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Mi Hye Park' and Meera Kim*'

'Dept. of Food Science and Nutrition, Kyungpook National University, Daegu 702-701, Korea
Dept. of Food Science and Nutrition, Center for Beautiful Aging, Kyungpook National University, Daegu 702-701, Korea

Abstract

Apios (Apios americana Medikus) belongs to Leguminosae and is called ‘American groundnut’, ‘Potato bean’, and ‘wild
bean’. Apios is native to the Northern United States but is not widely distributed in Korea. In this study, cross-linked apios
starch was prepared by reaction with epichlorohydrin, followed by characterization. FT-IR spectroscopy confirmed the degree
of cross-linking of apios starch. X-ray diffraction patterns of native apios showed typical ‘A’ type as peaks at 15.1, 17.1,
17.9 and 23.2°, and cross-linking did not affect relative crystallinity and X-ray diffraction patterns of the starch. Scanning
electron micrographs showed that apios starch granules were smooth with a globular shape, and there was little damage to
starch granules after cross-linking. The lightness value of cross-linked apios starch was lower than that of native apios starch,
whereas the redness value was not significantly different between cross-linked apios starch and native apios starch. Blue value
showed that cross-linking of starch did not affect the iodine reaction of starch.

Key words

M E
ARE olum ool ojzAElo] Az A n¥A &
FETA] ol 2 o9} op 2HEl] Al Zo|, B} LE,
H& & A2 53}, =31 8 78 767 54 3=
1] TtHColonna & Mercier 1984, Tester & Sommerville 2003,
Hoover R et al 1988). &2 542 AF9| Fd we} ot
27] fjito] vkt AR SRl wE dEe] 7% B olslst

4 540 U@ A7 Basi

ﬂ‘ﬁ% AFAAA 2 FAA, A, BFA, FFA
sl o] &5 1 Qlout, B84, o] Sol

OM o] & SHAIE 7 AL e B ARl 4dE Y
AI717] Sl 24, gt o r HES MRl mAgAE
S A z38fo] o] &3 tH(Fleche G 1981). WA AR FollA 7}
WA A2 22 e stol =574 TtuEs A5t
Atge] A%S 7&§P«lﬂb Aoz, 7hwd el ofs) gl
AAH AL, A AREET WEA, WA, WA o] 571
o] A Oyéﬂlfn Ao =g, F9, 23X 5o o] &

*Corresponding author : Meera Kim, Tel: +82-53-950-6233, Fax:
+82-53-950-6229, E-mail: meerak@knu.ac.kr

: Apios starch, cross-linked starch, epichlorohydrin, physicochemical property

a1 AtH(Wurzburg OB 1987, Rutenberg & Solarex 1984).
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3k A74Kim & Lee 1996, Luo FX 2009) 2 7}w 23 <<
# AE(Liu J et al 2014), 7}wAg vt A(Roselis CG
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1. Ak

A& ol AH8-% sodium periodate®} epichlorohydrin Sam-
chun Chem Co.(Ansan, Korea) 2.2 H-E 213} t}. Sodium
arsenite-= Wako Pure Chemical Co.(Tokyo, Japan)llA <]
3} 2™ sodium hydroxide, chromatropic acid®} potassium
iodide= Dukson Chem Co.(Ansan, Korea)ol|4] +43led 4
Aol AFg-3FATE

2. otm|A ME M=
2 AR AMEE olF e AR o Aol A Al
H Aoz aZe] XY (Yamamoto K ef al 1973)< ©]-&35
o] AEE EEsiath ob oo A S BA FAE 54
[e]

3k U} oyl e~ S 2vl9] 0.2% NaOH £ 7}8}ba,
blendergE AR&-3}o] 287 whsf gk & 100 mesh®} 400 mesh
Ao FHAA FAE A AT Ao BHE B @R
(4T)el 1241 Bt BR8] dEd& A AT A
=1 0.2% NaOH &= HA] 7Fste] d=A17]a1, W@ datel
WRste] Zhetekdl & A vele 23 A o] ¥
Aol & wj7bx] WHESIAT: 1 the AR ] pHYL F 0]

2 7R S/HFE 7 }'3}04 gA17) a1, A sk Al 234
< WEST 3d ARS A0 FAE v, 100
meshAol] A7 T HEsle] WA Hisly AR A2
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Jane J et al(1992)2] W& o] &3slo] 7t A &S A
23\t ofgl e AE 100 g2 v]AC Y SFHF 166
mLE 7}ete] AF2eA 2413t Ft wEkek $ ofn) o
B A9 0.1%, 0.5%, 1%, 2% epichlorohydring d7}a+ o
&, 1 M NaOH 8915 7}3lo] pH 1022 SI5=3le}. Zd-2-ol| 4]
4/\] 7+ =9 7tawke-S AgPAI71 3T o EAt 2 pHE— 55
2 33 o] 7X|(Whatman No. 2)2 AIA|A SFHTZ 21,
SR 1 FAISE 40T -2 HAx7]ol|A 24413 F<t
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olg] @2 A E-e| 7lwst=+= Hammerstrand GE et al(1960)
o e olasiel ZAIAT, F AT Y Ax A
oJz}3l o] =l 20 mLE 50 mL W]_EF/V\‘:”-‘H] Fsta, 2 N
NaOH | mLE A7ttt Fef-a9] s & wta Ee
Zo| A 1AIRE BRF EAE g F Ao R A%l tha, 10N
3kaF 1 mL9}F 0.1 M sodium periodate 5 mLE 7}5ke] 108
FoF o] T2 ol H|E}ATE o37]9] 1 M sodium arsenite
5 mLE H7lela, SFFE 50 mL7EA] 3148t} o] 4
1 mLE A& 3ol 33l chromatropic acid reagent 10 mLE
ZF Al@#e] Hrhste] 30+ Bt e TRl dA s
t} o]& Ao 243 & UV/Visible spectrophotometer(Du
800, Beckman coulter, Fullerton, USA)E- ©]-8&-3}>] 570 nmel|
A FBE S5t s=E AT

5. Fourier Transform Infrared (FT-IR) Spectroscopy

A G4 oiRg gelsh] gstel stmAR A
-2 12413 B2k 40Tl A AZRAIZ) o KBrE 49] pellet
FE| 2 7HE0] 400~4,000 cm ™' W24 FT-IR Spectroscope
(Spectrum GX & Autolmage, Perkin-Elmer, Shelton, USA)&
ol-g-3to] SA ek

6. X_A-I s|™ME ql
o] X-A 314 == Owush-Ansah J et al(1982)<] HH
o= X-ray diffractometer(Max-2500, Rigaku, Japan)E A&
slo] gelsigint. 717] 2712 target : Cu-Ka, Voltage : 40 Kv,
: 300 mAS] 2702 3|AZVE(26) 5~457HA] sca-
nning speed 5/minS.2 3] HA|A =3It L3 Komiya
T et al(1986)3} Billaderis CG et al(1980)2] *Hol we} Ac/
(ActAa)[Ac : A4 99, Aa : MIBHE FG)E Ateto
Aol Al 23tEE etk

ArzystE

Current

7. ME 2dXte g

ol 9~ HF-o] Iz} Z7]9} A FE]= Scanning Electron
Microscope(SEM)(S-570, Hitachi, Tokyo, Japan)= ©|-&3}]
dEATE AR AAE e AES F/MFe R Egste] A
TS 2 & b SEMS ARgdte] 7RG HSE 15 kv,
Z70A 1,50080 9] vi&E AT

s

Photo times 85 sec

8. Mg
ZE2] A Hunter A} %}A|(Whiteness checker RF-1, Nippon
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9. H7t

ol @2 7 H-2] A7KBlue value)= Gilbert & Spragg(1964)
o < o g3lel 2T AR 200 meel ZF 100
mg< 7FskaL 95CollA 4583 33A1Z] & o] & 1 mL(2
mg/l1 mL)Z 50 mL W A~Zak~3ol| #3}3, ©]7]dl] 1 N NaOH
0.5 mLE 785t <4719l 1 N HCI 0.5 mL2} patassium hy-
drogen tartarate 0.09 g=& 7}¢+ Thy S/FFT= 45 mLE S5
o] MAZTE 7]l e e=-8 Q EskE 82 mg I/mL,
20 mg KI/mL) 0.5 mLE 7}8kaL, 50 mL7kA] % -8-8te] /g0l
A 2087 WX g T3 UV/Visible spectrophotometerS ©]-8
ste] 680 nmol|A FFE=E S5l v o= HUHE Al
LReleinh 3W bR AR ot P gts Felslth

Blue value = Absorbance x 4 / C
C: A8 99 = (mg100 mL)

SPSS(v. 14.0)Z2121S o] &3le] 22|83
o} 7 AdT 7k fojAde BA BA(ANOVA)S 2A[3E 3
p<0.05 == A Duncan's multiple range test= 737 3} T}.
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1. 7tuste &%

o}u] @ 2 H¥-of epichlorohydrins *2]5te] 7fw A3 A
Az A WeE 2 7lw sl = Table 12} 2t} 7kwd
3 Al epichlorohydrin i YA} ko2 T o] HE ¢
2} ekl A AR SR o2 Ajte st WFTRE A
3FtH(Alexander RJ 1995). ©] oA 7fn A g HEg-of o]
|5 A 33k epichlorohydrin®& A|¢jete] WhgF&5 Fof

Aot 2 A3 S-S 62.98~90.32%2 AFE-3H epich-
lorohydrin =7} 571kl mel S718len, ol 2AF 2
o] 7tws) w82 B 78.2%(Hammerstrand GE et
al 1960)9} 85.2%(Kim & Lee 1996)R.T}F 2F7F =2 4=2320]¢]
o E7tws=(MDC)= A& 100 g2 anhydroglucose unit
(MW=180)Z &;kslar, ¥H8-3F epichlorohydrin®] %S mole
T2 Fgste] ALtstinh 7twAad ol e Ao 7t
A 3HEE 0.1225~3.5124% A 2]k epichlorohydrin el H]
#ste] =718+ W (17=0.973), ©]& A} Aol 2% epich-
lorohydring #2]3190-& ] E7lwsl=r} 3.3330]tka B
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Table 1. Crosslinking degree and yield of cross-linked
apios starches

Applied  Reacted CL
. _ . _ . 1)
Sample eplchl(?ro eplchl(.)ro Yield AGI; / J100AGU
hydrin hydrin (%) CL (MDCY)
(g/100 g) (g/100 g)
4)_
ng‘i 0.1 0.0630 62.90 817 0.1225
. (V]
COLSAO/P_ 0.5 0.3942 78.85 130 0.7665
. 0
CI;sz_ 1.0 0.8604 86.04 60 1.6730
0
CIZJSP- 2.0 1.8065 90.32 28 3.5124
(V]

" Anhydroglucose unit.

? Crosslink.

» Molar degree of crosslinking.

Y CLAP : Cross-linked apios starch.

1% Lee & Kim(1999)2] ZA¥}e} H]S3E 4=50] QL]

2. FT-IR Spectroscopy

AA ol o~ ARz 7lwdd ol o Ao FT-IR
=3 A3 Fig 13 2o} A o] o 2 ARl M= 3419,
2932, 1646, 1150, 1082, 1016, 576 cm ‘oA I =27} #ZE
gom 2900014 3,500 cm ' 7HA = WS 9371 YERT)
A o}y e M Eo] ¥]g) 7t A7 FES 2,930 cm oA
39| ZAErt Ao AE B 4 e, ol H-C-HS
C-O-H7} Aj}t=lo] A€ —CHe| 415
= HOItKVercelheze A ES et al 2012). &
£ 1,646 cm AT 3wt ZV8H
A& Ao slFst= Ao Z(Vercelheze A ES et al 2012)
7t A Al el 2 ZAjto]l FrkelHA] B2 At St
7] W Eo 2 AZEACE Liu J e al2014)E S5 AES
7t Adgsto] FT-IRS 43 A3, 1642 cm ™' o429 3=
7 HA Ao vaun WEsiA] = go), 9A9 e
7kttt Haste] Aot Ak e VERARL
ot} olgf3 ¥aEe] Witz HA olylex Kol epi-
chlorohydrin®} ¥H-&-3ted 7t At wkgo] & o] FAN TS

gl = AT

s
3l HE 54571 flsf o84
o, AEe 4% dejol Wt A, B, CRo= 71

@Ol 7 A d3e dadwrt 150, 23° A
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Fig. 1. FT-IR spectra of native and cross-linked apios
starch.

A sl eh, 18° el A= 7 e e vaE B
Ak BEole AAtet 2o 2A4R/, #Y, =74 =4
2

&3, AT 5°, 170 Fel ] 2

1

B 2] 937} A YEPdtH(Zobel HF 1964). ©]
o] F9ol we} t2A vehde 939 ztole AR ARt
el A9zl "E A 72| zbo] wjio]th

ofg] 9~ Hie] XAl FHEE Fig 20 veRd npeh 2
o] A ofy e HEL 207} 151, 17.1, 179, 23.2° HE
Fol|Al F =27t vehde P40 AR XA 314 Fds
Bt} 7twAs AEL 260-18.02014 ¥ =7} #EE ]
w, A oy e AR F atolE YERA] ggkon, A
A e® A oy o AR 7fwAE ol e HE
Atolell fro] ]l po] Ao & UElTHTable 2). ©]
23t A7E B, 7lwdst vheo] AEe] FA% Jdd
A dojytr] wj&oll(Hood & Mercier 1978) AE-2] A% 4
Hol| & &S 74 &S 3w A4Hn

L L
'f:gj\t

4. 72 Uxtel Hef

SEMO.2 #3 1 ofs] e AR 7twad Ael
7} WFE Fig. 33 Ltk A ofg] o AR AREL T
g e Bgolr], dael BT 44 320 mE BF

Table 2. Relative crystallinity of cross-linked apios starch
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Fig. 2. X-ray diffractogram patterns of native and cross-
linked apios starch.
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goz A4 5~10 yme| Z71E 7K1 9o, Hi 7|7}
10.6 pmtal SF e, B AFolM = o<} fAlRE FE o}
719 Aol FAEAE A ol o~ AE StwA
o] 2. 2s AR Aol hAte] Fehel A 2 e} By
A go} 7aghes} S71stel = AR el Fejels 2 o
FS w2 o= Ao 2 el olgdt duks smdd
Fol AA S5 AR FehH HolF v}

Thar & Luo FX(2009)2] <+ Axbe} FARSHA

AATE Yasuo O et al(2006)2] <1
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5. AT

A ol e ANRI twAY ofy] e M| A
%%k A3= Table 33 2th A ofy] o2 HES]
ol LEte 97,530 % Uehton slwAdwErst 718
97.07, 96.88, 96.28, 95312 1 gko] ztadte ZaFS U
AT Waliszewski KN et al(2003)= Bhvht 8-S 7tz
FAA NS 243 A7}, 7t Ao R Qlse] o)
A4 Lake] 73.6094 61.092 7+Asltty Huslg s,
£ AT AHE olg} faker S UERSITE ARl a
e A ofy e AR JluwAT AE Ao

<Y of H1
S O ]

Mo o

fl

o
T

Type of starch

Native CLAP-0.1%

CLAP-0.5% CLAP-1% CLAP-2%

Relative crystallinity(%) — 21.99+0.14™ 21.68+0.42

21.574+0.69 21.14+0.29 21.71+0.46

Y NS : No significant difference (p<0.05).
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Fig. 3. Shape and size of cross-linked apios starch granules shown by scanning electron microscope (x1500).
(A) Native, (B) CLAP-0.1%, (C) CLAP-0.5%, (D) CLAP-1%, (E) CLAP-2%.

Q) Aol % b kel T PAEE Vel b

o1
Zhe A9 o}z 9. o] —087% Uepkon], slw shesh

S7kePHA —0.69= Wslslo] fo] 2l o] S Kt} wlet
A 7t A shebA A vt o] e ] Wi

H
A o] PP Ve Ao Bk

6. ™7}
AA oty o~ AR} 7fwAg oy e~ AR HUE
Table 4° JERARITE AA olg] 9~ AEe] AHV= 0452

7} 0.4459} vl =skgl om, Wi o] 7} 0.28~0.38(Kim
HS et al 1972)20h= =30, 22 A9 &7} 0.6741(Lee &
Kim 1999)Eth= kel gk, 7fad gt x| $her) S7tsto]
T A7 FoAQl atelE YeRlA] skt o] 9F 2ol 7ta
A3} ofF o M| A7 vigketA] &e AL 7w Adt
ol g ool BIAE F4T 4 e HHE 729 of
LR o~ Fhgo] a2 T4 sk Wit o g Azt ¢
¥, Jane J er al(1992)¢] ATF|X= epichlorohydrin®. = 7}
WA AR AR A7} aste] A Ao} Aol

e, Yang KH ef al(2011)°] B3 TE2] 28] 3 =, ol AHeE AEI rlwddt 2o AJo] hEoz
Table 3. Color properties of cross-linked apios starch
Type of starch
Native CLAP-0.1% CLAP-0.5% CLAP-1% CLAP-2%
L 97.53+0.12*" 97.07+0.13* 96.88+0.18 96.28+0.10° 95.31+0.30°
a 2.13£0.06* 2.14+0.06* 2.02+0.18% 1.94+0.10% 1.83+0.07
b ~0.87+0.06" ~0.80+0.03%® —0.77+0.04* —0.73+0.07® ~0.69£0.06°
) The same superscripts are not significantly different within each row (p<0.05).
Table 4. Blue value of cross-linked apios starch
Type of starch
Native CLAP-0.1% CLAP-0.5% CLAP-1% CLAP-2%
Blue value 0.45+0.01"% 0.44+0.03 0.42+0.05 0.41+0.04 0.390.02

D' NS : No significant difference (p<0.05).
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