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ABSTRACT

This study examined the optimal manufacturing conditions, namely thickness and drying time for the preparation of lotus
root dry chips using air fryers. The study was based on the central composite response surface methodology (RSM) design.
Accordingly, the thickness and drying time were set as the independent variables. The experimental data on the physicochemical
and sensory evaluation were fitted to various models. Among the responses, sugar content (p<0.05), salt content (p<0.05),
b-value (p<0.05), and the sensory properties of color (p<0.05), flavor (p<0.05), sweetness (p<0.05), hardness (p<0.01),
chewiness (p<0.05), and overall acceptability (p<0.01) showed significant correlations with thickness and drying time. From
these results, the optimal formulation was calculated by applying numerical and graphical methods, and was determined to
be a thickness of 4 mm, drying time of 5.7 min. We believe lotus root dry chips made using air fryers based on the above
parameters have the potential to become a healthy product meeting various consumer preferences for snacks.
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Table 1. Coded independent variables used in RSM design for lotus root dry chips
Coded-variables
Independent variable Symbol

—a -1 0 1 a
Thickness (mm) X 3.5 4 5 6 6.5

Drying time (min) X 4 45 55 6.5 7
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Fig. 1. Appearance of lotus root dry chips by central composite design.
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Fig. 2. Preparation process for lotus root dry chips.
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Table 3. Physicochemical properties of lotus root dry chips at various conditions by RSM
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Variables" Responses
Sample

o, X X, Sugar content Salt content Color

(mm) (i P (“Brix) *) L a b
1 4 4.5 5.40£0.01% 4.67+0.06° 3.87+0.06° 63.69+0.48% 6.17+0.16° 18.38+0.03°
2 6 45 5.83£0.01° 2.53+0.06 2.03+0.06' 63.050.93° 2.83+0.06" 15.79+0.16
3 4 65 5.57+0.01° 3.23+0.068 2.57+0.06" 64.24+0.31° 6.32+0.04° 17.94+0.33¢
4 6 6.5 5.43+0.01" 3.800.00° 3.13+0.06" 62.87+0.13" 5.90:0.09° 18.48+0.08°
5 35 55 5.59+0.01° 4.97+0.06° 4.10+0.00 63.76+0.22° 5.37+0.11¢ 19.52+0.06°
6 6.5 55 5.41+0.01° 4.57+0.06° 3.80+0.00° 59.43+0.50" 6.69+0.05" 18.16+0.37™
7 5 40 5.69+0.01¢ 3.4020.00" 2.8040.00° 69.04%0.30° 2.430.09' 17.36+0.25¢
8 5 7.0 5.69+0.01¢ 3.07+0.06" 2.50+0.10% 56.27+0.34' 6.60+0.14" 17.90+0.10°
9 5 5.5 5.85+0.01° 3.00£0.00" 2.43+0.06=" 61.47+0.128 4.09+0.31° 16.89+0.33°
10 5 5.5 5.79+0.01° 2.90+0.00' 2.3740.06" 65.34+0.10° 3.64+0.03¢ 17.384+0.23¢
11 5 55 5.54+0.018 4.17+0.06 3.33+0.06° 66.45+0.14° 5.04+0.06° 17.28+0.02¢

F-value 1,237.945™ 948.029™ 481.540™ 217.214™ 426.335™ 60.339™"

Y X,: thickness, Xp: drying time.

? MeantS.D. (n=3).

3 Mean values with different letters (*~J) within the same column are significantly different by Duncan’s multiple range test at p<0.05.

™ p<0.001.

Table 4. Analysis of predicted model equation for physicochemical properties of lotus root dry chips

Responses Model R F-value  p-value  Lack of fit Polynomial equation”
pH Quadratic ~ 0.7959 3.12 0.1465 0.2299 Y=5.72-0.03X,—0.14X; X, — 0.11X,% —0.03X,>
Sugar content Quadratic ~ 0.9389 12.30° 0.0153 0.1431 Y,=3.05—0.26X; —0.08X,+0.68X, X,+0.69X,+0.01X,>
Salt content Quadratic  0.9351 11.53 0.0172 0.0972 Y3=2.96—0.20X, —0.08X,+0.60X, X,+0.36X,> — 0.22X,>
L Linear 04312 3.03 0.1047 0.4989 Y=63.24—1.00X, —2.21X,
Color a Linear 0.4662 3.49 0.0812 0.2249 Ys=5.01-0.21X;+1.12X,
b Quadratic  0.8996 8.96" 0.0155 0.2057 Y=17.14—0.48X,+0.36X,+0.78X,X,+0.65X*+0.11X;’

DX thickness, X,: drying time.

" p<0.05.
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Table 5. Sensory evaluation of lotus root dry chips at various conditions by RSM
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Variables" Responses
Sample
no. (If](rln) (l‘fl(iil) Appearance Color Flavor Sweetness Hardness Chewiness accg;:;)lﬂity
1 4 45 6931277 6.71£1.07  6.93£1.07" 6.86£1.23°  5.64£1.34°°  6.07£1.59™  6.64+1.34"
2 6 45  6.29+0.83 6.57£0.85  6.21=1.12 586=1.17°  5.00+1.41° 5.29+1.38¢ 5.64+1.28%
3 4 65  643£1.40 636122 7.07+0.83" 6.14x1.75°  7.07+1.33° 6.79+2.23®  6.71£1.59™
4 6 65  6.14x1.35 6.36£1.08 679112 6.07+1.07°  6.36£1.45™  550+1.61°  6.21x1.25"
5 35 55 6.43£1.02 6.79£0.80  7.29+1.33" 750£1.29°  6.93+1.14%  7.43+0.94° 7.57+1.09°
6 6.5 55  636£1.08 6.36£1.45  6.43£0.94™  629+0.99°  6.50£0.86™  6.14x1.46™¢  6.07+0.92"
7 5 40  643%1.22 6.64£1.15  5.93+1.00° 6.14£1.03°  507+1.14*  529+0.83¢ 5.50£1.02
8 5 70  571%1.44 5712133 6.79£0.98™  636£1.22°  6.86+1.10°  6.64+1.34™  6.29+]1.73"
9 5 55 621112 6.29£120  6.36x1.15" 593£1.86°  621x1.19™  579£1.76™  6.00£1.62
10 5 55  6.86£1.29 6.71£1.27  6.71£0.73  629+1.49°  6.00£1.18*¢  6.00+1.24™¢  6.43+1.28"
11 5 55 6.79+1.25 6.64£1.15  6.50£0.85™  6.00£0.88°  6.71£0.99"  6.50+1.09"¢  6.50£0.94"
F-value 1.153 0.976 2.094 1.876 4978 2.961" 2,615

Y X,: thickness, Xp: drying time.

? MeantS.D. (n=14).

% Mean values with different letters (*~°) within the same column are significantly different by Duncan’s multiple range test at p<0.05.
™ p<0.01,

* p<0.05,

™" p<0.001.
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Table 6. Analysis of predicted model equation for sensory evaluation of lotus root dry chips

Responses Model R F-value p-value  Lack of fit Polynomial equation”
Appearance Linear 0.3863 2.52 0.1419 0.7061 Y7=6.42—-0.12X,—0.20X,
Color Linear 0.5605 5.10" 0.0373 0.5736  Yg=6.47—0.09X,—0.23X,
Flavor Quadratic 09119 1035 0.0114 0.5897  Y9=6.54—0.27X,40.24X,+0.11X;Xy+0.18X,> —0.05X,>
Sweetness  Quadratic 0.8348 5.05" 0.0499 02757  Y1=6.05—0.34X; —0.02X,+0.23X,X,+0.31X,*+0.03X,?
Hardness ~ Linear 0.7727 13.60" 0.0027 0.5371  Y11=6.21-0.23X,+0.64X,
Chewiness Linear 0.6524 7.51° 0.0146 0.4311 Y ,=6.13—0.47X,+0.35X;
Overall . - ) )
acceptability Quadratic 0.9344 14.24 0.0056 0.8387 Y 15=6.31-0.44X,+0.21X,+0.13X,X,+0.22X," —0.19X;

D X,: thickness, Xp: drying time.
* p<0.05, " p<0.01.
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Table 7. Optimum constraint values using two numeri-
cal methods in the object goal

Constraint name Goal N1.1m.e rlc.al
optimization
Independent X,V In range 4.00 mm
variables X? In range 5.77 min
YD Maximize 6.50
Ys" Maximize 7.01
Yo" Maximize 6.64
Responses
Y,© Maximize 6.62
Y,” Maximize 6.70
Y,Y Maximize 6.97

Y X,: thickness, ¥ X,: drying time, ¥ Yg: color, ¥ Yo: flavor,
9 Yo sweetness, ® Yi;: hardness, ” Yi»: chewiness, ¥ Yis:
overall acceptability.



32(3): 159~168 (2022)

Perturbation

1.000

0.800 _|

0.600 _|

Desirability

0.400 |

0.200 _|

0.000 _|

I I T I I
-2.000 -1.000 0.000 1.000 2.000

Deviation from Reference Point (Coded Units)

167

Desirability

S
==

6.5

B: time (min) A: thickness (mm)

Fig. 3. Perturbation plot and response surface plot for the optimization mixture of lotus root dry chips with different

thickness (A) and drying time (B).
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Fig. 4. Perturbation plot and response surface plot for
the optimization mixture of lotus root dry chips with
different thickness (A) and drying time (B).
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