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Effects of Resistant Starch on Metabolism of Bile Acids in College Women*
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ABSTRACT

The purposc of this study was to examine the effect of resistant starch(RS) on hypercholesterolemia and colon cancer. The subjects
of this study was eight college women participating in the general starch diet{GSD) period for 5 days and resistant starch diet{RSD)
period for 7 days. RSD contains 30g of the RS. On the last day of each program blood were collected. And for the last 3 days of each
diet period, the amount of all the food consumed by the subjects and feces were collected. Food was measured to determine and
compared the energy, protein and fat intakes, The amounts of total cholesterol, HDL-cholesterol, LDL-cholesterol and volatile fatty
acids in plasma and the amounts of bile acids in feces were measured by gas chromatography. The results obtained were as follows;
Daily energy intake was higher in the RSD compared with the GSD. Protein and fat intakes were lower in the RSD compared with the
GSD. The amounts of total cholesterol, HDL-cholesterol and LDL-cholesterol in plasma were significantly lower in the RSD
compared with the GSD. Volatile fatty acid contents in plasma, the amounts of acetic acid, propionic acid and valeric acid were higher
in the RSD compared with the GSD. The amounts of bile acids in feces, cholic acid, chenodeoxycholic acid and lithocholic acid were
higher in the RSD compared with the GSD. But the amount of deoxycholic acid in the RSD period was significantly low. Secondary/
primary ratios of bile acids was lower in the RSD compared with the GSD, respectively. We speculate that, RS consumption decreases
colonic mucosal proliferation as a result of the decreased formation of cytotosic secondary bile acids. Thus, RS intakes may contribute
the prevention of heart disease and colon cancer in humans. (Korean J Nutrition 33 (8) : 802812, 2000)
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Table 1. The menu of diet used
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Breakfast Lunch Supper
- cooked rice - cooked rice mixed with vegetables - cooked rice
- soybean paste soup with pumpkin - egg fried - soybean paste soup with pumpkin
Istday chinese cabbage kimchi - chinese cabbage kimchi - chinese cabbage kimchi
- fish paste, seasoned - milk - alaska pollack dried, seasoned
- common squid, salt-fermented - cucumber soup with vineger - saybean curd, boiled
- grape - fruit salad
- cooked rice - roasted rice mixed with beef - cooked rice
- soybean paste soup with soybean - soybean sprout soup - fish paste soup
curd - chinese cabbage kimchi - chinese cabbage kimchi
nd day chinese cabbage kimchi - egg fried « mackeral, hoiled
Gsp” - cucumber preserved with salt - perilla leaf kimchi - common squid fillet, seasoned
- peritla leaf kimchi - grape - fruit salad
- Javer - milk curd type
- apple - apple
+ cooked rice - cooked rice - cooked rice
- beef radish soup - soybean paste soup with pumpkin - sea mustard soup
- chinese cabbage kimchi - chinese cabbage kimchi - chinese cabbage kimchi
3th day - alaska pollack dried, seasoned - common squid fillet, seasoned - cucumber seasoned with vineger
- ham, fried « beef, roasted - common squid, salt-fermented
- milk - watermelon - grape
- fruit salad
- bread(RS) - boiled noodles(RS) mixed with red - cooked rice
- strawberry jam pepper paste - egg radish soup
- milk - chinese cabbage kimchi - chinese cabbage kimchi
1st day - cucumber pickled - bread(RS) - mackeral, boiled
- strawberry jam
- orange canned, juice
- cucumber pickled
- bread(RS) - boiled noodles(RS) mixed with red - cooked rice with bariey
- strawberry jam pepper paste - fish paste soup
- milk - chinese cabbage kimch - beef boiled with soy sauce
RSD” 2nd day - cucumber pickled - bread(RS) - chinese cabbage kimchi
- strawberry jam
- orange canned, juice
- cucumber pickled
- bread(RS) - boiled noodles{RS) mixed with red - cocked rice with barley
- strawberry jam pepper paste - soybean paste soup with pumpkin
- milk - chinese cabbage kimchi - chinese cabbage kimchi
3th day - cucumber pickled - bread{RS) - alaska pollack, boiled

- strawberry jam
- orange canned, juice
- cucumber pickied

1} GSD: General starch diet

2) RSD: Resistant starch diet
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Table 2. Gas chromatography working conditions for plasma vola-
tile fatty acids

iters Conditions
lnstrument Shimazu 6A, lnc., Tokyo
Column 80/120 Carbopack B-DA/4% carbowax
glass column
{20m, 5m X 2mm ID)
{(Supelco, Inc., Bellefonte, USA)
Carrier gas Nitrogen, 80ml/min
Oven 1757 for Tmin
Injector 200¢
Detector 2001

WEEEE e 33(8: 802-812, 2000/805

Hl. Internal standard 20p1E #3t, ¥ ethanol Iml
ol EFF 3000rpmo2 587 YA Rl w3
AAGL A2HE N, gag® T o} 0.2M NaOQH
20p2 de|sstn 2ol ot r|EFe R FEAIH
o}, 0.23M oxalic acid 20MZ ol o]F 11F FHstd
gas-chromatography(GC)& #43lgles 1 £4=zd
£ Table 29} 2t} Internal standardZE pivalic acid
(Sigma, USA}E AHE-3H

3) H HEM 57

CGrundy 5”3 Miettinen 5] "ol ofsle] ¥F 7
ZA)7 WL 0.5g% wEBAIA T ethanol 10mlE ¥
65C 2ol A 1MZHESH WAE ¥ Y43 ethanolF
g date 23 38 wES of B8 90T T2
ol A Z A=AZ1E 1.25N NaOH 2mlE #71sk 57
£ & gk b8 1207 autoclaved X 6417 Eqt 3HA]
At d7)el 2m] 23 10ml ethylether& o] vortex
mixerol A &35 H dbAslg b A4S A g Belshks 2%
& 33 whEaled £4] sterol2L ¥ElFtgnt 84
)2 2N HCl 2ml& 2H33A1A tHA] 10ml ethylether®
38 & §F 2 ASAL FFN FEor B o 7
FAL B8& N, gas® A=AA trifluoroacetic acid an-
hydride(TFA) 0.1ml& #7}¢ ¥ 37 T hot blockelt A
3087 9k FAZAIF £} acetond] 59 gas chroma-
tography & o84 1 24& PHsi4c. F5d B4&
98 AeE =1L Table 33 g},

2+ &4 5249 retention time standard®h H| 2
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Tahle 3. Gas chromatography working conditions for fecal bile acid
composition
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Items Conditions
Instrument STAR 3400CX gas chromatograph
{Varian, USA)
SATURN 3 mass spectrometer
(Varian, USA)

Columnisize) Rix ®-1 capillary column

(@ 0.32mm x 30m, LUSA}
Carrier gas He
Injection Split mode(20 : 1), inlet 2407

Oven temperature 210 (isocratic}

Interiace temperature 240C
lon source temperature 200T
Scanning mass range m/z 50-3300
lonizing voltage 70eV
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Table 4. Physical characteristics of the subjects

Subject Age Weight Height  Skinfold thickness"
No. yn (kg) (cm) {mm)
1 21 48.4 158.8 40.5
2 20 46.1 159.3 379
3 21 30.2 164.9 42.8
4 21 48.9 156.8 49.4
5 20 523 165.7 47.2
b 21 549 159.8 52.8
7 22 50.3 1640 381
B8 21 45.2 154.6 27.3

M=+ SE? 209 £ 02 495+ 1.1 1605 +14 420 + 2.8

1) The sum of triceps, biceps, abdomen and subscapular skinfolds
2) Each value is mean + standard error

2 20,9 + 024, HF2 495 + 1.1ke, AL 1605 =
ldem, 47) 59 WskAge] 579) §2 42,0 + 2 8mm
olich. §2el GhEAHY HAol AMEH HF A1A
o] AF(53kg)d wind o} B zA} thdate] AFe AL
Holgl oo A3H(160cm)S Ao wjs=Fv}
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HshAl =R Hp <0.05). @d e duraal 7|7t
o= 62.2 £ 2.3g, AGFHEAAL 717kl 571 & 1202
w2 AES RE ot frejAel Aol glsivh A4 AFw
2 UAAL A7l 315 £ 2.2g, AFHHEAA} 717000 =
244 £ 05g2 2 AFHENAL 717 @ASA Relthp
<0.05). A4 A kAl 7120 12.3 £ 0.5z,
HYARAAL 7|30l 4.6 + 02202 ABARAA} 7|37}
of @AEA ekt p <0.01).

o] 2} 32 $HE) g dP st vwale] Yyl
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Table 5. Daily intakes of energy, protein, fat, resistant starch and dietary fiber by the subjects

Period Subject Energy Protein Fat Dietary fiber Resistant starch
No. intake(kcal)" intake(g) intake(g) intake(g) intake(g)
1 1389 60.4 ., 35.0 104 0
2 1871 714 424 139 0
3 1324 51.7 30.1 11.6 0
o~ 4 1313 68.0 353 14.0 0
5 1100 59.6 326 121 0
6 1468 579 253 1.3 0
7 1636 61.0 221 1.9 0
8 1779 67.8 29.3 13.5 0
i 1338 53.1 22.3 53 30
2 1944 39.2 239 5.0 30
3 1491 54.0 22.8 43 30
- 4 1607 57.4 26.4 45 30
5 1442 58.3 24.1 39 30
6 1744 64.0 24.8 4.7 30
7 1648 556 24.5 46 30
8 1724 55.2 26.5 4.7 30
M = SE” for GSD 1485 £ 92 622 + 23 315+ 22 123+ 05 0
M + SE for RSD 1617 1 68* 57.1 £ 1.2 244 + 0.5 46 + 0.2* 30

1) Metabolizable energy = Gross energy intake — (Fecal energy + Urinary energy)

2) GSD: General starch diet
4} Each value is mean + standard error

3) RSD: Resistant starch diet
2 p <005, +: p <0.01
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3. 8% 3 BYA~HE, HDL-cholesterol ¥ LDL-chole-
sterol &

g4 & 9 2~6E, HDL-cholesterol ¥ LDL-chole-
sterol &2 Table 63 29U} & FULHE §F2 A
HE21AL 7| 7hollA] 160.4 £ 5.6mg/dl, A TATLA} 7i7ho
A 145.1 £ 2.8mg/dl2 AR RN 7170l BABHA 2
23tk (p <0.01). HDL-cholesterol @3R3 aluhkaia
717Vl A 49.1 + 2. Tmg/dl, AFHEAAL 717t A 42,9
+ 1.5mg/dlE AFAREAA} 7]zt BA3HA At
(p <0.01). LDL~cholesterol $H32 dubAA}l 7]7Ho)A]
96.0 + 5.4mg/dl, AZAEAA}L 71zl A 83.5 £ 2.6mg/
di2A A AL 717kt dREA 2R <0.
05), F Fel2eE %X g HDL-cholesterol®) ul&
& QubAA} 7| 7he A EAAL 712F 22} 30.9 £ 1.9%
o} 296 + 1.2%°191, TUASATE 23 £0.29 24
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Table 6. Concentrations of plasma total-cholesterol, HDL-cholesteroi, LDL-cholesterol of the subjects

Period Su'\lj:fct Total;fnl;(/)clue)sterol HDL-{E]E;L/)j;teroI LDL—ﬂgc;Lensterol % HDL-Cholesterol Al

i 166 39 109 235 33

2 137 55 69 40.2 1.5

3 172 47 108 273 27

GSD" 4 170 58 93 341 1.9

5 149 40 94 269 27

] 167 46 104 275 2.6

7 181 59 11 326 2.1

8 141 49 80 348 19

1 150 43 88 28.7 25

2 143 48 79 336 2.0

3 151 41 92 27.1 2.7

RSO 4 149 47 79 35 2.2

5 141 35 88 248 3.0

6 155 40 92 258 29

7 142 46 76 324 2.1

8 130 43 74 331 20
M + SE¥ for GSD 1604 £ 56 491 + 27 360 + 54 3009 +19 23+ 02
M = SE for RSD 1451 + 2.8%* 429 4 1.5* 835 + 2.6* 296 £ 1.2 24 £ 041

1)GSD: General starch diet
¥ p < 0.05, == p < 0.01

2) RSD: Resistant starch diet

3) Fach value is mean + standard eror

#: Abbreviations used: HDL-cholesterol: high density lipoprotein cholesterol, LDL-cholesterol: low density lipoprotein cholesterol,
%: HDt-cholesterol: HDL-cholesterol X 100/total cholesterol, A.l.: Atherogenic Index = (total cholesterol — HDL-

cholesterol - £DL-cholesterol)
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@7&" Fra Ak (volatile fatty acid: VFA) 88
3 AL Table 73 2t % acetic acid T2

%&4 AL 2374l 1.29 £ 0.15mmolel AT, AFARAA}

71zbel= 1.58 + 0.16mmol® &7k AeS Hgdont

frelgt Zpeli= vERA] g4t} Propionic acid 2 valer-

ic acid 3RS YukAAl F)7ell= 22 0.04 1+ 0.01mmol

Table 7. Concentranons of plasma volatile fatty acids of the sub-
jects

2 0.81 + 0.15mmolei} L, AAEAAL Aol 22t
0.10 + 0.00mmol 2 1.16 + 0.15mmol2A propionic acid
arake AakA Bt 7)1 7kl Ak Frkstelap < 0.0,
valeric acid 33 =3 A E2A} 7izte] PAEHA F
7Yt tHp < 0.05).

Muir $%& 214} § A& go| H, 2% B4 ace-
tate® /A Bt A A E 3heko] W 24}
o} AR Feho] 2L AAJelA acetate FHL 2Hz
0.1180mmel 2 0.1691mmol®) 2, propionate ¥3#-2 2z}
2} 0.0027mmol 2 0.0316mmolelgictz B3 8 9o
1, Cummings 572 ATAEAALA] BY acetate, pr-
opionate % butylate 42 2z} 0.258mmol, 0.088
mmol 2 0.029mmole|Griz st 2 A% dss
oldf| Hdhe] Abd3] w2 Aol At

Flourie 52} R 10 olahd AYHEL 43 WA &
352 Y¥u 2aso] thels WA Bk Short chain
fatty acid: SCFA} 4% S7MI7I sz, Mu-
nster 5"& AEAE A A ol AAdE DR
2 7.1mmol/dayel Al 9.6mmol/dayE wjAd o] F7t€ch
3t B 235ith Peters 5%& thgolid g2 idate) F4
g} o]-go] Flsle) AR 4ol wep A G
atol FEEVRE 4o ARAAE Holu ¥E B uid
Z7toks 28 ARBAE »evy Byl oo A

Table 8. Effect of resistant starch(RS} on fecal bulk of the subjects

Period Subject  Acetic acid Propionic acid  Valeric acid Period Subject Wet weight  Dry weight Fecal water
No. {mM) (mM) (mM) No. (g/day) (g/day) (%)
1 202 .03 1.82 1 2588 133 949
2 1.24 0.04 0.82 2 189.7 135 92.9
3 1.09 0.03 0.87 3 287.2 236 91.8
cso® 4 0.72 0.12 0.51 GSD” 4 1925 124 936
5 1.18 0.02 0.63 5 221.6 12.6 94.3
6 1.07 0.04 0.61 6 262.0 12,2 95.3
7 1.89 .02 0.60 7 228.8 13.8 94.0
8 1.13 0.03 0.1 8 119.2 7.2 94.0
1 2.07 0.14 1.83 1 271.7 19.8 927
2 nm 0.1 1.79 2 2140 189 Nn.z
3 1.74 0.08 1.29 3 2258 18.7 91.7
/5D 4 0.95 0.08 0.79 RSO 4 260.3 225 91 4
5 194 0.1 1.03 5 217.2 16.5 92.4
6 212 011 1.07 6 258.7 19.8 92.3
7 1.60 0.10 0.76 7 3233 251 922
8 1.07 0.08 0.75 8 171.3 12.4 92.8
M + SE” for 1.29 + 015 0.04 = 0.01 0.81 + 015 M = SE¥ for 22002+ 188 136+ 16 939 = 04
M + SE for RSD  1.58 * 0.16 0.10 + 0.00** 1.16 + 0.15** M =+ SE for RSD 2428 + 162 192 £ 1.3* 92.1 &+ 0.2**

1) GSD: General starch diet

2) RSD: Resistant starch diet

3) Each value is mean + standard error
= p < 0.01

1) GSO: General starch diet
2) RSD: Resistant starch diet
3) Each value is mean * standard error
*1p < 005, «=: p <001



Bk B AP AR F47]7he] Hlahe] AghAR
HAL FA717H0] WG At S50} 2718 e YA\
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Deschner 599 Qe dajzjubiie] QAL zhy
pHE 921 o) 9i G342 o BENOZ upps
m4ge) BEL A0, BhHoz o)} BEAY ¥
T2 220D Rusan, o3 BN R S4
2 o AZZAE FANTIE, olEE HEFAL g
she] wlehg 7}zl ot

[#]
o] 1Y ¥HZ Table 83 2sith 1Y %
13tel= 220.0 + 18.8g/daysd i, A3
4] 242 8 = 16.2g/day2 FrlElglon,
YEAZH ¥l FAT duta] 717 g A EAA) 7
6+ 16g/day, 19.2 + 1.3g/dayE F¢)4]¢]
Z712 Jehd Aoz Hol HIAAR HAd o} A F9
LS 3k 2715 2102 B W o) 27 Fare
ek}l 77l E 93.9 + 0.4%, AFAE2A} 7]7lE
92.1 + 0.2% =2 A4 A A
Cummings & A A 3‘*5&5‘“ 43}e} A3
4% dvaid e, vhht, 7231 2 3 > o Ao
W o] 23e] 161g/day, 151g/day., 153g/dayi B AHg4

Tahle 9. Fecal bile acid composition of the subjects

MR E S 33(8): 802~812, 2000/809

HEoh $A veldont, 7xd ol FAZE BH 36.6g/

" day, 34.6g/day. 36.4g/dayE WS AZY W FAE B

23] At e AE 2o, o) R o] Be A
L FES AR Tty HEE AojeA 7121 Al
Z 8

= ZA AR B2t
okeh.

2z} FE4H¢1 cholic acid 3RS Yubalal 7713 A
HAEAR 717 2h2h 0.94 + O.llmg/g 2 213 £ 0.36mg/z
22 HFATAAL 717kl "AASHA F7151%)2, chenodeo-
xycholic acid %2 dy-2AL 7|3 0.56 £ 0.17mg/gell M)
& AaARAAL 717 059 + 0.14mg/g OB tha FrlEle
e B3lort fojt zlele VERLEA] @3icth oAt BF
4}e1 lithocholic acid 3H2H2 Yub2Al 7|7k gk 24
A 737E 447y 253 = 0.7Tmg/gSt 4.24 + 0.82mg/ge 2
AAEA 7189, deoxycholic acid THEFE Yutaal
717k AFEZAAY 21z A ZhzE 10.29 £ 2.09mg/g9
560 £ 1.1lmg/eg 2 & @A} st}

Munster 52 #3AE 4558 2AlZ F3Fshe] 7z}
o] GFL FEAS FHE 2AEE e, B o3 o
FAF #5791 deoxycholic acid?d] %271 50% 74
the R AEaREAAE ol /1 & dsa
R B AYzdaets QA £3 Andrieux 5

=52} g3k Table 99 2

Period Subject CA" cpC L.CA DCA Secondary/primary
No. {mg/g) {mg/g) {mg/g) (mg/g) bife acids
1 0.81 0.70 5.41 4.18 6.4
2 1.32 0.62 1.52 13.11 7.5
3 1.07 0.60 2.49 12,04 8.7
GSDV 4 0.57 1.56 6.38 18.20 11.5
5 1.40 0.56 1.20 7.06 4.2
6 0.52 0.06 0.73 4.90 9.7
7 1.09 0.06 0.60 4.60 4.5
8 0.75 0.33 1.94 18.20 186
1 1.0 1.00 5.61 990 7.7
2 2.89 1.34 273 6.38 22
3 2.65 0.58 3.12 5.07 2.5
RSD? 4 3.99 0.50 8.06 3.58 2.6
5 1.44 0.61 6.70 3.84 5.1
6 1.19 0.20 1.83 1.76 2.6
7 1.71 0.4 4.07 3.74 3.7
B 2.16 0.09 1.77 10.49 5.4
M + SE” for GSD 094 + 01N 0.56 + 017 2.53 £ 077 10.29 x 2.09 89 +146
M =+ SE for RSD 213 + 036" 0.59 + 0.14 4.24 + 0.82* 560 £ 1.11* 4.8 + 0.7*

1) GSD: General starch diet

2) RSD): Resistant starch diet

3) Each value is mean + standard error

#: Abbreviations used: CA, cholic acid: CDC, chenodeoxycholic acid; LCA, lithocholic acid: DCA, deoxycholic acid

*p <005
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2t FE4t A S AWE P3Y9 A Hale 1 M4
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ed, B AT A EAAL 71 7be FokEhE A
2 wol FUF 472 By Hylla $7¢ AASAE
AR nAFARE 3 vjzd7 A7 deoxycholic
acide B 487 §A1 g 2029, Reddy 59
wheat bran diet, cellulose diet 2}Alro] Wzl ©]&
9] deoxycholic acide] ¥ =71 Woba B3kl £ 49
A ola} HFgAte] are] AF A dAg AAE Bof
Fo}

W) pH 7Ha7h 934t didtel T 93 A2
5 4+ ded. AA, pHAY B 25 Azt gEale] o
A ggates WskeE Zlo] dAAYE e E, Mac-
donald 59 E&& oz & A4 pH 7.994
pH 5,52 A% g 7ZhiAA vl gote] 848 AA|7] 4
¥ Z ofal FFEA] e} T84 deoxycholic acid7}
AaER e dal g Fo1ekA fdvlhn Boashsl
vl B4, AEAE LEol ofsf 48] Azl v
T3 @A) AHe) AA FEA HEEAtel 43 He
ARE A, 1 A AR FFAe] v g 23
#Azp7l A= deoxycholic acid?} ZHaEB], 27 ot
71AE FAo] Aoty g "

AaGEF491 cholic acid®t chenodeoxycholic acid.
o]zbg&Aket lithocholic acid$t deoxycholic acid®] ol
A/AA FEAe] vl de]E RE dukyal 7)7k0] 89 +
1.60}5 AFALAAL 7170} 4.0 + 0.722 o)z FEAL
o] wiAdn]go] YybAA} 7] 7toll ulEl A E AL 7]71e
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o] &9 ARAAE e AL AFARS ATl e}
oz} ©E4ke] Aol oAld Zio = g}

Mgy 9 g dAe ARdEAAlE A
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A
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A& A3 FAe] e ZnE I

1) 8% & 92 E TS duaA} 4346 160.4
+ 5.6mg/die)2lst, AshdEAAL dEAlel s 145.1 + 2.8
mg/dlE2 AgFAEAA}L QA tha wken) HDL~<h-
olesterol ¥ LDL-cholesterol 382 dubrlAl A Al 2}
2} 491 £+ 2.Tmg/d] £ 96.0 &+ 5.4mg/dleln, HFAE
AL A= 44 42.9 + 1.5mg/dl 2 83.5 + 2.6mg/
dIEA AgHE-AAL Aol A vEbsch

2) 7 acetic acid 2 A L 3 A 1.29 +
0.16mmole]%3, A E44F A& A= 1.58 £ 0.16
mmolE HFHRAAL AFH A tht Wel=dl, propionic
acid R valeric acid g3 Ak A5 A 242 0.04 =
0.0lmmol ¥ 0.81 + 0.15mmolo)l2, A3FH 214} A
Halol= 2kt 0.10 = 0.00mmol 2 1.16 + 0.15mmol 2
A AFHAEA AR Al @RS F304

3) WEaAzd W 3HE cholic acid9. chenodeox-
ycholic acid &%& 9yt AAL 7]k 4 0.94 + 0.11mg/
g, 0.56 £ 0.17mg/gel s, AFaRA AL 717kl 4 2,13
+ 0.36mg/g, 0.59 + 0.14mg/g2 24, cholic acid ¥ ch-
enodeoxycholic acid 32 AFHE-AAL 7173 F718
%t lithocholic acid %S YubAAL 7|24} Aakd 24
A} 712F 22} 253 + 0.77mg/g, 4.24 + 0.82mg/gO = ]
FAE 4 F7181 2. deoxycholic acid 32
HEA AL 7| 7E3) ABPAEAAL 717 242} 10.29 £ 2.09mg/k,
560 + 1.1lmg/ge & #AASHA ikt olal/dat &
kel widu]s dubalAl Fizte] 8.9 + 1.60lm AR
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AAL 7170el va] AL AL 7| 0elA] A BEH

2 AT dx AgAEy go2 g 4 Fd2ve
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