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ABSTRACT Recently, many people have demanded reliable nutritional data even for minor-components. On the
other hand, an analytical method for the analyses of vitamin Bs and B¢ is lacking. Therefore, this study attempted
to validate with accuracy and precision the analysis of vitamin Bs and B using a high-performance liquid chromatog-
raphy (HPLC) method. The vitamin Bs and Bs contents were analyzed using an Agilent 1260 series HPLC system.
YMC-Pack ODS-AM (250 X4.6 mm 1.D.) and YMC-Pack Pro RS C;s (250X4.6 mm L.D.) columns were used for
the analyses of vitamin Bs and Bs, respectively. In the case of vitamin Bs, the flow rate was set to 1.0 mL/min
by isocratic elution using the 50 mM KH,PO, solution (pH 3.5)/acetonitrile (ACN) (95:5, v/v) with monitoring at
200 nm using HPLC/DAD, whereas the flow rate for vitamin Bs was set to 1.0 mL/min of flow rate by isocratic
elution using a 20 mM CH3CO;Na solution (pH 3.6)/ACN (97:3, v/v) with monitoring by excitation at 290 nm and
emission at 396 nm using HPLC/FLD. The column temperature was set to 30°C. The injection volume was 20 pL
for each experiment. The specificity of the accuracy and precision for vitamin Bs and Bs were also validated by HPLC.
The results showed high linearity in the calibration curve for vitamin Bs (R2:0.9998**), the limit of detection (LOD)
and limit of quantitation (LOQ) were 0.4 mg/L and 1.3 mg/L, respectively, In contrast, for the calibration curve of
vitamin Bg, which showed high linearity (R’ :0.9999**), the LOD and LOQ were 0.006 mg/L and 0.02 mg/L, respectively.
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St 4, A% & vlE E 39 £4019) Tl i, 7§
4 BlEMY sheF B e BEfdd g8 HERT Bi2(20),
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& 7Fsd 584 HE By @ Beol HPLC 24142 )
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ATl AR EAAoF T HPLCE 257 2 oM E
JE" 2 J.T. Baker Co.(Phillipsburg, NJ, USA)Z ¥
15k, v EFY Bs(D-pantothenic acid hemicalcium

salt, purity 99%) % Bg(pyridoxine hydrochloride, purity

¢

o

.
.?_
98%) ¥ <3, potassium phosphate monobasic & so—
dium acetatet™ Sigma-Aldrich Co.(St. Louis, MO, USA)
253H Fgate] ARgslon, 71EF Aok 558 AFEEt
Sttt B4 HSol A £E3 3124 (SRM, Standard
Reference Material)?l NIST 3233(fortified breakfast
cereal) ¥ 3234(soy flour)+ "= NIST(National Insti—
tute of Standards and Technology, Gaithersburg, MD,
USA)el A FFiste] ARESElaL, = A Hlusde Prrg
Z139] FAPAS(Food Analysis Performance Assessment
Scheme)oll AME-H AlSE = A2 FFH oA 2F
3+ FAPAS proficiency test 2181(breakfast cereal) %
2183(liquid vitamin supplement)& AF-&3}5I T},

A% 2 AR FFE HEY Bso FEWH
Woollard (27)¢] WS o&sth & #dstd A
¢F 1~10 g2 50 mL cap test tubeol] Yil <5 20 m
7bete] SR8 EE F, 40°C 2719 2235E71(AC

iy 2 rlo

4020, Kodogiyeon, Hwaseong, Korea)oll A 1083t &
th FE8d4 3% 24t 789 2 mLE H7lste] oA

PN
0] EE T F AR} 40°C 279 2595272 10
B3 FE A ol F FEN 2E5E WMol 40 mL

2 G483s F o] FEIS 1083 YA (15,000 rpm,
1730MR, Gyrozen, Daejeon, Korea) 3}aL, A3 M 2 mL=
dojo] 0.45 ym &) syringe filter(Whatman Inc.,
Maidstone, UK)Z o] }gt & HPLC £4]9] A3 Aoz
AHg-st 3T

HIEF Beo] 7§ Kim 5(28)9 FE2HE o] 8315ith.
% #2374 oF 1~10 g2 50 mL cap test tubeo] ¥,
50 mM CH3CO2Na(pH 4.5) 25 mL 7} & 40°C %319
ZHOFE7|2 3083 FEIUTY. FEE A 2ETE
A7tste] 40 mL2 &3k, FEE& NS 1xHWhatman
No. 1) ¥ 2x10.45 ym 84 &v§ syringe filter) o] 3}
% HPLC #2419 A@g&H o= Ag-atgitt.
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2 YMC(Kyoto, Japan)9] g':])b]- Cis 3:‘% Cz Al 74 Ql
YMC Pack ODS-AM(250 mmx<4.6 mm, 5 pym, YMC),
YMC-Pack Pro RS C15(250 mmX*4.6 mm, 5 ym, YMC)
2 YMC-Carotenoid(250 mmx4.6 mm, 5 pm, YMCO)E A}
&3] 7+ o] 5o &z F& -8 Z(socratic
elution)¥} H=H] Z4(gradient elution)oll X HAZE3=
o] Fde HESS. g+ HEMN Beo] AS- AEV|HEE
Y 71E A2 gE 2019 Agilent 1260 HPLC(Agilent)
of 47t vt & A&V E AFste] AFgElglon, HEHEE
7H =2 AeE YEhE 29 S AHEete] 20& A ES)
%t = HPLC/DAD %41 HE Alell= YMC-Pack ODS-
AM(250%4.6 mm 1.D.) Z¥ S AH&3k9lal, HPLC/FLD®]



1188 7] g

Z7A HE Ao YMC-Pack Pro RS C15(250%4.6 mm
LD.) Z9E& AH&3F3ith. oF& 2 HPLC/DAD Ho|H o] A
Sl F=H] 2210 min: 100% A, 5 min: 100% A,
30 min: 50% A, 31 min: 100% A, 38 min: 100% A)S.2
w48t3aL, HPLC/FLD dlolEl¢] 79 F&mj&e =
(97% A : 3% B)o2 3349 Ho|HE AESGT. oA

of H7kste] BA O i wFE WS =] f4
AL2HE buffere HEFT Bs 2 Bgo] #41ZF7A< HPLC/
DADo9| 4= potassium phosphate monobasic(50 mM
KHzPO4, pH 3.5)<, HIEFRI Beo] #4271 HPLC/FLD
ol A+ sodium acetate(20 mM CH3CO3Na, pH 3.6)5 A}
g3 om, F FAYH BT olFde] AR bufferg
&g =TT E, BE&ule cMHEUE™RS ARSI 1L,
4 1 mL/min, Z§ 2% 30°C, Al FY%F 20 ul, 4
FEE 10 mg/LE2 Y3 H&ste] EMx2AS HESS]

r@

HIEIZ! Bs ¥ Bs 2AIHo| ZHE

3w HPLC ¥4 9] A XA (linearity) 52 I8 2

T8N E FEEE IdAH FH st HPLC

z} Qolzl AZntEIRY] 97 WAS T

ste] HFAE Adagon, AN F9Y sEXEH)e 92

A A o] ALste] ARG Folst)

HPLC #4 A] AZ3A(LOD, limit of detection)9} A

25 A)(LOQ, limit of quantitation): signal ™¥®] noise H]

£ (S/N ratio)o] 77zt 3 2 10°] ¥+ ¥ =29 H%E LOD

2 LOQE 747y AAstl o, 1733 EA(SRM, Stand-

ard Reference Material)& AFg3le] £ AHEA
(accuracy)S #3sF3ith.

ek, Baw o] A% (precision)E &e13t7] Y 1Y

)

0uHE 2293k ubE- A (intra-day) 2 5% 59¢F 535}
A F28 A8 A (inter-day) A5 S
= W1, A R Wol Aol o3 Hrts

b R Asel g4 AH A4S Sual Al 9
AR AFE RN FRere Al v aSAE HrhEa
A2l FAPAS(Food Analysis Performance Assessment
Scheme)ol FHolalgl ot HEbyl el 49 W} 2
ol EAS) ol FelstA) R, vl wEh Byl
- FAPAS Proficiency Test 2181(breakfast cereal, aL
A) 2 Test 2183(liquid vitamin supplement, ¢ A]) ¥ 7}
Al matrix EFoll A A O A A A E A S BTk

.

HIEHZ Bs H Bs =M= I8t 21X HPLC ﬁ%ﬂf’c‘,@l ks
v

HE o)

sl sl AL 4 BEAE AR, e
Bri Eol% wajgre] gl7] W&l 200 nm JEo] e 3}

]

el A EAskE Blo] whghAsithar ®BarE \p QlTh(30,
31). AA W Bs XEEe AL 53 ~HEHS Il
g A Hd) FFge s )
(Fig. 1. 217t% A1) SS9
210, 220 nmellA I &0 =
ZA3N(Table 1), 200 nmel| A
Yepd o] BlEH Bsol #4942 200 nm

g HERR Beo] 7
AEsS oM, 22 53 gL
nm F-ZolA Ho FFEAES ‘/}E}‘Hoiq(Flg 1) SRS

[\
S
e}
=)
=

2]\ 200 nm A
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Fig. 1. UV spectra of vitamin Bs (A) and Bg (B).

(\200 nm B

290 nm

T T T T
200 250 300 350 400 80 500 550 nm

Table 1. Comparison on separation and detection efficiency of vitamin Bs using HPLC/DAD method with different wavelengths

Wavelength (nm) Peak Rt. (min) Peak width NV HEPT” As”
200 11.069 0.1969 50564 0.0049 1.042
205 11.069 0.2024 47854 0.0052 1.035
210 11.069 0.2024 47854 0.0052 1.014
220 11.069 0.2025 47806 0.0052 0.963

YN: No. of theoretical plate. YHEPT: height equivalent to a theoretical plate. DAs: peak asymmetric.
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(Table 2). 72 A3} 290 nm9] 3o HE=7E 9 5
WAl A 71 73S g1e 4= AT Kim 5(32) % Suh
¢} Kim(33)0] A7+ =87 BIEYl Baro] SAEAY 7
u g Aol M= vER BeE HPLC/DADE H2] A] &
A9} ] 270 nm, 254 nmoll A #2431 =4l o]+ H]EH

W Bget @A 2 B35l Zlo]
FAEAE Q3 g Ao B
sk 4 QT A YPAHE
tion) 290 nm¢e} *
= 545 YeEd
W7dste] vl £ A
2 396 nm7} 7HY =&
== MH

obre} ~874 HIEHY B é
B o] to) Aolsk AL ol
E&A A E o] 7] I A (excita—
% 9 (emission) 396 nmollA o 7
i (Fig. 2), 71k 9719 2 &S
% o 7] 3F 290 nm, W=
4 545 YEAtk(Table 2).
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FETHE 24 A sensitivity 7} 7HE =gko

w8 o] WA WA base lineo] AZFsHA SrolA| =
&7 (gradual drop)& WEFHIITE o] @4L F=7H) 2
Aol B4 A o5y §¥l2 AEEE A 2B Sl

FAG w0 AR/ FHE NAZ AR A
£ @4 Ao, B ATolH FH2ES A8 AeH BE
W) AEUEDE §7] 82N W AEHE AT
o) st & Fe S Felstel A Gl Eadeln
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g, MEEAIZE B A0 AEA,
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Z7 % sensitivity ¥ ¥ 3.9]
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tH(Table 3). Choi 5(13)°] B.1L

3742 2 HPLC/DAD 5
Adides gash HIE‘r‘ﬂ Bs

A42 el chFig.
S B
BAAR A% 5 1
8§ =AL AE

Holl A= 95%

Table 2. Comparison on separation and detection efficiency of vitamin Bs using HPLC/DAD and HPLC/FLD method with different

wavelengths
Detector Wavelength (nm) Peak Rt. (min) Peak width NV HEPT? As”
270 12.750 0.1025 247567 0.0010 0.935
DAD 280 12.752 0.1021 249589 0.0010 0.936
290 12.753 0.1016 252091 0.0010 0.948
Ex" Em’
FLD 290 396 4.955 0.1569 15957 0.0157 0.857
290 385 4.986 0.2393 6946 0.0360 0.466
270 369 4.991 0.2430 6750 0.0370 0.506
UN: No. of theoretical plate YHEPT: helght equlvalent to a theoretical plate.
DAs: peak asymmetric. “Ex: excitation. Em: emission.
’ / N\ 290 nm A ! 396 nm B
’ 315 nm
230 nm / \
\\ / \/ ~_|

)

0 P!
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® W » )

@

@ “w @0 @ ]

Fig. 2. FL spectra of vitamin Bs of excitation spectrum (A) and emission spectrum (B).
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Fig. 3. Comparison on HPLC/DAD chro-
matograms with different mobile phase of
vitamin Bs.

Table 3. Comparison on mobile phase ratio for high-efficiency chromatographic separation of vitamin Bs using HPLC/DAD

Solvent ratio (% A) Peak Rt. Peak width NV HEPT” As”
95% Isocratic 11.069 0.1969 50564 0.0049 1.042
96% Isocratic 13.202 0.2369 49690 0.0050 0.865
97% Isocratic 18.279 0.3547 42492 0.0059 0.965

Gradient” 12.771 0.1029 246456 0.0010 1.058

UN: No. of theoretical plate YHEPT: height equlvalent to a theoretical plate.

DAs: peak asymmetric.

Y0 min: 100% A, 20 min: 80% A, 25 min: 65% A, 26~32 min: 100%.

e A
<95% A | —Gradient
Y | <97% A
‘ﬁ <—100% A
I
\‘ ". n— —
N B
o <
L & =
=2 @
E ! ©
3
o (&)
"
% ‘r‘ ‘
‘|-‘; g 5 Fig. 4. Comparison on HPLC/DAD (A) and
3\ HPLC/FLD (B) chromatograms with dif-
S = — ferent mobile phase of vitamin B.
sAgol v EvhaL Ao dH e AEHEs e HPLC/FLD 271 9A] HPLC/DADS} w742 97% A &
SOt wiEEAgko] A ds]o] 5.7 el HEH = 97% A S8 7o) 7 A§e Aoz ZAEATHTable 4).
o] guln| &3 o] A & 1S HF A5k tHTable
4). Z|™ HPLC column°| MH
w3, HPLC/FLD Z7Ao% el BeE EA43 A3} IR Bs B Bg w4l 71 A §hek 54 HPLC column
HPLC/DADSH= 2] 54 &4 2] base line®] 84 = A8 5’40}01 =74 2 A9 A pH7F A= o
A U Fded Ao A= v column 3FE &AetaLl vl F7skitt vl Bs= 3F

peak?] Z&}d(peak split)o] E2% A ch(Fig. 4). wahA]

o] Z¥ F YMC-Pack ODS-AM(250%4.6 mm 1.D.) Z#
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Table 4. Comparison on mobile phase ratio for high-efficiency chromatographic separation of vitamin B¢ using HPLC/DAD and

HPLC/FLD
Detector Solvent ratio (% A) Peak Rt. Peak width NV HEPT” As”
95% Isocratic 4.300 0.1090 24900 0.0100 0.726
DAD 97% Isocratic 5.651 0.1476 23453 0.0107 0.740
100% Isocratic 13.842 0.2973 34684 0.0072 0.880
Gradient” 12.752 0.1029 245723 0.0010 0.935
95% Isocratic 3.461 0.1739 6338 0.0394 0.722
FLD 97% Isocratic 5.106 0.1737 13825 0.0181 0.834
100% Isocratic 11.447 0.4589 9956 0.0251 0.623
Gradient” 10.816 0.3989 11763 0.0213 0.507

UN: No. of theoretical plate YHEPT: height equlvalent to a theoretical plate.

DAs: peak asymmetric.

Y0~5 min: 100% A, 30 min: 75% A, 31~38: 100% A

Table 5. Comparison on separation efficiency of vitamin Bs and B with different 3 kinds of columns using HPLC/DAD method

Component Column” Peak Rt. Peak width N? HEPT” As”
AM 10.883 0.2242 37700 0.0066 0.946
Vitamin Bs RS 10.597 0.2216 36589 0.0068 0.759
C30 8.647 0.2815 15097 0.0166 0.758
AM 5.651 0.1483 23232 0.0108 0.736
Vitamin Bg RS 5421 0.1418 23384 0.0107 0.694
C30 12.919 0.2530 41719 0.0060 0.489

YAM: YMC-Pack ODS-AM (250X 4.6 mm L.D.), RS: YMC-Pack Pro RS Ciz (250X4.6 mm 1.D.), C30: YMC-Carotenoid (250 X 4.6

mm L[.D.).

’N: No. of theoretical plate. YHEPT: height equivalent to a theoretical plate. YAs: peak asymmetric.

o7 BEA3AS w HEHE, o]2W¢4(No. of theoretical
plate) 2 39| 9t =(peak symmetry)7} 71 $-5
3} tHTable 5 % Fig. 5). ¥]E}R Bgi= HPLC/DADZE ©]
83t 3% 2§l 5 B agd JFgFE A= 8dES
Asvn HES A3 (Table 5 2 Fig. 6), YMC-Pack Pro
RS C15(250%4.6 mm L.D.) ¥ YMC-Pack ODS-AM(250x
4.6 mm LD F ZHeo] 7 3 Zom EAH
T A ] AeE I Abolrt gl oy H9-ti R A
YMC-Pack ODS-AM(250%4.6 mm L.D.) Z# o] A4 o
2 9538 s 1Bk s el Bg ®40 HPLC/
FLDE ©]&3tal 359 A& 45 vustlS o HPLC/
DAD$®} 2] YMC-Pack Pro RS C15(250%4.6 mm 1.D.)
Zredo] BAlo 71 Agksl el o7 dely it (Table 6
2 Fig. 6).

Fig. 5. Comparison on HPLC/DAD chro-
matograms of vitamin Bs with different 3
kinds of HPLC columns. 1, YMC-Carote-
noid (250X4.6 mm L.D.); 2, YMC-Pack Pro
RS Cis (250X4.6 mm 1.D.); 3, YMC-Pack
ODS-AM (250%4.6 mm 1D.).

2E H|EIT! Bs EJ Bs 2Ao| HS

g5 vey B; 2 Bso] HPLC ¥4%(Table 7) A&
H;oq 941?‘ i 74&&4 xl/ﬁﬂ% sl-o] 3} 7%,} H]E].u]
Bs9 79 =0.999" o] o= vEtskow, nlEkl By
3 HPLC/DAD 2 FLD¥ =% R'=0.999” o] = 119
2M9& LPE}LH A CHTable 8). 7} HEFT] Bs 2 Bso] HPLC
B4 Al AEZIALOD) 2 A A(LOQ)+ HIE Bs9
A9 04 2 1.3 mg/LE 2&Fon vEyl Be= HPLC/
DAD %8¢ 49 0.1 2 0.4 mg/L, HPLC/FLD "ol A=
0.006 ¥ 0.02 mg/L= 45 o] HPLC/FLD ¥ o] HPLC/
DAD thH] #H 4 15uf o]d9] a3t 3Eo] 7hsate] &
e ASENME 8% Bo] 7ted Zog Ay
S THTable 8). Kim 5(32) ¥ Suh 5(33)°] &4 WEl
B# % HEMY BgE HPLC/DADE o] &3}o] B3 A3}
AZE3HAZ 22 0.19 mg/L 2 0.2 mg/LE E1F v} 9o
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I : X4.6 mm 1.D.); 2, YMC-Pack ODS-AM
(250 X4.6 mm I.D.); 3, YMC-Carotenoid
L . . | (250X4.6 mm L.D.).

Table 6. Comparison on separation efficiency of vitamin Bs with different 3 kinds of columns using HPLC/FLD method

Component Column Peak Rt. Peak width N HEPT” As”
AM 6.177 0.2064 14330 0.0174 0.725
Vitamin Bg RS 4.955 0.1569 15957 0.0157 0.857
C30 7.761 0.5869 2798 0.0894 0.514

UN: No. of theoretical plate. YHEPT: height equivalent to a theoretical plate. YAs: peak asymmetric.

b, ¥ ¢l5tell A= HPLC/DAD % FLD W4 25 7]Eo] whebA vER Bee] Z3-- 241713 W HPLC/FLD & 719
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Table 7. HPLC operating conditions for vitamin Bs and Bg analysis

Column YMC-Pack ODS AM (250 mm X4.6 mm, 5 pm)
Detector UV detector (200 nm)
Vitamin Mobile phase A: 50 mM KHPO4 (pH 3.5), B: acetonitrile 95% A :5% B (v/v), isocratic elution
Bs Flow rate 1 mL/min
Injection volume 20 uL
Column temperature 30°C
Column YMC-Pack Pro RS Cis (250 mmX4.6 mm, 5 pum)
Detector FL detector (Ex A=290 nm, Ex A=396 nm)
Vitamin Mobile phase A: 20 mM CH;CO;Na (pH 3.6), B: acetonitrile 97% A : 3% B (v/v), isocratic elution
Bs Flow rate 1 mL/min
Injection volume 20 uL
Column temperature 30°C

Table 8. Comparison on the LOD, LOQ, and calibration curves of vitamin Bs and Bs with 2 kinds of detectors

Component Detector LOD (mg/L) LOQ (mg/L) Calibration curves R
Vitamin Bs DAD 0.4 1.3 y=14.6238x+0.597 0.9998
Vitamin Bg DAD 0.1 0.4 y=27.9938x — 1.5075 0.9998

Vitamin Bs FLD 0.006 0.02 y=107.5358x+0.4312 0.9999
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Table 9. Reproduction test with retention time and peak area using HPLC
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Parameter Vitamin Bs (DAD) Vitamin B¢ (FLD)
Mean 10.639 4.988
Intra-day (n=10) SD 0.023 0.008
CV (%) 0.217 0.170
Retention time (Rt.)
Mean 10.682 4.956
Inter-day (n=5) SD 0.149 0.037
CV (%) 1.398 0.759
Mean 177.1 995.2
Intra-day (n=10) SD 1.997 2.947
CV (%) 1.128 0.296
Peak area (mAu)
Mean 174.1 1019.4
Inter-day (n=5) SD 1.834 18.191
CV (%) 1.054 1.784

Table 10. Accuracy of vitamin Bs and Bs contents for SRM

Component SRM Recovery (%) Analysis value (mg/100 g) Reference value (mg/100 g)
Vitamin Bs NIST 3234 100.3£0.9" 1.14840.010 1.14540.012
Vitamin Bg NIST 3233 99.5+1.1 7.759+0.089 7.80+0.470

YMean+SD (n=3).

Table 11. Results of FAPAS proficiency test for vitamin B¢ (as pyridoxine)

Component Material base Analysis value (mg/100 g) Reference value (mg/100 g) Z-Score
Breakfast cereal Solid 0.241 0.278 -1.0
Liquid vitamin supplement Liquid 16.151 15.200 0.8
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