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Introduction

Due to the disadvantages of using chemical materials as pretreatment before grape drying, the application of
non-chemical methods that not only take the environmental issues into account but also increase the drying rate
and improve the quality of the produced raisins is vitally important. The high-humidity hot air impingement
blanching (HHAIB) is one of the non-chemical methods that can be used as a suitable alternative for chemical
pretreatment in grape drying. In this research, the design, construction, and evaluation of a high-humidity hot air
impingement blanching system are discussed in terms of the drying kinetics of white seedless grapes. The results
are compared against the control and chemical pretreatment.

Materials and Methods
High-humidity hot air impingement blanching (HHAIB) system

The HHAIB system is composed of the steam generator, steam transfer pipes, side channel pump, closing
and opening valves, air recycling channel, electric air heater, hot-humid air transfer channel, pretreatment
chamber, hot-humid air distribution chamber, nozzles, temperature and humidity sensors and controllers. The
performance of the system depends on the humid air temperature, the output fluid velocity from the nozzle, the
distance of the nozzles from the product surface, as well as the diameter and arrangement of the nozzles. In order

to achieve optimal design of the nozzle array, the relationships existed for the heat transfer coefficient, air mass
flow, and blowing power were considered.
Application of the HHAIB pretreatment and evaluation of its effect on the grape drying process

Experiments were conducted to investigate the effect of temperature and duration of HHAIB pretreatment on
the kinetics of grape drying. A two-factor completely randomized factorial design with three replications was
used to analyze the data.

According to the studies, the air at temperatures of 90, 100, and 110°C, a velocity of 10 m s™, and relative
humidity in the range of 40-45% was applied to the product. Pretreatment durations of 30, 60, 90, 120, and 150 s
were also considered. Experiments were conducted with three replicates and control treatment and acid
pretreatment were used to compare the drying process. Due to the high quality of shade-dried raisins, this
method was used to study the process.

The effect of the pretreatment duration on the drying kinetics of white seedless grapes was assessed by
observing variations in moisture ratio and drying rate over time, as well as determining the effective diffusivity
of water.

For the color evaluation of the produced raisins, chroma (C), hue angle H®, and total color difference (AE)
parameters were calculated after measuring L", a", and b” values.

Results and Discussion
The comparison of the drying process among the control, chemical, and HHAIB showed the positive efficacy
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of HHAIB on the drying rate of grapes. Compared to fresh grapes, the increase in drying rate under the influence
of HHAIB varied from 8% for a duration of 30 s at 90°C to 68% for a duration of 150 s at 110°C. The values of
the diffusion coefficient of grapes for the HHAIB pretreatment at temperatures of 90, 100, and 110°C and
durations of 30, 60, 90, 120, and 150 s, as well as for the control and chemical pretreatments were determined.
The values of the coefficient changed from 2.28x10™° m? s for 30 s of applying pretreatment at 90°C to
3.53x10™ m? s for 150 s of applying the pretreatment at 110°C. The highest value of this coefficient (7.46x10"
%' m? sy was associated with the chemical pretreatment. The value of the diffusion coefficient increased with
increasing temperature and duration of the HHAIB pretreatment. In general, this increase in the drying rate and
the diffusion coefficient can be attributed to the effect of the HHAIB pretreatment on the texture and destruction
of the cell wall, as well as the microcracks created on the skin of the grapes. Moreover, the findings reveal that,
in comparison with the hot air temperature, the duration of the HHAIB pretreatment was more effective in
enhancing the drying rate. Additionally, based on the color analysis, a temperature of 110°C and a duration range
of 90-150 s were achieved as suitable conditions for applying pretreatment.

Conclusion

The HHAIB pretreatment, which combines the benefits of hot air blanching with jet technology, affects the
texture and skin of grapes, accelerates the drying process, and increases the quality of the produced raisins.
However, the correct application of this pretreatment depends on the proper design of the system and appropriate
conditions, including duration, temperature, and relative humidity. The results of drying Kinetics showed that the
drying rate increased with an increase in the temperature and duration of the pretreatment. The findings indicate
that the HHAIB pretreatment could improve the color indices of the raisins, resulting in an increase in the drying
rate and acceptable quality of the final product. This provides a basis for the use of HHAIB on larger and
industrial scales.

Keywords: Drying rate, Grapes, High-humidity hot air impingement blanching, Nonchemical pretreatment,
Organic product
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Fig.1. a- Schematic view of high-humidity hot air impingement blanching pretreatment system (1- Steam generator, 2-
Steam transfer pipes, 3- Side channel pump, 4- Closing valve, 5- Opening valve, 6- Air recycling channel, 7- Electric
air heater, 8- High-humid hot air transfer channel, 9- Pretreatment chamber, 10- High-humid hot air distribution
chamber and nozzles, 11- Temperature sensor, 12- Temperature and humidity sensors, and 13- Temperature controller),
and b- Fabricated system
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application system of the components
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Fig.4. The image of the samples on the first and second days after applying high-humidity hot air impingement
blanching pretreatment

Fig.5. The image of the produced raisins related to durations of 30, 60, 90, 120, and 150 s of applying pretreatment,
respectively
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1- Moisture ratio
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Table 2- Analysis of variance of grape drying duration affected by pretreatment temperature and duration

i &le
Sources of variation
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Degree of freedom Mean square

Lo>
Temperature (°C)
(456) Jlod sy oo

Pretreatment duration (s)

o g e X Lod

Temperature x Pretreatment duration

(19
Error

2 41.867"

4 128.633™
0.783"™

30 2.356

osine B pae ™ o>V Jlais] a3 5 gine M1
“Significant difference in 1% probability level, ™ No significant difference
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Table 3- Comparison of drying duration mean affected by pretreatment temperature
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Temperature (°C)
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Drying duration (day)

90
100
110

30.60a
28.73b
27.27b
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Values followed by the common lower case letter do not differ statistically at 1% probability level.
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Table 4- Comparison of drying duration mean affected by pretreatment duration
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Pretreatment duration (s)
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Drying duration (day)
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60
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Values followed by the common lower case letter do not differ statistically at 1% probability level.
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Fig.6. Variation in moisture ratio with time for pretreatments of control, chemical, and high-humidity hot air
impingement blanching at durations of 30, 60, 90, 120, and 150 s and temperatures of a) 90°C, b) 100°C, and c) 110°C
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Fig.7. Variation in moisture ratio with time for high-humidity hot air impingement blanching pretreatment at
temperatures of 90, 100, and 110 °C and durations of a) 30 s, b) 60°s, ¢) 90 s, d) 120 s, and €) 150 s
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Fig. 8. Variation in drying rate with time for control treatment, chemical pretreatment, and high-humidity hot air
impingement blanching pretreatment at temperature of 110 °C and durations of 30, 60, 90, 120, and 150 s
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Table 5- Values of grape diffusion coefficient for control, chemical and high-humidity hot air impingement blanching
pretreatments at different durations and temperature of 110 °C

(dﬁab))bﬁi‘wJW‘u.\n aoleo Oyt g o (dybf@).o).;o X\f")a’bw‘y
Pretreatment duration (s) Equation R? Diffusion Coefficient (x10° m?s?)
A2L5 Lot LnMR=-4.41x10°5t+0.0824  0.9858 219
Control treatment

30 LnMR=-4.95x10"°t+0.0432 0.9955 2.46

60 LnMR=-5.09x10"t-0.0063 0.9985 2.53

90 LnMR=-5.67x10"t-0.0527 0.9982 2.82

120 LnMR=-6.23x10"t-0.1145 0.9899 3.10

150 LnMR=-7.11x10"t-0.1537 0.9808 3.53

coboed Sl LnMR=-15.01x10"+0.0201  0.9939 7.46

Chemical pretreatment
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Table 6- Values of grape diffusion coefficient for high-humidity hot air impingement blanching pretreatment at
different durations and temperature of 100 °C
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Pretreatment duration (s) Equation R? Diffusion Coefficient (x10™° m?s)
30 LnMR=-4.79%x10-5t+0.0365 0.9962 2.38
60 LnMR=-4.83x10-5t+0.0042 0.9978 2.40
90 LnMR=-5.32x10-5t-0.0447 0.9974 2.64
120 LnMR=-5.79x10-5t-0.0973 0.9938 2.88
150 LnMR=-6.47x10-5t-0.1419 0.9833 3.22
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Table 7- Values of grape diffusion coefficient for high-humidity hot air impingement blanching pretreatment at
different durations and temperature of 90 °C
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Pretreatment duration (s) Equation Diffusion Coefficient (x10° m? s™)
30 LnMR=-4.58x10-5t+0.0432  0.9953 2.28
60 LnMR=-4.71x10-5t+0.0268  0.9960 2.34
90 LnMR=-5.16x10-5t-0.0071  0.9964 2.56
120 LnMR=-5.41x10-5t-0.0655 0.9963 2.69
150 LnMR=-5.74x10-5t-0.1402  0.9884 2.85
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Table 8- Analysis of variance of color indices of raisins affected by pretreatment temperature and duration

o ple &350 as ©lrpe 5iSbe
Sources of variation Degree of freedom Mean square
9 C L* H (°) AE
o 2 817.886° 523.138° 113.375° 142.608"
Temperature (°C)
e e 4 82.529" 13591 22.189"  16.173"

Pretreatment duration (s)
o i e X Lod

_ 8 181.999°  7.248" 15949 2611
Temperature x Pretreatment duration
s 60 0.332 0.331 0.974 0.188
Error

2oy b Sl gdaw 55l sine M1
“Significant difference in 5% probability level
i S5, M 5 gub gl (ol degyS cai 4 AE gH LT C
C, L", H, and AE are chroma, lightness, hue angle, and total color difference, respectively.
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Table 9- Color parameters L*, C, H and AE of produced raisins under influence of different conditions of high-

humidity hot air impingement blanching pretreatment

L (46) o L* C H ) AE
Temperature (°C) Duration (s)
- - 48.48a" 35.02a 86.64a 0a
90 30 32.32h 17.15h 44.99¢fg 29.74i
90 60 34.20fg 16.56hi 44.28fg 29.10gh
90 90 34.25fg 16.84hi 45.93de 28.60fg
90 120 35.14ef 17.29h 43.76ghi 28.55fg
90 150 35.49de 16.85hi 43.96gh 28.47f
100 30 33.30gh 16.13i 46.01de 29.30hi
100 60 34.37fg 17.05h 42.65hi 29.26hi
100 90 35.19def 18.20g 40.78j 29.09gh
100 120 35.87de 19.27f 42.37di 28.11f
100 150 36.30d 19.87f 45.87de 26.74e
110 30 35.75de 23.24e 46.76cd 26.07d
110 60 36.08de 24.71d 48.07c 25.25¢
110 90 38.89¢ 28.14b 45.55def 24.90c
110 120 38.10c 25.31cd 46.63d 24.84c
110 150 41.47b 25.50c 51.17b 21.71b
it S35l Lwlel 2 70 pdaw )3 55 e B! (gl b ygins 5> dsliie oanndSSl SorgS By > (sl polio
Values followed by the common lower case letter in the columns do not differ statistically at 5% probability level.
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“ Values of this row are for fresh grapes
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