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Abstract

The objective of this study was to investigate physicochemical and antioxidant characteristics of immature flat
persimmon during 7 heat treatment aging steps. The pH decreased, and hence, acidity increased with aging. Hunter
L value decreased with aging. The a value rapidly increased until step 3, whereas the b value decreased. Fructose
content decreased while glucose contents slightly increased during aging. Hardness, chewiness and gumminess rapidly
decreased, indicating softening in texture, but it was negligible after aging step 3. Phenolic compounds including
gallic acid and homogentisic acid were detected at step 3 and then gradually increased with aging. However, contents
of flavonoid and tannin were much higher in step 1 sample than others. The antioxidant activities observed by
DPPH, ABTS, and FRAP assay were the highest at step 1 possibly due to the higher levels of flavonoids and

tannin acid in the step 1 sample.
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Table 1. Conditions for aging of immature flat persimmon

Aging step Temperature (C) Aging time (hr)
1 70 12
2 90 24
3 70 48
4 70 72
5 70 96
6 70 120
7 70 144
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Table 2. Changes of moisture content, pH and acidity on aging
step in immature flat persimmon

Aging step Moisture (%) pH Acidity (%)
81.35:015"7  6.44£0.091"” 0.2920,03*

2 81.15:0.69™ 6.1520.007° 0.28+0.01*

3 81.10£035™ 5.89+0.114" 0.34+0,01°

4 80.55+0.17* 5.68+0.122° 0.39+001°

5 80.48+0.59" 5.49+0.103° 0412000

6 80.15+0.05" 527+0.122* 046+0.01°

7 80.19+0.20" 5.10+0.143"* 0.50+0.02"

"Each value represents mean+SD, n=3.
A-FMeans with different superscript in the same column are significantly different
at p<0.05.
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Table 3. Changes of Hunter’s color value on aging step in
immature flat persimmon

Aging step L a b
1 67.7742.01"? 6.48+123" 39.68+2.72°
2 4544178 3.13+0.86" 20.412.98%
3 3636+1.51° 17.562.58° 15.19+1.80*
4 35.0941.55° 19.37+091° 15.83+1.16"
5 3342+1.425 18.630.98" 15.07+1.55*
6 32.96+1.825 17.48+1.22° 15.35¢1.48"
7 31.71+1.234 1720+1.35° 1470+131%

"Each value represents meantSD, n=18.
P*FMeans with different superscript in the same column are significantly different
at p<0.05.
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g® 7HAsl AL, o] % &AH(step3~7)ol Wl 97.70~68.68
g7HA Fasiath 228 gelste] vkeg sA4A17 S0t
533 SvE3e)e A WsE B3 Ad 4 27
o= gl sl nlee §257 EelAe @32 B9
SA717r0] gl wet o] FhaE o] SHo] whs|
Ao et A=7F S71etatt & Ao E 5Lt vt
Al mlgke] A7) step 2904 step 3Ato] ol TH 2 FA 3]
asto] §4 27] 2dA ] Axe FAFo] Flom,
S 372 ZeE AUk ol A 257t BT E
SEE B Adge] Srtste A5A R vt SUst
ot B a1E o] $)th40). Springiness(BHE )< step 1914
0.71% 7} S step 2914 0.872 =718k} o] &
FEe 54 A= e Fo7Ql Afo]7} HolA] go}

d 25 A9 w32 o wAe §EAdE o STkst
Aoz AAHT} Chewiness(H 8/3)2F gumminess(H 2}
‘De TN AR mhet sk A de JERe
1, step 29141 step 32 dol7b= @Al HAaFo] Fn
1 o] o= foA Rl Atol7t AT

Table 4. Changes of texture characteristic on aging step in
immature flat persimmon

Aging step  Hardness (g)  Springiness ~ Chewiness Gumminess
1 979.06:34.46"™ 071:0.15" 232.11£5880°  324.62+36.64°
2 699.63£40.04°  087:0.11° 207.79:6047°  237.77:57.87°
3 9770£2435°  09120.10° 2533706 2761634
4 80.04:1369°  088:0.16°  2326z7.11%  263127.11°
5 72.081947"  089:0.10°  1975:505"  21.97+444"
6 69.56+1003"  089:0.15°  2148+7.13  2365t672"
7 68.68:9.55"  092:007° 19.19+377%  2077:343"

"Each value represents mean+SD, n=17.

P*PMeans with different superscript in the same column are significantly different
at p<0.05.
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Table 5. Changes of free sugar content on aging step in immature
flat persimmon

(g/100 g)
Aging step Fructose Glucose

4.42+0,07"? 6.04+0.15"
2 4.8740.22° 6.23+047*
3 4.18+0.28° 6.5240.12"
4 33540.06° 6.59:0.71"°
5 3361027 7.60£0.64°
6 3070.06™ 7.080.09%
7 293031 7.57+0.46°

UEach value represents meantSD, n=3.

P*DMeans with different superscript in the same column are significantly different
at p<0.05.
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Table 6. Changes of antioxidant compound content on aging step
in immature flat persimmon

q Phenolic compound content (mg/g) Tannin acid content

Aging Flavonoi (mg tannin acid
step (rrfg%%t ) Gallic acid Homogentisic equivalent
& 1€ acl acid (TAE/100 g)
1 17312005" ND? ND 287.61+0.06"
2 5204005° ND ND 17.59+0.13*
3 4147005 0.19:002*  0.12¢001* 60.99+0,04>
4 575:005°  023:001° 0200018 83.84:0.06°
5 629:000° 024000  029:0.00° 80.06:0.06”
6 844+005°  026+002° 0.5520,04 72.94+0,04°
7 95+000°  028+000° 0.96+0.01° 73.14+0.06°

UEach value represents meantSD, n=3.

?*Means with different superscript in the same column are significantly different
at p<0.05.

3’ND, means not detected.

54 229 ol o3 o] Zix& Aol A
ol wpeh FFasta, ©itel vlske] By o] A F
RE TAlelA ed ko] Erha Bawo] ivhdr). 43
Al w2 WA nlsate] HE SRERE gallic acid9}
homogentisic acid 2%°] AEZF A =M, ol FZFES step
7M1 AEE A ko, step 3914 = 22 0.19£0.02
mg/g?} 0.12+0.01 mg/g®] TS Ve, SATA 7}
Aol whe} gheFo] F7kske] step 741 2H2F 0.28+0.00

A23d A3E (2016)

mg/g, 0.96+0.01 mg/g ©] AT Lee 5(32)2 % Z=HEA oA
#H&=4FS 2 chlorogenic acid, caffeic acid, p-coumaric acid
9! salicylic acid 5°] &<1 H Atk Hausigiet, & A3
o] A3}ol| = gallic acid2} homogentisic acid7te] &4
AL W] A= 2folz Addnh

HHA] m|&2te] Sdof] mhE et o] =& step 1904
17.31+0.05 mg/100 go| Attt SATA 7} Aol whe} 2t
22810 step 3904 4.14+0.05 mg/100 g & 4u)] o]4F 7143k
T step 45-El= Fe|H o2 S8k step 70141 9.52+0.00
mg/100 go| ATk AT A ol whE whA|e] ehd e A
B A3} step 19F AR Al52] ghd §afo] 287.61 mg tannin
acid equivalent(TAE)/100 g2 7P =] S =1L, step
22 AXHA 1759 TAE/100 go.2 F7ete] SHUA
71 wkokt. 9 step 39llA = v o] whashe A
£ HolwA step 37 4014 2+t 60.99 TAE/100 g¥} 83.84
TAE/100 g= YERQITE o] & A TA ] 73 2ol wfe}
Al ZHaste] step 5~79 ' SRS 72.94~80.06
TAE/100 g| 1t} Seong¥} Han(47)& &2 7he] ghd st
o] 9¢ o]F Fragittn Huslgled], 1 Ao R Fale]
&) B 24 SERth 23, B G4
alcohol dehydrogenase®] 21822 A H acetaldehyde &
o gakoz 7he4 T o] B8818 R0 9
o & ATl s WAl dAjElE Thel s4A17 Bl
= step 22| B shao] step 12] 16% =22 A 743t

Table 7. Changes of antioxidant activity on aging step in immature flat persimmon

Tems Concentration Aging step
(g/mL) 1 2 3 4 5 6 7
625 282313379 91544032%  2560+1.99"  2535+0.15%  2437+1.03°* 246110445 23.16+0.87%
) . 125 3844+124%  2585+050™  3206:1.42™ 31524071 2995+1.50%° 3119092  28.53+0.72%
DPPH radical scavenging " N o e . @ .
ability 250 53304077 33.56+051%  41.54£1.02™  40.75:0.96 30724120°  40.52+0.56™  37.81+1.53
(%) 500 71108147 47492077 570721525 5625:128%  5655:147%  55.69:1.00%  5120£098™
1000 8021:035%  6591<1.18%  7645:1.09™  7596+1.11*  76.67+120™  7455:085%  7129:133%
625 2839+142™  1491:077%  19.19+0.81%  17.92+140°%  17.76:057°%  1651:127"  17.70:0.155
) . 125 SIS7+L17™ 2605+181%°  3131:175°  3245:031%  3232:122°  2852+155% 2679163
ABTS radical scavenging \ 5 )
ability 250 87.23+1.00% 45524122  S7714L12%  5306+077C  56.64+096™  51.97+040°  48.83+0.99
(%) 500 99.08+0.09  77.59+0.66™  93.16+0.65™  9026+0.15>  90.39+023™  86.01+1.97°  82.00+0.80%
1000 9925:0.00™  9898+0.06%  99.17:007™  99.15+0.06™  99.06+0.06™F  99.05:0.10°%  98.83+0.00™
625 16.15+0.33® 378+058%  6391020%  727+098™  7.03:029™ 5444037  306:0.4™
125 37844127 1300:023"  18.68:081%  1872¢096™ 21100947  1855045®  12.00:029™
(Fe504~7FI§f(\)P eq IM) 250 8206+1.52°  3130:0.65% 44204185  43.19:0.66°  47.90+0.61%  41512049%° 29774049
500 1715240827 68.1240.69%  92.07:096™  91.18+0.54™ 10086129  89.18+075%  64.32+1.82"
1000 345.68+346%  14347:2.04% 190961435  18631:1.04%  20827+372%  18038+348%  136.90+1.89"

"Each value represents meanSD, n=4.

4G\ feans with different superscript in the same row are significantly different at p<0.05.
¥Means with different superscript in the same column are significantly different at p<0.05.
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