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ABSTRACT - The Ministry of Food and Drug Safety (MFDS) is amending its test methods for health functional
foods (dietary food supplements) to establish regulatory standards and specifications in Korea. In this regard, we are con-
tinuing our research on analytical method development for the items listed in the Korean Health Functional Food Codex.
In this study, we have developed a sensitive and selective test method that could simultaneously separate and determine
coenzyme Q10 based on liquid chromatographic-tandem mass spectrometry (LC-MS/MS). Calibration curves showed
linearity with a correlation coefficient (R?) of > 0.999 and the limits of detection (LODs) and limits of quantitation
(LOQs) were in the range of 26.0 pg/L and 78.9 pg/L, respectively. The recovery results ranged between 98.6-107.0% at
3 different concentration levels with relative standard deviations (RSDs) less than 5%. The proposed analytical method
was characterized with high resolution of the coenzyme Q10 and the assay was fully validated as well.
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Table 1. Molecular Structure of coenzyme Q10

Structure Molecular formula Molecular weight CAS number
O
He‘C,o CH;,
HaC\O \ ! C,,H,,0, 863.37 303-98-0
O CHj| 610
w3 ek o3 e AFE T 54 s 3 Materials and Methods
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Table 2. Selected-ion of LC-MS/MS for coenzyme Q10

Compound Precursor ion Product ion Cone Collision
p (m/z) voltage (V) Energy (eV)
Coenzyme Q10 864 50 26
Table 3. Analytical conditions for the determination of coenzyme Q10 ionization modeE AF&-3}H 3 Zalzp<] Q10 o] REZIRE

Items Conditions
Mobile phase A:0.5% fo.rmic' ac.id'in acetonitrile
B: 0.5% formic acid in isopropyl alcohol
Flow rate 0.2 mL/min
Ion mode ESI, Positive mode
Injection volumn vol. 2 uL
Analysis mode MRM
Capillary voltage 2.0kV
Source temp. 150°C
Desolvation temp. 200°C
Desolvation gas flow 500 L/h

157 @ 5mM ammonium
formate in isopropyl alcohol : methanol(50 : 50) °|Al=
A=t Yol HEo] &olstAl stk @ 2mM
in methanol® (& acetonitrile
isopropyl alcohol : Formic acid(90 : 10 : 0.1)o|X= I =
7b ARl "ol A AR e ® © 0.5% Formic
acid in acetonitrile 0.5% formic acid in isopropyl
alcohol(50 : 50)04 T =] HEFA| ko] AEA U &
ZeEen ve FE7kA] £ 7hsskdlt oo 2
2 ® 0.5% Formic acid in Acetonitrile : 0.5% formic
acid in isopropyl alcohol(50 : 50)& ©]&/do2 A3l
E}(Table 3).

| Qo= AEtA7)E o]l &g B4 %
st BRIAE 9 JHIAES AASH

: isopropyl alcohol(70 : 15 :

ammonium acetate

A& gyatr]
A3}, ESI positive

Aol A "ol 5ol tate] vt 7P AA ‘”@@23
ZMNA= ol&s ARG AF ZAAAQ109] Ei
[M+H]" = m/z 864 ion A m/z 197 ionS 2 3 th5 A
oM = ta RS- AXH (Multiple Reaction Monitoring,
MRM)< o] &3t 418 a5l th(Table 2).

Y IZ2OIE YT -AFEMI|(LC-MS/MS) EMH o

P2 A5 r4—(F1g. ). A4 (linearity)S EH2l13}7] 9
ato] Algox ZAAAQl00] AEEE sEHAE S
Fow HAste] Z 5709 BEEY FE; 62.5, 125, 200,
400, 600 pg/Lell st 2 443S AESIATE A oA
el & sl LA E Rl 95t 7t wEol
aiA 3gtE o T Fasielon, AgAdx) Ay
AFR)E 099901749 =& FoFES AT o=
AOAC 7tol=gelol|A AAEHE 712 (R>0.99)S BHEHA]
Zi]—;]_.ﬂ)

= X 00w
ANge o] A AFET AFNE 33 WEEY
st 712719 Hk(S)H ydH e FFHAHo)E |83t

CoQ10 CoQ10
MRM of 1 channel ES+ CoQ10 SPL
100— CoQ10 864>197.15 .y CoQ10
2.08 8.288e+003 ] 2.23
1 902.002 381.169
O/Dﬁ D/O,
O+ P Mmin 0=
2.00 4.00 2.00

(a) standard

Fig. 1. Representative MRM chromatograms of coenzyme Q10.

(b) sample

CoQ10

MBM of 1 channel. ES+ 0921 vit C blk MRM of 1 channel ES+
864 > 197.15 100+ 4.24 864 >197.15
3.578e+003 ] | 1.810e+001

030 22557 ', “459 575
[ 1 ¥ i 1| 5.94

1M -“ H ‘w‘ “l,'u’v | \ ‘ﬂl‘

o_;‘: Y "_f'f“u‘ W\ | * ol J' “' | ‘.")\

Canl W |
e min O+ min

4.00 2.00 4.00

(c) negative control sample
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Fig. 2. Calibration curve of coenzyme Q10.

o] 7519 th(Fig. 2). 3.3 o/SE A&7 (LOD)E 10 6/SS
LA (LOQ)E &3, 2 A 717} 26.0, 78.9 pg/
Lol ATt

TEE % FEUE

AIEE FRlsh] flete] AAALQI0S FHralA &F
2 7|duRA 5o EFEEES 150, 300, 450 ng/mLe]
5 kst 2 A3 H#3]5E2 98.6-107.0%, 7
WEFHAE BT 3.0%C|5t= A= U TH(Table 4).

HHEA] AJd oAM= ZAALQI0LZA 10 mg, 20 mg,
30mgs Tl E AAE FHAslt 53] e SA 3
I A 7 w2 AEFEERs 727 AU 4.0, 2.6,
1.5%C)1 0L L7 = 2.3, 2.0, 1.9%C]ATHTable 5).

Table 4. Validation results (accuracy) of analytical method for the
determination of coenzyme Q10 (n=5)

Applied concentration (ug/L) Recovery (%) RSD (%)
150 98.6 3.0
300 107.0 2.8
450 102.2 2.0

Table 5. Validation results (repeatability) of analytical method for
the determination of coenzyme Q10 (n=5)

Sample Measured mean(mg/g) Meas(u?:c};:ze]jf(lr)n o)
(mg) +RSD(%) L RSD(%)
50 203.5+4.0 2082+23
100 202.0+£2.6 205.2+2.0
150 2003+ 1.5 2043+1.9

7t 24wl i Bete 3 A9EE AOAC 7hel=2t
Al AAshes 7EEH = T 1puged o & W
91 75-120%, FHEZHAF 8%l =5 FHEaS Wt
ofel &2 Ao AUEE I F ATt

HPUN WXRHT

=AY F24 F9E fste] AL wAHT S
Aratgen ZAAAQI0 T e FoEEH
AE 24%2 YERTH o= AOAC 7he|=EiRleqA A
Alehs 71EEAE F5 1 ug/ed ™ BNEEAA 16%)

LC-MS/MS #41-& o] g3t Agst A}, A= 1A
St O] 84.0-118.7%= &3] 71 80.0-120.0%° EF
2 3 THTable 7). o]ZA & AlEHE 1A77154F Al
9] Fd#T e AL 7Fee A22 Yyt

Table 7. The contents of coenzyme Q10 for circulated products
by LC-MS/MS

Coenzyme
No cogtle(r)lts Other compounds
(%)
1 117.0 Vitamin C, Se
) 355 Omega 3, p-carotine, Vitamin C, E, B,,
B,, D, Folic acid, Zn

3 99.7 Collagen peptide

4 104.4 Vitamin A, E, C, B, B,, B,
5 118.7 Omega 3

6 84.0 -

7 86.1 Vitamin E, B¢

8 117.8 -

9 117.9 -

10 94.5 Vitamin C, E, Se, Mn, Zn
11 118.6 Vitamin E

12 85.5 Vitamin A, E, C

13 106.3 -

14 116.7 Vitamin A, D, E, Zn

Table 6. Inter-laboratory validation results (reproducibility) of analytical method for the determination of coenzyme Q10 (n=5)

LAB 1 LAB 2
Measured mean (mg/g) RSD(%)
Measured mean(mg/g) = RSD(%) Measured mean(mg/g) = RSD(%)
328.2+1.0 325.6+3.5 326.9 2.4
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2 ATE Eoo] LO-MSMSE olgalo] 1747154 F
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dE g F Y Ao ARd.
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oz Wzt S
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71(LC-MS/MS)Z
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Q

3} o
EolAd, A&, AFeHl, A=, FE=d A%
< Fot FEAds sk 13 AF FE5HA 14
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A= R>0.999 oS SR, HAESA 2 =
SAE ZH2F 260 2 78.9 ug/LolRlth. EI Ha 35E
2 098.6-107.0%% UERFOH wtEdUTE AU EEA
2 4.0%018h, AP AFFL 24%= e HEA,

AMEAGe] $-Fatlem o]F AOAC 7Ho =2kl A4
g 7)ol B A3 poldth Ale {5 Al o
sto] Ak A3t 84.0-118.7%= =F A atsich wet
A Aol e B A7 AE
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