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ABSTRACT - This study was carried out to investigate the effect of vinegar on pH, total bacterial count, texture
and color of rice with vinegar before and after storage at 4°C and 25°C. This results obtained were summarized as
follows : The pH value and total bacterial counts were not significant changed under different storage conditions with
sushi vinegar, but control without sushi vinegar was increased the number of bacteria from storage 1 days. and When
rice with vinegar was stored at low temperature (4°C), the tendency of textural changes such as hardness, springiness,
cohesiveness, chewiness, brittleness and adhesiveness was almost the same as those of 25°C. However, the rate of
change was much higher in rice with vinegar when stored at 4°C than at 25°C. and The Hunter’s color parameters such
as L, a, and b, of rice with vinegar were not changed much during storage at both 25°C. However, L value was slightly
increased during storage, but a value was increased negatively without changing b value of rice with vinegar during

storage at 4°C.
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Table 1. Measurement condition of Rheometer

Measurement Condition
Test speed (mm/min) 60 mm/min
Trigger (Kg) 20Kg
Sample height (mm) 10 mm
Adapter diameter (mm) 30 mm
Sample compressed (%) 50%

F d5= HE3I 3M™ Petrifilm™ Aerobic Count Plate
(3M, Seoul, Korea)= ©]&3le] 4396 A5 A5 A
1 mLE prtrifilmel] 53} petrifilm 32 ©]-83Ff 4=}
B 37°ColA] 48A17F vikste] AW RS AlEr

Texture %

299 Texture 545 @olx7] 935t Rheometer
(Compac-10011, Sun Scientific Co., Ltd, Osaka, Japan)&
AHESEATH AlEE 10g2 AA 3em, T4 1em?] 9%
 Erste] Az 3 30iE $of 23] WHE
bite compression test)© 2 7% (hardness), B34 (springiness),
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5214 (adhesiveness)S 33 WHE A3l om oju EA
o] =4 7L Table 19] YeERASIT
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Fig. 1. Effect of incubation time on pH of rice with vinegar at
25°C and 4°C. Symbol: control, rice without vinegar; 1, rice with
moderate vinegar; 2, rice with double strength; 3, rice with triple
strength vinegar.
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Fig. 2. Effect of incubation time on aerobic plate count of rice
with vinegar at 25°C and 4°C. Symbol: control, rice without vine-
gar; 1, rice with moderate vinegar; 2, rice with double strength; 3,
rice with triple strength vinegar.
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Fig. 3. Effect of vinegar concentration on L-value of cooked rice.
Symbol: co, rice without vinegar; A, rice with moderate vinegar;
B, rice with double strength vinegar; C, rice with triple strength
vinegar).

L: Degree of lightness (white + 100 <> 0 black).
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Fig. 4. Effect of vinegar concentration on a-value of cooked rice.
Symbol: co, rice without vinegar; A, rice with moderate vinegar;
B, rice with double strength vinegar; C, rice with triple strength
vinegar.

a: Degree of redness(red + 100 <> 0 <> —80 green).
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Table 2. Texture properties of various rice with vinegar during storage at 25°C

P:;:(Itlg;s Storage time (hr) Control N Sample B c F-value
0 1010.03 £ 20.35 827.46 +36.198 747.63 + 54.03°B¢ 709.13 + 77.02<¢ 20.29™"
Hardness 12 986.90 + 57.38" 888.19 + 57.30"*F  850.93 + 66.44"B 776.58 + 73.89"B 5.58"
24 1130.85 + 73.51* 945.14 + 57.00°® 906.77 + 70.59%8 869.11 + 53.18™ 9.83"
48 1182.92 + 50.15* 1121.90 + 28.46™ 982.91 + 49.82%® 944.07 + 58.29°8 16.65"
F-value 9.19" 22.35™" 7.95" 7.24°
0 57.66 £ 2.49* 40.61 + 1.03%¢ 44.59 £ 1.39*8 46.55 + 0.56"® 67.28"
Springiness 12 58.68 £ 2.09% 4521 +2.54% 47.77 £2.20% 49.59 +2.61"8 18.30"
24 58.96 = 5.50* 46.99 + 1.83% 50.14 + 0.24%5¢ 5225+ 1.77® 24.07"
48 57.10 £ 1.45%4 47.79 £ 2.27%¢ 50.29 + 1.85%¢ 52.73 £ 1.49%® 14.63"
F-value 0.48 7.71° 8.33" 7.80"
0 43.09 +3.09* 32.99 + 0.34° 35.99 + 1.07°%¢ 37.59 + 1.61°® 16.07"
Cohesiveness 12 4543 £3.31% 34.23 +3.29%8 36.62 +2.46% 38.75 +2.60% 8.05"
24 45.28 +2.69** 35.05 + 0.89%8 37.68 £ 0.60%8 38.04 +£2.78% 14.34"
48 43.99 + 1.20 36.33 £ 1.15® 37.26 +2.78® 39.82 £ 1.69 10.59"
F-value 0.51 1.82 0.43 0.57
0 941.03 £ 50.46™ 693.11 +44.81°® 590.66 +22.21¢ 568.69 + 42.01¢ 51.28™
Chewiness 12 925.34 + 52.61° 802.77 + 13.07%8 690.48 + 25.37°¢ 682.42 + 26.50%¢ 36.48
24 1126.71 £ 90.55* 827.15 + 86.32%® 764.13 £ 91.63%® 749.01 £ 93.90%8 11.39™
48 1184.85 + 64.86** 895.69 + 2.45%® 875.89 +£32.31%8 871.34 + 84.30%8 22.514™
F-value 11.59" 8.82" 16.42" 10.45™
0 54641.33 + 1175.43%* 28117.77 + 1638.44° 26338.04 + 1289.10°® 26456.44 = 1658.91°¢  271.81™
Brittlness 12 54349.31 + 1685.63% 37099.65 + 1294.61°5 35951.65 + 813.93*®  32861.64 = 1297.90>C  164.12""
24 66478.16 £ 4266.92*4 40365.93 + 3235.63°% 38298.97 + 4424.64°5 35376.88 + 5382.19"®  32.13"
48 67718.67 £ 5355.68** 49799.75 + 2006.16™ 46369.28 + 4862.86™® 42047.05 + 3708.04°%  21.77""
F-value 12.49" 51.01" 17.91" 10.58"
0 —110 £ 4.14® —~108 +£ 3,078 -100 £ 5.13%* —100 £ 4.28% 4.67"
Adhesiveness 12 —65+1.21% —90 +1.13% -95+£2.31P —75+3.13% 127.28"™
24 —60 £ 4.14** -85+ 5.36 —80 + 4.28¢ ~70 + 5.36°® 15.87"
48 -30 +5.65% —60 + 4.56*® —70 £ 3.12% —60 + 5.12%® 40.62"
F-value 193.38"" 78.16™" 38.10™" 419.84™
These values are means + SD of triplicate determinations. “p < 0.05, *'p < 0.01, *"p < 0.001

¢ Means with different superscripts in a column are significantly different at p < 0.05 by Duncan’s multiple-range test.
A€ Means with different superscripts in a row are significantly different at p < 0.05 by Duncan’s multiple-range test.
Symbol: control, rice without vinegar; A, rice with moderate vinegar; B, rice with double strength; C, rice with triple strength vinegar
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HE At A2 E ARS-SE 2R 827.46+36.19, 2H] A=
A %22 AFEE 2R 747.63 £ 54.03, 22| 3L 36 AME A
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Table 3. Texture properties of various rice with vinegar during storage at 4°C

Texture Storage time Sample
Parameters (hr) Co A B C Frvalue
0 1010.03 £ 20.35% 827.46 + 36.19% 747.63 + 54.0395¢ 709.13 + 77.02<C 20.29""
12 1171.43 £ 6421 1065.93 + 52.81B 921.47 + 17.92<¢ 943.65 + 39.99°¢ 18.32"
Hardness 24 1491.13 £54.89%*  1185.86 + 39.43% 1094.38 + 11.64%¢ 1153.40 + 56.75%5¢ 48.46™"
48 2468.76 £ 38.81"*  1549.09 £ 69.06™ 1363.39 + 38.73% 1213.08 +£25.35° 453.15™
F-value 566.05"" 104.19™ 174.427 54.98™
0 57.66 + 2.49° 40.61 £ 1.03°¢ 44.59 £ 1.398 46.55 + 0.56°® 67.28™
Springiness 12 61.26 £ 1.784 46.17 £ 3.07° 50.23 + 2.86% 50.32 + 1.488 21.86™
24 63.41 £2.20% 50.08 +2.12%® 50.80 £ 1.91°® 53.82 £2.84%® 21.45™
48 63.05 £2.25%4 50.61 + 1.92%8 51.59+2.31%8 54.05 £ 2.50%8 18.94"
F-value 430" 13.70™ 6.38" 8.88™
0 43.09 +3.09* 32.99 + 0.34° 35.99 + 1.07°8¢ 37.59+1.61%8 16.07"
Cohesiveness 12 45.01 £3.15% 34.72 £ 2.7133‘ 38.34 + 2.7433‘ 38.54 +£0.72® 8.69™
24 4410 +£2.03* 34.67 £ 0.67%¢ 35.59 £ 1.12%¢ 39.57£2.91%® 15.61"
48 31.15+3.38% 35.06 + 3.40™ 34.60 £2.73* 37.18 £ 2.90* 1.93
F-value 14.50" 0.54 1.74 0.59
0 941.03 £ 50.46™ 693.11 £ 44.818 590.66 £ 22.21¢ 568.69 + 42.01¢ 51.28™
Chewiness 12 1175.72 + 123.55°*  840.56 + 87.70>F 771.49 + 33.45%B 789.07 + 57.87°® 15.79"
24 1488.62 £215.32**  936.06 + 73.67°8 936.49 + 75.32%8 919.99 + 112.09*® 13.34™
48 1762.03 £ 197.78* 1239.40 £ 108.21°®  1208.65 = 195.54®  985.56 + 81.26*® 13.56"
F-value 14.96"™ 23.83™ 18.16™ 16.71"
0 54641.33 + 1175.43%28117.77 + 1638.44® 26338.04 + 1289.10°® 26456.44 + 1658.91°®  271.71™
. 12 71992.91 + 7454.16* 39984.08 + 3679.40°® 38811.09 + 3818.86"% 38759.39 = 4103.28"®  32.16™
Brittiness 24 94894.40 £ 9303.61°*50856.78 + 3969.71°5 46421.27 + 4994.59° 45880.00 + 4638.73%5 4528
48 110903.96 + 7884.65*62917.06 + 5660.89*® 60844.13 £ 6928.75%® 53369.52 + 6523.35®  44.76™"
F-value 35.89" 41.52™ 28.04™" 18.81"
0 —-110.00 + 4.14% —108.00 £ 3.07°*®  —-100.00 £ 5.13% —100.00 + 4.28* 4.66
12 —56.67 £2.31 —100.00 + 4.28%° —90.00 + 4.14¢ —70.00 + 2.43% 97.78""
Adhesiveness
24 —30.00 + 0.23% —96.67 + 5.36*¢ —70.00 + 3.07°8 —65.00 + 4.14"® 162.92™
48 -6.67+0.13* —63.33 £2.15% -50.00 + 1.56%8 -50.00 + 1.03%® 902.44""
F-value 1050.17"" 7627 106.66™" 124.34™
These values are means + SD of triplicate determinations. “p < 0.05, *'p < 0.01, *"p < 0.001

*4 Means with different superscripts in a column are significantly different at p < 0.05 by Duncan’s multiple-range test.
A0 Means with different superscripts in a row are significantly different at p < 0.05 by Duncan’s multiple-range test.
Symbol: co, rice without vinegar; A, rice with moderate vinegar; B, rice with double strength; C, rice with triple strength vinegar
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Fig. 5. Effect of vinegar concentration on b-value of cooked rice.
Symbol: co, rice without vinegar; A, rice with moderate vinegar;
B, rice with double strength vinegar; C, rice with triple strength
vinegar.

b: degree of yellowness(yellow + 70 <> 0 <> —80 blue).
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Table 4. Hunter’s color value of cooked rice with vinegar at 25°C

Hunter’s color Storage time (hr) Sample F-value
value Co A B C
0 71.77+0.33" 70.48 £ 0.26™ 70.52 + 0.46® 70.43 £0.25 11.217
12 71.93 +£0.13%* 70.32 +£ 0.23% 70.38 + 0.35%8 70.46 + 0.20%® 31.23"
. 24 72.41 £ 0.43 70.50 £ 0.49°8 70.41 £ 0.33%® 7031 +0.22%8 20.90"
48 72.51+£0.31* 70.69 £ 0.28® 70.66 £ 0.06* 70.59 £ 0.31°® 38.22"
F-value 3.84 0.63 0.44 0.64
0 —5.30 + 0.34% —5.40+0.15" —5.74 £ 0.424 —5.74 £ 0.23 1.69
12 -4.10+0.37* —-4.95+0.37* —-4.55+0.53* —421+£0474 2.26
‘ 24 —4.86 £ 0.09°* —535+£0.21"% 513046  —4.85+0.20" 223
48 -5.65+0.22% -5.59£0.26* ~5.39+£ 041" 533 +0.24% 0.83
F-value 17.17% 3.28 3.60 13.99"
0 7.18 £0.48 5.66 +0.38%8 540+ 043 523+0.23%® 15.52"
12 7.20+0.41* 5.79 £ 0.47%® 5.49 +0.39% 5.32+0.33%® 13.62"
b 24 6.69 +£0.18* 5.67+0.39 549+ 020" 5.21+0.40® 12.817
48 6.57+0.31* 5.66+0.07*® 5.55+0.28%¢ 5.06+0.31 17.30™
F-value 2.44 0.10 0.10 0.34

These values are means + SD of triplicate determinations. “p < 0.01, *"p < 0.001

¢ Means with different superscripts in a column are significantly different at p < 0.05 by Duncan’s multiple-range test.

A~€ Means with different superscripts in a row are significantly different at p < 0.05 by Duncan’s multiple-range test.

Symbol: co, rice without vinegar; A, rice with moderate vinegar; B, rice with double strength; C, rice with triple strength vinegar

Table 5. Hunter’s color value of cooked rice with vinegar at 4°C

Hunter’s color Storage time (hr) Sample F-value
value Co A B C
71.77 £ 0.33* 70.48 £ 0.26°® 70.52 £ 0.46® 70.43 £ 0.25® 11.217
72.28+0.174 71.09 + 0.31%8 70.94 + .35 71.32 + 0.34%8 12.20™
. 73.31£0.37 71.54 £0.25® 71.50 £0.31"® 71.70 £ 0.29"® 23.57"
74.62 + 0.45%4 73.00 £ 0.24% 72.80 + 0.38% 72.37 + 0.42%8 19.60™"
3937 4928 20.32™ 17.76"
—5.30+0.34%4 —5.40+0.15* —5.74 £ 0.42% —5.74 £ 0.23%* 1.69
12 —5.71 £ 0.27°"8 -5.30+0.13* —-6.02+£0.41% —5.52+£0.41%8 2.64
. 24 —6.14 +0.33" —6.07 £ 0.32% —6.38 + 0.41™ —6.25 + 0.44% 0.39
48 —7.05 £ 0.394 —7.12+0.45 —7.09 + 0.25 -6.91 £0.22* 0.22
F-value 14.82" 24.05™" 7.03° 9.89"
0 7.18 £0.48 5.66 + 0.38® 5.40 £0.43%® 5.23+0.23® 15.52"
12 7.32+0.29% 5.89+0.16%® 5.63+£0.36%® 5.59 + 0.44%8 18.19™
b 24 7.27+0.41 5.78 £ 0.52*® 5.61 £0.32%® 5.40+0.33® 13317
48 7.45+0.23% 5.78 £0.26%® 5.71+£0.22% 5.48 +0.39% 30.79""
F-value 0.28 0.21 0.45 0.55
These values are means + SD of triplicate determinations. “p < 0.05, *'p < 0.01, *"p < 0.001

**Means with different superscripts in a column are significantly different at p < 0.05 by Duncan’s multiple-range test.
~BMeans with different superscripts in a row are significantly different at p < 0.05 by Duncan’s multiple-range test.
Symbol: co, rice without vinegar; A, rice with moderate vinegar; B, rice with double strength; C, rice with triple strength vinegar
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