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Abstract This study was conducted to evaluate vitamin D intake of Koreans in a
total diet study (TDS) and to determine the effect of irradiation on vitamin D
synthesis in mushrooms. For analysis, sample were saponified and extracted with
hexane, and vitamin D was quantified by liquid chromatography-tandem mass
spectrometry (LC-MS/MS). Based on the validation results, the recovery of the
National Institute of Standards and Technology (NIST) standard reference sample
(SRM) 1849a was 96.7% and the z-score of -1.6 was obtained by the Food Analysis
Performance Assessment Scheme (FAPAS) proficiency test (PT) 21115. Vitamin D,
was not detected in any samples, and the highest level of vitamin D3 was detected
in mackerel and anchovies ranging from 24.2 to 120.2 pg/kg. The mean daily intake
of vitamin D was 0.99 pg/day, as estimated from the vitamin D contents of the
analyzed foods and their corresponding intake. The adequate intake (Al) of vitamin
D based on the Dietary reference intakes for Koreans provided by the Ministry of
Health and Welfare is 5-15 pg/day for Koreans aged 6 to 75 years. Compared with
this Al, vitamin D intake of Koreans estimated in this study was inadequate. For
that, the increased vitamin D content in ultraviolet (UV)/sun light irradiated
mushrooms warrants further research to increase vitamin D intake of Koreans
through diet.

Keywords vitamin D, Korean total diet study, LC-MS/MS, mushrooms

1. ME

HEhel D QA W 24
A AR

olgEt ohe}, Wzl AEE
4, B}, WA, BB ABE 2EHE )58 7

i
O w(Plum¥ Deluca, 2010), ¥ A7}

N
N
>
Rl
;:o

109


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2023.30.1.109&domain=pdf&date_stamp=2023-2-28

Vtamin D analysis in total diet study

o] F8%t Od@'e st= AH|EC|tH(Shin®t Kwun, 2012).
HIEH Dy= 2 A5 9sf S AEA AFd &
sk, HEH Dy A =& E s o wFolA] gt
S0A 1L 5E4 AlEo] EA3HChoi, 2011). BERI D
= H59 ZHaA| et AFEARE FA = 7-tstol
2 EZH AHE(7-dehydrocholesterol)o] A+JA Bojl 9
3 BRI D32 A3tE o] $MIHHKwonT Yang, 2017).
Q1A HlEH] Do] 8 F59-2 A H[El D 34
Eo|(Tangpricha &, 2003), tHF22] AFFE2 HlERT
D 872 90% old= AY &= Boto] AUtz
TS 4 QlthHolick, 2004). g2 T3 AA ] QL
on, B Agol= &, v, g2 5Y =E0| 954 7}
2] s AL v AQJA eF AFFO] FAEIL, AR
N 5o Sl ofste] HlEIl D & HgFo] 2
t1 cHBinkley 5, 2004). HEFY] D7} H=5tH
oA A 3, dF o 59 wHEge] T eelo]
}6}5 Ao HuEI tHHolick, 2004). E3H =
L7t BoA WA SHa5oE SHEE STlelL, 2
tAFa 2EBLE s, AFASl et AFg
FE A 3ol 7Kt (Holliset Horst, 2007). 3
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& 4,000 TUCI=HAL Fow, of= 1€ 10 pg ol 3T
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B ATl FA0|2A T A15o] Hhste] Aok 3
A B AE D A GRAFe] 2AS LC-
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E o] ARESH HeR DO HEEFE ergocalciferol
(Vitamin Dj, Sigma Aldrich, St. Louis, MO, USA),
cholecalciferol(Vitamin Ds, Sigma Aldrich, St. Louis,
MO, USA)-2 7+ 1,000 mg/L7t S5 Hghea 245}
of ARSIt MA o] AFRE = HELE - oleE &9
L 9 Z&ZE(Sigma Aldrich, St. Louist, MO, USA)}& ofgt
2(Daejung Chemicals, Si-heung, Korea)ol| o] 24
3199t} BHT(Sigma Aldrich, St. Louis, MO, USA)E &
AHJ.T Baker, Center Valley, PA, USA)° &9 0.01%
BHTZ 3835l dlito g 2A5to] ARR5H9 ., $4takd
F(Daejung Chemicals, Si-heung, Korea)& Z&59
50] 1 N, 0.5 No= XA|5to] AREsIlnt. HlsZed|Ql
(Daejung Chemicals, Si-heung, Korea)2 WeH(.T
Baker, Center Valley, PA, USA)| o] ARSI 44
St A g8 0 7 BB ARG E F(Daejung Chemicals,
Si-heung, Korea)Z AR&sIATH A g &= gk
(J.T Baker, Center Valley, PA, USA), SAK].T Baker,
Center Valley, PA, USA)= A8, B2 2&E444
(Milli-Q, Millipore, Billerica, MA, USA)Z 18 M °]4+
9] 2345 ARGl 717184 &HlE+ HPLC 6852
HERE(]. T Baker, Center Valley, PA, USA)O] ofA|EAIR}
T #(Daejung Chemicals, Si-heung, Korea)& =0 At
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7V 10871 51 At A% & 5 2et 2wt
A AR ¥ S £ 250 ml 24 Rz 710t
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(LC-8050, Shimadzu, Kyoto, Japan)& o|-&slo] EA5}
At XA Table 13 Zth
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HEtY] D A0l digk f-84 A52 s Codex
7to]=8}Q1(CAC/GL 71-2009)°] wheh HeFxol 244
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Table 1. Operating conditions to HPLC-MS/MS

Parameters Conditions
HPLC Flow rate 0.45 mL/min
Column Cig 160x2.1 mm, 2.7 um
Column temperature 40C
Mobile phase Isocratic 5 mM ammonium acetate/MeOH (5/95)
Injection volume 1 uL
MS/MS Interface ESI
Nebulizing gas flow 3 L/min
Heating gas flow 10 L/min
Interface temperature 300C
DL temperature 250
Heat block temperature 400C
Vitamin D, Precursor ion 397.30
Product ion 107.1, 105.1, 91.0
Vitamin Ds Precursor ion 385.10
Product ion 107.1, 105.1, 79.1
(spiking)sto] #£49] & & &3 A2 Aogh(spike = HST 23, H[EH Ds ASEE 0.111 mg/keol i3]
recovery) 2.8 FHE(F4R)E Atetgtt. d4& A4 3R 2423 0.107 mg/kg«l e A, Feg
Al IR Do $-2 EAHAO] 125 pg/kgd] 228, 96.748.8%2] AIE A9t

HIEH Dsi= 42 Aol 25 pg/kg 5= 2= H7tst
of 33] MHEAYS skeleH, 34& A= HEW D
93.745.3%, HEtY] D3= 96.9+5.1%% codex 3-89
80-110%E W=ste 298 ¥ & WUt 4=
(limit of detection, LOD)& Al&0] £A k= &4 dAE
AZ A4S 7 AUe HawhE, 494 JATEE 79
At BAKvariance, S)¥ EZHAKSD)E AAFSE &
FZHAKSD)x3.3/S&E ALttt AFRA(imit of
quantification, LOQ= EZHAKSD) x 10/SEH2 AlAkot
%ict. HERl D,9] LODE 0.005 mg/kg, HIEFTI Daﬂ LOD
< 0.002 mg/kgC® & EAYHo] Agels HojF
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HER D &4 gt A5 9¢ AsHE=E
(certified reference material, CRM)S ARRSIIITH
NIST(National Institute of Standard and Technology,
NIST) SRM1849a(Infant/Adult Nutritional Formula-I)
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39.1-120.2 ug/kg, I15O(FA7))E 24.2-49.4 pug/kgO
2 HAEHS, BAEZDAA = 29.0-124.0 pg/kgo &
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Table 2. Vitamin D content in foods (mushrooms, fishes and shells, eggs, meat, pulses, milk, cereals, oils)

Food group Food name Cooking method Concentration (ug/kg)
n Vitamin D n Vitamin D3
Mushrooms King oyster mushroom Broiling 1 ND 1 ND
Boiling 1 ND 1 ND
Stir-frying 1 ND 1 ND
Oyster mushroom Boiling 1 ND 1 ND
Stir-frying 1 ND 1 ND
Shiitake Boiling 1 ND 1 ND
Stir=frying 1 ND 1 ND
Fishes and shells Bonito As is/raw 6 ND 6 11.6-29.2
Boiling 6 ND 6 54-17.3
Stir-frying 6 ND 6 7.6-24.6
Pollack Boiling 1 ND 1 ND
Mackerel Broiling 6 ND 6 39.1-120.2
Pan frying 6 ND 6 24.2-49.4
Anchovy Stir-frying 6 ND 6 29.0-124.0
Squid Stir=frying 6 ND 6 ND-7.6
Shrimp Stir-frying 1 ND 1 ND
Mussel Stir-frying 1 ND 1 ND
Scallop Broiling 1 ND 1 ND
Oyster As is/raw 1 ND 1 ND
Processed products Fish cake Boiling 1 ND 1 ND
Stir-frying 6 ND 6 4.6-13.4
Eggs Egg Pan frying 6 ND 6 7.8-33.1
Simmering 6 ND 6 1.7-8.2
Boiling 1 ND 1 ND
Meat and meat products Chicken Deep frying 1 ND 1 ND
Boiling 1 ND 1 ND
Beef Broiling 6 ND 6 ND
Boiling 1 ND 1 ND
Stir-frying 1 ND 1 ND
Beef, by-products Broiling 1 ND 1 ND
Boiling 1 ND 1 ND
Pork Deep frying 1 ND 1 ND
Broiling 6 ND 6 ND-12.2
Stir=frying 6 ND 6 ND-7.7
Boiling 1 ND 1 ND

https://www.ekosfop.or.kr
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(continued)
Food group Food name Cooking method Concentration (ug/kg)
n Vitamin D n Vitamin D3
Meat and meat products Pork, by-products Simmering 1 ND 1 ND
Boiling 1 ND 1 ND
Pork products, ham As is/raw 6 ND 6 ND-6.8
Boiling 1 ND 1 ND
Stir-frying 1 ND 1 ND
Pan frying 6 ND 6 ND-4.1
Sausage Boiling 1 ND 1 ND
Blanching 1 ND 1 ND
Stir-frying 1 ND 1 ND
Pulses Soybean milk As is/raw 6 ND 6 3.1-15.3
Milk and milk products Milk As is/raw 1 ND 1 ND
Cheese As is/raw 1 ND 1 ND
Semisolid yoghurt As is/raw 6 ND 6 ND-5.1
Liquid yoghurt As is/raw 6 ND 6 ND-136.9
Processed products Cereal As is/raw 6 ND 6 64.5-155.1
Biscuit, cookie As is/raw 1 ND 1 ND
Snack cookies As is/raw 1 ND 1 ND
Oils Perilla oil As is/raw 1 ND 1 ND

ND, not detected.

H1, 7IhEol(B7)E 7.6-24.6 pg/ke, 7FcEgo](Fo]

NE 5.4-17.3 pg/kgC 2, It29} B7| Kt} Fo|7]oA
9] F7t WA AEEAT. 2l(E7)E 7.6 pg/kgo &
HAEEH, FH/SHEel7), M-EF7D), T/AFEA
&7, 7HIRIE7), SHIHR)eIAN= FE=A Aot 4
5] g2 F50] diol AFAEROMNYH) dIE v
3 Hoke o, Wel(F=2 Z2)olA 13 pg/kgC 2 HEEHIA
o, (Aol = AEEA Eoktt &3, 7], =29

N

(¢}

A= AR ERONMAN T A&l HA ot A
g 783t o] 52 ND-13.4 pg/kgo 2 HEHJUAL, B
2 ND-33.1 pg/kg? ==& HEH] Dy7F A&o] =ik
972 2R A HE D7} o 2 FE SRt
A Qled], ol EAdkE Ala = Al Bixket Ecéx}
g EEjoir] 4a g AAE dAsteto] 245ttt &

N
1o
P
f=l
N
1o
oM,
—{o
I

= ZEHolA Aol HA ekl
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HALZ|(Z7)NA 12.2 pg/kg, HALZNEZDAA 7.7
rg/kgd =2 FAEo] Hh ol 417 §17]9
Hlsf| FjA|327]of] AHo] Wol £/ & 2 vE HE0
H Zog ®Holth R 3.1-153 pg/kg® TER
AEo] H9l1L, T2 HAAHE A=A sterolollA] HEH D,
7t o] Bz AoE IHA Sl dEE e HIEN]
DsZ, oli= B[Rl D A8} AlFo] ZotE o] U2 ANE
lES FAEY A5 AFESERAHMN A Aot
S5 AlQdR BE SRolA AEEA 4taL, & AtollA
FAE 5 7 A 2o = AEHA GUAT, 87EE
(Ad)olAe= 136.9 pg/kgd w2 T=E AE°] HAUTH
7FAE 5 A FRolA= HIEH D7 AEEA 43te
U, Alg oA 4.5- 155.1 pg/kgd w2 5= AE0]
=T, o= HEH DyE A3t AlEe] 23d d3=E

BRIt} Shrapnel®t Truswell(2006)0] w24 H|E
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Dy7h ARl HHET dEA o, HARAS
HA, LERHA, A A= BERI D7t AE0] H

A okoktt. Zhu®t Okamura(1995)0] = Ao H]et
9 D7t A EEE WA & 284 sterolQl ergosterol©]
Ao Aof| ofsf FE3ste] ergocalciferole] H=H], o]
St 3go] A7 3 Igof] ZFE A got AEE A F2
ZA0g 7HFH

3.5. HiA100A19] HIEFEI D 25

H A9l AE4 steroll ergosterolo] X2JAo] o) 3
o= o] Bl D7t AT LA 1o, F4lolx
AE ol 2AE HA(SIHA, “EHA, EHA)
o] &4 Az}, Hletyl D7} AEo] HA| et ool A2jA
o] o3t HEtl D, A4S ERIsk] el AEE xgst
Ak HAY] /= GRHH o= o] HFste 5E(FH
A, FolHAl, Wol A, LEHA, AjSolA)or A4
Sttt Yl L EA|7RE 1A]7F 3A17F GAIZHEITHALS
355 12A7h) 2 & stof Aujeh QoA Bl AdS XI5
Sttt eEAIZE EPE' HAS AXFA(eEAT A - &
FA)E &7t 8 BAE TS vlusiih. A9 Al
HAZ 500 g& *}ﬁ—}%‘i , =42 13& JPsteitt. 4
HollA 2ol 1417t o] LeZEsiolS o HolHAlZ A9
o HE HAONA BB D7t AEEA] Gt AQofA
o] & AlTRE HEA Sto] E41%H A3 AR A
8% 1AZF =& Al BRI Dos= 35.5 pg/kgollAl 12A12F
% Al 303.4 pg/kgQE oF 8.5 wobAlth AR EIIH]
A2 AQjoA o) 1A7F 2E3AIFE W 47.9 ng/kg,

ol

2A17 =2 RS 1 1,520.2 pg/kgO & 9F 31.74) o}
g 2RI 4= AU YoHAL A7 LEFS 1 14]
7 wE2A7] ARk 1,48, “eRHAY A= 3.5H],

ASolAle A= 2.74) Eods gRlstgitt. Adgt
A B SO wEA|AeE v D7t EoHlY, 1%
Az #IHA] T WA Hlg] EobdS Rlskiith
Lim 5(2022)0l o= 2t Az FaH A4 77.59+
12.82 pg/100 g F&olH A4 68.81+£1.18 £g/100 g,
FLetHAl 62.33+4.51 pg/100 gO & H|etdl D, g
o] ZoHE gl HolHAL thE HAlI= T2

N
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7V 3RO, giA A, Zeka] Axg A
Z)°l w2 Blgt D9 sk Afo]7h §19 E‘ri HIEGE
g, £ AolAz Ao Ao Ay =& A7 %57}
H[5 A HEEAUHLim 5, 2022). HolHA9] 73

uigt Al&of A vl D,9] &7} 500-700 /zg/kggi
243 AN, WY LEBAEE YA RS Rfo|Z Ko
ZItH(Table 3). EIHAY] 3%, o] L&A[7] Fef(H
A9l &, ot wet HER D, 59| xfolE BRlstiiAt,
EEFHE 1) W A 2 IdE, 2) 284S AAT
7ol 912 FoleF o ‘N’ B, 3) FEo| AE o=
VU B F 3719 FEE, BAE Bl 2
o FefE th2A o] HEE spoich. BUHAY AL, |
Bt Do9] S=7F ‘N HYOE 1ARE =EAHES dolle
7.5 pglkg, ‘U BFOE 1AI7F EAIHE o 52.8 pg/kg
oz ‘N &gl vjg] ‘U oz Ax Al oF 74 Eoby

2 21 4 YTHFig. 1). AT Ao 2BAA A
2 AW AL, IO FFL Wol ol BAvt 5 B

H AL of| A1 HlE}‘{ D.7b A=A ERlst7]= ofZ ik
Choi(2017)9] AollA Sl & k9] 4ol opd ZpejAd3Hx
£ o]&sto] UV-BE A & H[EH D9 A7AIQ
ergosterolo] HIEH D,2 X3S gRIgh 2 Farsto],
A AR70] FIHAE do] AYAS =EA7|= A
< APolit. A &3 Ao} vTHAR A
Az719] Yol AAE =EAIZ] A R A e
D9 =7 ‘N EYOR 308 =EAFHS o= 115.7
pe/kg, ‘U BFOZ 308 LEARS W 235.4 pg/kgS
2N B2 B U BFOR Ax A oF 28] oS
golst 4= QIdtt. Ko 5(2008)0f w2 &to] A% HAL
QA 2AFSHz Zlo] HA| HAY FEolY 2t 2ASH
AETH 2AF & HHo] 37| wjiZo] H[gHl D,9]
7Rt B1E9la, o]of et LEFHE Hol
FUHA (& A)S AYA RALSHY] HIEH D,
elstant. AFelAlol kEA|7]A] ok ARIH
Zto]A)9] e D, e 7 BAT 23 67.3
rg/kgel WL, AJAo] 308 &3 AREI(EE0|A)9

SEE 2 2% A3t 394.4 pg/kgoZ oF
5.89 =74 HEHE FUT 4= AUAKHTable 4).

ox rlo iin)
ri Ho

wx 1o g2 O fr mlo
ox
mlo
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Table 3. Content of vitamin D, in sunlight exposed mushrooms

Food name Exposed location Type Exposed time (h) Concentration? (ug/kg)
Vitamin D>
Raw shiitake Indoor Whole 1 ND”
Sliced 1 ND
Outdoor Whole 1 355
3 27.4
6 4.7
12 303.4
Sliced 1 47.9
3 42.5
6 138.9
12 200.1
Dried shiitake Indoor Sliced 1 ND
Outdoor Sliced 1 138.3
3 941.0
6 1,422.7
12 1,520.2
Dried wood ear Indoor Whloe 1 717.6
3 718.9
6 546.7
Outdoor Whloe 1 577.0
3 624.1
6 672.0
Enokitake Indoor Whole 1 ND
Outdoor Whole 1 81.3
3 74.9
6 1M11.2
Oyster mushroom Indoor Whole 1 ND
Outdoor Whole 1 29.8
3 67.8
6 103.9
King oyster mushroom Indoor Whole 1 ND
Outdoor Whole 1 15.5
3 13.7
6 411

ND, not detected.
IMoisture correction concentration.
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A (B) ©

Fig. 1. Different types of sunlight exposure to the shiitake mushrooms. (A) wrap-packed and unpacked shiitake mushrooms, (B)
“N" shaped shiitake mushrooms without wrapping, (C) “U” shaped shiitake mushrooms without wrapping.

Table 4. Content of vitamin D in sunlight and UV light exposed shiitake

Exposed method Food name Type Exposed time (h)  Concentration? (ug/kg)
Vitamin D,
Sunlight from outdoor Raw shiitake (whole) Wrapped 05 ND"
1 16.7
n® 0.5 ND
1 7.5
u? 1 52.8
Sunlight from indoor Raw shiitake (whole) Wrapped 05 ND
1 ND
n 0.5 ND
1 ND
3 7.42
U 0.5 24.4
1 25.8
3 29.5
UV light Dried shiitake (whole) A Whole 0 4.7
n 0.5 115.7
V) 0.5 2354
B Whole 0 3.2
n 0.5 102.3
V) 0.5 2235
C Whole 0 ND”
n 0.5 88.4
V) 0.5 104.4
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(continued)
Exposed method Food name Type Exposed time (h)  Concentration® (ug/kg)
Vitamin D,
UV light Dried shiitake (sliced) D Sliced 0 67.3
Sliced 0.5 394.4
E Sliced 0 ND
Sliced 0.5 206.6
F Sliced 0 ND
Sliced 0.5 167.9

ND, not detected.

“Moisture correction concentration.
9N, shiitake top.

YU, shiitake bottom.

3.6 12/ 12 T HIEIE D; &F3F L NFE et A
=8 Jloc

9 B4 AiE EdE AQE AT A=, NUE
71525 #83k0] SAS 9.4(SAS Institute, Cary, NC,
USA)9] survey procedureS 0]-83to] 343t nv]gH D;y
9] 191 1¥ Ha AHFE 0.99 pg/day(EHES 002
Aaoldct. FHAFHAH95th percentile)d] HAHFS
4.24 pg/day= Hat HHFY <k 4.38, 50th HAEA(F
) AF=FY] 15.148]0191 1, A= Table 59 2t B4
MFEe EWE e D; A3 & 7]osks A&
oIt QTEE/NAH31.3%)9] 71od&0] 7MY =3toH,
SZH28.1%), AlFL(11.4%), 115°1(9.6%), TH7.5%), &
2(4.5%), 7HFgol(3.5%), °15(1.3%), |TEE/SA
(1.3%), 27401(0.7%), HA127] 7F5-&, H(0.7%< <=1
o} 919 AFH 719 &9 57HA] ARl 93t kgl A4
&3] 88.0%01%1, EA4ZAT= Table 63+ Zth.

4. Q0

£ Aol A F HIE D 8 Jeo= AR A

F(3%), AHH10F), €F1D), $77TF). FF1D). &
F4F), 7FAEGS), FARIDE, F 303 A& =

2 X3St 148740f s LC-MS/MSE ©o]&sfo] £4

Stetck. S8 T B ST 0% oS LS
L AES A ¥ ANl BEEE 2o 43S

Sl A A AF -l 7R = SACIRAE
7|9kt i AExE 2H O EA ASoIHA(F7)),
7Ho|(AYR) 5 53502 o719 A9E AwE EdE
o A% 1%t E461911, HEE 4% 61 AR FAJsto]
Z 148710 dhsf ®IERl D o 2 HHFS S5l
42 FaAAS 2 A 4 #2099l FAPASE
Zofste] L HIAE A}, Z-score 2 °|5HY] TEoh=
Z2IE o] AFEE FFoIA. & AFolA A7 o
B AExdE 2 9] v D Ak ofRolAe BA
(F7DolA 124.0 pg/ked SE& 7MY =4 HEHIUL,
T HAR 15 (F7)olA 120.2 pg/kedl F=Z A
ot 929 B SEEOI7NS HEHA Ed,
(FAZDAIA HaL 33.1 pg/kg®] s== HE0l HA

al

Solde garleh Hurls A% A2EA 2

Table 5. Average and distribution of daily intake of vitamin Ds by representative foods (n=32,847)

ND processing”  Daily intake of vitamin Ds

Mean (SE) bth 10th 25th 50th 75th 90th 95th

Vitamin D3 LB 0.99 (0.0196)  0.00 0.00 0.00 0.28 1.05 2.98 4.24

(ug/day)

LB, lower bound.
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Table 6. Food-specific contribution rate (%) to vitamin D3 intake (ug/day)

Vitamin Ds; amount of intake (ug/day)

Foods Mean Contribution rate (%) Cumulative contribution rate (%)
Yogurt, liquid 0.310 31.3 31.3
Egg 0.280 28.1 59.4
Cereal 0.110 1.4 70.8
Mackerel 0.100 9.6 80.4
Soymilk 0.070 7.5 88.0
Anchovy 0.050 4.5 92.5
Bonito 0.030 35 96.0
Fish cake 0.010 1.3 97.3
Yogurt, semisolid 0.010 1.3 98.5
Squid 0.010 0.7 99.3
Processed pork, ham 0.010 0.7 100.0

719 A% w7194 12.2 pg/kg 22 HEHAT. 7AIE2
B BFEE(WPONA 136.9 png/ke, 7HAE 5 AlEIL
O] 7%, 155.1 pg/ke® w=& HER D7t &0 Hle
o, o= H[El D st AlFo® Bolnt. ARIHAZ A
2ol 12417F k=g Alofl BIEFIL D 5] 303.4 pg/kgo 2
=3%or, ﬁl‘%ﬂioﬂ w2k o] A g fE, F55
= o HIER] D,9] gl wa2 ARG
. H1E‘r‘ﬂ D %%* =4 2iE BER d4Hde F8 2
I, 2 =99 190 19 Bt HE D gFHF2 0.99 4
g/daye|glow, HIEH D A3 7]ofet 54 37k AF
< 8T2E, HA(31.3%), BL28.1%), A2 A(11.4%) &
ojltt. HAZA R = ggstelofA Algohes =<l
BVEA AF715(20209) S HEH DO 1Y B AT
(B2 dads 4o 9T AHH A7 75T
B WS A ddE fARke Hl SE g 2%
& A GOt 5 pg/day, FH OAIFE 754 o1 5-15
pg/day2 & Q7oA e 191 19 BT Ha

332 o, % =119 wERl D HH7 RStk s
I <= ASITE. HIEF] D F55 7Ash ] fish BggA

A

o} 453 B3 vlekdl DS F7HIY & Uk HEL
1=}
A=Y
A

il

AFota, #5% BE2 B3AE &9 HlEYl D HFH7}
2% Zos Helnh WA Be Al Ee Ao =3
A7 e D A3 =Y 5 ok Asde 59

N

https://www.ekosfop.or.kr

Bhel D BES A4S 4 Y Tkt 477 Basita
A7

J2 .

Acknowledgements
B AP AEOREIAY AU

tH20190116749-00, 3=r3%

wol Sl AT
S4j0]2Ap),

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualiztion: Seo MJ. Data curation: Lee JY, Kim

CI, Lee GH. Formal analysis: Seo MJ, Roh IH, Lee GH.
Methodology: Seo MJ, Lee GH. Validation: Kwon SO,
Lee GH. Writing - original draft: Seo MJ. Writing -
review&editing: Seo MJ, Roh IH, Lee GH.

Ethics approval
This article does not require IRB/IACUC approval

because there are no human and animal participants.
ORCID
Min-Jeong Seo (First author)

https://orcid.org/0000-0001-8999-7692

119



Vtamin D analysis in total diet study

In-Hwa Roh
https://orcid.org/0000-0001-6929-2695
Jee-Yeon Lee
https://orcid.org/0000-0002-4017-6508
Sung-Ok Kwon
https://orcid.org/0000-0003-0527-1427
Cho-Il Kim
https://orcid.org/0000-0002-6495-8483
Gae-Ho Lee (Corresponding author)
https://orcid.org/0000-0003-1856-4288

References

Binkley N, Krueger D, Cowgill CS, Plum L, Lake E,
Hansen KE, DeLuca HF, Drezner MK. Assay
variation confounds the diagnosis of
hypovitaminosis D: A call for standardization.
J Clin Endocrinol Metab, 89, 3152-3157 (2004)

Choi HJ. New insight into the action of vitamin D.
Korean ] Fam Med, 32, 89-96 (2011)

Choi §J. Enhancement of ergocalciferol (vitamin D)
content in mushrooms by UV irradiation.
Korean J Food Preserv, 24, 381-386 (2017)

Heudi O, Trisconi MJ, Blake CJ. Simultaneous
quantification of vitamins A, D3 and E in fortified
infant formulae by liquid chromatography-mass
spectrometry. J Chromatogr A, 1022, 115-123
(2004)

Holick MF. Sunlight and vitamin D for bone health
and prevention

of autoimmune diseases,

cancers, and cardiovascular disease. Am J Clin
Nutr, 80, 1678-1688 (2004)

Hollis BW, Horst RL. The assessment of circulating
25(0H)D and 1,25(0H)2D: Where we are and
where we are going. ] Steroid Biochem Mol Biol,
103, 473-476 (2007)

Ilie PC, Stefanescu S, Smith L. The role of vitamin
D in the prevention of coronavirus disease 2019
infection and mortality. Aging Clin Exp Res, 32,
1195-1198 (2020)

Jung IK. Prevalence of vitamin D deficiency in

120

Korea: Results from KNHANES 2010 to 2011. ]
Nutr Health, 46, 540-551 (2013)

Kim CI, Park HM, Lee HS, Kim DH, Lee JY, Yon MY.
A Guidebook for Korean Total Diet Studies.
Ministry of Food and Drug Safety. Report No.
11-1471000-000303-01 (2017)

Kim HJ, Jo SY. Korean guidelines for breast-fed
infants for vitamin D supplements. ] Korean
Oriental Pediatrics, 26, 70-78 (2012)

Kim ]I,
physiological status of vitamin D in Korean

Kang MJ. Recent consumption and

population. J Korean Soc Fodd Sci Nutr, 17,
7-10 (2012)

Ko JA, Lee BH, Lee JS, Park HJ. Effect of UV-B
exposure on the concentration of vitamin D; in
sliced shiitake mushroom (Zentinus edodes) and
white button mushroom (Agaricus bisporus). |
Agric Food Chem, 56, 3671-3674 (2008)

Kwon MY, Yang SJ. Risk factors associated with
vitamin D deficiency among women office
workers. ] Korean Public Health Nurs, 31, 84-96
(2017)

Lim JS, Kim HJ, Lee SH, Choi YM, Lee SP. Analysis
of vitamin D content of frequently-consumed
foods. Korean J Food Preserv, 29, 70-83 (2022)

Ministry of Food and Drug Safety. Korean Food
Standards Codex. Cheongju, p 427-430 (2022)

Ministry of Health and Welfare, The Korean Nutrition
Society. Dietary Reference Intakes for Koreans
2020. Sejong (2020)

Moon YS, Han SH. Vitamin D deficiency and cognitive
dysfunction. Dement Neurocogn Disord, 11,
111-117 (2012)

Plum LA, Deluca HF. Vitamin D, disease and
therapeutic opportunities. Nat Rev Drug
Discovery, 9, 941-955 (2010)

Pyo J, Gu J, Kim TH, Lee JJ, Hwang MS, Kang ]S,
Kim KM. A study on increased content of vitamin
D in different types of mushrooms. J Korean Soc
Food Sci Mutr, 49, 311-315 (2020)

Shin MY, Kwun IS. Vitamin D: Hormone-like
nutrient. ] Nutr Health, 49, 1-7 (2016)

Shrapnel W, Truswell S. Vitamin D deficiency in

https://doi.org/10.11002/kijfp.2023.30.1.109



Korean J Food Preserv, 30(1) (2023)

Australia and New Zealand: What are the dietary
options? Nutr Diet, 63, 206-212 (2006)
Tangpricha V, Koutkia P, Rieke SM, Chen TC, Perez
AA, Holick MF. Fortification of orange juice
with vitamin D:a novel approach for enhancing

https://www.ekosfop.or.kr

vitamin D nutritional health. Am J Clin Nutr, 77,
1478-1483 (2003)

Zhu GD, Okamura WH. Synthesis of vitamin D
(calciferol). Chem Rev, 95, 1877-1952 (1995)

121



