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Abstract In the present study, the vitamin D content of frequently-consumed
Korean foods were evaluated to update the National Standard Food Composition
Table (NSFCT) that is published by the Korean Rural Development Administration.
Total 181 types of frequently-consumed foods including cereals, beans, vegetables,
meat and, fish products, drinks, condiments, and mushrooms were analyzed by
liquid chromatography-mass spectrometry. The standard materials, BCR-122 and
SRM 3235, exhibited recovery rates of 98.40% and 104.17%, respectively. All the
analyses were performed under the control line based on the quality control chart
for vitamin D, and Ds. Among the analysis of 181 species, vitamin D was detected
only in 16 species including mushrooms (Vit Dy), eggs and fish products (Vit Ds).
The vitamin D; content of mushroom ranged from 0 to 147.96 pg/100 g, with
naturally dried Sparassis crispa exhibiting the highest vitamin D; content. In
mushroom of Sparassis crispa, Lentinula edoles, Pleurotus eryngii, and Agaricus
bisporus the natural drying showed the superior to vitamin D content compared
to those of device drying. However, raw mushrooms except for Auricularia
auricula-judae did not contain vitamin D;. The vitamin D3 content of eggs and fish
products ranged from 0 to 8.90 ©g/100 g (solids part in canned salmon). However,
vitamin D was not detected in a majority of the frequently-consumed foods under
analysis, such as cereals, beans, vegetables, nut and seeds, ginseng, fruits and
seaweed, most fish products and animal foods.

Keywords vitamin D, frequently consumed foods, certified reference material, LC-MS/MS
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HIEHR D& A4 BRI oF SF=E AlUolA BlEdl
Dalergocalciferol)@F BIEF Ds(cholecalcifero)@ &4
St ZA0= A glon, HIEH] Dy FE AEolA &
=1, HEH Dy 2 AH9JA B &5 S o o &
oA FdEH(Holick, 2004). HIEHI D= Z& HAE &
dsto] g} Q19 ol oot F53 B 444
ol g fjof Rt=A] Bt Aot 23 Al ot
A= +FHE, 4RloAlE FASE of7lot= Ao=
T A Stk shARE X H|E D7 AEEES, 74
A A 3, ST, Y APHEY 2%
ofg] THgAg}e] Heddo] HIEHA(Jung &, 2018),
HIEH DO] HYxd7]5ol et #4lo] F7kstal At
FZoll= 8% HlERl D 527 ®e5 COVID-19 &
A WA 7hsAol o, E9] AEC] 2 Z0E Hil
=lo](llie &, 2020) HEHY DY 7]573°] B& ol&Fo] A
SEHI U

Z AdRIolA 1o HIER] DO} o] AAH = FH
oA 27kl = Ao 2 HE 3 9l ow(Abrahamsen
. 2010; Holick, 2008), =A1& 2% H|gtd] D £ A
of thgt A7 AlEsH 2 Ad7]Eo] e HERl D
AJH &2, Aate] fAAo] Higt Aot tiEe] HF EF
o] qEA AA=E I Chowdhury &, 2012; Misra
5, 2008). HIEHR] D Aol thgh =W A+9] A% =914
FRURAL ARE v O E BAGH Hiloj|A =219 7
5 HIERR AE7E oS- F ks, EAETE of4o], dF
HEE 200071 7P et 20 = H sty QIeK(Choi
. 2011; Jung, 2013). HEH D] FYAFLRE <o,
A], 150, Fojd] T2 1A BA, 1,

S, 13 Hiekl A3} ok AR, sl T

ofHAl, e M4, RIHA TOE YR AFot g

=loj9lo] m- AgHA ot (Kim} Jo, 2012; Kim¥} Kang,
2012).
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THE ATt 7 58AFTAA A | FRAIAE T o
& 7I2AIZ oF 1 cm A= 2712 ddsial dAdLs 5
S3soto] #dst Y2 AA B2 5 wSEHeH, WS
H ARE -70C WEIo)A HustEA A0 ARSI

2.3 HlEfEI D £==

13 g2 AWa) 3t 2, 10% VRIS - o2 89 40
mLE 7}sto] okl A ESHGLt. of7]0] 90% 4t
2589 10 mLE 7513 A% Bastoct. Agh Seka
22 BHYATS BHsto] 158 Sl (08T 1Y
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s AlFath AL B S
T FrRHHERL R Este] 24 e EEStaa
of &4 40T oJstolA HAes=3tAtth s=3t] doidl
el W 4 mLE 7iote] AE&SHAIA 0.45 um
membrane filter2 73t & H[EMY] D 48 A|H-EH
o= g3

2.4. HIEfEI D 2485

HIER D 242 AJe-89S 1 C-MS/MS(high performance
liquid chromatography mass spectrometry, Triple
Quad 4500 AB Sciex Instruments, Framingham,
Massachusetts, USA)Z EA4J5}to] HIEM] D, 9 D3 SHFS
Aottt £4324 02 Cig column(CAPCELL CORE
Cis, SHISEIDO, Tokyo, Japan)& °l&3te] o545

72

mM ammonium acetate: methanol = 5:95)& 60T
A 0.45 mL/minC& ZHFoH, AFEA7]= ESI
positive 2704 capillary &% 750C, collision 7tA=
N Z ARESISITE olff BE AlEe 23] ¥ EA51g o,
HEH D, ¥ D; T B o 2 YR ItHTable 1).

2.5, HIE}AI D BNE ZF

H[ERY] D Ao gt e BrkE fistel 714
o7 FZEZEZE CRM(Certified reference material)
9] BCR-122[Margarine, IRMM(Institute for Reference
Materials and Measurements), EU] % SRM3235
[Soymilk, NIST(National Institute of Standards and
Technology), USAIE ©o|-&sto] 2ARH 9] Fe4d 4 3]
FE&2 ASoHth. CRME 249, &84 9] A
= B7Fd 4= A ARt §4 ghol Asizl Fdsta kg

o
A BEEAE W2 A7 HoIA ol &St Qi

0,
N
Sha
1%
it

A FH peakd A5 /FS(signal/noise,
S/N)&] Hl&o] 39] sfgoh= 242t v g HETA(imit
of detection, LOD)E 3}9i2H, S/N H] 109] ddst=
Y249l x5 AFSA(limit of quantitation, LOQ)ZE

Table 1. LC-MS/MS conditions for the analysis of vitamin D

HPLC (Ekspert ultraLC 110-XL) conditions

Column CAPCELL CORE Cis (90 Ax2.7 umx2.1
mmx150 mm)

Mobile phase 5 mM ammonium acetate:methanol
(5:95)

Oven temperature 60T

Inject volume 10 uL

MS/MS (Triple Quad 4500) conditions

lonization ESI positive
Source temperature 700C
Collision gas Ny

Vitamin D, Vitamin D3
Precursor ion (m/z) 397 385
Fragment ion (m/2) 107, 105, 91 107, 105, 79
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2.7. HIEEI D 24 ZEHE
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AN ER ARFEIHAL HE2ET =
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2.8. EAHA=/

Z vlekyl DOJ B4 A7F ZF2 IBM SPSS Statistics 25

Table 2. Vitamin D content in cereals

= 9 ZARS

(Statistical Analysis System, SAS Institute Inc., Cary,
NC, USAE 01%}04 AR 7t zlo] QEE BALELA
(ANOVA)EZ A¥3t & Duncan’s multiple range test
(p€0.05)5 AAlstY 7 Alg 79 Fo4E At
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Sample Water content (%)  Vitamin D, (ug/100 g) Vitamin D3 (ug/100 g)

Cereals (45) Corn (drying) Dapyeongok 10.70+0.09 ND" ND
Shinkwangok 10.950.07 ND ND

Shinhwangok 10.63£0.10 ND ND

Andaok 10.60+0.03 ND ND

Yanganok 10.5630.04 ND ND

Jangdaok 10.4910.04 ND ND

Changdaok 10.4120.02 ND ND

Chunganok 10.31£0.05 ND ND

Pyeonggangok 10.33+0.08 ND ND

Pyeonganok 10.8320.01 ND ND

Hwangdaok 10.37£0.08 ND ND

Sorghum (raw) Donganme 10.18£0.09 ND ND
Nampungchal 9.62+0.02 ND ND

Sodamchal 9.42+0.04 ND ND

Proso millet (raw) Leebaekchal 11.18+0.02 ND ND
Hanlachal 11.26£0.05 ND ND

Hwangshilchal 11.51£0.08 ND ND

Foxtail millet (raw) Gyeonggwan 1st 10.39+0.00 ND ND
Gyeonggwan 2nd 10.8620.06 ND ND

Dahwangme 10.87£0.01 ND ND

Dan-ame 11.30+0.04 ND ND

Samdame 11.19£0.01 ND ND

Samdachal 11.79£0.11 ND ND

https://www.ekosfop.or.kr

73



Vitamin D content in frequently-consumed foods

(continued)
Sample Water content (%)  Vitamin D, (ug/100 g) Vitamin D3 (ug/100 g)
Cereals (45) Foxtail millet (raw) Johwangme 11.35+0.05 ND ND
Hwangmichal 11.07£0.04 ND ND
White rice (raw) Geumgang 1st 12.39+0.06 ND ND
Namchan 13.330.00 ND ND
Boramchan 12.69:0.08 ND ND
Alchanmi 11.74£0.03 ND ND
Younghojinmi 12.630.03 ND ND
Yeochan 13.35+0.04 ND ND
Chindeul 13.43£0.01 ND ND
Hangaru 11.40£0.00 ND ND
Hanahreum 4th 12.38+0.05 ND ND
Haedamssal 11.67+0.07 ND ND
Brown rice (raw) Geumgang 1st 11.97+0.03 ND ND
Namchan 14.09:0.03 ND ND
Boramchan 13.57+0.02 ND ND
Alchanmi 11.50+0.01 ND ND
Younghojinmi 12.39£0.05 ND ND
Yeochan 13.750.08 ND ND
Chindeul 13.93£0.01 ND ND
Hangaru 12.48+0.05 ND ND
Hanahreum 4th 11.93£0.06 ND ND
Haedamssal 11.33+0.07 ND ND
ND, not detected.
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HARE QAo E vEY] D%} Dy T
£ Table 49} Zo], 3659 EE HARFA HIEH Ds=
HEHA ot ZdoHAl, BIHA, FEolHA, &
et A, FolHAl 9 ZMmolHAl oA H[EHY D7t
HEEAY. 1 F Z3oHAS AAARAA 147.96+
8.24 1g/100 g9 7H¢ &2 HIEHY D, THFS EoH,
N7\ AZNAE 2.13+0.46 £g/100 g2 H[ElT D, g
< YT I8 AAAARS EUHAA 77.59+
12.82 £g/100 g, F&olHAA 68.81+1.18 1g/100
g, e HAA 62.33+£14.51 pg/100 g, EolHAl
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Table 3. Vitamin D content in beans, nut and seeds, vegetables, ginsengs, fruits and seaweed

Sample Wiater content (%)  Vitamin D, (ug/100 g) Vitamin Ds (ug/100 g)
Beans (12) Vigna angularis Yeonduchae 12.85+0.02 ND" ND
Huinguseul 11.87£0.05 ND ND
Huingnalae 14.04+0.04 ND ND
Geomguseul 14.57+0.09 ND ND
Seona 12.75+0.05 ND ND
Arari 13.84+0.05 ND ND
Vigna angularis Raw 16.69£0.13 ND ND
Boiled 71.2440.03 ND ND
Vigna angularis (Willd.) Ohwi  Raw 17.73£0.03 ND ND
Boiled 61.160.04 ND ND
Vigna unguiculata Raw 16.77+0.15 ND ND
Boiled 68.08£0.05 ND ND
Nut and seeds (1)  Pine nuts Raw 2.24+0.34 ND ND
Vegetables (9) Korean radish Raw 93.2910.02 ND ND
Boiled 95.76£0.24 ND ND
Peeled garlic Raw 67.7810.22 ND ND
Boiled 66.34+0.18 ND ND
Pumpkin Raw 89.93t0.15 ND ND
Boiled 93.69:0.01 ND ND
Steamed 89.67£0.14 ND ND
Device drying 10.72£0.08 ND ND
Sliced ginger Raw 9.84+0.12 ND ND
Ginsengs (3) Ginseng (raw ginseng) Raw 74.87+0.72 ND ND
Boiled 76.34+0.07 ND ND
Red ginseng Raw 13.41£0.11 ND ND
Fruits (10) Tangerine (flesh) Miyagawa wase 89.15£0.13 ND ND
Shinyegam 90.86+0.05 ND ND
Beni Madonna 88.810.01 ND ND
Okitsu wase 88.8140.01 ND ND
Harye josaeng 89.72+0.09 ND ND
Kanper 86.71+0.02 ND ND
Setoka 89.15£0.00 ND ND
Shiranuhi 86.58+0.05 ND ND
Orange 86.82+0.11 ND ND
Plum 91.03£0.06 ND ND
Seaweed (1) Seaweed, dried seaweed sheets 2.40+0.07 ND ND

UND, not detected.

https://www.ekosfop.or.kr
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Table 4. Vitamin D content in mushrooms

Sample Water content (%) Vitamin D, (ug/100 g) Vitamin D3 (ug/100 g)

Mushrooms (14)  Sparassis crispa Raw 90.94+0.10 ND? ND
Boiled 89.5540.21 ND ND

Device drying 8.61+0.06 2.13+0.46" ND

Natural drying 49.53+0.21 147.9648.24° ND

Lentinula edodes Raw 86.380.31 ND ND
Boiled 89.87+0.2 ND ND

Device drying 10.66£0.11 ND ND

Natural drying 9.71+0.37 77.59112.82° ND

Auricularia auricula—judae  Raw 92.77+0.11 0.75+0.92° ND
Boiled 93.5630.23 0.8740.09° ND

Device drying 12.300.02 8.080.70° ND

Natural drying 6.70+0.06 9.26+0.54° ND

Pleurotus eryngii Raw 90.24+0.03 ND ND
Boiled 88.80£0.22 ND ND

Device drying 6.90+0.02 ND ND

Natural drying 9.64+0.00 62.33+14.51° ND

Agaricus bisporus Raw 92.09+0.03 ND ND
Boiled 92.14+0.08 ND ND

Device drying 37.60£0.40 ND ND

Natural drying 9.69+0.09 68.81+1.18° ND

Brown-Agaricus bisporus ~ Raw 91.89+0.16 ND ND
Boiled 92.4240.20 ND ND

Hypsizygus tessellatus Raw 91.11+0.23 ND ND
Boiled 90.96+0.68 ND ND

Tremella fuciformis Raw 85.0140.29 ND ND
Boiled 90.67+0.42 ND ND

Pleurotus ostreatus Raw 91.7740.05 ND ND
Boiled 90.49+0.32 ND ND

Grifola frondosa Raw 93.26+0.12 ND ND
Boiled 92.06+0.06 ND ND

Flammulina velutipes Raw 89.16+0.03 ND ND
Boiled 89.3810.17 ND ND

Brown-Flammulina Raw 89.15+0.08 2.6140.33° ND
velitpes Boiled 89.0740.01 1.4340.20° ND
Phellinus linteus Drying, Leachate 99.70+0.02 ND ND
Ganoderma lucidum Drying, Leachate 99.89+0.01 ND ND

ND, not detected.
2All values are expressed as the meantSD of triplicate determinations.
Means with different superscripts are significantly different by a Duncan’s range test at p¢0.05.
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oA 9.26+0.54 pg/100 g2 &2 H[EtYl D, FS Y
Bloy, EHA, FEolA 2 FLEHAe A
A, lZ A 9 71717A%35 RolA= vE D7 AEEA
Frtt. vt HolH Al A 0.75+0.92 £g/100
, g7 A4 0.87+0.09 pg/100 g, 717]7AF|A
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g =0 & HgYl D, ¥FZ Uit & HolHAS o
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7F EAstoith. £5] ZSoHA, BIHA, FEolHA, &
LEte Al 9 BoH AL A7 2Ale] HIEH D, 3go]
A 7R € & %t
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o, 1 9] FuMEo|HA 5 65 MAFY BAY HX A
oA HEHR D7} AEEA okth ASHA 2 FAH
A A& AxZNAE HE D7t AEEHA 43t
Aot o g BAL o} X AL 9ot =2
HElY] D e AT 4 o= Hi(Cardwell 5,
201)A 9, & AFoAE ZEFolHA, EIHA, Fol
HA, FLEEHA 2 EolHAE JAARA HER]
D, #o] 3A F71eHE sty
Pyo 5(2020)9] 1+l =W 559 A (RS0, L&
], o], FFol, XIS vAELES ot} UV-B RAR
£ B D, AFAQ1 ergosterold} eI D,2f 9
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Table 5. Vitamin D content in meats, eggs, milk products and fish products

Sample Water content (%) Vitamin Dz (ug/100 g) Vitamin Dz (ug/100 g)
Meats (9) Sliced ham Raw 65.41+0.07 ND” ND
Bake 57.400.23 ND ND
Blanch 63.690.52 ND ND
Square ham Raw 62.99+0.80 ND ND
Bake 60.34%1.27 ND ND
Lean meat ham Bake 57.33+0.44 ND ND
Blanch 58.13+0.93 ND ND
Sundae High rate of vegetables and seonji 70.3520.46 ND ND
High rate of glass noodle 59.2610.13 ND ND
Eggs (1) Century egg 71.00£0.27 ND 7.07:0.87%
Milk products Fresh milk cream 54.95+0.28 ND ND
© Animal whipped cream 55.74+0.02 ND ND
Vegetable whipped cream 60.02+0.00 ND ND
Fish products  Dried shredded squid Domestic 27.29+0.07 ND ND
20 International 36.45:0.03 ND ND
Dried pollack Raw 17.99+0.02 ND ND
Salted pollack intestine 59.77x0.13 ND ND
Salted pollack roe 63.10£0.13 ND 1.84£0.13°
Salted clam 69.34+0.45 ND ND
Salted squid 54.18+0.05 ND ND
Salted shrimp 67.30£0.17 ND ND
Canary fish sauce 70.05+0.13 ND ND
Anchovy fish sauce 70.37+0.22 ND ND
Canned mackerel Whole 79.84+0.09 ND ND
Solids 66.19:0.01 ND ND
Canned saury Whole 78.84+0.04 ND ND
Solids 64.500.27 ND ND
Canned sea snails Solids 72.0140.22 ND ND
Canned salmon Whole 70.43+0.56 ND 8.670.32°
Solids 67.00£0.18 ND 8.9011.45°
Smoked salmon Raw 62.1740.66 ND 5.62¢0.51°
Crab meat Raw 69.16+0.23 ND ND
Blanch 69.48+0.07 ND ND

UND, not detected.
DAl values are expressed as the mean£SD of triplicate determinations.
Means with different superscripts are significantly different by a Duncan’s range test at p¢0.05.
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Table 6. Vitamin D content in tea and drinks, sugars, oil and fats, and condiments

Sample Water content (%) Vitamin D, (ug/100 g)  Vitamin D3 (ug/100 g)
Tea and drinks (8)  Cocoa tea Powder 1.6920.02 ND ND
Adlay tea Powder 2.76+0.09 ND ND
Ginseng tea Powder 1.44+0.01 ND ND
Red ginseng tea Solution 90.050.04 ND ND
Black tea Powder 0.85+0.80 ND ND
Black herbal tea Powder 1.19+0.01 ND ND
Ginger tea with solids Solution 39.15+0.05 ND ND
Plum drink 88.92+0.07 ND ND
Sugars (1) Rovyal jelly 70.30£0.10 ND ND
Qil and fats (7) Shortening -0.04+0.02 ND ND
Lard oil -0.67+0.05 ND ND
Palm oil -0.07£0.02 ND ND
Coconut oil 0.210.02 ND ND
Avocado oil -0.5440.05 ND ND
Sunflower seed oil -1.3140.04 ND ND
Walnut milk -1.97£0.00 ND ND
Condiments (16) Mayonnaise 21.95£1.18 ND ND
Mayonnaise, low calorie 53.08+0.22 ND ND
Salad dressing, thousand island 55.84+0.57 ND ND
Salad dressing, Italian 70.66+0.56 ND ND
Garlic powder 9.72£0.10 ND ND
Ginger powder 6.82+0.10 ND ND
Curry powder 5.16+0.00 ND ND
Black soybean sauce powder 4.85+0.03 ND ND
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(continued)

Sample Water content (%) Vitamin D, (ug/100 g)  Vitamin Ds (ug/100 g)
Condiments (16) Cooking wine 63.3811.77 ND ND

Barbecue sauce 62.74+0.42 ND ND

Balsamic vinegar 68.46+1.06 ND ND

Hot source 86.28+0.03 ND ND

Pepper 11.47+0.05 ND ND

Persimmon vinegar 97.05+0.04 ND ND

Brown rice vinegar, manufacturing 95.57+0.55 ND ND

Anchovy condiment, manufacturing 4.0610.07 ND ND

ND, not detected.

Table 7. The LOD and LOQ of vitamin D, and accuracy of vitamin D content for SRM 3235 (Soy milk) and BCR-122 (Margarine)

Component Lop" LOQ? Reference value®  Analysis value?  Recovery RSD?
(ug/100 g) (ug/100 g) (ug/100 g) (ug/100 g) (%) (%)

Vitamin D, 0.21 0.68 1.25£0.13 1.20£0.24 104.17 10.23

Vitamin Ds 0.13 0.44 12.29+0.95 12.50£0.70 98.32 7.76

ULOD, limit of detection.
2LOQ, limit of quantitation.

9Referenace value indicates the vitamin D2 and Ds contents of SRM 3235 and BCR-122 provided by NIST and IRMM as the certificate value.

“The values are meantSD of 3 replications.
SRSD, relative standard deviation.
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Fig. 1. Chromatogram of vitamin D standard solution (A) and SRM3235 (B) by LC-MS/MS.
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Fig. 2. Quality control (QC) chart for accuracy of vitamin D analysis. Same vitamin D, and D3 quality control chart as shown in (A),
(B). When QC values deviate outside the 3SD confidence interval or showed a trend, the analytical run was rejected and corrective
action was taken.
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