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Abstract: Folic acid, a form of vitamin B9, plays a critical role in producing healthy blood cells, developing
the fetal nervous system, and breaking down homocysteine to maintain its optimal blood level. Consequently,
a wide variety of dietary supplements containing folic acid are available in the market, including tablets, powders,
hard capsules, and soft capsules. However, our research group recently discovered that the folic acid assay
(I) specified in the Health Functional Food Code of South Korea is not applicable to soft-capsule-type folic
acid dietary supplements. To address this issue, a simple method for determining folic acid content in soft-
capsule-type dietary supplements was developed. This approach combines heat and ultrasound-assisted dissolution with
liquid chromatography, utilizing a UV absorbance detector. The method underwent validation following the
guidelines set by the Ministry of Food and Drug Safety. All validation parameters examined in this study met
the acceptable criteria outlined in the guidelines. These parameters include selectivity, linearity (r*>0.999), a
lower limit of quantification (0.820 pg/mL), accuracy (expressed as recovery between 100.36 % and 102.81 %),
repeatability (with relative standard deviation (RSD) values for recovery ranging from 0.26 % to 0.45 %), and
reproducibility (with an RSD value of 0.09 % for interlaboratory recovery). Furthermore, the practical applicability
of the validated method was confirmed by analyzing sofi-capsule-type folic acid dietary supplements. The
experimental content-to-nominal content ratio ranged from 108.60 to 113.27 %. Therefore, the present method has

the potential to enhance the safety management system for dietary supplements in South Korea.
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A771e2Fe] 55 ok 2,  A3Rle 22 d A AEed T At AxEye] |
Ne A77154E A8 HAVE A RIS wehA, £ =70 71 251 85 2 dHa=z
ufE 23z 7Nk 215t A2 e A7 TAE F G AP NS Raske nlolt), 2 Eef ok
FE L Trol=ERlel oA At N A WEdeld e BE & Axrt sto]
=Rl 7|ES WEshe AEAA £20.999, 504, Al 0.820 pg/mL, FI= (3] 4E) 100.36 -
102.81 %, ¥HEA (3589 AHEZFZHRL) 026 -045 %, ABHETA 7F 3582 AHEZHX}) 0.09 %)
< st g f-5 A He G AIEHE AES 28 A8 FrME B4 3 o
H] 3=F Al Aol Hlgo] 108.60—113.27 %= ER1(A T I8 71 80— 150 %)=l o], 24 Q1 Al Al
AU NS AFRISHA T mEbA, A M AEHES &5 dd He G A7 1sAF ol &
|3te] S A7 Eekd ] whde 719 = gle Aem HAdE
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Fig. 1. Chemical structure of folic acid
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2.1. Alef

Water (£), acetonitrile (P EUEZ ) J. T. Baker
(Phillipsburg, NJ, USA)2] HPLC 5% 219}, sodium
hydroxide (5=4F&}}E ), tetrabutylammonium bromide
(HEHFEYEs BE3IE)S Sigma-Aldrich (St.
Louis, MO, USA)2| reagent 5+ A<}, disodium hydro-
gen phosphate (214+=20]UEH), sodium dihydrogen
phosphate (12Fo] 4= AUE HF)-2Sigma-Aldrich®] HPLC
S5 AFE AMESIE AL, HAF EEEZZ = Sigma-

Aldrich®] 48 RFEFS AFESIS L
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[ Transferring sample into a 50-mL volumetric flask l

P

[ Addition of 10 mmol/L of phosphate buffer (pH 8.0) ]

«

[ Sonication (at 60°°C, for 20 minutes) l

P

Addition of 10 mmol/L of phosphate buffer (pH 8.0)
to make up to the mark of the volumetric flask

«

[ Centrifugation (at 35,000xG, for 10 minutes) ]

P

[ Filtration of the supernatant with a 0.2-pm membrane filter ]

. 4

I LC analysis of the filtrate I

Fig. 2. Schematic diagram of the present method using heated
ultrasound extraction and liquid chromatography.
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2) BFg99) 24
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HEE 345tk &, A 1 LY §F Sk
2ol 16120 g HIESF LU RE HEstEs Fstal
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JAMAZ NS FA7MA] 7hete] 1 L7F HA g H
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F9ate] B84t HPLCE Waters (Milford, MA,
USA)2] 2695 Separations module 2 996 Photodiode
array detectors AH8-5191.0 ™ 4] A2 Phenomenex
(Torrance, CA, USA)2] Luna C18 column (4.6 x 250 mm,
5 um)E ARESEITH o)l 244 2 FEe 47
FEE&Y Aol 283 s A oA EYELS] 82
Fojn] E9-8 2 1.0 mLming A9, 2
TE 40 °C2 eI em, 280 nm gl FHEE
AT A 2 B A AR Ae] A8
ntEIH F A4 9328 WARE &8st st
Rom A7 F FAF T (mg/100 g) AL of2f €]
F2S &8st

A2Hmg/100 g) = C x (ax b)/S x 100/ 1,000

C: ]64_9_0_1'1 7-9] oﬂ/\}‘/] o (ug/mL)
a: Alg&e] 12 (mL)
b: 3] AJul

A& AHFHF (2)
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Table 1. The practical sample applicability of the current folic acid assay (II) in Health Functional Food Code of South Korea

(n=3)
Product Dosage Nominal Me?m of Standard (.1eviation B/AX100  *Pass (P)
No. name form content (A) experimental of experimental %) Fail (F)
(mg/g) content (B) (mg/g)  content (mg/g)

1 Product 1 Tablet 1.43 1.60 0.13 112.40 P

2 Product 2 Tablet 2.67 2.67 0.68 135.88 P

3 Product 3 Tablet 1.11 0.93 0.13 83.85 P

4 Product 4 Tablet 1.33 1.97 0.45 147.88 P

5 Product 5 Tablet 6.06 5.50 0.33 92.20 P

6 Product 6 Hard capsule 1.24 1.27 0.03 102.95 P

7 Product 7 Hard capsule 2.00 1.64 0.25 82.38 P

8 Product 8 Hard capsule 2.67 2.57 0.07 96.40 P

9 Product 9 Powder 0.20 0.24 0.03 123.26 P

10 Product 10 Powder 0.16 0.14 0.01 86.68 P

11 Product 11 Powder 0.30 0.34 0.03 113.14 P
12 Product 12 Powder 0.20 0.17 0.02 83.03 P

13 Product 13 Powder 0.10 0.13 0.02 133.03 P
14 Product 14 Soft capsule 0.57 0.39 0.13 67.67 F

15 Product 15 Soft capsule 1.60 0.96 0.45 60.14 F

“The range of B/A x 100 (%) to satisfy the practical sample applicability is 80-150 %.
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Table 2. Comparisons of various dissolution conditions

343

Temperature Ultrasound Dissolution duration “B/A x 100 .
ne. (p° C) assistance (minutes) (%) *Pass (P)/Fail (F)
1 40 x 30 = =
2 60 x 30 105 >
> 80 * 30 106 P
6 60 0 30 109 P
7 80 o 10 36 P
8 80 0 20 105 P
o 80 0 30 106 p

“B/A x 100 (%) = the experimental content (mg/g) / the nominal content (mg/g) x 100
"The range of B/A x 100 (%) to satisfy the practical sample applicability is 80 — 150 %.

Table 3. Comparisons among the developed folic acid assay (A), the current folic acid assay (II) in Health Functional Food
Code of South Korea (B), and the assay for folic acid (‘Method 2”) in ‘Water-Soluble Vitamins with Minerals Capsules’,
Vitamins/Dietary Supplements, United States Pharmacopoeia (C)

Category A

B C

Soft capsule (also available for

T: fi
arget product form tablet, hard capsule, and powder)

Ultrasound-assisted dissolution Ultrasound-assisted dissolution at
room temperature for 30 minutes water bath maintained at 60 °C

Dissolution method at 60 °C for 20 minutes

*RP-HPLC
(w/an absorbance detector)
— Column: CI18
(4.6 x 250 mm)
— Wavelength: 280 nm

Instrumental analysis
method

NA Capsules

Shaking for 15 minutes in a

*RP-HPLC *RP-HPLC
(w/an absorbance detector) (w/an absorbance detector)
— Column: C18 — Column: C8

— Wavelength: 280 nm

(4.6 x 250 mm) (4.6 x 250 mm)

— Wavelength: 270 nm

*Reversed phase high pressure liquid chromatography
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(10, 20, 30%) =

Hlwstath o1 43, RE A
A V& (%) & (86~109 %)°]
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Fig. 3. Chromatograms (1) and absorbance spectra (2) from the application of the developed method to a folic acid standard
solution (A) and a soft-capsule-type dietary supplement containing folic acid (B).

Table 4. Linearity and the lower limit of quantitation from liquid chromatography of folic acid standard solutions (n=3)
Range (ug/mL) Slope y-Intercept 1 ALLOQ (ug/mL)

1.0-10.0
(7 Concentrations)

57,028.33+2,153.54 3673.90+4674.53 0.9995+0.0002 0.820

*The lower limit of quantitation (LLOQ) = (10 x standard deviation of y-intercept)/mean of slope

3, dEdold Eo R BolA, g, A, 2 A4S ER1stAtH(Table 4). 8% SHAl(the
Ao, rEA AL BT EolA g lower limit of quantitation)= 24144 A&ol|A =&%
A, 477152 F AR EaRY REF A2nE yEARe] ZFZAUA 71879 BApe 85t
aRg Blwste] ik g=e {2 A7 2 T A=Ak 2 ), 2 A0 0.820 pg/ml
Az de FE 2HE-Y dAE A Aol e HFA 7Y we x4
(Fig 3). A3 A1F &4 5 QA 422 F e 1.0 pg/mL B.o} speke] EA) et ) waha, A @Al
TE HYE ofvE= F T FE(10, 20, 40, 5.0, T UellA 42 RE A A3 AT U=

7.0, 8.0, 10.0 uyg/mL)2] = &8-S &85l HES Ao FRIEUTH Tuble 4)."
R, 3N A At AR AR 09995 +0.00029]

Table 5. Accuracy (recovery, R), repeatability (the relative standard deviation, RSD of R) and reproducibility (the RSD of
interlaboratory R) from liquid chromatography of folic acid in soft-capsule-type dietary supplements

Dosage Fortified Conc. Recovery (Lab 1, n=15) Recovery (Lab 1 —3, n=5 x 3)
Compound
Form (mg/g) Mean + SD (%) RSD (%) Mean+SD (%) RSD (%)
Liquid 2.5 102.81 £ 0.46 0.45 - -
(from soft Folic acid 5.0 100.36 +0.26 0.26 103.40 +0.09 0.09
capsules) 7.5 100.37 + 0.40 0.39 - -
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Table 6. The practical sample applicability of the developed folic acid assay

Product Dosage Nominal Me?m of Standard d.eviation B/A x 100 “Pass (P)/
No. name form content (A) experimental  of experimental %) Fail (F)
(ppb) content (B) (ppb)  content (ppb)
1 Product 1 Tablet 1.43 1.93 0.35 135.27 P
2 Product 2 Tablet 2.67 3.74 0.76 140.23 P
3 Product 3 Tablet 1.11 1.32 0.15 118.68 P
4 Product 4 Tablet 1.33 1.96 0.44 146.89 P
5 Product 5 Tablet 6.06 8.14 1.47 134.33 P
6 Product 6 Hard capsule 1.24 1.15 0.06 92.62 P
7 Product 7 Hard capsule 2.00 1.82 0.13 90.98 P
8 Product 8 Hard capsule 2.67 2.57 0.07 96.24 P
9 Product 9 Powder 0.20 0.24 0.03 125.55 P
10 Product 10 Powder 0.16 0.14 0.03 126.00 P
11 Product 11 Powder 0.30 0.36 0.05 121.22 P
12 Product 12 Powder 0.20 0.20 0.00 100.27 P
13 Product 13 Powder 0.10 0.09 0.00 89.44 P
14 Product 14 Soft capsule 0.57 0.62 0.03 108.60 P
15 Product 15 Soft capsule 1.60 1.81 0.15 113.27 P
Terange of B/A x 100 (%) to satisfy the practical sample applicability is 80 — 150 %.
The lower limit of quantitation = (10 x standard d A3 A7 SAE AZ 155S A5 T A
deviation of y-intercept)/mean of slope) J XS H7Hn=3) 3

AL GAe FqRA m% Os_é‘ Ne Fe o
77 —E—él% -8 %01] 7Jr74 o o] P4k B2FEY
A& spikingste] THE AlL(zs 5.0, 75 mg/e)S

o]-g-3ted ERISHATHN = 5) a2 A3, 35
102.81 %22 71521 92~105 %= ‘ﬂ%—o}ﬁil 3789
A EZFAX}E 0.26~0.45 %2 BHEA 7152 2%
olgt= W3 tH(Table 5). VA B Z E A+3
W Zdol gt 37 AFAeA 50 mgg IFE AEE
o] &3le] 33 xHa:]/H A]H‘]Oﬂ 1; /\164)‘_;_] uEa

W

Waters 996 detector), Waters 1525 system (with a Waters
2487 detector), Aglent 1260 Infinity system (with a Waters
2487 detector)°] T}, wWEbA, AlqF MEE AlEHE 24
FIFEAAA WOl TfolSetel  BE F5
NEE BEHGOER, I BE4] HTHOR

=ik

35 Al W AlgH Mgy Wt
orolx A & 3 AW 484 Bl
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F AlY Akl 80~150 % W
< o2 g3t
A% AR SIEHIA
Al &=F tiH] 108.60~

11327 %] AZE B, 257 /e Ald el 94 e
of g Ag&Ae A S FRAANA FAT
(Table 6). T}RY, 3, A4 q&, L AF 1359
S, A 3FF thH) 89.44~146.89 %2 A2 A%

7%—% NEA 77 B, ' AEe] d A8
284 7} A7K82.38~147.88 %)t 2 o] Kol
o

= %tH(Table 1 L Table 6). WbA, A5 7l
AlEHE A7 54 E dA9 &3S Haslsle
2o A] Hzel o=¥ ule} o] AF & A7
£ o= sslar, & 3 Al
28 o2 ?i A N&s AL A7 saEeR
g3k Ao BS FElAY Ao 2 AekEn.
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A AFU L AT LA T e 4F
SbEAA WOl 4 ol 2Rl S BE B
A, FF G AP ISHES BE AT AP
AGAE JFHOR FAFAUT whebd, A5t AR
ARHe B FU 45 92 A% Fuel AB7E

F 3 94 80 3830 FF APAERAS
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