KOREAN J. FOOD CULTURE
Vol. 18, No. 6(2003) pp. 592~600

BN Py WXED D9 A0 HEN Tt HjmT:

BT TH B X JITT

=Y - d8ak

Comparative Growth Performance and Physiological Function of Physically

Modified Rice Starch and Gelatinized Rice Starch in Growing Rats’

Moon-Jeong Chang and Myung Hwan Kim*
Dept. of Foods & Nutrition, Kookmin University, Dept. of Food Engineering, Dankook University*
(Received November 17, 2003)

Abstract

Male rats were fed a purified diet containing one of 3 experimental diets, gelatinized rice starch that
was not modified physically (RC), gelatinized physically modified rice starch using ultrasonic
homogenizer(RU), gelatinized physically modified rice starch using hydroshear homogenizer(RH) during
28 days. RC was used as the rice starch control. Feeding a physically modified rice starch (RU) caused
an increase in liver weight and RH increased RNA and protein contents in kidney significantly although
there were no differences in food intakes compared to feeding a RC diet. The wet weight of liver,
kidney and heart were higher in RU. The wet weights of fecal output of the rats fed RH was greater
than in rice control group. The gut transit time was longer in the rats fed RH than in the rice control
group significantly. Serum GOT, GPT, total bilirubin concentration were tended to be lower and blood
urea nitrogen was significantly lower in RH group. The maturation index of kidney was higher in RU
than in RC. These results suggest that physically modified rice starch improved growth performance
and physiological functions in organs of growing rats.

Key Words : physically modified rice starch, growth performance, liver function, intestinal function,
kidney function
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starch, RUT), 3) FAAYY #A72 88 WA
Al 28 HH <+ (hydorshear homogenized rice
starch, RH7) 2.2 33ty AgF2]o]= (Table 1>
7ol AIN-93G 2l0]S ozt Wals s|EAe)E
I Gt AR ALLE ARL T3} @
oid B4 WA AR 27 934 87 9
sto] 3 A £ 3 .

stainless cageoﬂ & iy £ ARgsgen Aks
Aol 37 T 21+£2C, A + }

<Table 1> Composition of experimental diets

(ghkg diet)

Casein

Rice starch, control 529.436

Rice starch, Ultrasonic homogenized 529.486

Rice starch, Hydroshear homogenized 529.486
Sucrose 100.000100.000{100.000
Soybean oil 70.000| 70.000| 70.000
Cellulose 50.000) 50.000| 50.000
Mineral mix” 35.000( 35.000| 35.000
Vitamin mix” 10.600| 10.000| 10.000
L-Cystine 3.000| 3.000 3.000
Choline bitartrate (41.1% choline) 2,500 2.500| 2.500
Tert-butylhydroquinone 0.014| 0.014| 0014

1) Mineral mixture : AIN-93G mineral mixture(g/kg mix)
Calciom carbenate, anhydrous 357.00 : Potassium phosphate,
monobasic 196.00 : potassinm citrate, tri-potassium,
monohydrate 70.78 : Sodium chloride 74.00 : potassium sulfate
46.60 : Magnesium oxide 24.00 : ferric citrate 6.06 : Zinc
carbonate 1.65 : manganous carbonate 0.63 : Cupric carbonate
0.30 : Potassium iodate 0.01 : Sodium selenate, anhydrous
0.01025 : Ammonium paramolybdate, 4 hydrate 0.00795 :
Sodivm meta-silicate, 9 hydrate 1.45 : Chrominm potassium
sulfate, 12 hydrate 0.275 : Lithium chloride 0.0174 : Boric acid
0.0815 ; Sodium fluoride 0.0635 : Nickel Carbonate 0.0318 :
Ammonium vanadate 0.0066 : Powdered sucrose 221.026

2) Vitamin mixture : AIN 93G Vitamin mixnire 9¢/kg mix)
nicotinic acid 3.000 : Ca panthothenate 1.600 : Pyridoxine-HCI
0.700 : Thiamin-HC] 0.600 : Riboflavin 0.600 : Folic acid
0.200 : D-Biotin 0.020 : Vitamin B12(cyanocobalamin) 2.500 :
Vitamin E(all-rac- -tocopheryl acetate, 5001U/g) 15.000 :
Vitamin A(all-trans-retiny! palmitate, 500,0001U/g) 0.800:
Vitamin D3(cholecalciferol, 400,000IU/g) 0.250 : Vitamin
K9phylloguinone) 0.075 : Powdered sucrose 974.655

F7)(light 6:00 AM-6:00 PM)&2 YR 3}
A FASET A 2ol B2 AFFA 43t

=X S AT dFdel @ 2L A =
AR om, Aol AL 2 1 A7
=33l o] 2&2 A N34t

2 %FMZ}—& AME 25 B 1247 AN
T AYEE | }am AR 2g9 10% Carmine red

(Sigma Che 0. USA)E 1ml 7tsle] AF A1
5 AEARE %04“3]'9\5’\_1_ % F24 ol ye
= ASALLZ 33T

AR B3] T2 wAx Az
AR ThE dry weight® &%
Aol & FEFO 2 Y}

3) Wy o 745 279 A3

A& A8/ T8 A 1207 27 R w
ol A AHHF o, 3000pmolA 3027
44 Eestd @38 AHT & Y ARA 50
C oA ¥F HaAstdeh d4:3 5 24 73, 4
B A dol AE AAST ¥ Aelads
of A¥H b fiter paterZ FE-L AAT & T

2487 24e 98 uE 50T Ws

AE HolE AAT 0, 4574 HE Eol He 7
Te AFstd Bug A9Fow sty Hp
phosphate bufferdl YAHFTEZ 343 I,
bifidobacteria A& #jx]91 BL 3+ M| (Becton &
Dickenson, C0, USA)dl| S EAE 713 BSHIR|
£ Ahgste) #8714 widrlolA 3TCE 72417 )

Fe & FFE SHSAT WA 2L (Tabe
2,8}z,
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<Table 2> Composition of BS agar medium 300
D 250
SiE ]
BL agar medium 1000m! 5
BS solution 50ml g 150 : —+—RC
- - > 100 “ro®--RU
Sodium propionate 30g ‘8 R
Paromomyin sulfate 100mg o S0 f
Neomycin sulfate 400mg 0 ! * * '
Lithium chloride 6g 0 week 1st 2nd 3rd 4th
Distilled water 100mi week  week week  week

<Fig. 1> Growth change during experimental period

o . <Table 3> Food intake, weight gain and food efficiency
35 771 %—% Hehll= AEE (S99, ratio(FER)”

o
= -
4942607 | 5.1540.90" 2940.02"
o AdotEld, ﬁi’é’i —8— Eitﬁg °]-&% Kit
(A 2 ZA5 A lses RU| 17714166 520+1.19 0.29+0.05
e e AAL eSS 7 RH| 19.09+1.54 5574044 0.29+0.02
&7] AAsA F# oleld A A8 (creatinine clearance)
1) Mean+SD

& AHEE T

7] A2 DNA, RNA, protein 32k %2
< AR st ARFER 4% T DNA
3% diphenylamine method,'/RNA¢®| & eke
orcinol method!? ¥)A A Zal ity 2 o] iz 3}

2) NS: Not significant

2&7s

Bod WA AARe 47 4 s 4 %
@& Lowry method? & WA A 25
° v me 1478 et FHAIZHGI transit time), W WA= B9 = 73
=23 8- gl vAs 3= (Table H9 7
4. EAIEN t} 7} AF2e A EFATRE 73R3~8264E0 2
RH%9] # FZAizko] 74 A S RUT, RCH
B oo mz A3 =
e s Eaﬁﬁ ZPSS ;5 T oz god RHFS RCT W EAASE §
windows packageE o| &3 Z} + 73 I _ o
e s o s ST EES LER Azte] AT £
BAE FIAL ARV W@ e war e o aa
o =1 = THH IHEFREFTY), FEEEHE e A9
A (ANOVA)S 3 % Duncan’s multiple range test
S AR 5lA
o elstel AAssict. <Table 4> Wet fecal weight(WFW), dry fecal
weight(DFW), water content in feces and
transit time”
k1 =
IIL @ J']- WFW DFW Water content(%){ GI transit time
RC |1.21 042" [0.874£0.24™ |26.59+8.13"732.3+80.3"
1. GZT Aozt RU (1294031 [0.89+021 |29.79+12.45|756.6+83.2*
RH |143£0.71 |0.97+0.39 |28.30+13.73(8264+72.9"

A 717E%e] AAFAE (Fig. Dol 4o]4d3]
4] <

N 1) Mean£SD
A==l o o % A A 513
CE ]'6‘ ) ]' CE ]EE Table 3>°ﬂ '" ] OI'M 2} NS: Not signiﬁcant
| P ] &5 0 O =]
o ATSHE L AlEEE BrEEY] 4 3) Values with different superscripts within the column are
e FAHQA J3FE WA ekgkout RHFY 19 significantly different among groups at =0.05 level by
AZS7T33 o) F o] vy d =& Ho) 1= Duncan’s multiple range test.
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oA F9A 2el7h gt RHEY &
o] tt& o Hig] vwA T Holdrh ¥W
ZE%E RHZC] 2 Fo Hj8] &2 otk
(Table 5)olx= A9 vlEE A 75 544 Ol
3 ARE ANBIATE 23] o A F9| ¥y
YA g4e 7 AFZED 493 =Fojzt gigith

e
o wx

Yoot M

3. 7|3 dE A JIse| Het

74z2A 9 BA= (Tabe 6)o] AAE v} 7o)
RUTS RCE HIF #FoHoez =9th DNA 3
23} RNA &3, protein 352 7} A7 7h

o

<Table 5> The number of rat fecal Bifidobacteria’
(log colonyforming unit(cfu)/g wet feces)

RC 8.06+0.12"% 8.25+0.40

RU 8262030 8.28+0.12
RH 8.07+0.21 8.67+0.17
1) Mean+SD

g7el Aol7h gigleu, RHZNA RNA st
S o] 9 2o ula L Hollch W
4 e 294 94 A0 AN 2L 4

4%

D
e
ol
N
N
lo

o}

A, DNAZH S 7+ Ag2E bl 79
A (Table 7) I3 RNA 2
AN AEE 433 RHFEC] RCE
Al =gk ad g2 SAAH #
glont £ WA BAde HITAM
o] ¢t} Protein/DNA ratio® 8] A &
A##9 RHZF RUZC] Iwk BAE HF
RCel| vl ¥2 Ho|{th Protein/DNA ratio
Az ANE YepiFe AEE 89 WA
Ro] AFzA 9 A A7E F7HIE A

94
}o

Wi
N

4t
X

Y
l‘lO :|° A2
o
ofs

oML oo ok S W oo
=l

M orr o R M lo T

2]

AR zA 9] A DNA, RNA, @92, protein/
DNA ratioo] ti& Az} (Table 8>3 Zth 479
Z7), DNA, RNA, protein/DNA ratior= A g 40| 4

<Table 6> The weight, DNA, RNA and protein contents of liver”

98.25+ 13.65°

488.81-80.

RC 7.88+1.09 21.0+03 23342,

RU 9.05+1.64 20.1+0.2 99.02+17.97 521.6+17.97 259+28

RH 7.97+0.86" 202102 1054511647 540.3+160.2 2641+4.6
1) Mean £SD

2) Values with different superscripts within the column are significantly different among groups at = 0.05 level by Duncan’s multiple range

test..

3) NS: Not significant

<Table 7> The weight, DNA, RNA and protein contents of kidney”

RC 2.15+£0.20% 2531044 32.25+853 290.01+95.9 1142+31.6

RU 2.17+021 2691057 37.18+£7.38" 328.1+£101.0 130.2+49.8

RH 2.11+0.17 2541048 40.85+5.50° 333.5+£106.8 134.0+54.1
1) Mean+SD

2) NS: Not significant
3) Values with different superscripts within the column are significantly different among groups at = 0.05 level by Duncan’s multiple range

test.
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<Table 8> The wet weight, DNA, RNA and protein contents of heart
. RNA(mg) protéin{mgt); 1 otein/DNA -
RC 0.98£0.10 17.7£24% 22.18+3.64" L 274345247 259+74%
RU 1.06+0.15 168427 20.86+5.06 257.4+60.5% 257169
RH 1.02£0.13 15.6+2.3 24.13+5.82 l 2032+34.6° 21.0+20
1) Mean+SD

2) NS: Not significant

3) Values with different superscripts are significantly different among groups at the 0.05 level by Duncan’s multiple range test.

FE f994 Aot ggich wNY
UEICCER TR
RC#, RUZ, RHE 02 vrolAth Protein/DNA
ratior= RCZ# RUF-0] 934 = %21 RH7l

4. V|s

Z5E el AR 85 GOT. GPT &
AL EE AgTA ZAHANAA Aojzt gl
O} RHO] o8 AgA ol Aol nis] A
St (Table 9) £ WFWE 7W15S Jvell &
F AE AZE ZAE A7 dAY foldl 9
A Zh 259 wido] BedE W I A7 St
gtk B AT 7F Adae F RN Rk
BF AU dom BAFA F4E fe
v S84 B & ARAFHTA RU 23 RHZO
RCEe) il @& Aotk 215 %S vehh
FE= 82 24 FA(Blood urea nitrogen, BUN)&=
RH¥°] RCE3 RUTS| w3 w9rem, RHE

<Table 9> GOT, GPT and total bilirubin in serum.”

BUN

iy | (mg/d)
RC |1213+£347"| 454+12.8"] 0364023 | 173437
RU 12234382 | 487100 | 026£0.19 | 17942
RH |1054+16.1 | 358+54 | 0174021 | 144430
1) Mean 5D

2) NS: Not significant
3) Values with different superscripts are significantly different

among groups at the 0.05 level by Duncan’s multiple range
test.

RUZl vl BAHCE FosiAl itk

5 A% 7lE

Aol egstE A5 F99 Aelo ©E
A% AelE sy A3 B T A,
Hul 2 albumin/globulin ratio (A/G H)&) ¢k A4
&40 NEZ AME F Qe 84 24F4% A
el O}ﬂ‘d Sheko) A3k (Table 10p0] A A s+,

) 2 gwAy dume 7k A¥E7e] 7
Aol folAde gtk A/G ratos RUFH RHF
RCHol vl thi& =& "ol EF Aot
UgEe RUTC] FostAl Rkt
ARG AolE dot K] 3 =F
A, AFolelY g 2 I oleld dearance® Al
FAA &S 248 A (Table 1D} Zh &=

oM NZ i‘l

224

e} m[

o

o] Agobgd g2 RUw#H RHT-o] RCiell H]
3 e =9tk 24FAE RCHEO] ©E 2
A HA BAE A3 v EReH, RUTZHE

EAROR Fo5 @tk AMEA o3& (GFR)

<Table 10> Total protein, albumin, albumin/globuiin
ratio(A/G), urea N and creatinine in serum

Total protein creatinine

(m;dl) Albumin | A/G T mgld)

RC [6.25+£0.82%7| 359+0.31%| 1.51+0.52"| 1.59+0.43

RU [6.45+1.19 | 3.95+038 | 237+£234 | 1.26+0.26°

RH [6.37+0.80 | 3.78+0.74 2,47J_r2.7ﬂ:1.60i0.55b
1) Mean £SD

2) NS: Not significant

3) Values with different superscripts are significantly different
among groups at the 0.05 level by Duncan’s multiple range
test.
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<Table 11> Creatinine, urea N, gromerular filtration
rate(GFR} in urine.”

RC| 6.18+2.19° 204.8+63.9° 0.72+0.35°
RU| 9.81+3.01° 3400£111.8° 1.32+046
RH| 891+393 298.5+63.9" 0.92+031°

1) Mean SD

2) Values with different superscripts are significantly different
among groups at the 0.05 level by Duncan’s multiple range
test.
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acid) 3 24§ B2 ¢ R71AbE Akt o] d& RUZO] #elsl wtem RHZ, RCEI
g Al A el 2o Al ZEAE AT AR AREA OJM%% ANEe AER A1
OB HAL 5 4 2L o¥sly ¥ dbEt o] A% tio] Frhetth wyolrk Trhetl whel
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a8 o] @wrstA APHALH, MR RUw9 A% 7150 713 3% Joz Asdn
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S YT W b AlZEA 8116l 2 A&D5E FAE <3 A 7F HHE S5
Fede o iR 5ol FEE € 5 3 I GFRE #aA71E ¢ 34 7HsARE ok
T AR, ARAY ARFE, WA Ade] el
wE) F4E02 B QT RH7Ee ) ny)
ta g7 7 e, £ A e fefst V. 898l A&
AT %oy RHZo| Hlud B it w2t
A2 a7Eas d 7s A 23 71%@2 zk B dre BEros wAdd #dRe 494
& 294 Wy BAEE olf4Y FR AR NeAE gt LRI 7HE AdelRA Ak
27 82 & U2 Ve AAET A=A Agsr) 98 FFEUT A sEe
3 WA AR T s vAs 9 29g Huste] 259 g@719 A A9 7
2 €5 GOT, GPT &4, LTI & 8 N2 F2d WA 2 FEE 455 Foisko
242 RoR wdEsn A7) TES 4T A% 9 AN APH Tl viAe GEe A
A8 el Asste Aol 74 ARTY stk AR g B 42 A e 2T
GOT, GPT 42 A/ sl S3tqinh o= 243 1 7t A4l AFF7rEst Holmad &
FEO) AT Hoje AL TF ZEAM A o7} iAo, BB A WA AAR 4AL RUT
e Aol AR2z FAHW W) EE AET o 7+ FAS RHFS A% AW RNA o, &
Bo] AAHOE AAHOZ ARFHAYW He) 719 WA ko] S9EHA B (p(005), MEY A
gk, 28y RH7S] GOT, GPT, & Welsw &% N vad & Aot
of the Add2lelzel vl w2 AFelH ole F 2 FARGNE AAYE AL AA= T
ARENZ HdARE BREe) AFHY sy B3 N7 YAl AR (p<006), B
A%e SRS AT 25 oa da HEygs F4E S FIA F N5E )
F RHTO] 7HE wgkow RUE Hlg) SA4L AN e Aoz ERATH(p(0.05)
2 fsA Uitk €5 24re] R I 3 ¥4 GOT, GPT, ¥ Wesgas 7 49
TFE APFES LS A dE olgwE = Foll BE A HAW o™, RETAM 71
Ae ouap} B Avel 4 Auze 8% o4 S Aotk 8L FFL RUTO) BE A
iy 25 A3 gelolan 7k 7ol B4l Falol o] i) frejapl vtel b 7o) sk
ATk AZAHE, fFARAGY A7z AR 7h 74 =3k ek (pd005)
BARS HA7t )z e ZANTY £ 4 =% Qs Jgoleld T, HLXMJJ@
9 %ﬂﬂélﬂ l & %7}*1?1% Ao g Mg & ARt AT Aol ForEATh k=

RUZT RHZAA $¢ ok?ﬂ =

3w ZdolEld, Aoy FFL
e aads WAYH AP oldgs

o
AbpA A#E&(GFR) 2 %xﬁ& A3 g5 =dotE kTh.(pC0.05)



600 SBEIALESSINBES Vol.18, No.6(2003)

RUZAIA 713 Eokp005) 2% 7159 A%t
Mg Ee Ao e,

ol AHAr E “H FAASGE #2712 £
A WS TR 2R »;le: 27159 A4,
A7 2H9 AR F71bfl AEe FANIE
T Jom, 250 #AV2 AN BAES
AR71s9 Ae5E FANA 7154 e A

1) Korea Rural Economics Institure, Food balance
Sheet, 2002.

2) Lee]S, Kim ES. Study on infant feeding practice in
Sockcho-City, Kor ] Nutr 24: 469-476, 1991.

3) Bae HS, Ahn HS. Solid foods intake pattern during
the first 6 months of life. Kor ] Comm Nutr 1: 335-
345, 1996.

4) Wang SK, Kim JH. A study on infant feeding and
weaning practice in Taejon, Kor ] Comm Nutr 4:
489-495,1999.

5) Song Ys. The present status of infant feeding in
Korea and suggestions for its improvement. Kor |
Nutr 4: 282-291, 1991.

6) Oh §], Kim WK, Kim YH, Kim HY, Chei EH, Kim
SH. Effect of fructooligrsaccharide on lipid
metabolism in hypercholesterolemic rat. Kor ] Nutr
32:129-136,1999.

7) Shngertzahn MA, Teichberg S, Wapnir RA.
Modified starch enhances absorption and
accelerates recovery in experimental diarrhea.
Pediatr Res 45: 397-402, 1999.

8) Kim SH, Yu CH, Kim SH, Lee SS, Kang MH, Chang
NBS. Nutrition for the family. Shinkwang Pub, 2000

9) Heanton JM, Lennard-Jones JE, Young AC. A new
method for studying gut transit times using
radiopaque markers. Gut 10: 842,

10) Burton K. A study of conditions and mechanism of
the diphenylamin reaction for the colorimetric
estimation of deoxyribonucleic acid. Biochem J 62:
315-323, 1956.

11) Schmidt G, Thannhauser SJ. A method for the

determination of deoxyribonucleic acid, ribonucleic
acid and phosphoproteins in animal tissue. J Biol
Chem 161: 83-89, 1945.

12) Lowery OH. Rosebrough NJ. Farr AL, Randall RJ.
Protein measurement with the folin phenol reagent.
] Biol Chem 193: 265-275, 1951.

13) Krog N, Olessen SK, Toemaes H, Joensson T.
Retrogradation of the starch fraction in wheat
bread. Cereal Foods World 34: 281, 1089.

14) Kim SY, Lee SR. In vitro digestibility of chemically
modified starches and ramen starches. Kor J Food
Sci Techno. 26: 475-478, 1994.

15) Gunnarsson A, Bjork I, Ostergard K. A study of
native and chemically modified potato starch II.
Starch /Starke 40: 58-, 1988.

16) Wursch P, del Vedovo S, Kroellreullter B. Cell
structure and starch nature as key determinatnt of
the digestion rate of starch in legumes. Am J Clin
Nutr 43: 25-59, 1986.

17) Anderson IH, Levine AS, Levitt MD. Incomplete
absorption of the carbohydrate in all-purpose
wheat flour. New Eng | Med 304: 891-892, 1981.

18) Modler HW, Mckeller RC, Yaguchi M. Bifidobacteria
and bifidogenic factors. Can Inst Food Sci Technol |
23:29-41, 1990.

19) Mitsuoka T. Bifidobacteria and their role in human
health. J Ind Microbiol 6: 262-259, 1990.

20) Heo KT. Oligosaccarides-The leader of functional
foods. YouHan Pres, Seoul, 73-76, 1992.

21) Seo JH. Internal trends in research and
development of oligosaccharides. Food Science and
Industry 27: 8-11, 1992.

22) Eastwood MA. The physjological effect of dietary
fiber. An update. Ann Rev Nutr 1: 19-35, 1992.

23) Brenner BM, Meyer TW., Hostetter TH. Dietary
protein intake and progressive nature of kidney
disease. N Eng | Med 307: 652-659, 1982.

24) Meyer TW. Anderson S. Dietary protein intake and
progressive glomerulosclerosis: The role of capillary
hypertension and hyperfusion in progression of
renal disease. Ann Int Med 98: 832-838, 1983.



