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Fig 1 Side view of continuous UV-C irradiation
system in Maya 2014 software.

.

Fig 2 Photograph of the continuous UV-C irradiation
system.
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3. Browning index
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Table 1 Analysis of variance of quality parameters of lemon juice

Source of variation df L* a* b* BI pH TA TSS AA
Radiation dose 2 1561 050 0.84" 83.42° 0.001™  0.0005™ 0.015™ 5177
Circulation time 2 5212° 1190 1218 113337 0.005 0.003" 0'9518 52836
Storage time 3 23224" 2687* 26.18° 346156 0.006" 0.005" 02™  960.44°

Radiation dose X
Circulation time
Circulation time x
Storage time
Radiation dose X
Storage time
Radiation dose X
Circulation time x
Storage time

S oo N =

Error

6 1175  0.04* 1.49

6 058"  0.04% 135

1.65™  0.14% 0.31

1.44™  0.72% 1.67°

5

5

5

1.19 0.008 0.12

5

41117 0.0005®  0.001" 0.01™ 19.24

5

29.54" 0.002"  0.0005™  0.05™ 50.68

5

39.44" 0.001"  0.0002™  0.01™ 15.81

e *

12.94™ 0.002" 0.0006™  0.01™ 10.07

8.03 0.0005 0.0004 0.11 2.50

BI: Browning index; TA: Titratable acidity; TSS: Total soluble solid; AA: Ascorbic acid
*indicate significant difference at 5% probability level (p<<0.05); ** indicate significant difference at 1% probability
level (p<0.01); ™ indicate no significant difference
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Fig 4 Browning index (BI) of lemon juice irradiated
with UV-C at different conditions and stored for 90
days at room temperature. Abbreviations d1, d2, and
d3 indicated the distance of 10, 20, and 30 cm of the
UV-C lamps from the surface of the lemon juice,
respectively; t1, t2, and t3 indicated the circulation
time of 10, 20, and 30 minutes of lemon juice in the
continuous UV-C system, respectively.

303 plieslge 3 A4S T (Shy e 5 S s
S sla s la sl o ol bl 5 e g8l 3
33 s slye Cxio 5 Jyens 55 b asb® @™ L*
il S5 L LUl s WV ]38 e )3 eslinad
st S Ol AS G Shs el (3l Lol e
5 sl a® S L* Glajarloas s jaiis
ol e 3l s B e la 5 il ke 6,40 5
Sl Jgore O lo g 1S1y 2 e 3 (pladi sl Sl
L e T 00 losgd Ol b Jas o ol o sde 4 [V Y]
ULl 5 V] e CTDYT LSy O 2355

s, ss5w b Sl syt ol e il calles [VO]

Yy

4 OControl ~ @UV-dltl  OUV-dI2  BUV-dI3  BUV-d2t1
auv-22  auv-dat3  auv.dil  auv-dt2  auv-dts
40 4

3 Plar 7
; i i g
N o ) (
/ ?’1 /l’
2 | A i g
4) 14 : o '
i
. i LENLRE (RN
0 30 60 90
Time (day)
4
3
2
¥
v

Time (day)

13

SR ENERR SRR
Lo i S o S S o]

L EEEEEELE |

30 60
Time (day)

Fig 3 Color indices of L * (lightness), a * (redness),
and b* (yellowness) of lemon juice irradiated with
UV-C at different conditions and stored for 90 days
at room temperature. Abbreviations d1, d2, and d3
indicated the distance of 10, 20, and 30 cm of the
UV-C lamps from the surface of the lemon juice,
respectively; t1, t2, and t3 indicated the circulation
time of 10, 20, and 30 minutes of lemon juice in the
continuous UV-C system, respectively.
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Fig 5 The pH of lemon juice irradiated with UV-C at
different conditions and stored for 90 days at room
temperature. Abbreviations d1, d2, and d3 indicated
the distance of 10, 20, and 30 cm of the UV-C lamps
from the surface of the lemon juice, respectively; t1,
t2, and t3 indicated the circulation time of 10, 20, and
30 minutes of lemon juice in the continuous UV-C
system, respectively.
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Fig 6 The titratable acidity (TA) of lemon juice
irradiated with UV-C at different conditions and
stored for 90 days at room temperature.
Abbreviations d1, d2, and d3 indicated the distance of
10, 20, and 30 cm of the UV-C lamps from the
surface of the lemon juice, respectively; t1, t2, and t3
indicated the circulation time of 10, 20, and 30
minutes of lemon juice in the continuous UV-C
system, respectively.
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Fig 8 The ascorbic acid (AA) content of lemon juice
irradiated with UV-C at different conditions and
stored for 90 days at room temperature.
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Fig 7 The total soluble solid (TSS) of lemon juice
irradiated with UV-C at different conditions and
stored for 90 days at room temperature.
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Fig 9 The sensory attributes of color, aroma, taste, and overall acceptance of lemon juice irradiated with UV-C at
different conditions and stored for 90 days at room temperature. Abbreviations d1, d2, and d3 indicated the distance
0f 10, 20, and 30 cm of the UV-C lamps from the surface of the lemon juice, respectively; t1, t2, and t3 indicated the

circulation time of 10, 20, and 30 minutes of lemon juice in the continuous UV-C system, respectively.
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ARTICIE INFO ABSTRACT

Article History: Ultraviolet radiation is one of the environmentally friendly methods that was used
in the present study to process lemon juice. The designed UV system had five UV-
C lamps and irradiation was performed based on the distance of the lamps (10, 20,
and 30 cm) from the fluid layer and the circulation time (10, 20, and 30 minutes) of
lemon juice in the system. Non-irradiated sample was also considered as a control
treatment. The control and irradiated samples were filled in dark polyethylene
bottles and stored at ambient temperature for 90 days. Immediately after irradiation
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and during the storage period, parameters such as pH, titratable acidity, total
Keywords: soluble solids, ascorbic acid content, color indices (L*, a*, and b*) and browning
index, as well as sensory attributes (color, taste, aroma, and overall acceptance)
were evaluated. The pH, acidity, and total soluble solids did not show a definite
trend. The results showed that among the color indices, L* decreased significantly,
but a* and b* increased significantly during the storage period. The rate of color
changes in irradiated samples from a distance of 10 cm was higher than other
treatments. Irradiation also significantly reduced the ascorbic acid content of
irradiated samples from a distance of 10 cm compared to other samples and control.

Lemon juice,
Ultraviolet radiation,
Quality characteristics,
Shelf life.

However, the browning of irradiated samples from 10 cm distance was

10.52547/f5¢t.18.08.24  significantly less than that of irradiated samples from 20 and 30 cm distance. The

score of the panelists indicated that irradiation and storage time altered the quality

characteristics of lemon juice. The panelists' scores showed more acceptance of

irradiated samples from 20 and 30 cm distance compared to irradiated samples

from 10 cm distance. In general, the designed system in this study is not

*Corresponding Author E-Mail:  recommended for lemon juice processing due to the destructive effect of UV-C
hr.akhavan@uk.ac.ir radiation on the content of ascorbic acid.
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