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Estimation of Safe Maximum Levels of Vitamins and Minerals to Foods”
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Health Technology, Planning & Evaluation Board,™ Korea Health Industry Development Institute, Seoul 156-050, Korea
Department of Food and Nutrition,”™ Kyung Hee University, Seoul 130-701, Korea

ABSTRACT

The voluntary addition of vitamins and minerals to the appropriate foods may help reduce the risks associated with
low intakes of these micronutrients, yet the potential of excessive intake, particularly for persons consuming very large
amount of foods needs to be addressed. Using the Flynn's model to estimate the level of each vitamins and minerals that
can be added safely to foods, maximum levels of fortification to conventional foods per 100 kcal portion were esti-
mated. Critical factors in the Flynn’s model included tolerable upper intake level (UL), each micronutrient intake at the
95" percentile, the proportion of fortified foods in the diets of individuals, the proportion of foods to which micronu-
trients could be practically added, and a range of estimates for fractions of foods which might be actually fortified in
each nutrient. Food vehicles included all foods except for fresh foods and alcoholic beverages, in general. With for-
tification of 50% of all potentially fortifiable foods, micrornutrients could be added safely to foods at levels per 100
kcal 1) >100% Recommended Intake (RI) for vitamin B, 2) 1,200% RI for vitamin B; and niacin, 3) 1,000% RI for
vitamins B, and By, 4) 400% RI for vitamin E, 5) 30% RI for calcium, 6) 20% RI for folic acid, iron and zinc, 7) 10%
RI for manganese, 8) no fortification for magnesium, phosphorous and vitamin A, and 8) further consideration of
vitamin D, copper and selenium due to insufficient evidence. Results of this study suggests a wide range of vitamins
and minerals that can be added safely to foods in current diets of Koreans. (Korean J Nutrition 39(7): 692 ~698, 2006)

KEY WORDS : vitamins, minerals, fortification, tolerable upper intake levels, recommended intake.

=

—

N

JoPJeHe S (mandatory) 85t 2¢] (voluntary)
TREL GRS Fr WY B Be

HSRe d 7R3 F40] i o] He 3
$7b gout Qe wot o Ah3E

F219]9] 2]

t
JFPRE T T AW YR B 3
N2, BANE W ole 2l

Aed 120069 948 1949

AEd 2006 108 1Y

*Supported by a grant of the 2005 Korea Food and Drug Ad-
ministration (Principal investigator Se—Young Oh).

$To whom correspondence should be addressed.

E-mail : seyoung@khu.ac.kr

Littell A Al 2

t}? o)} #sle] Flynn 599 UnkalE9) viek
A 7r3} obA2 9179} Health Canada” <14 Monte ca-
rlo simulationg AHE-ste] 78 HudslrEo YAFY
el Ad7gell g wiej,

g ko] A AFE 5 Ve W A IR
ghefl ek g =5 RS WY Az,
7ha71EoA AEE AFsia o oA R 2FEAel %

© 2006 The Korean Nutrition Society

ZEro.

P i



- R R < H W . o
§ FETgENE 4T W P o PREEL L B S
T mBPTON o0 % . oo e ) G =
© St N m P g oW oo I wgﬁxj o = 7% = 3
S o 2 x o] W o X ~+ - o1 Y — %o 7o o Elo - < 9 % ® @ o o
& H o = ) w0 w0 _a o~ D o sz = o= or oo Wy T ®O o offl 51 0 0 9 9 & Q0 Q9
S i ﬁ,wf,.mWAzAdlwroo G - ol B SO gie (Y - 3|l o c oo oo 2@
oS M oT o aurleLLﬂE7,m.onD¢anme Zo T Lﬂw@ulﬁlmaﬁ_. WI 2l 8 8 & & ~ &8 &
= B N — o i = ¢}
$ o 8T A o = A B — B = F%Amblﬂ o KA 6
L A EwomEBEPTEARLLE R ELE N N MEE
a oS . Mo m — o T W gy i%q BOR L . >
& o S e ol Vo I do 3R RO LR a p FR TR E ~
R ‘_Mﬂwmim&maquﬁu fo TR A @o»&mm ﬁrH.nﬁ?ﬂ%ﬂ ._.mo%wi 2
S FTalgNgpiIalgen oo e BT A AR A 8 |E
R I N e S PEw miw L K g B2
® g <A s R 2 <= T R glosoweneooe
5 S oo ¥ ovo M9 W g w. T = % g T 3w T FEw gle s o220
8 SimepEPRSLTLEES BRISL nEmwhc 0 Br 3o ¢
I e 2 é o 90 = T g N .ok | ) o
. = LR v Rev i T SN 2oz Zn HO o) 7% 8§ un g B oW o
i ﬂﬂlu,_oﬂmﬂ o1ﬂo#A> z S U o Hi B 2 ) I Qo
N Mo 2 ol w = ap Mol o B B e - =0 w0 Q9 o
I I AN S S~ I N W 5 S BN 2L, 8%
G o o o — Z+0 ‘.a: o = IR NN %1 S <0 <X WA _/t ~0 Q LOL m__..o dw
W G T Tl e TS E  FE¥L ELhaph bl g fy &
8 mhxtgbpwes e el Bl BT T B gos N
& N o o} W %0 o M vl o T W oad % e 2 m_u_n 5o X0 g .,_lro @ o W ﬁﬂo M.E A ﬁﬂ :
R TR Ry BT TR g e § 8N T 3 i 3
2 2. U2y e - 4 &l T E Fo 5o N e W <A ue B ° 3 e
ﬂﬂﬂ%ﬂ%ﬂnwﬁﬁmﬁ%%CB@ B o) 3 5 o Ee o 8RR go g e T _ I 2
non - — T s N [ s Bl = ey ol = — © | 8o = N~ o -
1o L JALR-A R v o B - =R o ol o7 T = . o X = = N o» = s @
et NS o Q ) = nl BT om- W ) | ° @ oz A < 2
ﬁ%ﬂégoﬂﬁmzx WS o ® R o BB - D g E = Jreg 58 =283
TR TSN T EE T Galies e H S - glc &gt Lo
ol > g Y £ [ N
. _ o 2l u A/\um\)r,r,r,
FTHLO PR o WHEB T gl T LTy Iy Eal 1T 28%2232
=l o 7o ,Iu T o EAg| . o T o og O T NAELTEND290
i O & Mgy TROT L T P T 5 [§S82occll
PER e ﬂ__fﬁé,xwamuﬂaoﬂhﬂ__o%erﬂ; ~ = [££383%2£ 0222
. " WoE S TF - BT N 2o o W opp o B om0 oF Sogx O 3329 %% 3 08
u‘a,m_xm.ﬂoa%@@ ﬂﬁﬂ@;%ﬁﬁc%%dquﬁ@%ﬂ WSk S [8886 8200
=N 0 = =T - = - W 2o et o c c O = =
EL M»o OT N = T I or T i Jr‘_ == ™ T N o HT =n O o £ = e
; o = ._ b o ol g ¢ 2 ET T DD
e BT By EY R dsglogew TME 8 jee3s385555
ﬂﬂdi_/ut Lﬁgo] mxf_ﬂ7 R ﬂ%A@o]one _1» £ S50 EE&
— & I R o) BE AN ﬂ,_sﬂ%ﬂAzw%ﬂ.iﬂﬂMﬂf P S loowoaooaao
WERERRT s gr P leRewE  me T Tl T o H ez|"22838°288
moﬁ%w,m.u_.?%ﬂﬂ NI o H g @ﬁﬁuﬁw@éﬁ A1 Wdhmqugem
ool g X S g H® oW 7 oﬁyko%ﬂw%mo% 1o ol Qglioensean -
A B T B - N TR S T o e PoE P 5|2V Cge RS -
] —_ — 0 [ 0 -
Jm@ﬂm?ﬂu%%z“o“aiﬂl%ﬂﬁa@@ﬂnﬂx H= o W Ly ORI R TR R
__01_1/1 = TO Ly ﬂ_ol]Hr_ﬁﬂoT - mh Eoetw_o»oUl.LlEn#ko 84 o 2|5|le = B
oo R oA NN S ro - g R W W A 2 R I N e N O - T o)
ﬂ%}wlur.o_mo%ﬂﬁﬁu,w%mﬁﬂafrﬁfr oo,%%mmm V& E|S|v - gYyga-g
O = wn 14 o ol W K ]iﬂ% < e e S I N =
EE% l»A__o K _K%LI Ow‘t 7T E_]A‘._M‘t oY R R
o L 90 X D A ge] Ao — N © ) ~o m .
Nl i R e N S TEsH 5 (5. 55502
NI A N R P e = Fo o~ O N ™ o ) X < 3 ~ £ OB O O £ >
XN o re < X 2 ~ thAu}]J;7 =) . sl=[f2¢g x> S
FERTTE Y P ok m BT Twe TG B o% S| s 58. 82
TR %ﬂiolo&ﬂe_eﬂe T X X ) N F M oom Nw ronaiMmDE&m&m@(m
L;Moo#akvy Wompuﬂﬂ dl%m@,m_wmi@:%iaTﬁA%M Mﬂoﬂﬂko....m.m.m.mm.m%mm.m
o@o@_sbb%ﬂo\ &o&owmmﬂﬂboﬂwo%m — oF = - ._JﬂmT%ob mmm.mm@d%%
~ N g )T O s do 5 W 90 ,A“voof BN BT — BA] 282835880895
I RO == S I e I W WG W T N = B NI R RGN T55P25=2804

2000

3.5 College women (n = 50)

2.21

3.81 =
1) Recommended intake for males aged 20— 49 yr

Manganese (mg)
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Table 2. Proportion (%) of energy intake from fortifiable foods in
male adults calculated from the 2001 Korean hedlth and nu-
frition survey

Male (n = 4,631)

Option 1 29277
Option 2 28.1
Option 3 26.7

1) mean (range by age group), 2) Unit (%)

Note: Option 1 included all foods except for fresh produce
(grains, fruits, vegetables, meat, poulity, fish, shellfish), alcoholic
oeverages, animal faf, seasonings (salf, soy sauce). Option 2
consisted of all foods except for widely used fats and oils and
foods excluded in Option 1. Option 3 included all foods except
for most of fats and oils and foods excluded in Option 1

Table 3. Energy intfake of male adults (20—65 yr) by the 2001
Korean heaith and nutrition survey

BB E B e 39(7) 1692~698, 2006 /695

9%
-
\O
o

O

T
b
=2

o ojokrkel TRAES 50%7} Zradcha 8 uf
i kel A s 267 (MIER C) - 13,134 (4]
B, %2 BYE BHItHTable 4).
-+, BlER ~t e beAEe 100% 7aket
Hoslg50] 100 keald AFAHES 22 99%, 83%
Ao 50% % i}ﬂ AL 198%, 167% = VeERdth A
dl ojsrt ol AehelEe] vl-go] 100%$F 50%Y
w22} 31%, 62%, 242 15%, 31%°1Th G4k 9,
A, oA AeeAlEe] 25~100%7F 7kt &
i 10~46%2] H9Z Bl Yk 8~32% $55 e}
ok vkl s HolEg o] -9~0% 2 e Y
st nwoi AASA] obg-g o = Qo vlER A

N

o]

¥

)

o
0£~Ar

OTL

All corresponding v exclusion of = Ho 5187 A-eol Wt 13~258%F WHEbst
subjects those with either
included > Z,SOO kCQ.| or
00 kcai J—l_ g

Number of subjects 2,844 2,833
Mean (keal) 2,393 2,382
Median (kedl) 2991 5291 £ s vt dnbAEe] e vlelyl/5F714 |
95% confidence 4142 4013 Ve vhaE e A FAE Arlsl] SlE o

interval (kcal) TR Aol Fee gt Aot ek
Table 4. Safe maximum levels of vitamins and minerals that can be added to foods

Units (mg) or (1) Expressed asRls” % Foods fortified (of total available)”
Nufrient RI uL” Clos” uL” Clot” (U’\El_§‘%) 100% 50% 25% 10% 5%

Magnesium (mg) 350 350 369.9 1.0 1.1 -0.1 0 -1 -2 -5 -9
Manganese (mg) 3.5 11 75 3.1 2.1 1.0 8 16 32 79 159
Zinc (mg) 10 35 22.3 3.5 2.2 1.3 ] 20 40 101 202
fron {(mg) 10 45 322 45 32 13 10 21 42 104 208
Phosphorous (mg) 700 3500 2547 5.0 3.6 1.4 11 22 44 m 221
Folicacid (@ | 400 1000 4207 2.5 1.7 1.4 11 23 46 115 230
Vitamin A (RE) 750 3000 1812 4.0 24 1.6 13 26 52 129 258
Calcium (mg) 700 2500 1176 3.6 1.7 1.9 15 31 62 154 308
Selenium (¢« @) 50 400 203.8 8.0 4.1 3.9 31 62 125 311 623
Vitamin D (¢ Q) 5 60 7.4 12.0 1.5 10.5 83 167 334 835 1670
Copper (mg) 800 10000 3.9 12.5 0.0 125 99 198 397 992 1983
Vitamin C (mg) 100 2000 359 20.0 3.6 164 133 267 534 1334 2668
Vitamin B (mg) 1.2 50 3.21 4.7 2.7 39.0 317 634 1268 3170 6340
Vitamin E (mg) 10 540 20.1 54.0 2.0 52.0 413 825 1650 4126 8252
Vitamin Bs (mg) 15 100 2.82 66.7 1.9 64.8 514 1028 2057 5142 10284
Niacin {(mg) (nicofinamide) 12 1000 43.3 83.3 3.6 79.7 648 1296 2593 6482 12963
Vitamin B; (mg@) 1.3 200 263 1538 2.0 151.8 1234 2469 4937 12343 24687
Vitamin Bz (¢ Q) 24 2000 14.2 833.3 59 827.4 6567 13134 26267 65668 131336

1) Recommended Intake

2) By total available is meant the 30% of all foods that are assumed to be fortificble. Vaolues were calculated using the equation,

MA/(0.3 x 41 x % foods fortified)
3) Tolerable upper intake level
4) 95th percentile intake

5) Maximum dllowance which can be added per 100 keal food without exceeding UL at the 95th percentile intake

95th percentile energy intake =4,100 kcal

UK expert vitamin & mineral group upper safety limits are used for ULs for vitamin B, and B;
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Table 5. Safe maximum levels of vitamins and minerals that can
be added to foods by selected countries

Korea EU Canada
Nutrient Per Per  Daily value for per
100 kcal 100 kcal reference amount
Magnesium No 5-10%
Manganese ? (DB?) No
Zinc 20% 10—-40% No
Iron 20% 10—-40% No
Phosphorous No 10-40% NA
Folic acid 20% 50-100% 10%
Vitamin A (RE) No No No
Ccaicium 30% 10-40% 10%
Seienium ? (DB?) 50-100% No
Vitamin D ? (DB?) 50-100% 10%
Copper ? (DB?) 50-100% No
Vitamin C 250% 100%°1% 20%
Vitamin B, 800% 50—-100% 20%
Vitamin E 1000% > 100% 20%
Vitamin Bs 1000% > 100% 20%
Niacin (nicotinamide) 1200% > 100% 20%
Vitamin Bz 1200% > 100% 20%
Vitamin Biz >100% > 100% 20%

No: Fortification was not allowed, NA: Not available
? (DB?): Not determined due to insufficient available database
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