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Table 1- Box—Behnken experimental design with independent variables (coded and actual values)

Independent variable Symbol Unit Coded level | Coded level Coded level
-1 0 +1

Radiation power Xi W 300 400 500
Exposure time X2 min 10 20 30

Distance from infrared emitter Xs cm 5 10 15

Initial moisture content of Xa % (wet basis) 10 15 20
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Table 2 - Results obtained from ANOVA analysis related to infrared peeling

IR Power . . Distance Humidity
STD RUN W) Time (min) (cm) (%) R
10 1 500.00 20.00 10.00 10.00 2.88
16 2 400.00 30.00 15.00 15.00 3.33
12 3 500.00 20.00 10.00 20.00 4.03
6 4 400.00 20.00 15.00 10.00 4.02
5 5 400.00 20.00 5.00 10.00 2.81
25 6 400.00 20.00 10.00 15.00 4.08
9 7 300.00 20.00 10.00 10.00 5.71
8 8 400.00 20.00 15.00 20.00 4.32
24 9 400.00 30.00 10.00 20.00 343
26 10 400.00 20.00 10.00 15.00 4.13
1 11 300.00 10.00 10.00 15.00 5.65
11 12 300.00 20.00 10.00 20.00 5.56
18 13 500.00 20.00 5.00 15.00 2.75
27 14 400.00 20.00 10.00 15.00 4.24
20 15 500.00 20.00 15.00 15.00 2.87
13 16 400.00 10.00 5.00 15.00 3.13
21 17 400.00 10.00 10.00 10.00 3.57
15 18 400.00 10.00 15.00 15.00 4.18
14 19 500.00 10.00 10.00 10.00 2.81
23 20 400.00 30.00 5.00 15.00 3.02
19 21 400.00 10.00 10.00 20.00 4.48
22 22 300.00 20.00 15.00 15.00 5.94
17 23 400.00 30.00 10.00 10.00 4.11
7 24 500.00 30.00 10.00 15.00 2.79
3 25 300.00 20.00 5.00 15.00 4.77
- 26 400.00 30.00 5.00 20.00 3.97
— 27 300.00 30.00 10.00 15.00 5.28
R &
- R

Actual Faclors

A IR Power = 400,00

B: Time =20.00 5.175 —
C: Distance from the radiation source = 10,
D Humidity = 15.00

4,35 —

R1

1525

2.7 —

-1.000 .50 0,000 0500 1.000

Deviation from Reference Point (Coded Units)
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Figure 1- Contour plot of humidity, as a function of two factors: moisture content (%) and distance
from the radiation source (cm).

AR
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o
Yo, 50000 ~ 10.00 -

Figure 2- 3D surface plot of the effect of radiation power and time on chestnut moisture percentage

Fig 3- 3D surface plot of the effect of radiation power and distance on chestnut moisture percentage
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Fig 4- 3D surface plot of the effect of radiation power and chestnut moisture percentage on chestnut
moisture percentage
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Figure 5- Optimizing the operational conditions of skin peeling with infrared
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Figure 6 — Final moisture content of peeled chestnuts using infrared and manual peeling methods during storage
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Table 3- The firmness (N) of chestnuts with different treatments

Storage (days)
Treatments 0 30 60
Manual peeling 97.9844.124¢ 106.66+3.01 Bd 136.55+7. 6 ¢4
Infrared peeling 88.7540.874° 99.1840.65 B® 116.75+1.39 ¢

Different lowercase letters indicate a significant difference between treatments (P<0.05). Different uppercase letters indicate
a significant difference between storage days (P<0.05).
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Table 4- Color indices of chestnuts with different treatments after 60 days of storage

Color indices

Treatments L* a* b*
Manual peeling 25.85+0.332 21.05+0.20* -2.44+0.65°
Infrared peeling 32.84+1.02° 43.41+0.26° -1.98+0.87%

Different lowercase letters indicate a significant difference between treatments (P<0.05).
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Figure 6- Browning index of chestnuts with different treatments
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Table 5- Mold count of chestnuts with different treatments

Storage (days)
Treatments 0 30 60
Manual peeling 0 14+£1 A¢ 40.33+0. 57 Be
Infrared peeling 0 84+0.89 A 11.33+0.51 B2

Different lowercase letters indicate a significant difference between treatments (P<0.05).

Different uppercase letters indicate a significant difference between storage days (P<0.05).
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Table 6 . Sensory evaluation of chestnuts after 60 days of storage

Sensory evaluation

Treatments
Color Aroma Firmness Overall
Acceptance
Manual peeling 3.42+0.59* 3.90+0.59* 3.90+£0.59*  2.95+1.05°
Infrared peeling 4.28+0.70¢ 4.42+0.70° 4.42+0.70¢ 3.66+1.14°

Different lowercase letters indicate a significant difference between treatments (P<0.05).
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physicochemical, microbial, and sensory quality attributes during
storage. Key process variables—radiation power (300-500 W),
exposure time (10-30 min), distance from the emitter (5-15 cm), and
initial moisture content (10—20%)—were optimized using Response
Surface Methodology (RSM) with a Box—Behnken design. The
optimum conditions were determined as 490.5 W power, 21.42 min
exposure time, 5.55 cm distance, and 13.77% initial moisture content,
achieving a final moisture content of 2.72%. Compared with
conventional manual peeling, infrared peeling significantly reduced
moisture content (to 1.01% after 60 days of storage), lowered kernel
firmness (88.75 N versus 97.98 N initially), and improved surface
brightness (L* =47.71). Moreover, infrared-treated samples exhibited
superior microbial stability (mold count <12 CFU/g after 60 days) and
higher sensory scores for color, aroma, texture, and overall
acceptability. Owing to its high energy efficiency, minimal water
usage, and excellent product quality retention, infrared radiation
presents a sustainable and scalable alternative to traditional chestnut
peeling methods for industrial applications.

90



