ournal of
Food Chemistry & Nanotechnology

Research Article

https://doi.org/10.17756/jfcn.2023-144

Microencapsulation of Spray Dried Resveratrol Emulsion
Using Sodium Caseinate-Maltodextrin Conjugate

Srushty O. Patil", Rajesh Bajaj*, Rahul Mehra®, and Harish Kumar**
'Dairy Chemistry, Dairy Technology Department, Parul Institute of Technology, Vadodara, Gujrat, India

zDairy Chemistry Department, National Dairy Research Institute, Karnal, Haryana, India
Food Science and Technology, Mahbarishi Markandeshwar University, Mullana, Ambala, Haryana, India
“Amity Institute of Biotechnology, Amity University Rajasthan, Jaipur 303002, India

‘Correspondence to:

Srushty O. Patil

Dairy Chemistry, Dairy Technology Department,
Parul Institute of Technology, Vadodara,

Gujrat, India

Email: srushtypatil5@gmail.com

Received: January 03,2023
Accepted: February 20,2023
Published: February 22,2023

Citation: Patil SO, Bajaj R, Mehra R, Kumar
H. 2023. Microencapsulation of Spray Dried
Resveratrol Emulsion Using Sodium Caseinate-
Maltodextrin Conjugate. J Food Chem Nanotechnol
9(1): 7-12.

Copyright: © 2023 Patil et al. This is an Open
Access article distributed under the terms of the
Creative Commons Attribution 4.0 International
License  (CC-BY)  (http://creativecommons.
org/licenses/by/4.0/) which permits commercial
use, including reproduction, adaptation, and
distribution of the article provided the original
author and source are credited.

Published by United Scientific Group

Abstract

Resveratrol (RSV') has been linked to a wide range of biological activities,
particularly anti-oxidant, antibacterial, anti-inflammatory, and anti-carcinogenic
characteristics. However, because of limitations such as chemical deterioration
happen during storage (UV light and oxygen), low aqueous solubility, and oral
bioavailability, this study used an emulsion-based system with sodium casein-
ate-maltodextrin (SC-MD) conjugate by Maillard reaction as coating materials
to increase RSV aqueous solubility. The characterization of microencapsulated
RSV emulsion spray-dried powder was done. Conjugate and casein microen-
capsulated RSV spray-dried powder showed 76.41 and 54.61% encapsulation
efficiency, 7 and 6.5 mm of average diameter, respectively. The composition of
spray-dried microencapsulated RSV emulsion with conjugate was found to be
14.2% moisture, 85.78% total solids, 38.20% protein, 7.81% fat, 0.83% ash, and
38.2% carbohydrate. As a result, microencapsulated RSV spray-dried powder
with a SC-MD conjugate improves the stability of RSV for providing the poly-
phenolic health advantages of RSV.
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Introduction

Resveratrol (RSV) (trans-3,5,4'-trihydroxystilbene; C,,H,,O,), a polyphenol
belongs to stilbens family having molecular weight of 228.25 g mol™, and a high
solubility in ethanol up to 50 mg/ml, is a triphenolic phytoalexin [1-3]. Red grape
and peanut skins were the predominant sources of RSV. Research has revealed
that RSV has several health benefits properties like antioxidant, anti-inflamma-
tory, protection from infection and lachomia, cardioprotective, anti-obesity, neu-
roprotective, antiviral, anticarcinogenic brain as well as heath protective effect [4,

5].

In addition to its health beneficial, RSV can be used as a nutraceutical com-
pound in the food industry, despite its limitations, which include low dispensabil-
ity in aqueous solution, chemical degradation from UV light and oxygen during
storage, and low oral bioavailability, as well as degradation under pancreatic con-
ditions. To address this issue, RSV was encapsulated using a variety of techniques
including, fluidized-bed coating, coacervation, liposome entrapment, and spray
drying [6], emulsion-based, niosomes, biopolymer particles, inclusion complexes
[1,7]. The RSV can be synthesized using a variety of oil carriers and emulsifiers
before being encapsulated using emulsion methods. Donsi et al. revealed that
RSV (0.01%) can be effectively dissolved in peanut oil after testing a variety of
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carrier oils [8]. Protein and carbohydrates were also essential in
the emulsion with the carrier oil for enhanced stability. Emul-
sions were prepared using a mixture of casein—carbohydrate
conjugate, by Maillard reaction.

'The more surface-active of the two composite blocks in
milk protein-carbohydrate conjugates—milk protein—ad-
sorbs at the oil/water (o/w) interface in an emulsion system.
'The hydrophilic component (carbohydrate) permeates most
of the emulsion's watery phase. The functions of milk protein
and carbohydrates in the operation of conjugate-based emul-
sifiers are complementary and cooperative [9]. Milk proteins
can be more effectively concentrated and mobile in an aqueous
solution by being conjugated with carbohydrates, which also
increases their solubility and ability to produce emulsions [10].
When milk protein conjugates with a carbohydrate molecule,
the carbohydrate molecule acts as a tail and is dragged by the
milk protein. Some investigations indicate that the conjugat-
ed milk protein molecules migrate across the bulk aqueous
phase and toward the o/w interface, despite the fact that the
carbohydrate does not normally function as a driving factor
for this migration. Strong steric stabilization is another fac-
tor contributing to the enhanced emulsion forming abilities of
milk protein-carbohydrate conjugates. When oil globules are
homogenized, the emulsifier adheres to their surface, limiting
their coalescence by steric repulsion [9]. The milk protein's
carbohydrate moiety on each oil globule's surface protrudes
into the emulsion's aqueous phase during homogenization,
preventing high-impact collisions from coalescing [11].

The RSV's solubility in oily matrices was around 0.047
—0.180 mg ml™ in vegetable oils [12, 13], which was greater
than in water at around 0.03 mg ml™. As a result, oil-in-wa-
ter type emulsions were employed for RSV encapsulation [4].
Different forms of stabilizers and surfactants have been em-
ployed in formulations, including proteins [14, 15], lecithin [8,
16, 17], starches and gums [14, 18], a mixture of these com-
ponents [19-21]. Protein-carbohydrate conjugates have been
offered as a feasible alternative to proteins for use as stabiliz-
ing/emulsifying agents due to their superior functional prop-
erties. Maillard reaction products have been demonstrated to
increase emulsifying properties such as emulsifying, foaming,
stabilizing, and solubility [15, 22-24]. Furthermore, as com-
pared to non-reacted proteins, Maillard conjugates have stron-
ger antioxidant activity, which may provide further protection
to the bioactive chemicals that have been encapsulated [25].
Accordingly, the purpose of this research is to formulate and
evaluate encapsulated spray-dried RSV emulsion.

Materials and Methods

'The maltodextrin (20 DE), sodium caseinate was acquired
from HiMedia Laboratories and Clarion, India respective-
ly. The soybean oil (Gemini, Cargill India Pvt. Ltd., Gujrat,
India) and resveratrol (Kuber Impex Ltd, Indore, India) were
purchased from the local market of Indore, India. Other re-
agents of analytical quality were obtained from (Sigma Al-
drich Co, USA) and (HiMedia, Maharashtra, India). Triple

distilled water was used to make all aqueous solutions.

Preparation of SC-MD conjugate

The SC-MD conjugate combination (1:1 w/w) was spray-
dried after being made in triple-distilled water with 30% total
solids and a shear rate of 0.966 PaSec to make the conjugate
by the dry technique. The spray-dried combination was then
exposed to a desiccator holding a saturated KCI solution for
12 and 24 hr at 60 °C and 80% relative humidity. Afterwards,
the samples were left in an ice bath for 20 to 30 min to restrict
the maillard reaction, as described by Clark and Tannenbaum
[26]. SC-MD conjugate was kept at 6 °C refrigerated condi-
tions for further analysis. The control has only SC and is made
in the same way.

RSV microemulsion preparation

The RSV microemulsion was prepared by taking 3.73
mg Resveratrol microemulsion preparation level, 10% oil, 3%
SC-MD conjugate for a 5-litre batch then mixing with
magnetic stirring for 1 hr at room temperature after this son-
ication was done for 40 min and pause of 9 sec at 5 °C with
the pulse of 60 in an ice bucket. After that, the emulsion was
spray-dried (Table 1).

Table 1: Condition for spray drying of emulsion.

Condition Temperature (°C)
Feed 40
Inlet air 180
Outlet air 90

Particle size

The conjugated and non-conjugated microencapsulated
RSV powder dissolved in water (1% solution, w/v) then check
the particle size using Mastersizer (Malvern Instruments Ltd.
Mastersizer-v3.70).

Scanning electron microscopy (SEM) of microencapsulated

RSV powder

For scanning, the microencapsulated RSV powder was
gold-coated with a magnetron sputter coater. Using a 20 kV
electric current and an FEI Quanta 250 FEG (FEI, Hillsboro,
USA), a SEM was used to look at the powder sample's mi-
crostructure properties according to the method of Mehra et

al. [27].
Rheology of reconstituted microencapsulated RSV powder

Rheology of reconstituted microencapsulated RSV powder
was done by using a Rheometer by taking different solutions
in water from 1 to 10% of SC-MD, Conjugate, and SC micro-
encapsulated RSV spray-dried.

RSV content by high performance liquid chromatography
(HPLC)

RSV content was determined using HPLC according to
the methods given by Bolko et al. with some adjustments [28].

Reagent

Solvent A: Mixture of methanol and water 10:90 (v/v)
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supplemented with 0.5% (v/v) acetic acid. Methanol used as a
mobile phase. The solvent A filtered through 0.45 pm pore size
PVDF filters and sonicate for 20 min before injecting them
into the HPLC system.

Solvent B: Mixture of methanol and water 90:10 (v/v) sup-
plemented with 0.5% (v/v) acetic acid. The solvent B was fil-
tered through 0.45 pm pore size PVDF filters and sonicate for
20 min before injecting them into the HPLC system.

Procedure

On a reverse-phase HPLC system, analyses were per-
formed (Dionex, Ultimate 3000, USA) using a reverse-phase
column C18 having a diameter of 250 mm x 4.6 mm with
the size of 5 pm. The flow rate was 1 ml/min, and the column
temperature was at 30 °C. The solvent mode was an isocratic
elution program with 15 min run time and quantification of all
samples was done at 306 nm with a sample injection volume
of 20 pl. Based on peak area the RSV content of unknown was
calculated using the equation of the standard curve separately.

Results and Discussion
Properties of spray-dried microencapsulated RSV emulsion

As it relates to the emulsion stability, viscosity, and effec-
tiveness in encapsulating bioactive chemicals when emulsions
are utilized for compounds, droplet size is a crucial emulsion
feature [29, 30]. Spray-dried microencapsulated RSV emul-
sion containing conjugate's composition was examined using
variables such moisture, total solids, protein, fat, ash, and car-
bohydrates. A variety of factors, including as the drying air in-
put temperature, the feed liquid's viscosity, the concentration
of solids, and the droplet residence time in the drying cham-
ber, affect how much water is present in the microencapsulated

RSV spray-dried powder.

As shown in Table 1 spray-dried microencapsulated RSV
emulsion with conjugate gives 14.2% moisture. Consoli et al.
was study the RSV loaded emulsion with conjugate spray-
dried powder giving 3.6% total water content [31]. It was

Figure 1: Particle size of microencapsulated RSV powcﬁ'er with conjugatei."
Saleasial
(2] spray dried sample emulsion-12 @3] spray dried sample emuision.12  <#r[d] spray dried sample emulsion.12  4{5] Average of ‘spray dried sample

&r(6] spray dried control emuision .12 @r[7) spray dried control emulsion .12 E¥{E] spray dried control emulsion .12 &3] Average of ‘spray dried control
\ J

discovered that earlier studies using SC-MD as the primary
carrier material were similar [32].

Conjugate and SC microencapsulated RSV spray-dried
powder had 76.41% and 54.61% encapsulation efficiency, re-
spectively. The conjugated microencapsulated RSV was stable
at spray-dried temperature and no degradation of the RSV
due to the good carrier of SC-MD as conjugate. Consoli et al.
studied the RSV loaded emulsion with conjugate spray-dried
powder giving 97.71% encapsulation efficiency [31]. Koga et
al. found that the microencapsulation efficiency is up to 68%

of RSV microcapsules with SC after spray drying [33].

Regardingmicroparticlesize parametersasshowninTable 3,
and Figure 3.1 mean diameter was around [D50] 54.6 pm
and [D4,3] 84.4 um with a span of 1.901. Since the primary
components of SC for «, § and k casein, have high molecular
masses up to 20 - 25 kDa and slowly adsorb across the surface
of the droplets, the size of the emulsion most likely developed
as a result, could not cover the entire oil/water interface [34].
The fact that droplets' diameters are constrained by the in-
terpore distance when the majority of the pores are active as
adjacent droplets prevent one another from becoming bigger
than it, is another factor that contributed to the larger particle
size [35].

(Table 2: Compositional analysis of microencapsulated RSV spray-dried
powder with conjugate. With  Maillard-reacted  continuous phase, more
Parameters Percentage polydisperse emulsions with bigger droplets were generated.
Moisture (%) 142+ 014 'The polydispersity that is produced by spray-dried powder also
Total solids (%) 3578 + 0.36 causes particle agglomeration because the smaller particles
Protein (%) 38.20 + 0.28 are primarily adhered to the surface of the larger ones. Due
Fat (%) 7.81+0.85 to the low molecular mass sugar's plastic behavior, particles'
Ash (%) 0.83+0.11 surfaces may become sticky after drying, facilitating their ad-
Carbohydrate (%) 38.2+0.18 herence and subsequent agglomeration [36]. Consoli et al. in
\All the triplicates’ values are presented as mean values + SD. ) their study I'CPOI'th the RSV loaded emulsion with conjugate
4 N\
Table 3: Physico-chemical characterization of microencapsulated RSV spray-dried powder.
Sampl. D[4,3] | D[3,2] | Dv[10] | Dv[50] | Dv{90] Span Encapsulation RSV loading
ampile (pm) (pm) (pm) (pm) (pm) (Dimensionless) efficiency (%) (mg RSV/gm | Reference
powder)
Microencapsulated
RSV spraypdried powder 84.4 39.3 22.3 54.6 126 1.901 76.41 2.9
RSV emulsion with
SC-MD conjugate by 14.31 - 2.98 10.16 25.35 2.20 97.71 0.79 [31]
Spray-dried particles
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spray-dried powder had a mean diameter around [D50] 10
pm and [D4,3] 14 um with a span of 2.20 [31].

SEM of spray-dried microencapsulated RSV emulsion

Spray-dried microencapsulated RSV emulsion with con-
jugate gives 7 mm of an average diameter like SC and un-
conjugated which gives 6.5 mm of the average diameter as
illustrated in Figure 2 and Figure 3. Results indicated irregu-
lar surfaces with different sizes of molecule, sharp, distinctive
,and clear individual spherical particles due to spray drying
of microencapsulated RSV emulsion with conjugate and SC.
Because of its improved encapsulation effectiveness, conjugate
emulsion has a smooth surface devoid of pores and fractures.
Spherical structure gives maximum stability owing to the min-
imum surface area to volume ratio of conjugate and SC emul-
sion. In conjugate emulsion even with the droplet disruption
caused by atomization nozzle in the spray draying process,
RSV was able to keep sited within the encapsulating matrix
i.e., SC conjugate and not over the particles surface.

A similar report represented that encapsulated RSV
emulsion with SC-MD conjugate spray-dried powder parti-

cles gives a smooth surface with a spherical shape and smaller

Figure 2: SEM micrograph of microencapsulated RSV emulsion powder
Lat 500X and 10.00KX.

Vs

Figure 3: SEM micrograph of microencapsulated RSV emulsion powder
Lat 200X and 2.50KX.

particles attached to the bigger one which produces particle
agglomeration [31]. The production of bigger particles in the
microstructure is caused by MD's hydrophobic interactions
with SC molecules [37]. MD and SC molecules interact hy-
drophobically, which causes the production of bigger particles
in microstructure [37]. The size of clusters or particles ap-

peared to be affected by the DE number of MD used.
Rheology of reconstituted microencapsulated RSV emulsion

The rheology of reconstituted microencapsulated RSV
emulsion with conjugate, unconjugated and SC at different
concentrations such as 1 to 10% as shown in Figures 4a - 4f
was measured by rheometer in terms of viscosity (Pa.s) and
shear stress (Pa) at a different shear rate such as 1, 150, and
300/s. 'The results showed no statistically significant difference
(p 2 0.05) between conjugate, SC, and unconjugated emulsion
at varying concentrations of the assessed sample. However, a
significant difference (p < 0.05) was observed to be an increase
in concentration on viscosity and shear rate. Viscosity of con-
jugate emulsion was observed higher at 10% concentration
(0.117 £ 0.12 Pa.s) than SC emulsion (0.047 + 0.15 Pa.s) and
unconjugated emulsion (0.008 + 0.05 Pa.s) at 1/s shear rate.
The emulsion viscosity was mainly dependent on the oil phase
i.e., lipophilic, aqueous phases, size of oil droplets as well as
spray drying influence their behavior by the diftusion of active
molecules. Turchiuli et al. discovered that spray drying of oil
in water type emulsion increases the viscosity of the spray-
dried emulsion powder as the concentration of acacia gum and
maltodextrin increases [38].

Conclusion

Regarding microencapsulation of RSV using SC-MD
conjugate. Based on the work we've done, composition, in-
creased mean droplet size by 84.4 um, span 1.90 with en-
capsulation efficiency around 76.41% and the water content
nearby 14.2%. These particle properties resemble spray-dried
emulsion particles produced from conventional emulsifica-
tion techniques in earlier papers, whose droplet sizes can be
as small as 1 m. Making solid microparticles for use in food,
medicine, and cosmetics can be done very well using spray
drying. In the future, we'll look into spray-dried microencap-
sulated RSV enriched yoghurt, as well as storage studies to
see what the advantages and downsides of each emulsification
procedure are. The effects of particles that mimicked gastroin-
testinal disorders should also be considered.

Practical Application

The RSV's assimilation into food products is complicated
by its light instability, sensitivity to heat, and ease of oxidation.
Bitterness and limited bioaccessibility in the human digestive
system are other issues. Encapsulation is a promising process-
ing approach that may aid to enhance oral bioavailability by
increasing gastrointestinal fluid solubility, boosting absorp-
tion, and preserving RSV from destruction during digestion
under pancreatic circumstances. Improve the solubility, gela-
tion, emulsion, and foaming properties of milk protein. Since
the conjugate has a hydrophobic core of milk protein and a
hydrophilic carbohydrate covering, it may self-assemble into
micelles. The conjugate of RSV is used because it acts as a
protective vehicle.
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Figure 4a : Effect of concentration on unconjugated spray-dried on viscosity.

Figure 4b : Effect of concentration on unconjugated spray-dried on shear stress.
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Figure 4d : Effect of concentration on conjugate spray dried on shear stress.
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