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In-vivo hypocholesterolemic effect of bioconjugates of starch nanoparticles with gamma
oryzanol and tocotrienols extracted from rice bran

1. Name of the Collaborative Activity: Externally funded Research Project

2. Nature of Activity : Research activity

3. Name of the Collaborating Agency/ Individual with affiliation, and contact details:
Dr. Charu Lata Mahanta, Professor, (Principal Investigator) Department of Food
Engineering and Technology, Tezpur University, Tezpur, Assam, Contact no :

Dr. Sanjay K Banerjee, Scientist E, Drug Discovery Research Center, Translational Health
Science and Technology Institute (THSTI), Faridabad, Haryana.

4. Summary of collaboration:

A collaborative research project under the DBT Twinning scheme on the title, ‘In-vivo
hypocholesterolemic effect of bioconjugates of starch nanoparticles with gamma oryzanol and
tocotrienols extracted from rice bran” was conducted between the Principal Investigators Dr.
Charu Lata Mahanta, Professor, Department of Food Engineering and Technology, Tezpur
University, Tezpur, Assam and Dr. Sanjay K Banerjee, Scientist E, Drug Discovery Research
Center, Translational Health Science and Technology Institute (THSTI), Faridabad, Haryana. DBT
Sanction Order No. & Date are No.BT/PR16804/NER/95/294/2015, Date: 10t Nov, 2016.

5. List of year-wise activities under the collaboration:

In this collaborative project, the animal experiment that formed the 4™ objective was conducted
under the supervision of Dr. Banerjee of THSTI. The objective was:

To determine anticholesterol effect of y-oryzanol, tocotrienols and their bionanocaonjugates in
vivo

Specific output
Very encouraging results were obtained from the collaborative work. The specific outcome are
listed below:
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1. The hydrophobic conjugate developed in the project showed good gastrointestinal stability,
low serum levels of TGL, AST and ALT.

2. Conjugation of tocotrienol with starch nanoparticle-linoleic acid conjugate was effective in
reducing liver fat accumulation and liver fibrosis besides lowering serum parameters.
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Sanction of the President is hereby accorded under Rule 18 of the Delegation of Financial

“Powers Rules, 1978 for the implementation of the project under ‘DBT’'s Twinning programme

for the NE’ titled “In vive hypocholesterolemic effect of bioconjugates of starch
nanoparticles with gamma oryzanol and tocotrienols extracted from rice bran” by Dr.
Charu Lata Mahanta, Tezpur University, Napaam, Tezpur and Dr. Sanjay Kumar Banerjee,
Translational Health Science and Technology Institute (THSTI), Faridabad, Gurgaon at a total
cost of T 79.60 lakhs (Rupees Seventy Nine lakhs Sixty Thousand only) for a period of three
years on the terms and conditions detailed as under:

2.0 The Project:

2.1 Project Title: In vivo hypocholesterolemic effect of bioconjugates of starch
nanoparticles with gamma oryzanol and tocotrienols extracted from rice
bran

2.2 Project Investigators

2.2.1 Principal Investigator: Dr. Charu Lata Mahanta
(Parent Institute) Professor
Department of Food Engineering and Technology
Tezpur University, Napaam,
' Sonitpur- 784028, Tezpur

2.2.2 Co-PI Name: Dr. Mattaparthi Venkata Satish Kumar
(Parent Institute) Assistant Professor
Department of Molecular Biology and
Biotechnology

Tezpur University, Napaam,
Sonitpur- 784028, Tezpur

2.2.3 Principal Investigator: Dr. Sanjay Kumar Banerjee
(Collaboration Institute)  Scientist E
Drug Discovery Research Centre (DDRC)
Translational Health Science and Technology
lustitute (THSTI), NCR Biotech Science Cluster, 3
Milestone, Faridabad-121001, Gurgaon Expressway
PO box 04, Faridabad.
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Inhibition mechanism of 3-hydroxy-3-methyl-glutaryl-CoA reductase by
tocotrienol-rich rice bran fraction optimally extracted with

ultrasonic energy
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ARTICLE INFO ABSTRACT

Am‘df' tustory: Tocotrienols (13} are vitamin E components that inhibit 3-hydroxy-3-methyl-glutaryl-CoA reductase {HMCRY, a
;:w:?::g 6 July 22;? P primary target for cholesterol management. T3 was extracted from rice bran {RBE ) using ultrasonic energy keep-
il e R ing solute: solvent ratio, power and time on specific energy and T3 concentrati s g o Box-

Accepted 21 Juy 2020 g , powe pec gy and T3 concentration as responses as per Box

Available online 26 July 2020

Keywords:

Tocotrienol

Enzyme inhibition kinetics

3-Hydroxy 3-methy! ghizary CoA reductase

Behnken Design. The lowest specific energy (52.38 4 0.14 f mL ") uptake by the sample was most effective in
enhancing the concentration of 13 in RBE (199,34 + 063 g mL™ ). In vitro MMCR kinetics and in sitico binding
interactions of the identified o, o- and y-T3 fractions were studied. Enzyme kinetic studies revealed an uncom-
petitive mode of inhibition by «-13, y-T3, and RBE and a mixed mode of inhibition for 6-13. v-13 showed lowest
ICso concentration {11.33 ug mL™") followed by o-13 {16.73 pg mL "), RBE {2045 ug mL™") and &-13
{23.16 pg mL ™ "). Molecular docking studies highlighted the hydrogen bonding of o-13 with GIn766 and «-

and y-T3 with Met655 and Val805 amino acid residues at the NADPH binding site of HMCR. Results indicate
the potential use of T3 enriched RBE optimally extracted using ultrasound as potent HMGR inhibitor.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

As per World Health Organization { 1], the elevation in blood choles-
terol leads to the rise of stroke and heart disease and is a serious concern
for both developed and developing countries. 3-hydroxy-3-methyl-
glutaryl-CoA reductase (HMGR, EC 1.1.1.34) plays a crucial role in the
biosynthesis of cholesterol in humans. It is a rate-limiting enzyme that
catalyzes HMG CoA to mevalonate {an intermediate metabolite for ste-
rols and isoprenoids synthesis) [2,3]. HMGR is a tetrameric enzyme hav-
ing catalytic domain between residues from 426 to 888 with oligomeric
active sites composed of Arg590, Lys690, Lys691 and Ser872 as major
amino acids [4]. Statin, a commercial HMGR inhibitor acts as a compet-
itive inhibitor with respect to the substrate {3-hydroxy-3-methyl-
glutary-coenzyme A; HMG CoA) that limits the production of hepatic

Abbreviations: HMGR, 3-hydroxy-3-methyl-glutary-CoA reductase; RB, rice bran; T3,
tocotrienols; UAE, ultrasound assisted extraction; RBE, re bran extract; DLIME, double
dispersive liqud liquid microextraction; LDPE. low-density polyethylene; RSM. response
surface methodology; P, ultrasonic actual power: MM, Michaelis-Menten; LB,
Lineweaver-Burk; K, Michaelis-Menzen constant; Vi, maximum velocity; PDB,
Prozem Data Bank; 1Cse, half maximal inhibizor concentration; | mL™", Joule per mi; AT,
remperature difference; A, time difference.

¢ Corresponding author,
E-mail address: charu@ezu emetin {CL Mahanta).
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0141-8130/4 2020 Elsevier BV. All righus reserved.

cholesterol [3]. However, there are side effects of synthetic drugs. Low-
ering the raised level of serum cholesterol using natural based biomole-
cules can be an effective strategy for reducing the incidence of
cardiovascular disease (CVD} [ 1], Active research is therefore, underway
on natural compounds in order to find a safer altemative medicine.
Rice bran {RB), a by-product of rice processing industries, is cur-
rently under-utilized, in spite of having various functional components
such as poly-unsaturated fatty acids, vitamin E, and y-oryzanol. The
functional components of rice bran have immense commercial value
[5). Vitamin E, a fat-soluble component, comprises of tocopherols and
tocotrienols that exist in different stereo-isomeric forms cumulatively
known as toco-chromanol. Structuraily, tocopherols consist of saturated
three isoprene units attached to the C2 position of chroman ring.
whereas in tocotrienols, isoprene units contain three double bonds
[6,7]. Tocotrienols (T3} exhibit anti-hypercholesterol property by
inhibiting the activity of HMGR through post-transcriptional mecha-
nism {7} and thus can be effectively used for the management of coro-
nary artery disease [1}. Although RB is a rich source of T3, there is a
demand for an efficient, effective, simple, and green process for extrac-
tion with maximum recovery retaining their functionality [5,8]. The ul-
trasound assisted extraction (UAE) method is an effective green
technology that works on the principle of cavitations. It involves the
micro-bubbles nucleation, growth, and collapse due to high acoustic
power in the liquid system. This phenomenon leads to an increase in
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Atmospheric cold plasma inactivation of Escherichia coli and Listeria
monocytogenes in tender coconut water: Inoculation and accelerated shelf-

life studies
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ARTICLE INFO ABSTRACT

Keywords: in the current work we evaluated the effect of atmospheric cold plasma (ACP) generated in air and M65 (65% O,
Barrier discharge 30% CO,, 5%N,) as working gases for inactivation of Escherichia coli and Listeria monocyotogenes in tender
Nonthermal coconut water. A 5 log;, reduction in the population of both microbes was achieved in tender coconut water

Tender coconur waner

i with addition of 400 ppm citric acid and plasma treatment with M63 gas for 120 sat 90kV, followed by a 24h
Accelerated shelf-life

post-treatment storage under refrigerated conditions. Optical emission spectroscopy was utilized in identifying
reactive gas species of nitrogen and oxygen which were ac d for cellular lead and morphological
changes in microbes on plasma treatment. The plasma Lreatments on tender coconut water caused a lowering of
pH and small changes in Hunter color parameters (a” and b"), while total soluble solids and total titratable
acidity did not change significantly. Accelerated shelf-life studies (ASLS) carried out at 10 'c,20Cand 30 C
compared three batches: Batch 1(tender coconut water), Batch 2 (Tender coconut water + citric acid + ascorbic
acid) and Batch 3 (Tender coconut water + citric acid + Plasma treatment with M65 + ascorbic acid). ASLS
revealed that the rate constants for parameters namely percent transmission, ascorbic acid content, total ti-
tratable acidity and total color change decreased in the order Batch 1 > Batch 2 > Batch 3. Estimation of rate
consiants following Arrhenius model for Batch 3 at 5 ‘G was comparable 1o experimental results. A shelf-life of 48
days was predicied for Batch 3at 5 C considering 75% ascorbic acid content degradation. Thus, ACP was
concluded to be a novel technology for tender coconut water processing.

employing plasma jets, dielectric barrier discharge, and radio-fre-
quency technology of plasma generation were effective in inactivating

1. Introduction

In rerent times atmospheric cold plasma technology is being ex-
plored as a nonthermal intervention for decontamination and shelf-life
extension of foods, From the research standpoint, ample work has been
carried out revealing the promising applications of cold plasma tech-
mlogy in lhe ﬁeld of microbial decontamination in liquid food pro-
. of apple, orange, pmnegmnam, mmmo

101 5Y and coconut Iqui?j
, only a few studies

5-log reduction in Escherichia coli, Staphylococcus aureus, Candida atbi-
cians, Citrobacter freumiu in different frmt juices were reported
[T Favan, Wi, A 2314). The U.S.
Food and Drug Administration (¥4, 204/1) suggests a need of 5-logo
reduction performance standard against hardy pathogenic microbes for
an effective juice processing. Within this context, E. coli and L. mono-
cytogenes have been reported to be responsible for disease autbrcake
from the wnsumpnon of fruit and vcg«:mblc juices ( /
2 W i

‘Tender coconut water ( T CW)Q not to be confused with coconut milk,
is the inner clear liquid portion also called the liquid endosperm of the

* Corresponding author. Depanmem of Food Sciences, Purdue University, West Lafayette, IN, USA.
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Strategy to achieve a 5-log Salmonella inactivation in tender coconut water
using high voltage atmospheric cold plasma (HVACP)

|
l
‘ |
’ Gheck for !
i i

Nikhil Kumar Mahnot®", P Charu Lata Mahanta® Kevin M Keener™®®* N.N. Misra®

? Department of Food Engineering and Technology, School of Engineering, Tezpur University, Assam, India
" Department of Food Sciences, Purdue University, West Lafayette, IN, USA

¢ Center for Crops Utilization Research, Iowa State University, Ames, IA, USA

"BLoCentury Research Farm, Iowa State University, Ames, IA, USA

ARTICLE INFO

Keywords:

Cold plasma
Non-thermal
Coconut

Electrical discharge
Ascorbic acid
Citric acid
Minerals

ABSTRACT

This study exammed high voltage atmosphenc cold plasma (HVACP) technology as a non- thermal intervention
for inactivating Salmonella enterica serovar Typhimurium LT2 (ST2) in tender coconut water (TCW). Treatment
with HVACP in air at 90 kV for 120 s inactivated 1.30 log;, of ST2. Development of a TCW stimulant suggested
an interfering role of magnesium and phosphate salts with HVACP inactivation. Generation of reactive gas
species, viz. ozone and hydrogen peroxides were found to be responsible for microbial inactivation. The addition
of 400 ppm citric acid to the TCW effectively reduced ST2 by 5 log;o during HVACP treatment. Under these
conditions, higher cellular leakage and morphological damage were observed in ST2. Minimal physico-chemical
changes in TCW were observed with HVACP treatment, except for an 84.35% ascorbic acid loss (added ex-
ternally). These results demonstrate a potential pathway for developing highly effective cold plasma treatments
to preserve fruit and vegetable juices.

1. Introduction

The increasing market demand for minimally processed, safe and
high-quality food products has paved the way for development of novel
non-thermal technologies for food processing. Atmospheric pressure
cold plasma is an emerging process intervention for preservation of
food products with advantages of being a low-cost technology that is
non-toxic, leaves no known residues, and causes minimal damage to
foods. Thus, it shows promise in replacing or at least, complementing
conventional pasteurization technologies (Pankaj, Wan, & Keener,

2018). There are various methods of cold plasma production, viz. di-
electric barrier discharge (DBD), plasma jets, coronas, and microwave
discharges. Individual researchers have preferences toward specific
plasma devices based on the application(s) of interest. It is worthwhile
mentioning that the reactive gas species generated in plasma devices
are device dependent. Thus, success of one device in one application
does not guarantee success of a different plasma device in that same
application. High voltage atmospheric cold plasma devices have been
demonstrated to be very effective in a variety of food applications.
Examples include plasma decontamination of raw and dried produce,
solid foods like cheese, ham, eggshells, bacon and liquid foods like milk
and juices (e.g. apple, pomegranate, orange and grape) (Pankaj et al.,

2018; Xu, Garner, Tao, & Keener, 2017).

The antimicrobial nature of cold plasma treatment has been de-
monstrated by several researchers in the past (Liao et ai., 2017). The
microbial inactivation mechanisms which have been reported and
suggested includes generation of reactive gas species, viz. reactive
oxygen species (ROS), reactive nitrogen species (RNS), and minor
contributions from ultraviolet light. This cocktail of reactive species
enables the inactivation of microbes on food surfaces, and could further
diffuse into liquid media, thereby effecting the acidification and mi-
crobial inactivation in liquids (Gaunt, Beggs, & Georghiou, 2006;

Oehinigen et al., 2010). The use of gases like He, He/O,, Ar, Ar/Oz, No/
0,5, N,/0,/CO, and air has been shown to be effective in microbial
inactivation with plasma (Misra, Keener, Bourke, Mosnier, & Cullen,
2014; Surowsky, Frohling, Gottschalk, Schliiter, & Knorr, 2014).

The demand for processing and preservation of tender coconut is on
the rise due to its natural rehydrating properties, nutritive composition,
unique flavour and rising awareness among consumers regaiding the
deleterious health effects of artificial carbonated drinks. The nutritive
composition of tender coconut water renders its high sensitivity to-
wards microbial growth and thus, a very short shelf-life. Thermal pro-
cessing is effective in killing microbes, but changes the nutritive and
flavour characteristics of tender coconut water. Thus, the industry is in

*Corresponding author at: Department of Food Science and Human Nutrition, Iowa State University, Ames, 1A, USA.
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