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Abstract

This study was for the industrial application of functional food ingredients from whole fruits of sweet
persimmon. Whole fruit and pulp of sweet persimmons were divided, and then lyophilized and powdered. Contents
of crude fiber, vitamin C, and mineral were significantly higher in whole fruit than pulp of sweet persimmon.
The amino acid content of whole fruit was 1.4 times higher than those of sweet persimmon pulp. In the biological
activities of water and ethanol extracts from whole fruit and pulp of sweet persimmon, ethanol extract was
higher than water extract, and whole fruit was higher than its pulp. The result which compared the biological
activities of the water and ethanol extract from lyophilized sweet persimmon showed that total phenolic content
was significantly higher in whole fruit of sweet persimmon, but flavonoid contents were not significantly
different. Especially ABTS, NO radical scavenging activity, reducing power and tyrosinase inhibition activity
were significantly higher in whole fruit extract than pulp extract of sweet persimmon. The relatively high content
of fiber and vitamin C, and biological activity of whole fruit than pulp of sweet persimmon may be make it
preferable as functional food materials for secondary processed goods.
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550°C A1 33y, AW Soxhlet FE4, 2T %
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Tyrosinase 2! a-glucosidase Mall&ts =H

Tyrosinase A3]&A4< 0.2 M phosphate £+%-8 94 (pH
65) 2.3 mLell 2 mM L-tyrosine &% 04 mL, &% 02 mL
2 tyrosinase(220 unit/mL, Sigma Co.) 0.1 mL& X}# &2
&3 & 37°Coll A 30&7E RESAIA 470 nmoll A F3 T
(Sop)E =AY (21). a-Glucosidase A& 0.1 M
phosphate €+%-8 9 (pH 6.8)°] &g 25 mM9| p—nitro-
phenyl-a-D-glucopyranoside 100 pL, 0.2 unit/mL%] a-
glucosidase 50 pL @ FZ&& 50 pLE E£g3te] 37°Coll A
20%-7F WA T2 0.1 M NaOH 100 uL& W3- A x| Al
2 % 405 nmol A FHE(Sop)E FH3ATH22). 4 Ex
Asgde ALaHE FrletA @2 4879 F2=Bop)
2 A5 FH7Y F3E(Cop)E 4 43 o9
2ol we} AafddE At Ah
_ Sop—Bop

Inhibition effect (%)=(1-—"25—22) 100
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Table 1. Chemical compositions of lyophilized sweet persim-

Joll PIX= JF 1497

Table 2. Mineral compositions of lyophilized sweet persim-

mons mons (mg%)
Item Whole fruit Pulp p-value Minerals Whole fruit Pulp
Moisture (%) 414+058"  355+0.38 0228 K 964.66+18.91" 817.27+10.27
Ash (%) 8.01+0.1 5.23+0.3 0.002" Ca 89.85+1.36 83.35+0.29
Crude lipid (%) 1.70+0.04 1.59+0.05 0.036*“ Mg 26.47+0.64 27.57+0.30
Crude protein (%)  257+0.36 2424042 0672 Na 146.33+4.45 14257+2.16
Crude fiber (%) 14.41+£1.12 3.73+0.88  0.000" Fe 8.26+0.06 5.62+0.14
Vitamin C (mg%) 63520598 320.99+254  0.000" P 96.11+0.52 87.79+0.79

DEach value represents mean=+SD, 7=3. Se 266+3.46 28242388

“Significantly different among the different sample by Student Total 1334.34+29.40" 1183.41+16.83

t-test at p<0.05.
NS: Not significant.
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kol A g A5 F FUE TS Table
| UEbdH vRe} o] F 7Fo] HEHIOW, FUE T
d37}ol| A 1334.34 mg%, 5ol A 118341 mg% = A}
5ol vl oF L1v) A= =kt ZF-S 817.27~964.66
mg% = 71 FFo] ol F FU1E9 F 691~723% A=
fow o2 Na> P> Ca> Mg <ot Choi &
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T)Each value represents mean=+SD, r=3.
“Significantly different among the different sample by Student
t-test at p<0.05.
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7722.69 mg% 2 H-SolA & 140 F= =T} ofu| =4t

ZAL AT A aspartic acid, FF A= glutamic acid
ghaFo] 7Hd =skth. Z4olr =4kl valine, leucine, iso-
leucine, threonine, methionine, lysine ¥ phenylalanine %
& Ao A 2166.19 mg%E F ofu]=Akol] & oF 39%,
F-So = 3328.13 mg% 2 ¢F 43%E AAEHTE Kim 5
(24)& &7 3] F olu| =ik glutamic acid ¥ aspartic
acid®] &#Fo] =11 histidine 2 threonine®] 3FgFo] ekt
1 Budtg o 38 = glutamic acid ¥ aspartic acid®]
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Table 3. Amino acid compositions in lyophilized sweet per—

simmons (% to total A.A)
Amino acid (A.A) Whole fruit Pulp
Monoamino acid &
monocarboxylic A.A
Glycine 5.90+0.06 5.48+0.05
L-Alanine 6.67+0.07 6.30+0.07
L-Valine 6.26+0.06 6.82+0.07
L-Leucine 7.96+0.09 8.39+0.08
L-Isoleucine 5.08+0.06 4.85+0.05
Monoamino-dicarboxylic A.A
L-Aspartic acid 11.63+0.09 11.12+0.07
L-Glutamic acid 11.37+£0.07 16.16+0.11
Hydroxy-A.A
L-Serine 453+0.06 5.68+0.06
L-Threonine 5.334+0.05 5.86+0.05
Thio(sulfur)-containing A.A
L-Cystein 0.14+0.00 0.19£0.00
L-Methionine 1.76+0.05 0.85+0.05
Diamino-monocarboxylic A.A
L-Lysine 6.39+0.05 5.82+0.08
L-Arginine 11.10+0.09 7.60+0.08
L-Histidine 2.29+0.04 1.72+0.03
Aromatic A.A
L-Phenylalanine 6.19+0.06 5.25+0.09
L-Tyrosine 2.60£0.03 1.75+0.03
Imino acid
L-Proline 4.79+0.06 6.15+0.06

5558.20+34.01 7729.69+44.26"
EAA? content (mg%) 2166.19+14.45 3328.13+23.15"
Rate of EAA to total AA (%) 38.97+0.42 43.06+0.52

YEach value represents mean+SD, n=3.

YEssential amino acids.

“Significantly different among the different sample by Student
t-test at p<0.05.

Total A.A content (mg%)

Yields (%)
o

Whole fruit Pulp
O Water extract Ethanol extract

Fig. 1. Yields of water and 80% ethanol extracts from lyophi-
lized sweet persimmon.

¥ =33t
D=3 ZgtheE Ba(23)9) =X 244
Tl A w3E A(Table )2 & ) o]& EZo] ofgkgo
Z E&EHE -‘57*401] 701" Ao g AztH

97 FE2EY F fsdPE ¢ %E‘riiO]E shere
Table 4 Yebd H]'S’Jr Zol, & HE3FE FHFe W
% FEZZ(PW-W) 2 e FHZ(PW-E)9IA 2zt
66.41 mg/g, 7753 mg/g°| o™

2 FelriolS Fafo] whgol uls) 7o) A
G ko] A

ColdF - AT

Table 4. Total phenolic and flavonoid contents in water and
ethanol extracts from whole fruit and pulp of lyophilized
sweet persimmons (mg/g, dried extracts)

Sample code” Phenolic content  Flavonoid content

PW-W 66.41 +1.387¢ 11.81+0™
PW-E 77.53+0.62° 11.86+0.02
PP-W 38.36+1.00% 12.00+0.23
PP-E 40.64+0.30" 11.90+0.27

VPW-W: water extract from whole persimmon, PW-E: ethanol
extract from whole persimmon, PP-W: water extract from
persimmon pulp, PP-E: ethanol extract from persimmon pulp.

?Each value represents mean=SD, r=3.

APMeans with different superscripts in the same column are

significantly different at p<0.05.

NS: Not significant.

2 38.36 mg/g, A& FEE(PP-E)2 4064 mg/golAth
FAAX G F H =53 FE g2 5o vls) Az
A, BRT &S FEEAA FHoZ A HFHUS
U EgExo)s $Ee R E AlgoA 11.81~12.00 mg/g
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21~294), EgHxol= g
9~29W) A= =4t Basith & AfoAe = F
=9 A AFdes FFo) vls) & 1.7, dEE FEE
oF 198 A= Fo} Choi 5(23)9] B} FASATE &=
TAAZE @Y By F F AEsFE FHol 4407~
196.98 mg%(dry base)°o|™, A&7]9 @& F d=33
E gtafo] Zha"vy R d vl 9J=4(24), Gorinstein 5
92 & E AR F AssFE FES A9, 39 9 35
o7 A7y iRt S35 A, B3> AA> 5 Fol

Rom, 7ol e HE
2 ferulic acid®] gaFo] Fo} o]
ol g & Atk Biskch

2C|2 gy

TAdx @Y A% 9 A& FEEZHE DPPH,
ABTS % NO s &2A&4 < g

9 73 o} DPPH vz & 4 2
011‘5}% FEENA FYHeR o, F
125, 250, 500, 1,000 2 2,000 pg/mLY o &
DPPH itz 2AZAL A} 453921, 500 pg/mLo]
Ao Frold §AE Btk 1,000~2,000 pg/mL %=
NA AFe HFol HlE)] FoFoE =L LAGHES Y
yRoem d7 @ #59 dekE FEE5ES 2000 pg/mL 3
7} Al 602013 AASAEES RAS ¥ 1 9 AR TN
17.01 ~49.76%<] HHA=Z 50% v o] Ath(Table 5). ABTS
2tz 4AEA L Table 60 YERH vRo} o] BE T&
AN FEF TR JEHOZ AAGH ] FII8IHL
H, & FEE ¥ AEE FEE] FoFoE AASA
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Table 5. DPPH radical scavenging ability of water and ethanol extracts from whole fruit and pulp of lyophilized sweet persim-—
mons (%)

Sample concentration (ug/mL)

Sample code”

125 250 500 1,000 2,000
PW-W 17.01 £2.88"" 19.64+1.85" 26.80+3.16™ 39.40+2.74" 49.76+2.06"
PW-E 25.91+1.86% 29.99+3.13"¢ 32.30+£2.09" 41.72+357" 61.3842.48%
PP-W 21524050 24.83+0.90" 29.39+2.79°48 32.94+2.46% 42.37+1.70°*
PP-E 18.13+1.43* 21.39+1.48* 28.79+2.37"8 39.11+3.49°® 61.7242.93%

DRefer to the comment in Table 4.

YEach value represents mean=+SD, n=3.

“’CMeans with different superscripts in the same row are significantly different at p<0.05.
ACMeans with different superscripts in the same column are significantly different at p<0.05.

Table 6. ABTS radical scavenging ability of water and ethanol extracts from whole fruit and pulp of lyophilized sweet persim-
mons (%)

) Sample concentration (ug/mL)

Sample code!

125 250 500 1,000 2,000
PW-W 17.13+2.40"% 2017+2.14" 29.17+0.97" 34.01+1.61" 54.85+1.89%
PW-E 17.67+2.05® 25.80+£1.97"° 36.55+2.10° 5050+1.71° 73.25+1.97P
PP-W 14.86+1.21* 18.66+0.58" 23.67+2.09° 27.27+1.46* 37.10+£2.08*
PP-E 16.65+1.13*8 23.44+1.09" 27.83+2.09" 46.99+1.07% 62.85+1.14%

'I’Refer to the comment in Table 4.

?Each value represents mean=+SD, n=3.

““Means with different superscripts in the same row are significantly different at p<0.05.
ADMeans with different superscripts in the same column are significantly different at p<0.05.

Table 7. Nitric oxide radical scavenging ability of water and ethanol extracts from whole fruit and pulp of lyophilized sweet
persimmons (%)

Sample concentration (ug/mL)

Sample code”

125 250 500 1,000 2,000
PW-W 16.84+0.50"" 26.67+2.18™ 33.00+2.01" 33.93+1.68" 41.34+0.48"
PW-E 29.27+2.87% 3559+ 1.80"" 37574226 41.14+0.15® 43.87+1.19"
PP-W 19.17+0.71% 25.35+1.99" 28.97+057 32.28+0.49% 36.61+0.56
PP-E 23.94+1.72" 26.60+0.73** 31.6941.44"8 33.15+1.31" 37.56+2.48

ll)Refer to the comment in Table 4.

YEach value represents mean=+SD, n=3.

”’LMeans with different superscripts in the same row are significantly different at p<0.05.
ACMeans with different superscripts in the same column are significantly different at p<0.05.

o] Egtth 53], A9 erg FEE(PW-E)2 1,000 pg/ Z 2AgA ] FR7El vlE] e, 9 T W=
mL °]% #7} Al & FEEPW-W)2 2,000 ug/mL E7}+ 31820 o8 Axtz F=A43le vzt g

Al, & gL FZE(PP-E)S 2000 pg/mL H 7} Aol gk 3 A2 G750 ok Bug uf th2’). ABTS
50% o]/l aAZAe

°] AR NO &tz 2AZAHL Zgit)Z 2 A8 DPPH #@toZd 2AZA4 7 J#do] =
DPPH ¥ ABTS Az &AL vl AFo|dlon, om O fF 24 HE FFE Ao R Hiuyo]
2,000 pg/mL FE=NAE 50% wRke] o]t el A (29). Nitric acide A Welx FABE ] 2hAa e} ¥h-3-3)
£ 125~1,000 pg/mL % B oA gL FEEo0] F9 o] nitrite®} peroxynitrite ©]-2< AJAJ3h=H(30), ¥ A¥
Ao AAZ0] oy, HRME FF Srlo] e A7} FAAZ A7 FEES AIFH Yol bkt BAH
T 271 A A (Table 7). © 2 HFg3}a] peroxynitrite 0] 22 XS A& st= AL
& B 9 35 g FE2E «1 DPPH 2}tz &2A& 2 Bogd
AL BIoA R e, F AEIHE ¢ SR ME G2 guzdS o] &S itsl EA SANA A
ot g 71Q1% AoFE Bl 301 ATH23). =7 2 d9] ztol= Alge] AkslEy 2 oz g8 23 xo]
Az Mee F=E $ DPPH 2oz 2AZH L 247 o 71"ty d4HA AukEl). Wk FAAZE G A
67.20% 2 64.09%= Z7rolA EROM(27), TAUE T3t I 2 BE FEE P Ao] o] FRe wet
o] AH}E EL3lsle] QT2 E0 #H718lS wl DPPH & o zpol7) o, Aae H5o vlE)] =& &atsl 24
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Table 8. Reducing power of water and ethanol extracts from whole fruit and pulp of lyophilized sweet persimmons

(Absorbance in 700 nm)

Sample concentration (ug/mL)

Sample code”

125 250 500 1,000 2,000
PW-W 0.09+0.00""” 0.08+0.01* 0.09%0.00"" 0.15+0.00"" 0.14%0.01"
PW-E 0.09+0.00" 0.10£0.00" 0.11£0.00° 0.13£0.00% 0.19+0.00°
PP-W 0.05+0.01** 0.05+0.00™ 0.06£0.00"* 0.10£0.00°* 0.13+0.00*
PP-E 0.06+0.00"" 0.06£0.00" 0.10£0.00¢ 0.12£0.00% 0.16+£0.00¢¢

})Refer to the comment in Table 4.
PEach value represents mean=+SD, n=3.

““Means with different superscripts in the same row are significantly different at p<0.05.

A-D

2 Holt vl vgre] 9y Fol f& 4ol § Bkt 7]
o B399 YA Aoz B

shelzy

W7ol W 2 g F20| Fe'g Felow 8947
= 598 293 A3 Table 87 2ov], AAHE A2
t o] 242 #9¥0] Z7lH, FHE ghol A5
HOHE2). Be F2EL BE JEFHo2 497 27}
2 ®ol 125 pg/mL H7FFRT 2000 pg/mL E7Fol A

A e FEEPW-E)S 214, 35 g 25
(PP-E)& 279} A=E 3§ FE2EA L9 S50
o, 2000 pg/mL H7F A AIHPW-W, PV\FE)b 5
(PP-W, PP-E)&.t} TrAZ—‘IOE L g s BArh

A8 EA A Fe oA Fe’& 3ste %a% &1h3}
A AEE FAHY = =), o)W reductones?} Al F 3}
FaYUA7E 2 Uz AES Balgozmn ghdo
EfubA ®h(32). Mt Alge 98 AAF FHE
gz 2AGA T #gdo] 7] wiel 8- DPPH
gz 2 AL v Holm, A E Fo] s 3=
FheFoll o]E=AQl o F Hirxo] TH(33).

Tyrosinase 7‘13H%L =

SAAZ @7 FEE9] tyrosinase A3 &AL Table 9
9} 2t} 125~ 1000 pg/mL 5= BYdME 5 7}l

e 937 HYOH, 2000 pg/mLe FEANAE FEE
Zroll FrolF ¢l Apol= RO, H¥kA o2 40% || v
A g BRY . 500~2,000 pg/mL FZolA &7 d3

Means with different superscripts in the same column are significantly different at p<0.05.

(PW-W, PW-E)= 38 (PP-W, PP-E)R.t} FolF o= =
& Z{ OH Dﬂ-/\‘] E‘}jﬁ:}

Tyrosinase= 3% 7]AZFo] £23}= melanocytedi] A
tyrosin == dopaZ 7|ZZ 3l IR
o] A3 Gl key enzymed] ZH-8S sk, Ao
9) &) melanocyte’} A3 =™ o]u] tyrosinase?] Ao
"o ZH melanin‘-”] =0 19 §o g YeluA =
oH(34). Qu|Ae] AR Z lignane HlEA 3gHEY €29
phenylpropanoid®] ©]E=A 2 FA o Yom o] EFo
tyrosinase A& BAsle FAoz BuFo HEyd &
A3} tyrosinase A3 &g #wAdo] B uf Joh(35).
An 5(36)2 800 pg/mLe] #Y oFHE FEEA 21.65%
9] tyrosinase A3j&AE B3 v 421, tyrosinase A
3] 32 2 += hydroquinone, kojic acid, 4-hydroxyanisole 2
ascorbic acid 5°] ¢&#A ATH37). et @ Ao
tyrosinase A& & T]*"*@r%"%—f b oluel vl
C(Table D= HA3E #do] Y& Ao xw FAH=ET

A4~ E-21 melanin

a~Glucosidase A3Hi&h4d

FAAZ 4o a-glucosidase #3]&4-S Table 109
UElA vle)} go] v oj&H oz Ao ooz
A28t 1,000~2,000 pg/mL A7} AlolE Mze) A 7
o Bl foFoZ =9kon 2000 pg/mL A7} AloE
A oeh-e FEE(PW-E)o] 50.64% =2 As&Ao] 717

it
AEFE oF 32750 Hw] Aol HaT AL 9

Table 9. Tyrosinase inhibitory activity of water and ethanol extracts from whole fruit and pulp of lyophilized sweet persimmons

(%)
S ! e Sample concentration (pg/mL)
ample code
P 125 250 500 1,000 2,000

PW-W 2574+ 1.42°” 31.67+0.84™ 33.14%0.75"" 34.44+1.87° 36.8040.92"
PW-E 24.14+1.82%¢ 25.83+3.85"" 31.35+1.17" 33.80+1.30"° 39.91+1.267
PP-W 1554+2.21* 21.16+0.69"* 2452+1.19% 25.10+1.33* 28.06+1.35%*
PP-E 21.814+153" 22.91+1.86™" 26.30+1.66™" 28.39+0.87"F 30.38+0.68"

‘”Refer to the comment in Table 4.
?Each value represents mean=+SD, 7=3.

“IMeans with different superscripts in the same row are significantly different at p<0.05.
APMeans with different superscripts in the same column are significantly different at p<0.05.
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Table 10. a-Glucosidase inhibitory activity of water and ethanol extracts from whole fruit and pulp of lyophilized sweet persim—

mons (%)
Sample code” Sample concentration (pg/mL)
ample code
P 125 250 500 1,000 2,000

PW-W 8.99+0.26" 12.87+0.86™ 24.42+3.02% 30.06+1.91% 40.47+2.19%
PW-E 16.99+1.50™ 26.88 227" 32.06+1.02 4163+1.33% 50.64+1.06°"
PP-W 1151 +1.14" 16.69 +2.74" 25.08+1.51" 29.55+2.65" 37174198
PP-E 27.93£2.30" 33.31£2.87"° 37.21 £2.99% 38.79+1.75® 45.0542.49%

})Refer to the comment in Table 4.
YEach value represents mean=+SD, r=3.

““Means with different superscripts in the same row are significantly different at p<0.05.
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11.

12.

Means with different superscripts in the same column are significantly different at p<0.05.
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