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4-Catalytic infrared

5- Life cycle assessment
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2- Dry peeling

3- Infrared heating
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6- Response surface methodology
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Fig. 1. Schematic diagram of the laboratory-scale infrared (IR) dry-peeling system for plums. (1) Chamber, (2)
Chassis, (3) Ceramic IR emitter, (4) Screw mechanism for adjusting the distance, (5) Rotating rollers, (6) Plum
sample, (7) Electric motor and belt drive assembly.
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Table 1. Actual and coded levels of independent variables in the central composite design (CCD) for infrared dry-
peeling of plums

Variable Low (-1) Center (0) High (+1)
IR emitter power (W) 350 675 1000
Irradiation duration (s) 90 120 150
Emitter distance to sample (mm) 20 45 70
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Fig. 2. Electrical circuit diagram of the infrared peeling chamber including power supply, dimmer, motor drive,
and IR emitter connections
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Table 2. Central composite design (CCD) matrix and experimental results for infrared dry-peeling of plums

Independent variables

Response variables

Treatment X1 X2 X3 Y Y2 Ys Y
No. IR emitter Distance Irradiation  Moisture loss Peel thickness Color Surface
power (W) (mm) time (s) (%) (mm) difference (AE) temp. (°C)
6 1 1000 20 150 35 0033 1627 90
18 2 675 45 120 08 0.13 1355 405
1 3 350 20 90 02 0.180 9.79 35
10 4 1000 45 120 1 0.04 1620 72
8 5 1000 70 150 1 0.035 155 70
14 6 675 45 150 02 0.168 13.56 50
1 7 675 20 120 19 0163 14 64 345
7 8 350 70 150 0 0.188 11.02 36
4 9 1000 70 90 1 0.043 1523 425
3 10 350 70 90 0.1 0.168 981 345
13 11 675 45 90 1 0.147 135 385
19 12 675 45 120 03 0132 1354 34
12 13 350 45 120 03 0.135 13.40 36
2 14 1000 20 90 28 0086 1630 455
9 15 350 45 120 0 0135 10.11 345
20 16 675 45 120 03 0.137 1423 415
5 17 350 20 150 0.1 0.175 9.83 50
16 18 675 45 120 03 0.160 13.70 41
15 19 675 45 120 03 0.134 1395 40
17 20 675 45 120 03 0.155 14.12 40

CCD with 6 center point replicates (675 W, 45 mm, 120 s). For mean + SD values of center point, see text above. Non-
center points were performed once according to standard CCD design.
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Table 3. Statistical evaluation of quadratic models for response variables in IR dry-peeling of plums

Response variables

Evaluation metrics Peel thickness (mm) Moisture loss (%) Surface temp. (¢C)  Color difference (AE)
Model (p-value) >0.0001#* >0.0001** >0.0001** >0.0001#*
Lack of fit (p-value) 0.29 ns 0.06 ns 0.05 ns 0.55ns

R? 0.96 0.94 0.93 0.99

Adj. R? 0.93 0.89 0.87 0.98
Coefficient of variation 10.02 2231 11.77 293

(%)

Adequate precision 18.63 15.76 14.90 32.09
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Table 4. Regression coefficients and statistical significance of independent variables affecting IR peeling performance

Linear effects Interaction effects Quadratic effects
Response  Intercep
variables t ) ) )
X] X2 X3 X[XZ X]X} X2X3 Xl XZ X3
Peel " -006 0002 -0005 0009  -0005 0008 9% o014 o016
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> >
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Fig. 3. The effect of infrared peeling operating parameters on peel thickness
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Table 5. Predicted versus experimental values of IR peeling performance parameters under optimal condition

Independent variable Value Response variable Predicted Experimental
IR emitter power (W) 46.797 Moisture loss (%) 0.60 0.30 +0.05
Irradiation duration (s) 107 Peel thickness (mm) 0.16 0.12+0.01
Emitter distance to sample (mm) 70 Surface temp. (°C) 3553 40+ 1
1497 1350+0.5
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Table 6. Analysis of variance (ANOVA) results for lye peeling performance parameters

Mean squares

Source of variations degrees of freedom (df)

Moisture loss Hue angle
Immersion time 2 52.13* 3121.28%
Error 6 039 051
Coefficient of variation ) 671 165

(%)
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Table 7. Impact of immerse on time in hot lye on plum peeling performance metrics

Immersion time (s) Moisture loss(/) Hue angle (degree)
70 16.5+0.44 ¢ 81.79+0.50a
100 9.56+0.35b 55.50+0.51b
120 13.5+£0.29a 2346 +0.01c¢

(70 %) (100 s) (120 %)

Fig. 7. Peeled plums after hot lye treatment at immersion times of 70 s, 100 s, and 120 s, illustrating changes in
peelability and browning.
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Table 8. Peeling performance and physicochemical properties of plums under selected hot lye peeling conditions

Peeling performance Value Physicochemical characteristics Value
Moisture loss (/) 956 Hue angle (Degree) 55.50
Peel thickness (mm) 0.14 Ascorbic acid content (mg/100 g) 10.50
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Fig. 8. Comparison of peeling performance parameters between dry-IR and lye methods: (a) Peel thickness, (b) Hue
angle, (c) Surface temperature, (d) Moisture loss, (e) Ascorbic acid content.
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Peeling is a key stage from post-harvest processing for plum fruit, which
traditional methods (using lye solution) meets to some challenges such as a
high peeling loss, low efficiency of process, high consumption of water and
energy, chemical wase water production that finally led to reduction of
product quality. This study investigates the feasibility and optimization of
dry-peeling for plums using infrared radiation heating as a sustainable
alternative to conventional lye peeling. A laboratory-scale system including
a ceramic IR emitter and the rotating fruit rollers for plum processing was
designed. The effects of IR emitter power (350-1000 W), heating time (90-
150 s), and emitter distance (20-70 mm) on physicochemical properties and
peeling performance (moisture loss, peel thickness, surface temperature,
color properties, and Ascorbic acid) were evaluated using Response Surface
Methodology (RSM). The results showed that optimal conditions (797.48 W,
70 mm, 107 s) achieved 0.30% moisture loss, 0.12 mm peel thickness, 40°C
surface temperature, 13.5 AE color change, and 14 mg/100 g ascorbic acid
retention. In compare with conventional lye peeling method (10% NaOH,
85°C, 100 s), IR peeling significantly reduced moisture loss (0.30% vs.
9.56%), preserved bright yellow hue (Hue angle 82 vs. 55°), and enhanced
ascorbic acid retention (14 vs. 10.5 mg/100 g), while eliminating chemical
wastewater. These findings proved the high potential of infrared radiation
heating as a green method, effective with high quality for plum processing.
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