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The Effect of Resistant Starch on Physio-Nutrition Availability in Human*
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Kwangju 500-757, Korea

ABSTRACT

In order to observe the effects of resistant starches on the physio-nuirition in women, nine female university students were
investigated using cellulose (CED), resistant starch 3 (RS3D) and resistant starch 4 (RS4D) diets. Each woman's daily intake and
excretions of energy, protein and lipid were mesured together with the apparent digestibility and the amounts of total cholesterol
and HDL-cholesterol were measured. The results obtained from this rescarch are as follows. The daily energy intake were
significantly higher in the RS4D (Resistant starch 4 diet) compared with the CED (Cellulose) and the RS3D (Resistant starch 3 diet).
The metabolic energy in those periods with RS added to their diets were significantly higher whereas the metabolic energy in the
period CED was significantly low. The daily protein intake was significantly higher in the RS4D compared with the CED and the
RS3D. The apparent digestibility of protein was significantly higher in the RS4D compared with the CED and the RS3D. The daily
lipid intake was significantly higher in the CED compared with the RS3D and the RS4D. The apparent digestibility of lipid was not
significant in that period. The concentration of total cholesterol, HDL-cholesterol, % of HDL-cholesterol and atherogenic index (A.
L) were not significant in those period. As the above results indicate, while RS3 appear to have similar effect on energy consumption
rate, apparent protein digestibility and content of cholesterol in plasma, compared with the CED, but energy consumption rate and
apparent digestibility of protein are significantly higher in the RS4D compared with the CED. Thus, it appears that cellulose and RS
3 share similar effects on physio-nutrition in human, while RS4 does not have the similar effects. (Korean J Nutrition 35(9) : 932~
942,2002)
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(Freeze dryer, I1-Sin Engineering Co, Korea)olAl
AZAIZ] F 100 W AE S At Y5023 amylo-
maizeVl ¥ AFHES] FFE pancreatin-gravimetric
method™E o83l EAsAom 1 #FE 33% A
RS49) AZ+E amylomaizeVl (AMS) 50 gt FF5
70 mlE Hlo]A 4] B3 45T 2524 1087 st
F A UYEE 5 g, 308 ¥ sodium trimetaphosphate/
sodium tripolyphosphate (STMP, 99.0~99.9%/STPP,
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3, AR ghgo] X g2 sh AgAS} A4& AAE
At AE7E o]t 49 o]} AL F 40T &
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Ag )33t Hemoglobin (Hb) % % Hematocrit
(Het) X E 23Y st9on 94349 o d745g Ed=2
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2) A

AEZ O A RS3 L RS4E H7IRE AApER Yipo] A
& 157He AE2 Q 224} (Cellulose diet : CED), 25
A RS38 AEAA} (Resistant starch 3 diet : RS3D)
agla 35 RS4¥ AR2A}L (Resistant starch 4
diet : RS4D)E F4A1A .

3) MyAN

B g A HAls A4 Ehdke 482
2]A} (Cellulose diet : CED) 2 A@#E 3 2 48 22
3= RS3 2JAF (Resistant starch 3 diet : RS3D)
2 RS4 24} (Resistant starch 4 diet : RS4D)E &4
9o 7 Agars dE9 AU9A 19 197 dF
BB 37 keal/kg L B2 A3F 1.0 g/ kg FF2
F U= HEE FAEEY. AEZL A RS3 9 RM4=
19 191% 27 g7} A9HEE B3 Afird o] 3 gol H
55 zEsto HFHANES o, Ad 24 A & A3
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Table 1. The menu of dist used

Periods” Breakfast Lunch Supper
istday - bread (cellulose) - buited noodles (cellulose) with - ddokgug
- mitk seatangle soup - jabche
- rice gruel » kimchi - watery plain kimchi
- strawberry - candy
- bread {celtulose)
2nd day - sponge cake (cellulose) - pan cake (cellulose) with honey - cooked-rice
- itk - broiled rice - pork cuttlet with worceter sauce
- Japanese vinegared - broiled rice cake with red pepper paste - soy bean sprout soup
CED rice delicacies - watery plain kimchi - sponge cake (cellulose}
- jelly fish with venegar sauce
3id day - white bread - bread (ceftulose} - coffee
- cream soup (cellulose) - cunied rice - cooked-rice
- laver soup - beef-roasted
» kimchi - clam soup
- acome-starch jelly paste with soy bean
sauce
» kimchi
- bread (cellulose)
tstday - bread (RS3) - boiled noodles {RS3) with red pepper paste ' - cooked rice
- mitk - Japanese vinegared rice delicacies - fried chicken (RS3}
- dasik {RS3) - watery plain kimchi - 50y bean sprout soup
- dlasik {RS3)
- kimchi
- roasted fish paste
2nd day - sponge cake (RS3) - pan cake (RS3} with vegetables - cooked-rice
- orange juice < broited rice - beef-roasted
RS3D - coffee - cucumber pickle - clam soup
- cola - jelly fish with vinegar sauce
- kyongdan (RS3)
- kimchi
- melon
3rdday - white bread - mejakgwa (RS3) - ddokgug
- cream soup {(RS3} - hashed rice - jabche
- faver soup - sponge cake (RS3)
- kimchi - watery plain kimchi
Istday - bread (RS4) - boiled noodles {(RS4) with ved pepper paste - cooked rice
- itk - Japanese vinegared rice delicacies - fried chicken (RS54}
- dasik RS54 - watery plain kimchi - 50y sprout soup
- orange juice - dasik (RS4)
- kimchi
- yoasted fish paste cola
2nd day - sponge cake (RS4) - pan cake (RS4) with vegetables - cooked-rice
- prange juice - broifed rice - beef-roasted
RS4D - cucumber pickle - clam soup
- cola - jelly-fish with vinegar sauce
» kyongdan {RS4}
- kienchi
- melon
3rd day - white bread - mejakga (RS4) - ddokgug
- cream soup (RS54} - hashed rice - jabche
- faver soup - sponge cake (RS4)
- kimchi - watery plain kimchi
- coffee

1) Periods are CED = cellulose diet, RS3D = resistant starch 3 diet and RS4D == resistant starch 4 diet
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Table 2. Physical characteristics and laboratory findings of blood in each subject

19 B G2 1843
+ 20 keal

Subject Age (yn) Height (cm) Weight (kg) BMI" (kg/m®) Hemoglobin (g/dl)  Hematocrit (%)
1 22 156.9 54.7 22.22 13.1 38.2
2 22 156.7 54.8 20.68 135 39.0
3 22 158.5 547 21.77 145 395
4 21 169.0 56.0 19.59 14.5 39.0
5 22 159.0 649 25.67 16.1 37.0
6 22 160.6 58.0 22.49 12.9 38.3
7 21 170.0 49.5 17.19 121 40.7
8 22 164.6 525 19.38 159 393
9 22 165.0 54.9 20.17 12.7 38.1
Mean + SE 21.89 + 0.1 1623 = 1.7 55.1 + 1.5 21.0 £ 0.8 139 £ 05 388 £ 05

1) Body Mass Index = Weight( kg)/(Height(m))’

Mean value is mean + standard error

Table 3. Energy intake, fecal energy, urinary energy and metabolizable energy (kcal/day)

Periods” Subject No. Energy intake Fecal energy Urinary energy Metabolizable energy
1 1776 246 67 1463
2 1793 314 66 1413
3 1818 312 65 1441
4 1882 271 55 1556
CED 5 1976 260 64 1652
6 1891 280 56 1555
7 1980 260 59 1661
8 1743 225 65 1453
9 1731 251 59 1421
1 1776 148 39 1589
2 1897 112 55 1730
3 1802 125 58 1619
4 1881 119 63 1699
RS3D 5 1799 121 56 1622
6 1831 114 56 1661
7 1774 111 53 1610
8 1761 115 70 1576
9 1703 128 53 1522
1 1836 118 60 1658
2 1868 109 69 1690
3 1865 136 70 1659
4 1991 128 62 1801
RS4D 5 2046 146 84 1816
6 1925 108 70 1747
7 1938 112 70 1756
8 1959 121 67 1771
9 1925 115 73 1737
MeanSE for CED 1843 + 31° 269 + 10° 62+ 2° 1513 + 32°
Mean+SE for RS3D 1803 + 20° 121 + 4° 56 + 3° 1625 + 21°
Mean=+SE for RS4D 1928 + 22° 121 + 4° 69 + 2° 1737 + 19°

1) See the legend of Table 1
Mean value is mean + standard error
Values with the diferent letter are significantly different among experimental periods (p < 0.05)
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Table 4. Dietary intake, fecal loss and apparent digestibility of protein.

Periods” Subject No. Protein intake (g/day) Fecal protein (g/day) Apparent” digestibility (%)
1 56.97 8.99 84.22
2 58.84 10.55 82.08
3 54.32 10.21 81.21
4 56.74 8.54 84.94
CED 5 62.62 10.87 82.64
6 58.35 12.09 79.29
7 61.69 10.21 83.45
8 57.34 10.21 82.19
9 62.00 10.21 83.54
1 57.98 10.66 81.61
2 60.83 10.04 83.49
3 60.94 9.17 84.96
4 65.89 10.19 84.54
RS3D 5 60.02 10.15 83.09
6 63.60 10.04 84.22
7 62.89 10.04 84.04
8 51.81 10.04 80.63
9 56.85 10.04 82.34
1 . 66.72 8.48 87.28
2 63.52 9.81 84.55
3 65.14 9.83 84.92
4 67.82 9.82 85.53
RS4D 5 68.51 12.31 82.03
6 69.30 8.93 87.11
7 65.33 9.82 84.97
8 68.57 .9.82 85.68
9 63.11 9.54 84.89
Mean + SE for CED 58.77 + 0.94° 10.21 + 0.34° 82.61 + 0.57°
Mean + SE for RS3D 60.09 + 1.39° 10.04 + 0.13° 83.21 + 0.48°
Mean + SE for RS4D 66.45 + 0.76* 9.82 + 0.35° 85.22 + 0.51°

1) See the legend of Table 1
2) Apparent digestibility = ((Intake-Feces)/Intake)} x 100
Mean value is mean + standard error

Values with the diferent letter are significantly different among experimental periods (p < 0.05)

A AR TS 59 GEALF VNN F DH 20%
AEE Ao HAT A BT Qv & 4P
4 CED 24} 71710 19%. RS3DSH RS4D 7131l
HE 16% A= HARGOM, ot A 19 WA
ulgka] CED 713k uldtglont RS3DY RSAD7IZM
£ th e Bolgin
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+0.19 g/day= CED: RS3D 2 RS4De) Hlsko] tha
=3t (p <0.05).
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2 k], Az 8 3§24 oEs ¥z 47
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2 A7) 7 AN 9AH A F5go] Ay A7A
suvt 8o} g3 7 A4} 71208 F5go] HiRE o=
EHop £ A7) Al»%fﬂ AAtelA 44, RS3 2 R4 &
7Hl A% AY FE ASEIAE 27 ¥ A= 4%
59, CED, RS3D % RS4DAA} 8 A% 58 o v
T YL HAY 202 P74

6. 9% 3 BYAHE % HOL-cholesterol B3
3 & Zd26E 2 HDL-cholesterol %S Table



Table 5. Dietary intake, fecal loss and apparent digestibility of lipids

WHEEEBEE 3509 932~942, 2002/939

Periods" Subject No. Lipid Intake (g/day) Fecal Lipid (g/day) Apparent” digestibility (%)
1 34.37 3.12 90.93
2 37.94 3.08 91.89
3 44,49 3.57 91.97
4 34.59 3.68 89.35
CED 5 35.14 3.79 89.22
6 39.89 5.28 86.76
7 36.19 4.11 88.66
8 4414 3.61 91.81
9 51.53 4,04 92.16
1 33.85 3.15 90.70
2 31.15 3.51 88.74
3 30.28 3.32 89.03
4 29.30 2.63 91.03
RS3D 5 34.55 3.83 88.90
6 27.77 3.45 87.58
7 29.96 3.57 88.08
8 31.23 2.32 92.59
9 3412 2.82 91.75
1 31.55 1.92 93.92
2 29.61 2.73 90.79
3 30.45 3.16 89.61
4 32.09 3.96 87.68
RS4D 5 39.39 2.42 93.87
6 32.11 2.70 91.60
7 32.98 3.19 90.34
8 33.44 2.74 91.81
9 38.20 3.23 91.54
Mean + SE for CED 39.81 + 1.95° 3.81 + 0.22° 90.30 + 0.63°
Mean #+ SE for RS3D 31.35 + 0.79" 3.22 +0.18° 89.82 £+ 0.58°
Mean + SE for RS4D 3331 + 1.11° 2.89 + 0.19° 91.24 + 0.66

1) See the legend of Table 1
2) Apparent digestibility = ((Intake-Feces)/Intake)) X 100
Mean value is mean + standard error

Values with the diferent letter are significantly different among experimental periods (p <‘0.05)

67 23kt
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Table 6. Concentrations of plasma total-choleterol and HDL-cholesterol of the subjects

Periods" Subject No. Total cholesterol (mg/dl) HDL cholestero! (mg/dl) %HDL cholesterol (%) Al

1 134 47 35 1.9

2 180 63 35 1.9

3 151 64 42 14

4 163 33 20 3.9

CED 5 138 62 45 1.2

6 114 42 37 1.7

7 135 31 23 34

8 148 30 20 39

9 136 57 42 1.4

1 149 55 37 1.7

2 182 58 32 2.1

3 141 59 42 1.4

4 186 65 35 1.9

RS3D 5 132 59 45 1.2

6 152 52 34 1.9

7 154 38 25 3.1

8 142 54 38 1.6

9 161 55 34 1.9

1 166 52 3 2.2

2 203 59 29 2.4

3 127 53 42 1.4

4 169 53 31 2.2

RS4D 5 134 58 43 1.3

6 175 41 23 3.2

7 136 33 24 3.1

8 143 39 27 2.7

9 189 61 32 21
Mean + SE for CED 14433 + 19.05° 52.11 + 14.32° 36.29 + 9.37° 1.96 + 0.99°
Mean + SE for RS3D 155.44 + 18.25° 5500 + 7.42° 35.70 + 5.77° 1.87 £ 0.52°
Mean + SE for RS4D 160.22 *+ 26.60° 50.44 + 10.07° 31.89 + 6.89° 2.26 + 0.67°

1) See the legend of Table 1
Mean value is mean + standard error

Values with the different letter are significantly different among experimental periods (p < 0.05)
Abbreviations used: HDL-cholesterol: high density lipoprotein cholesterol, %HDL-cholesterol: HDL-cholesterolftotal cholesterol X 100, A.
L.: Atherogenic Index = (total cholesterol-HDL-cholesteroly/HDL-cholesterol
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