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Abstract

The main purposes of this study were to identify the factors affecting the supercooling property and to improve the
possibility of supercooling storage of fruits and vegetables. Freezing point and nucleation temperature, moisture con-
tent, hardness, sugar content, and pH of nineteen fruits and vegetables were measured and Pearson correlation anal-
ysis was performed. Freezing point showed a statistically significant correlation with moisture content and sugar
content (p<0.01), while ice nucleation temperature showed a correlation (p<0.05) only for sugar content. In partic-
ular, the water content and sugar content did not show any correlation with the freezing supercooling difference
(FSD). From the correlation analysis between FSD, aerobic bacteria, lactic acid bacteria, yeast, and mold, FSD
showed a correlation (»p<0.01) with aerobic bacteria. The experiments of the saline solutions inoculated with aerobic
bacteria at different concentrations showed FSDs of about 2 for saline inoculated with 9.4 log CFU/mL and about
6 for saline inoculated lower than 5 log CFU/mL. Therefore, the aerobic bacteria concentration was determined to
be a key factor affecting the supercooling storage of fruits and vegetables.
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Table 1. Quality characteristics including nucleation temperature and freezing points of some fruits and vegetables

. Freezing point Nucleation . o Hardeness Sugar
Agricultural products C) temperature (°C) Moisture (%) (skin/flesh) (N) (°Brix) pH

1 Garlic (northern-type) -1.6+0.2" -7.7£0.8 68.7+0.4 41.8+4.3 35.0£1.9  6.04+0.3
2 Leek -0.5+0.1 -3.7+0.1 90.4+0.2 31.0+6.4 3.1£0.6  5.92+0.4
3 Cucumber -0.5+0.1 -3.3+£0.2 95.5+0.3 32.3+2.4 45+04  6.21£0.3
4 Hot pepper -0.7+£0.4 -4.9+0.6 92.3+0.4 21.6+2.2 51404  5.32+0.5
5 Grape -1.6+0.1 -5.7+0.8 86.7+0.9 5.3+1.6 153£0.8  3.40+0.3
6 Oriental melon -1.6+0.3 -4.6£1.6 90.6+0.7 40.5£5.1/18.4+2.6  14.5+1.1 5.47+0.5
7 Netted melon -1.3+0.1 -2.8+0.2 86.7+0.7 63.9+4.8/27.4+2.1 12.5+1.1 6.13+0.6
8 Peach (white) -0.8+0.1 -3.3+0.8 90.6+0.3 24.1£2.4/13.6£1.0  13.2+0.8  4.21+0.7
9 Peach (yellow) -0.8+0.1 -3.3+0.1 85.1+0.4 17.1£1.6/7.1+1.2 14.1£0.7  4.63+0.4
10 Cherry tomato -0.3+0.1 -5.9+0.2 94.1+0.2 15.6+2.4 49+03  4.41+0.5
11 Plum -1.1£0.2 -4.2+19 87.6+0.7 20.8+2.7 13.9+0.4  3.48+0.6
12 Daikon -0.3+0.1 -0.8+0.3 95.3+0.3 28.9+3.7 43+£0.6  6.08+0.2
13 Sweet persimon -1.7+0.3 -4.7+0.2 84.2+0.3 38.8+4.1 13.8£0.8  6.00+0.4
14 Apple -1.5+0.2 -3.2+0.1 83.9+0.4 32.744.2/13.9+2.1 15.8£0.6  3.65+0.6
15 Sweet potato (chestnuts) -1.5+0.4 -3.7£0.5 69.5+0.4 59.7+4.5 6.9+1.1 5.90+0.4
16  Sweet potato (pumpkin) -1.6+0.3 -4.4+0.8 71.4+04 57.6+6.2 7.2+1.2 6.40+0.3
17 Mandarin (citrus) -0.8+£0.2 -4.7+0.2 90.1+0.3 7.3+3.6 9.7+0.8 3.72+0.4
18  Pear -1.5£0.2 -4.2+0.3 82.7+0.5 22.1£2.5/15.1£2.1 16.0£0.8  5.10+£0.4
19 Strawberry -0.9+0.2 -3.4+0.1 89.7+0.3 2.2+0.3 9.5£0.5  3.80+0.3

"The values represent mean+SD for three experiments.
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Fig. 1. Freezing curves of garlic (northern-type).
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(Farshad & Akhondzadeh, 2008), 7zl &3t F&Fza D[S 2T DHH2to| MRk
TA9 "7 AP tish &vjxle] HAgA 914 ujFo 3=, A, 271X, WA gl 5434 2 WY
A AR HE37]E o WHolth $ A48 1 P 2=, ZVMHE, B8, 38|, kS A sk
2 fAeh W YA 2mol YIS FE 89S A4S (Table 3). SHE HAS ol&3te] FSD9} v E & 57]
Table 2. Correlations of characteristics of some fruits and vegetables considering FSD
FSD Free;mg Nucleation Moisture Hardness Sugar pH
point temperature
FSD Pearson Correlation 1 -0.028 -939" -0.153 -0.271 0.368 -0.140
Sig. (2-tailed) 0.910 0.000 0.531 0.261 0.121 0.568
Freezing Pearson Correlation -0.028 1 0.370 710" -0.422 -.607" -0.056
point Sig. (2-tailed) 0.910 0.119 0.001 0.072 0.006 0.821
Nucleation ~ Pearson Correlation -939" 0.370 1 0.387 0.107 -551 0.111
temperature  Sjg, (2-tailed) 0.000 0.119 0.102 0.664 0.014 0.652
. Pearson Correlation -0.153 710" 0.387 1 -.548" -521° -0.277
Moisture . .
Sig. (2-tailed) 0.531 0.001 0.102 0.015 0.022 0.251
Pearson Correlation -0.271 -0.422 0.107 -.548" 1 0.066 756"
Hardness X .
Sig. (2-tailed) 0.261 0.072 0.664 0.015 0.787 0.000
Sugar Pearson Correlation 0.368 -.607" -551° -521° 0.066 1 -0.113
8 Sig. (2-tailed) 0.121 0.006 0.014 0.022 0.787 0.646
H Pearson Correlation -0.140 -0.056 0.111 -0.277 756" -0.113 1
P Sig. (2-tailed) 0.568 0.821 0.652 0.251 0.000 0.646

"Correlation is significant at the 0.05 level (2-tailed).
“Correlation is significant at the 0.01 level (2-tailed).
"N=19
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Fig. 2. Supercooling of cucumber without cleaning (a) and after cleaning (b).

Table 3. Characteristics of napa cabbage and it’s products considering freezing and microorganisms

Colony forming units (log CFU/mL)

Products Freezing point Nucleation - —
§9) temperature (°C) Aerobic Yeast Mold Lactic acid
bacteria bacteria
1 -0.75+0.12" -2.05+0.71 5.65+0.19 3.97+0.35 3.23+0.33 0.33+0.58
2 -0.70+0.08 -1.73+0.67 5.73+£0.28 3.19+0.98 0.77+1.33 2.08+0.68
Napa cabbage
3 -0.95+0.31 -2.33+0.40 3.87+0.26 4.78+0.09 3.8140.13 0.97+0.95
4 -0.83+0.10 -2.48+0.77 5.10+0.85 5.33+0.05 3.8240.19 3.04+0.35
1 -1.35+0.24 -2.38+0.38 5.75+0.16 2.94+0.40 ND" 5.35+0.74
Salted napa 2 -0.88+0.10 -1.88+0.13 6.15+£0.16 2.31+0.43 ND 5.30+0.13
cabbage 3 -1.28+0.22 -3.43+0.95 2.32+0.55 3.32+0.48 ND 3.26+0.24
4 -1.30+0.08 -2.70+0.29 3.84+0.05 4.54+0.19 ND 5.40+0.38
N bb 1 -1.78+0.40 -4.40+0.48 4.204+0.50 1.304£2.26 ND 4.154+0.58
i e 2 -1.25+0.52 -3.35+0.48 4.04+0.04 1.42+0.10 ND 6.570.02
3 -2.18+0.28 -3.75+0.31 4.38+0.05 3.03+0.27 ND 5.93+0.25
1 -1.25+0.31 -2.73+0.13 4.59+1.24 0.33+0.58 ND 5.36+0.58
White kimchi 2 -1.38+0.29 -3.18+0.25 4.82+0.20 2.39+0.07 ND 5.91+0.05
3 -1.43+0.15 -3.40+0.40 2.10+£0.17 0.33+0.58 ND 4.96+0.31
"The values represent mean+SD for three experiments.
""Means not detected.
3 Al p<0.019] FHAA de AoE EAEAKTable & S S7144 ] =22 F Wl glon, 49
4). 3714 Al IF Pseudomonas syringae= B J Y7t S A= S8 M-S A, Ak A
A PYstel YLS AAATL naHe] Yud o] FaT AR BuEr
(Schmid et al,, 1997), ¢]2igt APA TGN H S A= &
7174 Ao JFo = AaEnh oyt AREt 06812 1| SI|MMTI BREZIEAC] AR HS

ol 7HA S8 =A ?%

& Qe Aol 2= Fuz A2t
3, 9P 54 U o)k

o] APy whuldo] 1S
WA ShEo] FolABR S|4 Alte] Fo] ofd 2
Y] A719 o #Ado] Q7] o= dE T
Attard et al. (2012)2 B]FENX ANF S Pseudomonas
& #Eo] AP Aol dor, #¢ F= FSD7H
AAAATE ATk BAESITh v g APA A S
3

YA 5= 750 YO B Z FAEL Pseudomonas &5 -5

>

57178 At FYze AABAE At vt
3714 AlEE 941og CFUMLS FEZ HES A g9}
da3 A RS ZHz 10% 104 10° B2 3]X3te] &

B LEE 2 SIUTH(Table 5). 4] w
g 27t vrobrom, 10 o]Fo® 3|43
o} 5log CFU/mL —’F—f- ot e Wl ¥4 icsq %

o]

odth
N

P



326 AR RS- B - UPE - AES - BEE - oY - uRagk - 098]

Table 4. Correlations of FSD and colony forming units of each bacteria for napa cabbage and it’s products

FSD Aerobic bacteria Yeast Mold Lactic acid bacteria

FSD Pearson Correlation 1 -0.681" -0.360 -0.204 0.201

Sig. (2-tailed) 0.007 0.207 0.484 0.492

. . Pearson Correlation -0.681" 1 0.234 0.204 -0.119

Aerobic bacteria . .

Sig. (2-tailed) 0.007 0.420 0.485 0.686
Yeast Pearson Correlation -0.360 0.234 1 0.682" -0.545"

Sig. (2-tailed) 0.207 0.420 0.007 0.044
Mold Pearson Correlation -0.204 0.204 0.682" 1 -0.790"

Sig. (2-tailed) 0.484 0.485 0.007 0.001

. . Pearson Correlation 0.201 -0.119 -0.545" -0.790™ 1

Lactic acid bacteria . .

Sig. (2-tailed) 0.492 0.686 0.044 0.001

"Correlation is significant at the 0.05 level (2-tailed).
"Correlation is significant at the 0.01 level (2-tailed).
"N=14

Table 5. Freezing and supercooling points of saline innoculated with different level of aerobic bacteria with and without autoclave
sterilization

- Aerobic bacteria Freezing point Nucleation temperature
Target Dilution rate (log CFU/mL) C) °C)
1 9.4 -0.96+0.09" -3.32+0.08°
Saline inoculated with 10 7.4 -0.98+0.08* -3.84+0.36"
aerobic bacteria 10* 5.4 -0.98+0.04° -6.92+0.04°
109 34 -0.90+0.10° -7.08+0.08°
1 ND™ -0.92+0.04* -7.12+0.08°
Autoclaved saline inoculated 10 ND -0.96+0.05° -7.12+0.12¢
with aerobic bacteria 10* ND -0.94+0.09° -7.02+0.11°¢
10° ND -0.96+0.09* -7.24+0.21°

"The values represent mean=SD for triplicate experiments. Means with same letters within a column are not significantly different at p<0.05 by Duncan’s
multiple range test.

“Not detected

718 Alte] AAlE HE7el AFS FA R R A3 FFEH D p<0.019] FolFHRl AHAAE
FHE T Table 5914 5log CFU/ML ©]3ke] 714 Al Yepd o, W3 P4 SxE Gt p<0.059] A
o+ 55 2he Adol e FSD7F Bt vt & BT 53] S WY 34 259 Aol
T2l 6% =R Vet Table 39] wiF Aol 7t AX} FSDeb= &3 G 5ol BF dHdAE B
£ Slog CFU/MmLe] 714 A& =04 FSD7} 2% & o|A] eFUTh SIME, FAk, BR, FFole] ot
T2 A Yebgth AES A7 A Feiu W H A o] EE st wjFoll Wik v 43 FSDoLe
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