/
oo Resmurch
0.00 Publishing

Journal of Minerals and Materials Characterization and Engineering, 2019, 7, 180-192
http://www.scirp.org/journal/immce

ISSN Online: 2327-4085

ISSN Print: 2327-4077

Impact of ZnO Nano Materials on Medicinal
Black Rice Seed Germination

Shubhangi Mahajan?, Shilpa Barthwal?l, Manpreet Kaur Attri?, Sneh Bajpai!, Surbhi Dabral?,

Manika Khanujaz?, Ajit Varma?*

1Amity Institute of Microbial Technology, Amity University, Noida, India

Centre for Nanoscience and Nanotechnology, Jamia Millia Islamia, New Delhi, India

Email: *ajitvarma@amity.edu

How to cite this paper: Mahajan, S,
Barthwal, S., Attri, M.K., Bajpai, S., Dabral,
S., Khanuja, M. and Varma, A. (2019) Im-
pact of ZnO Nano Materials on Medicinal
Black Rice Seed Germination. Journal of
Minerals and Materials Characterization
and Engineering, 7, 180-192.
https://doi.org/10.4236/jmmce.2019.74014

Received: April 26,2019
Accepted: July 28,2019
Published: July 31, 2019

Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Black rice Oryza sativa is primarily grown in East and North East of India.
This variety could not become popular due to low yield and being expensive.
It is rich in three kinds of Anthocyanin contents which exhibit great impact
on human health. Four different kinds of ZnO nanomaterial were prepared at
variable temperature ranging from 250°C to 500°C. The Interaction of black
rice grain with nanozinc material leads to the observation that seeds germi-
nated early. Rooting development was higher. Better effects were observed
while those interacted with nanomaterial prepared at 350°C. In the present
study the aim was to enhance the yield and value addition. To best of our
knowledge this is the first scientific attempt [see also patent filed Varma et al.
2019]. The mechanism involved needs further elaborate elucidation. We hope
that the goal can also be achieved by interaction of seeds with mycosym-
biont— Piriformospora indica (Serendipita indica) a potent cultivable my-
corrhiza. The precise objective of this communication is to illustrate the inte-
raction of black rice seed with several synthesized nano zinc material which
varied in shape, size and diameter.

Keywords
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1. Introduction

Rice is indeed the staple diet for a vast majority of Indians inhabiting the 15

agro-climatic regions and is a source of nutritional supplement to the poorest of

the poor. However, its ability to foster the nutritional needs of the marginalized

populace has not been successfully harnessed to its fruition. Black Rice was

originally cultivated in Odisha (East India) but is presently extensively cultivated
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in North-Eastern States of India such as Assam and Manipur [1], where despite
its low yield, it is consumed for its medicinal value [2]. Black rice includes sever-
al varieties with a long history of cultivation in Southeast Asian countries such as
China, India and Thailand. There are more than 200 types of black rice varieties
in the world. Only China is responsible for 62% of global production of black
rice and it has developed more than 54 modern black rice varieties with high
yield characteristics and multiple resistances. China cultivates the maximum va-
rieties of black rice followed by Sri Lanka, Indonesia, India and Philippines etc.
Thailand occupies the ninth position to black rice cultivation. Interest in black
rice is indicated by the number of accessions held in germplasm collections, e.g.
China—359, Sri Lanka—50, Indonesia—42, India—30, the Philippines—25 and
Bangladesh—24 [3].

Black rice or kings rice is a rare range of rice types of the species Oryza sativa
L., which is a medium-grain, non-glutinous heirloom rice. Some species of black
rice are glutinous also, for example, Thai black rice, has a sticky texture and is
often used in desserts in Thai cuisine. Glutinous black rice has higher amounts
of amylopectin, which have some benefits when taken in balanced amount.

Nano science coupled with nano technology is one of the most important
emerging tools which can complement modern agriculture by providing suffi-
cient amounts of agro-chemicals and new delivery mechanism to improve crop
productivity. Nano materials control the uptake and release of essential nu-
trients. This science promises to accelerate the development of biomass to fuel
production technologies. Potential benefits of nano technology for agriculture
need to be balanced for substratum, water and environment. Nano particles
ranging from 1 - 100 nm have unique physical and chemical properties Ze., high
surface areas, high reactivity, to enable pore size, and particle morphology;
therefore they have novel applications in diverse fields of science. There is
growing pressure on agricultural resources throughout the world due to pressure
from human population. The green revolution introduced in 1970 solved the
problem of hunger, by and large in many developing countries. Since then the
global human population has doubled and stagnation in agricultural productivi-
ty has been experienced in many food crops. This has necessitated the need of
innovative technologies for crop improvement and resource conservation. The
nano technology is one of the recent innovative sciences that has tremendous
potential to enhance the agriculture, horticulture, viticulture and allied fields.

One serving of black rice contains around 156 calories, in addition to high le-
vels of flavonoid phytonutrient anthocyanin, it is a good source of fiber as well
as micro-nutrients such as iron and copper, along with plant based protein [4].

The black rice is fortified with phytonutrients such as anthocyanin. Rich in fi-
bers suggests that local inhabitants of the North-eastern parts of the country con-
sume it to reduce not only the burden of free radicals in their body but also ease
out the bowel movements thereby preventing episodes of bloating, diarrhea as well
as constipation. Another important trait of black rice pertains to its unique ability
to detoxify the body leading to weight loss. Black rice is gluten free and can also be
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used as a staple diet for patients suffering from Celiac Disease, can supplement

their diet with black rice to fulfill their daily requirement of protein and fiber.

1.1. Types of Anthocyanin Present in Black Rice

Black rice reflected three different types of pigments upon experimentation per-
formed by employing HPLC. Out of three pigments detected, one was characte-
rized as cyanidin-3-glucoside (C3G) and another was identified as cyani-
din-fructoside [5]. Cyanidins are a sub-category of the dark pigments [Figure 1].
It can be seen as the most pharmaceutically effective anthocyanin subcomponent
as they seem to have the greatest uptake rate, the least decay, and the most clini-
cal significance out of all anthocyanins. It has various effects in cells, most of
which can be described as being anti-diabetic and possibly slightly benefit other
parameters associated with “metabolic syndrome” (anti-inflammatory, an-
ti-oxidant, etc.) [6].
Cyanidin-3-glucoside (C3G)

Figure 1. Chemical structure of Cyanidin-3-glucoside.

Malvidin 3-glucoside

Malvidin is an anthocyanidin. As a primary plant pigment, its glycosides are
highly abundant in nature. Slightly acidic and neutral solutions of Maldivian are
characteristically of a red color, while basic solutions of Maldivian yield a blue

color [Figure 2].

Figure 2. Chemical structure of Malvidin 3-glucoside.
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Malvidin 3-glucoside is found in alcoholic beverages. Malvidin 3-glucoside is
a pigment of skins of black grapes, also in other plants. Malvidin 3-glucoside is
found in red wine [7].

Peonidin-3-glucoside

Peonidin is an anthocyanidin and a primary plant pigment. Peonidin gives
purplish-red hues to flowers such as the peony, from which it takes its name,
and roses. It is also present in some blue flowers, such as the morning glory

[Figure 3].

Figure 3. Chemical structure of Peonidin-3-glucoside.

Like most anthocyanidins it is pH sensitive, and changes from red to blue as
pH rises. This happens because anthocynaidins are highly conjugated chromo-
phores. When the pH is changed, the extent of the conjugation (of the double
bonds) is altered, which alters the wavelength of light energy absorbed by the
molecule [8]. It has a role as an antioxidant and a plant metabolite. It is an an-
thocyanin cation, a beta-D-glucoside and a monosaccharide derivative. It derives

from a peonidin [9].

1.2. Comparison of Nutritional Properties of Black Rice versus
Brown and Wild Rice

Cultivated rice, which includes black and brown varieties, are all said to origi-
nate from the genus Oryza over 10,000 years ago. Wild rice is in fact wild, typi-
cally growing in shallow water in small lakes or slow-flowing streams. But it’s
actually not rice! Wild rice is technically a grain from a reed-like aquatic plant
(Zizania palustris), which is not related to rice. Black and brown rice have a sim-
ilar consistency and nutty flavor. Wild rice also has a nutty taste, but it has a
chewy outer layer and the grain on the inside has a somewhat vegetal flavor. The
different types of rice differ in terms of nutrient content when we compare a 1/4
cup cooked serving [10]:

¢ Blackrice (gram):

<~ 4 protein

<> 32 carbohydrates

< 2.3 fiber
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0.8 sugars

0.7 milligram iron

s e

Highest amount of antioxidants of any rice variety

Wild rice (gram):
1.6 protein

9 carbohydrates
0.7 fiber

0.3 sugars

1 milligram calcium

R

0.3 milligram iron

Brown rice (gram):
1.9 protein

19.5 carbohydrates
fiber

Osugars

11 calcium

R T RS

0.4 milligram iron

Medicinal Value:

» Black rice is a rich source of phytonutrients, which works as a natural detox-
ifier and pulls out disease causing free radicals from the body.

» Black rice is a great source of fiber, which helps in easing out the bowel
movements, relieves bloating, diarrhea and prevents constipation. The so-
luble fiber of black rice binds with the toxins and effectively pulls out the
waste from the body. This further leads to weight loss.

» The bran hull of black rice, which is the outermost layer of the rice grain,
contains one of the highest levels of the antioxidants-anthocyanin. The an-
thocyanin content of black rice is higher than any other grain, including
brown rice, red rice, red quinoa, or other colored whole grain varieties.

» Consuming the black rice can help to detoxify the body and cleanse the liver
of harmful toxic build-up.

» It reduces this oxidative stress and maintains healthy brain functioning.

> It further improves learning and memory functioning those suffering from
an estrogen deficit.

> Black rice is completely free of gluten. So, people who are sensitive to gluten
and/or are suffering from Celiac Disease (confirmed allergy to gluten) can
add black rice to their daily diet to fulfill their daily requirement of protein
and fiber.

> The anthocyanins can treat effectively the asthma patients, by reducing the
inflammation in the airways and mucus hypersecretion associated with this
respiratory disorder.

» The anthocyanins have long been known to improve eyesight, reduce the re-

tinal damage caused by a fluorescent light.

» Anthocyanins, protects the body from free-radical damage which can lead to
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cancer.

Uniqueness of the Novel (Nano Zinc Enabled Phosphorus Ameliorated)
Black Rice Fortified Food Targeting Micro- and Macro-Nutritional Defi-
ciencies In Malnourished Children:

* Black Rice fortified with anthocyanins and soluble fiber detoxifies and
cleanses the human body apart from preventing episodes of bloating, diarr-
hea as well as constipation can seriously address the malnourishment issues
in children, pregnant women and elderly.

* The fact Black Rice is gluten free and fortified with fibers is a boon for the
management if diets for patients afflicted with Celiac Disease and Diabetes,
who are burdened with different types of digestive problems.

* Another important trait of black rice pertains to its unique ability to detoxify
the body leading to weight loss. Black rice is gluten free and can also be used
as a staple diet for patients suffering from Celiac Disease can supplement
their diet with black rice to fulfill their daily requirement of protein and fiber.

* Fortification of Black Rice with essential micronutrients Zinc and Phospho-
rus could significantly improve the growth patterns as well as Neu-
ro-behavioural disturbances exhibited in malnourished children burdened with

these deficiencies apart from significantly improving the crop yields [11].

1.3. Zinc Nanomaterials

Zinc is known to play a critical role in normal functioning of body and is inte-
grated with several enzyme systems. Adequate dietary intake of zinc has been
shown to exert ameliorating effect on the skin, and this attenuates the likelihood
of restricted linear growth in young children [12] [13]. Neuro-behavioral dis-
turbances among infants and repeated infections are common among
zinc-deficient subjects of all ages. Pregnant women with zinc deficiency are at
the risk of complicated pregnancy outcomes. This is further complicated by the
fact that Zinc deficiency is one of the major factors limiting the yield of agricul-
tural crops. This necessitated he need to fortify black rice with zinc using zinc
oxide nanoparticles [14]. It is believed that black rice augmented with zinc
would not only ameliorate the health of the marginalized sections of the Indian
populace but pave the way to improve the agricultural yield thereby sustainably
improving the carrying capacity of the arable and [15].

The precise objective of this communication is the application of zinc nano-
materials to enhance the yield, value addition to active ingredients and health
supplements for economically weak society. [Figure 4] depicts a pictorial view of
Rice grains with and without husk. On boiling in water, the dark blackish red
anthocynanins pigment oozed out as supernatant [Figure 5].

2. Methods

2.1. Synthesis of Nano Zinc Materials

ZnO nanorods were prepared by a mechanical-assisted thermal decomposition
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Figure 5. Boiled rice (left) and rice extract-mixture of anthocyanins (right).

process. Zinc acetate dihydrate [Zn(CH,COO),,H,0] was used as precursor for
synthesis of zinc oxide nanorods. In the synthesis process, zinc acetate dihydrate
(5 g) was ground in a mortar and pestle for 45 min then loaded into an alumina
crucible, which was then heated in a programmable muffle furnace (at ramp rate
of 4°C/min) at different temperatures (275°C, 350°C, 425°C, and 500°C) for 4 h
to obtain four ZnO nanopowders with different aspect ratios [16] [17]. The ob-
tained powders were then washed twice with distilled water, followed by drying
in an oven at 80°C for 8 hours.

The interaction of seeds with nano material was done in four replications and

4 independent experiments were performed.

2.2. Characterization

The nanoparticles were spherical, oblong and rod in shape [Figure 6]. The di-
ameter varied from 9.6 - 25.5 nm in size. Table 1 indicates Zeta Potential at dif-
ferent temperatures. This varied from —0.455, —2.50, —2.50 and —6.51.

2.3. Interaction of Seeds with Nanomaterials

For the present work, the authors have chosen the black rice variety—Chakhao
Poireiton obtained from Manipur, North-east India [Figure 7]. The yield of
black rice is extremely low, hence commercially not viable. Our attempt was to

secure the early seed germination and enhance the yield [18] [19].
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Figure 6. Scanning electron micrographs of (a) ZnO (275°C); (b) ZnO (350°C); (¢) ZnO
(425°C) and (d) (500°C) (reproduced with permission from ref. [21]).

)
QO
N

F )
Control

Figure 7. Seed germination on treatment with Zinc nanomaterials.

Table 1. Characterization of ZnO-Zeta potential.

Samples Zeta Potential
ZnO (275°C) —-0.455
ZnO (300°C) -2.50
ZnO (425°C) -2.50
ZnO (500°C) —-6.51
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The seeds were germinated on the wet filter paper impregnated with 250 mi-
cro liter of 100 ppm nano material prepared at different temperatures (275°C,
350°C, 425°C and 500°C). The glass petri plates were incubated in dark for five
days at 25°C.

2.4. Confocal Based Analysis of P. indica Spores

The methodology for isolating P. indica spores was adopted from Hilbert et al.
(2013) with slight modifications. 0.002% of freshly prepared Tween 20 solution
was autoclaved and stored at 4°C, 1 ml of the solution was added to the 2. indica
culture plate and spores were scraped out with the help of spreader and collected
in 2 ml micro centrifuge tubes followed by centrifugation at 5000 g for 15 mi-
nutes. The pellet was collected and mixed with 1 ml autoclaved distilled water
while the supernatant was discarded. Spores collected were stained with
WGA-Alexa 488 conjugated dye (Invitrogen). Approximately 5 pl of the dye (10
pg/ml concentration) was used for staining 500 pl of spores and were subjected
to confocal microscopy. The images were captured using confocal microscope
(Model: Nikon A1) under magnification of 40x at Amity Institute of Microbial
Technology, Amity University, India. The confocal settings for WGA-Alexa 488
conjugated dye is as follows; excitation-488 nm, emission-515 [20].

3. Results and Discussion

Table 2 indicates the average number of root branches and root length meas-
ured after 5 days incubation. The maximum number of root branches and root
length were recorded for those treated with nanozinc material synthesized at
350°C. Early seed germination was also recorded while fortified with nano ma-
terial. The preliminary work justifies the impact of nano zinc on seed germina-
tion and root development. This will help us to monitor the plant development
[21] [22] [23]. When the nanoparticles penetrate into the plant, then it moves
through tissues by two ways: the apoplast and the symplast. Apoplastic transport
takes place outside the plasma membrane through the extracellular spaces, cell
walls of adjacent cells and xylem vessels, whereas symplastic transport involves
movement of water and minerals between the cytoplasm of adjacent cells
through specialized structures called plasmodesmata and sieve plates. The apop-

lastic pathway is important for radial movement within plant tissues,

Table 2. Average number of root branches and root length.

‘ZnO synthesized at° Average no. of Root length (cm)
variable temperature (*C) root branches
Control (no addition) 1.1 4.9
275 1.8 4.5
350 33 6.2
425 3.1 5.5
500 2.6 6.1
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and allows nanomaterials to reach the vascular tissues. Once inside the central cy-
linder, nanoparticles can move toward the aerial parts through the xylem, follow-
ing the transpiration stream. Nevertheless, reaching the xylem through the root
implies crossing a barrier to the apoplastic pathway via endodermal cells. Another
important symplastic transport is possible too, using the sieve tube. Our interpre-
tation is in line with that reported by Pérez-de-Luque (2017) [24]. To authors best
knowledge the interaction of ZnO with Black rice is the first report of its kind.

Lots of work has been done in biological system to address a wide range of
field problems utilizing nanomaterials and nanodevices [25]. Elucidated various
nanotechnological approaches especially in the field of agriculture including
nano-polymer for seed hardening, nano-sensors, nano-barcodes and use of
magnetic nanoparticles for aerial seeding. Sridhar (2012) [26] further established
the use of metal oxide nano-particles in improving germination up to 30 per
cent in aged seeds of black gram and tomato, respectively which could be proba-
bly due to the quenching of reactive oxygen species (ROS) generated during seed
storage. Applications of nanotechnology in improving seed germination, emer-
gence and growth of seedlings, thwarting pest attack [Nair et a/, 27] and for ear-
ly pathogen detection are few of the multifarious beneficial interventions in the
field of agriculture. Hence the present investigation was made to study the effect
of ZnO [28].

A study was conducted to evaluate the effects of Nano-Silicon (N-Si) for ame-
liorating negative effects of salinity on germination and growth of tomato seeds.
N-Si at 2 concentrations (1 and 2 mM) and NaCl (1 and 2 mM) was studied on
tomato seed germination. Results showed the great effects of N-Si to improve sa-
linity stress on tomato seed germination. One mM N-Si under 25 mM showed
the great enhancement on germination characteristics such as germination rate,
root length and dry weight [29].

Novel nanotool called “nano-embedded fungus” formed by impact of syner-
gistic association of ZnO-nanorods and fungus Piriformospora indica DSM
11827, for growth of Brassica oleracea var. botrytis (Broccoli) is reported. En-
hancement in B. oleracea var. botrytis is reported on treatment with Nano em-
bedded fungus. This is the first holistic study focusing on the impact of
ZnO-nanorods in the enhancement of fungal symbiont for enhanced biomass

productivity of B. oleracea plant [30].

4. Conclusions and Future Prospects

The interaction of nano material with seedlings considerably enhanced the
rooting pattern when incubated at 26°C. The nanomaterials produced are more
angular and pointed and it seems that they enter the root tissues much faster and
influence the impact. More essential nutrient transport obviously alters the me-
ta-geno-bolomics. At the moment we do not know the exact mechanism for
spurt in rooting pattern due to interaction. It will be our future endeavour and

research plan.
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Figure 8. Image of Piriformospra indica (Serendipita indica) as observed under confocal
microscope (stained with WGA dye-Wheat germ agglutinin). Model Nikon confocal Al
microscope.

Piriformospora indica was obtained from the rhizospheric soils of the woody
shrubs Prosopis julifiora (Swartz) D.C. and Zizyphus nummularia (Burm. Fil.)
Wt. & Arn., screened from sandy desert soils of Rajasthan, Western India [31]
[32]. The fungus is easily cultivable, lacks host specificity and colonizes roots of
many different plants, mostly in an endophytic fashion. The original name was
Piriformospora indica; however, in a recent Tansley Review New Phytologist,
German and French scientists renamed the fungus as Serendipita indica [33]
[Figure 8].

The fungus possesses unique property for plant promotion, early flowering
and fruiting, and in addition, caters the value addition to the plant whereby sec-
ondary metabolites are enhanced. The fungus also helps in transportation of nu-
trients from soil to the plants. It has multi-functional properties and interacts
with bacteria, algae and other fungi. The biotechnological applications are

enormous.
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