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Abstract

This study was conducted not only to investigate the effects of rate of addition of dried jujube to Yakju (0, 0.5,
1.0, 1.5, 2.0 percent) but also to examine the quality changes in jujube Yakju during its storage (for 75 days at
357C). The results showed no significant differences in pH, total acidity, soluble solids, and anthocyanin and alcohol
contents of the Yakju right after its fermentation. With the increase in the amount of jujube that was added, the
lightness of the jujube Yakju changed from 93 to 94, its redness decreased, and its yellowness significantly increased.
The jujube Yakju that was fermented with 1.5-percent dried jujube had high sensory evaluation (selection rate)
scores for color, flavor, taste and overall acceptability. It had no significant changes in pH and total acidity during
its storage after its heat treatment. Its soluble solids contents tended to decrease with its heat treatment and to
increase in its storage period. With respect to its color changes during its storage, the higher the ratio of the jujube
that was added, the longer the storage period was, the lightness (L) and redness (a) decreased and the yellowness
(b) increased. The polyphenol contents depended on the rate of addition of the dried jujube, but were not affected
by the heat treatment and storage period. The organic acids in jujube Yakju were citric acid, succinic acid, lactic
acid, malic acid and acetic acid.
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Table 1. Properties of dried jujube

Items Dried jujube used in this study
Moisture(%) 2061£045"
Total acid(%) 0.77£0.00
Soluble solid("Brix) 64.6710.58
Polyphenol (ppm) 3255.20462.94”
Anthocyanin(ppm) trace

UBach value is mean + standard deviation(n=3)
Miligrams of polyphenol content/g of dried jujube based on gallic acid as standard
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Table 2. Quality properties of jujube Yakju based on the adding rate of dried jujube (%)

Adding rate of dried jujube (%)

0 05 1.0 15 20
pH 3720.13" 3.820.04" 3.67+0.03" 371£0.09° 3.78+0.04°

Total acid (%, wjv) 0.35:0.02" 0.3740.03" 0.38£0.03" 0.39:0.01° 0.40£0.02"
Alcohol (%, v}v) 12.5740.12° 12.50£0.00° 12.500.20° 12.570.23" 12.570.12°
Volatile acid (ppm) 71.07£239° 72.734520° 75.80£5.29° 90.47+3 83" 87.332.31°
Soluble solid (‘Brix) 6.430.15" 6.43+0.06' 6.40+0.10° 6.63:0.29" 6.73+025"
Amino acidity 0.63£0.06" 0.63£0.06" 0.60£0.10° 0.80£0.20" 0.90£0.17*

L 93.710.12° 94.73£0.08" 94,650.03" 94.47:0.17° 94.1620.04°

H““i:jugdor -0.620,03" -1.0240.06° -1.2040.09° -1.5040.06" -1.69+40.13°
b 3.65:0.11° 4,68+021° 5.5240.26° 6.86£0.33 7.99+0.76"

Polyphenol (ppm) 147.0£19° 153.8+3.1¢ 164.6:6.0° 208.5£4.2" 2142456
Anthocyanin (ppm) 0.14£0.00" 0.14£0.00" 0.14£0.00" 0.13£0.00" 0.13£0.00"

YEach value is mean + standard deviation(n=3)

PMeans in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.
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Table 3. Concentrations of free amino acids(ppm) in jujube

Yakju based on the adding rate of dried jujube (%)

Free amino acids

Adding rate of dried jujube (%)

(ppm) 0 05 1.0 15 20
P-Ser 793935 969  1L14 1217
Asp 472 1406 1503 247 2387
Thr 520 551 595 887 1216
Ser 894 937 921 15 B
Glu 3977 3940 4645 6761 7410
Gly 3403 1401 3998 1647 1971
Ala 5837 5520 6683 9345 9930
Val 1940 1828 1919 2591 2841
Cys 1844 1197 1030 1389 2379
Met 79 265 324 307 73
Cysthi 525 4% 566 606 536
Tle 845 799 798 1205 1310
Leu 2543 2388 2484 3613 4012
Tyr 2861 2674 2929 8B 415
Phe 2050 1981 2141 3052 3395
b-Ala 051 56 570 760 177
b-AiBA 807 661 966 900 934
¢-ABA 109 1074 1122 1635 1897
EOHNH, 180 237 210 219 308
NH; 074 2379 2360 2503 2624
Om 1748 1944 2262 2828 3176
Lys 4148 3970 3864 427 5871
His 642 567 5T 1 924
Arg 9322 8618 9763 12387 13607
Pro 26827 38728 38807 52408  628.12

Table 4. Changes in pH of jujube Yakju during the storage period
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ool A HEE #7142 A4k citrie acid), S8t
2Hsuccinic acid), Z4H(actic acid), A} Hmalic acid), ZAF
(acetic acid) ©]1o.H, FAAo] 130~150 mg%, HAto]
50~60 mg% A= =] AATHTable 11). Shin 5(3)<]
Aol w2, AxUF] F8 {714 oxalic acid, citric
acid ¥ malic acido]1o™ 1 Fol] T 05~1.1 mg%
FrEo] e Ao B vl gtk B Aol FALt
go] =& AL 1A= 7] @a A @Gl st
T-AE 02% 713 Aol Ul g HzhHm 2xp4 02
 WFEFE e FAsbe] ool JEFs miFS 3o
=2 ddEth A2 R {7k 48y 4471
Zrel wpet zpolE Ho|A| kAW Alpike] e, A%
27|80 759 A Al &F F7HsE A2 eyt

ye rlo rr

AZUF H7MlEd w2 g5y 7|ed 54
gt A= Table 120 YERARUTE AZHFE ¥4 o2
Z7ol Hlgte] AXFE H7EsE Ao vl
713780] =& AL Yo, H7Hl&ol glojA A
ZFE 1.5% A ZT-oA A(color), 3F7](flavor), H(taste)
2 A A 71EEA AdEHlEo] 70~80%% 7 g
AE Bk oo A oAt AR g o

N

Adding rate of dried

Storage period (days)

Jujube (%) frement 0 15 30 45 60 75

. Heating 3654005 3594003 3694001 3674002 3634004 3664002
Non-heating 3644004 374003 3774007 3.67:001 3.66£0.07 3.6640.05

Heating 3.66:002 379:0.11 375:002 3704002 3691002 3704002

03 Non-heating 3674004 3664003 3.69:003 3764002 3704005 3714003
y Heating 3684001 3724002 3724003 3724002 3704002 3714003
Non-heating 3744006 371:002 3834004 377:002 3674002 3734001

y Heating 3724008 380:008 3764007 3774008 3744009 3764007
Non-heating 3804005 373:008 384£009 3804006 375:0.06 3774005

20 Heating 3784005 377:002 374£0.10 3794005 379:0.04 3804004
Non-heating 380:005 3794005 3864007 3874007 3.80:0.04 3.81:0.07
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Table 5. Changes in total acid (%) of jujube Yakju during the storage period

Adding rate of dried jujube g Storage period (days)

(%) 0 15 30 45 60 75
. Heating 037001 0.340.02 035+0.02 0.36:0.02 037:0.02 0.380.01
Non-heating 033001 033£0.02 0.350.00 0.37:0.03 0.38£0.01 0.38+0.01
Heating 0.38+0.01 031001 035+0.01 0.36:0.02 0.36:0.01 0.38+0.01
03 Non-heating 0344001 0.330.01 035+0.02 0.35:0.01 0.35:0.01 0.39:0.02
0 Heating 0.400.01 034001 0.36+0.01 0.37:0.01 0.36+0.01 0.40+0.00
Non-heating 0.380.01 0.36+0.00 034001 0.38+0.02 0.380.01 0.41:0.02
s Heating 0.40+0.03 0.36+0.03 037002 0.38:0.02 0.38:0.02 0.41:0.02
Non-heating 0.38+0.02 037+0.02 0.38+0.02 0.39+0.03 0.39+0.01 0.410.03
2 Heating 0.40£0.02 0.38+0.03 0.38+0.04 0.39:0.02 0.39:0.02 0.42+0.03
Non-heating 0.41£0.02 0.37+0.04 0.38+0.02 0.40£0.01 0.39:0.02 0.42:0.02

Table 6. Changes in soluble solid (‘Brix) of jujube Yakju during the storage period

Adding rate of dried jujube Treatment Storage period (days)

(%) 0 15 30 45 60 75
Heating 5.83:0.15 6.23:0.15 6.30:0.17 620017 627:0.12 6.23:0.15
0 Non-heating 623015 627:0.12 6.50:0.17 620017 6.30£0.10 6.30:0.17
Heating 5.830.06 6.300.10 6.37+0.06 6.27+0.06 6.370.06 6.30£0.00
03 Non-heating 6.23+0.06 6.33+0.06 6.57+0.06 6.300.00 637:0.15 6.330.06
Heating 5.70+0.10 6.27+0.06 6.370.06 6.230.06 6.330.06 6.300.06
10 Non-heating 6.230.06 6.330.06 6.500.10 627006 6.37£0.06 6.30£0.10
s Heating 590036 6.53£0.29 6.600.26 6.530.29 6.60£0.26 6.53£029
Non-heating 6.50£0.26 6.60£0.26 6.80£0.26 657032 6.60£0.26 6.600.26
2 Heating 623029 6.63:025 6.73:0.25 6.63:0.25 6.73+0.25 6.70£030
Non-heating 6.700.30 6.73:025 6.87:035 6.67:0.35 6.67:0.35 6.57+0.51

Table 7. Changes in Hunter value (L) of jujube Yakju during the storage period

Adding rate of dried jujube Treatment Storage period (days)

(%) 0 15 30 45 60 75
0 Heating 95.38+0.09 98.88+0.09 94.48+0.29 99.48+0.42 98.6110.33 98.6610.19
Non-heating 94.98+0.32 97.3240.12 94.720.29 99.45+0.33 98.5310.05 98.5110.17
05 Heating 95.01£0.08 98.3310.07 94.3740.11 99.6610.10 98.11£0.11 98.0810.15
Non-heating 94.8510.23 96.9210.15 94.1110.55 99.6810.15 98.1210.09 97.6610.14
Heating 94.85+0.07 97.43+0.15 93.79+0.20 99.1310.21 97.50+0.40 97.5610.29
10 Non-heating 94.54+0.10 96.62+0.03 94.02£0.11 99.28+0.14 97.62+0.19 97.38+0.22
Heating 92.98+2.88 97.10+0.74 93.51+0.30 98.74+0.33 97.08+0.33 96.61£0.30
= Non-heating 94.24+0.40 96.25+0.20 93.35+0.08 08.64£0.14 96.70+0.58 96.85+0.26
20 Heating 93.87£1.26 96.8510.26 92.9310.47 98.20+0.39 96.0610.45 95.95+0.63
Non-heating 94.1510.31 95.8310.11 93.010.47 98.2840.53 96.6710.32 95.89+0.73

Aol g & Sajo] TlhTRE s)olg Aow A7t 20% A7t O AT vt He 4SS
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Table 8. Changes in Hunter value (a) of jujube Yakju during the storage period

Adding rate of dried jujbe Storage period (days)

(%) 0 15 30 45 60 75
. Heating -0.800.05 064001 -1.030.01 0.84+0.03 0.89+0.03 112004
Non-heating -0.78+0.05 -0.700.05 -1.19+0.06 -1.01+0.04 -L11£0.11 -1.32+0.06
Heating -1.10£0.08 091£0.07 -133+0.08 -1.14+0.07 -131£0.03 -1.64£0.08
03 Non-heating -L13£0.10 0.87+0.08 -13340.12 -1.23+0.14 11384019 -165+0.16
L0 Heating -1.19£0.10 096+0.08 -130£0.08 -1.15+0.03 -146+0.12 -185+0.19
Non-heating -1.2240.10 -0.90+0.08 -13740.07 -1.19+0.07 -13240.03 -1.64+0.01
g Heating -140£0.04 -103£0.12 -1.52+0.06 -1.34+0.06 -136+0.03 -1.730.09
Non-heating -149+0.19 -1.04%0.14 -142+0.05 -130£0.10 -144+0.12 -191£0.05
2 Heating -158+0.11 -1.28+0.08 -165+0.09 -1.500.08 -162+0.09 2.10:0.11
Non-heating -158+0.13 -1.10£0.09 -1.52+0.08 -146+0.02 -1.70+0.24 206021

Table 9. Changes in Hunter value (b) of jujube Yakju during the storage period

Adding rate of dried jujube Treatment Storage period (days)

(%) 0 15 30 45 60 75
Heating 3.96+0.23 3.630.09 456029 463029 498037 586024
0 Non-heating 401:0.18 3.98+0.28 5.00£027 535042 5884049 6.76:043
Heating 597033 5.76+0.50 690045 7.18043 779029 908029
03 Non-heating 6.010.76 562057 6.86+0.84 7254071 775050 9.10+0.50
Heating 6.45+049 6.63+0.60 8.100.57 8.54+0.54 9.58+0.78 11212093
10 Non-heating 6.89:0.40 639042 7.8240.36 8.20+0.25 8.830.38 10.34:0.42
s Heating 7.36+0.59 7.84+0.52 970064 10.36:0.77 11.13:0.94 13.10+1.16
Non-heating 8.10£1.00 7.62:040 9.60£0.15 1028:047 11.2040.65 13.11£1.09
2 Heating 8.17+1.04 9.52+0.99 1164115 12424124 13754126 16314151
Non-heating 8.700.97 8.69+0.87 10814115 11.89+1.43 12.53+1.46 14.78+1.66

Table 10. Changes in polyphenol (Axw) of jujube Yakju during storage period

Adding rate of dried jujube Treatment Storage period (days)
(%) 0 15 30 45 60 75
. Heating 0.7740.07 0.74:007 0.7740.06 0.74+0.06 0.770.06 0.75+0.06
Non-heating 0.79:0.07 0.74:005 0.76:0.07 0.75:0.07 0.820.08 0.78+0.07
05 Heating 0.77:0.02 0.73:0.04 0.75:0.02 0.75:0.03 0.76:0.04 0554041
Non-heating 0.79+0.03 0.75:0.04 0.75:0.03 0.7740.04 0834003 081:041
" Heating 0.810.02 0.79+0.02 0.78:0.03 0794002 0824002 0.84+0.04
Non-heating 0.84:0.02 0.79:0.02 081:0.03 0.81£0.03 0861003 0.85£0.02
s Heating 09340.15 09240.16 0.88:0.14 0.90£0.14 1024014 0.94£0.14
Non-heating 09740.16 090£0.14 09240.13 093£0.14 097:0.15 0984015
Heating 1.000.12 0.10:0.12 097+0.10 099012 1.07:0.11 1.07+0.14
20 Non-heating 1.0240.12 098+0.12 0980.11 1.01:0.12 1.05+0.12 107011
7 ] g-0] FolALE ofu At gho] Eolxs Ay A kS T P71 EY ATA dES ke ACE g
ol ¥& Ao e Lol QoI A oppliske A ATH3L32).



Quality Properties of Jujube Yakju Based on the Adding Rate of Dried Jujube and Storage Periods

Table 11. Changes in organic acid content of jujube Yakju during the storage period

Organic acid  Storage period Adding rate of dried jujube (%)
(mg%) (days) 0 05 10 15 20
Cilric 0 145.6143.67" 149.0145.99 144.67416.30 151.864891 157.17+10.28
acid 75 134.40+7.68 148.77+4.01 146341046 159.0246.26 151.64+5.28
Malic 0 9.79+0.53 8.17+1.38 8.46+1.25 7354048 853092
acid 75 1343104 12.620.70 12.84031 12.1740.56 12.48+0.39
Izg:t Succinic 0 7641550 76.11+1.80 80.82+5.25 85.81+7.73 91.48+11.35
treatment acid 75 70.50+5.66 76.14+3.42 8091+7.42 89.76+2.34 88.57+4.46
Lactic 0 55.96+097 55.48+347 54.80+430 55.55+4.62 57.53+2.90
acid 75 53.96+3.60 5754112 5730189 60.09+335 57.88+4.98
Acetic 0 3.94:0.89 4.13:094 481£2.14 901140 841372
acid 75 6.302.80 782183 7738222 1037092 9.96+3.55
Citric 0 138.16+2.67 148.77+6.98 149.17+3.89 159.60+10.75 160.92+7.89
acid 75 135.16+6.49 143474505 142.59+1.69 14196+5.27 150731027
Malic 0 9.610.71 8.16+139 8.43+0.64 781053 8.56+0.41
acid 75 13.80£0.31 10.98+2.80 11.9120.71 1090+0.31 12.33+1.06
Heat Succinic 0 67.61£2.13 74.902.82 7991407 88.62+8.56 9051138
treatment acid 75 71.81+4.81 7320+4.26 76.79+2.09 79.35+2.36 85.96+3.61
Lactic 0 5382131 55.42+3.63 55.48:031 57.75%5.15 57.92+5.64
acid 75 55.68+0.67 56.09+1.56 5481133 54.16:0.20 56.716.79
Acetic 0 3.00:0.16 435+139 397+1.74 772+1.16 6.80+1.94
acid 75 454+1.09 560122 7324205 8.15£1.72 9.672.85
YEach value is mean + standard deviation(n=3)
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