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Abstract

Hydroxypropylated starches were prepared by reaction of corn starch wilh propylene oxide and
their physicochemical properties were compared with those of the native starch. Swelling power, solu-
bility and water binding capacity increased with the increase of hydroxypropylation. The hydroxypropyl-
ation of corn starch significantly reduced the extent of digestion and iodine absorption. Starch molecu-
les larger than 1.34 X107 decreased whereas molecules ranging from 1.34X107~1.18X10° increased
by hydroxypropylation. Granule size increased by hydroxypropylation but this did not significantly
affect the granule surface appearance by SEM. The hydroxypropylation improved the solubility and

water binding capacity of corn starch.
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Fig. 1. NMR spectrum of corn starch and hydroxyprop-
ylated corn starches
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Table 1. Determination of hydroxypropyl group(HP)
in hydroxypropylated corn starches

Propylene  Ch&mical method NMR method
Oxid
stg‘rc Pr yp Degree of HP Degree of
(%) (%)  substitution (%)  substitution
0 0.00 0.000 0.00 0.000
2 1.11 0.031 0.00 0.000
4 2.37 0.068 2.39 0.068
6 3.30 0.095 3.82 0.111
8 4,11 0.120 4.50 0.132
10 5.00 0.147 5.69 0.169
HEL blue value?} 7+ i}
2438 ¥ (Table 2)& 249 A& %45 103.5%
9l4=tl] hydroxypropylationell 2]&}e3 DS 0.0687}%]= 99

G5 7kasithrl 1 o Abel A F7)ske] DS 0.120 ©]
A e Ak AR RBobe ol on DS 014744+
176% 2 Z7}sbelch o)# @ Az S5 AEE hy-
droxypropylationA|# 315 0~0277k7 A|A E4F
=de =g Az DS 007744+ aslebrl ool
Aol 3= DS 027744 A4 E7ksick B 13+ Wootton
7] Manatsathit'® 2] B 322} zkgtch. Wootton ¥ Manat-
salthit®® = hydroxypropylationel] 2|sle] Z7jell 4%
FHel 7-@‘3\5}% e @7 2ojsle] EHT A7}
blocking®! 7ol #gho] o] olAts]w granuled
PBgo] A7 wEe] FAF THol thAl F737
A zkgbeban shodct AAME FoMdE EAWel
719l 9l &3 7‘}7 Lol 8 A3k = o] 7}&
A vehgon] #eg AR, galesl HE, S
HE Folgirt

el wir &5 AR g 70, 80Ce A zH7} 5.33
%, 7.75%2 % oot ALt Frhede] wet F
7kstol DS 0.12000 A& 18%, 23% =2 Z7hsted 4=t A
B 10% Roik E9tri(Table 3). #43 4] &4
HBe 70T, 80TNA 8% H=E Wehort xFxr}
Z7}gkel w2} DS 0120014 30% HEZ FobHuh
Wootton % Manatsathit“”° Qo) 4] Blo|LEA| LS
a3 g AR AEL 24 A5} DS 01244

2aje) 158, DS 0.180 4 258 2}l DS 0.27< A=
43w 2 Z7}3ke B.astadc). Hydroxypropylationol £
sto Saimel HgHe] Fvhsle ol f+= hydroxypro-
pyl7)oll ejated =17 go] Asjurol F-ahd Agte] of
s x|z 214=417]<] hydroxypropyl”]7} A= 7] W
Ql 7o g AgﬂE]\;]. g, o3 B F i_f_r Hg]
aswel Ageio] v 7tat za.fo] 20 Ao o4
Hxo] 7% amylose-lipid complex”}t ol ZEA3:=
gk, 7kap d R lipid §HeFe] At ¥-#bdl phosphate
group'®o] EA|ale] o] 2aldt M7 A whLHoR HE
o) 421782 (bonding force)o] °Fsl7] wigelct
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Table 2. Physicochemical properties of hydroxypropylated corn starch and other starches

Corn Potato Tapioca Waxy corn
Degree of substitution
0.000 0.031 0.068 0.095 0.120 0.147
Moisture content(%) 10.6 10.8 10.2 10.0 126 10.6 16.2 13.1 12.2
Crude protein(%) 0.40 0.29 0.27 0.27 0.25 0.25 0.05 0.13 0.30
Ash(%) 0.09 0.22 0.20 0.15 0.31 0.27 0.25 0.05
pH(5% concentration) 3.91 6.30 6.00 6.18 6.20 6.30 595 4.70 4.02
Blue value 0.462 0.383 0.376 0.355 0.331 0.288 0.577 0438 0.087
Water binding caoacity(%) 103.5 103.5 99.0 113.0 148.0 176.0 1429 114.7 122.7
X-ray type A A A A A A B C A
Relative
Crystallinity(%) 36.4 35.3 32.1 30.9 29.7 275 30.0 35.1 35.7

Table 3. Solubility and swelling power of hydroxypropyl-
ated corn starch and other starches

Starch Solubility (%) Swelling Power

70C 80T 70T 80T

Corn DS 0.000 533 7.75 7.88 8.80

DS 0.031 8.08 14.41 9.92 16.69

DS 0.068 10.44 20.11 14.21 26.41

DS 0095 1571 21.75 22.77 31.55

DS 0.120 1849 23.01 28.70 32.84

Potato 10.07 10.70 32.23 40.66

Waxy corn 3.65 5.20 16.52 25.35
X-4 gHE

AlE HEESe X-4 sAdee Fig 2, 3042} 2o} 7}
3AEEE Zobel®] WWol ulz} BFI A 55
HEe 2071 153, 17.2~18.0, 23.0~23.3% = Foll 4]
veht A3l Agez vehgrh(Fig 2). 54 A
& hydroxypropylation*| 7 of #dxe e+ &
Halglo) A¥E IdlE f#sld v} hydroxypropyla-
tiondl] 2]3}ed 26=16.3°2} 26° H-Zo| A M Z-E peak7}
AA E2e o) W3y} 955 AAkEka gict El-Hin-
nawy % &4 HAEa ik AES ethylene
oxideg} HH-2-A]# DS 0.187}%] %31 H X-ray ¥4 7|2
20=5~155°7}x] A7 A} 2ol 2J3lod d-spa-
cingell = & #W3ls} gigl.o} intensityell ¥z} olol it
unit cell volume®} 4.3% Z7}slgdciy B st

Komiya 5-19¢] whje] we} g 4| A3}
& Table 29149 2k S5 AL 364%=2
elyt=d] hydroxypropylationol 2jdle] Hstw7} 27}
3ol wie} 24357} 2hasled DS 0120901 4+& 30%
o|3t2 ZtAaskelom 7R HE-H wlssheich
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Fig. 2. X-ray diffraction patterns of hydroxypropylated
corn starches
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Fig. 3. X-ray diffraction patterns of various starches
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41~43%= A9} Wlsslgln 245 MRy Qg
Epla=d
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Fig. 4. lodine absorption spectrum of hydroxypropylated
corn starches

Table 4. Digestibility of hydroxypropylated corn starch
and other starches by a-amylase

Starch Digestibility (%)
Raw Gelatinized
Corn DS 0.000 7.87 38.7
DS 0.031 3.56 383
DS 0.068 1.83 338
DS 0.095 2.75 30.0
DS 0.120 7.27 26.2
DS 0.147 12.90 227
Potato 1.19 422
Tapioca 5.07 43.3
Waxy corn 942 415

ationA]# DS 0.00~0.177x] x| &2z AE-& 334417

el ¢} granule 4 el 2 3o g-amylased 2§27 &
52 nms B 23 DS 0179 o 348 A4S 907
%ol 4] B55% 2 zkAasled ot QA B = 25, 2%0“4
60.7%2 7t 9&-S FHlstdnh. ARl 238 &
A7) dEEed EARs o A JEd Ae 3
3hA17] "R 78‘—r AR k3t delyy] gEoR
Asl e glek A AEe] 7§l = MS(molar substi-
tution) 0.02~045% #8392 of % &l we} 53
82| pancreatin digestibility?} 24| 7+ige] Ry
v} c)uq_(z:ﬂ.

A& L34S o XNF=r) Sl okt §37)
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2} enzyme 3] M| wjgEolH FHE-o 7
off s 7} A=+ 71 hydroxypropylation ‘ﬂ*° 01]
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Fig. 5. Molecular weight distribution of hydroxypropy-
lated corn starches

o ol A7) Eawrs Haatge] Fxrhow
A Aguct 2] wRolsty AdsE Ages)
& Aol T2 A3t Asted AB7)9] a2t
ue} 27) YEoz e

HAAEE BSFG AR>S54 AP >0}
AE>7ha Qe o wairh Ase] Agpna
S5 ARD B K55 ARe) As AP A A
‘J‘i‘

B3 4
sl 97} MERC a7k 2 Ao eby

ES

Al& A¥2] HPLC chromatogram-& Fig. 50| Ao} 2
th S AEe AS 2485} 35E 7 2702 peakE
vepd=d) hydroxypropylationA] 7)ol whe} peak7} 373
2 FolwdEul, AMA peak: retention time-& W F7}
Aoy} =717 FE9 T retention time 28~20%-
7ol MBS peak”} vFe}ytom retention time 355
7ol Vel peakes =)o 2 wisisb glodch Rty
EEE AARE A3t hydroxypropylationol] ¢3led &
A peak<l 1.34X 107 o] 4] EA}beke- 7hasbedx F ko)
N e peakol] SITHEIE 134X 107~1.03X 10°9) -z}
2 Eoten ol s 1.03X10° o]ste] Hxjeke
A H o2 E-Fujgo} Zr1aledci(Table 5). & hydro-
xypropylationell 2}ste] & Fxjgke Frasty kA
719} Ex}2k(1.34X10°~1.18 X 10°) o] Zv}&e oF &
et

Table 5. Percent distribution of molecular weight of
hydroxypropylated corn starch and other starches

MW range( X 10°)

Starch _—
>>134 10.3~134 1.18~103 0.114~1.18 <0.114
Corn DS 0.000 39.0 20.3 21.6 14.3 47
DS0.031 258 234 255 16.2 91
DS 0.068 254 24.1 245 14.1 11.8
DS0.095 27.1 259 270 15.5 45
DS0.120 193 26.8 29.0 17.9 6.9
DS0.147 253 279 279 14.0 5.0
Potato 436 26.1 171 10.2 2.9
Tapioca 526 231 13.0 6.5 48
Waxy corn 57.7 212 8.6 6.6 59

Table 6. Percent distribution of granule size of hydroxy-
propylated corn starches and other starches

Corn

Diameter ~ Potato Tapioca Waxy
(um) Degree of substitution corn

0.000 0095 0.147

<10 245 221 205 72 239 245
10~20 576 551 476 99 580 592
20~30 167 209 285 183 169 153
30~40 12 19 34 170 12 0.9

>40 0 0 0 476 0 0

Mean 139 14.7 16.0 384 140 138

Add8e] AS S5
v} ol zH”Inte R 3
glom #Hal AR, S5g AP, go)es) HES 47
27he] F peak& viebf Zhzto] opumARls} ojy=
2]l Ao g 7Rk Al
retention timeo} 22~24% AHxo vjelt 7} HES
ofd2Hele) Rxajako]l AL fAlgh Ziox AZEG}
A peaks R WEFH elul e AReo] oF 28%
7ol eyt S5 A R-e 358l vielt 4 7
obd2 e s Bapzlels Ae]7l gle ASR HAldh
A AE3 elu] e st A ofd & 2 2] DP(degree
of polymerization)7} 1000~60002.2 o}d2 ¢~ F-z}
9] Apgrol 71 Wil &4 o] ol ¢ ~o] DP7}
200~12002.32 AbE9] Zol7) #& 7o g oy},
upeb A B Aldol d S5 A E-o] FlA peak?] rente-
ntion timeo] %8 72 o] wF<al Ao & ARk

245 AR 2T Table 6014 B 4 Qe
vlel 7bo] 10~20 umA Y7} 57.6% 2 714 @il 10 um
olsl7} 24.5%c1m sl Ade] 139 ym= ebyteh S
4+ A EE hydroxypropylationA] 71-2 Wl *#%7} DS
0.1479 doll= 10~20 pmE $)7}F 47.6% % &L 20~
30 um¥ 7} 16.7% ¥ 285%=2 zoiv} Hd Aol 16
umz <7t Z7hekgdc}. Hydroxypropylationel 2}&}ed
Bl ol 718k olf= 7MY hydroxypropylZ]el
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(c)
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Fig. 6. SEM photomicrographs of hydroxypropylated corn starches

A > Native, B : DS 0.000, C: DS 0.095, D : DS 0.147
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