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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)

70 12
2 90 24
3 70 48
4 70 7
5 70 96
6 70 120
7 70 144

T2 8z 24

FE g SAAYAE TAIE B4 7] (HMF-34508,
Hanil, Seoul, Korea) 2 21| 3t < F 1.0 g F 3t A4
SE-=77](MB45, Ohaus, Pine Brook, NJ, USA) & 3H o]
A

134 pHS’Jr A= e AHs A% 71(G20 compact
titrator, Mettler toledo, Greifensee, Switzerland)S ©]-&-3}<]
2339 $AD AR S g2 Hdl SRR 7o 50
mL7} HEs 3 F 3 I"E oE AR No. 2,
Advantec, Tokyo, Japan)Z o] 2}t o -2 A7 F F 5}<]
pHE 533191, B4t =+= 0.1 N NaOH S92 A5
99| pHt 847k B W7 Agate] 24 o ksl
=3

ME 5F
SAgeA o uhE Wt
AAZ § HAE T

Ao
U] o2 358 3 v
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AN} A| (Ultrascan VIS, Hunter Lab, VA, US )2 o] £3}0]
st on, oju £+ uybu La%b g 27 941,
0.11 % 0.03°]}th 24 A|5& 53] o]} wHE S35k
He 2 Yephith

Aﬂ_l;_%% ]glr 5015]_ tﬂ—tﬂ o7 ;qazﬂ. /\] = texture
analyzer(TA-XT express, Stable Micro Systems, Surrey,
England) & ©]8-3to] 7t Al5 8= 107) o3 Al=e] $4
B 2278 =819t o]u] TPA(texture profile analysis)
£ 93} texture analyzer®] 2712 © 4 mm coreE AH8-51%1
1 mmy/sec, test speed= 2 mm/sec,
5 mmy/sec, test distance= 3 mm, time-=

31, pre-test speed—
post-test speedt
5 sec, trigger force= 5 g°| AT}
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ZFZ3+ 5 045 um syringe filter2 o] 2}5}o] HPLC(Agilent

1260, Hewlett-Packard Co., Palo Alto, CA, USA)=Z #4135}
o} £48 columne COSMOSIL Sugar-D(4.6x250 mm,
Nacalai Tesque Inc., Kyoto, Japan)E& AF-8-3}51 1L, ©]F5-&u|
= water®} acetonitrile S 3:72.2 &33l 8-S A3
o, o] EAe] £%= 1.0 mL/min, A8 FYFS 10 1L,
71271+ ELSD(Agilent LT-ELSD G4128A, Santa Clara,
CA, USA)E AHgatslon, 4 2= 30TE F41319
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o 415 nmoA FB =5 5743t} Quercetin(Sigma Co.,
St. Louis, MO, USA)& EFEAR sto] A& AFdez
R % Behwols PFS Ansd.

F ol SR A AR RN AR 1 gl 60%
EtOHE 20 mL 7}3le] 6083 FE3le] oA (No. 2,
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Seoul, Korea)E ©]-&-3f 3,000 rpmol| A 1083+ ¢4 &2 s}
3, AENE 045 pm syringe filter2 ©]3}3le] HPLC-
DAD(Agilent 1260, Hewlett-Packard Co., Palo Alto, CA,
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0.7 mL/min, Al FY & 10 1L, UV HE7]9] 33
280%} 340 nmz A5Gt

% ¥hd 3ek2 DuvalZ} Shetty(28)2] Wl wial 223k
Al 5 gl T/TE 7Hste] 50 mL7t H =5 ¢ & Xe
33 U5 o FH (No. 2, Advanted) 2 ] 73t o] ol & ALE-
SIATE AlZ9 1 mLoll 95% ethanol 1 mL9} 75 1 mLE
A 2 7heto] 28] £ F 5% NayCO; €< 1 mLe}
1 N Folin-ciocalteu reagent(Sigma Co.) 0.5 mLE 7|3t &
Ao A 603 AT T EBFEAE ] &5t
725 nmell A FB =S =431 01| tannic acid(Sigma Co.,

(¢

St. Louis, MO, USA)E ETE4AE AFAS A5t Al
E g%° mg tannic acid equivalent(TAE)Z YERY AT

3087 & F33F 5 o] 72| (No. 2, Advantec) =
S8 A5Y e AL

v

DPPH(1,1-Diphenyl-2-picrylhydrazyl) 2}c]zt 27 g4
= DPPHO|| gt Hakgo] g o s vepdl A= Al5d
3} DPPH -£9(5 mg/100 mL methanol) S E%C 2 £33t
U A2ollA 20831 W34 3 E33=AE o] 85l
525 nmollA FR =S SAHATH29).

ABTS(2,2-azinobis-(3-ethylbenzo-thiazoline-6-sulphonate)
gz 2AEAH L 7 mMe ABTSE o] potassium
persulfateE 2.4 mM°] =5 8312171 T oA
12~16A17F B3t RESAIZL T 415 nmol| A &322} 1.57}
U552 SHFE 243 ABTs 292 AL&-313th ABTS
el TRk AlEd e Edelal A-&oA 10837 WA
7 U E3FEAE ol&ato] 415 nmolA 35 54
5F%Ath30). DPPH 9 ABTS 2tt|Z 2724 & Alg 74
ZHrell g Al 837 SRR R AlLsle] %2 Ut
WAt

FRAP(Ferric-reducing antioxidant power)°l| <]3gt &-iks}
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Z+2a3ko] step 790141 E 80.19=0. 20% 072 LAY 2
FE e Aa gaske s Btk dsE =Rk
Alo] i gheol 77.52% = ELQL o7, et A%
A7 HERtA o] =5 ekl 80~84% % A7V =
NAFE F o] it Hu3)E ded, 2
Aol AR B = Tl JJri ZH| R0 80% o]/de
Eol 4 Tl 80% o] =2 TR FFE AT
Aoz woher

T gl 60% FE=R vFES SAAIZES u 549713
I &7t SUMESE S %‘%}% Z.%i'c‘f}‘ll (33), "te=

XA Azt Sulsy ksl 7 g 42t
534240.62% %} 32.52+1.52% 0.2 Anlso] 37 dhikof H)
3 freldo = gk,

%249713b] A3l W2} 5 P

Fe o aslithe Hae B Aol Adyele dX|sh=
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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 (%)
1 813520.15"?  6.4410.091"7 0.29+0,03"
2 81.15+0.69™ 6.1540.007% 0.28+0.014
3 81.1040.35% 5.89+0.114° 03420018
4 80.55:0.17* 5.68£0.122° 039+0.01°
5 8048+0.59" 5.49+0.103 041x0.00°
6 80.1520.05* 527+0.122* 046+001°
7 80.19+0.20* 5.10+0.143" 0.50+0.02°

"Each value represents meantSD, n=3.
YA-FMeans with different superscript in the same column are significantly different
at p<0.05.
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a5k AL, A= step 19141 0.29%°19 A o] step 7oA
= 050%71A S7FetRAth olelgt Akwe] F7ke Brohi| e
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e SAAE AF S48 25T 5255, 717to] A3
G55 pH A2 21 2hEH(34), Park 5(38) 71244
o W& A5 A5 AEAQ] s = Qlete] @RIt
714 T2 FalE o] ARt Skt Baskelt

SHCHAOf mME giA|e] ME S|
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S0l w2 WkA] mlgate] WIE(L)E step 1914 67.7701d
Zo] Zwte] Aahgel] wre} 12 solA AF sep 74
3LTI7HA] oA o2 Zhasisity, A EE Yehl = agk
< step 19+ 64801 A o] step 204 = 3.132.2 rolx]
I step 39 17.562.= F23] F7Fs17] A12eke] step 40114
193722 71 =9k
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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 67.77+2.01"™ 6.48+1.23° 39.68+2.72°
2 42.54+1.78" 3.13+0.86" 2041+2.98"
3 36.36+1.51° 17.5622.58¢ 15.19+1.80"
4 35.09+1,55° 19.370.91° 15.83+1.16"
5 3342+1.42° 18.630.98" 15.07+1.55*
6 32.96+1.825 17.48+1.22° 15354148
7 3171£123% 17.20£1.35° 1470131

"Each value represents meantSD, n=18.
Means with different superscript in the same column are significantly different

at p<0.05.
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(BE) A1, 7447170 BHETrE FofH g st
kS YERAITHTable 4). =, step 1941 WEA] 1] <53}
) 979.06 g°]A=tl, step 22| REA| A =7} 699.63
g2 7238k, ol F <A H (step3~7)°ll Wl 97.70~68.68
g7HA sttt 22 s gl vied 544171 St
E33)F v A= Wsts BT Ay, 54 2]
A& gl o3l vhsel S2RU EelAle @4 Bl
&/971310] ZF3tel| whet o] fHaE|o] fHo] T
ol mat A=rt F7kskdth & Ao ® DA vt
Al mle ko] AET step 20014 step 3AEeloll THIE HA4 3]
Aaete] 4 27] 230lM ] A FHaFo] Zlom,
T 3718 As Ak ol A 2 52
& B Axlgo] Srlete] A Ee] ATt Sk
H o] 1th40). Springiness(BH2Ad)-2 step 1914
0.71Z 7} WSk ar step 2914 0.87% 716ttt o] %
© 54 Ardd e A<l Aol 7} HolA] gho}
25 AT =92 d s B8-S o Frtst
Aoz Akt Chewiness(H 3/3)2 gumminess(% 2
) WAZE A" met Zavske e UEle
™, step 2914 step 32 Bol/te ©AlC] AAiZe]
1 o] Foll= frol A<l Aol 7t gidTh

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

Aging step  Hardness (g)  Springiness ~ Chewiness Gumminess
1 979.06:3446™ 0710.15" 232.11£58.80°  324.62436.64°
2 699.6340.04° 0874011  207.79:6047°  237.77:57.87°
3 97.70£2435°  091£0.10°  2533:706" 2761634
4 80.04+1369°  0.8840.16°  2326:7.11%  2631¢7.11%
5 7208:947"  089:0.10°  1975£505"  21.97+444*
6 69.56:10.03"  0.89:0.15° 2148+7.13"  2365t672*
7 68.68:9.55"  092:007°  19.19+377°  20.77+343"

"Each value represents meantSD, n=17.

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

SdcAlo mE iAo F2|2 &2 Wl

S EA e WA n&ae] fed ke A g
A= Table 59 2o, DA e} fructose2] FHd-2
a8t o glucose?] kS S718ATE Step 1911412
fructose EHE-2 4.42+0.07 g/100 g°] %] 21, step 214 S7}
SFATH } step 3 o] FHE = At Hadte] HFE DA A
2.93+0.31 g/100 g°| AT} Glucose T2 step 474l = 72
2} glo] m g Z7148l9] o step 5914 7.60+0.64 g/100
g o2 71 =T} step 7914 7.5740.46 /100 g O =
step 19 Hlal 1.258] o F7}siaith.

dAg e nHEAH Qi Aeele Fo frelde

fructose 2} glucose©| 1o, dxjg] %7} S71gel wet
AA freld FeFe 2AaskR o fructose ) glucose®]
Zo =y, o] n2oA] o]FF2l sucrose’} ©F
2! fructose?} glucoseZ 3] = 7] wj+o|2+= Hwang &
43)% Lee 544 Eurl k. €32 Al glucose}t
fructose7} maillard W3- 2 caramelization ¥F3-3} 22 H| &
a2 ZHRkgof| Hojste] fFElBe] gk WSt A7)
d], glucose 2.t} fructose®] 7Ado] o A Y= A
glucose 2.t} fructose”} HH-g-/d 0] =7] WlEC2 I A 3l
th@5). 2 AFNME fructoseo] TS HAadd] uh|
glucose T2 P S7BIA =, ol 43 T o|F
F7F Bl = o, vkgAdo] 2 fructose”}t Wh2A] A S} Hh-g-
o Fosr] WEez FH T

Table 5. Changes of free sugar content on aging step in immature
flat persimmon

(g/100 g)
Aging step Fructose Glucose

440+007"? 6.0440.15"
2 4.87+0.22° 623+047"
3 4.18+0.28° 6.5240.12"°
4 335+0.06° 6.59+0.71%
5 336+027° 7.60+0.64°
6 3.07£006™ 7.08+0.09%
7 293+031* 7.57+0.46°

"Each value represents meantSD, n=3.

P*PMeans 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

Phenolic compound content (mg/g) Tannin acid content

sgi Pl I o i
step P omogentisic equivalent
(mg/100 g) Gallic acid acid (TAE/100 )
1 1731:005"% ND? ND 287.610.06°
2 52040058 ND ND 17.59£0.13*
3 4148005  0.19+002* 0.1220.01* 60.99:0,04>
4 575:0058  023+0.01° 0.20+0.01° 83.84+0.06°
5 6291000° 0244000  029000° 80.06:0.06°
6 844005  026+0.02° 0.55+0.04° 72.94+0,04°
7 952¢000°  028+0.00° 0.96+0.01° 73.140,06°

"Each value represents meantSD, n=3.

PMeans with different superscript in the same column are significantly different
at p<0.05.
ND, means not detected.

Hs4 549 g ot o] 7kx= A7l
ol wa} 7Fasta, Bk Hsle] W 7ho] A
BE Sl ghd &5Fe] o HuE o] lthéy). 543
Al w2 ¥iA] n& 3o B e 313HE 2= gallic acid9}t

o ofN

homogentisic acid 2%-°] AE=AEH, ©|& & step
A= HAEHA] Lo} step 3948 2H2F 0.19+0.02

mg/g, 0.96+0.01 mg/g ©]U T} Lee 5(32)2 A =HHA] o] A
H&=4EC 2 chlorogenic acid, caffeic acid, p-coumaric acid
2 alicylic acid 5°] &9 Fttn Rusisi=d, & A4
o] A3}l A= gallic acid2} homogentisic acidite] 71 &%
Ae Tle] 4EAE Aoz e,

HA] m]&ate] LAl e ZalH o]l B step 1904
17.3140.05 mg/100 gl AT} S/ A 7F Aol whet 2t
238107 step 3914 4.14+0.05 mg/100 g 2 4u)] o] 7HA3k
T step 4FEHE FF R F7181] step 79141 9.52+0.00
mg/100 go| ATt SAduAll mhE WhAle] 'hd e A
2 A7} step 19F AR A159] g 3FEFo] 287.61 mg tannin
acid equivalent(TAE)/100 g2 2 7} =/ S F 01, step

& AAWA 17.59 TAF/100 g2 w4t 397 &
714 2kt B sep 314 B el WS At
5 Ho|HA step 37} 494 ZH2} 60.99 TAE/100 g2} 83.84
TAE/100 g= YERASITE o5 SdeA o] A3l wet
oAl gHAsste] step 5~79] ©d R 72.94~80.06
TAE/100 go|it}. Seong@ Han(47)S B2 7+o] ehd 3hek

o] 94 o] % adttal Husigled], 1 ¢l s 3l

HItS =7 ghd o) 54 SeEn A5, 3] A57]
alcohol dehydrogenase®] 2}-8-° 2 A4 H acetaldehyde &
o gigrom 7he4 B Bdo] 2438 Ao FHalg
o 2 Aol wAle] A S Th) S B

mg/g 0.12+0.01 mg/g®] TS WYERIL, SADAZE step 29] €A ko] siep 19] 16% 02 A 7Ahs}
Aol whet Fhero] 7kt step 79l41= 2H2} 0.28+0.00
Table 7. Changes of antioxidant activity on aging step in immature flat persimmon
Ttems Concentration Aging step
(1g/mL) 1 2 3 4 5 6 7
625 2823133 21542032%  2569:1.99%  2535:0.15%  2437:1.03%  24.61:044°*  23.16:087"
DPPH raical scavenging 125 3844124 2585:050"  32.06142™ 31524071 2995:1.50°C 31194092 2853:0.72%
ability 250 53301077 3356:051%  41.54:1.02%  4075:096%°  39.72:120% 40524056  37.81£1.53%
® 500 7110147 4749:077%  57.07:152% 56254128 56.55+147% 5569109  51.20:0.98%
1000 8021:035%  6591+1.18"  7645:1.09%  7596:L11°  7667£120°  74.55:085¢  7129+133%
625 2839142 14912077 19.19+081%  17.92+140°%  1776:0.57°"  1651:127  17.70:0.15%"
ABTS rdical scavenging 125 SL57¢L17% 26054181 3131:175%  3245:0317  32.32:120%  28524155%  26.79+1.63"
ability 250 87.23+1.00%  4552¢122%  STTIELIZ™ 53062077 5664096  5197:040° 4883099
(%) 500 99.08+0.09%  7759+0.66™  93.16+0.65%  9026:0.15™ 9039023  8601+1.97  82.00+0.80™
1000 99.25:000™  98.98+0.06%  99.17:0.07°  99.15:006™  99.06:0.06°%  99.05:0.10°¢  98.830.00
625 16.15:0.33% 3781058%  639:022%  727:098™  7.032029™  544%037"  306£024™
125 3784+127™  13.00:023"  18.68:081%  18724096®  21.10:094C  1855:045%  12.00:029
(FeSO4_$£)P eq 1M 250 8206+1.52°  31.30:0.65%  4422+185™  43.19+066°  47.90:061%  4151:049% 29774049
500 1715240827 68.120.69%  92.07+096™  91.18+0.54™  100.86+129%  89.18:0.75% 64324182
1000 35.684346%  1434712.04%  19096+143%  18631+104™ 2082743727  180.38+348%  13690+1.89"

"Each value represents meantSD, n=4.

PAOMeans with different superscript in the same row are significantly different at p<.05.
¥*Means with different superscript in the same column are significantly different at p<0.03.
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stlom, SE= F o7 st vhAle] ©E A,
g3} Mg o] Aol = step 2~3914 ¥}3E Foll=
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