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2. Infrared Radiation

3. Pulsed Electric Field

4. Near-IR Radiation (NIR)
5. Mid-IR Radiation (MIR)
6. Far-IR Radiation (FIR)
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1. Antioxidant
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1. Come Up Time (CUT)
2. Electroporation
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Figure 1. Schematic diagram of the continuous system of IR pre-heating (a) and PEF apparatus (b): 1. Pump, 2-
thermocontroller, 3- metallic chamber, 4- IR lamp, 5- glass chamber, 6- PEF processing chamber, 7- data logger, 8-
computer, 9- processed sample.
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Figure 2. The effect of applying different PEF strength on the juice temperature
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Figure 2.The effect of inlet temperature (a, b, ¢ & d respectively 30, 40, 45 and 50°C) and different PEF processing
conditions on ascorbic acid content in tomato juice
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Table 1. First- order semi-logarithmic constant reaction rate of ascorbic acid degradation in tomato juice during PEF
treatment at different processing time

oSl o il S Gl s les
Br At SE R? Reaction rate constant Electric field strength ~ Temperature
(us™) (kV/cm) (°C)
0.956 1.180  0.000  0.80 8.56x10¢¢ 22.73
1.170 1.308  0.002  0.92 5.13x10-5¢d 27.27
1.193 1.419  0.003  0.87 5.54x10-5¢d 31.81 %
1.128 1.460  0.010 0.73 6.46x107° 36.36
0.954 1.105  0.012  0.89 1.21x104® 22.73
0.930 1.114  0.040 0.79 1.53x1044b 27.27
0.922 1.159  0.059 0.72 1.54x104ab 31.81 0
0.931 1.103  0.039  0.87 1.97x1042 36.36
0.959 1.141  0.025  0.81 1.27x104® 22.73
0.931 1.143  0.038  0.79 1.46x1044b 27.27
0.927 1.156  0.045 0.76 1.49x1044b 31.81 .
0.924 1.163  0.071  0.71 1.64x1044b 36.36
0.924 1.134  0.027  0.81 1.34x104° 22.73
0.933 1.127  0.030 0.84 1.56x1044b 27.27
0.930 1.149  0.041  0.79 1.56x1044b 31.81 >
0.920 1.167  0.076  0.68 1.60x1044b 36.36
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Table 2. Coefficient of first- order semi-logarithmic model during ascorbic acid degradation in the processed sample
during different PEF strength

£S1y Lo ol RPN
Br Ar SE R? Rea;rii)i ;::congtant Processing time -
(us™) us) Temperature (°C)

1.023 1.126 0.000 0.89 0.0005 °© 1173
1.151 1.273 0.001 0.83 0.0023 © 1354
1.292 1.488 0.004 0.74 0.0039 ¢ 1600 30
1.274 1.445 0.005 0.76 0.0044 cde 1956
1.263 1.473 0.005 0.78 0.0047 bede 2514
1.257 1.501 0.007 0.77 0.0053 #be 3520
1.002 1.044 0.002 0.99 0.0115 abed 1173
1.000 1.043 0.002 0.99 0.0136 %<4 1354
1.004 1.055 0.003 0.99 0.0136 %<4 1600 10
1.014 1.096 0.005 0.97 0.0157% 1956
1.015 1.130 0.007 0.94 0.0170* 2514
1.027 1.158 0.008 0.93 0.0180* 3520
0.984 1.062 0.003 0.98 0.0112% 1173
0.993 1.027 0.001 0.99 0.0128% 1354
0.993 1.033 0.001 0.99 0.0138% 1600 45
0.989 1.048 0.002 0.99 0.0150 ¢ 1956
0.981 1.079 0.006 0.97 0.0154 ¢ 2514
0.980 1.072 0.007 0.97 0.0164 ¢ 3520
0.995 1.041 0.001 0.99 0.01132 1173
0.988 1.035 0.001 0.99 0.0131 #bed 1354
0.983 1.047 0.002 0.98 0.0139 #bcd 1600
0.987 1.061 0.003 0.98 0.01492® 1956 >0
0.979 1.091 0.008 0.95 0.0154 #bcd 2514
0.975 1.087 0.011 0.94 0.0167 cd 3520
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Table 3.The effect of application of various PEF strength on coefficients of Simplified Hulsheger during ascorbic
acid degradation in tomato juice

Sl Ok Lo
Br Ar SE R? Ec (kV/cm) (cmlji(V) Pr'ocessing Temperature
time(us) (°C)
1.002 1.003 0.003 0.89 1855.332 0.0005° 1173
1.008 1.013 0.015 0.84 462.00° 0.0022° 1354
0.994 1.024 0.034 0.75 280.94 be 0.0036° 1600
1.009 1.027 0.036 0.77 250.78b¢ 0.0041° 1956 30
0.992 1.021 0.037 0.79 234.59b¢ 0.0043° 2514
1.009 1.034 0.043 0.77 209.19b¢ 0.0049° 3520
0.966 1.001 0.038 0.94 105.38°¢ 0.0095% 1173
1.008 0.983 0.036 0.95 98.02b° 0.0100% 1354
0.987 1.010 0.029 0.97 91.59be 0.0110% 1600
1.010 0.987 0.025 0.98 81.70b° 0.0120% 1956 40
0.983 1.008 0.026 0.98 76.80%° 0.0130% 2514
1.001 0.966 0.024 0.99 73.68b° 0.0130% 3520
1.000 1.051 0.044 0.96 105.56%° 0.0126% 1173
1.003 1.046 0.041 0.96 95.25b¢ 0.0120% 1354
0.996 1.033 0.028 0.98 89.91 be 0.0117% 1600
0.999 1.023 0.021 0.98 83.93be 0.0110% 1956 »
0.962 1.040 0.019 0.98 81.77"%° 0.0100% 2514
0.996 1.028 0.028 0.97 77.49be 0.0093¢ 3520
1.002 1.017 0.017 0.90 105.91°¢ 0.0094 ¢ 1173
1.027 1.054 0.023 0.90 93.68b° 0.0100% 1354
0.958 1.029 0.028 0.90 89.17"b° 0.0110% 1600
0.995 1.037 0.034 0.90 84.01b° 0.0120% 1956 %0
0.949 1.052 0.045 0.90 81.50b° 0.0120% 2514
0.999 1.060 0.052 0.90 76.24b° 0.0127% 3520
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Table 4. Coefficients of Fermi model during studying the effect of application of different PEF strength on ascorbic
acid degradation

Suslp Ol les
Bt As SE R? A En (kV/cm) Processing Temperature
time C)
0.028 1.002 0.006 0.88 16.99® 101.30° 1173
0.019 1.004 0.003 0.98 11.23¢ 62.67 ® 1354
0.010 1.007 0.001 0.98 8.82° 51.70 e 1600
0.007 1.010 0.000 0.96 9.51° 51.82 e 1956 30
0.004 1.019 0.000 0.88 11.86° 55.37 abe 2514
0.028 1.028 0.000 0.83 13.35¢ 56.30 e 3520
0.968 1.048 0.030 0.94 18.02° 48.32 % 1173
0.970 1.047 0.030 0.93 18.84° 46.59 be 1354
0.974 1.047 0.030 0.92 18.93° 44.03 be 1600
0.975 1.051 0.025 0.90 18.75° 40.58 be 1956 0
0.978 1.057 0.030 0.86 19.64° 38.51 2514
0.966 1.057 0.027 0.84 19.08° 36.92 ¢ 3520
0.964 1.045 0.020 0.87 22.25¢ 50.39 e 1173
0.975 1.041 0.017 0.92 20.12° 45.80 > 1354
0.975 1.042 0.020 0.93 19.45° 43.59 be 1600
0.973 1.050 0.027 0.91 20.15° 41,75 1956 .
0.969 1.063 0.042 0.88 21.76° 41.75 0 2514
0.963 1.068 0.053 0.86 22.51° 39.8] be 3520
0.993 1.078 0.012 0.92 19.412 4830 ° 1173
0.978 1.068 0.018 0.91 20.312 45.29 be 1354
0.974 1.055 0.023 0.91 20.25° 43.66 ™ 1600
0.971 1.046 0.030 0.89 21.40° 42.29 be 1956 %
0.966 1.040 0.047 0.86 22.36° 41.49 be 2514
0.961 1.036 0.070 0.83 23.76° 39.74 b 3520
Joles 5 G5 SVslas 5il Lol (Y1) dilas Be (R2=0/AN) te ol o oo Sl
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Table 5- Coefficients of Hulsheger model in describing the effect of juice inlet temperature and PEF strength on
ascorbic acid degradation

By As SE R2  kn(emkV) Ee(kViem)  te(us) -
Temperature (°C)

0.001  1.023 0024 097 255.8 3.603° 742.89 30

0.004  1.027 0016 098 15120 0.1229" 19230 40

0.007  1.022 0010  0.99 197.4® -0.4293¢ 101.8¢ 45

0.006  1.025 00125 098 181.5" 0.5137¢ 124.4¢ 50
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Abstract

Background and objectives: Tomato based products have high nutritional value, amazing
color, desirable flavor and high stability. Application of an appropriate processing method is
needed to preserve the quality of these kinds of products. Todays, to produce the high-quality
food products, novel thermal and non-thermal treatments are applied. In this study, a continuous
pulsed electric field (PEF) system equipped with infrared irradiation (IR) was designed and
constructed. Effect of this novel tomato juice processing method on ascorbic acid (AA) content
was investigated. Some mathematical and kinetic models were also used to describe the AA
degradation.

Materials and methods: The square-bipolar wave with 1 ms width at a constant frequency (32
Hz) was applied during PEF treatment. Two stainless steel electrodes, 10 mm in length and 0.5
mm in width were used in the PEF chamber. At first, tomato juice (30°C) was preheated up to
40, 45 and 50°C; the sample was then PEF processed at 22.73, 27.27, 31.82 and 36.36 kV/cm
for 1173 to 3520 us. AA content was measured using the iodine titration method.

Results: IR-preheating up to 40, 45 and 50°C resulted in 11.41%, 16.39% and 19.01% decrease
in AA content. Higher vitamin degradation was observed when higher PEF strength and longer
processing time. Models such as first-order semi-logarithmic, simplified Hulsheger, Fermi and
Hulsheger were applied to study the effect of process conditions on AA degradation.

Conclusion: AA content significantly reduced during IR pre-heating. First-order semi-
logarithmic model was useful in studying the effect of PEF treatment time on AA degradation.
Considering the high correlation coefficient and low standard error, simplified Hulsheger was
selected as the best one in describing the reduction in this vitamin content in relation to changes
in PEF strength. Hulsheger model was also effective in predicting the vitamin degradation at
different PEF strength and process time. It can be concluded that the applied PEF strength and
processing timed should be controlled to prevent from more heating up the juice by considering
the ohmic heating effect.

Keywords: Infrared Irradiation, Pulsed Electric Field, Tomato Juice, Ascorbic Acid,
Mathematical models
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