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A B S T R A C T   

Rutin was nano-encapsulated in date [En-Ru(D)] and mushroom [En-Ru(M)] β-glucan matrix to protect it from 
the harsh gastrointestinal environment and to enhance its bioavailability and biological activity upon digestion. 
The encapsulation was carried using green technology i.e., ultra-sonication. The En-Ru(D) and En-Ru (M) showed 
the hydrodynamic diameter of 314.04 and 482.21 nm with polydispersity index of 0.21 and 0.33. The in vitro 
release behaviour followed the Higuchi model. The antimicrobial activity of En-Ru(D) and En-Ru(M) were 
evaluated against gram negative E. coli (ATCC 25922) and gram positive (Staphylococcus aureus) bacteria. 
Furthermore, En-Ru(D) and En-Ru(M) exhibited increased bioavailability of rutin in intestinal fluid with 
retention of anti-obesity and antioxidant activities after digestion (p < 0.05). Therefore, β-glucan matrix can 
efficiently encapsulate flavonoids and regulate the release of functional bioactive ingredients in the simulated 
human digestive conditions.   

1. Introduction 

Flavonoids are a group of secondary plant metabolites, considered as 
a vital constituent having health-promoting properties. These flavonoids 
can be used in food fortification, preservation, and designing of healthy 
food products. Among the various flavonoids existing in plants, rutin 
(quercetin-3-rhamnosyl glucoside) is of distinct attention to food sci-
entists due of its immense nutraceutical potential such as antioxidant, 
anti-inflammatory, antimicrobial, anticancerous and antiobesity effect 
[1]. However, there are many constrains associated with bioavailability 
of rutin because of its low stability and solubility in both hydrophilic and 
lipohillic solution [2]. Also, rutin is unpleasant due to its astringent taste 
and undesirable sensorial attributes which further limits its use in food 
systems [3,4]. To overcome such obstacles, rutin has been entrapped 
within different carriers like starch, egg albumin, olive oil, and lipo-
somes [5–7]. Among different food grade delivery systems, β-glucan has 
gained focus as a wall material because of its honeycomb structure 
which can easily hold bioactive compounds resistance to heat, acid and 
enzymes, broad spectrum of biological activities and is a prebiotic [8,9]. 
The stability and harmless character of β-glucan makes it a GRAS sub-
stance certified by the FDA (US Food and Drug Administration) [8]. 
Further, the limitations of native β-glucan like low solubility, high vis-
cosity, less bioavailability etc can be efficiently overcome by reducing its 

size as previously reported by Ashraf et al. [8]: Ashraf et al. [9]. The 
structural variation of mushroom and date β-glucan results in difference 
in their properties. The β-1,6-linkages have been found in mushroom 
β-glucan however, both β-1,6 and β-1,4-linkages have been found in date 
β-glucan [10]. This could lead to difference in the ability of β-glucan to 
encapsulate the bioactive compounds [10]. 

Among physical techniques, ultrasonication is a promising technique 
for encapsulation of polyphenols as it is simple, rapid and produces a 
high yield without any need of purification [11]. Ultrasonication in-
volves the use of high intensity sound waves of frequency > 16 kHz to 
produce periodical waves when propagated through the medium. The 
agitation produces bubbles which later on collapse, generating high 
temperature and pressure and breaking the macropolymer chain [11]. It 
also facilitates the entry of encapsulant and water within the internal 
channels of wall material by removal of air. 

Hence, the purpose of this study is to explore the use of β-glucan from 
mushroom and dates as a carrier for rutin using a more environment- 
friendly ultrasound-based method. The nano encapsulated β-glucan 
particles loaded with rutin were studied for its release behaviour and 
retention of its biological activity in simulated gastric and intestinal 
juices. 
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1.1. Materials 

Dates (Phoenix dactylifera L.) and mushrooms (Agaricus bisporus,) 
were purchased from the local market of Srinagar, India. The chemicals 
and enzymes such as α-amylase (Aspergillus oryzea 30 U/mg), pancreatin 
(porcine pancreas 8 USP), pepsin (porcine gastric mucosa 250 U/mg) 
and bile salts were bought from Sigma-Aldrich. 

1.1.1. Extraction of β-glucan 
Alkaline method was used for the extraction of β-glucan from dates 

[12]. Briefly, sample was dried, milled and mixed with deionized water, 
pH was adjusted to 7 using sodium hydroxide and stirred vigorously for 
1 h at 90 ◦C. The extract was filtered through muslin cloth and then 
centrifuged. The pH of supernatant was adjusted to 4.5 followed by re- 
centrifugation. The 99% ethanol was used for precipitation of super-
natant followed by enzymatic treatment. The solution was again sus-
pended in ethanol. 

β-Glucan from the mushrooms was extracted following the method of 
Chaiyasut et al. [13] with some modifications. Fresh fruiting body of 
mushroom was washed in deionised water, sliced and dried out in a hot 
air oven at 36 ◦C for 11 h. Ground dried mushrooms were dissolved in 
NaOH (1 M) and heated at 80 ◦C for 6 h. This was followed by centri-
fugation (6000×g) at 4 ◦C for 25 min and pellet was washed with 
deionised water thrice and re-centrifugated to separate compounds such 
as heteropolysaccharides, phenols and glycogen. The recovered fraction 
was dissolved in acetic acid (1 M) and reheated at 80 ◦C for 2 h with 
constant stirring. After heating, the suspension was re-centrifuged. 
Ethanol (99%) was used to precipitate the supernatant followed by 
enzymatic treatment. The mixture was again suspended in ethanol. The 
recovered β-glucan was dried and stored for further analysis. β-Glucan 
Assay Kit (Mixed Linkage), megazyme, Ireland, Pro Lab Marketing PVT. 
LTD) was used to examine the purity of β-Glucan which was in the range 
of 94–97%. 

1.2. Nano-encapsulation of rutin in β-glucan matrix 

Mushroom and dates β-glucan (D-Glu& M− Glu) was dissolved the in 
2% NaOH solution and heated up to 50 ◦C until a paste-like solution was 
formed. The mixture was allowed to cool. Rutin (4 mg/mL) was dis-
solved in ethanol and added drop wise to the β-glucan solution with 
constant stirring on magnetic stirrer at 30 ◦C. This was followed by 
ultrasonication for 15 min at 40 KHz for 5 s “onset” and 3 s “offset” at 
28 ◦C. Further, the whole mixture was freeze-dried to get a fine powder. 
Samples were labelled as En-Ru(D) and En-Ru(M) for rutin nanocapsules 
from dates and mushroom β-glucan. 

1.3. Particle size and polydispersity index 

The particle size and polydispersity index was determined using 
Dynamic Light Scattering (Anton Paar, Litesizer). Sample (1.0 mg/mL) 
was dissolved in distilled water and sonicated at 20 KHz for 30 min to 
completely dissolve the polymer. 

1.4. Structural elucidation by ATR-FTIR 

Spectra of En-Ru (D) and En-Ru (M) was obtained using FTIR spec-
trometer system (Cary 630 FTIR, Agilent Technologies, USA), coupled to 
an ATR accessory. Analysis was carried out at room temperature, spectra 
was acquired in 4000–500 cm− 1 range at resolution of 4 cm− 1, using 
Resolution Pro software version 2.5.5 (Agilent Technologies, USA). 

1.5. Encapsulation efficiency 

The encapsulation efficiency was determined following the method 
described by Ashraf et al. [8]. Encapsulated sample (50 mg) was washed 
using distilled water (5 mL) followed by centrifugation at 4000 rpm for 

5 min. The supernatant was discarded and the pellet was collected and 
re-dissolved in distilled water followed by sonication at 40 kH for 30 
min. This was followed by centrifugation and filtration of the superna-
tant using Watman filter no 1. The absorbance of the filtrate was spec-
trophotometrically measured at 283 nm to estimate rutin content. 

The encapsulation efficiency (E.E) was estimated by using the below 
equation 

E.E (%) = Total amount of rutin entrapped in the β-glucan matrix 
/Total amount of rutin loaded in β-glucan × 100 

1.6. Swelling behaviour 

Freeze dried samples 0.1 g (W1) were dissolved in 10 mL of phos-
phate buffer saline at different pH values (3, 4, and 6.5) and incubated 
for 2 h at 37 ◦C. After incubation the samples were centrifuged at 1000 
× g for 10 min and supernatant was discarded and the pellet was 
weighed (W2). Swelling Behaviour is the gain in weight and was 
calculated by this formula 

Swellingbehaviour =
(W2 − W1)

W1
× 100  

1.7. Release behaviour of rutin from β-glucan 

Rutin release profile from β-glucan matrix was determined using 
dialysis membrane following the method of Costa et al. [14] with some 
modifications. Dialysis bags (molecular weight cut-off 14KD) were cut to 
a quantified length and rinsed (outer and inner surface) with sodium 
chloride (0.9%). After rinsing, 200 mg of each sample was added into a 
dialysis membrane and its ends were sealed properly followed by 
placing it into 200 mL of PBS (phosphate buffer solution) on magnetic 
stirring. After regular time intervals, 1 mL of sample was taken from PBS 
and rutin concentration was measured as a function of time by calcu-
lating the absorbance (Elisa Biotech Synergy HT) at 283 nm, which 
represents the maximum absorbance peak of rutin. 

1.7.1. Release Kinetics 
The release of rutin was modelled using the Higuchi equation [15]. 

According to the Higuchi equation, the quantity of bioactive released 
from the polymer matrix is proportional to the square root of time when 
based purely on Fickian diffusion. 

Q = kt1/2  

where Q is the amount of drug released in time t per unit area, k is a 
constant 

1.8. Antimicrobial assay 

1.8.1. Agar disc diffusion method 
Antibacterial ability of En-Ru(D) and En-Ru(M) was determined 

using method described by Ashraf et al. [9] with slight modifications. 
Briefly, En-Ru(D) and En-Ru(M) were tested against gram negative E.coli 
(ATCC 25922) and gram positive (Staphylococcus aureus). A suspension 
of 0.1 mL of 106 CFU/mL of each microorganism was spread on the solid 
medium of specific agar. Sterile disc of diameter 10 mm was placed on 
the agar plate inoculated with microbial strains. The sample extracts 
were placed on these sterile discs. Plates were then kept at room tem-
perature for 1 h to facilitate diffusion of En-Ru(D) and En-Ru(M) extract 
followed by incubation at 28 ◦C for 24 h. After incubation, diameter of 
clear zone around sample was measured with a calliper and expressed in 
millimetres (disc diameter included) as its antibacterial activity. 
Erythromycin discs of the same diameter as that of films were used as 
positive control. 
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1.9. Retention of the biological activity 

The encapsulated rutin was exposed to simulated gastric juice (SGJ) 
and simulated intestinal juice (SIJ) environment and its biological ac-
tivity such as anti-oxidant and anti-obesity by calculating percent inhi-
bition activity of cholesterol esterase & pancreatic lipase. Sample (50 
mg) was dissolved in 5 mL of SGJ and incubated at 37◦C for 1 h. After 
incubation, the sample was exposed to SIJ (5 mL) and re-incubated again 
for 3 h. This was followed by centrifugation for 10 min and recovered 
supernatant was used for biological activity. 

1.9.1. Antiobesity assay 

1.9.1.1. Pancreatic lipase inhibition assay. The Pancreatic lipase inhibi-
tion assay was done using the method followed by Ahmad et al. [16] 
with some modifications. Briefly, a sample mixture (50 µL) including 25 
µL of p- nitrophenol butyrate (pNPB), used as a substrate was incubated 
for 10 min. After incubation, 25 µL of pancreatic lipase solution (50 mg/ 
mL) was added to the mixture to start the enzymatic reaction and was 
again incubated for 30 min at 37 ◦C. The release of p-Vitrophenol was 
analysed at 405 nm. % inhibition was calculated using the following 
equation 1. 

%Inhibition = 1 −

(
D− E
B− C

)

× 100where, 

B = absorbance of the control (enzyme and without test sample); C =
absorbance of control blank i.e, without enzyme and test sample; D =
absorbance of reaction (with enzyme and test sample); E = absorbance 
of reaction blank (with test sample but without enzyme). 

1.9.1.2. Cholesterol esterase (CE) inhibition assay. The cholesterol lipase 
inhibition was done using the method followed by Ahmad et al. [16] 
with some modifications. A mixture containing 25 µL of p-Nitrophenol 
butyrate (pNPB), 50 µL cholesterol esterase enzyme solution (10 µg/mL) 
prepared in sodium phosphate buffer (0.2 M: pH 7.2) and sample (50 µL) 
was incubated for 30 min at 37 ◦C. The released p-Nitrophenol was 
monitored at 405 nm and percentage of enzyme inhibition was calcu-
lated using the Equation 1. 

1.10. Antioxidant assay 

1.10.1. Inhibition of lipid peroxidation 
The Inhibition of lipid peroxidation was done according to the 

method followed by Gani et al. [20]. Briefly, reaction mixture consisting 
of linoleic acid (1 mL), ascorbic acid (0.2 mL), H2O2 (0.2 mL), ferric 
nitrite (0.2 mL) and sample solution was incubated for 1 h at 37℃. After 
incubation TCA (1.0 mL) and TBA (1.0 mL) was used to terminate the 
reaction and re-incubated for 20 min. The whole mixture was then 
centrifuged and malonaldehyde content formed was evaluated by 
calculating the absorbance of the supernatant at 535 nm. 

The Percentage inhibition was calculated by using the Eq. 2: 

Lipidperoxidationinhibition(%) =
p − a

p
× 100  

where (p) is the absorbance of the control and (a)is the absorbance of the 
sample 

1.10.1.1. Ferric reducing antioxidant power activity assay (FRAP). Briefly 
FRAP reagent consisting of 0.5 mL of ferrous chloride (20 mM), 1 mL of a 
10 mM TPTZ and 1 mL of sodium acetate buffer (300 mM) at pH 3.6. To 
1 mL of sample solution, 3 mL of FRAP reagent was added. The mixture 
was incubated in dark for 15 min at room temperature followed by 
addition of 2.5 mL of trichloro-acetic acid solution (10% W/V) to re-
action mixture. After incubating the reaction mixture for 4 min at room 
temperature, the absorbance of each reaction mixture was measured at 
593 nm against distilled water using UV–vis spectrophotometer. 

1.10.1.2. Ferrous chelating activity. The ferrous ion chelating ability of 
En-Ru(D) and En-Ru(M) was determined using the ferrozine method. 
The reaction mixture consists of ferrous chloride (0.5 mL), ferrozine 
(0.25 mL) and sample solution (1 mL), to initiate the reaction. The 
volume of the mixture was adjusted to 2 mL with deionised water and 
the whole mixture was incubated for 10 min at room temperature and 
absorbance was measured at 562 nm The percentage inhibition of 
ferrozine–Fe2+ complex formation was calculated using the equation 2. 

1.11. Statistical analysis 

All the experiments were carried in triplicate and results were 
expressed as mean ± SD. Data was analysed using analysis of variance 
(ANOVA) and Duncan’s multiple range test at 95% level of significance. 

2. Results and discussion 

2.1. Particle size and polydispersity index (PDI) 

The size of the particle in suspension is the most important charac-
teristic feature to know the bioavailability and release behaviour. A 
suitable size of particle is associated with the stability against gravity 
because of Brownian motion. The particle size of En-Ru (D) and En-Ru 
(M) are presented in Table 1. The hydrodynamic particle size was 
found to be 314.04 and 482.21 nm with a PDI of 0.21 and 0.33 for En-Ru 
(D) and En-Ru (M), respectively. The nanosize of capsule may enhance 
bioavailability and prevent aggregation of particles [18]. Our results are 
somehow in accordance with the study of Ahmad et al. [17] which re-
ported the average size of chitosan loaded rutin nanoparticles in the 
range of 98–366.85 nm. 

The polydispersity index (PDI) measures the average homogeneity of 
particles in dispersion. Higher PDI value shows a larger size distribution 
of particles and vice versa. PDI value of<0.4 indicates narrow size dis-
tribution of particles [18]. The values of PDI of En-Ru(D) and En-Ru(M) 
were found to be<0.4 which corresponds to a narrow size distribution. 

2.2. Swelling behaviour 

Swelling behaviour (%) is a significant factor that tells us about the 
capability of an encapsulation medium to hold the bioactive compound 
during its transit through the gastrointestinal tract. It involves the 
rehydration of encapsulated particles in phosphate buffer at two altered 
pH 3 and 6 to simulate the environment of the stomach and intestine as 
shown in Fig. 1. It can be hypothesized that if encapsulated capsule 
swells over a time deprived of dissolution, higher will be a swelling 
index which indicates that the wall material is stable and hence, higher 
will be the interruption in the release of rutin. Further, if swelling power 
is lower, higher will be the dissolution of the capsule and the release of 
rutin will be instant [19]. En- Ru(M) and En-Ru(D) showed a higher 
degree of swelling under the simulated condition of the stomach at pH 3 
and 4. Furthermore, under simulated conditions of intestines at pH 6.5 
En- Ru(M) and En-Ru(D) capsules started its dissolution followed by the 
release of rutin. The mushroom and date β-glucan (Glu-M &Glu-D) units 
comprising of β-(1,6)- and β-(1,4)- linkage have the capability for 
interchain association and permits to have poor solubility [20]. These 

Table 1 
Particle size, Polydispersity Index and encapsulation efficiency of En-Ru(D) and 
En-Ru(M).   

En-Ru(D) En-Ru(M) 

Particle Size (nm) 314.04 482.21 
Polydispersity index (PDI) 0.21 0.33 
Encapsulation Efficiency (%) 89 91 

Where En-Ru(D) = rutin encapsulated dates β-glucan. 
En-Ru(M) = rutin encapsulated mushroom β-glucan. 
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results show that the release of rutin from the β-glucan matrix of dates 
and mushroom is pH-dependent and started its release in the intestines. 

2.3. Structural elucidation using FTIR (Fourier transform infrared 
spectroscopy) 

The ATR- FTIR provides the knowledge of the molecular arrange-
ment, interaction and characterization of nanocapsules. The FTIR results 
presented the probable interaction between β-glucan from dates (D-Glu) 
and mushroom (M− Glu) with flavonol rutin as shown in Fig. 2. The 
Infrared (IR) band of rutin shows specific characteristic peaks in the 
range of 500–1500 cm− 1 with the representative peak of OH stretching 
at 3423.97 cm− 1 and other functional groups such as carboxyl, and 
carbonyl groups were also shown. However, IR spectra of the En-Ru(D) 
and En-Ru(M) showed significant changes in comparison to pure rutin. 
The rutin loaded capsules displayed a swing in the - OH stretching at 
3393 cm− 1 for En-Ru (D) and 3308 cm− 1for En-Ru(M). This new band 
was absent in rutin or D-Glu and M− Glu. The formation of a new peak in 
En-Ru(D) and En-Ru(M) might be because of the encapsulation of rutin 
inside the β-glucan matrix. Further a slight vibration in the range of 
1300–1500 cm− 1 was observed in the En-Ru(D) and En-Ru(M). A similar 
peak shift was reported by Patil & Jobanputra for rutin encapsulated in 
chitosan nanoparticles [23]. Moreover, in D-Glu and M− Glu stretching 
vibrations of C–O at 1025 and 1205 cm− 1 were observed However, 

these bands showed lower intensity in En-Ru(D) and En-Ru(M).These 
positional changes in the peaks might be due to incorporation of the 
rutin within a carrier material [24]. Our results are in accordance with 
the previous study reported by Mei et al [8] which showed a similar 
result for encapsulation of rutin in lipid carrier. Remanan et al. [21] and 
Natarajanet al. [22] reported the similar behaviour of encapsulated 
rutin in carrier material. 

2.4. Encapsulation efficiency 

Encapsulation efficiency is the mass percentage of rutin entrapped in 
the β-glucan matrix. The encapsulation efficiency of β-glucan from dates 
and mushroom was 89% [En-Ru(D)] and 91% [En-Ru(M)] showing 
significant (p < 0.05) difference in the rutin holding ability. The factors 
which affect the encapsulation efficiency are size, source of wall mate-
rial, and process of encapsulation [25]. The rutin loading capacity of the 
date β-glucan (D-Glu) was higher than the mushroom β-glucan (M− Glu). 
This may be attributed to a structural difference of the β-glucan from 
various sources and extent of interaction between rutin and β-glucan. 
Farrag et al. [7] reported the difference in encapsulation efficiency of 
folic acid loaded on starch nanoparticles. These results displayed the 
capability of β-glucan to hold the rutin in its core due to the honeycomb 
structure [24]. However, Cahyonol et al. [26] reported the encapsula-
tion efficiency of rutin in chitosan matrix in the range of 60 to 90%. 

2.5. Release behavior of rutin from beta-glucan matrix 

To maintain an actual concentration of the bioactive compound in-
side the blood, plasma or to the targeted site, the control release designs 
are made. Different mathematical models are applied for the calculation 
of release kinetics of the bioactive compound under simulated gastro-
intestinal conditions. The En-Ru (D) and En-Ru (M) were placed in 
simulated gastrointestinal conditions for 180 min, and the cumulative 
release rate of rutin was interpreted using different mathematical 
models like Hixson- Crowell, Higuchi, and Korsmeyer-Peppas in order to 
evaluate the kinetics and the mechanism of release. The model that best 
fits the release data is selected based on correlation coefficient value. 
The Higuchi fitted the best for the release rate of rutin from the β-glucan 
matrix of dates and mushroom under simulated digestion conditions as 
shown in Fig. 3. Higuchi’s model involves the release of active in-
gredients from a solid matrix by diffusion process [15]. It is applicable to 
water soluble and sparingly water soluble drugs incorporated into solid 

Fig. 1. Swelling index of En-Ru(D) and En-Ru(M) at different pH. Where En-Ru 
(D) = rutin encapsulated dates β-glucan; En-Ru(M) = rutin encapsulated 
mushroom β-glucan. 

Fig. 2. The ATR-FTIR Spectra of En-Ru(D) and En-Ru(M).. Where En-Ru(D) = rutin encapsulated dates β-glucan; En-Ru(M) = rutin encapsulated mushroom β-glucan.  
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or semisolid matrix [27]. The data indicate that the release of rutin was 
best represented by the Higuchi model thereby following the Fick’s 
release behaviour. According to the Higuchi model, there is a linear 
relationship between the cumulative release rate of rutin and the square 

root of the simulated digestion time. As, it is clearly visible in Fig. 3 that 
En-Ru(D) nano-capsules showed different rutin release profiles than En- 
Ru(M). The difference in the release profile of En-Ru (D) and En-Ru (M) 
may be because of the structural difference of β-glucan obtained from 

Fig. 3. Fitting of release kinetics equation (Q = kt1/2) to rutin released from β-glucan from dates and mushroom in simulated gastrointestinal conditions. Where En- 
Ru(D) = rutin encapsulated dates β-glucan; En-Ru(M) = rutin encapsulated mushroom β-glucan. 

Fig. 4. Antimicrobial activity of En-Ru(D) and En-Ru(M). Where En-Ru(D) = rutin encapsulated dates β-glucan; En-Ru (M) = rutin encapsulated mushroom β-glucan.  
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various sources. The initial burst release of rutin from the β-glucan 
matrix may be because of the rutin adhered to the surface followed with 
a constant prolonged release of rutin signifying hydration and swelling 
of β-glucan matrix [28]. Similar results were reported by Ahmad et al. 
[17] for chitosan encapsulated rutin. 

Where K is the release constant 

2.6. Antimicrobial activity 

En-Ru(D) and En-Ru(M) showed antimicrobial property against the 
screened strains, namely gram-positive bacteria- Staphylococcus aureus 
and gram-negative bacteria- Escherichia coli. These strains exhibited 
comparable inhibition zones with positive control erythromycin. En-Ru 
(D) and En-Ru(M) showed 4 mm & 5 mm for Escherichia coli and 8 mm 
& 9 mm for Staphylococcus aureus at the concentrations of 20 μg/mL as 
shown in Fig. 4. A decreased but detectable activity was noticed for 
Escherichia coli in comparison to staphylococcus aureus. The antimi-
crobial activity of flavonoids is due to interaction of flavonoids with 
bacterial cell wall and disintegration of lipopolysaccharide layer hence 
impairing the permeability of cell membrane [29]. In addition the 
β-glucan has been also reported to exhibit antimicrobial activity [30]. 

2.7. Retention of biological activity 

The biological activity of nanocapsules of En-Ru (D) and En-Ru (M) 
was evaluated in terms of antioxidant and antiobesity activities before 
and after absorption under simulated gastrointestinal conditions. Bio-
logical activity of rutin have been assessed subsequently before and after 
their separation from plants but it is attention-grabbing to know about 
their meticulous biological potential after being consumed into the 
human body [16]. Bioactivity of encapsulated rutin using β-glucan as 
wall material is expected to retain after its transit through simulated 
gastrointestinal conditions. The biological activity of En-Ru (D) and En- 
Ru (M) after digestion was evaluated. 

2.7.1. Antioxidant activity 
The antioxidant potential of En-Ru (D) and En-Ru (M) were exam-

ined before and after in vitro digestion using lipid peroxidation, ferrous 
chelating, and FRAP assays (Table 2). The antioxidant potential of En-Ru 
(D) and En-Ru (M) before in vitro digestion was 58.86 and 56.39% for 
Frap, 68.66 and 71.7% for Ferrous chelating assay and 71.78 and 73.17 
for lipid peroxidation respectively. However, the antioxidant potential 
of the En-Ru (D) and En-Ru (M) after in vitro digestion were found to be 
66.12 and 62.31% for lipid peroxidation assay, 58.12 and 47.3% for 
FRAP, and 49.12 and 50.1% for Ferrous chelating assay respectively. 
Results revealed good antioxidant activity was retained by nanocapsules 
of rutin encapsulated in dates and mushroom β-glucan. An increase in 
the antioxidant potential of En-Ru (D) and En-Ru (M) under simulated 
gastro-intestinal condition after digestion may be due to the conversion 
of rutin to quercetin (a flavonoid aglycone) during digestion [19] and 
partial breakdown of β-glucan due to enzymes leads to exposure of more 
functional groups [24]. 

2.7.2. Antiobesity activity of En-Ru (D) and En-Ru (M) 
The antiobesity activity of En-Ru (D) and En-Ru (M) was examined 

before and after in vitro digestion by evaluating the percent inhibition of 
pancreatic lipase and cholesterol esterase enzymes. Before digestion 
percent inhibition activity of En-Ru (D) and En-Ru (M) was found to be 
74.9% and 71.12% for pancreatic lipase and 76.1 and 70.4% for 
cholesterol esterase. After digestion, it was found to be 62.3 and 68.5% 
for pancreatic lipase and 63.1 and 67.1% for cholesterol lipase under 
simulated gastro-intestinal conditions (Table 2). The release of bioactive 
compounds was not significantly affected by pH along the digestion 
process. As encapsulates are aimed for potential incorporation into food 
products, so it is important that release behaviour should be controlled 
by wall material during gastrointestinal digestion, as they protect the 

bioactivity of encapsulated bioactive compound from degradation. 
These results are as per the literature studies, which shows the release of 
bioactive compounds from encapsulates exposed to simulated gastro-
intestinal conditions. Mudasir et al. [16] reported the maximum quan-
tity of resveratrol released under simulated digestion conditions with 
high anti-obesity and anti-diabetic activity. The results indicate that 
β-glucan nanoparticles are desirable carriers for delivery of bioactive 
compounds which decrease the release in gastric fluid and enhance the 
same in the intestinal fluid [18]. 

3. Conclusion 

The use of β-glucan from dates and mushroom as a carrier for rutin 
molecules has multiple benefits of target delivery, prevention from 
acidic environment of stomach, wide range of biological activities and 
prebiotic properties. The encapsulation efficiency of β-glucan from dates 
and mushroom were 89% and 91%, revealing the considerable inter-
action of hydroxyl groups of rutin with β-glucan. The FT-IR analyses of 
the rutin-loaded β-glucan nanoparticles confirmed entrapment of rutin 
within its matrix. Rutin encapsulated in β-glucan matrix exhibited 
enhanced anti-obesity, antioxidant and antimicrobial activity. The re-
sults obtained from the present invitro study suggested that the encap-
sulation of rutin in β-glucan can be a better way for targeted release of 
rutin within the gastrointestinal tract. However future research is 
needed to explore the use of rutin capsules in different food systems for 
its enhanced health benefits. 
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Table 2 
Nutraceutical property of En-Ru(D) and En-Ru(M) before and after digestion.   

En-Ru(D) 
(Undigested) 

En-Ru(M) 
(Undigested) 

En-Ru(D) 
(Digested) 

En-Ru(M) 
(Digested) 

Antioxidant 
assay     

Lipid 
peroxidation 
(%) 

71.78 ± 0.1c 73.17 ± 0.3c 66.12 ±
2.1b 

62.31 ± 2 a 

Ferrous 
chelating 
(%) 

68.66 ± 4c 71.7 ± 1.1d 58.12 ±
0.1b 

47.1 ± 3.4a 

FRAP (%) 58.86 ± 2.8b 56.39 ± 0.9b 49.1 ± 02a 50.3 ± 2.4a  

Antiobesity 
activity     

Pancreatic 
lipase (%) 

74.9 ± 2.2d 71.12 ± 3.3c 62.3 ± 0.1a 68.5 ± 0.2b 

Cholesterol 
esterase (%) 

76.1 ± 2.1d 70.4 ± 1.1c 63.1 ± 1.9a 67.1 ± 1.1b 

Results are expressed means (n = 3) ± S.D. Values followed by same letter in a 
row do not differ significantly (p < 0.05). 
Where En-Ru(D) = rutin encapsulated dates β-glucan. 
En-Ru(M) = rutin encapsulated mushroom β-glucan. 
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