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Establishment and Validation of an Optimized Analytical Method for Ferrous
Gluconic Acid in Health Functional Foods Using HPLC-ELSD and LC/MS

Yeongju Parkl, Soyeon Jeongl, Hyunji Seol, Jihyun Lee2, Chan Lee2, and Hee-Jae Suh!

1 Cemter for Food and Bio Conversion, Department of Food Science, Sun Moon University
“)Department of Food Science and Technology, Chung—Ang University

ABSTRACT Ferrous gluconate has been used in Korea, the United States, Japan, and the European Union to control
the acidity in foods. We optimized an analytical method to determine the levels of ferrous gluconate in foods by
a high-performance liquid chromatography-evaporative light scattering detector (HPLC-ELSD) and an ultra-performance
liquid chromatography-mass spectrometry (UPLC-MS). The linearity of the developed analysis method using HPLC
was excellent with a coefficient of determination (R”) of 0.999 obtained from calibration curve, and limits of detection
and quantitation were 12.8 ng/mL and 38.9 pg/mL, respectively. In intra-day and inter-day analysis, the accuracy
was 95.6~101.5% and 98.6~103.1%, respectively, and the precision was 1.5~2.6% and 0.7~2.9%, respectively.
The measurement uncertainty of analyzing the health functional food samples was within 3%, and the verification
results of all analytical methods met the standards of the European Commission (EC). UPLC-MS was also used to
confirm ferrous gluconate. As a result, the field applicability of the ferrous gluconate analytical method developed
in this study was confirmed.

Key words: ferrous gluconic acid, acidity regulator, HPLC-ELSD, UPLC-MS, analytical method

N 2 of Food and Drug Safety, 2019). %7154 % 5 3%
of tiafixE= ] ARE7IEe] AR YA Fon, F
B dete] HAo R ALEHEY. SElEIMEES] A

LU

SFZA4H 4 (ferrous gluconate) A3 F #4449 25
Abo] AF3s FFEENFCE(Fig. 1) F2 FFEAUVER glugl, CODEX, EU(European Union), Y&l HZH
(EE SF30hgE, 2534 28)E ALY EZE B34 150 mg/kg o|H & AE3I== A F o] 9lon it}
A Az}, F3| A ~53tAlol Ay FIE e g A= AAA %772 (Good Manufacturing Practice, GMP)
A WA E we, A-A el A e F7] FolA b A o7 ARgRFo] A H o] JITHMFDS, 2019; Codex Alimen-
oA RE f=g-ole] A= o] W7l Eoll= 2 &3 F o tarius, 2019; European Commission, 2008; The Japan
20°Cel Al & 100 cm’) 8.5 g9 &38L zt= o whal, Food Chemical Research Foundation, 2021; Govern-—
43 2 2= 84S ePdTNikoli¢ &, 2014). ment of Canada, 2017).

St A e SFEAE] ez dA] B o FAEAl TA A FEQN T/ AR T G52 FH7HEA T
o] 5= 5 go] glom, ARV ETAE, ZAFRF, ot 23](Joint Expert Committee on Food Additives, JECFA)
£ A2, LB IFEEo] 1 AR A Ao tHMinistry of oJstd FFZAEH e ddH A H & F(acceptable

Received 9 May 2021; Revised 11 June 2021; Accepted 23 June 2021

Corresponding author: Hee-Jae Suh, Department of Food Science, Sun Moon University, 70, Sunmoon-ro 221beon-gil, Tangjeong-myeon,
Asan-si, Chungnam 31460, Korea, E-mail: suhhj@sunmoon.ac.kr

Author information: Yeongju Park (Graduate student), Soyeon Jeong (Graduate student), Hyunji Seo (Graduate student), Jihyun Lee (Professor),
Chan Lee (Professor), Hee-Jac Suh (Professor)

Copyright (© 2021 by The Korean Society of Food Science and Nutrition. All rights Reserved.
This is Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https:/creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



824 O R EX P L PO P S B

M.W. 447 g/mol

Fig. 1. Structure of ferrous gluconate.
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4.6 mm, Restek Corporation, Bellefonte, PA, USA),
Zorbax SB Cig column(5 pm, 150 mm>4.6 mm, Agilent)
< A&t 2524 93 S-S 9184 UPLC-
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Table 1. HPLC analytical conditions for ferrous gluconate
Method 1 Method 2 Method 3
Instrument Agilent 1260 HPLC
Column Zorbax SB Cig Viva Cy4 HyperClone™ ODS

Mobile phase

Flow rate
Column temp.
Detector
Wavelength
ELSD temp.
Injection vol.
Running time

(5 pm, 150 mmX4.6 mm)
Acetonitrile :
1% Phoaphoric acid (90:10)
1.0 mL/min
40°C
Agilent 1260 Diode array detector
200 nm
10 pL
10 min

(5 pm, 150 mmXxX4.6 mm)
0.7% Trifluoroacetic acid :
Acetonitrile (91:9)

0.5 mL/min
25°C
Agilent 1260 ELSD
115°C
10 pL
10 min

(5 pm, 250 mmX4.6 mm)
1.3% Trifluoroacetic acid :
Acetonitrile (95:5)

0.5 mL/min
25°C
Agilent 1260 ELSD
115°C
10 pL
10 min

Table 2. LC-MS analytical condition for ferrous gluconate

Instrument UPLC-MS (Waters Synapt G2-S, Aquity UPLC)
Column Acquity UPLC® BEH Ciz column (1.7 pm, 100 mmX2.1 mm)
Mobile phase (A) 0.1% Trifluoroacetic acid, (B) Acetonitrile
Time (min) %A %B
Gradient Initial 0.0 100.0
4.00 20.0 80.0
12.00 0.0 100.0
Flow rate 0.3 mL/min
Column temp. 60.0°C
Detector PDA&QTOF MS
Detection mode TOF (time of flight)
Electroapray lonization
Polarity ESI'
Ton source Capillary (kV) 3.0
Source temp. (°C) 120
Desolvation temp. (°C) 300
Desolvation gas flow (L/min) 600
Injection vol. 5.0 uL
Running time 12 min
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Preparation ] [ Preparation ] [ Preparation
method 1 method 2 method 3
Samplelg Sample 1g Samplelg
Water 1.3% TFA:ACN(95:5) ACN
40 mL mass up 40 mL mass up 40 mL mass up
Sonic Sonic Sonic
10 min 10 min 10 min
Centrifugation at Centrifugation at Centrifugation at
10,000 xgfor 10 min 10,000 xgfor 10 min 10,000 xgfor 10 min
at4°C at4°C at4°C
l l l Fig. 2. Sample preparation methods of fer-

0.2 um PVDF filter 0.2 um PVDF filter

rous gluconate for HPLC-ELSD analysis.

0.2 um PVDF filter
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AAYME A&ste] £45 Agsiadt EFAAE AT
SAHEA Zdur 2 aEk
L AgelM SFFAEe] 42 B 3~5 iR o R
x| glom ANl A E(Excel 2010, Microsoft, Redmond, SEEMEO| X BEMH =i
WA, USA)E ol-&3te] A=, 5524k, 2504k, A =2 AR S S8 2589 1,000 pg/mLE
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|
10 7 f\‘
0 J— 0 0 s A A -
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30 3
20
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0 3 | i
0 F————— ,,\,Mf_/f B S — ]
0 1 2 3 4 5 6 7 8 9 min
c) mvV 3
500 3
400 : /\ A/Ferrrous gluconate
200 ; f \\
. .
0 1 2 3 4 5 6 7 8 9 min
d) mV E
500 “ A
: / \\
400 3 //\\ Ferrrous gluconate / \
| \,
200 3 | \ / \
3 )\ J L
0
T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 min
e) mv 3
150 3
100 3 I A/Ferrrous gluconate Fig. 3. Chromatograms of ferrous gluco-
E ‘ nate analyzed by different HPLC method.
50 3 ]\ a) standard of ferrous gluconate (1,000 pg/
E Wi mL) obtained using method 1, b) spiked
0 : : : : : : : : : standard (1,000 pg/mL) into negative sam-
0 1 2 3 4 5 5 7 8 9 min ple obtained using method 1, c¢) standard
f) m of ferrous gluconate (1,000 pg/mL) ob-
3 tained using method 2, d) spiked standard
150 3 (1,000 pg/mL) into negative sample ob-
3 \ tained using method 2, e) standard of fer-
100 3 / ‘/F errrous gluconate rous gluconate (1,000 pg/mL) obtained
3 \ using method 3, f) spiked standard (1,000
0 3 } - pg/mL) into negative sample obtained us-
0 E ing method 3.
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(method 3)o.2 FEa &S vuws 47 3582 94.8~
101.8%°] HHAZ YERT Al BY 25 SARFS7] T
(International Organization for Standardization, 1SO)el|
A AAS 71520 70~120%0° 38k S KIS0, 1994),
3 5& 7 gl 7 5 A H(ES FE80
2 A%)s 4749 Ao sgaalt.

2 AZxE ZF8Q A5 FEAE 243 23 Fig. 30)
2 d)o} g ARvEIHS AArh Method 19 AR LC-MS 0|25t ZREAH BAM
U FFE=de H2E ATt AdEA oY, o8] 2EEE =72 S Table 20 AAE 27 o= UPLC-MSE
I A5l A folA= defe] HArE s EeH A &k o] &3te] A A3 Fig. 49 22 A2 EIRS AU
o FRIsk3ith Method 3& o]83f] 5L EF8 A7 o S BEES AT Ay 2734 7 24
A FENS A A Fig 39 o), D9} ol ek A @ 2471 2GS FHe) FFEAAUT gmoDo] AE
th EFEA FAsh AR2RE goli 9o Mzt Az Hgem, ojsloln FFEAAY] FEA D-FFEHIIT
FHHR o, WEE A 7tE 52802 A H3}e] method g/mol, D-gluconic acid), D-EFZAYEE(219 g/mol,
3& SFEAe] HH BxHAew gYelal eldA A D-gluconic acid-Na) 5% HAE9S &1 th(Fig. 4).
Materials Chromatogram
(x107)
Ferrous gluconate TIC
4.0 4 ‘0‘614
gH gH /\:2.08%
o. : H / 0564
oH oH o/ MOH 2.0 4 792%
HOM/ "0 OH OH /
EE 0 - ) !
OH OH T T T T T T T T
0 10 15 20 25 30 35 40 45 5.0 min
(x105)
Ferrous gluconate (447 g/mol)
6.0
OH OH
o R 2 40
HOM/\O OH OH 20 §
- 0 Vo
OH OH U T T T T T T T
0 10 15 20 25 30 35 40 45 5.0 min
(x10%)
D-gluconic acid-Na (219 g/mol) ., s
OH QH O 10 100.00%)
HO ; \
H H OH 20 \
6H 6H Na+ 0 'J):\—N« 1 T T T 1 1 T
0 1.0 15 20 25 30 35 40 45 5.0 min
(x105)
D-gluconic acid (197 g/mol) 60
OH QH (0] 10 4
HO ;
H H OHy" 20 . s
(:)H 6H 0 1 T 1 T 1 1 T 1 1
0 10 15 20 25 30 35 40 45 5.0 min

Fig. 4. Chromatograms of ferrous gluconate analyzed by developed UPLC-MS method.
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Table 3. Correlation coefficient of calibration curves, limit of detection, and limit of quantification of ferrous gluconate
Concentration Slope Tntercept Corr;lation , Lop” LOQZ)
range (pg/mL) coefficient (R”) (ng/mL) (ng/mL)
Standard curve 100~ 1,000 1.5803 —101.45 0.9999 12.8 38.9
Matrix based standard curve 100~ 1,000 0.9607 —65.707 0.9997 11.5 347
YLOD means limit of detection.
YLOQ means limit of quantification.
Eo|M Mo R RE e HEHA et AFdAE 27 11.59 34.7
ST HA B4 5ol #4S SlE 28 ng/mL= e THTable 3).
o] ARME M (Fig. 3e)3 T8 NS 2T A3 A=
RAZ71e4F) FEq] Azt E a8 (Fig. 3D H|ula) ez A HEL
B A3 Am Tl 239 2HF 55 AR 2N H A §l AEEE FA317] kel dA7IsAFd HE w27t
o] FFZbdo] dex o ReHsS Faditt &= 100~1,000 pg/mL7} 525 =52 £E89& 29}
S EFGA AR FEA] GHE TTNAY MFE olIF F A e) HPLC BAUE o) G3ke] BN T Az,
AlZke] A8kl o UPLC-MS 574 AR 2HEH 2573 Al (intra-day) &=+ 95.6~101.5%, U3t A==
A4 937 AEEAY 98.6~103.1%% e THTable 4). L% 71 #2434
FHFEZHAARFRSD)E Tkl Ao, du e =gt
MM ASEH Y NS ol 7k ﬂ%llzt 747k 1.56~2.6%% 0.7~2.9%% Erstt
#HA e EAxo® A4 H method 39 AANE HAS (Table 4). e AR 71E9] 70~120%
st7] A& =F2A4AHE 2F895 100, 300, 500, 700, o] W9 YN (SO 1994), AU E= FHAFEL) 7E
1,000 pg/mLE A Z3F & method 3& ©]-&3le] 43 el 20% o)3tE =3}
Az, Aol AA4L R>0.9992 53 Ants 1Y
tH(Table 3). ©]¥ Association of Official Agrlcultural EXEET
Chemists(AOAC, 2012)ell4 #AA1&k 71591 R*>0.99% FFEAE HA B SHEIEE ET A=
53 Aot} HRE A 3F M E X774 )l %%‘ Table 59 o] Uetwth 574 F%=7F 954.7 ng/mLA &
o Free SFIE FF8 NS 2903 F method o == (U= 27.73 ng/mLE WEbsH o] g2 &
308 EAsle] 94& mjEyA J|W A R® G4 AEFEZE(UNY 13.9 ng/mLet AFE 1090 Hal] i=2
0.999% et A=l A4 mjER 2 #AI]10] ZREH ZAEAI, o] 95%9] AHFES 2t Aow
T AS & AT FAHE e e FHATNAAE FA s Eakol
S 9] FEE9S 100, 200, 300 pg/mL EE= 1 g/kg olstolWl SFEgEE SAHY v A4E v
A zshe] B Ao A Autat Ao B oz —F_'r* 3 B #hol 11% oliQl A9-& Epdeltta Bil 9o B 2 (Euro-
21 (D(EMEA, 2006)& o3t AEdA19 AFdA = pean Commission, 2004), & A7 A3(2.9%)= B9
2FE3E Ay} 7hzE 12.83) 38.9 pg/mLE A& A oW, 1 EAHo R A= Welel AT
EYA(A7SAE) SFEAEE Ak 5 9 A
Table 4. Accuracy and precision for ferrous gluconate in functional food
Intra-day (n=5)
Matrix Concentration (ug/mL) Mean+SD (pg/mL) Accuracy (%) RSD (%)
200 201.8+£3.2 100.9 1.6
400 406.0+£7.2 101.5 1.8
Functional food 600 584.3+15.4 97.4 2.6
800 780.9+13.2 96.9 1.7
1,000 951.1£14.3 95.6 1.5
Inter-day (n=3)
Matrix Concentration (ug/mL) Mean+SD (pug/mL) Accuracy (%) RSD (%)
100 103.1£0.7 103.1 0.7
300 297.3£1.9 99.1 1.9
Functional food 500 493.242.6 98.6 2.6
700 710.2£1.3 101.5 1.3
900 896.8+2.9 99.6 29
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Table 5. Measurement uncertainty (U) obtained for the ferrous gluconate analysis in functional food

Matrix U U1’ u2? u3?

u4? us” u6® u”

Functional food 0.00028 0.0051

0.0014

0.0092 0.0078 13.9 27.73

YU1: individual uncertainties of the sample preparation. ?U2: reference material. YU3: stock solution.
YU4: calibration curve. ~US5: repeatability. 9U6: combined standard uncertainty. uU: expanded uncertainty.

Table 6. Result of inter-laboratory test for ferrous gluconate

Matrix Concentration Lab A Lab B
(ng/mL) Mean (pg/mL) SD  Recovery (%) Mean (ug/mL) SD Recovery (%) RSD (%)
200 200.3 1.7 100.2 212.3 4.2 106.1 4.0
Functional 400 403.5 2.1 100.9 451.7 6.0 112.9 7.9
food 600 585.7 3.0 97.6 617.8 7.6 103.0 3.8
800 780.9 1.7 96.5 827.2 0.7 103.4 49
1,000 964.4 0.8 96.4 1,012.0 0.5 101.2 34

Table 7. Content of ferrous gluconate in commercial functional
food

Concentration (ug/mL)

Number of sample

Mean+SD
1 157.540.1
2 33.540.0
3 192.5+0.1
4 n.d.?
5 1,522.5¢1.5
Yn.d. indicates not detected.
MM 7F IXIHS
ZFFFZAH3 o) HPLC-ELSD #4190l tia a4 gr
= gl M= U F 7)o Ao uxE S Ways)
At FFENE FFEAS FEE (200, 400, 600, 800,
1,000 pg/mL)Z EA8te] Agd o] RS A3t 23 =
717 B5elA 0.999 o)/de] §-43k FAAS eI
FFEEAH] THHA Fe ARV AE FFEANA
ETE9s ~vfol A%t ¥ 3g 7|7 3 ddasAA)
(RSD %)& AF=3 43 Table 63 2t} 3)5&S Aok

.
A AF 5 A vk B AR e 7o melele] whe}

2259
th A 71337 B 7139 3582 247 96.4~100.9%, 101.2

~112.9%= Jelsta, 7|38 JdEFHAE 3.4~7.9%
2 FlF A

B ATE Tl AFHVHER AR E AR 2

F3Z A4 (ferrous gluconate)] IAlS AA| A 2vlE 1
3] (High Performance Liquid Chromatography, HPLC)ZS
o] &gk A ML A o] g ElFAAE 53] Sl3l
AP AT, SFZ4HE 0] AFE A8 S8 AR A&
7](Evaporative Light Scattering Detector, ELSD), 97
2818 A= (HyperClone™ 0ODS column)g AF&34 o
m, o] F AL 1.3% EYEFLRIANELT o EYEY
S o] g ATh Ay Ao HAgLe AAASF(R)
0.9992 -3 3, FEAE= 12.8 ng/ml, F A=
38.9 pg/mLE YEgt A8 EE dUEAdq 95.6~
101.5%9F L7HEA A 98.6~103.1%% YE o™, A
AEs duUEA g AR A 7b2 1.5~2.6%9F 0.7~
2.9%= JElRT B3, 17| 5AES ARER B4 =
AESEE 954.7 ng/ml =0 ths] HE3 =7} 27.73
ug/mLE AbEH o] oF 399 ZAHESL gho] AEH T
of #AW AT A= #HAT HA9Y3](European
Commission, EC) ¥ =43 3}7]F(International Orga-
nization for Standardization, [SO)2] 7|FS EF =54
71 ARt

_I

zAtel 2

2 ATE 20199 % Aol okEekd A AN (18162
MFDS009) Aol &) Fas o, oo AA=gut),
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