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ABSTRACT

Purpose: The objective of this study was to develop a fatty acid database (DB) for estimation of intake levels of fatty acids
in the Korean population, using data from the Korea National Health and Nutrition Survey (KNHANES), Methods: Analytical
values of fatty acids in foods were collected from food composition tables of national institutions (National Fisheries
Research & Development Institute, Rural Development Administration), Japan Ministry of Education, Culture, Sports, Science
and Technology, US Department of Agriculture, and journal articles that previously reported analytical fatty acid content of
some Korean foods, The coverage of fatty acids was C14:0, C16:0, C18:0, C18:1, C18:2 n—6, C18:3 n—3, C20:5 n—3 (EPA),
C22:6 n—3 (DHA), SFA, MUFA, and PUFA (n—3, n—6, n—9). The fatty acids DB covered a total of 5,144 food items used in the
KNHANES nutrition survey. The food items were preferentially filled with analytical values of the collected data source, An
analytical value for each food item was selected based on the priority criteria and the quality evaluation of data sources,
Missing values were replaced with calculated or imputed values using the analytical values of similar food items from the
data source, Results: A total of 1,545 analytical values, 2,589 calculated values, and 1,010 imputed values were included in
the fatty acid DB, The developed fatty acid DB was applied to 2,112 food items available for 2011 KNHANES data, Mean
intake levels of total fatty acids and saturated fatty acids were 40.3 g/day and 13.2 g/day, respectively. The estimation of
total fatty acid intake was 84.3% (men 83.2%, women 86.0%) of daily total fat intake, Conclusion: This newly developed fatty
acid DB would be helpful in determining the association of fatty acids intake and related health concerns in the Korean

population,
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[ Step I ] [ Identification of food list ]

* Food list using data preparation in KNHANES

] [ Analytical data collection ]

» Domestic sources: NFRDI 2012" / RDA 20102 / RDA 20062
+ Foreign sources : USDA SR25% / Japan FCFR?®
 Scientific papers of fatty acids content in Korean foods

=H

[ Step III ] [ Determining the coverage of fatty acids ]

+ Coverage of fatty acids: C14:0, C16:0, C18:0, C18:1, C18:2
n-6, C18:3 n-3, C20:5 n-3 (EPA), C22:6 n-3 (DHA), SFA,
MUFA, and PUFA (n-3, n-6, n-9)

] [ Evaluation of data quality ]

Use of official method in analysis
Documentation of the process of analysis
Domestic sources

» Authorized publication

] [ Setting the criteria for a selection of analytical values ]

* Priority of selection

1. Domestic sources

2. Recent publication

3. Data quality and geographic distance from Korea

T ko] T
< < <

] [ Handling missing data ]

1) Natural foods
- Same foods, other conditions : calculation
- Similar foods : imputation
2) Processed foods
- Check nutrition labels
- imputation using foreign sources

or calculation based on ingredients

Calculated _ Fatty acid value of
value ) X Fat contest of target food

reference food
Fat content of reference food

[ Step VII ] [ Evaluation of fatty acid database ]

« Estimation of total fatty acid intake using KNHANES V-2 (2011)

Fig. 1. Overall flow of development of fatty acid database.

1) National Fisheries Research & Development Institute, Fatty Acid Composition of Fisheries Products in Korea, 2012.  2) Rural Develop-
ment Administration. Tables of Food Functional Composition, Fatty Acid, 2010.  3) Rural Development Administration. Tables of Food
Composition, 2006.  4) USDA National Nutrient Database for Standard Reference, Release 25, 2012.  5) Standard Tables of Food
Composition in Japan, fifth revised and enlarged edition — fatty acids sections, 2005.
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Table 1. Quality characteristics of data sources

Characteristics
Data Sources
B C D E F G
NFR & DI (2012)") o o o o x o 2012
RDA (2010)? o x o o x o 2010
RDA (2006)? o x o o x o 2006
Ohetal. (1991)% o x o o x o 1991
Jungetal (1993)4 o x o x x o 1993
Kim et al. (1977)% o x o o x o 1977
USDA (2012)¢) o o o o o x 2012
Japan (2005)7) o o o o o x 2005

A: Analysis with AOAC methods, B: Description on sample size, C:
Description on sample handling, D: Description on Sampling plan,
E: Description on quality control, F: domestic data G: Publication
year

1) National Fisheries Research & Development Institute, Fatty Acid
Composition of Fisheries Productsin Korea, 2012.  2) Rural Devel-
opment Administration. Tables of Food Composition, 2006; Tables
of Food Functional Composition- Fatty Acid, 2010.  3) Oh KW,
Park KS, Kim TJ, Lee YC. Korean J Nutrition 24(5):399-407, 1991.

4) Jung EK, Paik HY. Korean J Nutr 26(3):254-267, 1993.  5) KiIm ES,
IM KJ, Chung EJ. Human Science 1(9):699-705, 1977.  6) United
States Department of Agriculture, National Nutrient Database for
Standard Reference, release 25, 2012.  7) Japan Ministry of Edu-
cation, Culture, Sports, Science and Technology, Standard Tables of
Food Composition in Japan, fifth Revised and Enlarged Edition —
fatty acids sections, 2005.
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Table 2. Data sources of fatty acid database

Number of food ~ Number of food
Catego- items available for items available for
riesof  DataSources  yNHANESdata 2011 KNHANES
values
(n) (%) (n) (%)
NFRD (“12)") 136 2.6 60 2.8
RDA ('10)? 207 4.0 150 7.1
Analyti-  RDA(‘00)¥ 10 0.2 10 0.5
calval-  Literature*® 33 0.6 32 1.5
ves  Japan 5th (‘05)7) 589 11.5 306 14.5
USDA SR25 (*12)8 570 1.1 238 1.3
Sub total 1,545  30.0 796 37.7
NFRD (“12)") 195 3.8 33 1.6
RDA ('10)? 458 8.9 171 8.1
RDA ('00)% 43 08 21 1.0
Calcu-  Literature*® 125 2.4 30 1.4
lated  Japan 5th (‘05)7 1,161 22.6 429 20.3
values USDASR25 (‘12)8 530 10.3 232 1.0
qucrﬂzzsssfrom 76 15 12 0.6
Sub total 2589 503 928 43.9
NFRD (“12)") 26 0.5 5 0.2
RDA (‘10)2 123 2.4 47 2.2
Literature® 5 0.1 0 0.0
Imputed Japan 5th (*05)7) 201 39 79 37
values USDASR25 (‘12)8 499 9.7 12 9.5
Missing 81 1.6 17 0.8
Zero 75 1.5 40 1.9
Sub total 1010 196 388 18.4
Total 5144 1000 2112  100.0

1) National Fisheries Research & Development Institute, Fatty Acid
Composition of Fisheries Productsin Korea, 2012.  2) Rural Devel-
opment Administration, Tables of Food Functional Composition-
Fatty Acid, 2010.  3) Rural Development Administration, Tables
of Food Functional Composition, 2006.  4) Jung EK, Paik HY.
Fatty acid contents in foods of major fat sources in Korean diet.
Korean J Nutr 26(3):254-267,1993.  5) Oh KW, Park KS, KimTJ, Lee
YC. A Study on wé/w3 and P/M/S ratios of fatty acids ingestedy
university students. Korean J Nutr 24(5):399-407, 1991.  6) KIm ES,
IM KJ, Chung EJ. The Study on Fatty Acid Composition of Canis
Meat. Human Science 1(9):699-705, 1977.  7) Japan Ministry of
Education, Culture, Sports, Science and Technology, Standard
Tables of Food Composition in Japan, fifth Revised and Enlarged
Edition —fatty acids sections, 2005.  8) United States Department
Agriculture, National Nutrient DB for Standard Reference 25, 2012.

Ftskgle] FEaEA I ARE (2012) 025
13670, 2549 7154 AEE-AAE (2010)8237
B 20770, &8 72 IR AEAAERE AR
(2006)° 22 R-E] 107}, Jung 5 (1993)'30. 23] 177], Oh
= (1991202 HE 157, Kim 5 (1977)' o222 17))
21350l tigh 3k B2 F UATE 2 A5 9] A= dE
TR 54 SR IR AFAFAAEE AR A
¥ (2005)’23E] 5897) A%, v]ar USDA ¥F #FalX|
98t It dolEMo] A (2012)02 K€ 5707 2]
o gk EA3kS e AT

Ak e BAAEE A Kgh 2,5897) A%
o tisliA ks aEstAY FAIE A7 T 2
F AW e aEEke] ARSI A E U 4%
< o83 2170 AF, Y EAGS o83 1,167 25E,
n)a BAZES 083 53070 AEH FAE AR FES
85 7670 21350] o719 = At

AR 1,01070 2155l sl 2-8=lem, = #4
gk o8 A1F 15470, Y 223k o] 8-21F 20170, ml= &
23k o- 821 49971 9F A gHFo] 021 21l thal A
b SRS 0082 A3 7570 230 o]o)] siF=AT). o]
Qo= A thA|ghs 2A) B3 A5 F 8I/IE A
2F T 1.6%AT. 817 A% T 1770 4% 20111 d =71
QAP o] &8 AF o= FTAF ] (W &€
), AaF 370 (7] 9, BA0], EAUE), HAF 1
N CFEAA), FLF N G @), 2955/ 270 (3t
=, A7), AR S5 VN C8SkAE T, wEAb), 71E 6
7N Groll, e 7], wl57), ARl 2R 2 AU F) A
o] Z3=]o] Ut Y A] 6471 21Foll= $4F 370, A&
2370 CPEERUE, A5, m2E, viEle], BV,
SUE, g, SXUE, AL, oW, AAVE 5),
AR a7l (AL, GAHA, THAL, EF3kR), B
T 1070 (A, QU|AL A E, 0 F, Zsp by Efl 5),
oA F 371 (oF7] F), A B 57 1 (&=}, 3L,
Askat 8, Aok 5), ZE7FE 30, 71E 8 (58,
UEEE | $3), 1o, TRZYX 5F) AFo] 35
o] At

B AFoA 729 DBE 20119 F A7 E2AL 4
F AFF ARl H8ste] A AARS ARkls.
A Aatolls 2,1127) 21Ee] sFgrlar} o] 8E o
o, o] At g B4 ke S Srgakshele) g
IEAEAAE AEE (2012)°25E 607), F2X8H
o] 7154 ARE-AAF (2010225 H 1507, F&2
T3] A 72 NED AFAAERE 1A (2006) 27 E
107}, Jung 5 (1993)*0 2 BE 177), Oh 5 (1991)120.2

d



440 / A4t dlo]Efu o] 2~ =

Table 3. Estimation of fatty acid intakes in subjects aged 19 years or more using the KHANES V-2 (2011)

. Total (n = 3,824) Men (n=1,512) Women (n=2,312)
Variables
Mean 95% CL Mean 95% CL Mean 95% CL

Age 41.0 40.2 41.8 40.7 39.7 41.6 41.3 40.4 422
Energy (kcal) 2,131 2,083 2,179 2,539 2,470 2,607 1,729 1,685 1,772
Fat (g) 47.8 45.9 49.7 57.0 54.3 59.7 38.7 36.8 40.5

TFA! 40.3 38.7 41.9 47 .4 45.2 49.7 33.3 31.6 35.0

SFA2 13.2 12.7 13.8 15.5 14.7 16.3 11.0 10.4 11.5

MUFAS3) 15.5 14.8 16.2 18.4 17.4 19.4 12.7 12.0 13.4

PUFA? 11.6 11.1 12.0 13.6 13.0 14.1 9.6 9.1 10.1
Percentage of energy (%)

SFA 5.4 53 5.6 5.4 52 5.6 5.5 53 5.7

MUFA 6.2 6.0 6.4 6.2 6.0 6.4 6.2 6.0 6.5

PUFA 4.7 4.6 48 4.7 4.6 4.8 4.8 4.6 4.9
Percentage of total fatty acid (%)

SFA 32.5 32.2 32.8 32.4 31.9 32.8 32.7 32.3 33.1

MUFA 36.5 36.2 36.9 36.9 36.4 37.3 36.2 35.9 36.6

PUFA 30.9 30.5 31.4 30.8 30.1 31.4 31.1 30.5 31.7
Ratio to SFA

MUFA 1.19 1.18 1.21 1.21 1.18 1.23 1.18 1.16 1.20

PUFA 1.09 1.06 1.1 1.08 1.04 1.12 1.10 1.06 1.13

1) Total Fatty Acid  2) Saturated Fatty Acid
2] 1470, Kim 5 (1977)! 1 0 2 28] 17] A& B3t gk
Qs T AT T ARnEE B E«“i— gl 58 =
B QYR AZRFAPRE AT AEIE (2005)"27E 306
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oA gho] &85 2]3=-2 3887 o]t} (Table 2).

20114 3—1{]@701—030 ]-;q-g_i o]_Q_al- o} ]9/11] o]}\l-
oPdRte] Zhat A4S Table 30 A|AIBIATE AW
A TS 403 g2 AN AT 47.8 g7} vndt u)
84.3% 55 (A 83.2%, <A} 86.0%) 2.2 LFERHTE. 2010
A ghRle] FFF I T 194 o) Ad<lel| sy
ANE TR AH 7S oluA HHY 4.5~
7.0% =Eolttk. 5% DBE o83l 399 EAE
*HE“’ 132 g0 2 F AUR|9] 54% Folnen, F
A= = ]up\} /\-]_AE]ZO] ;qupuﬁak,] 85% _/;_7,:%13 Il
AP F ol 29 6.4% 7720 A= F =

3) Mono-Unsaturated Fatty Acid

4) Poly-Unsaturated Fatty Acid

Y

B7¥e 5 9l A2 DB Basht @) sfol £
20] 4%-2 TP ehgAo] AEH DBV} mlHIg 474
olc}. ofe] & AN FNAYGYEAL ARE BE

la] FU XHRAE AF 4228 Tjelst 4= = x4 DB
£ AAAR WeR F53lal ofd tid FEAdS HE
SkaLa} skt
FHSI A1Eel 759 133 DBE AT 2, o
¢ DBE GRS, tPRESATL (03
n-6), TEXSAA, FESA As5e skl
Ao Exs) Ji“ A2 YoAe B AuiE
ol whe} w-9- dolgk Ao R e}
Yo AZ7Ie A Be Ao ettt o]d 71&
At DB ARl g 2g el FUARdYx
AF AR B 248 = Qe g B4 AsE A48
Atk 71 DB Age= Il AF ARE o &8 BH#E
AgspEN ML AR A2 1) FRFITE
(2012)9] SHmale A ubak R E 2) 522184 Y%

30 o

|‘I

Qa9 (2010)2] 2010 7154 AR T -T2 /A4t 3)
FENEH FEALNEATA (2006)2] 2006 A 72} A
A AFAAERT AR 2A5E A3 238 A
WA AS 30 WHolA AASE Yol wle} Ak e
A gk 2-8-3tar o] T gk 7 %%—Er 3} 3to] DB 713
o ZA7} 2 F AESF 3IHTh. A4 DB 75 AL

=
HAEE BE ZAS % 1*]6}051 on, #F 75% DB =
A7 kzAL FEE= 5,1447) A3E] sl 7o



Journal of Nutrition and Health (J Nutr Health) 2014; 47(6): 435 ~ 442 /441

o

ofr

Az o] Sl wet & b Faghe T3

A57] 22 A% FRAF Y LA (20113) 2R tha
TZE A4 DBE 2851 ALk 194] o] 43219 &
A HPAE HFH RS 84.3% 502 w]=o] NHANES FA}
Ayt Bagl FALE JH el A AT 92.4%
Tl Aol vl 2 HFHFE vHdshs BlEo] SR
B2 712 Bag S A7) g% Blud ve
e FFo|Art.6-2022

Auk 2EH ) g o2 A RS 2] sy
rARSH 71Hg2lE o2 giAIskA] Kgt 25 2]
FT U FARE SR ARRIETT =2 AlFe s A
s st ApPAE S oA & AHEES A5
QS o, A M2} 2] FA kel = s Ao A5k
< 7= AEES Aol A9 HrEA] AW 13] A3
2ro] u]| - Lrolx 725 DBE AAKSH X Hbak A2 o] 2
WAAFHE gHlEdle S IR 2 AoE AL
SEY. A 789 AGEE =ol7] AsiAe 71E
SHFEA A5} A 2 OiAE St AEES HESH
GAH o2 Resfof & Aol

£ Agellx =35 DB 5 ellx 9] AlgHS Al
3 B, A4 DB 755 918l 71 DBE &89 =
DB9] 73-9- thA| gk Ak=ol] ©]-8-3F o)1= 2}5.e]] Hle| A}5.9]
AR SHo] WAL, A 2% o] w9 Al o]t
TS EAG] §lS W ALKk ARES flEl AR S e
AsE w9 AgHH ok, Aot Ak AHE TS
alXe 7= AL DB 2S F717] A% =8
o] Q7= ool Q3 A8 E B3| Wriok & a7
AT}

Ak DBY 8435 = &l
o] gjo} AR HIET} =& AEES TA0E sk

-

wAe] A dejeh HEE 8] 23 B3, o]
& A=) S W71k DB Heks 93 FF A7 A
ol 484 == 3l

A I Ame AR BHshs el 78 AES
AR, 7heAEe] B Al A= AAWAY AR
ASE BoBE AR 245 7122 T ARKE Aol
8 AT o= o4 Aol B3 A FEe] B4
i AF G 24 G AZE o8t AlE=
olgH AFe] At FFe AeFo=A B3 AE

-

o] 2k S Apke = 1SS 9fujgitt. o] & 23
7V A% Azl o8-8 AR} 1 kol Uik Akge]
Zo] IQshH, 7] =% DBE RS 71#9e] A8 F
= g3l
T ATE B3 FARE 2F S5 R LUl AE
A7 A& vlaAgRe 24 A AR 9] 2% AE *
2 AL FY 0FZ H4s &5 S Aolnh &
AS3S Bebshs #AollA -8 DB A5 Yo = AL
o] ofd T2 A8 3 7P He Agele
o tigt gAISE FRE V53 Ao] Fash, olHst
AR Z 7] 913 DB Hej = 4153 AA|ojof sl g, 3
4= Aol M= 0]2i3l DB FE| = A5 ojok & Aol
£ AllA DB 15 IS A8 #4188 S8l =
ga}gl o, 3+ DB ¥ ofe} 5 -& AIsHeE A5
9] DB #] Al2ElS B8 AlA|Z oz HeEshs Weho]
g3t B A7 A= a7k YA AR E o] 83}
o At A =4 A3 #AE EXEe 71
Agz &89 5 S Aol w3 &% F o 3dd DB
£ =58 U2 e 7R Eke sk A7 E A
= Aol L ofw] 7} dokar Azt

-

(@) OF
0 =

3 QAo S Sl Ak 4AEE 248
T QST FNAGGYRAIN Mg AFRSA 5
539 5,144709]) 4] ojsh A3 DBE 7534w, 1 3}
S SANZ eistel FF AP BET 5 U= 3
;‘ﬁ;\

AF e A ARE 7RO 7 sl 7o]o] A = 71
oA Wz 2k 9} Aol Wy stk B RS
g & 259 As AEs A AY Ak W
o= F=EQt. £35 DBE 20119 A7 dkzA
Atg0l A83ste] A AFHES 9% 29, T A
A RS AHF R 84% FFOE Aol By
A= Y FATTROE =2 7Y DB 753
oAl ERlE FAIHES B3t 2859 AE A
= Aol dadt Aoz AlgHTh B A7E B A ol
o} 77t YY) F8$ 7R AEE FHEHTR=)
o] e}7} Q.

e ¥

- T

o RIoT

References

1. Prineas RJ, Folsom AR, Kaye SA. Central adiposity and increased
risk of coronary artery disease mortality in older women. Ann Epi-



442 | A4k Hlo]EfH| o] 2~ =

10.

12.

demiol 1993;3(1): 35-41.

. Bray GA. Complications of obesity. Ann Intern Med 1985; 103(6

(Pt2)): 1052-1062.

. Huh KB, Lee JH, Paik IK, Ahn KJ, Jung YS, Kim MJ, Lee HC,

Lee YH, Lee Y. Influence of total abdominal fat accumulation on
serum lipids and lipoproteins in Korean middle-aged men. Korean
JNutr 1993;26(3): 299-312.

. HuFB, Stampfer MJ, Manson JE, Rimm EB, Wolk A, Colditz GA,

Hennekens CH, Willett WC. Dietary intake of alpha-linolenic acid
and risk of fatal ischemic heart disease among women. Am J Clin
Nutr 1999; 69(5): 890-897.

. Sacks FM, Stone PH, Gibson CM, Silverman DI, Rosner B, Pas-

ternak RC. Controlled trial of fish oil for regression of human cor-
onary atherosclerosis. HARP Research Group. ] Am Coll Cardiol
1995;25(7): 1492-1498.

. United States Development of Agriculture, Agricultural Research

Service. USDA national nutrient database for standard reference.
release 25 [Internet]. Washington D.C.: United States Develop-
ment of Agriculture; 2012 [cited 2013 Aug 19]. Available from:
http://www.ars.usda.gov/Services/docs.htm?docid=23635.

. Ministry of Education, Culture, Sports, Science, and Technology,

The Council for Science and Technology, Subdivision on Resources
(JP). Standard tables of food composition in Japan - fifth revised
and enlarged edition. Tokyo: Ministry of Education, Culture,
Sports, Science, and Technology; 2005.

. Rural Development Administration, National Rural Resources

Development Institute (KR). 2010 Tables of food functional com-
position: mineral, fatty acid. Suwon: National Academy of Agri-
cultural Science; 2010.

. Rural Development Administration, National Rural Resources

Development Institute (KR). Fatty acid and cholesterol content of
foods. In: Seventh Revision. Food Composition Table. Suwon:
National Rural Resources Development Institute; 2006. p.277-
380.

National Fisheries Research & Development Institute (KR). Fatty
acid composition of fisheries products in Korea. Busan: National
Fisheries Research & Development Institute; 2012.

. Kim ES, IM KJ, Chung EJ. The study on fatty acid composition of

canis meat. Hum Sci 1977; 1(9): 41-47.

Oh KW, Park KS, Kim TJ, Lee YC. A study on w6/w3 and P/M/S
ratios of fatty acids ingested by university students. Korean J Nutr
1991; 24(5): 399-407.

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

Jung EK, Paik HY. Fatty acid contents in foods of major fat sources
in Korean diet. Korean J Nutr 1993; 26(3): 254-267.

. Lee YJ, Lee HJ, Oh KW. Fatty acid composition of Korean foods.

Seoul: Sinkwang; 1995.

Greenfield H, Southgate DA. Food composition data: production,
management and use. Rome: Food and Agriculture Organization
of the United Nations; 1992.

Ahn HS, Park SH. Dietary fat intakes of pregnant women and feto-
maternal serum lipids and fatty acid composition. Korean J Lipidol
1996; 6(1): 23-33.

Lee-Kim YC, Kim IM, Chung EJ, Um Y'S, Kim SY, Ahn HS, Kim
ST. Fatty acid intake, serum fatty acid composition and serum se
concentration of elementary school children in Korea. Korean J
Nutr 1999; 32(7): 802-811.

. Lee SL, Kim SY, Chang YK. Comparisons of fatty acid intake of

hypercholesterolemia in women. J Korean Diet Assoc 2001; 7(4):
373-384.

Kim JS, Suh YK, Kim HS, Chang KJ, Choi H. The relationship
between serum cholesterol levels and dietary fatty acid patterns,
plasma fatty acids, and other lipid profile among Korean adults.
Korean ] Community Nutr 2003; 8(2): 192-201.

Chung EJ, Ahn HS, Um YS, Lee-Kim YC. Studies on fatty acid
intake patterns, serum lipids and serum fatty acid compositions of
high school students in Seoul. Korean J] Community Nutr 2004;
9(3):263-273.

Yu CH. A study on the fat and fatty acid intake of college women
evaluated through internet nutritional assessment system. Korean J
Nutr 2007; 40(1): 78-88.

Kwon SK, Lim SJ, Shin JS, Jang SH, Ahn HS. Comparison of
maternal fatty acid intake and fatty acid composition of serum
phospholipids between singleton and twin pregnancies. Korean J
Community Nutr 2008; 13(4): 555-564.

Ervin RB, Wright JD, Wang CY, Kennedy-Stephenson J; Division
of Health and Nutrition Examination Surveys. Dietary intake of
fats and fatty acids for the United States population: 1999-2000.
Adv Data [Internet]. 2004 Nov 8. [cited 2014 Nov 30]; (348): 1-8.
Available from: http://www.cdc.gov/nchs/data/ad/ad348.pdf.
Kobayashi M, Sasaki S, Kawabata T, Hasegawa K, Akabane M,
Tsugane S. Single measurement of serum phospholipid fatty acid
as a biomarker of specific fatty acid intake in middle-aged Japa-
nese men. Eur J Clin Nutr 2001; 55(8): 643-650.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


