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ABSTRACT - This study was conducted to simultaneous analysis methods for water soluble vitamins B group
(vitamin B,, vitamin B,, nicotinic acid, nicotinamide, vitamin B) which is used as health functional foods etc. Ana-
lytical methods of water-soluble vitamins B group by HPLC were established through instrumental analytical condi-
tions, and the examination of data such as domestic and foreign reliable methods, and papers of journal. HPLC method
analyzing water soluble vitamins B group was established using Capcell Pak C18 UG 120 column in 270 nm through
test of columns. The validation has been performed on the method to determine linearity, accuracy, limits of quantifi-
cation (LOQ) and repeatability for water soluble vitamins B group. An excellent linearity (r> = 0.999) was observed
for vitamin B,, vitamin B,, nicotinic acid, nicotinamide, vitamin B, in the concentration range (0.1~2 pg/mL).
Observed recovery of vitamin B, was found to be between 100 and 103%, vitamin B, was found to be between 104
and 112%, nicotinic acid was found to be between 82 and 85%, nicotinamide was found to be between 121 and 124%
and vitamin B was found to be between 95 and 104%. LOQ of vitamin B, was found to be 0.04 pg/mL, vitamin B,
was found to be 0.05 pg/mL, nicotinic acid was found to be 0.15 pg/mL, nicotinamide was found to be 0.08 pg/mL
and vitamin B¢ was found to be 0.63 pg/mL. Repeatability precision for vitamin B, was found to be 0.4%, vitamin B,
was found to be 0.4%, nicotinic acid was found to be 0.5%, nicotinamide was found to be 0.7% and vitamin B, was
found to be 0.4% relative standard deviation (RSD). Also, verify the accuracy of the simultaneous analysis methods,
we monitored the labeled contents of the health functional foods and children's preferred foods.
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Materials and Methods

Y 1=

2 A AME A EE TEUARISERA AAAE
E FAste] AHFNIE 30149 ofde] 73 AF (87
A77152%F (247)S AR 8RS, AW e Wk
I @ uE, 177154 F A I8yl BAlE 5
< o] &3t FYIAT. AlE= HAAE T 2447 o
of £A4S AAFE Y= A, B35 A7
A3k 77154 F 2pgete] ¥E(-18°C)ellA Bs}
3, oldo] 713 FE F FEFE Y (40), FAFE
A3} 3 & 2pFste] YE(-18°C)dlA BTt A3}
H AIEHE AEE T HlEHlo] 234 ofdo] 754 %

o NYR, AT, AYEHEES A, A AF
WE 484 NS Aaskan,

T=Z gl Aot

HIElY B (FFCS =2 H|EFT] B, (thiamine hydro-
chloride), H1EFR! B,(riboflavin), 1©]e}2](nicotinic acid,
nicotinamide), BIEFY] B,(pyridoxine hydrochloride)= Sigma-
AldrichAKSt. Louis, Mo, USA)°l|lA £i3te] AR&-3sit
A& 9] Ao AF8-E sodium hexanesulfonate, acetic
acid= WakoAH(Osaka, Japan), methanol> MerckAH White-

house Station, NJ, USA)Z5EH HPLC | T3l A
3 O]'M
EE8 U Alofe] £7]
FE o 7}

HIEH B, HIEFRI B,, Uololdl, MBI B, #EEFS 4
7} 5mge H3F 5, 50mL ZAAH LS 100 pg/mL
9] o] F=E o]F54 A (5mM hexanesulfonate, 10 mM
sodium phosphate monobasic, 1% acetic acid)Z EA7}A|

Ag3le] o] = stock solution® & L]-“U]- Zyz} viErel 3
TE9 stock solutionz} EFEE E3FH-2 2pF-87] ¥

o] —4°CollA] HAsIon, FFENL E%%m‘% Z¥z}
0.1, 025, 0.5, 1, 2 pg/mLe] HE= o]Fd AR 845}
AH8-sHIT.

AlE-go] I1[11

7233 AIEE 025~1g (B 1mL) F3 &
4 AZ Yol SOmLi Aeagrh g9

Z3ko] 9,000 rpm & 1587 AR 3T
sted 0.2 um PWEH Q! EZ o3t 7
Aete] AlggRoz ST

o B 4w of

HPLC 7171 9 BMxA

HPLC A]2=¥]l& SPALC SP3213 detector, 3201 pump,
3004 oven, 3023 auto sampler, 3202 degasser (Nanospace
SI-2, Shiseido, Tokyo, Japan)Z A3} t}. Sonicatore=
8510E-DTH (Branson, Danbury, USA), Vortex mixer—
REAX top (Heidolph®, Schwabach, Germany), Centrifuse
= MX-300 (Tomy Seiko, Tokyo, Japan)S A}&-3}91

o]54 AT 5SmM hexanesulfonate, 10 mM sodium
phosphate monobasic, 1% acetic acid, B+ ©|&7 Acl
methanolS 7Feted 65% wlehe 89 Lz 24|
AR, ol 5> A:B=1:990= 3l3L A:B=99: 102
alod 4027 EAsIATh A2 H O 2= Shiseido capeellpak
C18 UGI120 (4.6 mm x 250 mm, 5 um)yZHS AME3FA L,
AlE FUFS 10ul, ZH2EE 40°C, A1 402
o7 315eH, PDA 3 HEE 190~400 nmZ, 270 nm
of| A F-413}%] tH(Table 1).
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Table 1. HPLC/PDA operation conditions for the B group vita-

mins
Instrumental . "
- Operating condition
condition
Column Shiseido Capcellpak C18 UG120
(4.6 mm x 250 mm, 5 um)
A - 5 mM hexanesulfonate,
. 10 mM sodium phosphate monobasic,
Moblile phase 1% acetic acid
- o] 54 A : Methanol = 35 : 65 (v/v)
Flow rate 0.5 mL/min.

Column temp. 40°C

Wave length 270 nm
Inj. vol. 10 uL
Time A (%) B (%)
Gradient 0 99 !
program 30 1 99
35 99 1
40 99 1

B
9 B )°l ﬂ%k—% AL 25 Tket YAlE
o AA2E st HPLCY FH3sH3 d
Ea#x A& v AEEe
g et 5 Ao ARG Yste] e
9l Be] S Tekh

Results and Discussion
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Name
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Minutes

Fig. 1. HPLC chromatograms of water soluble vitamin standards.
Peaks: 1. nicotinic acid, 2. nicotinamide, 3. vitamin B, 4. vitamin
B,, 5. vitamin B,,.

o, nicotinamide 1220}, BIEFR B, 18% 0,
HIEFY B, 23%thol] ZE] =it

HI e B, 22

HAH 4=
19 oo
RIAMAM
-0
g 770

B4 HEW BZo] ASHE =5HY
= *e“é 3o 0.1~2 pm/mLA OIS PERPAPS
sttt HIERR] B 5% R? gke] 0.99901%¢
ieh. HIERRL B, R*= 1.0000, HlEkzl B, R?=0.9998, nicotinic
acid R*=0.9996, nicotinamide R*=1.0000, H]E}¥]1 B, R*=
0.9998 o]Are] =3t FAAL Fold 4= At}

A

A=

N

[mm } — =< OO —
EENEE BYT QA 719719 E2BR] 27
sto] 318 F G 7197] GOE e A PE I,

Atk vER B,el dlgk LOD (Limit of detection)
= 0.011 pg/mL, LOQ (Limit of Quantification)= 0.036
pug/mLE Ve, BlER B thd LODE 0.014 g/
mL, LOQE 0.048 ug/mL, nicotinic acidoll ™ 3 LODE
0.044 ng/mL, LOQ+E 0.148 pg/mL, nicotinamide®l| tff $F
LODE 0.024 pg/mL, LOQE 0.081 pg/mL, HEFR Bl
st LOD= 0.190 ug/mL, LOQE 0.633 pg/mLE 2 L}Ek
S THTable 2).

Table 2. The detection limits and quantitative limits of HPLC analysis for the B group vitamins

i =ax+b
Compound gzzziﬁg ::‘(;jl) slope (a) : intercept (b) R LOD (ug/mL) LOQ (ug/ml)
vitamin B, 0.10-2.00 159589.6 -2183.62 >1.0000 0.011 0.036
vitamin B, 0.10-2.00 312608.9 —2877.91 >0.9998 0.014 0.048
nicotinic acid 0.10-2.00 122352.5 —4121.44 >0.9996 0.044 0.148
nicotinamide 0.10-2.00 100188.0 -1618.34 > 1.0000 0.024 0.081
vitamin By 0.10-2.00 74002.9 7520.14 >0.9998 0.19 0.633
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Table 3. Accuracy of HPLC analysis for the B group vitamins

Accuracy (n=3)

Compound Mean = SD

. . N o
SRM Certification Mean + SD (mg/g) Recovery (%) RSD (%)
vitamin B, 1.06 £ 0.12 mg/g 1.09 £0.02 102.8+£ 1.6 0.63
vitamin B, 1.32+0.17 mg/g 1.42 £0.05 107.7+£3.9 0.91
multivitamin 3280

nicotinamide 14.10 £ 0.23 mg/g 17.41£0.20 1235+ 1.5 1.10
vitamin By 1.81+0.17 mg/g 1.82 +0.09 100.6 £4.9 1.26
nicotinic acid meat 1546 36.30 £ 3.8 mg/kg 30.32 £0.61 83.53+ 1.7 1.99

Table 4. Intra-day reproducibility test of HPLC analysis for the B
group vitamins

Intra-day
Mean S.D.

Compound
content (pg/mL)

0.99
0.99
0.99
0.99
1.00
0.99

0.90
0.90
0.90
0.89
0.89
0.89

0.98
0.99
0.99
0.99
0.99
0.99

0.93
0.92
0.93
0.93
0.94
0.93

0.87
0.87
0.87
0.87
0.87
0.87

RSD (%)

—

vitamin B,

(l 0 Hg/mL) 0.99 0.004

0.415

vitamin B,

(1.0 pg/mL) 0.90 0.004

0.425

nicotinic acid

(1.0 pg/mL) 0.99 0.005

0.545

AN R LN =N R WD =N R WD

nicotinamide

(1.0 pg/mL) 0.93 0.007

0.720

AN N R W N —

vitamin B

(1.0 pg/mL) 0.87 0.003

0.382

AN N R W N —

HIEMT] Batoll th3stk Y &Ade &l
83~123% FF9

2=nu= AT
TAEe] ARG AN A 225 63] W &
deten, dull AUAdS AT 23 %RSDCIHEE

HA7F HIE] B2 0.415%, HIEF] B, 0.425%, nicotinic
acide= 0.545%, nicotinamide= 0.720%, FIEF! Bai= 0.382%
o E YEht =2 dul Aol drES IRlEAtt
(Table 4).

EAAae] S Slstr] Qe 3uE A5 sl
3ol A Alget A3 %RSDCOFH EZHZ)7E HER
B2 0.326%, HIEF! B,= 0.019%, nicotinic acid= 0.691%,
nicotinamide:= 0.736%, HIEFY] Bz 0.131% o= e
U 2 A7 o] grES RIS TtH(Table ).

Table 5. Intra-day reproducibility test of HPLC analysis for the B
group vitamins

Intra-day
Compound
content (ug/mL)  Mean S.D. RSD (%)
e dday 100
vieamin By o4y 099 099 0003 0.326
(1.0 pg/mL)
3day 0.99
e lday 100
vitamin B,
(LOpgml)y 2day 101 101 0000 0019
3day 1.01
a4 093
micotinle acld 00 094 093 0.006  0.691
(1.0 pg/mL)
3day  0.94
icoti d lday 0.92
micotmamice 54y 093 092 0007 0736
(1.0 pg/mL)
3day 092
tamin B lday 0.99
vitamin 6
(L0pgmly 2day 099 099 0001 031

3day 0.9
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Table 6. Determination of B group vitamins in Health functional foods (n = 3)

HEA T JFa
3 AAZA ko] EAFS] 80% o]
17471543

2 2

A
A

R

|2 BErRIS] 73
Jojo} gt}

Fol sk HIEM BA 71%-%7“’4 B
A77154%E 21
431% lEHH A 92%

Compound
Sample vitamin B, vitamin B, nicotinamide vitamin B
Labeled Found Result Labeled Found Result Labeled Found  Result Labeled Found  Result

(mg) (mg) (%) (mg) (mg) (%) (mg) (mg) (%) (mg) (mg) (%)
1 0.48 0.58 117 0.53 0.74 142 7.90 11.59 146 0.78 1.03 130
2 0.75 0.82 109 0.85 0.76 89 6.00 8.41 140 1.00 1.41 141

3 - - - 0.01 0.01 106 - - - - - -

4 - - - 1.20 1.60 132 - - - - - -

5 0.81 1.18 145 - - - - - - - - -
6 0.12 0.20 174 0.14 0.20 174 - - - 0.12 0.20 150
7 0.27 0.46 172 0.32 0.41 125 2.00 2.52 125 0.37 0.53 143
8 0.60 0.93 158 0.80 1.16 142 10.00 10.97 109 1.30 1.53 116
9 1.00 1.04 104 1.20 1.20 99 13.00 13.45 103 1.50 1.71 112
10 0.53 0.76 145 0.67 0.73 110 7.33 7.86 107 0.53 0.76 143
11 0.85 1.44 166 1.08 1.34 124 - - - 1.40 1.82 129
12 - - - - - - - - - 0.40 0.59 146
13 0.55 0.65 114 0.64 0.71 108 - - - 0.94 1.29 135
14 0.25 0.35 134 0.34 0.38 114 3.82 5.28 137 0.51 0.61 118

15 0.33 0.48 151 - - - - - - - - -
16 1.10 1.54 140 1.30 1.15 88 4.00 4.23 105 1.60 2.12 131
17 0.80 1.43 174 0.40 0.68 175 10.00 13.00 129 0.70 0.91 129
18 0.85 1.19 139 - - - 3.90 4.25 109 1.32 1.75 131
19 1.12 1.84 164 1.00 1.14 113 4.57 5.64 123 0.89 1.32 150
20 1.00 0.93 92 1.20 1.09 89 6.50 5.32 81 1.50 1.87 123
21 0.32 0.48 150 0.40 0.48 150 4.60 4.85 105 0.45 0.62 138
22 0.90 1.33 147 1.00 1.18 118 5.34 6.99 130 0.80 1.18 145
23 0.55 0.69 125 0.90 1.03 114 8.50 8.88 104 1.85 2.17 117
24 1.00 1.42 143 1.20 1.24 103 11.00 10.84 98 1.30 1.46 112

Table 7. Determination of B group vitamins in Child-favored foods (n = 3)
Compound
Sample vitamin B, vitamin B, nicotinamide vitamin B
Labeled Found Result Labeled Found Result Labeled Found Result Labeled Found  Result

(mg) (mg) (%) (mg) (mg) (%) (mg) (mg) (%) (mg) (mg) (%)
1 0.07 0.08 114 0.08 0.10 125 0.90 0.10 110 0.09 0.14 156

2 0.03 0.05 167 0.04 0.07 190 - - - - - -
3 0.32 0.39 123 0.30 0.60 200 - - - 0.38 0.45 118
4 0.10 0.10 100 - - - - - 0.15 0.19 127

5 0.60 0.06 100 - - - 2.00 2.00 100 - - -
6 0.10 0.10 100 0.20 0.20 100 1.70 2.20 129 0.13 0.15 115
7 - - - - - - - - - 0.38 0.53 139
8 - - - - - - 1.60 2.60 162 0.20 0.30 150
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