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Abstract

TThe purpose of this study was to investigate the physicochemical properties of chufa(Cyperus esculentus L., var
sativus Boeck) starches by physical and chemical modification. Chufa starches were exposed to the microwave
with 700W power oven for 1, 2, and 3 minutes. Also, starch was oxidized with 1.5%, 3% and 6% (15, 30, 60
mg Cl2/g starch, 40°C, pH 10, 3.0 hr) sodium hypochlorite. The shape of starch granules was not changed much
by microwave heating and sodium hypochlorite. Water binding capacity increased but amylose content, swelling
power, and solubility decreased with increasing microwave heating time. Water binding capacity of the oxidized
starch decreased with increasing the content of sodium hypochlorite. With increasing the microwave heating time,
gelatinization temperature decreased, but enthalpy(AH) increased in physical modification of chufa starches. Also,
chemically modified chufa starches have the similar pattem in gelatinization properties. Peak viscosities of RVA
in physically modified chufa starches were 416-188 RVU, and in chemically modified chufa starches they were

129-267 RVU.
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B Agd| AMEE 7|53 (Cyperus esculentus L. var
sativus Boeck)Z Zjoll A Aul, ALk A& F3 &
DAL FA, Axse] AR ST,

82 A% Bele AR S+ T A4 4ds
24718 o] 83te] A4 B4a ke Q71 AR S

ojo|z2 25} 7(Hol| ost Sl HMNME M=

&7t HAPH olal Az 76T AR vlolaEs
2 71Este] E9F AR RES Az nlelazs
7FE-2 200 mL Bleo]A U5 A= g4z, A¥E 100
gg 9o} g2 2 €& H polyethylene filme 2 H -5}
Z 22 €12} (Samsung, RE-TH700)2] £ ol 923t == 3t
g 60X, 1203, 180 E<t 22} 7id sl whvs &,
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of Azt & 35% AEAGAE wubr|7t F-3d
<3l 93 1 N NaOHZ: 7151 pHE 100(:02)0.2 =3
stth HEHE o] 90T7F HA Aol hEFS 7
Z+ 1.5%, 3%, 6%(15, 30, 60 mg/g starch)S A 7}5FHA]
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o} 71E8F HEo AxzEAo Mzt (color and color
difference meter, Model CR-300, Minolta, Japan)Z ©]-8-3}<]
L, a, b g& 43t Hsld gg vlustd s o o
L, a, b3k Z+7) 96.86, 0.07, 2.02¢] & WA A}LS
At

ol A gzt

ot 2 0 ~ ke Juliano®] HPH(17)E ol-&3td &4
33t} AlE 100 mgol] 95% ethanol 1 mL, 1 N NaOH 9
mL A7} & B BollA 1087 ¥-54171 F, 100 mLE
FEAA 715 AE 498 T E, 7|EF AR &Y
5 mLol 1 N acetic acid 1 mL, 0.2% iodine solution 2 mlL&
H7F 3 o] 100 mL2 -4 F 2087 RSl a8n
620 nmol| A FFEE =3 eta APH E(Sigma) 0.2 3
FoldEer FEFNOBRE PR o2 FFS B
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Blue value?} 22= 83

718Z A&7 HA A E-2] blue value= Gilbert £(18)¢]
oz ST AE 2 mgoll T/ 2mlet 1IN
NaOH 0.5 mLE 71§ & 85 XA 383 71838y
ZA] YZHAIZ o %9 1 N HCI-E 71813 0.09 g2
potassium hydrogen tartrateZ 3 7}5}I T} & o] 45 mL
AEE ZHTFE A F 295 £902% L9 2% KI
EgH) 05 mLE 7}ste] 50 mLo] HA 3 & 2087t A2
A Atste] EAAA 680 nmo| A FFEE ZHSIATH
89 ¥hg-2 Williams 5o ¥ (19)o whe} &5t Th
AR 20 mgs 100 mL Z&f~36) #3105 N KOH &
10 mLE 718l A8 2 BRI O 755 718k
10 mL2 3tich o] 9 10 mLE& #3led 0.1 N HCl 5 mLZ
TN F FHTE 718t 45 mLE F g3ty g0
£ 05 mL ¥ EFH54Z 50 mL7F A 3 S Aol
2087 DA A BEFBEAE o] &3te] 350~800 nmE
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scanning3}o] 2t F5 T2 M) 7 625 nmel N8l FHE
g 23990,
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H & 2%sdE Al

water binding capacity={[A-sample weight(d.b.)]/sample
weight(d.b)} <100
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Z15EY 84 A Ee] 382 (Swelling power)Z}
8-3l] =(Solubility)= Schoche] W (2D M3l =38}
KL, AR Leach 5(22)2] WS W 3te] 55T
A Aol APERS] FEEE SHEFTE HE 200 mg
< YAE T Al THST 40 mLE ket 2 B4R
71 T2 30T A 1Tmine 2 &5& A5A1A 50~90C2)
7} xol|A 3087 fAIAFHT o] & Aol 2 wj7hA]
gLE2 WziA 7l the 3000 rpmel| A 3087 YA B
ATt AR AL v RFAE &3S FLHA &A
110TollA A3 Ax3 Fof| FubgdAlo] Foldle HE
Al FAA) 2 A EE T AHdd AR FAB)
£ S48t v 2ld st F&E 2 S E ALkt
Frt.

Solubility(%)= Ax100/sample weight(d.b.)
Swelling power=Bx100/[sample weight<(100-Solubility(%))]

RVAd| o5t 554
715E A E<] RVA 2% -2 Bason 5(23)3} Ross 59
WA oste] 71EE ME 3 g2 S/ 25 mLo] £4F
A7), AEHEZZSHA(RVA, Rapid Visco Analyzer,
Model 3D, Newport Scientific PTY., Ltd., Australia)E o] &
s} 2R 5 SOTAA 187 §418 THS 95T
1% 12T 7Mdsta 95CollA 2582 FAAI7] o
9 12C/mine] X2 WZA|A 2837 {A|A|7]HA
HEE 27od 53 542 2

DSColl ojgt =354

AFe] 3325t 53} 23 Donovan 59 WY
(25)9)] vt} A& 4 mgg aluminium sample panol] #8}3
Ao 2ufol| S Fshe FFHSE microsyringe 2 7|5
WHI Fof ALA] 4217 x| 3 T8 DSC(Differential
Scanning Calorimetry, TA 2000, USA)Z A+&-8}] 10°C/min
o 22 30CHH 110C7HA] 71Este F peakE L3
o} o] peakZ2HE TN LE, S U, 331ES
2 2 3k E Feh

FAEA S0l E (SEM) 2

718E AR A TRE AP 8iA gote] ZA]
ol olsle] F23 AEL AAFA Ev]7(scanning
electron microscope, S-2380N, Hitachi Ltd., Japan) 2.2 500
#)s} 4000812 EHTjstel TRHAT
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Table 1. Proximate composition of chufa starches modified by
microwave heating and sodium hypochlorite oxidation

Sample  Moisture(%)  Ash(%) Protein(%) Lipid(%)

Control”  10.10:001  024:001 0312000  041:0.02

MW-17 774002 023:001  030:001  038:0.03

Physical MW-2  525:000  026:000  028:001  037:001
MW-3  339:000  028:001  026:000  038:0.02

SH-15"  11.00:001  036£003  006+000  0.25:001

Chemical SH-30  10.80+0.02  049:0.02  005:000  0.23:0.00
SH60  1076+0.02  088:004  002:001  0.1820.01

"Control: raw starch.

OMW-1, 2, 3 : heated with microwave for 1, 2, and 3 min, respectively.
ISH-15, 30, 60: oxidized by sodium hypochlorite 1.5%(Cy content, 15 mgfg starch),
3%, and 6%, respectively.
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Table 2. Color values of chufa starches modified by microwave
heating and sodium hypochlorite oxidation

1)

Sample Color value
L a b
Control”  9636:0.08 0.12:002 6.13:1.12
Mw-1? 94.69+0.12 0.15:001 7.61:0.09
Physical ~ MW-2 93.40+0.03 0.18:0.01 7.66£0.07
MW-3 91.60:0.07 061:0.13 8.2610.14
SH-15" 96.55:0.04 0.12:0.02 6.02:0.11
Chemical ~ SH-30 97.22:0.12 0.10£0.00 6.100.09
SH-60 98.27:0.08 0.11:002 6.000.06

"L : Degree of whiteness(white +100 < 0 black).

a : Degree of redness(red +100 <> -80 green).

b : Degree of yellowness(yellow +70 <> -80 blue).

AControl: raw starch.

IMW-1, 2, 3 : heated with microwave for 1, 2, and 3 min, respectively.

9SH-15, 30, 60: oxidized by sodium hypochlorite 1.5%(Cl content, 15 mgfg starch),
3%, and 6%, respectively.
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Table 3. Iodine reaction results of chufa starches modified by
microwave heating and sodium hypochlorite oxidation

lodine reaction
Sample 7 Amylose(%) Blue value
Amax(nm) A Amax
Control” 628 0402 416+067  049:000
MW-? 625 0389 3722023 036:0.02
Physical MW-2 624 038  367+012  036:001
MW-3 620 0371 342:009  032:003
SH-15" 602 0362 302:002  023:000
Chemical ~ SH-30 597 0340 227+012  0.18:001
SH-60 560 0202 106:009  0.07:001

YAbsorbance at A

Control: raw starch.

IMW-1, 2, 3 : heated with microwave for 1, 2, and 3 min, respectively.
9SH-15, 30, 60: oxidized by sodium hypochlorite 1.5%(Cl, content, 15 mg/g starch),
3%, and 6%, respectively.
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Table 4. Water binding capacity of chufa starches modified by
microwave heating and sodium hypochlorite oxidation

Sample Water binding capacity(%)

Control” 83.00+042

MW-1? 86.13+0.22
Physical MW-2 89.0040.17

MW-3 9146:027

SH-15” 81.70:032
Chernical SH-30 78.50:029

SH-60 64.00:0.11

Control: raw starch.

OMW-1, 2, 3 : heated with microwave for 1, 2, and 3 min, respectively.
3)SH-IS, 30, 60: oxidized by sodium hypochlorite 1.5%(Cl, content, 15 mg/g starch),
3%, and 6%, respectively.
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Temperature(C)
Fig. 1. Swelling power of modified chufa starches by microwave
heating.

Ycontrol: taw starch.
PMW-1. 2. 3 : heated with microwave for 1, 2, 3 min.
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Fig. 2. Solubility of modified chufa starches by microwave heating.

;)Control: raw starch.
MW-1, 2, 3 : heated with microwave for 1, 2, 3 min.
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Fig, 3. Swelling power and solubility of modified chufa starch by
hypochlorite oxidation(measured at 55T).
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Table 5. RVA characteristics of chufa starches modified by
microwave heating and sodium hypochlorite oxidation

Temperature( C)
Sample  py" Through EV?  Setback Bre‘snkdo f;?ésr;igg
®RVD) ®RVUY) RVD RV @y ()

Comol” 38508 16358 20392 13567 22683 7995

MW-1? 41683 12100 17888 5933 29758 80.60
Physical MW-2 45067 12158 33208 21283 33142 8070
MW3 48800 12952 328.17 19825 35808 7995

SH-1S" 26702 16139 267.11 972 1255 8020
Chemical SH-30 17100 16052 25925 9567 1242 7990
SH-60 12908 9242 186,50 9408 3667 7990

p.V.: Peak viscosity.

FV.: Final viscosity.

IControl: raw starch.

4)MW-I, 2, 3 : heated with microwave for 1, 2, and 3 min, respectively.
I$H-15, 30, 60: oxidized by sodium hypochlorite 1.5%(CI2 content, 15 mgfg starch),
3%, and 6%, respectively.

DSCol| °J3t &354

71&F A LS DSCE o] &3l 243 Tapirle
T, Azsles, 33Ed 2w 9 53ql
3} 2t} DSC 24 A 7158 WAARES 94 dge
2 zhe vhe] FEuke A4S 2ok oA o o)
WA Ee] DSC A3} 717 o] F71eel whet S3iAl

Table 6. DSC data of chufa starches modified by microwave
heating and sodium hypochlorite oxidation

Temperature( C) 1
Sample AH(lfg)”
Onset(To) Peak(Tp)  Conclusion(Tc)
Control” 738 803 88.7 897
Mw-17 7,75 79.59 89.0 9.16
Physical ~ MW-2 .14 79.69 88.4 9.65
MW-3 69.13 7939 893 1038
SH-15" 7160 7740 833 11.02
Chemical ~ SH-30 7148 76.50 834 1L.10
SH-60 70.66 75.90 827 12

UAH: gelatination enthalpy.

2Control: raw starch.

3)MW—I, 2, 3 : heated with microwave for 1, 2, and 3 min, respectively.
4)SH-IS, 30, 60: oxidized by sodium hypochlorite 1.5%(CL2 content, 15 mg/g starch),
3%, and 6%, respectively.
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©
Fig. 4. Scanning eletron microphotographs of modified chufa
starches.

(x500, x4000)
(A): Control: raw starch. (By MW 3 min.
(C): SH-60: oxidized by sodium hypochlorite 6.0%.
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