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Abstract

Vitamin D contents in agricultural products and foods were quantified by high performance liquid chromomatography
(HPLC) with a UV/Vis detector, using external standard methods. The results were confirmed with liquid chromatography
tandem mass spectrometry (LC-MS/MS). After homogenization, samples were hydrolyzed by direct alkali saponification.
Thereafter, fat-soluble components were extracted with n-hexane containing 0.01% butylated hydroxytoluene (BHT). Vitamin
D contents in cereals were found to be in the range of 1.882~4.856 pg/100 g. Juda's ear and oak mushroom contained
high amounts of vitamin D, at 363.85 and 199.42 pg/100 g of edible portion, respectively.
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Table 1. LC/MS/MS conditions for the determination of
vitamin D

Kinetex Cis (4.6 mmx250 mim,
5 um), Phenomenex

5 mM Amonium Acetate :

Column

LC Mobile phase

~ MeOH = 5 : 95
conditions Flow rate 0.7 mL/min
Injection volume 20 puL
Column temperature 40C
Ionization mode ESI (positive)
Capillary voltage 4,000 V
cxiﬁf)is Gas temperature 350C

Gas flow 11 L/min
Gas type N,

5AEA L] HE D g 24} 145

Table 2. Optimized MS parameters for vitamin D

Compound lf'recursor 'Product Fragmentor  Collision
ion(m/z) ion(m/z) W) energy(eV)
107 15
Vitamin D, 397 105 70 40
69 25
107 15
Vitamin D; 385 105 70 50
79 50

5 um)S EA o AR5, o] FAR 5 mM amonium acetate
2} methanol& 5:959] H| &= £33t 8-S $< 0.7 mL/min
22 T MSMS+= ol REA HEsHH =T,
2 A9 A& 935to] 4,000 V] capillary voltage, 350C 2]
gas temperature, 11 L/min®] gas flow S(Table 1)@} H|E}Yl D,
2} vjel] D39 precursor ion, product ion, fragmentor, collision
cnergy S thet H# ] £AL Table 29} o] AAshol o
ZHF-S-EFAHH (multiple reaction monitoring; MRM) REE &
&sto] A& AAsHAT

5. HIE{RI D &t2F BN

B Aol A2717 A2keol
liquid chromatograph(HPLC, 1100 series, Agilent Technologies,
Palo Alto, CA, USAYZ: ol §3ko] 243 ajaheich. £4j0]
AR5 6-way switching valve= Agilent Technologies®] 1200
serieso| 11, AHL A AT, =, B4 AHOE Cy(4.6x150

¢l high performance

Table 3. Analysis instrument condition of vitamin D by
switching system HPLC

Description Condition

Pretreatment column : Luna Cg

(4.6x150 mm, 5 pm), Phenomenex
Concentration column : Kinetex Cig
(2.1x100 mm, 2.6 um), Phenomenex
Analytical column : Synergi Hydro-RP Cis
(4.6x250 mm, 4 pm), Phenomenex

Column

Detection UV 264 nm

Mobile  Pretreatment column : MeOH/Acetonitrile=1/9 (v/v)
phase Analytical column : MeOH/H,0=98/2 (v/v)

Flow rate Pretreatment column : 0.5 mL/min
Analytical column : 0.4 mL/min

Injection

200 puL
volume
Oven 40°C
temperature
Detection UV 264 nm
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Fig. 1. Chromatogram of vitamin D standard (A) and
vegetables (B) by 6-way switching HPLC.

Vitamin D; content(1ig/100 g)

Sample
Reference value

Recovery(%) Coefficient variation(%o)

Analysis value

SRM 1849a 11.1+1.7

10.3+0.8 92.79 7.36
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Fig. 3. Chromatogram of vitamin D standard (A) and
potatoes (B) by 6-way switching HPLC.
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Fig. 2. Chromatogram of vitamin D, standard (A) and vegetables (B) by LC-MS/MS.
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Fig. 4. Chromatogram of vitamin D; standard (A) and potatoes (B) by LC-MS/MS.

Table 5. Vitamin D contents (11g/100 g) in cereals and Table 5. Continued
product of cereals

Samples Vit. Vit
Vit Vit. P D, D
Samples
D, Ds Peanut butter ND ND
Waxy prosomillet Raw ND ND Cookie Butter ND ND
Cereals Regular millet, Raw ND ND Chocolate ND ND
polished grain Steamed ND ND Potato ND ND
Wheat, polished grain ND ND Snack Shrimp ND ND
Strong wheat flour ND ND Cookies Corn ND ND
Wheat products Medium wheat flour ND  ND Peanut butter filling ND ND
Wheat (powder) .
duct Soft wheat flour ND ND Cracker Cheese filling ND ND
products i
Flour for pan-frying ND ND Vegetable filling ND ND
Frying flour ND ND Py Choco pie ND ND
ie
Bread crumbs ND ND Apple pie ND ND
Yukwa ND ND Wet form ND ND
Military type biscuit ND ND Somyeon Dry form ND ND
Monaka ND ND form, boiled ND ND
Cookies Noodles Dry form,
Manju ND ND Wet form ND ND
o Soft type ND ND Noodle Dry form ND ND
Biscuits .
Hard type ND ND Dry form, boiled @ND ND
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Table 5. Continued Table 6. Vitamin D contents (11g/100 g) in fruits and
Vit Vit vegetables
Samples ’ '
P D, D; — Vit.  Vit.
Wet form ND ND P D, D
Kalguksu . X
Wet form, boiled ND ND Apricot ND ND
Noodles
Lo Dry form ND ND Blueberry ND ND
Starch vermicelli )
Dry form, boiled ND ND Watermelon ND ND
Cereals ND 4.013 Passion fruit ND ND
Cereals, fruit juice ND 3.752 Kiwi Green ND ND
wi
Cereals, chocolate ND 4.652 Gold ND ND
Cereals Cereals, almond ND 1.882 | Raw, with skin ND ND
A
Cereals, coconut ND 2.874 ppe Raw, without skin ND ND
Cereals, brown rice ND 3.992 Immature ND ND
Cereals, rice ND 4.856 Proper ripening ND ND
Papaya
ND: Not detected. Ripened ND ND
Green ND ND
vHEHY Dy7F AEE =Y, 1 HYE 1.882~4.856 ng/100 g Fruits Campbell early ND ND
o|lth HIEHYl D= R84 HEtYle 2 UvbAQl 7ot 3 Grape Campbell early, with skin ND ND
F7HEEOA = rEo] A Zoh, Al dolA= £ Campbell early, with skin
Efnlo] Ql9jA ez H7lE7] wiwol Hewl Dy7F HEE A and seed
o=z QyzrE) N Kyoho(large) ND ND
rape
P Kyoho(large), with skin ~ ND ND
4. MU= al ;jA=0| HIENI D gat G Green variety ND ND
rape
A= = A B2yg, S glAZaE 7)9(ZE, P Green variety, with skin  ND ND
a9, Atk gfutol zriElde], A, Jxx) 9 3tdrt Fruit juice drink ND ND
FE 722 eele] Wb Dy 9 D, TS 29h85}o] & Canned ND ND
o Grape products .
Hsholey. 7hA) o] wet Aol EEL A4S 2T A Raisin ND ND
A e AR LHrol A, Thuops ), A4, 9% Jam ND D
BOR o] BAL ANSYET A4LR F oY, BUE, Fruit cocktail _Canned ND_ND
], R ASUE, 1R ANUE, A, 29, 9 Wild garlic ~ Raw ND ND
o9, wxe)zl, atut £7), ke, Hiiﬂl A, oF Sedum Raw ND ND
1, SEUE, AR, FThH], HREAAERQE, 3139, Raw ND ND
A71evE, 2Hh Hees AF W g derA e Roval £ Blanched ND ND
AR AR, U R R A, Ak A TR A, 47 5o YEET T Dried ND ND
Lo A 28HE 3o HlEly] Dz 4 D; 3RS B8] A Dry form, blanched ND ND
FoF AQaF BFo)A BB D= FAEE A G3THTable 6). v Raw ND ND
€€ Aralia elats
tables Blanched ND ND
= 7018 4l ZAl=0 oj Slat
5 A'I 1 l"IT = o= I HIEI‘._ D ==} Chamjuk Na Raw ND ND
}\‘] %(_ H}X] ]-X]_y Z:]-X]—(_/IED] EHXL E-Eh 5—‘:':5‘)7 _TJ_?-U]'(‘?:]’, Mul Blanched ND ND
), Edd AnF 9 FAHAR 5 oML, 1 DA, AR,
S o S Gl flower 1 N
= 1| [¢) [
stalk Blanched ND ND
=2 A3 Bl & ‘:PT71—L7<H AR A, nEA,
R o . Raw ND ND
27, AR, T4, F23 o2& Yol B4t o] Sebalnamul
Blanched ND ND

5 4% WEAA HER DE A2 ekstchTable 7).



150 Agd - Aulg - HAAA - HE8W - A= Al E G A
Table 6. Continued Table 6. Continued
Vit.  Vit. Vit.  Vit.
Sampl
Samples D, D amples D, D
Raw ND ND Raw ND ND
Perilla leaves  Blanched ND ND Hot peper, Blanched ND ND
Steamed ND ND leaves Dried ND ND
Leaf beet Raw ND ND Dry form, boiled ND ND
(chard) Blanched ND ND Yoqng .leaves, house ND ND
cultivation, raw
Raw ND ND
Carrot Young leaves, house ND ND
Blanched ND ND cultivation, blanched
Raw ND ND Young leaves, open field, o\
Blanched ND ND raw
Sweet. pepper Raw ND ND Young leaves, open field, ND ND
Blanched ND ND Vege-  Peucedanum  Planched
Red, raw ND ND tables japonicum Mat.urehleaves, house ND ND
cultivation, raw
Red, blanched ND ND
Mature leaves, house ND ND
Pantilk Orange, raw ND ND cultivation, blanched
aprika
Orange, blanched ND ND Mature leaves, open field, ND ND
Yellow, raw ND ND raw
Yellow, blanched ND ND Mature leaves, open field, \ )
blanched
Raw ND ND R b ND
i W
Raw, with skin ND ND Pumpkin,
Vege- mature Steamed ND ND
tables Blanched ND ND -
v berl Keunalbori , raw ND ND
Blanched, with ski ND ND oung barle
Sweet potato, a.tnc ec, With sian g 4 Keunalbori, powder ND ND
Sta]ks Drled ND ND
Boiled ND ND _
form, boiled, with &kin ND ND 6. AR vitamin D 2k
o oiled, with skin _
oy B S WALR  ETEA, AT, Sekelu s, euie
1 el = -
ooy form. bolled: WIRS N ND s3] uebl D, 9 Dy §EE B4 SHLcHTable 8). Golu A
Sweet vofato. R ND ND o FUHA BEE A oA D7t AEE =T, dEolH Al
levg:s o Blanched ND ND A 363.85 1g/100 go], AR Ao A= 199.42 1g/100
anche _
g0l 27} AZHYT. AZHANHE 1158 1g/100 g9
Raw ND ND - -
Broccoli anch HEtY D7 HEEH AT HAldE vE Do H4AA
Blanched ND ND - crgosterolo] Bl EAfad], w40l Hgure] e wop
Alium hookeri NDND gzue = 2o 4g WA Hw bl Dy(ergocalciferol) 2
Blanched ND ND - msigirh o|gA| Aehe Hlehyl D} EIHARCHE Zof
Onion Raw ND_ND A 1 Bl B B Ae® SlE gt 27hEEA
Black tomato Raw ND ND E A E H#(Rural Development Administration 2006)0]|+= =E}2]
Blanched ND ND A9 Heo = vlEtl D7} 4% ZASH= A0 Big
Red mustrad, o, N D SOUh ¥ AT B e wae 237, A
feaves 27, Az 27 So] 9FS W Aow 4ZHt XY 5
Kohlrabl  Raw ND ND_— ojuisl 5o ulehel DY £ FRAEC] B 4 9 S
Brussels sprouts Raw ND ND ok o
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Table 7. Vitamin D contents (11g/100 g) in potatoes, nuts Table 8. Vitamin D contents (11g/100 g) in mushrooms
and seeds Vit Vit
Samples ' '
Sarmmlcs Vit. Vit P D D;
P D, D; Oak mushroom Dried 199.42 ND
. | hok Raw ND ND Phellinus linteus Dried ND ND
crusalem artichoke g ND ND Raw 1158 ND
(Helianthus tuberous) ) Juda's ear
Boiled ND ND Mushs Dried 363.85 ND
Raw ND ND Hshrooms Raw ND  ND
. Oyster mushroom
_ Boiled ND ND v Blanched ND  ND
Potato(Sumi)
Steamed ND ND Raw ND ND
Hypsi: S marmoreus
Baked ND ND TP Blanched ND  ND
Raw ND ND
Poato(Dacji) Doted NDND FAE S| vkl D YFE A shsick vlel D
Steamed ND  ND 3haF BA42 external standard HPH-S ©]-&3}¢] 6-way switching
Baked ND_ ND system HPLC/UVD % LC-MSMSZ BA3tich. 257 2 =
Potatoes Potato(purple, flesh) ND - ND FIIBE ME, QLT 68F, TUF 214F, AR 4E, A1R
Boiled ND ND o ZAE [1F, AR 622 BAF Fd1 22 R E 2
Potato(yellow, ros) ND- ND N dRel A¢ 7% B4 vekl Dyl AEH L,
Boiled ND_ ND 2 9 1.882-4.856 1g/100 g9] fZolglom, ABo|uA
Raw ND- ND o AL 363.85 1100 g AETH A AL 199.42 1g/100 go]
Chestnut-sweet potato  Steamed ND ND 747+ AZEH YT AR A AE 11.58 1g/100 g2 H]EpT]
Baked O NP Db AzEgE O 9 BE ARdAE HE D7 A&
Pumpkin-sweet potato Steamed ND ND IL AI'OI =
ZEAIC
Baked ND ND
Raw ND - ND B A7 HEATY FEATARIGAIAE: PI00959308)
Taro Steamed MDD o) glo) s aERen ol A=Y,
Boiled ND ND
Dried ND ND
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Almond Roasted ND ND
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