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Quality Attributes of Carrot Pieces for Baby Foods
Prepared under Different Freeze Drying Conditions

Hye Kyoung Kim, Dong Soon Suh, Young Chun Lee' and Kwang-Ok Kim*

Department of Food and Nutritional Sciences, Ewha Womans University
'Department of Food Science and Technology, Chung-Ang University

Optimum conditions of freeze-dried

carrots were determined using response

surface methodology.

Physicochemical and sensory properties of freeze-dried carrot prepared at different plate temperatures and
chamber pressures were evaluated. Drying time increased with decreasing plate temperature and chamber
pressure. Rehydration ratio decreased inversely with chamber pressure at low plate temperature, but increased
proportionally with chamber pressure at high temperature. Density, color, and sensory off-flavor were not
affected by the plate temperature and chamber pressure. Sensory color, tenderness, and carrot flavor increased
with decreasing plate temperature, but were not affected by chamber pressure. Based on the drying time,
rehydration ratio, and sensory attributes, optimum plate temperature and chamber pressure for the preparation
of freeze-dried carrot were determined as 43°C and 700 micronHg, respectively.
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Table 1. Drying time, density” and rehydration ratio? of freeze dried carrot

PT? (°C) CP* (micronHg) Drying time (h: min) Density (g/mL) Rehydration ratio (g/g)

20 100 12:30 0.030£0.000 16.55+0.11°
550 11:30 0.027+0.003 17.94£0.29¢

1000 11:00 0.030£0.000 19.50 £ 0.34®
40 100 10:00 0.030£0.000 2044 +0.09
550 9:30 0.030£0.000 17.66+£0.19¢

1000 9:00 0.030£0.000 18.23+0.19%

60 100 9:00 0.030=0.000 19.14+0.13%
550 8:30 0.030=0.000 17.55+0.13%

1000 8:30 0.030£0.000 18.50+£0.32>¢

DDN=3; Mean + SE; Means sharing a superscript letter in the same column are not significantly different (p>0.05, Tukey test). Density did not

show significant difference among the treatments.
¥Plate temperature.
“Chamber pressure.

Table 2. L, a and b values? of freeze dried carrot

Dried Rehydrated
PT? (°C) CP? (micronHg)
L a b L a b
20 100 63514 213x1.0 384+1.1 60.8+0.7 236103 460107
550 63.0£2.0 233%25 409+1.3 59.0+0.9 257%+22 47.1+13
1000 63.2£1.0 242%0.5 388+ 14 58.7+£0.2 279+%1.1 489+1.5
40 100 65.1£0.8 21.1£0.6 402415 59.6+£0.1 25.0%£1.0 46.61+0.6
550 652x1.7 19.0£1.8 40.0+04 59.1£0.8 229+1.1 473+2.1
1000 66.0+1.3 21.7£0.9 41.0+2.1 60.1+£1.0 244+1.0 458+0.4
60 100 66.1 0.8 225104 36.0+0.6 60.6+0.8 26.8+0.4 43.6£0.6
550 66.3+0.8 20.5+0.7 36.2+1.7 59.8+0.9 23.1+23 439+3.8
1000 65.01£0.9 202%1.5 41.8+13 60.5+0.9 23.1+0.8 490x0.9

PN=3; Mean + SE; All color values were not significantly different.
PPlate temperature.
JChamber pressure.
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Table 3. Sensory characteristics” of freeze dried carrot

PT? (°C) CP? (micronHg) Carrot color Tenderness Carrot flavor Off-flavor
20 100 5.50+0.33% 6.00+:0.33® 5.50+0.46% 1.63+0.18
500 6.13£0.30° 5.88+0.35% 6.38 +0.38° 2.00+£0.38

1000 6.00£0.33® 7.131+0.23* 5.75+0.25%® 2.131+0.30

40 100 4.2510.45% 4.75+041> 4.63+0.57* 2.00+0.33
500 4.88+0.52% 6.00+0.38* 5.63+0.60™ 1.88+0.40

1000 425+0.62% 5.13£0.58% 4.75+0.75% 2.00+0.27

60 100 3.88£0.30° 3.63+0.38° 3.50+0.33% 2.13+0.23
500 4.75+£0.53% 3.88 1 0.48° 3.38+£0.50° 2751041

1000 4.13+0.35 3.631042° 4.13£0.48™ 2.13+0.30

UN=8; Mean= SE; Means sharing a superscript letter in the same column are not significantly different (p>0.05, Tukey test). Off-flavor did not

show significant difference.
1=trace, 9=extreme.
ZPlate temperature.
3 Chamber pressure.

Table 4. Regression coefficients of the second degree polynominals” for sensory attributes of freeze drying of carrot

Coefficients Drying time Rehydration ratio Carrot color Tendemess Carrot flavor
Bo 9.3306 18.0898 4.8686 5.4613 5.3017
B, -1.4908 0.1672 -0.8151 -1.3235 -1.0999
B, -0.5000 0.0150 0.1250 0.2500 0.1667
By 0.6667 -0.5794 0.6042 -0.2708 -0.2292
B 0.2250 1.0249 -0.6047 -0.2391 -0.4406
B 0.2490 -0.8719 -0.0692 -0.2974 0.1153
% variability explained 98.29 92.60 67.52 70.94 71.20

DY=BtB, X, +B,X, 4B, X B, X, 4B, X X,

X, X,; coded levels of plate temperature and chamber pressure (-1, 0, 1).
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Fig. 1. Spline interpolation of response surface for freeze dried carrot as a function of plate temperature (PT) and chamber pressure
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