in a 10 mL fresh sample solution.
Artificial Urine Sample Study of Nanoflowers: 

Ten-milliliter artificial urine samples with varying con-
centrations of bilirubin from 1 mg/dL to 5 mg/dL were 
prepared. Five-milligram NFs were added to the above 
prepared artificial urine samples and the resulting solu-
tions were kept in an orbital shaker for 2-3 h following 
which the concentration of bilirubin in supernatants is ex-
amined with a UV-visible spectrophotometer (Shimadzu, 
Japan) at 440nm. The % AE and adsorption capacity of 
NFs in artificial urine were estimated from the results.

Pathological Sample Study of Nanoflowers: For the 
real-time studies of bilirubin estimation in jaundice, five 
patients with jaundice were examined in Cooper Hospital 
(Mumbai, India). Five-milligram NFs were added to the 
urine samples of patients and the resulting solutions were 
kept in an orbital shaker for 2-3 h following which the 
concentration of bilirubin in supernatants was examined 
under a UV-visible spectrophotometer (Shimadzu, Japan) 
at 440nm. Percent AE and adsorption capacity of NFs in 
the pathological urine sample were estimated from the re-
sults. Negative urine samples were considered as control 
group. For bilirubin estimation by diagnostic kit, 10 mL 
working reagent using total bilirubin reagent and sodium 
nitrile reagent was prepared. To the prepared working re-
agent, test solution (pathology urine samples) were added 
and the resulting solution was examined for total biliru-
bin concentration by the diazo method using the Erba 
biochemistry analyzer. The same procedure for patholo-
gy sample studies using nanoflowers was followed and 
the comparative study for bilirubin estimation by adsor-
bent nanoflowers and the diagnostic kit was studied. The 
adsorption-based experiments of adsorbent nanoflowers 
were performed in triplicate, with reproducible outcomes.

RESULTS AND DISCUSSION

PS and SC
The PS and SC of adsorbent nanoflowers (KA1, 

KA2, KA3, KA4, KA5, and KA6) are stated in Table 2. 
The PS of the KA6 formulation was measured at 332.96 
± 6.21nm. The nanoflower distribution was observed to 
be uniform, and the PS of nanoflowers was regulated by 

Table 2. PS, SC, and PDI
Formulation PS (nm ± S.D.) SC (mV± S.D.) PDI
KA1 647.26±6.12 -15.26±0.38 0.56±0.21
KA2 531.40±4.31 -15.20±0.37 0.55±0.03
KA3 441.23±5.54 -15.20±0.21 0.46±0.37
KA4 431.96±5.53 -15.90±0.57 0.42±0.02
KA5 415.31±5.96 -15.10±0.03 0.49±0.51
KA6 332.96±6.21 -14.10±0.16 0.42±0.27
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Figure 1. SEM images of formulation KA6.

Figure 2. Transmission electron micrographs of formulation KA6.

structure and the particle size of the formulation ranging 
between 200-500 nm. The effective complexation be-
tween CS and STPP in adsorbent nanoflowers developed 
with the inotropic gelation technique was due to the effec-
tive complexation between CS and STPP [17].

ATR-FTIR Spectroscopy
The ATR-FTIR study of CS studied at 400-4000 cm-1 

showed a peak at 1174 cm-1 for (C-O-C) and 2865 cm-1 

attributed to the presence of the CH2 group. The char-
acteristic peaks of STPP were observed at 1124.7 cm-1 
and 915.7 cm-1 suggesting the presence of (P=O) and 

(P-O-R). FTIR study of formulation KA6 showed a peak 
at 1635.07 cm-1 assigned to CO-O stretching and 325.54 
cm-1 attributed to O-H stretching. ATIR-FTR analysis of 
NFs KA6 showed effective complexation between poly-
mer and cross-linker, CS and STPP, resulting in the for-
mation of NFs. The shift in the peak of O-H bending from 
3247 to 3319 cm-1 indicated the electrostatic interaction 
between CS and STPP with increased interaction of hy-
drogen bond in CS. In the formation of adsorbent NFs, 
the peak associated with CS showed a shift from 1589 
to 1543 cm-1 indicating the presence of the C=O amide 
group. Symmetrical stretching of NH2 and C=O amide 
group from 750-512 cm-1 confirmed interaction amid CS 
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between polymer and cross-linker, thereby indicating the 
development of complex between CS and STPP. The shift 
in the peak of the DSC thermogram for formulation KA6 
indicates the complexation between CS and STPP, due to 
the electrostatic interaction of the polymer with the cross-
linker, thereby confirming the development of NFs [19].

TGA and DTA
TGA and DTA analysis of the formulation KA6 

depicts the thermal behavior of adsorbent nanoflowers. 
Thermal analysis (TGA and DTA curve) of formulation 
carried out within a certain range of temperature between 
37ºC to 800ºC is demonstrated in Figure 5a,b. The TGA 

and STPP [18] (Figure 3).

DSC
DSC analysis of formulation KA6 was performed 

under a temperature range of 30-300ºC and a flow rate 
of 10ºC/min with a nitrogen purge. The thermogram of 
nanoflower formulation KA6 (Figure 4) demonstrated 
the endothermic and exothermic peaks at 90.32°C and 
249.02°C, respectively. The water evaporation associated 
with the CS resulted in the endothermic peak of formula-
tion KA6 at 90.32°C while the exothermic peak of formu-
lation KA6 observed at 249.02°C attributed to the chang-
es in the formulation KA6 due to molecular interaction 

Figure 3. FTIR-ATR spectra of i) CS, ii) STPP, iii) DCP, and iv) Formulation KA6.

Figure 4. DSC thermogram of formulation KA6.
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The complexation formed in the formulation KA6 
between CS and STPP was confirmed by the 1H NMR 
spectrum. Figure 6 shows the peaks of formulation KA6 
in 1H NMR by using DMSO as the solvent at 3.54ppm 
and 2.43 ppm. The 1HNMR peak shown at 2.43ppm de-
picts the peak of residual solvent DMSO-d5, while the 
peak observed at 3.54ppm is the characteristic peak of 
proton in CS (-OCH3). The 1H NMR reported the peak 
of CH3 residue and the peak of protons (H2, H3, H4, H5, 
and H6) in the CS backbone from 2.43 ppm to 3.54 ppm. 
As reported in the literature and from the result of the 
intermolecular interaction between CS and STPP, find-
ings from the 1H NMR spectrum of formulation KA6 
provided confirmation of the development of adsorbent 

graph of formulation showed the loss in weight of mass 
from 99.09% to 43.01% in the temperature range of 
29.16ºC to 806.70ºC. The DTA graph of KA6 analogous 
to the temperature axis indicated the endothermic peak 
after 710ºC. Crosslinking of CS with STPP resulted in 
increased thermal stability of NFs. From the findings of 
the TGA curve, it was observed that the thermal analysis 
of formulation did not have signal association thereby, 
confirmed successful complexation between polymer and 
cross-linker. The intermolecular interaction between CS 
and STPP confirmed thermal stability concerning adsor-
bent NFs [20,21].

1H NMR

Figure 5. (a).TGA graph of formulation KA6 and (b). DTA graph of formulation KA6.

Figure 6. 1H NMR spectrum of formulation.
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of nanoflowers reduces after repeated use. The loss of 
activity in the adsorbent nanoflowers was noticed after 
the second run. Henceforth, the nanoflowers for bilirubin 
estimation could be used for two runs after which the % 
AE reduces [16] (Figure 8).

Comparative Study of Bilirubin Adsorption of Pa-
thology Sample by Nanoflowers and Diagnostic Kit: The 
comparative study of bilirubin estimation in pathology 
samples with adsorbent nanoflowers and a diagnostic kit 
was carried out to evaluate the efficiency of adsorbent 
NFs (Table 3) In pathology sample analysis with adsor-
bent NFs, the bilirubin concentration of patients was ob-
served to be 1.2 mg/dL, 0.9 mg/dL, 1.4 mg/dL, 1.0 mg/
dL, 0.8 m/dL, patient 1, 2, 3, 4, and 5 respectively. In pa-
thology sample analysis with diagnostic kit, the bilirubin 
concentration was found to be 1.3 mg/dL, 1.1 mg/dL, 1.3 
mg/dL, 1.1 mg/dL, and 0.8 mg/dL, patient 1, 2, 3, 4, and 
5, respectively. Similarly with negative urine samples, 
the bilirubin concentration was found to be 0.02 mg/dL, 
0.01 mg/dL, 0.00 mg/dL, 0.01 mg/dL, and 0.00 mg/dL, 
patient 1, 2, 3, 4 and 5 respectively. From the results of 
the pathology sample study, it was observed that the nor-
mal range of bilirubin concentration was within the limits 
of 0.1-0.9 mg/dL. The pathology sample study indicated 
a higher concentration of bilirubin in patients. The results 
from the comparative study of pathology sample with ad-
sorbent nanoflowers and diagnostic kit [24], showed the 
efficiency of adsorbent nanoflowers for bilirubin estima-
tion in jaundice.

CONCLUSIONS

Adsorbent nanoflowers-based biosensors for biliru-
bin estimation were prepared by ionotropic gelation tech-
nique to enhance the adsorption behavior of bilirubin and 
accurate and sensitive detection of bilirubin in jaundice. 
The prepared nanoflower-based biosensor was evaluated 
for adsorption of bilirubin and comparative study of bil-
irubin adsorption by nanoflowers from solution and arti-

NF [17,22].

In Vitro Adsorption Study of Biosensor-based 
Nanoflowers

Influence of Bilirubin Levels on Adsorption: The 
effect of bilirubin concentration on % AE of adsorbent 
NFs formulation KA6 is shown in Figure 7. The % AE 
of nanoflowers decreased from 93.05% to 85.03% when 
the concentration of bilirubin increased from 100 PPM 
to 160 PPM. The results of bilirubin concentration on 
nanoflower adsorption revealed that when bilirubin con-
centration was increased, the adsorption effectiveness of 
nanoflowers decreased. The lower adsorption sites avail-
able for bilirubin adsorption with a higher concentration 
of bilirubin thereby indicate the reduction in % AE of 
nanoflowers [23].

Impact of the Quantity of Adsorbent Nanoflowers: 
The impact of the quantity of nanoflowers (6, 12, 18, 24, 
and 30 mg) of NFs KA6 on the adsorbent efficiency of 
bilirubin is depicted in Figure 7b. In formulation KA6, 
the greatest adsorption effectiveness of nanoflowers for 
bilirubin determination was reported at 25mg. When the 
amount of adsorbent was raised from 5mg to 25mg, the 
% AE of NFs for bilirubin adsorption enhanced from 
87.32% to 90.13%. As a result of the impact of the quan-
tity of nanoflowers, the % AE of nanoflowers for bili-
rubin estimation shows linear growth as the amount of 
adsorbent is increased. The linearity between % AE and 
amount of adsorbent was largely by the virtue of, with an 
increased amount of adsorption, available effective area 
for adsorption of bilirubin also increases, which in turn 
leads to higher adsorption sites available for bilirubin ad-
sorption and enhances the % AE and adsorption capacity 
of nanoflowers.

Desorption Study for Adsorbent Nanoflowers: A 
desorption study of nanoflowers was performed for the 
reusability of nanoflowers. From the desorption studies 
of adsorbent nanoflowers, it was observed that the % AE 

Figure 7 (a). Influence of bilirubin levels on adsorption and (b). Impact of the quantity of adsorbent on 
bilirubin adsorption.
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ficial urine sample and pathological sample analysis for 
adsorption of bilirubin. The particle size of nanoflower 
KA6 was in the range of 300-500 nm with zeta poten-
tial (surface charge) in the range of -14.01±0.16 mV to 
-15.90±0.57 mV. ATIR-FTIR spectroscopy study of for-
mulation KA6 showed effective complexation between 
polymer and cross-linker thereby indicating the forma-
tion of a complex that confirmed the formation of nano-
flowers. DSC thermogram of formulation KA6 indicated 
the development of nanoflowers due to polyelectrolyte 
complexation of polymer and crosslinker. The % AE of 
NFs-based biosensors was found to be 90.12%. With in-
creased available surface area, higher adsorption sites, 
with enhanced adsorption capacity, biosensor-based NFs 
showed exceptional ability as the nanoparticulate system 
in bilirubin quantification in jaundice. The prepared bi-
osensor-based nanoflower showed a higher potential for 
estimation of bilirubin in jaundice, but specificity was not 
explored in this study.
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