COSMOSIL Vitamin Analysis by HPLC

Technical Note

Vitamins are trace-amount organic compounds that regulate physiological functions of an organ- TN
ism. Vitamins are classified into two main groups, water-soluble and fat-soluble. Excellent High .\*
Performance Liquid Chromatography (HPLC) analyses of vitamins can be achieved by using
COSMOSIL 5C1s-MS-Il, PAQ, Cholester or TNAP columns.

@ Fat-soluble Vitamins

(1) Fat-soluble Vitamins

e Supplement analysis by COSMOSIL 2.5 Cholester column

COSMOSIL Application Data

Standard Supplement Supplement
Vitamin D3 (Neat) Vitamin E (4mg/ml)

Column: 2.5Cholester 7
Column size:  2.0mml.D.-50mm

Mobile phase:  A; 0.1% TFA-Methanol/ HyO = 90/10

B; 0.1% TFA-Methanol
B conc. 0%(0-5min)-100%(10min)-100%(15min) 3

Flow rate: 0.4 ml/min

Temperature:  40°C

Detection: UV280nm

Sample: (Standard)

1; Vitamin A Acetate, all trans (0.06mg/ml)

2; Vitamin D5 [Calciferol] (0.30mg/ml)

3; Vitamin D3 (0.06mg/ml)

4; Vitamin E Succinate [D-a-Tocopherol Succinate] (0.60mg/ml)

5; Vitamin Ky (0.18mg/ml)

6; Vitamin E [DL-a-Tocopherol] (0.60mg/ml) J M

7; Vitamin E Acetate [DL-o-Tocopherol Acetate]  (0.60mg/ml)

8; Vitamin K (0.18mg/ml) ° ¢ * s o s 0 e o s '° s
9; Vitamin A Palmitate (0.18mg/ml)
Inj. Vol: 25u

NACALAI TESQUE, INC

e Fat-soluble vitamins analysis by COSMOSIL C1s-MS-Il column

COSMOSIL Application Data
1
Column: 5C,s-MS-IL
Column size:  4.6mmlL.D.-150mm 2
Mobile phase: Acetonitrile/Methanol = 60/40
Flow rate: 1.0 ml/min
Temperature: 30°C 3 .
Detection: UV280nm, 0.64AUFS
5
Sample:
1; Vitamin K, (1.71u¢g) s
2; Vitamin A Acetate, all trans (044 1 g)
3; Vitamin D, 0.57ug)
4; Vitamin E
[DL- & -Tocopherol] “4.97ug) L\M
5; Vitamin E Acetate " A - -
[QL- 01 -Tocopherol Acetate] “479u1g ° Ti.e“z-in) ® ®
6; Vitamin K, (1.6811¢) NACALAI TESQUE, INC
AP-0060




(2) Vitamin E

COSMOSIL mNAP offers complete separation of Vitamin E structural

isomers that are difficult to analyze by C1s columns due to similar hydro- | : ;

phobicity. L L
Tocopherol Tocotrienol

HO.

Z Z =

e Tocopherol / Tocotrienol Isomers

COSMOSIL Application Data

5C,-MS-II TNAP

Column:
Column size: 4.6mml.D.-250mm 1
Mobile phase: 5C,-MS-II  Methanol &7
TNAP Methanol/ H,0 = 90/10
Flow rate: 1.0 ml/min 4
Temperature: 30°C
Detection: UV295nm

Sample: 1; & -Tocotrienol
2; 7 -Tocotrienol
3; B -Tocotrienol

4; a-Tocotrienol

5; 6 -Tocopherol

6; v -Tocopherol ’.“—_J

7; B -Tocopherol

8 & -Tocopherol © g 0 5t b B 0 Fram]

5
NACALAI TESQUE, INC

AP-1071

(3) Vitamin D

COSMOSIL Cholester offers complete separation of Vitamin D2 and Ds that are difficult to analyze by C+s columns.
e \Vitamin D2 and D3

COSMOSIL Application Data
5C -MS-II Cholester
Column:
Column size: 4.6mml.D.-150mm 12
Mobile phase: Methanol
Flow rate: 1.0 ml/min 1
Temperature:  30°C 2
Detection: UV265nm
Sample: 1; Vitamin D,[Calciferol] (0.3 i g)
2; Vitamin D 0.1u¢g)
M Sr——
L 1 L 1 - 1
0 5 (min) 0 5 (min)10
NACALAI TESQUE, INC
Vitamin D, Vitamin Dy AP-1035

(4) Vitamin A

COSMOSIL Cholester offers improved separations for vitamin A and Az in all-trans double bond forms and their naturally-occur-
ing 13-cis isomers.

e 13-cis-vitamin A acid and vitamin A

COSMOSIL Application Data

5C -MS-II Cholester
Column:
Column size:  4.6mml.D.-150mm
Mobile phase: Methanol / 20mmol/l Phosphate
buffer(pH2.5) = 90/10 2
Flow rate: 1.0 ml/min 1
Temperature:  30°C
Detection: UV350nm 1 2
Sample: 1; 13-cis-Retinoic Acid (0.04 1 g)
2; Vitamin A Acid, all -trans
Lall -trans-Retinoic Acid] ~ (0.04 4 g)
NN N
| 13-cis-Vitamin A Acid . . T ] \
07 o 0 5 (min)10 0 5 10 (min)
‘ NACALAI TESQUE, INC

N~ o0 Vitamin A Acid
o1 AP-1036




(4) Vitamin A (continued)

Provitamin A is one of natural carotenoid pigments that changes to retinol in the body. COSMOSIL Cholester offers improved
separation of Provitamin A, beta and alpha carotenes.

e Carotenes

COSMOSIL Application Data

5C-MS-II Cholester
Column:
Column size:  4.6mml.D.-150mm
Mobile phase: Tetrahydrofuran/Methanol = 20/80 2
Flow rate: 1.0 ml/min 1
Temperature: 30°C
Detection: UV470nm
Sample: 1; a-Carotene 1
2; B -Carotene 2
eI
L Lo L L M
0 (min)10 0 5 10 15(min)
NACALAI TESQUE, INC
B -Carotene AP-1031
@ Water-soluble Vitamins
(1) Water-soluble Vitamins
e Analysis by C1s-MS-II e Analysis by HILIC
COSMOSIL Application Data COSMOSIL Application Data
8
Column: 5C ¢-MS-1I Column: HILIC
Column size:  4.6mml.D.-150mm Column size: 4.6mml.D.-250mm
Mobile phase: A; 20mmol/I Phosphate buffer(pH2.5) Mobile phase: Acetonitrile/ 100mmol/l Ammonium
B; Methanol/ 20mmol/I Phosphate Acetate = 80/20 Y
buffer(pH2.5) = 60/40 1 Flow rate: 1.0 ml/min
B conc. 0—80% 20min Linear gradient 5 10 Temperature:  30°C
Flow rate: 1.0 ml/min 7 Detection: UV220nm
Temperature: 30°C 2y
Detection: UV220nm Sample: o
Sample: 1; Vitamin B, [Thiamine] ~ (0.17 ¢ ) 1; Nicotinamide 0.1251 g)
2: L(+)-Ascorbic Acid [Vitamin C] (0.33 ¢ g) ° 2; Vitamin B [Pyridoxine] (0.25 ¢ g)
3; Nicotinic Acid 0.03g) 3; Vitamin B, [Riboflavin] (0.25 1 g) 4
4: Nicotinamide (0.05 1 g) N agint o At 5
5; Vitamin B, [Pyridoxine] (027 ¢ ) 4; Nicotinic Acid (0.12511g) M
6; D-Pantothenic Acid 2.01u¢g) 5; D -Pantothenic Acid (3.1251 g)
7; Vitamin B,, [Cyanocobalamin] (0.20 ¢ g) 6; L(+)-Ascorbic Acid -
8; Folic Acid 026 1 g) B + = - s i : X ° ° ° ® 2
9; D-Biotin [Vitamin H] (.02 g) NACALAI TESQUE, INC ™ [Vitamin C] 08751 NACALAI TESQUE, INC
10; Flavin Mononucleotide [FMN] (0.26 £ g) ?
11; Vitamin B, [Riboflavin] ~ (0.13 £ g) AP-1055 AP-0315

(2) Vitamin C

COSMOSIL HILIC offers improved separation of Vitamin C derivatives that are difficult to analyze by reverse phase columns.

e Vitamin C in Fruit Juice

e Vitamin C

COSMOSIL Application Data

Column: HILIC 1
Column size:  4.6mml.D.-250mm
Mobile phase: Acetonitrile/ 10mmol/I Phosphate
buffer(pH7.0) = 50/50
Flow rate: 1.0 ml/min
Temperature: 30°C
Detection: UV210nm
Sample: 1; L(+)-Ascorbic Acid[Vitamin C](1.5 i g) 2
2; L(-)-Malic Acid (B.oug)
_—
& 5 o0 s
NACALAI TESQUE, INC
AP-0313

COSMOSIL Application Data

Column: HILIC
Column size:  4.6mml.D.-250mm
Mobile phase: Acetonitrile/ 100mmol/l Ammonium

Acetate = 80/20 1

Flow rate: 1.0 ml/min
Temperature:  30°C
Detection: UV254nm
Sample:
1: Sorbic Acid (0.05 1) z 3
2; D-Isoascorbic Acid 03ug
3; L(+)-Ascorbic Acid

[Vitamin C] 03ug)

G 3 70 75 20 (i)

NACALAI TESQUE, INC

AP-0318




(3) Vitamin B

e Vitamin B:

e Vitamin B12

COSMOSIL Application Data

COSMOSIL Application Data

Column: 5C,-MS-II Column: 5C-MS-II
Column size:  4.6mml.D.-250mm 1 Column size:  4.6mml.D.-250mm
Mobile phase: Methanol/ 0.2%KH,PO, = 20/80 Mobile phase: 100mmol/l Sodium /-Hexanesulfonate,
Flow rate: 1.0 ml/min Acetonitrile/ 20mmol/l Phosphate
Temperature: 35°C buffer(pH3.5) = 20/80
Detection: UV260nm Flow rate: 0.5 ml/min
Temperature:  40°C
Sample: N Detection: UV266nm 1
1; Adenosine (1.0ug)
2; Flavin Adenine Dinucleotide [FAD] (4.0 ¢ g) Sample:
3; Flavin Mononucleotide [FMN] “40oug) 1; Vitamin B,, [Cyanocobalamin] 0.5u1g)
4; Vitamin B, [Riboflavin] (1.0ug) 2; Hydroxocobalamin Acetate 05ug)
. 3; Mecobalamin (1.oug)
. M
§ % 3 5 — § 0 3 ]
NACALAI TESQUE, INC NACALAI TESQUE, INC
AP-0653 AP-0736
(4) Vitamins in Food
e Water-soluble Vitamins in Energy Drinks
COSMOSIL Application Data
Standard Nutrient drink
Column: 5C-PAQ 3
Column size:  4.6mml.D.-250mm
Mobile phase: Methanol/ 5mmol/l Sodium /-Hexanesulfonate, ® 6
20mmol/l Phosphoric Acid = 15/85 1
Flow rate: 1.0 ml/min
Temperature: 30°C 1
Detection: UV220nm
Standard
Sample: 1; Citric Acid (10mg/ml)
2; L-Carnitine (20mg/ml) 6
3; Nicotinamide (0.2mg/ml) 2 4
4; Vitamin B [Pyridoxine] (0.2mg/ml) s
5; Vitamin B, [Thiamine] (0.2mg/ml) 7 A
6; Caffeine (0.2mg/ml) ) 5 7
7; Flavin Mononucleotide [FMN](0.2mg/ml) N
Injection Vol. 1.0 u1 o s 10 1 2 (mimzs 0 s 10

i B
NACALAI TESQUE, INC

min25

AP-1048

For research use only, not intended for diagnostic or drug use.

nacalai tesque

The quality for certainty.

.
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TEL
FAX
Website :
E-mail

NACALAI TESQUE, INC.

Nijo Karasuma, Nakagyo-ku, Kyoto 604-0855 JAPAN
: +81-(0)75-251-1730

: +81-(0)75-251-1763

www.nacalai.com

: info.inti@nacalai.com

VLNNUGOFAZA
www.obrnutafaza.hr
info@obrnutafaza.hr
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(6) Vitamins

u
T
e Hydrosoluble Vitamins e Hydrosoluble Vitamins o
()
o
5
COSMOSIL Application Data COSMOSIL Application Data 2
5
Column: 5C -MS-II 1 Column: HILIC
Column size:  4.6mml.D.-150mm Column size:  4.6mml.D.-250mm
Mobile phase: Acetonitrile / . Mobile phase: Acetonitrile/ 100mmol/l Ammonium —
Smmol/I Sodium /-Hexanesulfonate, Acetate = 80/20 \ C
20mmol/l Phosphoric Acid = 10/90 Flow rate: 1.0 ml/min T
Flow rate: 1.0 ml/min 8 Temperature:  30°C o
Temperature:  30°C Detection: UV220nm g
Detection: UV210nm, 0.16AUFS L 2, o
L Sample: o
Sample: 1; Nicotinamide (0.125pg) %
1; L(+)-Ascorbic Acid [Vitamin C] (0.23pg) 2; Vitamin By [Pyridoxine] (0.25ug) 3
2; Nicotinic Acid (0.057pg) | 3; Vitamin B, [Riboflavin]  (0.25ug) 4 5
3; Nicotinamide (0.042pg) JJ IAUU 4; Nicotinic Acid (0.125pg) s 6 7]
4; Vitamin B [Pyridoxine] (0.040pg) 1 1 y 5; D-Pantothenic Acid (3.125pg)
5; Flavin Mononucleotide [FMN] (0.19pg) © Tiae (.i"}w 15 6; L(+)-Ascorbic Acid ; h - . D—
6; Vitamin B, [Thiamine] (0.19ug) [Vitamin C] (0.875ug) .
7: Folic Acid (0.084pg) NACALAI TESQUE, INC NACALAI TESQUE, INC =
2 Vi i i i AP-00: AP-031 N
8; Vitamin B, [Riboflavin] (0.57pg) 59 315 ;? 3
235
a3
e \Water-soluble Vitamins e Ascorbic Acids =5
% o
-
i
COSMOSIL Application Data COSMOSIL Application Data @
8
Column: 5C,g-MS-11 Column: HILIC -
Column size:  4.6mml.D.-150mm Column size:  4.6mml.D.-250mm <
Mobile phase: A; 20mmol/l Phosphate buffer(pH2.5) Mobile phase: Acetonitrile/ 100mmol/l Ammonium )
B; Methanol/ 20mmol/l Phosphate Acetate = 80/20 1 o
Buffer(pH2.5) = 60/40 " Flow rate: 1.0 ml/min &)o-
B conc. 0—80% 20min Linear gradient 5 4 1 Temperature:  30°C 3
Flow rate: 1.0 ml/min Detection: UV254nm o
Temperature:  30°C 3
Detection: UV220nm Sample: o
Sample: 1; Vitamin B, [Thiamine] ~ (0.17ug) 2 1; Sorbic Acid (0.05ng) 2 3 c
2; L(+)-Ascorbic Acid [Vitamin C] (033pg) ' [44 6 of| 2; D-Isoascorbic Acid (0.3pg) Q
3; Nicotinic Acid(0.03ug) | 3; L(+)-Ascorbic Acid @
4; Nicotinamide (0.05ug) R
5: Vitamin B [Pyridoxine]  (0.27ug) i 1 [Vitamin C] (0.3pg)
6; D-Pantothenic Acid (2.01pg) ‘ML
7; Vitamin By, [Cyanocobalamin] (0.20g) JU : N - . -
8; Folic Acid (0.26ug) + i i s 0 5 10 15 20 (min)
9; D-Biotin [Vitamin H] (2.02ug) NACALAI TESQUE, INC NACALAI TESQUE, INC
10; Flavin Mononucleotide [FMN] (0.26pg) _<
11; Vitamin B, [Riboflavin] ~ (0.13ug) AP-1055 AP-0318 >
-]
=3
=
a
e Energy Drink 9
(7]
COSMOSIL Application Data
Standard Nutrient drink
<
Column: 5C5-PAQ 3 _'
Column size:  4.6mml.D.-250mm (1]
Mobile phase: Methanol/ 5mmol/l Sodium /-Hexanesulfonate, N 6 g-
20mmol/l Phosphoric Acid = 15/85 1 3.
Flow rate: 1.0 ml/min o
Temperature:  30°C , E
Detection: UV220nm 4
Standard 9.-
Sample: 1; Citric Acid (10mg/ml) b
2; L-Carnitine (20mg/ml) R
3; Nicotinamide (0.2mg/ml) 2| 4
4; Vitamin B, [Pyridoxine] (0.2mg/ml) .
5; Vitamin B, [Thiamine] (0.2mg/ml) 7 A
6; Caffeine (0.2mg/ml) | I\ I | ; N 7
7; Flavin Mononucleotide [FMN](0.2mg/ml) JL—J \__J\___J\_,\_j U —M—JUL——A N AV N
Injection Vol.  1.0ul 5 5 0 i o o g 0 ac XLAI TESQZIDJ - Cum..m
AP-1048

xapuj “lIIA



I. HPLC Columns

Il. UHPLC Columns
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e Fruit Juice e Fat-soluble Vitamins
COSMOSIL Application Data COSMOSIL Application Data
1
Column: HILIC 1 Column: 5C,g-MS-IT
Column size:  4.6mml.D.-250mm Column size:  4.6mml.D.-150mm 2
Mobile phase: Acetonitrile/ 10mmol/l Phosphate Mobile phase: Acetonitrile/Methanol = 60/40
Buffer(pH7.0) = 50/50 Flow rate: 1.0 ml/min
Flow rate: 1.0 ml/min Temperature:  30°C 3
Temperature:  30°C Detection: UV280nm, 0.64AUFS *
Detection: UV210nm -
2 Sample: ]
Sample: 1; Vitamin K, (1.71pg) | ' ¢
1; L(+)-Ascorbic Acid [Vitamin C] (1.5pg) 2; Vitamin A Acetate, all trans (0.44pg)
2; L-(-)-Malic Acid (3.0pg) 3; Vitamin D, (0.57pg) ‘
4; Vitamin E i
[DL-0-Tocopherol] (4.97ng) ‘J
5; Vitamin E Acetate I—J‘)"d : ; | LI—J \—.
G 5 70 s . \[/QL-Q-T;copherol Acetate] (T.Zzug) 9 L n
NACALAI TESQUE, INC > Vitamin &, (1.68ug) NACALAI TESQUE, INC
AP-0313 AP-0060
e \Vitamin D
COSMOSIL Application Data
5Cg-MS-II Cholester
Column:
Column size:  4.6mmI.D.-150mm 12
Mobile phase: Methanol
Flow rate: 1.0 ml/min | 1
Temperature:  30°C 2
Detection: UV265nm
Sample: 1; Vitamin D, [Calciferol] (0.3ug)
2; Vitamin Dy (0.1pg)
A S—
L 3 L L L
0 5 (min) 0 5 (min)10
NACALAI TESQUE, INC
AP-1035
e VVitamin E
23
COSMOSIL Application Data
5C,g-MS-I1 nNAP
Column:
Column size:  4.6mml.D.-250mm 1
Mobile phase: 5Cg-MS-II  Methanol &7
TNAP Methanol/ H,0 = 90/10
Flow rate: 1.0 ml/min
Temperature:  30°C 5
Detection: Uv295nm
1
8
Sample: 1; 8-Tocotrienol 3
2; y-Tocotrienol 2 4 6
3; B-Tocotrienol 7 s
4; a-Tocotrienol
5; 8-Tocopherol A (\
6; y-Tocopherol
7; B-Tocopherol o JWUNUUL R L UL RV A
. § g 6 5 § g T i F—CT
8; a-Tocopherol NACALAI TESQUE, INC
AP-1071




e \Vitamin E
COSMOSIL Application Data
5C,¢-MS-1I nNAP nNAP (4.6mml.D.-250mm) +
Column: (4.6mml.D.-30mm) (4.6mml.D.-250mm) 5C,4-MS-II (4.6mml.D.-30mm)
Column size:
Mobile phase: Methanol/ H,O = 90/10
Flow rate: 1.0 ml/min
Temperature: 30°C
Detection: UV295nm
Sample: 1; 8-Tocotrienol 23
2; y-Tocotrienol 1 1 1
3; B-Tocotrienol 3, 3
4; o-Tocotrienol . o7 2f) s ’ .
1 2 5
5; 6-Tocopherol 5 \ T 8 s 7
6; y-Tocopherol \ M {\ R !\ f' 8
7; B-Tocopherol \_,/ | |
8; a-Tocopherol r~ L/L U
NACALAI TESQUE, INC
AP-1156
e \Vitamin E e Vitamin A
COSMOSIL Application Data COSMOSIL Application Data
1
Column: SL-II Column: SSL-II
Column size: 4.6mml.D.-250mm Column size:  4.6mml.D.-250mm
Mobile phase: Hexane/ Acetic Acid = 99/1 Mobile phase: n-Hexane/Chloroform = 9/1
Flow rate: 1.0 ml/min Flow rate: 1.0 ml/min
Temperature:  30°C 2 Temperature:  30°C H
Detection: UV295nm Detection: UV254nm, 0.16AUFS
Sample: s Sample: 1; p-Carotene (0.5ug)
1; a-Tocopherol 1 4 2; Vitamin A (1.5pg) i
2; B-Tocopherol 7 |
3; y-Tocopherol 8
4; §-Tocopherol \ ‘ ‘ f| \ SR ,J L _
5; a-Tocotrienol ‘ | | | | |I \
6; B-Tocotrienol L | | | | | L | ! 1
7; y-Tocotrienol ; S UI R —— ! ’ Time(min) N N
s . [ w0 ) 3 ] ) Tmin &3
8; 8-Tocotrienol NACALAI TESQUE, INC NACALAI TESQUE, INC
AP-1191 AP-0062
e VVitamin A Acid
COSMOSIL Application Data
5C,g-MS-II Cholester
Column:
Column size:  4.6mml.D.-150mm
Mobile phase: Methanol / 20mmol/l Phosphate
Buffer(pH2.5) = 90/10 2
Flow rate: 1.0 ml/min 1
Temperature:  30°C
Detection: UV350nm 1 2
Sample: 1; 13-cis-Retinoic Acid (0.04pg)
2; Vitamin A Acid, all-trans
(all-trans-Retinoic Acid] (0.04ug)
0 5 (min)10 0 5 10 (min)
NACALAI TESQUE, INC
AP-1036
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