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The Effect of Dietary Ultra Finely Pulverized Rice Starch on Growth
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Abstract

Male weanling Sprague Dawley rats were used to evaluate the effect of dietary rice starch with different particle size on growth
performance, intestinal function and proliferation. There were two diétary treatment: rice starch (RS), ultra finely pulverized rice
starch with less than 15um size (PRS). They were eight rats per treatment. In vitro digestibility, body weight change and organs
weight were evaluated. Serum GPT, GOT and blood urea nitrogen were analyzed. Transit time, short chain fatty acid contents of
cecum, and cell proliferation of duodenum and jejunum were measured. In vitro digestibility of PRS was higher than that of RS.
Rats fed ultra finely pulverized rice starch for 3 weeks grew faster than rats fed rice starch. PRS group has higher weights of liver,
kidney, spleen and epididymal fat pad, perhaps as a result of increased digestibility. GPT and GOT were not different between
two groups. Blood urea nitrogen was higher in RSHed rats than that of PRS-ed rats. Feeding ultra finely pulverized rice starch
resulted in a proliferation of duodenumn significantly. These results suggest that ultra finely pulverized rice starch increases the
growth performance in weanling animals with reduced number of cells in the cell cycle of small intestine.

Key Words : ultra finely pulverized rice starch, growth performance, gut function
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27} o] 37| HA oA AolagE F7HAF| A,
AZthe Bal(Medel 5 1998)7h dom, 4ake} 2
HaAA astasrt 288 4 Qe vEHH S F7H4
O B2AN AFEEE SAANA Aol £&E S 4 Ut}
£ 2315 Qltk(Patridge 5 1993). Ag7kx] HAE9 =}
& AA7|= 7FEE ball 5 pin mill 5& 0|83}
44} micron o}4Fe) @92 B ot A2 ultra fine
pulverizerg °|-&3 2|l EHAIAEHSE o]83te 10
micron W9 7|2 oA 47} 7hssht 204 &
ek AR AHEIE 2 A fle Ao
2 A BAET 15 m v 27|12 ZulA] 244
4 A8 AT olf7] T YUdh askg 4%
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1. A2 718 A=

AAEo Bl 2005A% RloA AYAL 48kt
(Oryza sativa L)& Tdto] Hol242 8AIXF A AA|
T 0.2%((w/v)2] NaOH o] 1:29] v]&& @7} 2&
Qb BEastqict, A detolg 100 mesh? filter® #AE
4¢olA 2447 AT § A A At T o] ¢
As] AAE o 712 o] AL vrEsHE T, AXMEE pH
7.00] 2 of 7pA] o242 AATt HAf(rice starch,
RS #4attt MEE X552 RV E 5% +E3F
(wet basis)o] E ©f 712 A=A & o8 BHEE 11

mm% 5 mm ziloconium oxide 250 g ¢} &1+ 27)

Jo ot Y

of €1l high impact planetary mill(Pulverisette 6,
Fritsch Co., Germany)Z 3027t 300 rpm o2 HF-24A]
Ao, B EHEe] 27o) 15,35 m~11.88 mo) A7|=
Aamon FHAL 19 47024,233 cm?/g 2.2 Z7}3}
At 2N EHA7 AE(ultra finely pulverized rice
starch, PRS)& Wieg £371E o83t gx=a7)7} 15
un 9)FHQ] A& BFt] HE4o] A Rof AL

479 © (B AlF 90.7 g) Sprague-Dawley § 4
eI HE2AE) 16 vkl Byl olste] 2

2 83 (
FOR o] JHSNE AR AFHAS e 259
AyAlols 3EE Foishak, HHTS A AAL A

<Table 1> Composition of experimental diets (g/kg diet)

starc 0. .
sucrose 100.00 100.00
casein 200.000 200.000
soybean oil 70.000 70.000
cellulose 50.000 50.000
mineral misture 93G? 35.000 35.000
vitamin mixture93G> 10.000 10.000
choline bitartrate(41.1% choline) 2.500 2.500
tert-butylhydroquinone 0.014 0.014

D RS: rice starch, PRS: ultra finely pulverized rice starch

? Mineral mixture : AIN-93G mineral mixture(g/kg mix)
Calcium carbonate, anhydrous 357.00 : Potassium phosphate,
monobasic 196.00 : potassium 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 :
Sodium meta-silicate, 9 hydrate 1.45 : Chromium 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

¥ Vitamin mixture : AIN 93G Vitamin mixture 9g/kg mix)
nicotinic acid 3.000 : Ca panthothenate 1.600 : Pyridoxine-HCl
0.700 : Thiamin-HCI 0.600 : Riboflavin 0.600 : Folic acid 0.200 : D-
Biotin 0.020 : Vitamin Bp(cyanocobalamin) 2.500 : Vitamin E(all-
rac-o-tocopheryl acetate, 500IU/g) 15.000 : Vitamin A(all-trans-
retinyl palmitate, 500,000IU/g) 0.800: Vitamin Ds(cholecalciferol,
400,000IU/g) 0.250 : Vitamin K9phylloquinone) 0.075 : Powdered
sucrose 974.655

)2 (rice starch control, RSw), Z\A] &4 42
B MAHZPRS)Y 270 kgt AldAlo|e] xpAE
42 (Table DI 2t} HEFE2 stainless cage®ll
oy B ARSSFGl o ARSA Y S-S 2 2142
, FHEEO60£5%). L 12417 F7](light 6:00
M-6:00 PM)E 4AsHA FA8HETH AF Ao)et &
37 AFASt=S 8ttt AFS 4y st 22
[Zbo] EAstalon, 4lo] AFwFE 29 181 AL
o A3t Aol &S ALY, AolA&(food
efficiency ratio: FER)Z i AFs7tES 22 7]
HEd QAT Yol dF R o] AMEdtith

CS oo BN e

N,

S~

4152 AFS5 71 ()
1

4loj &g (FER) = -
ZF 15:719) Alo] 3 (g)
3. EAZKtransit time)
A o] HH I 35 A FEHAE Skt AY
TES 1541 AYANZD & MY 50%, carmin
red(sigma, USA)0.5%7} Z3E 4]0}& 10 g 59 o|&
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5—bromo—2 deoxyurldlne(BrdU) phosphate
buffer saline(PBS, pH 7.4)°l wof E7F FAlstAo
(Schutte 1987). A¥FEQ A T 2AL F5351A

wote] A2 T YRR Hek AL AHRE 5emd diE
OP% 24 ’E‘OW”)QF 3%—1‘%% S9N Z R
5cmol| 5dt= B4 paraffin
block= E‘_PT‘;‘_—MIL monoclonal anti—-BrdU antibody,
peroxidaseE £9¢ anti—-mouse antibody ¢
diaminobenzidines o &3 WR sty HHoz
Ashich Aol X 4w 4 AHAES proliferation
index®= total cell number, labelled cell® =,
labeling index& -8}t Aol 54 A2
FesHA A2 double blind WAl o2 W22 AR

7toll eJsto] B = et

2. GOT, GPTS} &

adAE AAYE ol g3t klt(i%*ZﬂOk(T)) e "/}

7. In vitro ME A%l
a—amylase °f 93 BAHEY [n vitro £3&S Liu
5o ol wheh FAstAHLiu 5 1999). &1 g 9 Al
Eoﬂ 30 m{®] phosphate buffer (0.2M, pH 6.9)5 A
ol Wil oF 95T FRA 3087 LA, 25T
]/\i W28t 3 ¢ amylase(320 unit, Sigma Co., USA)
£ A7IRE 2 30ColA] 144175t skt “Hok &
23X G2 AlRe dAEd 3] AAs2

0187] Sprague—Dawley 2IF|2| Z0[M| 24 HXES| 5=t 647
gravimetric Wiol s £435%ct.
8. Xfiol X2l & 24
Al
=

ool rE AdA= SPSS 12.0 for windows
package ol gsto] zt Ao Ho¥ EEHUAE
o) =5
[

rr r—U

zﬂ
-3}31 zr *‘64%4 Hatol v S-AQL -Hd Ao os)
L O4Z 0=0.05%14 EAA AL

o

Batsict.
m. 4+ 2% 9 24

1. In vitro M8 AslE

80

Enzymatic digestibility (%)

RS PRS
<Figure 1> Enzymatic digestibility of rice starch (RS) and ultra
pulverized rice starch (PRS)

a-amylaseol &gt AT} 2ol B4 AAE 2

&2 (Figure DI o}, AR A3 AR T4,
A=Akl 27], amylose/amylopection H|&, amylose At

do|, ARGl o8 FFE ¥=riJenkins
1981; Hoebler 5 1999; Svihus 5 2005). &= E 9]
L 72 7%2 Zu|A B4 AAHE 43S 77 3%
3 fojHoz wofrt ol A HES ZulA 245 of
2ol AL v AAY A= HEstlal, ¥ o4&
37 Fat zre] vlEHA Y 747 Astaae] 9t

< FAZ7] diZolck(Patridge & Gill
1993), AE ol dF= aAoflA] 23} FE R L iAol
23ER] okl A Lty F3A5, S3tEA] of2 AR
AR}, AR MR Zro] B-type x A A H= AR,
w3 AR opdz oAl ol ZHEIL. g—amylaseol 9
3 7k B3| = A] oFot AstE]A] b A T o2 f-9) 5 o
235488 FAA7IE Y(Englyst & Cummings
1985; Englyst & Cummings 1999), ¥ d7toA 15 v
kel A7]|2 Rte) A7 E AN HE 2% FeES T
7HAA AR E FTHAA 5 A

11 = l~> ol ml>
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Al
dEe=d A% QL (Table 29} ok, 2 AF=
€ oA 24712 E48H] 15 m LHEH R

718 de 2RES AT 4 AHA sl A= o

o GotRIAL sk Ao Aol AjZ A AYFE

o] HHAFE oF 90 g2 B F F 749 Apoj7t gldint. A

4ol 3F AH ¥ As2 —%Ul*ﬂ =4 AHE "L

(PRSIAM frofstAl &ttt AFF7t4e SAHCR
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(PRSP N £ HFoIUT}. 3719 RAL (Table 3)
o HAIE Bhet o] 2 AFF kel §1HQ Aol7h 2o
. el T, A, A, RABA FAS 2ol

=27)12 BAA7] PRSZOIA RSFE| H|F) =
CHAIA B A p=0.08, 8% 24 p=0.08)
(Table 4)°l AA|H vt} Zo] Aoja &2 & AgE7t
o] ARl Apol7t glolovt ulN] B4 &AR M43
oA HF 13 23 % Hojggo] =2 F °l
204 EH 2 Q3 A& 2719 Fhe olf7l] U
e A4S A= AHE fEstged

= olfr A 2F 3¢ v F Aol HSesE JY
TE A Aol weshao] 48 4] 93
A+ 9 Chang & Kim(Chang & Kim 2003)<
S8 WA BREo] 238E& FIMA A7) A &

< %ol

oSL‘ e

<Table 2> Initial body weight, final weight and weight gain in
experimental groups

g
2236 + 54
241.1 + 5.5

RS 90.2 £ 2.3VN52
PRS 910 £ 3.0

1334 £ 5.8
150.0 + 8.0

U Mean +SD
2 NS: not significant
¥ *Significant at p<0.05 for n=8 per group

<Table 3> The weight of liver, kidney, spleen and epididymal fat
pad in experimental groups

8
RS 7.08 & 0242 180 + 0.04 0.50+005 250 + 0.20

PRS 754 + 0.22 1.96 £ 007 0.56+0.07 2.63 + 0.30

D Mean+SD
2 NS : not significant

<Table 4> Weekly food efficiency ratio in experimental groups

034 + 003"
0.34 + 0.03

RS 0.45 + 0.07VNS2
PRS 048 + 0.11

0.43 * 0.04™%
045 + 0.05

D Mean +SD
? NS: not significant

2

9 A F& ST Rt 2 A@Aateh fAL
P%‘;D} Medle S(Medel & 1999)9] QoA = 7] o]
8 HAA FFAREY 2719 Hae A 2527 AE
E—H NAE sttt 5_]_5}3-121:4, Wiirsch &
(Wirsch 5 1986)% 9xt9} 27|17} 28180 43Fe &t
i Buste] 2 AAm= o] AdENE Fasilh. ¢
A 2719 ghe astadd Hile TUHE F7HA
23&% F7HIIGL BuEYon 2 AFAE in
vitro Ao znA 24 AR Adhgo] It &
Bol aslgo] H3) 498 =9t Figure 1), H&
94 2382 M2 38t 12 g HEO] kit&Eol 9
3\1 %“1}7‘ HKrog 5 1989). U¥tH oz slatRor WA
o 23 E4E2 Yol ACE BAUE jlov
(Klm & Lee 1994; Bjorck 1989), £ dFofA zulA
E'—éﬂﬂi AL Ao T8 15m v|greE AT A
< AU &3t a A0S WS SV A FTLEEY F7H]
) = Q1 t}. Vestergaard 5(Vestergaard 5 1999)2
A9 AE mIA=E oA HE o 2 T34
%} AT} FARE AR Asgo] F7tE ok Bsg)
Aol AHgE AYFFES HHte v 599
| E}% FF2Y 23 B FeE sl Aol I
W AZIE Zu)A| B4 AEY AH7E AFFTt

A FFE FooH, ol HEY 204 242 <l
g 7t 718kt & 4= ok, Wiseman®
23T AL 7h53t ol A (metaolizable energy)
oF FoARl oo AT|AI dvkar Eud wb Qlt

(Wiseman 2006),

Ol

flo

ox iy

. L—

@@$@m£i

£ b J% lo

3. 27l

15m ojRe] =719 ZuABE ARe 2718 4
2 el 7 s Al WAL 9% fa—.%» cot
GPT 4 W 4 A% YFO2 PASAT. BF GOT
FRolA gRagos F 2 a9 ¢
919ieh(Table 5). ol 4@4ol7t H4H

l
z

A 5E LYY ASHE o] JEolgon BE 4
&0 AAHOE AAsd Al 714 E} 75 A
=& Ul = 8% 94 A4 (Blood urea nltrogen,

BUN): RSZ9| 88) PRSZOA BEARCE 9254
=9k}, BUNY dHeke =718 42 A3 EEo] RS 9

<Table 5> GOT, GPT and blood urea nitrogen of serum in
experimental groups

87 + 08
68 + 04

11 + 05

PRS 38 £ 09 10 £ 0.7

D Mean+SD
2 NS: not significant
 *Significant at p<0.05 for n=8 per group
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7159 Ao Aoz woHEn} g8y PRSZY
BUN#gto] RS2l vl {28l W& AL olg & F4%
71 zulAlE4 BHEL HH7} )5S ASL 2
7IH FEY 9 0] &8-S ZUTIT I & 4= Q)

-

4. A% 2, Zo| & =y
Z0A| E4EE BHEY HF7L A7) 5o u)A s gIH-
(Table 6)cA} Zo] zt oA F B AIZES
722.1~756. 2802 T A¥
LA ko A%ko] o) ko] A wA gEo]
A= F249 2ol 7L 91 HE = A
AR FER AA] OP?‘iE‘r. (Table 7)ol Vel vie} Zro)
YA TR AR ghare. 7 A Lol 827 el X}
7F EREA] bttt A3 AR UR = 4317 ol A
AR 3 o2 §UH & Haste] Ty xake
2 E3EE b, uAE] 3t edtEe] was WY
of o3t Zdolvt AAtg st o Zastch(Williams
S 2001). A ATF(Brunsgaard 5 1995)0)4 AstE x|
& AEAFAR) Y gras A7) 5o ’“"3}‘“1 F7st
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<Table 6> Gatrointestinal transit time, weights and lengths of
small intestine in experimental groups

RS 7562 +6020%D 1163 + 18%
PRS 7221 + 821 1187 + 19

56+02

110+030

D Mean +SD
2 NS: not significant

<Table 7> Short chain fatty acid concentrations in the cecum of
experimental groups

umol/g cecum
RS 035 + 0.08"™2 030 + 0.09™ 034 + 0.1 098 + 023

PRS 037 £ 013 029 £ 008 035+011 101 £ 026

D Mean+SD
2 NS: not significant

<Table 8> Proliferation of small intestine in experimental groups

RC 299.3+ 86.9V
PRS 3298+ 98.1

93.4+ 26,689
9294153

276 + 92

189 + 4.4*

0|R7| Sprague—Dawley EIF|9| =0|N| 244 WHE| ME|Et 649

3 é\_i}E]X] °}%
=49 ¥ ?*é"él‘ﬁ: 2 ‘ﬂne“ AlZke] & 3-8k
| ES Al Z5ol 2&Est= di(Le Blay & 1999), lé
Ao A J—Q‘%—J Zpoi7t A Estal F AES
7he] A Aol ol xpoj7} ¢S AME AEE
o] AAZ7F ks ddste Al7]o| L Ay ulEo 3§
AEl= A71of A ) ul A E F39] FA4do] AAER A
g Aol 71918 7FsAdo] qltt,

SFAE S FAEZFLL BrdUR S48 A%
E M5t S o FAE AZ 2] 48} proliferation zone
o|A1¢] labelling index® B}t <(Table 8o A9} z+
ol AojAAe A FAES9 BrdUR EAE AR 4=
YAl Zol 7k AR 2 proliferation zoneol A BrdU
2 #49 A4 PRSTOA FoAoR Wkt 23
Al FM2S BrdUE EX Y HE4, proliferation
zone®| A9 labelling index+= §-21& 9l o]zt ¢S,
BrdU¥ E¥3t= AJZ9 S phased DNAR Soj7it}
0t BrdUZ B8 A2 R Az Z4] e
(proliferation potential)d AHTA7F o AT F4]
o] WE M ZA BrdUZ EAEH AZ 47} L2317
Z7FettH(Yanai § 1996). A& AL 2A)&(turnover)d}

A &HQ] AZA o] wr2r] o FHero] N2 doF
AH, AFsts AoldEY JEe won =3 HHI
Frx 34 B 7)5e -er]L HFAZ7E Fo R FYEHE
Ao] QBo] Bisle] ALt
tHReville 1991)

5.:

%h <] ‘Q‘%Ol 1%8}01 A}%}
T 270 oA 5ol W2 4Ae B
: ilwert J2 18-22% 0] WHE 9]9} 2Fo] ALo] 2
th(Sangild 2006). ©] Al7l°ﬂ AFshe AAY 4
< ek Ao Az S4B R Y, njAEEY
Y75l FFE & (Grand 5 1976; Zabielski

X 2,
oXx Hm m

379.1+£234.1
2906+ 916

244+114
235+ 56

95.3+29.4
8554224

U Mean+SD
2 sSignificant at p<0.05 for n=8 per group
® NS: not significant
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1999). ¥ Q7N AHSE ABFRE 09272 )%
o] Bl&% X718 of Al7lel AHsHe AR} o 2
7] FaE A710) vse O 251342 2 JYULE
B e S04 5 sl ek olg A 3
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S
VA 9RE doluua sl AF 2899 UUEE
& PYelol HElE Y0 o4 B4 AuRes
Az Ho)2 377 AA%alo] AT F YT Bapi

oo o)

HF AS 9 AS371FE PRSZOIA RS7l B8] &
A3 kAL, Hojage Aol 43 A 139} 930
PRS-l A] é%% golTh. 2, AR vA, Fagkay
g e #AHoIA e kot PRSFOA F715k%)
PRS| in vitro 4:3H&0] RS vl Go)atA4 &9}, 7t
Ve F 229 Aol7t ggort 8F R2Ust RS

o) 49317 %9tk AT PRSZOIAN 7Hashs A
FE BAOH, SR ST, 279] Qo) A3 £
52 Aol7t Y3ttt PRS AFA AolAF el A BrdU 4=
7h RS e A s, TROIAE F22el Zol7} ¢
Ak, mhebA 2ol E42 Yxe] 3715 A A
29 AFe AAze] weo] nj&3t ol 4r) © FAA7 o
A A2BLELE0 2718 B3 AR 29 gyt gee
U AT o) ATANE B F wSEE FUow
AAEI Qe HHES 2014 BHNZL ) o] F o] 83}

RG] 2ol o3}
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