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ABSTRACT

UV light is the part of electromagnetic spectrum with wavelengths ranging from 100-400

nm. Based on wave length, UV-light is traditionally sub divided into three categories viz.,
UV-A (Wave length ranges from 315-400nm and this range is responsible for changes in
human skin), UV-B (Wave length rangefrom280to315nmandit can cause skin burning and
has the potential to cause skin cancer) and UV-C (Wave length ranges from 200to280 nm
and is very well known for its antimicrobial effect). Application of UV light in liquid food
products such as coconut water, milk and fruit juices has shown positive results as evident
from reduction in number of pathogenic microorganisms. Application of UV light can be
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done in two ways viz., continuous mode and pulsed mode. The present experiment was
Accepted: focused on design and development of continuous UV-C light system for liquid food
26 May 2017 products. The system was designed such that distance of sample from lamp source can be
f(\)/a;”ablgo?;‘"ne: varied. Three 18 W low pressure mercury vapor UV lamp which emits the UV-C light in
une

the wave length ranges from 200-300 nm were mounted at the top of treatment chamber. A
manually operated switch assembly was used to control the treatment time. The designed
system was fabricated and used for different liquid products.

Introduction

Pasteurization is an effective technology in
order to reach safety requirements. However,
it has many limitations like cost of the
equipment is prohibitive especially for small
operations and adverse effects of thermal
pasteurization on the food quality. The
consumers are demanding for fresh-like
products without losing nutritional properties.
To prevent the nutritional loss of products,
alternative methods such as microbicidal
agents, high pressure application, pulsed
electric field, irradiation, and aseptic
packaging were developed. However there are

some disadvantages of these techniques. Loss
of ascorbic acid in apple juice was reported
by Opstal et al., (2006). The use of PEF
treatment causes brightness in the color of
orange juice (Min et al., 2003) and its
application to industry is limited due to its
high cost. Also, as light browning in the color
of white grape juice was observed after the
high pressure treatment (Daoudi et al., 2002).

Considering these limitations of other
techniques, UV-Cradiation can be used as an
alternative to other preservation techniques.
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This process does not produce chemical
residues (Canitez, 2002). Besides, it is a low-
cost operation and effective against many
microorganisms (Bintsis et al., 2000).

UVlightisthepartofelectromagneticspectrumw
ithwavelengthsrangingfrom100-
400nm.Itisnonionizing radiation treatment of
liguid foods can be done using both
continuous and pulsed UV sources. UV light
is traditionally sub divided into three
categories such as UV-A (Wave length range
from 315-400 nm and this range is
responsible for Changes in human skin), UV-
B (Wave length range from 280 to 315 nm
and can cause skin burning and has the
potential to cause skin cancer) and UV-C
(Wave length ranges from 200 to 280 nm and
is very well known for its antimicrobial
effect). UV-C is used for the decontamination
of medical equipment, water treatments,
drinking water, water for swimming pools,
and surfaced is infection of different fruits
and other processing equipment. Application
of UV light on various liquid foods like
apple cider, orange juice, grape juice, milk
and honey have been developed recently.

UV-C radiation germicidal properties are due
to the DNA absorption of the UV light which
causes crosslinking between the neighbouring
pyrimidine nucleoside bases (thymine and
cytosine) in the same DNA strand (Miller et
al., 1999). Due to this, the DNA transcription
and  replication is  blocked,  which
compromises cellular functions and leads to
cell death (Miller et al., 1999). It has broad
microbial action with effective inactivation of
viruses, vegetative bacteria, bacterial spores,
yeasts and parasites. UV light is a physical
rather than a chemical process, which makes
it ideal due to ease of maintenance, low
operating cost, and operator safety and lack of
residue spots treatment.

The application of UV light for liquid foods
on large scale has begun in France in 1906 for

disinfection of water. However its use in food
processing is being studied for minimally
processing food product without affecting its
nutritional quality. Three categories of food
can be treated with UV including liquids,
emulsions and liquid with particles or
suspensions. Apart from its application, it has
a consumer acceptance due to its non-
ionization radiation compared to gamma
radiation. The U.S. FDA has approved UV-
light application for pasteurization treatment
of fruit juice products in 2000 and the basic
criteria set for UV- application is 5 log
reductions in number of pathogens present in
fruit juices. The UV application can also
improve toxicological safety of foods through
its ability to reduce toxins such as patuline
mycotoxin in apple cider and possibly be
reducing the allergenicity of products such as
peanut butter. UV light is used in disinfection
of surface microflora which includes
equipment’s which comes in contact with
food during processing like conveyors,
packaging materials etc. However considering
its application on food surfaces like meat
products the limited penetration of UV light
limits its application for decontamination.

Application of UV light in liquid food
products has shown positive results as evident
from reduction in number of pathogenic
microorganisms. However, the efficacy of UV
treatment in liquid foods is dependent on its
constituents like pigments, organic solutes
and suspended particles which limit the
transmission of UV light through the liquid
food.

The absorbance of UV light in fruit juices is
reported to be significantly more compared to
water. Also Vitamin - C a light sensitive
Vitamin degrades in presence of UV light.
Hence, both physical and nutritional
properties, such as turbidity, absorbance at
254 nm, viscosity, and Vitamin C content are
to be considered to develop a treatment
system in order to meet the required
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pasteurization standard of a 5-log reduction in
the number of the target pathogen of concern
for fresh juices.

Different modes of UV treatments can be
applied to food products such as continuous
mode and pulsed mode. The present study
was aimed to design, development and
fabrication of continuous UV-C light system
for liquid food products.

Materials and Methods

Design of UV-C Irradiation Chamber
(Treatment Chamber)

A 90 X 30 X 30 cm treatment chamber is
made of “Fly Wood material (Both sides
coated with paint). The chamber was designed
such that the distance of sample from lamp
source can be varied. Treatment chamber
contains Lamp assembly, Control switch
assembly and Holder platform. In order to
prevent exposure of UV light to human skin, a
cover is placed in front of the system.

Circuit design

Electrical circuit is constructed such that the
lamps can be connected to 240 V power
supply through controlling switches. All
precautions has been taken to prevent the
short circuit and fluctuations in voltage.

UV-C lamp assembly

Three 18 W low pressure mercury vapor UV
lamps which emit UV-C light in wave length
ranges from 200-300 nm were purchased
from local market. The three lamps are placed
in lamp holder mounted at the top of the
treatment chamber. The three lamps were
connected parallel with separate control
switches. Lamps were connected to the circuit
through control switch assembly. The total
capacity of UV-C system can be obtained as

18 W, 36 W and 54 W by using control
switches.

Control switch assembly

A control switch assembly was provided on
right side of the UV-C chamber to control the
lamps. This assembly consists of three
switches placed on switch board. Each switch
is independently connected to lamp. Entire
assembly is directly connected to 240 V DC
power supply.

Holder platform

Holder platform is placed inside the UV-C
chamber. The main purpose of holder
platform is to maintain the different sample
distances from lamp source. The plat for
misable to move upward or downward by tray
system. Four slots are provided at 8.6 cm,
13.7cm, 18.7cm and 22.8 cm cm distance to
place holder platform. Petri plate having
liquid sample which is to be treated was
placed on holder platform. The sample in
petri plates will directly exposed to UV-C
light. Experiment can be conducted at various
sample distances using holder platform to
obtain the different rate of UV fluence.

Measurement of UV Fluence

The amount of UV fluence received at
different distances was calculated using
Bolton’s formula (Bolton, 1999), formula
(2.1) in combination with Beer-Lamberts
formula (2.2). Pineapple juice was used to
measure the amount of fluence at different
distances.

8 toH n
E(x,H) = o (arctan| — |+ arctan| =— | (2.1)

2234



Int.J.Curr.Microbiol. App.Sci (2017) 6(6): 2232-2239

E (x, H) is the Fluence rate measured in m
W/cm? at (x, H)

H is the center to center distance from lamp to
petri dish.

L is length of the UV light source

X is the radius of the petri dish

0 is the Source radiant power in Watts

Samples were subjected to different UV dose
values. UV dose is the product of exposure
time (t = minute) and average UV intensity
value (lavg = mW/cm?).

Average fluence rate was calculated
according to an integration of Beer-Lambert
Law

lavg = 10 = (1 - exp (—Ae=L))/Ae= L (2.2)

In this equation, 10 represents the incident
light intensity (mW/cm?), Ae value indicates
the absorption coefficient (1/cm) and L is the
path length (cm).

Results and Discussion
Design of lab scale continuous UV-system

A lab scale UV system was designed so as to
conduct the treatments at different heights
from the lamp source. The setup is
represented in the following figures. The
figures 1, 2, 3 and 4 represent the front view,
side view, top view and 3-D view of the setup
respectively.

Development of lab scale UV chamber

The lab scale setup was made with plywood
and a coating with paint was given to the
setup. The platform is detachable and can be
adjusted such that the distance from the lamp
source can be varied. Three 18 Watt low
pressure UV-lamps (200-300 nm wave
lengths) was mounted at the top which is
connected to a switch which was mounted to
the side wall of the setup.

Table.1 UV fluence at different distance and exposure times

Distance (cm)

Exposure time (min)

Pineapple dose (mJ/cm?)

8.6 5
8.6 10
8.6 15
13.7 5
13.7 10
13.7 15
18.6 5
18.6 10
18.6 15
22.8 5
22.8 10
22.8 15

183+ 2.8
366 +2.5
549+ 3.1
102 +2.2
2046 +£2.3
306.9 +3.3
49+15
131+11
198 +1.3
48.8+2.5
98.2+29
147 +3.8

Values are presented with mean + standard deviation (n=4)
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Fig.1 Front view of the experimental set up

Fig.2 Side view of the experimental setup

Fig.3 To p-view of the experimental setup
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Fig.4 3D-view of the experimental setup

Fig.5 Lab scale treatment chamber after fabrication
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This in turn was connected to the power
source. The dimensions of the setup were 90 x
30 x 30 cm and the plat form can be mounted
at variable distances of 8.6, 13.7, 18.7 and
22.8cm from the lamp source. The length of
each lamp is 58cm. The final set up is
presented in figures 5 and 6.

UV-dosage calculations

The dosage at different heights of treatments
and at variable time of exposure to UV light
has been calculated by using the Bolton’s
formula and Beer Lamberts law. The results
have been presented in table 1.

Lab scale continuous UV- C system was
designed and fabricated during the study.
After fabrication of system, the UV fluence
was measured at different distances and time
of exposure for pineapple juice. The setup
was used to conduct further experiments.
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