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Abstract: In this study, we improved the vitamin C test method and reviewed data on the adjustable
range of chromatography conditions for quantification. First, we adjusted the mobile phase conditions such
as solvent composition, salt concentration, pH and column temperature and in particular, it was confirmed
through an improved test method that the peak derived from the buffer solution could be clearly separated
from the target component, vitamin C by adjusting the pH. The retention time of vitamin C was partially
changed by adjusting the column diameter, length and particle size but the number of theoretical plates
indicated similar values and did not affect the separation and quantitative analysis of the target component.
The flow rate according to the column specifications was derived from the equation proposed by the
U.S. FDA (Food and Drug administration) and the Korean MFDS (Ministry of Food and Drug Safety),
and evaluation of the applicability to vitamin complexes showed high selectivity for vitamin C even with
altered stationary phase conditions and flow rates. In conclusion, vitamin C can be optimally separated
and detected by changing the chromatographic method conditions and it was confirmed that the mobile
and stationary phase conditions of liquid chromatography can be slightly adjusted in case the assay method

uses an isocratic elution.
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2. Mz el Y

21. AlgF & 7%

o}-2~5 B AKL-Ascorbic acid, Cas No 50-81-7, A|ZH &
255564)< Sigma AldrichA} (St. Louis, MO, USA)9] Al
ACS reagent 5522 T3ttt ¥ EFQIAH(Metapho-
sphoric acid, Cas No 37267-86-0, A =¥ & 04103)
Sigma AldrichAFell A 4 3FATE & (Water, Cas No
7732-18-5, A FHE 4218-88), oA =Y E = (Acetonitrile,
Cas No 75-05-8, A|FWE 9017-88) JT BakerA}
(Phillipsburg, NJ, USA)ol|A4] HPLC 5522 +¢ 3}
Atk 2lAto]4=2ZHF(Potassium phosphate monobasic,
Cas No 7778-77-0, A& 000P1120)< Samchun
chemicalsA} (Pyeongtaek, Korea)oll 4] extra pure 552
Z Y3k} <14k (Phosphoric acid, Cas No 7664-38-2,
A EFH S 6532-2340)2 Daejung ChemicalsAl (Siheung,
Korea)ol4] HPLC 5322 F43k3i ).

22. Alefe| =H|

| E}-¢1 2k (Metaphosphoric acid) 10 g2 ol =
100 mLE 3}3ict. o] &9 10 mLoll S/ 10 mLE
A7rek AL s Ao 2 st B8E0] AV= 4
G ARt AR F lon, WA dFA7t
2 BAE 3

23 EESYo| =A|
100 mL 3 Eet2=0] HIERIC F5F(Ascorbic
acid) 10 mgs 8 &38| 2o} 5% HERINEHo R
FAlEle] FFEYN R FTH100 pg/ml). B4 2 FF
S 913 A S flel 2EdAE 5% HE
b golef] 81451 1, 2, 5, 10, 20, 30, 40, 50 pg/mL
L7t H 25 Az

OrEH

'\__
&

24. Ng8do| =X

HIEFICZA] 10 mge] -
AFstel 100 mL F-9]FekaI0] YL 5% HERIL
golow AEs F A} o] £ 10 mLE H s}
o] 100 mL B9 Zgt~To] 271 T 5% WERIA &
NG o] g3t AL o] A& 045 pm WEH
FEE ojate] AJPgeoR gt

=% AYye] NEE

25. HPLC M=%
A FTZvlE a8 AH]= WatersAHMilford, MA,
USA)2] 1525 binary pump system2 AFE-8F3 L, AR
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AR A& 715 WatersAHe] 2487 dual absorbance
detectors AHE-3F3A T E4-8 A H > PhenomenexA}
(Torrance, CA, USA)2] Gemini 5u C18 (4.6 x 250 mm,
5 um)yE ARSI o]/ &l A (0.05 M KH,PO;,
pH 3.0 by phosphoric acid)®} 8¢l B (Acetonitrile) &
60:40°] Bl &= sto] T80 &8 RS =E S,
o] &7l &ulE £ 1 mLY FES A T &
g 7171¢F AR S gttt 88 &= 1.0 mL/
mnSZ 3HT ZAYH 2= dLo 7 fX AL &
& P AFLA] FYHFL 10 pL=E ST A
Z7)9] 94L& 254 nmZ ST

NEERR
73_4}71% %?—Zﬂ o4 A VIEIC AZH A
W) 71EoR BASAL o), el 323

3
o} of2FHA HFEFE ¥ A Alo)e] EElFo| Axa}
A = R =S 15
e AIE ERIEIATHFig. 1(A), (B)).
A. 040
0.30
2 0.20
0.10 — 2.474, Metaphosphoric acid
0.00
0.00 2.00 4.00 6.00 8.00 10.00
Retention time (min)
B. 040
0.30 —2.577, Ascorbic acid
2020
0.10 2.257, Metaphosphoric acid
0.00
0.00 2.00 4.00 6.00 8.00 10.00
Retention time (min)
C. o
012 — 7596, Ascorbic acid
2008 !
4.023, Metaphosphoric acid
0.04 1
0.00

0.00 2.00 4.00 6.00 SF?D 10.00 (120)0 14.00 16.00 18.00 20.00
etention time (min]

Fig. 1. Chromatogram of (A) blank sample, (B) ascorbic acid
standard solution obtained before pH adjustment, (C)
ascorbic acid standard solution obtained after adjusting
the pH to 3.0.

Lo}aiE}(Flg. l(C)). pH7} 3088 %%
el d ofAFHEAES] H g0 EFoly oi Ao
Zko] A 7H”ﬂ"’ o|2FE HERIA et &
7 HEe e & . 59] @lF pH 2712 USP
(United States Pharmacopeia)oﬂ A A Al sk= BIEFRIC
A pH 27134 X3S FRlskith

32 NWHE AEY /&4 @it

olEA o] pHE ZAsle] RS Mas AP
o 3k W Yol WPttt HEMY Bl, B2,
B6, DS -3 EgAA] HlElvC EEELL A

ARG
Eo]dg B8t A, HIENIC 2} A
< o] &3l AP E HEEAL 52 A
A& 87H° F5 W9 (1~50 pg/mL)ell thate] 7
o .

O

(R)E 0.9985, 0.9988, 0.99902] =2 AXAAHS BHPO

H, AEdA 9 A FA= 247} 0.051, 0.154 pgmLE
VEFATH Table 1).
Hewsl GUE T3 AOAC 7Fo] =2+¢l(10~100

pg/mlL 71502 358 85~110 %, AHEEHA 4%
ollf)P& vk AdE ek, AEA e Aot
< AT & YA F FHAEeEE 4387 98t
o] 1, 20, 50 pg/mLoll thaled 53] wHE EA5ke] 92,5~

Table 1. Linearity, limit of detection and limit of quantification of vitamin C analysis

Repetition Slope y-Intercept Regression equation R?

1 28883.0 -10428.0 y=28883x — 10428.0 0.9985

2 28883.0 -10275.0 y=28883x — 10275.0 0.9988

3 28599.0 -9592.7 y=28599x — 9592.7 0.9990

Mean 287883 (S) -10098.5 - 0.9987

SD 163.9 4447 (o) - 0.0002
LOD (3.3 x 6/S) 0.051 pg/mL
LOQ (10 x o/S) 0.154 ng/mL
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Table 2. Accuracy (%) and repeatability of vitamin C analysis

Added concentration of Ascorbic acid

Repetition

1 pg/mL 20 pg/mL 50 pg/mL

1 99.7 % 94.7 % 103.9 %

2 99.0 % 93.8 % 102.9 %

3 98.9 % 94.0 % 103.8 %

4 97.4 % 95.3% 103.7 %

5 99.2 % 92.5% 103.6 %

Mean recovery rate 98.8 % 94.1 % 103.6 %

Range of recovery rate 92.5~103.9 %
SD 0.0077 % 0.0094 % 0.0035%
%RSD 0.0077 % 0.0099 % 0.0033%
Table 3. Quantitative analysis of vitamin C in 14 HFF products using LC-UV
Target . Stated contents Contents Recove

N compound Maux (mg/g) (mg/g) o
1 Ascorbic acid Calcium stearate 926.00 849.14 91.70 %
2 Ascorbic acid Sucrose esters of fatty acids 909.00 914.45 100.60 %
3 Ascorbic acid Sucrose esters of fatty acids 909.00 876.28 96.40 %
4 Ascorbic acid Calcium stearate 222.00 244.87 108.30 %
5 Ascorbic acid Calcium stearate 909.00 888.09 97.70 %
6 Ascorbic acid - 1000.00 1016.00 101.60 %
7 Ascorbic acid Calcium stearate, D-Sorbitol 200.00 219.20 109.60 %
8 Ascorbic acid Vitamin B2, Vitamin B6, D-Sorbitol 250.00 256.25 102.50 %
9 Ascorbic acid Vitamin B2, Vitamin B6, Niacin 250.00 243.75 97.50 %
10 Ascorbic acid - 1000.00 1089.00 108.90 %
11 Ascorbic acid Magnesium stearate, Hesperidin 663.00 736.59 109.10 %
12 Ascorbic acid - 817.00 846.41 103.60 %
13 Ascorbic acid Magnesium stearate, o-Tocopherol 806.00 762.48 94.60 %
14 Ascorbic acid Magnesium stearate, Maltodextrin 155.00 156.55 101.00 %

=]
AN

1039%92] 3 FES IS 7 UL, Bh

HAE= 0.0033~0.0099 %0 A TH Table 2).

Sste] AE 14200 thtel §F A9
AFEL Te Aol 484 H7h
A7) S8l A, A&, B2 AGel] s 3

stTh 2 A3, TS 91.7~109.6 %2 BT 7139
23R tH(Table 3).
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Table 4. Criteria for chromatographic method adjustments in the FDA’s ORA manual — method, method verification and
validation (ORA-LAB. 5.4.5)

U.S. FDA

Parameter

Food and feed criteria Drug chemistry criteria

Sample Injection volume Possible adjustment when meeting system suitability
- Solvent with lower composition can be
adjusted up to £30 % - Solvent with lower composition can be
Composition - Maximum variation is £10 % adjusted up to £30 %
) - Minimum composition should be - Maximum variation is =10 %
M}‘:blle higher than 2 %
phase
Buffer. £10%
concentration
pH +0.2
Flow rate +50 % (Adjustable according to column particle size)
| . .
Column Spec Isocratic : L/dp -25~50 %
Isocratic
Stationary Column. Spec. Change not recommended Change not allowed
phase Gradient
Column 410 °C
temperature

Table 5. Criteria for chromatographic method adjustments in the Korean MFDS’s analytical method validation guidelines for
pharmaceuticals

Korean MFDS guidelines (drug)

Element Detail - -
Isocratic Gradient
Sample Injection volume Possible reduction when meeting system suitability
- Solvent with lower composition can be :’J)i::;bi;;yadjustment when meeting system
. 4300
. adJus}ed up to. ?0 A) - Changeable if peak is within £15 % of sug-
Composition - Maximum variation is £10 % Lo
. i . gested retention time
- Minimum composition should be higher . . .
than 2 % - Changeable if elution power is stronger than
Mobile original composition of mobile phase
phase Buffer +10 % Change not allowed
concentration
+0.2 or
pH +1.0 (neutral substance) Change not allowed
Flow rate +50 %, Adjustable according to column Adjustable according to
volume (L x dc?) column volume (Lxdc?)
Length : £70 %, Diameter : +25 %, Length : £70 %, Diameter : 25 %,
. Column spec. - . : .
Stationary Particle size : -50~0 % Particle size : Change not allowed
phase Column o o
+ +
temperature 10+c 5
24 )3 slol=etele ANSIA Sk 2 g A pH 279 002N ARctEad Ty 24
ozt oA 24, @ BE, pH, 29 £E, 29 £ Adetn A ¥ b 2H WA WS 48
H4 % frgol hatel 235 ek, SI92 We] Felw WshE #FHA US. FDAS]
73%- [Food and Feed Modification Criteria]<} [Drug

35. pH =Ze| =H

HIEFRICO] i3t 5] & (specificity) 71412 918 W

Chemistry Modification Criteria] |4 pH 4 H{E
£0.2 WellA 318-3kaL Ut =] 2)Fe kb o
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A. 01
0.12
5 — 7.649, Ascorbic acid
2008
0.04
0.00 M
0.00 2.00 4.00 6.00 800 1000 1200 14.00 16.00 18.00 20.00
Retention time (min)
B. O
= 0.12 (— 7.596, Ascorbic acid
< 0.08
0.04
0.00
0.00 2.00 4.00 6.00 8.00 10.00 1200 1400 16.00 18.00 20.00
Retention time (min)
0.1
0.12
2 0.08 7.477, Ascorbic acid
0.04
0.00 o

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Retention time (min)

Fig. 2. Chromatograms of ascorbic acid standard solution
with modified pH of the mobile phase. (A) pH 2.8,
(B) pH 3.0, (C) pH 3.2
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A. 0.16

0.12
2008 — 7.595, Ascorbic acid
0.04

0.00

0.00 2.00 4.00 6.00 8.00 10.00 1200 1400 16.00 18.00 20.00
Retention time (min)

B. 0.16
5 0.12 — 7.596, Ascorbic acid

2008

0.04

0.00

0.00 2.00 4.00 6.00 8.00 10.00 12,00 14.00 16.00 18.00 20.00
Retention time (min)
C. o016

0.12 .
5 — 7.589, Ascorbic acid
2008

0.04 l\.\,\

0.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Retention time (min)

Fig. 3. Chromatograms of ascorbic acid standard solution
with modified buffer concentrations. A: 0.045 M
KH,PO,, B: 0.050 M KH,PO,, C: 0.055 M KH,PO,.
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A. 0.16
0.12
2008
0.04

0.00 L

000 200 400 600 800 1000 1200 1400 1600 1800 20.00
Retention time (min)

— 6.508, Ascorbic acid

B. 0.16

- 0.12 — 7.596, Ascorbic acid
2 008

0.04

0.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Retention time (min)

c' 0.16

0.12

2008 — 8.983, Ascorbic acid
0.04
0.00 S

0.00 2.00 4.00 6.00 8.00 10.00 1200 1400 16.00 18.00 20.00
Retention time (min)

Fig. 4. Chromatograms of ascorbic acid standard solution
with modified mobile phase ratio (0.05 M KH,POy4:
Acetonitrile). (A) 70:30 (v/v), (B) 60:40 (v/v), (C)
50:50 (v/v).
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Fig. 5. Chromatograms of ascorbic acid standard solution
with modified column temperature of HPLC conditions.
(A) 20 °C, (B) 30 °C, (C) 40 °C.
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Table 6. Flow rate formulas for changed column specification provided by U.S. FDA, Korean MFDS, and new suggested

formula
Flow rate formulas for changed column specification
(Initial specification: 4.6 x 250 mm, 5.0 pm and flow rate: 1 mL/min)

Diameter (mm) 2 2 2 2 2 2.1 2.1 2.1 2.1 2.1
Length (mm) 100 150 200 200 250 100 150 200 200 250
Pore size (um) 2.5 2.5 2.5 3.5 3.5 2.5 2.5 2.5 3.5 3.5
U.S. FDA flow rate (mL/min) 037 037 037 027 027 042 042 042 030 030
U.S. FDA pressure (psi) 2560 3840 #5120 1866 2332 2560 3840 #5120 1866 2332
Korean MFDS flow rate (mL/min) *0.08 0.1 0.15 0.15 0.19 "0.08 0.13 0.17 017 021
Korean MFDS pressure (psi) 542 1117 2031 1036 1641 491 1198 2088 1065 1645
Suggested equation flow rate (mL/min) 0.23 0.16 0.12 0.17 0.13 026 0.17 0.13 0.18 0.15
Suggested equation pressure (psi) 1557 1625 1625 1175 1123 1597 1566 1597 1128 1175
*Not enough flow rate
"High pressure
Pressure is estimated using HPLC condition calculator
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Table 7. Pressure issue in applying the USP <621> chromatography flow rate formula

Calculation of the flow rate formula for changed column specification
from (4.6 x 250 mm, 5.0 um) to (4.6 x 200 mm, 2.5 pm)

USP <621> Equation (2)

dcsxd
F,=F {( c2>< Py
(dc xdp,)

(dczxLl/dpl)

} [(46 XSO)} 2.00 mL/min (5120 psi)

(4.6°x2.5)

Suggested Equation (3) F,=F, {

(deTxL,/dp,)

} [(46 x250/5. 0)} 0.63 mL/min (1600 psi)

(4.67%200/2.5)

"High pressure
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Fig. 6. Chromatograms of ascorbic acid standard solution
with modified column details. (A) 4.6 x 250 mm,
5.0 um (Korean MFDS-provided regulation), (B) 2.1 x
100 mm, 2.5 pm, (C) 4.6 x 150 mm, 3.0 pm.
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Table 8. Proposal for chromatographic method modification criteria in applying HFF

Element Detail

Health Functional Food new guideline

Sample Injection volume

Possible reduction when meeting system suitability

Isocratic elution chromatography

Composition

Mobile phase
Buffer concentration  +10 %

pH +0.2

Flow rate
Column spec.

Stationary phase

Column temperature  £10°C

- Solvent with lower composition can be adjusted up to £30 %
- Maximum variation is +10 %
- Minimum composition should be higher than 2%

+60 %, Adjustable according to column length, diameter, and particle size
Length : +70 %, Diameter : -60~40 %
Particle size: -50~0 %, L/dp: -25~50 %
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