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Abstract: Hairy roots are genetically transformed roots and highly recommended sources for various secondary metabolites 
products. Artimisinin is one of them and frequently utilized as pharmaceutical drug for malaria impairment. Hairy roots are 
fragile tissue and very much sensitive in regarding to culture inside the bioreactor. Designing of bioreactor and optimising 
the acquired physical and chemical parameter is the promising approach in industry. To date a large number of various 
bioreactor has been designed i.e Trickle bed, Bubble column, Air lift, Fluidized and Nutrient mist reactor (NMR) for the 
biomass cultivation of hairy roots. All reactor has their significant characteristics to stimulate high growth rate of biomass 
and scaling up the metabolite production but apart from these, the main remarkable feature is adequate nutrient supply to 
growing biomass which is highly observed in nutrient mist reactor in which nutrient supply is facilitated in the form of small 
droplets (0.5-3µm) known as mist. Since mist reactor has been well studied and accepted as a suitable reactor for hairy root 
culture. 
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I. INTRODUCTION 
 
It has been reported that hairy root (HR) culture 
facilitated drugs production on large scale. A HR has 
application of higher production of secondary 
metabolites over conventional resources of drug 
production from plants. HRs could have been grown 
in various bioreactors for commercialization purpose. 
HR is alternate method for produces genetic 
instability and reduces less productivity problem led 
within different industrial reactors (1,2). Many 
resistances have been faced during the HR culture in 
various reactors. The production of HR and 
secondary metabolite is depend on availability and 
composition of nutrient media and gases at root 
surface inside the reactor (3,6).. HR is very fragile, 
sensitive structure which is prone to be easily grown 
in reactor (1,2).This characteristics of HR stimulated 
to modify different reactor configuration and avoid 
injuring while optimising growth pattern and supply 
of nutrient(1-2,7).Since many bioreactors from stir 
tank to air lift have been modified to pertain ample 
growth of roots. Amongst all modified reactor 
nutrient mist reactor (NMR) has successfully 
observed to suitable for HR growth inside the reactor. 
NMR is gas phase reactor in which nutrient medium 
is supplied in the mist form to root surface.NMR is 
easy to design and economical for HR culture for 
scaling up. Principle of NMR is nutrient mass transfer 
to root surface in mist form with droplet size 0.5-30 
µm which appeared as gas. (8).The first NMR was 
used to culture the hairy roots by Dilorio et al. (4). 
 
II. MIST AS NUTRIENT SUPPLEMENT: 
 
Mist is phenomenon caused by small droplet of liquid 
suspended in air. Gases like O2, CO2 and C2H4 are 
most important to plants, but all are poorly soluble in 

water; their solubility decreases with increasing 
nutrient concentration and temperature (9,10) and 
oxygen is about 25 times less soluble than CO2. To 
ensure rapid growth of roots, high levels of oxygen 
are required while excessive CO2 accumulation must 
be prevented as the level of respiration increases with 
increasing root biomass. Liquids therefore limit the 
amount of gas available to growing roots. High-
quality gas transfer into liquid media can be obtained 
by either dispersing the liquid into the gas or by 
dispersing the gas into the liquid. This has 
been observed that in liquid-based reactors, gas is 
dispersed into the liquid phase, while in a mist reactor 
liquid is dispersed into the gas phase.  
 
III. MIST GENERATION 
 
Liquid dispersion can be achieved using a number of 
different methods including a spinning disk, a 
compressed gas atomizer, and an ultrasonic droplet 
generator. The spinning disk produces a wide range 
of droplet sizes (>100micron) and is mainly used in 
whole plant aeroponic systems (11).  
 

Smaller droplets have a larger surface to volume ratio 
that facilitates gas transport into liquid. Compared to 
the spinning disk, compressed gas atomizers can 
produce rather uniform amounts of very small 
droplets thereby ensuring good gas transfer into the 
liquid and thus, to the roots. Unfortunately to obtain 
small droplets, the nozzle orifice must be small and, 
as a result, it clogs easily. Therefore Ultrasonic 
transducer is most suitable method for mist 
generation (size ~3-20µm) and meant for good gas 
transfer (12). 
 
The most important parameter in ultrasonic 
transducer or nozzle spray method is droplet size the 
following comparative chart (table 1) of spray, fog 
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and mist has given on the basis of their source of 
production: 

 
Table.1. Comparative Chart 

 
To date studies has been revealed that ultrasonically 
produced mist have most effective method for 
generating nutrient aerosol for in vitro hairy root 
culture in bioreactor. Recently used submerged 
ultrasonic transducer has been reported for producing 
wave in the range of 1.7MHz.(12) 
 
IV. BASIC DESIGN AND COMPONENTS 

OF NUTRIENT MIST REACTOR (NMR) 
 

The basic design of NMR involved culture medium 
chamber, ultrasonic transducer(submerged/probe) for 
mist generation, pump for nutrient supply(usually 
peristaltic) to mist chamber, gas flow meter, 
compressor for gas supply, timer for mist off/on 
cycle, air filter(usually membrane filter ~0.2µm) for 
sterilization. Culturing of hairy root in culture 
chamber supported by either nylon mesh or steel 
mesh which can use in both orientations horizontally 
as well as vertically(13,14). 
 
It has been reported (Bilal haider abbasi et.al 
2009)that the high yield of hairy root observed  on 
vertically oriented mesh therefore the flow and 
distribution of nutrient in mist form can absorbed 
uniformly by geotropically growing roots. Pore size 
of mesh also plays an important role in growth of 
hairy root. Analytical and Statistical data shows that 
500-700µm pore size mesh has high yield of dry 
weight of hairy root cultured ion NMR(15). 

 

 
 

Figure: Schematic diagram of mist bioreactor for 
hairy root culture(A) mist generation and growth 
chamber are in different vessel(B) Mist generation 
and growth chamber in single vessel(C) mist 
generation and growth chamber are in different vessel 
but ultrasonic transducer is submerged type(D) 
Trickle bed reactor. 
 
V. ADVANTAGES OF NUTRIENT MIST 

REACTOR (NMR) 
 
Smaller droplet (mist) have several advantages over 
the larger droplet including long settling time causes 
ease transport and distribution of dispersed nutrient 
solution. This approach of mist enhance the mass 
transfer of gases between the gas and liquid phase 
(nutrient medium) coupled with highest ability of 
penetrate to dense tissue (Packed bed of growing 

root).Small droplet has large surface volume ratio that 
ensure good mass transfer of gases. Excessively large 
droplet (>50µm) has drawbacks of inadequate gas 
transfer into root and excessively small droplet 
(<1µm) will also cause the clogging problem in root 
bed. The suitable droplet size is optimized in previous 
study is minimum 1µm for hairy root culture in mist 
reactor (Weathers and Zobel, 1992)(11). 
 
Apart from the advantageous mist phenomenon NMR 
has advantages for growing hairy roots included high 
rate of secondary metabolite production though mass 
production is less observed in the same reactor 
system. After observing the growth pattern of hairy 
roots in various different reactor i.e. bubble column, 
trickle bed, airlift, fluidized bed etc. the most suitable 
and applicable reactor is nutrient mist reactor which 
is simple in design (only made up of 3 separate 
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reservoir) and economical for cultivation of HRs. 
NMR has distinct significant advantages such as lack 
of shear, low pressure, easy operation, presence of 
gas phase, ease in manipulating the gas composition, 
ease in operate mist cycle (on/off), gas exchange in 
densely packed growing biomass, ease of scaling up, 
less chances of nutrient deposition in bulk amount, 
nutrient depriving condition and easily assembled 
apparatus in reactor etc(12) 
 
VI. APPLICATION OF HAIRY ROOTS 

GROWING IN NMR 
 
Recent published work on NMR for hairy root culture 
has been clarified that NMR has significant and most 
advantageous bioreactor for culturing of hairy roots 
.On the basis of previous studies on hairy root 
production it has been revealed that Hairy root 
cultures is  an alternative method of producing plant 
secondary metabolites because of their genetic, 
phenotypic and biochemical stability, rapid growth 
rate, and their capability to synthesize secondary 
products at higher levels comparable to those of the 
original plants.(16,17) 
 
Hairy roots are valuable biotechnological tools for the 
production of secondary metabolite. Hairy roots also 
used as molecular framing to produce recombinant 
proteins which provide it as a strong potential for 
using in pharmaceutical industry(17). Hairy roots 
sustained unique properties of genetic stability and no 
genetic variation over the back to back generations of 
plant species. Their fast growing rate is additional 
feature which makes it useful for continuous 
production of secondary metabolites (18). Out of 
bunch of plant species few medicinal plants produces 
important secondary metabolites which is used as a 
drug or inhibitory drugs for several impaired diseases. 
The most common example of secondary metabolite 
produces from hairy roots is artimisinin. Artimisinin 
is an antimalarial drug which produces from A. annua 
(a Chinese herbal plant).The vast application of this 
drug elicited the pharmaceutical industry to scale up 
the production of artimisinin via the applied field of 
plant tissue culture(19). To date numbers of 
metabolites have been scaled up through hairy roots 
culture in NMR. The second most prominent 
application of HRs are in phytoremediation which is 
very emerging technology and plant roots are in 
central to remediation action.(19)Since the cultivation 
of hairy root has been cultured through various 
classical and modernized reactor but previous studies 
and data shown the best suitability of NMR for HR 
culture. 
 
CONCLUSION: 
 
The above studied characteristics of NMR  have been 
established and optimised for scaling up of hairy root 
culture. We summarized the all known parameters 

those affect the growth of hairy roots in NMR . 
Designing of any bioreactor should be accompanied 
with all parameter (Physical and chemical along with 
other requirement) i.e. height of bioreactor column, 
diameter of column, medium flow rate , rheological 
properties of medium, substrate consumption, 
Oxygen mass transfer, optimum nutrient requirement, 
accurate measured diameter of hairy root as a 
inoculums in bioreactor, sterilization condition of 
bioreactor. Since following  species i.e. A. annua, B. 
vulgaris, D. Stramonium, C. roseus, N. Rustica, 
Fragaria annanasa and A. belladonna(19) etc. have 
been scaled up in different types of bioreactor and 
supplied with all optimum conditions for best mass 
cultivation and secondary metabolite production. 
 
 All data and observation of various bioreactor 
conclude the requisite of modification in classic 
bioreactor as per requirement which gave rise the new 
approach of modified bioreactor and modelling and 
optimization of that particular bioreactor parameters. 
Nutrient Mist bioreactor (NMR) has been figured out 
as newest and best suitable bioreactor for A. annua 
hairy root culture.  
 
The application of Mist for nutrient supply to 
growing hairy root culture in reactor exploits the high 
mass yielding and secondary metabolites as well. 
Optimization and modelling studies of any bioreactor 
will facilitate the development of bioreactor for 
scaling up and economy purpose. 
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