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ABSTRACT

Purpose: Zinc is involved in regulating homeostasis and metabolism in the body, and
understanding these processes is important for estimating intake requirements. This review
aimed to assist in setting the standards for Dietary Reference Intakes for Koreans (KDRIs,
2025) for zinc by examining specific factors associated with role of zinc in the body and using
the factorial analysis method.

Methods: We reviewed the zinc-specific factors that should be considered when setting the
required zinc intake to maintain zinc homeostasis in the body and used the factorial analysis
method for estimating zinc requirements for different population groups.

Results: Factorial analysis involves estimating the required intake based on various factors
that affect zinc metabolism and requirements. The key components and steps involved

in determining the zinc dietary reference intake (DRI), particularly the estimated average
requirement (EAR), include: 1) Estimating basal requirements, which involves calculating

the amount of zinc needed to replace natural losses through the intestinal (feces) and non-
intestinal (urine, skin and other body secretions) routes, 2) Accounting for the various
biomarkers related to metabolic functions of zinc, 3) Considering physiological requirements
for zinc, such as those for growth, development, pregnancy, and lactation since zinc is essential
for DNA and protein synthesis, and 4) Estimating the dietary absorption rate of zinc.
Conclusion: The factorial analysis for zinc requirement is based on scientific evidence

and is tailored to meet the requirements of different population groups, ensuring optimal
health and preventing deficiency. It includes considerations of physiological needs, dietary
absorption, and population-specific characteristics.

Keywords: Dietary Reference Intakes for Koreans (KDRIs); estimated adequate requirement
(EAR); extrapolation; factorial analysis; zinc
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Table 1. Zinc distribution in the human body»?

Organs % of total body zinc Zinc contents (ug/g tissue)
Muscle 49.5 51

Bone 36.7 100

Skin 4.2 32

Liver 3.4 58

Whole blood (including blood plasma) 1.5(0.2) 7 (1.25 ug Zn/mL)
Brain 0.6 11

Kidney 0.6 55

Lung 0.5 16
Stomach 0.5 13

Hair and nails 0.5 247

Heart 0.3 26
Pancreas 0.2 33
Intestine 0.2 15

Spleen 0.1 15

YApproximate zinc content (ug/g weight) of the respective tissues and the resulting proportion of total body zinc (%).
2The underlined values are the major zinc storage pool and the high dose of zinc concentration in tissues.
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Fig. 1. Zinc body pool and homeostasis: Zinc absorption and excretion.

Dietary zinc is transported via ZIP4 (zinc transporter in cell membrane to import zinc into the cell) of the
enterocyte in the small intestine, and then exported from the cell into circulation via ZnT1 (a zinc transporter
that exports zinc outside the cell). The basolaterally localized transporter ZIP5 complement by importing zinc
from the blood circulation into luminal enterocytes for zinc homeostasis. The zinc in the plasma, whether
bound to albumin or in free form, is taken up by peripheral tissues such as the liver, bone, kidney, skin, muscle,
and pancreas, where it is distributed and stored as a zinc storage site, including within the blood circulation
(zinc pool). When the zinc level in plasma is low, zinc from the pools in the liver, bone and reproductive organs
is secreted into the blood to maintain zinc homeostasis and plasma zinc levels (both-side arrows in black).
Therefore, unless zinc deficiency is fairly severe, the plasma zinc level doesn't change significantly. When the
zinc level is high, endogenous zinc is excreted through the intestinal (gastrointestinal tract, in feces) or non-
intestinal (in urine, sweat, semen etc.) route, with fecal excretion being the major pathway for maintaining zinc
homeostasis.

W Fof ofelo] AL EE 2 M T obed SE FHYS KA AshAE £ 8A2
2B o} Q12 A H0 2 24k} = S o3| ekt obel Lult S 8 stol
A U oble] F44S §A15HR ek [10).

ofefet Ao S AAUAM 2o o2 F4H obde Foe] LRIzt Aotst
A B e ofd o] 2 FE L Z (free zn™) 7t 22t 7|02 2 REE o] ol B A7
T} (zine pool). B ot 2] =7t A5k ofd o] A /373 A& s 7, i, A
A7)l A7 ot & @l o yEstel @9 ot 5= S RAIH (Fig1, 2
A oblk 7h 7] o] P SHEE B-1). ofd AR A oAb 2 B Al obdo] T
W= ASE7] (), A (W), T2 (F), A7 (B Ee ) 52 S8l of
A2 A2 S =M AU ot P E AT (Fig. 1, 72 554 Shd 1) of
A A Mol =AY YL ol = 2 B2 of A2 HBA I eI YRS
A 28k E2 E5l & W R viEsty] ot b il of ol EAFE Aol 2 A
Fshe ot o] A8t Ea 2, AU ool w2 dioll &= HFEE SolA Aol 2
ofA & i E S ke F 2 B Roltt[10].

https://doi.org/10.4163/jnh.2024.57.4.365 368



IJNHS

Journal of Nutrition and Health

https://e-jnh.org

Table 2. Factors for estimating the Zn requirement

Factors

Secondary indicators®
(for Zn metabolism)

Other factors affecting Zn

P FeA 1)2) :
Principal indicators requirement

(for Zn homeostasis)
(Intestinal losses)
= Zn loss via intestinal tract = Physical growth response to Zn supplementation = Zn bioavailability
(in feces) = Size and turnover rates of body Zn pool
(Non-intestinal losses)
= 7n loss via urine
= Zn loss in semen or

= Plasma and serum Zn concentration
= Erythrocyte Zn concentration

= Food components
(phytate, fiber intakes etc.)

menstruation = Hair Zn concentration
= Zn loss in integument and = Zn-dependent enzyme activity
sweat = Metallothionein and Zn-regulated gene markers
(Others)
= Requirement for growth = Indexes of immune status = Nutrient-nutrient interaction
= Absorption rate (%) = Hormones (Ca, P, and etc.)

= Circulating hepatic proteins

Zn, zinc; Fe, iron; Cu, copper; Ca, calcium; P, phosphorus; EAR, estimated adequate requirement.

BThe selection of zinc absorption (the minimal quantity of absorbed zinc necessary to match total excretion of
endogenous zinc) as the principal indicator is based on the evaluation of the ‘factorial approach’ to determining
Zn requirements, primarily for adult EAR. This factorial approach mainly includes the calculation of intestinal and
non-intestinal losses of endogenous zinc. These criteria as the principal indicators are used for the estimation for
zinc requirements.

2Using the factorial approach, these indicators are calculated to determine the proper daily zinc requirement per
day based on body weight.

JThese indicators are considered for assessing zinc status, but they are not directly used for calculating zinc
requirements.
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601 The amount of endogenous zinc excretion
5.5
5.0 4
4.5
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3.5
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1.0 |

Excretion of endogenous zinc (mg Zn/day)

0.5 The amount of absorbed zinc

0 05 10 15 20 25 30 35 40 45 50 55 6.0
Absorbed zinc (mg Zn/day)

Fig. 2. The relationship between endogenous zinc excretion and absorbed zinc.

The blue solid line represents the linear regression of 'intestinal' endogenous zinc excretion (mg/day) versus
absorbed zinc (mg/day), based on the means of ten studies involving healthy men (19-50 years). It indicates that
higher endogenous zinc losses result in increased zinc absorption to compensate for these losses. The dashed
lines (in red and in green) above and parallel to the regression line represent total endogenous zinc losses,
including non-intestinal (in urine, sweat etc.) in men and women relative to zinc absorption.
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20% FOI . LHFA] Q] A o] ol of F8-2 20-40% 2 ZH5HAL 910, Sh=Ql of el A
3 71&F Alitol M= 48 9k 40% F 22 Al4tstar ot

7} (evaluating requirements for special population groups)
19l So] 54 ATl e A b 0 2 W e st okl
273 Yrlo|tt, o] 52 I, 27 5] 50| BHo] oflo] ff WRFFEE o]o]

Ot QQI7HiY AF of|A|

of2ll u]= DRI Al 2R17HFR0) oJsll A ot el B 2 F& F5h= ol A& A AlsH3l 2H, o]
= FE AA P AT ZAtol] ot oln QA AT Aot 7

ol 5tA| 2R17Hb 9l oA & e stol E-8star glek. 1 9 AlF R A4 2RlS 3L
St A4t 2 -2 Table 30]) A A5 CE.

ofl) /g ]l &g o] ot B Ak Al

7|12 £ Y7L AL B ot MiEF 2F 3 mg

& 875 2F30%

"R AE: (V]2 EAFES4E) =3/0.3= 2F10 mg/day (FRHA Q1 2t BHAAHD)
ofl) YA ofd TR AH Al
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Table 3. Factorial approach for Zn requirement®?

Factor description
Example: For the case of adolescent body (15-18 years)
1. For make up the Zn excretion:
= Intestinal losses (in feces, etc.)
= Non-intestinal losses
- Urinary and integumental losses (in urine and sweat, etc.) 14 pg Zn/kg x 64 kg bw = 0.9 mg Zn/day
- Semen or menstrual losses 100 pg Zn/day
2. For growth:
= Requirement for growth
*Therefore, the required absorbed zn from factor 1 & 2:
3. Fractional Zn absorption rate (40% bioavailability, 0.4)

Estimation for Zn requirement

34 g Zn/kg x 64 kg bw = 2.2 mg Zn/day

10 g bw gain/day x 20 pg Zn/g = 200 pg Zn/day
2.2+0.9+0.1+0.2mg = 3.4 mg/day
3.4mg/0.4 = 8.5 mg Zn/day

Zn, zinc; bw = body weight.
“Body weight is 64 kg. A 34 ug Zn is needed for 1 kg body weight. A 20 ug/Zn is needed for 1 kg body weight gain.
AThe estimated Zn value is rounded up to the nearest near 0.1 mg.

712 &4 B7h A e o Ml EF 3 mg

58 97k °F30%

YA O R QIFH 7k 75 F 2 mg

oFAE: V12 AT+ 7S (3 mg + 2 mg)/0.3 = 2F 16.7 mg/day

(FAR, P A7)

o9} o] 29172 ol B e A5t o &85, ol2 FallA HhFRt <
TR ot AH 71EFS AAA ol AL Hok A gshA A7 4= Sl 2020 oFA A F 7]
FF2 AU 7IEL R ) YT BT (EAR) A2 2RI7Mh & &-85tof Wl &4
(Astel, 2 9 ol B3 &Ao) 4% 4D L fAlo] e Fdolduede 2w 2
25to] dAskel e, 2) YA F T (RNLEE RDA)E B8 e &l 372 ¥lo| A5 1
2 5to] A4 5H91.00 (EARS] 120% 425), 3) A8 2 2 (UL)-2 2] o o) & 2ol B A 4
= eiste] AAsioltt[8,9).

CHE x71S29] ord M3 7IEY d¥ o oIty

0| =3} Ffjubehe] 79 vl = 2 8 A4 (Institute of Medicine, IOM)2} 7HUtH AR 35
O &2 A]o]/d ¥ 7| (Dietary Reference Intakes, DRIs)= 2 5}, o]of| o} A A F 7] &7Fo] &
rElof Qlet. FE 27 (EAR), WA T (RDA), T2 HF (an), HAEHAT ()= A
A5t 9lom oJofa A2 7|22 o AFA A T} st 12 7]uko & MA St} u) 2} AUt
Cloll Al obel 412] 712k A4 o] a71ARIS H g aln], ke, S8, 54 A

2 7M1 A SIS 27h A 8 7S W aTh ).

L] ofd A 7IEF2 48 Tk ol AAstH Hd 2% (BAR), AAHT
ol

[e}
(RDA), Z-2AH T (A1), G AT (UL) 2 A AsHH, 42 Ul 1512] G dEieh Adg
ot 2AFElolE & 7= *“é A2 gt okl F VIEHS AT o 7Y

& 4 goti] Yaret 5 pol s 271 A YL AR Uk [23).

o= Bl nl= iy, Ao ofd A& 71ET 2 Table 401 A AT [4,9,23].
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Table 4. Dietary reference intakes for zinc in South Korea, the United States/Canada and Japan (adults)

Country Age EAR (mg/day) RDA (mg/day) UL (mg/day)
South Korea 19-64 Male 8-9 10 35
Female 6-7 8 35
Pregnant 8-9 10 35
USA/Canada 19-50 Male 9.4 11 40
Female 6.8 8 40
Pregnant 9.5 11 40
Japan 18-29 Male 9 11 40
Female 7 8 35
Pregnant 9 10 35
30-49 Male 9 11 45
Female 7 8 35
Pregnant 9 10 35

EAR, estimated average requirement; RDA, recommended dietary allowance; UL, tolerable upper intake level.

Z o

obele Aufol vl BRE T Wol A5t chepdt el A MEBHH /)5S 7T 9
7) ol 71 Aol ek F 24 0 7kl o Al o Hck. mlF B710Ql w3 A A
wo] o0, uhehd njaFo 2 Aol W et v JYga M 72T Aol TepH =
7ok 4% A 0] Aokt A2 olofof gk, A7 WL SHe obel Wake A A}
£ 30l obed 43 712 S FolIA, 53] 1 FAME A1 7)ol H: BFHAY
(BAR, 31T 171 B9 50% =) 73 A1) BRAAFE FEA71 - B AU 44

obel e HHS 24517] 915 2 9l7H L ofel W skl YRS 7)H) & Theket 2l
5S¢ FeHoR Tejsio] 47 7| ERe AYohs TYHQ Y2 Waloltt of2lst 2915
2 8% uloll AAFYAT 5 F 8 74 7o) 2750} gt obed ek 44
2 lsiM Delelt RIS EH 1) AUl ok E (Aol M A 0.2 sk WA of
o] £AY (LB S BT £ W A, 1R G 5o 045w S B3 ol £4)2 T}
oFsi A o] 2 BE a0k 5}u, 2) ol el o] therat AelH 7502 A7) AU o] s
Y RLD 5 24 YA 2 F71 DL, 4)oFA0) AU 48, MEA HET 49
+ g 2o) Yo § ol e 1ol = g ojof st

o5 2 A5 T2jsto] A A3 Zo] 2020 §Q) obel 417 7] ek olm, ot W ekl
e F N Q452 ke HAH 0.2 Prhsto] okl WRFS ARHTHE HollA] &
Q7MY e F 25 PP AE Wloleku (1Y 4 9tk o] 2915 F FHE Ty 2
77t B2 8 o] o} 2] B8 1| £5Hs HEE 9lon o] ej3t AT A S Fofrlof o] of
o 2.Q17kabol Tie Al ek A7k

ofel e thaFek el H W AEEAH 715 HA) 1 9lo] AHeo] FR5HA T AU A g
o] 2o} 43 712 A% Al TelA 27 ok A A Q) 1ol W e st d=Hel okl 43 7]
2L A7) oA S 2. baPH 0] AL T, o] = TheFet 29152 Tafste] ofed 1
241322 AAsH ol T 20059 Sl okl 413 7| E 3k Aol A Mrk netel @
QM S g 3te] RS0 ofdl JYPAH W A% Aol Ego] B 4 9l ol 4
7125 Aol 2 4 9171 ZIehatet,
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