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Changes in Physicochemical Characteristics during Soaking of
Persimmon Pickles Treated with Organic Acids and Sugars

Do-Yeong Jeong, Yong-Suk Kim', Sung-Tae Jung, and Dong-Hwa Shin*

Food Science & Technology Major, Faculty of Biotechnology, Chonbuk National University
'Research Center for Industrial Development of BioFood Materials, Chonbuk National University

Abstract In order to develop a new persimmon pickle with a low salt concentration, changes in physicochemical
characteristics during soaking of persimmon pickles treated with different organic acids and sugars were investigated at
15°C for 70 days. The pH of persimmon pickles decreased from pH 6.64 at initial stage to pH 3.99 (control group), pH
2.76-3.33 (citric acid treatment, CT), and pH 3.08-3.34 (acetic acid treatment, AT) after 70-days of soaking. Titratable
acidity of AT was higher (0.86-1.18%) than that of CT (0.61-0.78%). After 70-days of soaking, salinity of persimmon
pickles treated with stevia leaf powder, sodium saccharin, sucrose, and isomalto-oligosaccharide were 4.94-4.96, 4.00-5.15,
2.99-3.31, and 3.03-3.30%, respectively, and 1.54-3.70% lower than that of the control group (6.69%). The hardness of
persimmon pickles in all cases was increased up to 20-40-days of soaking and then decreased. L (lightness), a (redness),
and b (yellowness) value of persimmon pickles treated with citric acid were higher than those of AT and the control group.
Sensory evaluation of persimmon pickles after 70-days of soaking revealed that CT had the highest scores for color,
texture, and overall acceptability. These results indicate that the salt concentration of persimmon pickles could be lowered
by the addition of citric acid and various sugars during soaking.
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Table 1. Changes in pH of persimmon pickles and soaking solution soaked in low salt concentrations with different organic acids and
sugars at 15°C

Soaking period (day)

Part Treatments"

1 10 20 30 40 50 60 70
1 6.64=000 4.09+0.01 3.89+003 4.07+002 457+0.03 4.00+002 392+002 3.99+0.02
2 6.64£000 429001 3.68+£0.02 332002 327003 3214002 320+002 2.80+0.02
3 6.64+000 342+001 3.06+002 334+£001 266002 274=001 271+001 2.76+0.02
_ 4 6.64+0.00 394+002 348+001 371002 338003 345+001 3.01£0001 3.10+0.02
Per?"l‘(“lmo“ 5 6.64+000 387+0.03 351+002 293+002 343+004 3.08+003 3.13£003 3.33+0.02
pickies 6 6641000 487+002 385002 356002 334+003 333003 3.19+002 3.18+0.03
7 6.64+0.00 4.06+0.01 3.84+002 3.53+002 3.50+003 337+003 332+002 322+002
8 6.64+0.00 5.11+0.02 3.87+002 3.74+003 3.55+003 3314001 3.17+0.03 3.34+0.03
9 6.642000 492002 359005 391+£003 3.39+£002 3.53+0.03 335+£003 3.08+001
1 6.73+£0.03 5264003 S559+£002 507+002 531+003 476+002 451+003 4.16+0.04
2 1524002 1744003 1794004 2.08+0.04 2.16+0.03 203+0.02 2224006 221+0.04
3 1364002 164+002 1704006 2.01+004 205+003 2.00+0.02 2.12+£005 2.15+0.03
, 4 130£002 1.58+0.03 1.66+003 210+003 193+003 202+0.04 209+004 2.05+0.04
i‘)’ﬁl‘;‘gﬁ 5 1332003 1.61+004 1654003 208+0.03 1974003 2024002 2.09+0.02 2.09+0.02
6 248+0.03 2.69+004 269+002 305+002 292+002 288+0.03 297+002 2.99+0.02
7 2084002 245+002 248003 296002 275+002 273+0.02 283+0.02 2.84+0.03
8 2104002 248003 2494002 295+002 280003 279+0.04 281+£002 2.93+0.01
9 2124004 256=006 249+003 295+002 277+004 287+0.05 283+0.02 3.00+0.03

Y1: control, salt 17%, 2: salt 10%-+citric acid 1%+stevia leaf powder 0.32%, 3: salt 10%+citric acid 1%+sodium saccharin 0.02%, 4: salt
10%citric acid 1%+sucrose 10%, 5: salt 10%-+citric acid 1%+isomalto-oligosaccharide 10%, 6: salt 10%-+acetic acid 1%+stevia leaf powder
0.32%, 7: salt 10%+acetic acid 1%+sodium saccharin 0.02%, 8: salt 10%+acetic acid 1%+sucrose 10%, 9: salt 10%acetic acid 1%+isomalto-
oligosaccharide 10%.
Mean£S.D. (n=3).

Fog FAHTH AA 7097 Z4F 122-138% T 1.25-144%8 7HAasbe] ZE+
R e] ZAF gkl AR 7o A AT 1.60-1.86%, o BAIGle] V=3t s JeRltl 24 AT 4 gA
22 AT 1.89-2.08%4 A7 AL HA HR 7+AS)] S 0.59-0.72%24] A4k #E]] 0.37-0.48%E T ZLA e}

Table 2. Changes in titratable acidity (%) of persimmon pickles and soaking solution soaked in low salt concentrations with different
organic acids and sugars at 15°C

Soaking period (day)
Part Treatments”
1 10 20 30 40 50 60 70
1 0 018000 018000 018000 0.14+000 028+0.01 028£0.00 028 0.01
2 0 030+£0.01 021002 034000 040+000 048000 040+0.00 0.78+0.00
3 0 0294000 034=001 034000 058=000 0.56+0.00 054+0.00 0.65+0.01
. 4 0 0224000 0294002 030001 034=001 0312001 040+0.00 0.61=0.00
Perfé‘;’l‘;"“ 5 0 0244000 026+000 040=0.02 036+002 050+000 053+001 0.63+001
P 6 0 028001 036001 060001 0742000 092+0.04 1.10£001 1.06+0.01
7 0 028001 032+002 067000 062+000 082+001 080£0.00 1.06+0.01
8 0 033000 037+£0.02 043£002 058+001 089+001 1.03£001 0.86+0.01
9 0 0132000 050+000 066001 060+001 062+001 066+£0.00 1.18+0.01
1 002000 002+£000 002000 002000 002+000 002+000 002000 0.02=0.00
2 184002 1724001 168+002 1.58+0.01 148+001 148+001 137001 136+0.02
3 186000 178+000 1.66=000 1.58+001 1.50£001 153001 138+0.03 1.38+0.02
. 4 1624002 1.58+001 148001 138001 135+001 1434001 126001 1.25+0.00
Soaking 5 1604000 154+003 146+0.02 139+£000 138003 1424000 129+001 1224003
solution 6 2084003 1924003 170£002 159+001 1524002 1.54£003 1374001 136000
7 203£002 196001 1774001 1.66+000 155+0.02 1.58+0.02 144000 1.44=0.00
8 195004 162000 145001 146003 147+002 145+001 144£000 125+0.00
9 1894003 1.73+000 158+001 142+003 134+001 142+002 128=000 1.28+0.04

"Refer to footnote in Table 1.
Mean + S.D. (n=3).
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Table 3. Changes in sugar content ("Brix) of persimmon pickles and soaking solution soaked in low salt concentrations with different
organic acids and sugars at 15°C

Soaking period (day)
Part Treatments”
10 20 30 40 50 60 70
1 145402 168401 196+03 166+02 190+02 235+02 286402 28202
2 145+02 164402 176+03 178401 188+0.0 20502 186+02 18403
3 145402 180404 194+03 192401 194+02 192+01 18201 18802
_ 4 145402 166403 172£01  162+0.1 172+01 16502 19402  192+0.1
Pﬂ?ﬁmm‘ 5 145+£02 17002  154+03 192+01 168+03 19801 214=02 190+02
prexdes 6 145402 164202 172401 190+02 188+0. 208+02 234403 23403
7 145402  170:02  154+03  182+£01 174402 19701 190402  202+0.1
8 145402  156£03  162+0.1 172+01 194+02 22302 242401 238+0.1
9 145402  150£02 180£0.1 17.0+01 188+0.0 187202 19201  202+0.1
] 300400 270-00 27402 26601  266+01 250401 250£0.1 244+02
2 26402 206+£02 202+01 190+01 188+0. 178402 178=02 17.4+02
3 26402 204402  198+01 190401  190+0.0  177£02 17802 174202
. 4 330200 330201 31801 30801 308+0.1 295+01 294+0.1 284+0.1
?ﬁ£§ 5 310200 20001 28602 27.6+02 27.6+02 263+02 262+0.0  260%0.1
6 26403 200203  192£02 182+02 182402 17001  170+0.0  166%0.1
7 26502 19801 195+02 188+01 186401 172£0.0 17402 170401
8 330400 320400 31201 300£01 298+0.1 290+0.1 294+03  28.0=03
9 302401 282+0.0  273:02 26402 262402  252=0.0 254+02  252%0.1

YRefer to footnote in Table 1.
Mean+S.D. (n=3).

oml, o) Ashs Wit gobxel 4 Byl wstsh UBW 4 HE(Bri)
G2 hehiich W FobAst AAjole] B4 G pHel 7 A WA B9 TR ME GFL 2AP] A @
$oh VS M o) Rl ME FAH Aolg b % Aokl FA Y17 F Fwel WIE AWE AIE Table 3

ERRA] kot 3} 7}

Table 4. Changes in salinity (%) of persimmon pickles and soaking solution soaked in low salt concentrations with different organic
acids and sugars at 15°C

Soaking period (day)
Part Treatments'’
| 10 20 30 40 50 60 70
| 0 183000 276005 290001 339+002 569+002 669001 6.69+0.03
2 0 1312000 1.18+0.01 3.14+£007 411£001 496+0.02 471+002 4.96+0.04
3 0 207+0.03 236+001 255+000 4.61+0.00 515+0.02 5414001 5.15+0.01
. 4 0 143002 1732000 199000 239+000 2.12+001 239£002 2.99=0.02
P?ﬁiﬁf” 5 0 168000 1.53£000 191+£021 238001 239+£002 238+003 3.03+0.01
6 0 0.80+0.00 1.95+001 332+£000 450+£0.04 449+002 450+£002 4.94+0.02
7 0 1984003 149001 246+009 2524001 3.00+002 3.52£001 4.00+0.02
8 0 0.84+0.00 172001 214001 323+£000 331£000 3232001 331=00l
9 0 0.63£0.00 263001 291+0.04 3.00+005 3.03+0.17 3.09+£002 3.30+0.04
1 354+0.1  288+0.1 27100 258+0.0 249402 237402 238+0.1  23.0+00
2 230+0.1 19302 17.0£02 17.8+02 15701 143+02 146+02 143+02
3 23.0+0.1  193+02 17.0+02 177402 15400 144200 14702 14.0£0.0
, 4 200+0.1 16902  148+0.1 150+00 142401 127+02 134£02 13.0£0.1
iﬁﬁf 5 19603  173+01 15101 153+02 138+0.0 130£00 132400 126402
6 220+04  21.0+00 16300 161+00 147+02 13.7+02 13.6+02 13.0+02
7 26+03 19201 168+0.1 175+04 155+03 146+03 146+0.1 143202
8 196+03  164+02 146+02 142+0.1 132+00 12302 12801 122+0.1
9 194+02 167£02 143402 14503 132+01 124+02 125403 120400

"Refer to footnote in Table 1.
Mean = S.D. (n=3).
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Table 5. Changes in moisture content (%) of persimmon pickles soaked in low salt concentrations with different organic acids and

sugars at 15°C

Soaking period (day)
Treatments"
1 10 20 30 40 50 60 70
1 8421+£0.07 8295+0.21 82.76+020 83.08+0.10 80.99+£025 78.12+0.04 78.18+0.16 78.13+0.01
2 84.21+0.07 83.10+0.08 83.94+0.10 82.88+065 82.15+022 8027+0.06 80.54+0.10 79.85+0.28
3 8421+0.07 82.75+0.01 8232+0.06 82.58+0.09 82.05+0.08 8138+028 81.55+0.03 81.20+0.04
4 8421+£0.07 83.17+001 83.16+020 82.55+0.06 8354060 82.78+0.23 80.71+0.06 80.53+0.06
5 84.21+0.07 82.76+0.14 8336+0.10 82.16+055 82.59+£0.02 80.85+0.01 78.70+0.16 79.05+0.10
6 84.21+£0.07 8511004 8247+0.09 81.17£0.07 81.53+£0.12 7927+0.23 7791+034 77.88+0.05
7 8421+0.07 82524003 83.30+028 8231+0.13 8240+0.12 80.66+0.10 7943+0.11 77.52+0.15
8 84.21+£0.07 8356+002 8290+043 8245+0.04 80.68+056 7839+032 78.04+0.03 76.93+0.70
9 8421+0.07 8446+005 8295+0.01 8225+037 81.47+£0.02 81.11+0.07 8022+3.81 78.55+0.70

YRefer to footnote in Table 1
Mean+ S.D. (n=3).
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Table 6. Changes in hardness of persimmon pickles soaked in low salt concentrations with different organic acids and sugars at 15°C

(Unit: g/cm?)

Soaking period (day)

Treatments'

0 10 20

30

40 50 60 70

1,912+ 459%4 3041 + 3924
1,912+ 4594 2448 + 1858
1,912 £459% 2,483+ 738
1,912+ 459 2,469 + 3488
1,012 £450™ 2389 +313%8
1,912 £459% 2264 +421%8
1,912+ 459%44 2310+ 2618
1,912 £459™4 2,343 + 1598
1,912+ 459 2,607 + 14948

2,592 433548
2,376 + 549*48
3,152+ 3070
3,161 £ 517%*

2,246 £ 175*°

O 0 NN B W —

2,527 +332%8C 2427 + 193%%P 7 824 + 199*4
2,301 + 229+5¢
3,503 £ 23204

2,753 £ 5688
2,359 4+ 84848 2 547 4 7%BC

2,620 + 49028 2,596 + 2434%¢5C 3 249 + 23744
2,587+ 288" 2781 + 224
2,161 + 168*C
2,563+ 171"4% 2,601 +327%5C 3001 £311%4% 2,884 + 186**

1,899 £ 35945 1,322 + 260°®
2,463 £203% 1,567 +322b4B
1,027 4 334°A5C 1 855 + 316548
2,341 £ 327548 1,801 + 39958
2,406 £ 244%4 1500 £ 608>
1,988 + 568°4BC 1252 + 37248
1,739 £ 380%45¢ 1,293 £ 320%8
1,579 £ 2275 1,487 +2384B
2,164 £ 186™4PC 2,156 + 372"

1,902 £ 576®0 2,424 + 292%"B
2,374 4 85380 2 408 + 366™4P
2,745 £ 207A8C 2 343 1+ 21448
2,084 £ 6100 1,929 + 41408
2,806 & 2324
2,673 £ 658
1,878 + 3148

2,848 + 99*A8C
2,109 £ 352*P

PRefer to footnote in Table 1.
Means with the same small alphabet within
Mean = S.D. (n=10).

row and capital alphabet in column were not significantly different at p <0.05.
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Table 7. Changes in color of persimmon pickles soaked in low salt concentrations with different organic acids and sugars at 15°C

Soaking period (day)

Color Treatments"
1 10 20 30 40 50 60 70
1 35.73+0.01 42281001 40.70+0.01 3492+0.01 37.82+0.01 36.09+0.01 33.88=0.00 32.48+0.0!
2 3573+0.01 42.15+£0.01 40.78+0.00 4022=+0.00 3847+0.02 3726+0.02 3838+0.00 39.32+0.01
3 35.73+£0.01 4573+£0.03 39.60+0.01 41.14=0.01 39.17+x0.00 37.53+0.02 36.13+0.03 37.46+0.02
4 3573£0.01 4488=+0.00 41.48+0.01 41.38+0.00 38.35+0.00 38.69+0.01 38.04+0.00 38.45=0.01
L 5 3573+0.01 45.65+0.06 41.63+0.01 4092+0.00 39.62+0.00 36.97+0.03 36.73+0.01 38.28=+0.02
6 3573+£0.01 37.63+0.03 40.51+0.02 3744+0.04 3950+0.02 36.79+0.02 3399+0.01 33.94+0.02
7 35.73+£0.01 39.53+0.01 37.37+0.00 39.63+0.01 39.17+0.001 33.15+0.03 35.15+£0.01 34.00+0.02
8 35.73+0.01 37.79+0.03 38.03+0.01 36.14+£0.02 38.70+0.00 3553+0.02 3445+£0.00 36.20+0.04
9 3573+£0.01 3741+£0.02 38.13+£0.01 33.97+0.01 33.83+0.01 3630x0.00 35.69+0.00 33.84+0.01
I 5.54+005 6.03x0.05 493+027 6.64+005 538+0.00 677+0.03 447+003 4.71+£0.03
2 554+£005 556+0.02 4.05+£000 6.55+004 823£0.05 7.79+£0.03 580+000 593+0.02
3 554005 5.05+0.06 521+£002 495+000 585+0.03 668+0.10 543+003 531+£0.05
4 5.54+£005 511000 513+0.03 541+0.04 473+£0.00 5.18+0.00 3543+£003 5.13+£0.05
a 5 5544005 411+£002 576002 627+0.00 692+000 720+£008 531+£0.00 5.60=0.00
6 554005 435+0.05 351+£003 462007 7.55+0.02 691+£0.05 596+000 5.15+0.03
7 5544005 388+0.03 443+0.03 528+0.02 622+0.02 457+008 457£003 517+0.06
8 554005 291+0.02 433+000 380+£003 7.81+000 415£0.00 457+000 4.74+0.07
9 554+£005 495+0.02 519+£0.02 494+003 598+0.00 470£0.03 4.72+003 511£0.03
1 1926+ 0.01 2248+0.01 21.48+0.01 19.07+0.01 19.92+0.00 20.63+0.02 18.96+0.01 18.60=0.01
2 1926+ 0.01 2229+0.01 2043+0.00 22.04+0.01 21.89+0.02 21.06£0.02 2158+0.01 22.49+0.02
3 19.26+0.01 2329+0.02 22.13+£0.01 21.75+£0.00 21.16+£0.01 2097+0.00 19.53+£0.03 20.40+ 0.01
4 1926 +0.01 2294+0.00 21.70+£0.01 22.17+0.01 20.57+0.01 20.85+0.01 21.03+0.00 21.16+0.01
b 5 1926+ 0.01 2258+0.01 21.96+0.01 2243+0.00 22.14£0.01 21.06+£0.02 2029+0.01 2222+0.03
6 1926 £0.01 19.69+0.03 2092+0.01 20.69+0.02 21.98+0.01 20.78+0.01 19.05+0.01 19.43+0.02
7 1926+ 0.01 19.59+0.01 19.82+0.01 21.25+£0.00 21.68+0.01 1837+0.01 19.02+0.01 19.02+0.02
8 1926+ 0.01 18.68+0.02 20.33+0.02 19.45+0.03 22.01+£0.01 1977+0.01 1941+0.00 19.90+0.03
9 1926+ 0.01 1830+0.02 2096+0.03 1936+0.02 1937+0.01 20.16+0.03 19.07+0.02 19.02+0.00
1 - - . . . . . .
2 0.00 0.52 1.37 6.07 3.53 1.61 5.37 7.96
3 0.00 3.67 1.31 6.98 1.89 1.48 2.51 5.33
4 0.00 1.67 0.83 7.27 1.06 3.05 4.74 6.51
AE? 5 0.00 3.87 1.33 6.88 3.24 1.06 3.25 6.83
6 0.00 5.67 1.53 3.61 343 0.72 1.49 1.73
7 0.00 4.53 3.75 5.36 2.37 431 1.28 1.64
8 0.00 6.66 2.96 3.11 3.32 2.81 0.73 3.94
9 0.00 6.51 2.63 1.97 4.07 2.13 1.83 1.48

"Refer to footnote in Table 1.

“AE means the color difference between the control group and treatments. E =

Mean £ S.D. (n=23).
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Table 8. Sensory evaluation of persimmon pickles soaked in low salt concentrations with different organic acids and sugars at 15°C

Treatments" Color Flavor Texture Overall acceptability

1 1.87 +0.74% 340+£1.18* 260+ 1.245¢ 2.67+1.11°
2 3.33+1.18% 320+ 1.0148 3.87+0.83" 3.53£0.9248
3 407 +1.10* 3.73+0.96* 3.47 +1.06" 3.80+1.15*
4 4.07+0.80" 3.73 £ 0.96* 3.73 £0.80" 3.93+0.88%
5 3.67 £ 1.05%° 3.13£0.74%° 320+ 14748 3.07 £ 1.105¢
6 1.93+0.96" 2.07+1.03¢ 2.33£0.90°° 2.00 +0.93°¢
7 273 +0.46"¢ 233123 1.93 + 0.80°7 2.07 £ 0.70°F
8 2.13+0.92%F 1.93 £ 0.59¢ 1.73 + 0.80° 1.60 £ 0.74F
9 2.33+0.82%F 2.47 +0.99%¢ 247 +0.745P 2.13 £ 0.83"F

YRefer to footnote in Table 1.

Means with the same alphabet within column were not significantly different at p <0.05.

Mean£S.D. (n=15).
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