Korean J. Food Preserv.
Vol. 17, No. 4. pp. 526-532, August 2010

€ FU=LENRIEYY

THE KOREAN SOCIETY OF FOOD PRESERVATION

Changes in Nutritional Components of Daebong-gam (Diospyros kaki)
during Ripening

Chang-Ho Jeongl, Ji Hyun Kwakz, Ji Hye Kim2, Gwi Nam Choiz,
Hee Rok Jeongz, Dae-Ok Kim' and Ho Jin Heo”

' Department of Food Science and Biotechnology, Kyung Hee University, Yongin 446-701, Korea
Department of Food Science and Technology, and Institute of Agriculture & Life Stience,
Gyeongsang National University, Jinju 660-701, Korea

Abstract

Changes in the nutritional components of Daebong-gam (astringent persimmon) fruit were studied during ripening.
The pH rose during ripening and total acidity level fell, from pH 5.36 to pH 5.96 and 0.13% to 0.06% respectively.
Total soluble content did not significantly change. Lightness, redness, and yellowness values, as well as ascorbic
acid content, decreased during ripening. The levels of moisture, crude protein, and crude fat also decreased, but
nitrogen-free content and crude ash level increased. Daebong-gam was rich in K (96.31~239.47 mg/100 g), P
(49.10~55.93 mg/100 g), and Na (15.96~18.13 mg/100 g). Fructose and glucose levels were initially high and
increased further during ripening. The glucose content was 4.82% in Daebong-gam, 6.73% in Ban-si, and 7.10%
Yeon-Si, respectively. Proline, glutamic acid, and aspartic acid were present at high levels in Daebong-gam. The
most common fatty acids were palmitic acid and linolenic acid. Succinic acid was the principal organic acid present.
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HE A, C, D 2 ¥E4
2 9] vlebd] Bl, HEEIL &
HaEa Qlo] A7FAFo R FEa JITks). 18y
E A= iR E A E351E 7] Wil 8§

A7t Aaeta Aztolu gt e g o] By 5§ 9
%&&%EE Ak FH At Aot FAlel S=rt
A= o] AAZ =H7] e F7] AGo] ofHi fF
2 g Fo] FA Astel tist FAHS i ATHE).
013??} ERQ0F g W 7ol & Hol Hla)
o]-gAJo] AgtE o fom, YF7}F AFHE LRk F7to|
A AzEol AT B BEAFOZA 722 A
Zof o] Xl i, thFg HEAF oz AL A7t
QA 3] o] Fol A AL AUTh(7,8). AF7HA] YREZ QI ©
3 9 Z:‘Oﬂ ot FHEN) tidt ATELS Hol B
(5,9,10)5 12 o A3 7|7kl wWE th57re] LR
4 Hslell #EE A= v wHs Aok

webA 2 AFeXe A shet Aol AAkE AL 9l

= e A -5 3ol QoA FHAEE Sgh
Hlsl 71zAts R 85t B Yt 9 I di a7t
G875AE Bt 543717t e tegte] 94U
AR WH3E AL
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AL
ok SRS TR, FUL 28 LLQOTP
A 220, 15 % 3093 S840 F B Aol A,
79 AEE gl 2 Aoke BE AF olge] SHE

471708 U837 £9 <] pHE= pH meter(ORION 3-star,
Thermo electron Co., U.S.A)S ©]-&3}o] A3}y on,
AFS- 0.1 N-NaOHZ & A3} citric acid= SAFS}R AL,
=& Abbe refractometer(501-DS, Japan) %= =743}t
WA T = A2}A|(CT-310, Minolta Co., Tokyo, Japan)E
3}o] Hunter values(L, a & b)E =439, vBIEIT C
e AlE 2 goll 20 mLe] 10% metaphosphoric acid&
7hete] 1027 AEAIZ] $ 2] 5% metaphosphoric
acidg Yo 7233l oS 7 &3lE A]EE 100 mL mass
flaskoll 27131 A%2] 5% metaphosphoric acid] 2.2 £-7]
= e —‘.— mass flaskol]l &3Fd 100 mLE &3+ o
0.22 um syringe filter= ©§3}-5}4 HPLC(1100 series, Agilent
Co., Santa Clara, CA, USA)Z #4139t} Column p
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-Bondapak C18 (3.9 x 30 cm, LD)E A3}, solvent$}
flow rate= 2}z 0.05 M KH,PO, : acetonitrile(60 : 40)%}
1 mL/min® 2 %™, UVI33} injection volumeS 254
nme} 20 ILE 3 TH11).

SRS E
S471708 83 RS 105C A% 3 f‘z}%k%
=7ste] AEst9 A, 2 E-S Auto-Kjeldahl ¥, A%

& Soxhlet FEAX &2 FE3k] =439 o, zxq a=
1.25% H,SOs 2 NaOH £3H, 23|82 550C A4 33}
W, 29 YA ARES 7Y FEAEE eSS
(12).

o182

SA71ZE e F13E A4S 24 AR 01 g&
-85} Inductively coupled plasma (Aton scan 25, Thermo
Jarrell Ash Co., Franklin, MA, USA)E EA15l¢c}t £4%
71 % RF power= 1,300 Wo]™, analysis pump flow rate=
1.5 mL/min®.Z 3}, gas flows plasma : 15, auxiliary
: 0.2, nebulizer : 0.8 L/min® 2 3}a] E2A3}ATH13).
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e w42 2 AR E vRIg 3 Choi Tl g W
(9o 723 &S A& T3 0.22 um membrane filter
2 o735 & Sep-pak Cis= A4 2 Thild HE-& AAS
U3 HPLC(1100 series, Agilent Co., Santa Clara, CA, USA)
2 439 th Column> Aminex carbohydrate HPX42-A
E A3 A, solvent®} flow rate= 80% acetonitrile®} 1.0
mL/min, detector= RIZ 3} 1L, column =%} injection
volume> 717} 40C9} 20 uL=Z SFTh
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3}od heating block (110+1C)ollA] 24217t &2t 714~
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sto] HCl= A AL SR-= 33 M- v 3
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(Biochrom 20, Pharmacia Biotech, Stockholm, Sweden)Z
o]-g-3te] At E4 ©]8-3F column ultrapac 11
cation exchange resin(11 ym *2 ym)E AF&-3}R 1, flow
rate2} buffer= Z}Z} ninhydrin 25 ml/hre} pH 3.20~10.02
Z 392, column &% 9} reaction &5+ 22+ 46 T2}
88TCE 3}, AT 442 FF BA3ATHIS).
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Japan)oll %11, diethyl etherE 7}35}¢] Soxhlet FFHOZ
k1A A FE3 s FE2ES A FFAA TF
Ho = kS SASIAT A E42 Metcalf 5(16)9]
Wo] st stz zulETe] 25890, Agilent
Co., Santa Clara, CA, USA)Z EA3l9th EAzxALe
column-<- supelcowax 10(60 m x 0.32 mm LD.)E AF&-3}%
11, injector temperature2} column oven temperature= 22t
250C <9} 260 CE 3F.2.1, detector temperature$} carrier
gast 280C S} NbE 3}$1 AL, split ratio= 30:10]t) 2+
A r4ake] 248 = Geell 9Jal #2lE ZF A vHAke] methyl
esterS peak T2 2] H|SZ AAbste] AT

1 2N

AR 5 goll /S 100 mLE PO 7&7]1=2 #8387
2 0.22 ym membrane filter2 x40 2 A7) TS
Sep-pak Cis cartridgesS FIHA|A ALEE AATL &
HPLC(1100 series, Agilent Co., Santa Clara, CA, USA)Z
EA5TK18). 42 F columne ODSE AHE-31911,
flow rate®} mobile phase= Z+Zt 0.5 mL/min®} 0.1%
phosphoric acidE AH&-3}H 2.1, detectore} 31742 UV}
210 nm=Z 3} TH1).

EE A2 33 9HE AA|51] meantSDE UER LS

t 3k =S SAS version 8.0(SAS Institute,
Cary, NC, USA)E ©]-&3}o Hi7} #F 24}, Newman-
Keul’s multiple range testsZ B gt=ol sl 244 4
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Zot 9 oH

o|sista £4 9 bIEIR! C &=t
A 717k ME gl5-7, WAl E AA1Y] S-S o) E
ste] pH, FAME, 9% 9 o] RN E SA3 Av=
Table 13} 7tk 3, pH 5.36~5.96 2.2 44 7]|7to] A3}
o wg} pH7} F7Fshe AEE Hon, AEE 0.13~
0.06% = /37170 73t we} HapA o= 7HAske]
t} BEE 21.17~21.460.2 & 2}o|E Ho|x| o,
A LIS 59.76~38.48, aikd 37.42~14.99, bk
56.90~1941= </37|7ko] A A3l we} ¥, A=sx 9
AT} BT 7HAsHE Ao2 YERITE No & Lee(17)=
W e AAE AR o] 84E FiAT)7] At 23
712 35S vps & pH ¥ B8 4% 29 47
587} 20° Brix@uh Rusle] B AR aE ALLE UE
7 epllEY AR 3RS BT Yang & Lee(®)© H =

o

iAo} o] A7 |17 AeHss S35 Ay
Zro] A#ee] ek L, a 2 b

Bty B389 o, o]& Yang(18)0] B gk upe} 2
o] A&} = B-carotene & lutein®] F248F 7+4 29} zeaxanthin,
mutatochrome, mutatoxanthin 2 antheraxanthin®] £+ A
T Ao YR 7 Ho] dido] FH YJ1oE High
Ao} FARE AS B SA4A71E di57, BhA|
g AA Y BIE CEEFS 4% Z 7= Table 13} 2t}
27k, WA A o] wHlERT] C gheke ZhZb 25.14, 18.91
2 10.53 mg/100 g&. & <A 7I7to] ZAastel| wl a4 o
2 ZHadte AEFS A Yang & Lee(®)= AHZ7]
AERA ] F HIE C 32 247} 8137 4.06 mg/100
gollom, B Fo] g $ & 9 Ay F we
ZFo] vlERRl 7t B AY At s Ao E Hishe
2 Ay Al Al S HAT

Table 1. Changes of physicochemical properties of Daebong-gam
fruit during ripening

Samples
Dacbong-gant’ Bun-s’ Yeon-si’
pH 536:005"  5.88£0.03 5.96+0.04
Total acidity(%) 0.13£0.01 0.10£0.01 0.06£0.01
Total soluble content(°Brix) — 21.46+0.17 21.3410.22 21.17+0.14
L 59.761.03 54.501.70 38.48+1.17
Hunter's a2 FA08 41664050  1499+126
value
b 56.90+2.40 47.65%3.69 19.41£1.43
Vitamin C content(mg/100 g)  25.14+1.05 1891+1.64 10.530.75
"The astringent persimmon sample ripened for 0 day at 20C.
The astringent persimmon sample ripened for 15 day at 20°C.
IThe astringent persimmon sample ripened for 30 day at 20°C.
“MeanstSD (n=3).
S
SN OB, WA B ANe] ANES BT

A3} Table 29} 2t} 8 69.20~79.78%, =T A 0.2
3~047% ZA% 0.50~0.80%, 784 FAAE 18.19~
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Table 2. Changes of proximate composition of Daebong-gam fruit
during ripening

Unit : %
Samples”
Daebong-gam Bon-si Yeon-si
Moisture 79.78+0.28” 75.54+1.02 69.20£0.93
Crude protein 0.470.04 0.40+0.03 0.23+0.12
Crude fat 0.80+0.02 0.410.02 0.500.06
Nitrogen free extracts 18.19+1.03 22.69£1.70 2901+1.17
Crude fiber 0.53+0.08 0.45+0.05 0.49+0.06
Crude ash 0.23+0.03 0.51+0.02 0.57+0.12

?Refer to Table 1.
MeanstSD (n=3).

FoIdE

<3271 tggt, WA 9 Ao B S ICP
2 4% 243= Table 37 2ok 8-, §hA] B Aol
6“’540% AE FL& FNAHEOEE K(96.31~239.47
mg/100 g), P(49.10~55.93 mg/100 g) Na(15.96~18.13
mg/100 g), Mg(11.14~14.50 mg/100 g) ¥ Ca(6.53~14.80
mg/100 g) =& UEPHTE & F718% S 4717
o] A#gtol me} Slele BEFS Ho| Aol 382.63
mg/100 g0 & 7P H& TS YERNOH, o] X3)%
o] gHgFol S7bsk= HEHH AR 23S BT Im &
Lee(10)= €3tA] A7 F71485 AASE 43 A3}
Na 0.60 mg, K 190.49 mg, Ca 11.73 mg, Fe 1.17 mg %
Po] 52.52 mg/100 go] AEFH Atk sty on, 7S
B3 A3} Na 2.77 mg, K 859.63 mg, Ca 16.20 mg, Fe
3.17 mg % Po] 84.90 mg/100 g& 2 F71E F K Po]

Table 3. Changes of mineral content of Daebong-gam fruit during
ripening

Unit : mg/100 g
Samples”

Daebong-gam Ban-si Yeon-si

K 96.3125.52” 222.35£2.50 239.47:8.32
Na 16.8243,01 1596£1.78 18.13£1.82
Mg 12.67£1.68 14.50£0.22 11.14£0.99
Ca 6.53£1.14 14.56£1.00 14.80£1 44
Mn 117:028 1.74£037 1.19:0.37
Zn 0.5920.17 0.70£0.09 045001
Fe 140003 5.40+0.83 1824027
P 5593240 52274369 49.10+1.61
Total 191.42+14.23 327.48+10.48 382.63+14.83

Refer to Table 1.
MeanstSD (n=3).
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SAAZE e, WAl B A9 frEje 2439 o

3l A3+ Table 49 2t} FE|doz2=
sucrose, glucose & fructose 3F°| &2, %@Q%Q‘ﬂ, ik
74, WEA] 2 Ao A glucose”| 4.82%, 6.73% L 7.10%Z
7P B HlES AFAISAAL, fructose™ glucose9} frAFSH
Al s44717e] At e} JxpH o7 FTlshkes A
BAok 1YY sucrose= &4 717t0] A2 wht 2.81~
128% =% AxlF o2 7FAashe Asks Byth #ale] 718
4 1= IS o g g YehlH 2nE 37t
3= ABAQ A g2 ALt 7o T2 o ek
W7o Gt T Fom, W2k A9v gAAEE
ghefo] TFaEE Ao E A Aok 7 FAd e
FB TS 2 fructose, glucose E sucrose 50| FES ©F
3, o] A&ghol| whe} sucrose”| invertase 2] 2H-8-2 1
o} fructose®} glucose= A== A0 E Histe] 2 A
o] Ao} A AFS EATHI9).

=

Table 4. Changes of free sugar content of Daebong-gam fruit
during ripening

Unit : %
Samples”
Daebong-gam Ban-si Yeon-si
Sucrose 281:005” 1.73:0.03 1.28+0.04
Glucose 4.8240.11 6.7310.17 7.10:0.14
Fructose 2.39+0.19 3.61£0.21 3.80£0.15
Maltose R - -
Rhamnose T Tr Tr
Xylose - - -
"Refer to Table 1.
"Means+SD (n=3).
zZNot detected.
Trace.

ool =4t &gk

SAA71E tE3t, REA B 1418 ofm|ieqt ghks of
=4 AFEEA 7S ol8ste] £4%F AI= Table 59
o A7 tle, Bk B A BE A RelM R
q4& 7132i ato] F 175—‘4 ofr|i=ite] FR1E AL,
57 2 proline(78.78 mg/100 g),
glutamic acid(50.45 mg/100 g) ) aspartic acid(32.01 mg/100
g) TO 2 Yepg o, F opni=t ghek2 37558 mg/100
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gO & UEPHTE WA F8 opn|:eibe g7t frAKS
Al proline(74.50 mg/100 g), glutamic acid (23.18 mg/lOO
g) % aspartic acid(21.89 mg/100 g) =O-& YEIHOH, F
obu| Ak S-S 27376 mg/100 g© & VFEFSIT) 3 ﬁ*l
o /\131:_ proline(52.14 mg/100 g), glutamic acid(30.36 mg/100
g) % aspartic acid(27.09 mg/100 g) 2.2 YEhtoH, F
opm] At FHEEL 271,64 mg/100 g o2 443 7)7to] A3}
o we} Fopr|=ihe] ke ekl o) ek vl
2 AxH o= sk B Btk Moon 59y 7%
S 2 AR oS BAM3 A7 ARARAME=
glutamic acid, proline, methionine 3 aspartic acid2] =]
=921, histidine, arginine, cystine 5= V& % o]
gk B stk w3l e Ho) M= ZHAre) -,T}\]-o].
Al glutamic acid, proline 3 aspartic acid®] 3o Bl
EUTHL Blaste] 2 A3e] Aol fAlg A E‘ﬁ S)
U Fotuieithe thE Hd 3 fARSHA Beol EHtE o]
AR 2 FoZ Yeith

Table 5. Changes of amino acid content of Daebong-gam fruit
during ripening

(mg/100 g)
Amino acids Sanpls”

Daebong-gam Ban-si Yeon-si
Aspartic acid 32010547 21.89+0.83 27.0940.95
Threonine 19.92+0.71 13.05+0.75 15.4310.90
Serine 18.1140.69 14.79+0.98 14.87+1.39
Glutamic acid 50.45+1.66 23.18+1.02 30.3620.70
Proline 78.78+1.00 74.50+2.05 52.14+0.83
Glycine 15.39+0.77 14.01£0.38 15.58+0.26
Alanine 16.96+0.11 16.77+0.48 19.06£0.17
Cystine 0.5610.04 0.48+0.02 0.37£0.06
Valine 16.6410.28 9.54+1.01 11.14+0.90
Methionine 4554043 321:0.17 2.9340.19
Isoleucine 12.11£1.57 7.91£0.27 7.79+0.70
Leucine 21312090 16.33+0.51 17.02+0.86
Tyrosine 94110.44 4.9710.32 5.48+0.44
Phenylalanine 22.51%0.66 12.20+0.55 13.37+0.98
Histidine 847+0.75 3374092 3.65%0.58
Lysine 25.3240.54 15.2940.43 16.4240.83
Arginine 23.08+0.37 22274042 18.9410.59
Total amino acid 375.58+11.46  236.2+11.11 236.2811.33

Refer to Table 1.
MeanstSD (n=3).
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CIE S

SAAAZIE 87, HEA] | 9dAl 9] X]Hg-}\ 2R BA
3 A3} Table 63 2t} AHARE 25 8%0] Solx|Qlo

‘1] FESFAFAES 2 = lauric acid, myristic a01d, palmitic acid
2 stearic acid7} 5] AN, 1 F palmitic acid7}
27.68~30.60% = 71 wol =l AUk =3 EE 3}
A W2+ 0 2 = palmitoleic acid, oleic acid, linoleic acid %
linolenic acid’} 5o A, T = linolenic acid’}
33.89~40.14% 2 71 wo] 3hg50] 9%tk Im & Lee(10)
E YA Y AHRe 2413 23 lauric acid,
myristic acid, palmitic acid palmitoleic acid, stearic acid, oleic
acid, linoleic acid, linolenic acid 5 14=90] 1% o,
o] % linolenic acid”} 32.70%, palmitic acid”} 31.08%,
palmitoleic acid 23.22%, linoleic acid”} 3.47%, oleic acid
2202% =22 gol 3HrEo] okl Huste] B A Als
ol E7te &4 }\]Lg} B3RS o Aukak ke
2 A 9] zlo]l= K O palmitic acid, palmitoleic acid
2 Jinolenic acid 5°] -7|=° Apiko 2 FU3HA T o
Ae AL Il

Table 6. Changes of fatty acid composition of Daebong-gam fruit
during ripening
(%)

Samples”

Fatty acids - -
Daebong-gam Ban-si Yeon-si

Lauric acid 0.17£0.04 0.23£0.02 0.190.03
Myristic acid 2.28+0.25 1.940.16 2.03+0.34
Palmitic acid 30.2624.18 30.60+8.15 27.68+5.27
Palmitoleic acid 12274252 14.28+4.62 11.2442.02
Stearic acid 4214053 325038 2.9620.72
Oleic acid 13.28+1.88 12.96%2.03 12.83+1.94
Linoleic acid 2.1940.64 2.85%0.76 2.93£0.42
Linolenic acid 35.34£5.24 33.8946.92 40.14+5.21
Saturated fatty acid 36.92£5.00 36.0248.71 32.8616.36
Unsaturated fatty acid 63.08£1028  63.98:14.33 67.1419.59

"Refer to Table 1.
MeanstSD (n=3).

! o Qlale] Ak 24T g
< HPLCE £43F A3} Table 73} 201, & 559 77
Aol B, 3AHHAY. & AF A succinic acid7} 23.2
5~38.64 mg/100 g0 Z 7 =& TS HYom, 1 o

= malic acid, citric acid, tartaric acid 2 oxalic acid <=2 2
6’]—0 Qo] gj\q. Choi (5)_C AR ;(]O:lo]]}\-] A=) 1;]—7L
oot 50 FFE FUI FEFS ST 23 malic
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acid, citric acid, succinic acid 2 fumaric acid 5 4%°] £,
FAYYoM, 2 F malic acid7} 3124~60.81 mg%= 7H3
=2 IS HPa, T O F citric acid, succinic acid,
fumaric acid =0Tt B8tk E3 Shin 5(20)<
A} Azke] 8 F714R lactic acidZ 68.65 mg%=Z A
Fr715ke] 19%E AAgohal Barsie] B A3 o] Aol
#FolE Bt

Table 7. Changes of organic acid content of Daebong-gam fruit
during ripening

(mg/100 g)
o Samples”
Organic acids - -
Daebong-gam Ban-si Yeon-si
Oxalic acid 5.28+036” 6.21£1.35 6.2710.64
Malic acid 18.37£1.02 14.85+2.93 12.24%1.76
Citric acid 16.28+1.05 1524291 13.27+0.78
Succinic acid 38.64£2.19 30.28+1.47 23.25+0.94
Tartaric acid 7.27+0.85 746+1.58 5.29+0.65
"Refer to Table 1.
IMeanstSD (n=3).
o ot
R =
2 AFolM = 543717kl o2 tie7he] JS3E Hst
o tiste] ZARIAH. &4 7I7te] Z#stel whef 536~
59602 pH7} 716l B3-S HYon, AEE 013~
0.06% = </3717to] 7 usgtel e}t FapA o= 71483
th YEE 21.17~21.460.2 I x}o|E Ho|x] gepom,
SAd717r0] ARl wet ¥, A=k, AT 9 HjER]
C geFo] 25 Fhashks 302 Yesth 4717t 43
Holl e} &, 2eid gl 22 Haste s
B, 74 FRALEY 3L U AES B
Ao, 2HF= & AolE Bolx] &t a7, HhA

2 AAol] FHrEo] e F8 FIIEESEE K(96.31~
239.47 mg/100 g), P(49.10~55.93 mg/100 g) Na(15.96~
18.13 mg/100 g), Mg(11.14~14.50 mg/100 g) 2 Ca(6.53~
14.80 mg/100 g) <=2 2 YEhgt) #2922 sucrose,
glucose B fructose 3E°] 2] - THHAJTE thE7t, ¥HA
2 AAJo| A glucose”} 4.82%, 6.73%, 183l 7.10%= 717
E2 HES AABA AL, A 717e] B3l wet St
ke A3 Btk S4271E dleqt, vhA 2 A e
AlgoAe] FQ olu|=4ke proline, glutamic acid 2
aspartic acid1.2.™, 9 AWk palmitic acid$} linolenic
acid3L, F714F succinic acid’} 7 =2 shES H YT

oé] ook/\é
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