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Abstract

This study was performed to optimize the preparation of frozen lotus roots. Prior to freezing, an optimal blanching
condition at 100°C for 5 min was established, based on the microbial growth, texture, total phenolic content (TPC),
and sensory evaluation results. The blanched samples were then frozen under various freezing conditions (-20C
in a freezer for 2 hr, -70C in a gas nitrogen convection chamber for 7 min, and -196C in liquid nitrogen for
20 sec), and their qualities after thawing were determined. The scanning electron microscopic analysis indicated
that the microstructure of the sample frozen at -70°C was similar to that of the control sample, compared with
the other freezing conditions (-20 and -196°C). The antioxidant activities of the frozen samples decreased compared
to those of the control, but there was no significant (p<0.05) difference among the treatments. In terms of TPC,
the samples frozen at -70 and -196°C had significantly (p<0.05) higher values than the sample frozen at -20°C.
In addition, the drip loss of the sample frozen at -20°C was higher than those of the other frozen samples. These
results suggest that freezing at -70°C in a gas nitrogen convection chamber can be an optimal freezing method

of producing high-quality frozen lotus roots.
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Table 1. Microbial populations and total phenolic contents of the blanched lotus root samples

Microorganisms (log CFU/g)

Total phenolic content

amples Total aerobic bacteria Yeast and molds Coliform Staphylococcus (mg GAE/100 g)
Control” 4,640,042 345005 3.1940.04° 1.680.17° 46.16+1.67°
Blanching 1 min 2.4240.10° 2.38:0.09° 2.08:0.23" 1.36:0.10° 43.03+0.80°
3 min 2.14+0.15° 237+007° 1.81£026" ND 38.81+0.26°
5 min ND” 2,06+0.20° ND ND 38.40+0.21°
"No blanching.

Walues in a column followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

INot detected.

Table 2. Changes in texture of the blanched lotus root samples

Texture  parameter

Samples :

P Hardness (g) Adhizllxge):ness Chewiness Gumminess
Control’ 4590414892527 7124028  413.84:4275 1091.00£56.96"
Blanching 3613353303 54724087 3006044370 423.66+2492°

1 min

3min  324081+13541° -8543+448  234.76+38.28° 338.82:13.85°

5min  3011.3849.34"  -88.27+9.81°  197.14%21.39°  314.00:25.26°

"No blanching,
Values in a column followed by different letters are significantly (p<0.05) different
by Duncan’s multiple range test.

Blanching3t 9129] #5371 94 71EHEHoR 4
PG, AAE, Ak, A Fe, G4 7))
blanching A]7to] o el wheh 47k vrobAl = B2
YER) 9l o Wh(Table 3), th27-9F A2 Fol A ZE 5o
A 63 o]%de] 45 ol blanching 2] 7} THsa] FHo]
2 FE AR & oR wddHth A
blanching #]2]7} 9] &4 Toll i 9IS nAY,
Ao | YEHA ¢hdAdol Bt FR3hr ), B ol
A= #A blanching A2] 271 100CAA] 5% et
Ao Agach

Table 3. Sensory properties of the blanched lotus root samples

Overall
preference

Samples  Freshness Color ~ Appearance  Odor

Control”  9.00:0.00 9.00+0.00° 9.00:0.00° 9.00£0.00° 9.00+0.00"

Blf“gi‘g‘g 775:046 750093 750:0760 7.75:046 800076

3min  738:052% 7.25:0.89% 6.88+0.83% 7.63:052° 7.25+0.46°
Smin  688+035 638+0.74° 6.63:0.74 7380520 7.13:035°

"No blanching.
MValues in a column followed by different letters are significantly (p<0.05) different
by Duncan’s multiple range test.
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22 O F2e thE YA gl Bk
To] HH AL & & U=, oleig A=
T2 Qlate] M HlellA & 52740l 4
| 9 & Aoz BZEnk2r). v gas
nitrogen convection chamber®l| 4] -70C2 ¥+ A2 ++=
ThE A2l Tl Hlal] 9} 22 o 271 71 AL
SHS Ho FTHFig. 1). ¥hAo] -196TColA F5Y 53
AR 24 g F2E J0CE WEd Ao vg) B4%

U kel 2k A2 Ao s o s,
AR EE 2A S HoFTH(14,15,28).

0%
i
o e I
TONTIR
1o 1o gy

uf

% 0 ¥ of
§

BN

Q2L N ol o, O
i)

oo BN ool

Fig. 1. SEM images of the blanched lotus roots (A) and of the lotus
roots frozen at -20 (B), -70 (C), and -196°C (D).

The microstructure was analysed using a scanning electron microscope at 15 kV with
200x magnification.
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Table 4. Changes in texture of the frozen lotus root samples

Texture parameter

Samples Hardness Adhesiveness
© (g9)
Control’  4590.41£89.25”  -7.124028"  413.8442.75" 1091.00+56.96"

Frozen at
20C

J0°C 1967.19+116.19° 98154657 9331+2.84° 2256141246
-196°C  149131£5427° -9940£857°  83.54+6.04%  192.49+10.26°

"No blanching.
MValues in a column followed by different letters are significantly (p<0.05) different
by Duncan’s multiple range test.

Chewiness Gumminess

117027£99.52° -139.30:4.62°  50.22£6.49°  172.34+2381°

Frtele 542 ¥ F ol s ¥ 1] DPPH radical
scavenging activity 578 ¢ 23}, thxT77}F 78%%] W
Y A= 20%7F 14t 58%5 JYeR A= A2
elle oAl Afo]& Holx| SktKTable 5). W3+
FRAP assay 2%}, dZ=17} 1.28 mg GAE/g sample©] %} 1L,
z4zve] W% 22 0.74~0.79 mg GAF/g sample] 274

oz hasilom At §94Q 2elz) il
t}. o] 3 A3 Yl S=Z blanching dto] 3717 WEA
% Foll FRAP assay = bshe& 418 Aol A, 414
3t o S=oll B]3}e] blanchingS A WYEX 2|3 G2
Grkshsol Hagh Aol vs=dk A3E EATH30).

Z Hs e xT9 vl Al 13~16 mg GAE/100
g sample©] 74423+ 30~33 mg GAF/100 g sample®] =7 32
AAE=H], 70, -196C M ] Pt = Fe] 2l Aol 5 Hol
A egkar, 20T A 2] 30 mg GAE/100 g sample S 2
71 Rith, ol et At FREAED A Ao] A
& e, & ATedA FREdES S & A9,
20CAA T4 A9 FEEde] 373% R AT
ol 7P =7 S = Ak (Table 5). o]213 A¥= -20T
A7 B Al vlg) s Eagols B R
2 Qlato] 7HgskE wEA o] i A 24 v
= A yot F s die] B S E Ao Addn
(31).

weta 2 A WE F e d AR FH 54
Z 3}, gas nitrogen convection chamberol| 4] -70CZ &3
= Aol 20, -196CollA] WEsh= Blol Hs] nEd ¥ed
o= AN 9l Ade Wesihielea dddEt)

o ok
hd =

24 FAZ A Ax & SAste] syt
t}. W% 232 & blanching 3}z, 20, -70, -196 C 27}
B Wserdr T4 dEdae] #4& St
7 blanching Z71& VA% F, B4, & AE §F, &5
7}

K= 20ColA 7H wkar, drip loss B=gF -20Col|A]

Table 5. Antioxidant activities and TPC and drip loss values of the frozen lotus root samples

Samples Scavenging activity on DPPH FRAP Total phenolic content Drip loss (%)
radicals (%) (mg GAE/g sample) (mg GAE/100 g sample)
Control” 7758023 1.28+0.06" 46.16+1.67°
Frozen at -20°C 57782028 0.7810.06" 30.2410.12° 3.73£0.21°
0T 58.14+0.40° 0.7420,01° 33.04£1.63° 2.70£0.26"
-196°C 58.10£0.11° 0.79+0.06" 32004043 2651021

"No blanching.

MWalues in a column followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.
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3.73% % 7V =kt whebd 2 A5 A, 20Tl A 9
Udkx 0] WY 5 EUl= gas nitrogen convection chamber©l] 4]
o] 70CE A= Aol nFA Wedds A 4
R HA Weigolgta Adeh
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