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Abstract

Nutritional compositions of acorn crude starch were analyzed according to country of origin, especially the
mineral and sugar contents. Regarding the three kinds of starch of domestic (South Korea, KAS), Chinese (CAS),
and North Korea (NAS) origins in the Korean market, NAS had the lowest moisture content as well as the highest
contents of crude protein, crude fat, and carbohydrate. Regarding mineral contents, NAS contained the highest
amounts of magnesium, calcium, sodium, potassium, and phosphorous, whereas CAS contained the highest iron
and zinc contents. There were no significant differences in acidity and pH. Analysis of the monosaccharide con-
tents of the starches showed that glucose was the highest in KAS while sucrose was the highest in CAS. The
Hunter color L value was the lowest in NAS, whereas a and b values were the lowest in CAS. Total phenolic
content was the highest in NAS. NAS had the highest DPPH and hydroxyl radical scavenging activities (ICso:
47.0 mg/mL for DPPH, 0.038 mg/mL for hydroxyl) whereas KAS had similar DPPH (ICso: 73.7 mg/mL for CAS,
86.8 mg/mL for KAS) and hydroxyl radical activities (IC50: 0.041 mg/mL for CAS, 0.044 mg/mL for KAS) as
compared to CAS.
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A E-E AOAC method(12)0] we} &390, =,

ol gk FEFFS A5 718 xR o8] A
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7171226 AF&EH AAS(AAnalyst 400, Perkin-Elmer,
Waltham, MA, USA)9] 717|124 212 o33 2o Air
2} acetylene rate= 10:2, air compressor pressure= 4 bar
o]4}, acetylene gas pressure= 12 psi o|49 ZHo =
Na(330.2 nm), K(404.4 nm), Ca(422.7 nm), Fe(248.3 nm),
Zn(213.9 nm), Mg(330.2 nm), Cu(324.7 nm), Mn(279.5 nm)
< 24 B3

A(P) A4S A3 3= S4-2 UV-Spectrophotometer
(UV 1601, Shimadzu Co., Ltd., Kyoto, Japan)S A}&3} 4 th
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15 g2 5 mlL A Zef230] ¥ E5mlE 7}
T 95% ol¥kS 5 mL, 5% oxalic acid 05 mL< #7}slar
HF4E Yol 5 mLE LA A E screw-capped
extraction tubedll Fo} 10837t A7 F Zo]o] 1083t
sonication ¢+ ¥ CHCl3 10 mL< 7}gF 3 183} vortex 31
o} 4487 7] 13,000 rpm(model 17505, Omni Macro, NW
Kennesaw, GA, USA)o A 1087 4488 & J459S
Fsted S (NY Filter, 0.2 pm)& A A AP 8&A S =
A T 7]7] E49 o] &3tk £ A7 AFE D)0
9% FE24-2 HPLC(Agilent 1100, Palo Alto, CA, USA)
AW (15)S wetorm o 2L Table 13 2t
Z+#-& Prevail™ Carbohydrate(ES, 5 ym, 4.6 %250 mm,
Alltech, Deerfield, IL, USA)E A&t oH 29 25
30°C, °]&%2 1.0 mL/min®] #4222 acetonitrile(ACN)
I} H.OE A&t A< 7]E ELSDE tube temperature
90°C, N gas flow 2.0 L/min, gain 12 1743}l A3} )
zgEZYIT F #GI=29 A9 ACN(solvent A)e}
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Table 1. HPLC-ELSD conditions for analysis of monosac-—
charides, fructooligosaccharides and raffinose

FHY

HPLC (HP1100) with ELSD

Column Prevail™ Carbohydrate ES, 5 um, 4.6 %250 mm
Mobile phase Monosaccharides: 75% ACN (isocratic)
fructooligosaccharides, raffinose
(gradient mode)
A: ACN, B: Hz0
Time 0 28 38 45 50
%B 25 25 40 45 50

Flow rate 1.0 mL/min
Column temp. 30°C
Detector ELSD (tube temp. 90°C, N> gas flow

2.0 L/min, gain 1)

solvent B 25%, 38 min7}A] solvent B 40%, 45 min7}A]
solvent B 45%, 50 min7}A] solvent B 50%, post time 10%
&<t solvent B 20%9] gradient mode® #4331, @3+
+ ACN(solvent A)¢} HoO(solvent B)E AF&-3}e] solvent
B 25%= runtime 30&# 2.2 &} BTt 200 A
ALEE = o] B5 A A FE2 Merck AHDarmstadt, Germany)
o]} HPLC gradeE AH&-3}93th.

A 2}A] (Digital color measuring/difference cal—
culation meter, model ND-1001 DP, Nippon Denshoku Co.
Ltd, Tokyo, Japan)E& A3} Hunter k<l W =(L3F,
lightness), 2] ™ & (azk, redness), = (b3t vellownes) S
43] BB 2A35d H7zkeZ JE QU T EE AR S
723} 3 F JEHYA(GB0Ox 12 mm)ol] Fof M=S =4
8} t}. Standard color value= L3k 97.14, adt -0.23, bt
0.45¢] calibration plate® XFC =2 A}&3lath
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Hydroxyl radical 27 &8
%% 10 mg T 1 mL PBS bufferS 3713l4 10 mg/mL
FEE §9& Ax3t AR Yo =2 AL
0.15 mLel buffer 0.35 mL, 3 mM deoxyribose
L, 0.1 mM ascorbic acid €< 0.1 mL, 0.1 mM
EDTA €9, 01 mM FeCl; €, 1 mM H0, €4 01 mL&
Hol & wrkek & 37°CAA 1A12F T2t WA AT WHE-0]
e 2% TCA 97 1% TBA &9& & 42 ¥ 100C
% Wztstel A4Ee Ak 45AL

23
EFFZAE o83t 532 nmol A FHEE SAFA

=
B

A B4 33 whE 233t P8R (one-
way ANOVA)HOZE EXAslgon & 54 AFEe

SPSS 18.0(Statistical Package for Social Science, SPSS
Inc., Chicago, IL, USA) T2 1W & o] &3] HAZ+EF
AR 159t F94d0] A= Z 5l Duncan®| o5
W AA (Duncan’s multiple range test) 2. & A| 87+
9] 4 -&(p<0.05) AZ3HAT

Znp 4

=
& oz g2 =X
s 2e9% 898 9L Folin Denis(6)0.% & Soo- BE
& A= 3Fako
Feldls shere sl §EE Folin-Denis Sk R B FR RENE A AR oA
A3tAtt. FEE 10 mg B 1 mL PBS bufferE %7131 o b oas ‘_ e
0w AES 4% A3= Table 29 2t} U2k A9 1
10 mg/mL, Folin-Denis 0.16 mL, NO-COs3 0.3 mLS Y3l o] 13.98%, €F= 312 842 2o 14200 24 051
P o)A 30%7F WA 7] T 760 nmo] A EATE =5} 3.28%, ©3t= 84.27%, g 05
B} - %, 23 & 052% = YEtgen, E5hite] dubdi ke
Qor, Anel & BeE FFe T At} mEED )
2 tannic acid= A}L319 ) FE 567%, &35 91.55%, 2= A 1.65%, ZA 4 0.68
‘ = oress 0, 3|3 0.44%Th W F22 SEE Az AR
DPPH(1,1-diphenyl-2-picryihydrazyl) radical 2SS o ASfv 7 1241%, &53HE 8551%, 2@ A 1.06%,
=x 22 060%, Z3% 043% % EAH A 2 EAM=
2% 10 mg ¥ 1 mL methanolS 7}t 10 mg/mL E3HH0.44£0.03%) 2 F=4H0.4310.01%) N A= e 14
TR FEE IS AFst A5 fHoF ALLF T 2Fol 7} giloem ZWAH0.52+0.01%) 3= oA ZFol7F 9
Table 2. Proximate compositions of acorn starch from Korea (KAS), North Korea (NAS) and China (CAS) origin (%)
Origin Moisture Crude ash Crude fat Crude protein Carbohydrate
KAS 13.28+0.39"+ 0.52+0.01° 0.51 +0.02¢ 1.42+0.15" 84.27+053°
NAS 5.67+0.28° 0.4440.03 0.68+0.02° 1.65+0.01% 91.55+0.30°
CAS 12.41+0.49 0.43+0.01° 0.60+0.02 1.06+0.01° 8551 +0.48
YMean =+ SD.

YMeans in the column with different superscripts are significantly different by Duncan’s multiple range test at p<0.05.
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Table 3. pH and acidity of acorn starch from Korea (KAS),
North Korea (NAS) and China (CAS) origin

Origin pH Acidity (%)

KAS 5.26+0.07N52 0.014+0.000*

NAS 5.37+0.09 0.021+0.003°

CAS 545+0.08 0.015+0.003"
UMean+SD.

PNot significant at p<0.05.
YMeans in the column with different superscripts are sig—
nificantly different by Duncan’s multiple range test at p<0.05.

A A F oz kol
Ae Y321 #olE B ATHpP<0.001). Shim 5(9)2 =4t
EEY 7HFe IR £4% 23 gsE 87.29%,
i 1057%, ZAH 1.18%, 29 0.84%, 3] 0.12%= et
wor, A% ZudA it =E 7R didEe
Zehl 73%, G 6.5%, 31 34%, AW 2.1%°] 0317
M Zal FEitelM AR BB 7HRe didEe 5
0] 10.2%, 2T 58%, 3]& 2.8%, AW 1L1%= UER%:
g BAERTG). T4 REE 7MY dubdE e
el 1.83%, AW 0.41%, 3] & 04% = YEFSTHIS).
wet REEE Axg 2R A Ee A wet

~

\

e WA, FF, A, 78417 Tl wet Zpolrt
Ueds & F dd

pH & AtE

pHe} 225 =43+ ZA3l= Table 3% 2t pHE S=4F

545, 53 537, uUl4k 527 2.2 =4 YEe ) f9
2 Zpole A AmolM = F42 2Fol7t AALH (p<
0.05), JgHke] 0.021%=, A 0.014%, F=54F 0.015%0
Al tha w9kt ol2 @ folH Afol= HuvIt B By
Wl e FEFF] Astr nFE FFol w1 IF
AEdsrl AR e s AT AAH] AR 4
#*2 Cho%t Choi®l A AR pHE 583+0.14, A==
0.016%2F Hl5=gt B3-S BEATH19).

2913

A ol

F7138 AE 244 gt 2= Table 49F 2t} 4t
o] 7% Ca(138.84 mg/100 g), K(63.70 mg/100 g), P(14.11
mg/100 g)9] £ = Hghon, ke K(94.87 mg/100
g), Ca(48.23 mg/100 g), P(18.17mg/100 g), =4+ Ca
(87.64 mg/100 g), K(37.03 mg/100 g), P(16.86 mg/100 g)<]

coz FF Aol Bt 7712 F K, Mg, Ca, Fe, P,

S

A HE B s 54 931

Table 5. Contents of monosacchrides in acorn starch from
Korea (KAS), North Korea (NAS) and China (CAS) origin

(mg/100 g)
Origin Fructose Glucose Sucrose  Maltose
KAS 90.005.77"" 180.00+5.77° - -
NAS 100.00+0.00*  120.00+0.00 — -
CAS - 80.00£0.00°  80.00£0.00 —
YMean % SD.

YMeans in the column with different superscripts are sig—
nificantly different by Duncan’s multiple range test at p<0.05.

ZnAl A= 370 =7He] A fF9F ztolrt Aot
(p<0.001), Na-& E&H26.29+0.07 mg)# S32H6.124+0.19
mg)-2 zo)7F A9l AL FWAH45220.04 mg) BT} Bol
= Ak Shim (92 FUate] 3¢ K §ao]
40.68 mg/100 go 2 7}¢ Bw%oem, 1 ¢ P(8.95 mg/100
g), Ca(864 mg/100 g) €22 Vet z Bustgch &
ATAE T4ke] A9 Ca o] WA F718 F 13384 mg/
100 g2 71 Etom, 1 t5o g Fahite] K &8l
(63.70 mg/100 g), Th&& S=2k9] Ca 3(87.64 mg/100
g) wo 2 o7t [t} o|H 3 e Alg e AFHAY, A
AU, AgzA, AR o8] tha zpel7F HATS o

T AU

o M2 e
I AE-S B3 A3l Table 59 209, 25 Ak
9] 7% glucose(187 mg/100 g), fructose(87 mg/100 g) &

o2 yehytor B3kake glucose(120 mg/100 g), fructose
(100 mg/100 g), F=+4+F& glucose(80 mg/100 g), sucrose
(80 mg/100 g)& &3t Ao glucosed] 4% 370 =719
A Az QoA fo]A ApolE B A TtHp<0.001).
Glucose &l Aoi = Fuiite] 7HE Hhow S5
FoAe]l 2 HE oAk I FHY A4 fructose”t
ASHA ke, sl Bt A= sucrose?t HEH
A ksktt. o]9} Zo] FEtA AE AolE Hole AL
ol Tt Avte} A o]H g Wlo] Az
B4 Soll "ig o] WEAA, 715 H B 9t
Ee FF Y3t 2ol A+ o AFsiE et
Az S =& 7FFe] 74932 glucose”t
©]3, rhamnose,

2 0¥ of do
R

qE Lot oft
dqr RS g

galactose, arabinose, mannose,

o] dokar Barskioho).

fructose, xylose £ &

o, |z
= Hl

128 Az o] A 34 AIbe Table 63 2ok B %

H

Table 4. Mineral contents of acorn starch from Korea (KAS), North Korea (NAS) and China (CAS) origin (mg/100 g)
Origin Na K Mg Ca Fe P /n
KAS 452+0.04" 63.70+1.35 14.11+0.20% 136.84+0.24% 1.83+0.01° 14.11+0.03° 0.44+0.01°
NAS 6.2940.07%  94.87+0.75" 8.51+0.01° 48.23+£0.55° 2.06+0.01" 18.17+0.02° 0.40£0.01°
CAS 6.12+0.19° 37.03+£0.93° 12.29+0.02" 87.64+0.62° 455+0.01° 16.86+0.05 1.07+0.01°
YMean + SD.

YMeans in the column with different superscripts are significantly different by Duncan’s multiple range test at p<0.05.
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Table 6. Hunter's color values of acorn starch from Korea
(KAS), North Korea (NAS) and China (CAS) origin

Origin L a b

KAS 64.40+0.04"?  338+0.03"  14.5940.03"

NAS 59.89+0.02° 313+0.07"  14.63+0.06"

CAS 64.48+0.06 255+0.14°  13.15+0.05°
UMean+SD.

“Means in the column with different superscripts are sig—
nificantly different by Duncan’s multiple range test at p<0.05.

)L B3lako| A 50.89+0.022 71 WA Vel 370
AR E A5 HsA = 94 RolE B ATHpP<0.001).

HANE (a) e F4 B34 Ak 20 2 zpo]7) e
o, A% (b= ik qﬁwf’ ZFel7t AL, =4k
<2 1315+0.052 o]ERY ¥ s Byt ZE A8 It
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A3 L tannic acidg FFE& YO dtof 2% A

=

=

R4 Y S
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9 = = g§FS =
"1‘?1'}1\_].'9] oT 0.009 mg/mLfn’ 7]’ o]' :19/1'—0—‘1] %:—r"-{\_o] 0.006

£ =

=

2
Ao ZRE ULt
=
o
mg/mL, == AFo] 0.004 mg/mL <=2
o} Gallic acidg EF&doz AR Ut ¢ &

B 7R & e dEe

A =E8 7HF 20 mg/g,
FTAF REZ] 7FHF 3 mg/goltal Baigk(18) A= Afol
E Btk =3 A EA Y de] EXHo e o]E9 phe-
nolic hydroxyle] @&l @y o A Exle} Agste] g4t
3}, gkt 59 AE Vs Ze AeZ RaE o
(20). o]¢} 22 zole REEY AR digt §4 & AEF
Z oy dlsAd 22Y S Fx2oF EAEY Ao
o2 Ag

0.012 4

0.008 1

0.004 1

Tannic acid (mg/mL)

0.000 T T '
CAS

Fig. 1. Total phenol content of acorn starch from Korea
(KAS), North Korea (NAS) and China (CAS) origin.
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Fig. 2. DPPH radical scavenging effects of acorn starch from
Korea (KAS), North Korea (NAS) and China (CAS) origin.
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Hydroxyl radical &~7{ =0l 2|5t stAts} &HA

GAakxlo] WE TEYE AZLE ZHES hydroxyl
radical 22A% 9 A3 += Fig. 3¢ YRR AT HAF 59

Zh-§-2 AfrEtt el ARRE Foste] 2AF AW AkstE
AAstaL Q1A Wel X e Afretrlzed 9

e AE&o 2 FZ o] §HAZTH23). 53] grFd &A%
&2 A AT =R o thes] F

(24). B-3H219] ICso#ke] 0.038 mg/mL=E 7 #Holdt &3S
RYon Farako] 0.041 mg/mL, i4tko] 0.044 mg/mL
o2 YEETh 534 hydroxyl radical &4 5°] =&
A A, total phenol F&olA 71918 Ao 2 YZHEt o]
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Fig. 3. Hydroxyl radical scavenging activity of acorn starch
from Korea (KAS), North Korea (NAS) and China (CAS)
origin.
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