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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 0507 084 83.42° 0.001™  0.0005™ 0.015™ 5177
Circulation time 2 5212° 1190 1218 11333°  0.005 0.003" 0'9518 528.36°
Storage time 323224° 2687* 26.18° 3461.56°  0.006" 0.005" 02™  960.44°
Radiation dose x 4 144™  072% 167 41117 00005™  0.001°  0.01™ 1924
Circulation time
Circulation time x 6 11757 004* 149" 2954 0.002°  0.0005™  0.05"  50.68"
Storage time
Radiation dose 6 058™  0.04% 135 3944 0001° 00002 001™  1581°
Storage time
Radiation dose x 1
Circulation time x 5 165™  0.14% 031" 12.94"  0.002"  0.0006™ 0.01™ 10.07"
Storage time
Error g 1.19 0.008 0.12 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; tl, 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 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; tl, 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; tl,
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.
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 7 The total soluble solid (TSS) 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.

A3 =S LSS S il i el L Gilas
B B sy 53 NV 28 K15 i o s 5
Bl s S ol et il Ll e il b
= 0>0.05) (s ls me U 58 s sl slasles 5o

YT 21 e e el 31 gn (61 gioms
‘*:“"‘ 6‘.9:""}'.’ 6)‘5& 9 @:;&'ﬁ: J.:SU Y-y

o S K, Sl
oN2aS3 0l 5 sad DT (52 8 Ol ekl 3 S0 ol S
V ez e 3 (S Sl da) & sl g Glge
L o355 ) ny abalidl s 0L gl 350 s ine o
535 Olay il sl 5 e gn Ol o 51 Aol 2l
53 il 2alS (ol e ) s 4 Sy Sl Al (5 g
iy S Sl il Gl e o i (1545 0503 sl

B335 1 S ST S 500 5 (VOVY) dalid 4l gl 3 55



Ve LT AA 6555 DIV 6 led

Ol 2lde mboo 5 ol alna

ol 0SB pme oSy 5l e (551 3 I pamn S B
el sy 52 VL Gl s Sl Gl lL Com s
el el el sk e3ls 0L 4SS s oS bokes
Wyod by sy e Gasls bl ol op e el
aids Yo (i S 0l 5 yme Sle Ve sl jleds sy
F R W g ke e Sl (2 izes
s aids Yo 5 S Ol s e Sle Y Aol Sl el
S35 553 Sl U3 o305 ab e Slel 2 2SS
5 Gl Yo dob 3ledd asgy Seed of 4ses @
oS Lol foamen .03 S Glas adds Yoo 20 8 0l
13485 o) slesl o als Sl a1y 650 b o Ll
Sobe 0 L) K e sl 5l ol
Shedd sy sl 4 bare (Gopds, 5 polis K
ke s osg aids Ve 55 8 Ol s gt e Y alsl
Sledd assy sped Sf 4ised 4 ol S5, Sl o xS

285 et aids Ve 8 Ol b e sl T ol
Sod Sl oS G pme 51 IS (200 L S ke O s
aids Yo (i S 0l 5 yme Sle Vo ol 3leds as gy
“ by IS ady Ol eSS s 28 S Gl
Yo i S 0bey 5 s e e Vo aols ledd as g gl
olyod oas g aS aals Ol (V01 0) e 5 LIS 55 aids
CotS b 5 05 ,See 5L a8 e ool Sled L
ars b ,lsaS gles 3 e ;.j Sal= ey, ;.j e
iS5 okd 5ol p gladisad S BLL 5 L3 8 el
A K s 53 V4155 Iy il 5, T w5, Y
2 0L pn O Slakisas p paall s B AL
o 8300 4 o 21 G50 Lol e o g O K
(ol S b g 6138 6,95 b s ool L
SESL g ane oS B Sl oblne e w il B G
Sl sl Koo (Sledld 2 LUlS s Jaoes L 00
Olpe 4 iS Gla Sy i ol s sld e 5 1555k

Lo] s sl gmsn Sl G0l Ol sty sl

Yo

bl oS g s e S Ol e 4 a8 Sl Gl 8
Ll il aile s S 050 50 sla s G 5 5555
Lol [V S ed sloml ol0e Jgeams 53 558150305 silasl
LS e U015 e 0350 0 S 030 0 0 355 b anl ol
33,8 e sl 3 Lagpaly s der 51 JT LS 5 g
S5t daul yy Ll e Lagmeln s glysome als
Sds amsSly 5 OLS 5o opl o i il b b lad 555
Ll e il Ll s UL colg 5s 5 oy I
O i 8 aland 58 Ol a3 ST ISl Jsees
Lo pmelins o @ md o o ool (6,500l (2l 3
Sty bl ST (sladiSGsly ol 53 IV O] 5 5 e
e Lol cdled U Sl (2STy ol a5 45 ol
3l el e 80 o Lagpmeliy s o5 s 1 Ol pae . led o
wlilow g 55 (R 555 mse dsb 5 Dl (gl el g 5 L3
s S Sl ey nl bl e sl 3 sles 5 il 3
3 a8l bl oass s 5 Al 8l L adeen Lo 8 el

LYY AN b o aalal 55 (235 51 day Wappaliy 5 4 25 2

= G 5 Gl pa gy U 1Y

b O e S S

0 S b pas s Sl el (5513 Jpame S S e Ol e
i e an e oLl Wl el Sl sl
s e (s Al SO e Sl pare e sl S
@S el ]S o il IS Sy 505 5 b
Sy Ao 0l 2355 Gl gas (o Sla el
Ol Gilsls s mld o5 J 28 slad sai alie a5 5
5 (P<0.05) il 5 5l dols 36 cos Ky el sl
S8 (0<0.05) s blu j3 o5 of 23,5 0Lsj
3 o8 S Obay il U alols Jlize 3 s 23 S
s s b s e s Gl s L (5K Ol
g s pmn o33 0 Szl o 53 pod O S 5

{Mh&ﬁ&d\ﬂauwtab)Jw}&Lu)lGLTJ



d,».b.l\).é PPy A g aou;u LS'!L-'-).)I

OLes 5 e 55 o

Color OCentrol BUV-ditl QOUV-dit2 BUV-dIt3 OUV-d2tl
BUV-d2t2 EUV-d2t3 BAUV-d3tl BUV-d3t2 BUV-d3t3
9 9 4 Aroma
8 -
£ g
)
o 7 - e
w w
e i P
S i Fl )
- 5 ]
2 ¢ / / .
2 ¢ 5 | @
1 ] 4
3 it i g
h g H
) g ¥
h 8 H
4 -
0 30 60
Time(day) Time(day)
9 Overall acecptance
E | Taste
8 9
8 -
gé ] 1 81
2 7 - H i - £ |
iy 8 i =) | af
B L i o . £l
S f 45 s 7 i
27 A o & i B
g 1 1" o £ 8
7 I i & i - ]
n 1 4 = | 4 1] F
6 - 5 'h rﬂ | ¥ £ 4 8
¢ 1 o A 6 4 A | ELEE H
g [ o 6" 4 o | LR :
6 || ¥ | 5 4 o [ 2
1 [ # [ A 2e 2
g i 8 4 ] [ g
s LEY § bt £l 5 i [ L 8
0 30 60 920 0 30 60 90
Time(day) Time(day)

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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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
and during the storage period, parameters such as pH, titratable acidity, total
soluble solids, ascorbic acid content, color indices (L*, a*, and 5*) 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.

However, the browning of irradiated samples from 10 cm distance was
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
recommended for lemon juice processing due to the destructive effect of UV-C
radiation on the content of ascorbic acid.
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